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Abstract

For extending coverage and increasing capacity in wireless networks, a promising solution is the
deployment of heterogenous networks (HetNets). In this network, low power nodes as well as high power
nodes coexist. For now, in order to support the next generation (5G) network, various advanced
technologies such as massive multi-input (MIMO), cloud radio access networks (C-RAN), and device-to-
device (D2D) communications have been suggested as competent candidates. As single technology is
unable to fulfill the intended 5G requirements, it is worth investigating the effect of combining multiple
technologies in a single system. This research presents a thorough theoretical analysis, conducted in
order to evaluate the network performance in various settings where multiple 5G techniques are
employed.
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1. Introduction

Ascribed to the expansion of advanced mobile phones and a huge number of moment person to
person communication benefits, the wireless industry has gone up against the test of supporting a 1000-
fold increment in traffic demand with 10-fold increment in spectrum efficiency (SE) and energy
efficiency (EE) (Cheng-Xiang Wang, et al 2014). By the by, existing system organization and radio
innovation, for example, carrier aggregation (CA), multiple-input multiple-output (MIMO) with up to 8 x
8 antenna clusters are moving toward their hypothetical breaking points, which cannot fulfill the client
prerequisites imagined before 2020 (Lene Tolstrup, et al 2009). In addition, the vitality utilization from
the business of broadcast communications stays at high level state, EE must be viewed as one of the key
performance indicators (KPIs) in the system outline notwithstanding customary accentuation on
amplifying information rate or SE (Yan Chen,2011, Rose Hu,2014, | Chih-Lin,2014). To address the
issues raised by remote movement blast and vitality utilization acceleration throughout the following
decade, the cutting edge versatile and remote correspondence engineering and advancements are rising
into research fields.

Looking at the design, the two networks: heterogeneous network (HetNet) and cloud radio access
network (C-RAN), are envisioned as contender for achieving 5G network prerequisites. Specifically, the
HetNets, co-arranged with high power nodes (HPNs) and low power nodes (LPNs), promise the
provision of excellent limit additions and inclusion expansions and have been presented in the long term
evaluation advanced (LTE-An) institutionalization. (D. Lopez-Perez, 2011). In this way the people to
come, as known as the fifth generation (5G) system should keep on being conveyed as a heterogeneous
one. As for the CRAN; responsible for
isolating the system into not only baseband unit (BBU) pool, but also remote radio heads (RRHs), has
become a popular system. In view of the cloud computing innovation, this type of design can provide
high system productivity alongside reduced capital spending (CAPEX) and operation spending (OPEX)
(Mugen Peng, 2015).
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In the meantime, a progression of cutting edge procedures, which are fit for empowering 5G remote
communications, for example, huge multiple input multiple output (MIMO) transmission and device-to-
device (D2D) interchanges (F Boccardi,2014. A. Gupta,2015. E. Hossain,2015. V. Jungnickel,2014),
have been featured in both scholarly and industrial territory. The advantages and difficulties of these
advances have been exclusively examined in the measures of research works however the impacts of
incorporating at least two systems in a single system situation have not been completely contemplated. In
addition, In order to furnish the 5G network deployment with hypothetical premise, measuring the KPIs
(SE and EE) as scientific articulations in this kind of profoundly integrative system, is crucial.

With the quick increment sought after of astounding information administrations and expansion of
PDAs, the vitality utilization of remote systems is demonstrating an uncommon development. Thus it
ends up important for system administrators to keep up capacity growth as for interest. The acceleration
of intensity utilization in remote systems has likewise prompted an expansion in worldwide carbon
emanation which is a danger to the earth and blocks maintainable improvement. It has been assessed that
telecom industry will be considered responsible for 0.7% of aggregate CO2 outflows worldwide in next 5
years, therefore green communication is another exploration system that investigates these viewpoints
years. Additionally, as the traffic demand is expanding at a fast rate and in this manner the transmission
capacity dispensed for mobile communication is turning into a rare asset and should be utilized
effectively. The heterogeneous systems which comprise of various layers of full scale cells and low
power nodes (micro, Pico and femto cells) has been exhibited a promising method for enhancing vitality
and spectrum performance. A heterogeneous network is a remote system that consists of nodes with
various transmission powers and coverage sizes.
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Figure 1: A typical example of HetNet

