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Abstract: The effective management of expanding complexity is well-known problem in the domain of communication networks.
The cognitive network can be a beacon light for this problem. In this paper, we have studied the current research on cognitive
networks, along with that we also studied the associated and enabling methods and tools. We have found that through analysis and
learning, the cognitive communication network is capable of recognizing both internal and external changes. environments. Also,
our studies have found cognitive communication network automatically adjusts the communication capabilities and resources
distributed across each layer in accordance with user demands. It also can be intelligently adaptable to the changing environs and
user demands.

Index Terms - Cognitive Network, Cognitive Communication Network, Device-To-Device (D2D), Sedona Systems, Customer
Premises Equipment (CPE), Half Duplex Relay (HDR), Full-Duplex Relay (FDR).

l. INTRODUCTION

One of the core 5G (Fifth-Generation) technologies, cognitive radio, is dedicated to sharing and controlling spectrum resources
dynamically to increase the efficiency of spectrum resources and increase network throughput. Using a cutting-edge technology
called D2D, two user devices can communicate directly with one another while still being controlled by the base station. By doing
this, the base station will be under less stress and the system's capacity and data rates will increase. The majority of cognitive radio
research and development projects possess only technological characteristics. However, the predicted costs must be equivalent to
what customers are prepared to pay for the service for an operator to be motivated to develop networks based on these technologies
in real-world cognitive radio. Therefore, techno-economic has to make sure that the found remedies are both technically and
financially workable and studies should be carried out in combination with technological research and development. efforts. Taking
into account that cognitive radio is a newly emerging discipline of study, many of the characteristics used in business case analysis
are mostly unknown. Although confusing input data can still be used in business case studies, utilised to pin-point crucial elements
that technical studies must take into account. Iteratively performing the technical calculations and business case calculations while
using the most recent outcomes of one to determine the input parameters for the other is an excellent technique to move toward a
workable solution.

The majority of cognitive radio research and development projects concentrate on the technology's purely technical elements as
shown in the Fig. 1.
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Fig. 1. Major technical elements of cognitive radio research and development projects

To make sure the produced solutions are both commercially and technically viable, techno-economic studies should be conducted
concurrently with technical research and development. Many of the characteristics required for business case evaluations are
undetermined because cognitive radio is an unexplored and young topic of study. The case studies of businesses, however, can be
used to identify important elements that must be included in technical investigations even when the input parameters are unknown.
Iteratively performing the technical calculations and business case calculations, utilising the most recent outcomes of each to
determine the input criteria for the other, is an effective technique to get toward a workable solution.

The results of this investigation for a cognitive radio system aided by a sensor network are described in this publication that was
carried out as part of the EU FP7 project SENDORA The three components that make up the SENDORA system are the fusion
centre, communication architecture, and sensor architecture. Logic links the fusion centre, from the sensing architecture to the
communication architecture. Fusion Centre is a working organisation., also is in charge of receiving the sensing information obtained
by the sensor network and using it to assess the state of spectrum consumption inside the scope of the sensor network. The
communication network is another channel via which the fusion centre receives the data necessary for optimal cognitive operation.
Wireless broadband service can be provided employing SENDORA systems, in suburban and urban areas. If not in real time
applications like downloading videos and web browsing, the systems will perform optimally. The operator might occasionally provide
real-time services including voice calls and streaming video, but is frequently unable to provide rigorous quality assurances for such
services.

Il. THE COGNITIVE COMMUNICATION NETWORK CONNOTATION

Sensing range and environment (1), the communication network's immediate environment are important. Examples of the
external circumstances for the communication are the physical environment (topography, geomorphology, etc.), the application
environment, and the electromagnetic environment (spectrum and interference), may all be detectable by a network. The number
of network users, traffic volume (in both normal and emergency scenarios), and other external elements will all be considered in
future application environments (Earthquakes, floods, and more (Natural catastrophes, etc. (2) The communications network's
internal environment, including its topology, dynamic route planning, resources (link bandwidth, frequency, node capacity, etc.),
network traffic, and additional variables. how it is distributed, network security status, equipment failure scenarios, and network
topology are some of the elements that make up the internal environment. operational circumstances a network of communication
can sense. These factors all have an impact on how well the communication network performs end-to-end information transfer.

