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Abstract

With the development of the fifth generation (5G) and sixth generation (6G) networks,
wireless networks are beginning accomplish persistent large scale obtainment, and
communication. Modern cellular technology and the developing new era are both seen
favourably for the smart grid. The 5G and 6G networks are being developed and prepared for
deployment by the mobile industry. The development of IoT and other intelligent automation
applications is being significantly fueled by the growing wireless networks, which are
becoming more widely accessible. Network densification, fast throughput, precise location,
and energy efficiency criteria will be increasingly demanding in future wireless
communications. One of the core areas of wireless networking research in the future will be
how to increase productivity while reducing expenses. Approaching this goal in a way that
allows for the ability to learn from experience is crucial. Transfer learning (TL) promotes
new activities and domains to pick up knowledge from more seasoned tasks and domains so
that new tasks may be completed more quickly and effectively. The connection and similarity
information between various jobs in several domains of wireless communications can assist
TL conserve energy and increase efficiency. Applying TL to upcoming 6G communications
is thus a very important subject.
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Introduction

The continual need for power has been a crucial issue that needs substantial attention in the
present day of the smart grid age. In order to accomplish greater dispersed generation and
power storage, new kinds of wireless communication technology need be merged into the
grid. Smart grids deal with tiny distributed power sources, as contrast to a conventional grid,
which relies on large centralised generation. The basic purpose of the conventional power
grid is to modify the generation of electricity to match the necessary power demand. This
necessitates smart grids move on to modifying the demand in line with the available
generation [1]. Thus, highly secure communications for both sensing and control in all kinds
of interactions between the transmission and the distribution side are essential.

A smart grid comprises of smart metres, sensors, adequate monitoring, and data management
systems. In order to make the electric utilities more sustainable, it is important to install a
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smart grid and smart metering technologies [2]. One of the primary obstacles to this is
handling the remote connectivity between multiple head end systems where the smart metres
are attached. There is a requirement for an information system network that encompasses all
the substations associated with the user facilities and the utilities. This offers the requisite
system analysis with the needed reliable communication networks, which is a fundamental
building component of smart grid visibility.

According to the communication standards, different communication technologies [3] can be
classed based on either wired or wireless communications. Currently, wireless
communications are chosen over wired communications for numerous reasons and in unique
applications with the reliability of cost at lower rates. This increases infrastructure and
enables easily available connections, even in rural regions. There are varied aspects, such as
operational expenses, environmental issues, and availability of resources, to consider when
choosing a suitable, reliable communication system. The massive and constant expansion of
communication technology during previous decades is clearly demonstrated in Figure 1. The
construction of new communication infrastructure using the existing wireless technologies
can be more favourable in smart grids. This provides sophisticated infrastructure where the
need to invest more cash and effort [4] can be avoided. This creates up-gradation of new
wireless communication technologies for future smart grid communication systems [6].
Throughout the past four decades—and marching towards the new wave of the technology
era—growth of communication technologies has been an essential feature of all types of
applications. To address important challenges for building new generation cellular
communications, some characteristics must be addressed. They include capacity data rate
growth with lower latency and subsequent service quality.
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Figure 1 The development of wireless communication technologies over time, adapted from
[19].
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This one will be important to create 6" generation wireless networks with new, alluring
structures in order to get over the constraints of 5G and meet new difficulties. The integration
of all previous aspects, including network densification, high throughput, positioning
precision, energy efficiency, and huge connection, will be the primary engine behind 6G. The
6G system will maintain previous generations' tendencies as well [5]. The idea of establishing
6G communications under various technical demands and service criteria is now being
discussed by the research community [7].

Literature Review

Many criteria and tools will drive the 6™ generation system. To use TL to improve the
superiority of 6G communications, a thorough grasp of these needs and technologies is a
prerequisite. With 6G communications, various novel technologies that have never been used
before will be used. From the standpoint of needs, these technologies are introduced in this
study. High productivity, seamless incorporation, innovative technologies, precise interior
location, high compactness, enhanced connectivity, and strong communication are the
primary requirements for the 6G systems. Naturally, these increasingly sophisticated
demands call for more cutting-edge technological assistance.

