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Abstract—This paper provides an overview of the developmemind
possible use-case scenarios of the new generatioh roobile
communication systems known as Next Generation Mdei
Network (NGMN). As predicted, current exploitation of the
fourth generation mobile communication systems (4Gyill reach
50 billion connected devices by 2020. Expectatiorsge that its
successor, currently developing fifth generation &), is going to
be operable by 2020. This new generation of mobile
communication systems tends to become a technologiatform
that will enable the development of new applicatios, business
models,  industries, such as  massive
communications. This will be possible primarily thraugh the
creation of acceptable ecosystem that could provida massive
machine-type communication using a single platformbased on
the Internet of Things (loT) concept. NGMN enablesthe
integration of all so far known and used machine-tge
communications, creating an environment of smart ties and a
fully networked society under the new concept of lrernet of
Everything (IoE). However, such network also posespscific
performance requirements reflected through higher tansmission
speeds, higher data volumes, reduced energy consutiop, higher
quality of service, and growth in the number of sevices and users
of currently deployed mobile generation.

Keywords-Next Generation Mobile Network, 5G, Machine Type
Communication, I nternet of Things, I nternet of Everything

. INTRODUCTION

Nowadays, mobile communications have a significanfyhich  will

impact on the society and are an important factadonomic
development and computerization of society. Afteuenber of
generations and the current commercialization of M@bile

machine-type

fields and various users, including the large numbé
smartphone users, owners of the digital gas metéfs the
possibility of remote control, owners of smart \&és$, owners
of smart homes, telemedicine service users, etc.

More recently, no less important are daily use of
technologies such as communication between mactim2yl,
Machine to Machine), the devices (D2D, Device toibe) or
the vehicles (V2V, Vehicle to Vehicle) and the ueé
associated services and applications [10]. The gesato
consolidate all so far known and used machine-type
communications (MTC, Machine Type Communication)
through a single infrastructure. MTC technologyb&sed on
the idea that machines have a growing value prigpattto the
number of the networked units [11]. This would te$u the
concept of IoE and the possibility of creating aasnrtities
environment and a fully networked society by simple
increasing the number of networked machines [1Z] [14].

Currently, total number of all existing networkegchines
is hundreds of millions, and the annual growth rataround
25%. As a result, it is expected that by 2020 thal number of
networked machines (equipment, vehicles, goods) etitl
reach 50 billion [7] [10] [15]. Therefore, netwookerators will
be able to expand their business activities, serpiartfolios
and increase revenues. This technology, combingld thie
existing ones, has a high potential for the develent of future
applications. Authors in [6] [7] defined six field$ application
result with an increase of machine-type
communication in a few years from now: (1) automtion
and the structural control of buildings, (2) tramgpand
logistics, (3) health, (4) public safety and sujson, (5)

communication systems (MCS) it is expected that thenonitoring of environmental and utility servicesnda (6)

upcoming 5G is going to be operable by 2020 [1][&][4]-
Up to this period, 5G is emerging as one of thennfigids of
research and development [4] [5]. Predictions [B] [8]
suggest that 5G will contribute to creating a fulpbile and
connected society, which will result with a strongmcio-
economic progress of the community.

Over the past decades, the development of infoomathd
communication (IC) and computer technology hasltedun
universal computerization of society, including #ygplication
of various telematics solutions. Telematics sohgiohave
found their purpose primarily in the field of traffand
transport, through the implementation of the ligeiht
Transportation Systems (ITS) [9]. However, teleosati
solutions are experiencing continuous increaseppfiation

monitoring of power plants and electric energyribstion.

Therefore, the authors find this field very impaitin the
upcoming time period of 2015-2020. Until then, cdete
MTC communication (MMC, Massive Machine
Communication / mM2M, massive Machine to Machine
communication / mMTC, massive Machine Type
Communication) will pave the way for a significantrease of
new networked machines, equipment and / or vehicles
providing the new innovative services and applareti
Consequently, as predicted, in a ten year perioah fnow, this
will result with the creation of new ecosystem lthem the
mentioned IoE concept [16] [17]. The main objectofethis
paper is to provide an overview of the main focietd$ of



development and implementation of mMMTC communicatio level of privacy for business and private usersd alata
that will be possible with the advent of 5G netwsrk protection.