The term "communication network cognitive technology" refers to a group using similar technologies, which continuously
observed and studied decisions and actions were made in the network environment. Decisions based on changing user demands and
newly acquired knowledge, and automatically control and improvement of the communication network using programmable
network platforms or adjustable parameters are very important.
The projected in Costs for radio-based networks must be comparable to the service's price point that users are ready to accept as
shown in the Fig. 2.
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The three steps in process of creating a cognitive communication network's cognitive features are as follows:

In the first stage, the network detects its present network environments, both internal and external. Making every communication
network node with knowledge of the overall network state is a challenge that must first be overcome, rather than just the local
network state information.

Stage two: Network of communications is completely aware of the requirements. Being made right now and the resources being
used by different users on the network are also important to be aware of.

Another significant difficulty is figuring out how to dynamically collect the whole picture of the resources used on the network
and make the communication network quickly estimate resource usages.

In order to meet the new user needs, the communication network does some essential reconfigurations in accordance with the
Services Agreement (SLA) as shown in Fig. 3.
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Fig. 3. The cognitive communication network connotation
Third stage: Based on observed network surroundings, user requests, and the amount of occupied network resources, the
communication network will be dynamically allocated.

I11. CHANNEL SENSING ALGORITHM

If the Mesh Points (MPs) do not have any cognitive wireless mesh networks (WMN), when cognitive WMN are present
with the TV Broadcast Service, we consider them to be CPEs. Data transmission requires enough spectrum, as well as the ability to
identify idle IT channels. The proposed technique keeps segmenting the cell into several disconnected areas and checks whether
any incumbent transmitters are present in every one of these areas (treat each region as a cluster). The cluster headers are always
mesh routers, connect the numerous clusters and serve as the WMNs' backbone. These organizational needs are successfully met
by this structure. The entire spectrum is divided into a variety of separate sub-bands by the Wireless Regional Area Network
(WRAN) method, each sub-band is where the sensing takes place the cluster header from the sensing data of the control channel
(CH). This will significantly increase the realization stability of the algorithm. After computation, the CH notifies the MPs via the
control channel of the Pending Interest Table (PIT) zones that are more precise than those they would have discovered
independently. Given that the data fusion in channel sensing is reported to have an issue with pattern categorization, [10] informs
us that various types of neural networks, are excellent for achieving classification. It is too easy to implement the categorization
using Perceptron and Adaline/Madeline. The Adaptive Resonance Algorithm (ART)-2 and tutor studying circumstances, govern
how Back Propagation (BP) neural network algorithm’s network function.

In response to input patterns, the ART-2 network self-organizes to generate recognition codes or resonant states associated
with categories. Prototype patterns serves as stand-ins for all input patterns that the network recognizes and categories to varying
degrees as belonging a similar category. A typical architecture flow diagram for an ART-2 neural network (which only depicts the
processing structure of the jth component Xj in the g-dimension sample X) is shown in Fig. 4.
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Fig. 4. The neural ART-2 network

There are two main subsystems that make up the ART2 network, as depicted in Fig. 4. The attentional subsystems and
orientation are those two. The attentional subsystem is represented by the F1 layer, while the orienting subsystem is represented by
the networks that use the layer to jointly handle normalization and contrast. In the process of matching, the layer is contained, which
improves the input pattern.

A CH serves as the foundation of the cognitive WMNSs in each cluster. Since the energy and computation needs for CH
are different from those for Bayesian networks, The WMN's structure is completely satisfied by the ART-2 networks design, which
also reduces the MPs computing needs.

IV CASE STUDY

The underlying assumption of the business case is that various spectrum owners will join forces, and this union will be
given the power to utilize all area based on the concept of SENDORA, a cognitive approach-is employed to utilize "unused" (in
terms of time and space) spectrum resources. It is expected that at least one of the companies will operate a wireless access network
when necessary. On the "unused" spectrum, in collaboration, the companies will create a sensor network and provide cognitive
nomadic broadband services, joint venture's mother businesses formally launch the joint venture and prepare to recoup their
investment through dividend payments, which is how the business case is established.