2.1 Properties of Wireless Network

2.1.1 High Productivity

High transmission rates, high limit, huge scope information handling power, right exploration
and findings are all part of the high efficiency issue.

a) Dynamic Range Portion: High effectiveness requires significant adaptability in 6G
organizations. A definitive goal of dynamic range portion might require the adaptable
utilization of perceptual setting data, the designation of range assets in a flash, and the
extreme utilization of valuable range assets.

b) Dynamic Network Slicing: Network administrators utilize dynamic organization cutting
innovation to give committed virtual organizations to work with ideal help conveyance to a
variety of users, cars, equipment, and industries.

c) Intelligent Antenna Systems: The rising frequency necessitates the widespread usage of
many antenna systems. Multiantenna wireless communication systems are described by the
abstract mathematical model known as MIMO [8]. Several signal catching devices at the
broadcasting end can transmit and receive signals independently. The antenna receives and
reconstructs the original data. Another significant antenna technique is holographic
beamforming [9], which differs significantly from MIMO systems in that it makes use of
antennas which are software-defined [10].

d) Big Data Analytics: Enormous scope information collecting and dispensation require
powerful equipment and extensive expertise. There are many different sorts of data, and the
volume of data in 6G will be enormous [11]. Big data processing requires a thorough grasp of
the unknown relationships and hidden patterns that exist within the data.

e) High-Limit Backhaul: For viable correspondences, high-limit backhaul networks are
especially charming. High velocity optical fiber and FSO frameworks are particularly capable
solutions to the overtraffic backhaul of information [12].
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2.1.2 Continuity of Integration

The 6G communications will run more smoothly and quickly thanks to seamless interaction
between diverse domains.

a) Radar Innovation Joined with Versatile Advances: The radar framework will be
connected with 6" generation wireless communications, ensuring both convenience and
highly accurate localisation in the communication sector.

b) Remote data and energy transmission: It will be incorporated thanks to the 6G remote
organizations, which will permit remote charging of battery-powered gadgets. Wireless
energy transmission demands that tiny devices, like mobile phones, or large equipment, like
vehicles, be able to be charged remotely, which not just guarantees battery duration but also
enables free, on-demand charging wherever you are, [13]. One of the most cutting-edge 6G
technologies will be wireless energy transmission.

c) Combination of Detecting and Correspondence: In 6G, constantly seeing the remote
climate and trading data between various hubs in light joining of detecting and
correspondence [14], making mental remote correspondence more versatile to exceptionally
unique, complex electromagnetic conditions.

2.1.3 Cutting-edge Technology

The strong backing of cutting-edge innovations is an assurance for the development of 6G,
and each technology has limitless potential.

a) Softwarization and virtualization: Softwarization what's more, virtualization ensure
adaptability, reconfigurability, and programmability. They will likewise empower the sharing
of billions of gadgets over a solitary actual framework.

b) Artificial Intelligence: Future advancements in Al in a variety of disciplines will likewise
revolutionise wireless communications. Al analyses complicated targets through in-depth
investigation, which further develops proficiency and brings down correspondence
dormancy. Atrtificial intelligence will totally coordinate robotization and knowledge into
remote correspondences and will assume a critical part in D2D and V2V correspondences [6-
8]. It is likewise clear that TL has a great deal of commitment as a computer based
intelligence part.

¢) Quantum Communications: Due to quantum superposition and quantum entanglement,
QCs offer extremely strong computational capabilities. QC can implement equal handling of
complex large information in a large tensor product space. With next 6G correspondences,
QC will accomplish uncommonly high information rates and association security [3].

d) Terahertz communications: It relate to transmission with high-rate over small distances
employing a huge frequency band beyond 100 GHz, transferring significant distance
correspondences to the radio range of the liberated lower recurrence band, [15]. Terahertz
provides the benefit of a smaller beam with improved directionality, making it ideal for
MIMO. but also deal with widespread declining, power use, and other problems.

e) Optical Wireless Technology: VLC, optical camera correspondence, light constancy, and
FSO correspondence in view of optical recurrence groups are as of now notable optical
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remote advancements. Optical remote innovation based correspondence can offer high
information speeds, low idleness, and correspondence security in both indoor and outside
settings, considering the arrival of lower recurrence band radio range for long haul use [16].
f) Unmanned Aircraft: UAV technology is predicted to play a important role in 6G
communications due to its growth in several industries [17]. The BSs may be introduced on
the UAVs to make cell networks that are easy to send as well as unaffected by obstructions.
UAV-based communications will be crucial in emergency circumstances like natural
disasters.