. MAIN CHARACTERISTICS OF THE FIFTHGENERATION OF
MOBILE COMMUNICATION SYSTEMS

With every new MCS generation it was possible tc
experience two times higher speeds of data tratiséer it was
in the previous generation [18]. In NGMN systeng. i5G
MCS, one of the main requirements are the incredsgata
speeds and capacity with the significant reductbriatency
level. Figure 1 shows the comparison of lateneglibetween
4G and 5G networks [2].
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Figure 2 - Comparison of data transfer speeds leztwW& and 5G systems [30]
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4G m5G 5G systems will bring significant improvements fmsers
and for network operators. Compared with todaysvoeks,
Figure 1 - Latency levels between 4G and 5G sysf8fis the greater efficiency of the use of radio spectrand the

application of mMIMO (massive Multiple Input Mullg
Output) will increase the capacity resulting with average

. The integra_\tion of.new services and applicationgis$ as  obile data speeds up to 1 Gbps [16]. By redudiegldtency
important as increasing the speed of data trarefier / or o 1 mg, it will be possible to send a larger amoah

reducing the level of latency. 5G will be the MCfattuses its uitimedia content. Because of these new featuitess
architecture and functionalites to enable the fu"expected to connect potentially one trillion ofméral devices
implementation of services based on the 10T conddps will  {hat will have smaller dimensions and greater batte
result with a completely new communications betWee’?:\utonomy. In order to assure a certain level ofliyuaf
different types of machines (M2M, D2D, V2V, eteepardless  gepyice, reliability of service will amount to 99%% [3] [4]

of whether they're mobile, far_ apart or intercortedcwith [20] [23] [24] [25]. Figure 3 shows a comparisontbé main
different IC access technologies. With the advehtnew parameters of the 4G and 5G networks.

services and the increase of the number of termieaktes, 5G

MCS will increase the range of access requests forobile Mobile data volume
connection to the Internet network (MBB, Mobile Bdband) 10 Th/s/km?
[19] [20] Peak dana rate

E2E Latency
Required transmission speeds vary based on theneohf LOGDIS
the transferable data. The range starts from alegryevel for
sensor systems to very high level for the transfedltra High TR -
Definition (UHD) video files. These requirementg aeflected 10 Gh/s/km
in the expected level of latency that will haveb®low, as for V
security applications (emergency services, e-dadlua a car Mobility ‘
99,99%
Service deployment
time

Sms

Reliability
99,999%

accident, alarm systems e-maintenance, etc.). Henvelere 500 km/h
will also be services and applications that will kaency
agnostic [21]. In addition, the size of the packeilsvary from
small to large, depending whether it's a smartphon
applications or file transfer application, respesly. Figure 2
provides an overview of the range of data transorsspeeds
between 4G and 5G MCS.

Number of devices

1 M/km?
90 minutes

MCS 5G will enable ubiquitous provisioning of acs¢s a Energy efficiency
wide array of services and software solutions. Assalt, this 10% current consumption
will have an impact on daily routines, thus allogvicontinuous 215G 2 4G
progress of the qverall SOCIe.ty with a significaeduction in Figure 3 - The range of minimum expected requirdsbatween 4G and 5G
energy consumption [22]. An important feature of fgbworks systems [4]
is also the higher level of security which is refesl in a higher



The operators’ capital expenditure will be loweeda the
cost-effectiveness of IC equipment [26] [27]. Thisbecause
the future core network of the 5G system will have ability
to dynamically configure the characteristics of cammication
hardware according to different standards. At tames time,
there will be an integration of different technaksy such as
nanotechnology and Cloud communications [20] [8]{2

Furthermore, it is expected that the 10T concemt aG
network will penetrate into various industries whéhey can
contribute to interconnection and integration offfedent
industrial facilities, medical equipment, vehicletc. [17] In
this way, this upcoming trend will meet requiredmdads
(which are impossible on 4G technologies to suctexent)
for diverse services, including production servicewdical
services, transportation and other industries, thsslting with
a completely new concept and ecosystem based omokhe
paradigm.

Ill.  PERSPECTIVES TOWARDS MASSIVE MACHINETYPE
COMMUNICATIONS AND 5G

5G MCS will enable a complete implementation of i€

concept, along with the advance of all machine—typ(?

communications through a single infrastructure r@rqyuisite
for MMC communications). Although most of the applions
(such as M2M) transmit a small volume of data betwend-
devices (sensors, smart meters, etc.), it is pelithat a
number of these new end-devices in the next fewsyeall
reach up to 50 billion. As a result, this will makaintenance
and planning of today’s
expensive and complicated. [29] During the saméogdeman
increase in the number of terminal devices willrégase the
volume of generated data traffic up to ten time}.[3

A. Internet of Things concept

IoT is the concept of the information and commutiica
network, where objects (“things”) from diverse enwviments
are mutual connected into a single large-scaleor&tbvased on
the Internet Protocol (IP) [31]. As a result, &lése connected
objects are part of a single converged ecosysté@ IdT is the
basis for the development of smart environments siscsmart
homes, roads, factories, cities, etc. The termvias first used
in 1999. However, I0T is very popular during thestpseveral
years. The formal introduction of the 10T conceptswin 2005
with  the release of the IUT-T  (International
Telecommunication Union - Telecommunication
Standardization Sector) report [32]. The developn@nloT
will allow each device around us to communicatehvather
devices. I0T consists of smart machines interactiity other
machines, objects, things, environment and infuatitre [33].
Therefore, M2M communication it's often associateith
MTC loT concept, which is the integral part of tggaloT
concept. The common characteristic of IoT and M2iiacepts
is the remote device access [34]. 0T connectsctimaputer
with the things (machines, devices, sensors, ptsduc.),
systems (business applications, support systemalytial
systems, data warehouses, control systems, etwl)people
(customers, employees, partners and customers).