The services that the SENDORA system offers will either be distinct from or in addition to those provided by the involved
operators. Regarding mobile broadband, as an illustration, when used in conjunction with an operator's network, the SENDORA
network can provide enhanced Wider channel bandwidths can be used to provide higher maximum bitrates or indoor coverage. The
projected outcome of the joint venture build as much of its cognitive access network as it can from the infrastructure already in base
station sites) under the jurisdiction of the participating operators. However, the operator charges a rent to the joint venture in
exchange utilizing these areas. The participating operators' frequency resources will all be completely accessible to the joint venture,
being able to employ various frequency resources without restriction (ranging from below 1 GHz to several GHz) in a flexible
cognitive fashion is the main benefit of this joint venture model. The assumption is that this will benefit the participating operators
more than obtaining a new license for a particular, constrained spectrum area, which is frequently expensive. The usage of the
participating operators' infrastructure by the joint venture might be viewed as a type of infrastructure sharing, a notion that has
recently generated a lot of attention from operators.

V RESULTS AND ANALYSIS OF THE PROBABILITY OF OUTAGES ON THE SECONDARY
NETWORK

There has been extensive discussion of the full duplex cognitive relay systems' FDR link outage probability [4]. The secondary
networks' FDR and HDR links' outage probabilities were calculated by [4] and [8], who also carried out a comparison analysis and
came to the necessary findings. In particular, [4] examined how the risk that the FDR link would fail was affected by interference
secondary relay's (SR) and secondary transmitter's (ST) power distribution, and other factors (SR). It was demonstrated that, in
contrast to HDR, The FDR link would be more susceptible to outages if the power distribution for ST and SR was low, and the SI
of the full duplex was high. Low was not effective. Although only if secondary networks have strong FDR connection
communication conditions, where the noise variances at the two extremes.
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VI DISCUSSION

Annual cash flows are produced by combining revenues and costs (CAPEX and OPEX), and from these cash flows, standard
profitability metrics like Net Present Value (NPV) and Internal Rate of Return (IRR) can be calculated. may be calculated. It is
possible to derive the (Internal Rate of Return) and time needed for payback. The fact that SENDORA is an innovative and ambitious
undertaking must be emphasized. As a result, a lot of fundamental assumptions used in business case calculations will continue to
be (extremely) unknown for a very long time. As a result, the results won't provide definitive answers, but rather clues to determine
whether it's feasible to use the business-oriented Cognitive Radio idea with the help of Wireless Sensor Network.

These future-focused business cases have questionable input assumptions. There are other factors that are unrelated to the
SENDORA idea but significantly affect profitability. Examples of these include the joint venture's operational effectiveness (which
affects OPEX) and the competitive environment (which Affects Average Revenue per User (ARPU) and the number of consumers).
We do not further assess these elements, instead focusing on those where the concept of Cognitive Radio with Wireless Sensor
Network has a significant impact.

VII CONCLUSIONS

This business case calculation's main use is to pinpoint the key SENDORA factors that affect profitability to support future
development and research efforts can concentrate on them. The number of new sites needed, fixed sensor OPEX, and fixed sensor
density are the three most important factors affecting profitability. One should refrain from making firm and conclusive conclusions
from the findings of due to the fact that it is reliant on unknowable inputs, this initial SENDORA business case computation.
Because it is built on the idea of a "joint venture," this business case scenario for Wireless Sensor Network-aided Cognitive Radio
may be one of the better ones. The mother companies' frequency resources are entirely available to the joint venture, comprehensive
understanding of the key system characteristics and promising the co-location opportunities. It does not appear hard to create a
viable (long-term) enterprise utilizing the Cognitive Radio with Wireless Sensor Network idea, according to one general conclusion
from the current computation. By sharpening the accuracy generating more examples from the perspectives of other SENDORA
eco-system participants and refining the input assumptions for this cases, the work on SENDORA business cases will continue.
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