For blanket coverage of urban, rural, or country zones, high power nodes (HPNs) with expansive
inclusion zones are conveyed in a planned way. In addition, low power nodes (LPNs) with not many
coverage territories, augment the HPNs for inclusion augmentation and throughput upgrade. Besides, the
foundation including a high density deployment of LPNs can likewise enormously enhance vitality
proficiency contrasted with the one with a low density deployment of less HPNs attributable to the lesser
path loss in a remote situation. Including node cooperation, optimal load balancing, and improved inter-
cell obstruction coordination, many research exercises have taken place in Het Nets. As of the present
situation, the conventional Het Net engineering comprises of various kinds of radio access nodes that
deal with the transmission and gathering in their individual inclusion regions. The genuine capability of
Het Nets can be acknowledged if the quantity of radio access nodes is expanded with smaller coverage
regions in order to guarantee high framework limit and lesser vitality utilized for transmission. Yet,
unfortunately this should be possible to the detriment of high vitality utilization at the baseband unit
inside the RF module. Additionally a high data transmission is a necessity in the event that we need to do
transmissions for extensive number of BS destinations at a lesser transmission control. In view of the
examinations from, 57 percent of aggregate vitality utilization from the remote system activity originates
from radio access nodes._ While the rest comes from the baseband preparing, 15 percent vitality devoured
by radio access nodes come from transmission. So if an effort is made to expand the energy performance,
we trade off for spectrum utilization. We present a system design for future HetNets that consolidates
coordination and collaboration among various components of system including RF nodes and MS in
order to enhance framework vitality proficiency with productive utilization of range.
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Whatever is left of the venture is composed as pursues. In the following segment we talk about the
present condition of craft of all methods for SE and EE change for HetNets. After that we present our
model and plan system for HetNets that fuses participation coordination at different levels to guarantee a
reasonable SE EE change. We at that point talk about some primer consequences of our discoveries and
furthermore present some specialized difficulties to this methodology. We at long last finish up the report
in last area.
2. Literature Review

The Internet of Things (loT) is a rising and promising innovation which has a tendency to reform the
worldwide world through associated physical items. 10T manages low-control gadgets which associate
with one another through the Internet. The idea of the 1oT (M. R. Palattella et al 2016-O. Vermesan et al
2011) has drawn the consideration of the exploration network with the true objective of guaranteeing that
wearables, sensors, shrewd apparatuses, clothes washers, tablets, advanced mobile phones, brilliant
transportation framework, and so forth., and different elements are associated with a typical interface with
the capacity to speak with one another. 10T interconnect "Things" and empowers machine-to-machine
(M2M) correspondence, a methods for information correspondence between heterogeneous gadgets
without human intercession. As indicated by [J. Gubbi, R. Buyya 2013], this can be accomplished through
a consistent correspondence medium. 10T is relied upon to empower a helpful domain that will effect and
impact a few parts of regular day to day existence and business applications and contribute towards
developing the world's economy, through Massive and Critical 10T, contingent upon the idea of
utilizations to be sent. Monstrous loT applications necessitate that tremendous number of savvy gadgets is
associated which could be conveyed in transportation situations, keen homes (structures) and brilliant
urban communities, shrewd power frameworks, and agrarian checking conditions, and so forth. which
requires visit updates to the cloud with low end-to-end cost.

The Internet of Things (loT) is a rising and propitious innovation with a tendency of improving the
worldwide world using associated material items. 10T manages low-control gadgets which associate with
one another through the Internet. The idea of the 10T (M. R. Palattella et al 2016-O. Vermesan et al 2011)
has attracted the consideration of the exploration network with the true objective of guaranteeing that
wearables, sensors, shrewd apparatuses, clothes washers, tablets, advanced mobile phones, brilliant
transportation framework, and so forth., and different elements are associated with a typical interface with
the capacity to speak with one another. 10T links "Things" and empowers machine-to-machine (M2M)
correspondence, a method for information correspondence between heterogeneous gadgets without human
intercession. As indicated by [J. Gubbi, R. Buyya 2013], this can be accomplished through a consistent
correspondence medium. 10T is relied upon to empower a helpful domain that will effect and impact a few
parts of regular day to day existence and business applications and help in developing the global economy,
through Massive and Critical 10T, contingent upon the idea of utilizations to be sent. Monstrous 10T
applications necessitate that tremendous number of savvy gadgets is associated which could be conveyed
in transportation situations, keen homes (structures) and brilliant urban communities, shrewd power
frameworks, and agrarian checking conditions, and so forth. that needs visit updates to the cloud with low
end-to-end cost.

For instance, imagine shrewd homes where residents are able to make use of an application like this for
opening their carport on landing their homes, turning on their house lights or lights in a specific place,
have the person who makes espresso get the early morning espresso ready for breakfast, manage the
atmosphere framework as well as additional keen apparatuses. In this space, applications require ease
client hardware (UE) with low vitality utilization, broadened inclusion zone, and high adaptability for
compelling sending of Massive 10T. To ensure the end client encounter, Critical 10T applications together
with remote social insurance framework (for clinical remote checking and helped living), activity control
and mechanical control (Drone/Robot/Vehicle) and material Internet and so forth., require higher
accessibility, higher unwavering quality, wellbeing and lower inactivity, as incapacity of these
applications is capable of causing consequential results. When all is said in done, the different applications
openings empowered by the 10T are innumerable and its maximum capacity may be acknowledged by
guaranteeing that more brilliant gadgets are associated through the Internet.
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Cutting edge 5G portable systems are imagined to guarantee that huge gadgets and new administrations,
for example, upgraded Mobile Broadband (eMBB), monstrous Machine-Type Communications (mMTC),
Critical Communications and Network Operations are effectively bolstered. It is trusted that essential
prerequisites, for example, high throughput, low dormancy as far as information conveyance, high
adaptability to empower enormous number of gadgets, proficient vitality utilization strategy and the
arrangement of omnipresent availability answer for end-clients will be effectively bolstered utilizing the
5G portable system for the IoT.