IoT usually integrates the sensor data with aredytnd
business applications to improve productivity, gs¥y and
increase production and market share [6]. Someh@fnhain
challenges that accompany the implementation of Idie
concept include security, privacy and trust, mamggi
heterogeneity, limited network capacity, managirgrgé
amounts of information and processing large amoahiata
in order to provide useful information / servicesl@nable the
efficient regulatory policy in the field of loT.

B. Internet of Everything Concept

In contrast to 10T, I0E includes interconnectionpabple,
objects, things, data and processes. 10T will reashfull
potential during the next five years. In fact, lodncept is a

transitional technology. On the other hand, IoE ceph

encompasses a number of technologies includindofhieas a

transitional technology.

The usefulness of IoE will result from the impabtained
by interconnecting people, processes, and datalBuaztwork,
(Figure 5). Figure 6 shows the evolution of IntéoeX
concept starting with Internet of People (loP, amiimg
eople), followed by 10T concept, which will finglfesult with
nterconnection of everything as a part of IoE @&pic IoE
concept will create new opportunities for providisgyvices to
various individuals, organizations, communities aadntries.

There is extraordinary potential of the loE concept
According to the research conducted by Cisco Systbr.
Corporation, 99.4% of physical objects that willeoday be a

telecommunications networkart of the I0E concept aren't currently intercariee [35]. Not

only that these objects (things) do not make theeotion, but
they aren't even a part of the IoT world. This rEmarily

because there are no such services that wouldt neghl the
interconnection of these devices.

A

Process

(delivering the
right information to
the right person or

machine at the

right time)

People

(IoP - connecting
people in more
relevant, valuable
ways)

Internet of
Everything

IoE

Data

(leveraging data
into more useful
information for
decision-making)

h 4

Things

(IoT - physical
devices and objects
connected to the
Internet and each
other for intelligent
decision-making)

Figure 5 - Entities forming Internet of Everythiogncept [13]
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Figure 6 - The evolution of mobile communicatiosteyns and supporting services in the period fro8026 2040 [5]

Development of the 5G MCS will have an impact onfoundations for social changes which will followtef the
economics, especially on the private sector. Thiseicause of implementation of future IC networks. For exampiare than
the simultaneous development of 5G objects, sesvimed a third of the world population is nowadays contyan
applications. Predictions claim that the intercamio® of the connected to the Internet; smartphones are becomarg and
currently unconnected objects may result with altptofit of more popular and the development of mobile sector i
$19 trillion; only private sector will make a profof $14.4 expecting 4 billion users by 2017. NGMN will be tliest
trillion [35]. Connection of the objects will mosbmmonly be complete system to fully implement converged IQnmek in
performed through 5G MCS with the wuse of fullwhich wired and/or wireless communications techgae will
communication functionality of machines such as MC, be using a single infrastructure [2]. Described 3G
People to Machine communications (P2M), V2V, V2tedt infrastructure will be the base for the developmehtfully
D2D (dD2D), etc. interconnected society.

C. Massive Machine-Type Communication

Through the IoE concept, MMC communication will blea
the connection of tens of billions of IP-based desithrough
5G MCS. For example, as shown on Figure 7, 5G bélla
systematic part of the Smart Cities in which 5Gvisels and
applications will have an impact on smart networkec
households (Domotics), smart/intelligent vehictete surgery,
fun, and time-critical applications that require iammediate
reaction [36] [37].

Scope of

MMC concept includes a set of radio ICT and teches] B“Sif;f'l:gs I()E e
thus enabling the expected growth rate in the nundfe
terminal devices and related services and apmiestiThese ecosystem

access technologies are divided into three typ@q3l:

« Direct access, terminal devices connect ant
communicate via direct access node

* Aggregation point access
MTC communication between devices Smart

Health

The development of ICT and related services is byl
changing complete society in the last 20 years alf as the

. s Figure 7 - Examples of application of Internet @EBything concept badeon
habits of each individual. However these are onhe t 'O xamp ppicat 5C Bihing P



The adoption of these services and applicatiorzars of
the 10T / IoE ecosystem. In particular, the 5G aid be
characterized with a fully interconnection of afings [37].
Mobile network services, which were until recenligited
only to smartphones, are gradually introduced taods such
as smart watches and sunglasses. In near futurh, pEason
will have several such devices.