2.1.4 Reliable Indoor Location

Future 6G communications will place a greater emphasis on interior localization, and certain
promising technologies, such distributed models, call for extremely precise situating
frameworks to support model effectiveness. Exactness is a requirement for proficiency. The
inside correspondence climate will develop progressively muddled as cell phones and clients
multiply, and the impacts of clamor and obstructions will be more extreme. High-accuracy
remote indoor restriction will be extremely gainful to virtual (computer generated) reality
(VR), store, setting mindfulness, and suggestion frameworks. High-accuracy indoor
localization is required [17].

3. Methodology

3.1 Transfer Learning (TL) method for Wireless communication
The foundation for TL's future application to 6G communications will be its successful
research in wireless communications, which also demonstrates the necessity of TL for 6G
communications. The 10T, smart grids, cloud computing, and other data-intensive paradigms
will all be supported by an exponential increase in data-intensive applications through
communication networks in 6G. As a result, it is possible to anticipate a significant
deployment of new BSs in the nearby future. The functioning of Wi-Fi APs in an energy-
efficient manner is absolutely essential since the majority of energy consumption in Wi-Fi
networks takes place on the entrance network substances. For this reason, the research on TL
for BSs/APs exchanging energy proficiency will be useful. Another crucial aspect of 6G
communications is the efficient use of spectrum resources. Specifically, dynamic range
portion mandates that the band be redistributed every second in accordance with the
circumstances. In fact, the application may enhance performance even more, quicken
learning, and conserve energy even more. One of the basic yet essential services in the loT
era is accurate location-based services. Indoor localization has had some success with TL as
well [19].
3.2 Data knowledge based TL Algorithms
Data knowledge transfer utilizes the source area information to amplify the objective space
information and utilizes information (occasion, include, part space highlights, and so on) as
the exchange object.
3.2.1 Instance-based TL: The study of TL based on instance-strives for the most similar
dispersal between the domain of source and the destination domain. Instance-based TL gives
each example in the source information new weights in an effort to better assist innovative
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learning tasks. We choose samples from the source data that are more comparable to the
target data to participate in the training and discard samples that are not.

3.2.2 Feature-based TL: This technique merges the characteristics of the target domain and
the source domain into a single space. TL based on feature refers to mutual transfer using
feature transformation in order to close the gap between the source domain and the target
domain. When there aren't enough labels in the target feature domain, the learning impact
when ML executes a job can be subpar. The ML tasks may be completed by mining the
cross-qualities of source information and target information. It makes possible the
transmission of information across several spaces.

3.2.3 Transfer of kernel learning: In order to decrease the minor conveyance distinction
and contingent circulation contrast between spaces in an imitating piece Hilbert space, move
part learning endeavours to tackle a projection grid in the source and target areas utilizing
portion planning based weighting. The distinction in peripheral dissemination and restrictive
dispersion between the source area and the objective space is represented by maximum mean
discrepancy (MMD), and kernel mean matching. In an unsupervised domain adaptation
context, the mark of the objective area sample is typically unavailable [19, 20].

Results and Discussion

In terms of wireless communications, TL has had several successful outcomes. Algorithms
used in several wireless communication domains, including as base station/access point
swapping, indoor wireless localization, content popularity prediction in wireless networks,
etc., are being improved in order to advance the expansion of TL employed in 6G
communication as shown in Figure 2.

4.1 TL for Prediction of Content Popularity

The prediction of content popularity is presently crucial to proactive storing organizations
and proposal frameworks. Data scarcity is a common issue that all of them deal with, and it
significantly affects popularity prediction. Also, it takes a long time to accurately anticipate
using enormous volumes of data. To address these issues and boost prediction accuracy, TL
can transfer information from other fields.

In Wireless Networks With Cache Support transmit accessible information from pertinent
source domains to assist reduce data sparsity and aid CF more effectively in the target
domain, are the first to credit TL in cache-enabled networks. In order to assist the target
domain learn comparable potential traits to improve the content caching in the tiny cells, the
work in [20] recommends using rich contextual information gathered during the D2D
interaction process as the source domain. The particular strategy is to train and forecast using
the traditional collaborative filtering (CF) algorithm in the source domain, then share the
content popularity matrix with the target domain for tasks that are comparable. Nevertheless,
the study in [12] replaces CF with the normal singular value decomposition since the TL
caching approach based on conventional CF learning technology was not better enough
(RSVD).