D. Direct Device to Device Communication

As previously described, the MMC communication #mel
supporting 10T / IoE services provided via 5G patf will
tend toward the creation of a fully networked armhreected
society. In a fully connected ecosystem enabledb8y the
important role will play the ability to connect elis via D2D,
i.e. dD2D technology [38]. D2D communication
implemented within the 4G MCS but it's not widelpesable,
mainly because of its still limiting performancee\gl of
latency, capacity, data rate, the level of confadenetc.).

is

and wider use of the accompanying smartphones.ualirt
connection of all types of devices such as, hongiapres,
vehicles, industrial machinery, vending machinesnpguters,
etc. is becoming easier. The development of thed®vorks
and their environments, such as the MCS and WLAIh wi
reduced size, high performance, and low-cost contation
hardware has enabled easier way of connecting &lmos
everything from the everyday living environment.

Today, MTC communication is possible even for desic
that until a few years ago were not designed withgurpose
of network communication, such as, air conditionegas
meters, vehicles, televisions, and the list i$ gtibwing. MTC
technologies such as M2M, D2D and V2V are beconang
reality and an everyday need through the concepto®f
Communication of all these things through the Iadhaept
allows them to communicate directly with and withbuman
intervention (automatic process control, monitorirand

Consequently, D2D will not become a part of eVewd(.jlcollection of data between devices, providing smwithrough
operable technologies primarily because due to etheglevices, etc.). A significant number of things/agewill find

limitations when compared with its direct competitovV2V
solutions based on VANET (Vehicular Ad-Hoc Netwqrks
technology.

Although the VANET solutions have their disadvaesg
they are developed for the specific environment &meir
usability in V2V communication is currently moreoptinent.

their application in loT segment through variouslds of
activity (expectations are that by 2020, 50 billidrings are
going to be globally connected into one ecosystem).

In order to globally realize a trend and a plan for
development of ICT and related services, it is asagy to fully
develop 5G MCS as a single platform for the sudokss

However, the concept of NGMN and earlier NGN (Nextprovisio_n of cutting edge IC and telematics selsqi(’néstima_ted
Generation Network) system are designed for a||_|F§:ompIet|on of the development and start of the enm@ntation

communication via single infrastructure. This willsult with
the convergence between different access and tissism
technologies. Therefore, it was decided that omé @faMTC

communication will be enabled by dD2D technologgngG
[39]. Unlike the original D2D concept, dD2D willlalv the
planning and implementation of V2V communicatiorthivi

the IoE ecosystem. As mentioned earlier, with teetbpment
and implementation of 5G, several V2V requiremenits be

met, such as low latency of 1ms, default 99.999%akiity of

communications, high availability and dependabibityd low
failure rates [23] [3].

CONCLUSION

The main objective of this paper was to preseninaight
into future developments, possible implementation &ey
features of the massive machine-type communicatign
introducing 5G. It is expected that in the nexefixears, mobile
networks are going to experience a significant gkan
compared to the current state. Transmission rdtéwihigher,
the number of users and associated machines wikdse by
10-100 times, and the traffic volume will increage to 1000
times. It is necessary to consider the entire faldt opens new
opportunities for network operators, service prev&l and
users within the value chain.

IC development and computer technologies have edolv
simultaneously with the telematics systems andr tfielid of
application. Although the application of telematisslutions
has its wider exploitation within the applicatioegsent of
ITS, in the past decade their application is foumdther fields
as well. This is mainly due to the development oT®/
Communications and later to the development of moMCS

is beyond 2020. To realize all the predictions ¢ife t
technological development, 5G networks in relationthe
current MCS will have to assure significant impnmets,
particularly the increase of capacity, multipleregses of data
speeds, and a high level of reliability, availdbiliand
dependability with low levels of latency in the wetk. As a
result, this will allow a massive MTC communicatitat will
contribute to 10T concept which will become a pdreveryday
life and enable transition to I0E concept.

IoE concept will bring a significant change for theciety.
It will change the way people live and contributethie higher
quality of life. With such development of ICT, ingphentation
of new 5G MCS, and provision of various IOE sersici’s
possible to make MMC homes, roads, vehicles, cities
countries, etc. an integral part of an instrumentedid of
widely distributed artificial intelligence in whichalmost
everything becomes a communication unit (objeittimgs).
Those machines in the common ecosystem interabt edgith
other and solve complex tasks, often independevithout any
human intervention. Maintenance of buildings, beisigroads,
etc. will be raised to a higher level with the pb#isy of
remote e-maintenance assisted with sensors andaseftas
part of MMC and loE world. Options for the applicait of
modern telematics solutions are almost limitlessl dhe
development and the implementation of 5G MCS wilate a
platform for their exploitation.
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