Application recommendation systems are gaining popularity as multimedia applications grow
more varied by inferring user preferences based on the score matrix of the user's prior actions
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to prevent problems with information overload. Unfortunately, the scoring matrix is typically
sparse and incomplete. The cross-domain recommendation approach of feature transfer and
imbalanced classification [2] resolves the aforementioned issue. The 2-D feature vectors are
created by first expressing the recommendation problem of the target domain as a rough
unbalanced classification problem, and then using the additional user features obtained in the
auxiliary domain, the item features obtained from Wikipedia, and the rough features of the
target domain. The recommendation is classified and finished using the new functionality.

4.2 Indoor Wireless Localization using TL

The majority of ML-based indoor Wi-Fi localization techniques presume that the distribution
of RSS data across various time intervals is static and rely on gathering a sizable quantity of
labelled data in order to train an accurate localization model offline for usage online. Yet, it is
costly to calibrate localised models in big areas. Moreover, RSS measurements can fluctuate
over time and are noisy. Because to this, even in the same environment, the RSS data
recorded during one time and that of another period may change. How can | create a wireless
indoor location model that is resistant to domain or environmental changes? How can training
labels collected in an earlier field be fully utilised to reduce the amount of labour required for
localization operations in a new environment? An efficient tool for resolving these issues is
provided by TL.

The goal of TL is to apply knowledge to many but related target domains by learning mature
experiences from one or more source domains. The research on TL for indoor wireless
localisation is included in Table IV. The mapping relationship between the source domain
and the target domain is identified in the low-dimensional space in order to enable the target
domain learn the transfer knowledge and complete precise placement. This will improve the
performance of feature-based TL. In [15], the manifold alignment is also employed, and the
target domain is the radio map gathered in real time. The FP data in the source domain are
taken from the historical radio map. In [16], the test points without labels are utilised as the
target domain, while the APs and calibration points in the wireless location environment are
used as the source domain with labels. Adaptive localisation uses transfer kernel learning.
The source domain and the destination domain in [17] are expressed as two separate spatial
indoor location systems in matrix form. The matrix learning and matrix transfer phases of the
TL-based location approach are used to learn the similarity matrix from the source domain
and determine which source domain choices are more suitable for the destination domain.

As the Wi-Fi-based indoor localization research work's RSS data have excellent transfer
value, several studies on the TL algorithm [18] employ the RSS dataset to assess the
performance of the suggested method. Future studies on indoor wireless locating have a lot of
promise using these cutting-edge TL algorithms.
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Scenario Optimization Object TL Method

Due to the poor esumation of CF, the perfor-
mance of small base stations with cache enabled
is low.

Transter available information from relevant
source domains to help mitigate data sparsity
and help CF more effectively in the target do-

Feature-based TL

main.

Transfer the rich contextual information ex-
tracted in the D2D interaction process to the
target domain learn similar potential features to
optimize the content caching.

Deriving the minimum training time to achieve
a desired performance accuracy.

Data sparsity and cold-start issues disrupt local Feature-based TL

caches at the edge of the network.

Knowledge acquired in the interaction between Feature-based TL
the users and the community as the source
domain, and the request of users as the target
domain.

The target indoor environment looks for an
environment with the same spatial correla-
tion of RSS as the source domain.

Adapt the data distribution changes con-
stantly as devices change and over different
time periods.

Enhance system scalability of fingerprint-
based indoor localization by reducing offline
training overhead without compromising lo-
calization accuracy.

Multi-space cooperative positioning based on TL Feature-based TL

achieve better results.

Access points and calibration points with labels  Transfer Kernel Learning
are used as the source domain, and the test points
without labels are used as the target domain.
Learn the similarity matrix from source do-
main to reshape logical distributions of distances
among points in the target domain,

Transfer Kernel Learning

Figure 2 Performance Transfer learning algorithm in various scenarios.

5. Conclusion

TL is assuming an undeniably significant part in remote correspondences and will have a
significant impact on future 6G research. Wireless communications must become more
adaptable, new energy efficient, quicker, and bigger in gauge. In this study, a thorough
review of upcoming 5G and 6G technologies is provided, and an analysis is conducted for the
development of smart grids as a future energy arena. The complete and definitive
fundamental procurement of data trade at the fitting time period, alongside huge capacity
reinforcements and novel figuring draws near, will act as the establishment for the 5G and 6G
administrations at a savvy network intersection. This gives future brilliant lattices a fabulous
establishment to further develop the executives and checking access among huge
organizations and fabricate a beneficial brand. The high efficiency, high density, and big
volume of data required by 6G wireless communications standards and technologies
unavoidably resulted in a reduction in energy efficiency. In addition to reducing this paradox,
TL has a significant impact on practically all 6G criteria.
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