Thus, in view of the security instrument of current cell systems that depend upon securing essential
availability and protection of end clients, the 5G cell framework is required to guarantee that improved
security component is established on the whole system to address issues on validation, approval, and
bookkeeping (AAA) for heterogeneous interconnected 10T gadgets.

M2M correspondences have been widely checked on in the writing (C. Pereira,2014-Z. Dawy,2015), (M.
R. Palattella et al 2016), (A. Ali et al 2017). In (C. Pereira et al 2014), the creators talked about on
European Telecommunication Standard Institute (ETSI) standard and application conventions while they
considered cell phones, for example, cell phones to be utilized as portable portals for other associated
gadgets with compelled abilities and the way toward conglomerating information from implanted sensors
in M2M arrange engineering. The creators in (A. Biral et al 2015) introduced the issues of radio asset
assignment which are identified with huge Machine-Type Devices and profile answers for location these
issues while considering significant difficulties which are related with as of now sent cell systems to oblige
M2M Communications. In (F. Ghavimi et al 2015), the creators exhibited the design improvements needed
in order to send M2M applications for 3GPP LTE/LTE-A system. In the same way, the article also
featured problems on various irregular access over-burden control to counteract clog which normally result
because of arbitrary channel access of M2M gadgets in LTE-A systems. The creators in (M. Condoluci et
al 2015) talked about different correspondence principles. In the writing, 5G organize is exhibited for
MTC considering outline alternatives that could be utilized for femtocells. As per (Z. Dawy et al 2015), at
present conveyed and future cell innovation are promising to send and empower M2M correspondence. In
(M. R. Palattella et al2016), while considering both the institutionalization and innovative situations
alongside displaying the market see for comprehensively conveyed biological system, the creators in their
inspection, provide an itemized examination of rising 5G advancements to authorize worldwide l1oT. The
creators in (A. Ali et al 2017) introduced a study on M2M correspondences designs, with related
innovations, conventions and application advancement for the 1oT.

The fifth era (5G) cell systems are to be intended to take care of the persistently expanding demand for
developing remote applications, including ultra-high information rate, far reaching radio inclusion, ultra-
huge number of gadgets, and ultra-low dormancy (M. R. Palattella et al.2016) Heterogeneous cell systems
(HCNs) and enormous various info different yield (MIMO) are two key advancements in 5G systems. In
HCNs, low-control little cells are overlaid macrocells to offload information activity, increment
throughput and grow inclusion. Monstrous MIMO can serve a huge number of clients utilizing substantial
radio wire exhibits at the BS, result in extensive cluster gains and multiplexing gains.

The advantages of HCNs and enormous MIMO have pulled in significant consideration. For example,
In (E. Borgia et al 2014), the inclusion likelihood and normal rate of the K-level downlink HCNs was
researched, where every client was related with the BS with most grounded flag to-obstruction in addition
to commotion proportion (SINR).
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In (R. Need et al 2015), the impact of cell extension on the cell stack and the normal rate in HCNs was
broke down and an adaptable client affiliation was proposed. In (L. Atzori et al 2010), vitality effective
HCNs was proposed by dispatching all the smaller cells and switching off highpower full scale cell
administrations dependent on rest mode policies. The first time the execution of monstrous MIMO in cell
systems was analyzed in (A. Al-Fugaha et al. 2015), where each cell BS is furnished with substantial
receiving wire clusters. It was shown in (A. Al-Fugaha et al. 2015) that the impacts of uncorrelated
commotion and little scale blurring vanish as the quantity of receiving wires at the BS develops
unbounded. In (O. Vermesan et al 2011), enormous MIMO in intellectual radio systems was analyzed,
which demonstrated that obstruction control limitation can be altogether mitigated. In the multi-cell
multiuser frameworks with a substantial radio wire cluster at the BS, the uplink achievable rate was
inferred. Also, the execution examinations among maximal-proportion joining and zero-driving were
assessed. A multi-cell organize MIMO framework with between cell collaboration was examined in (J.
Gubbi et al 2013), where BSs in a similar participation bunch utilized joint transmission with direct zero-
driving beam forming. A critical end presented in (J. Gubbi et al 2013) was that much of the time
collaboration among BSs with expansive reception apparatus clusters isn't vital, keeping in mind the end
goal to diminish channel estimation cost. Since clients encounter better nature of administration under a
huge scale MIMO than system MIMO multi-cell systems, it was affirmed in (Ericsson 2016) that
expansive scale MIMO framework could be the favored course toward obstruction moderation in cell
systems. As of late, client relationship for gigantic MIMO heterogeneous systems was examined as far as
long haul normal rate in (Nokia 2016 and vitality proficiency in (E. Berthelsen et al 2015).

Vitality productivity has turned into a critical execution metric in the green correspondences plan. To
accomplish higher limit with respect to fulfilling the exponential information request development,
heterogeneous systems (HetNets), the co deployment of multi-level base stations (BSs, for example, large
scale base stations (MBS) and pico base stations (PBS), have been broadly connected (Tony QS Quek et
al 2013). Be that as it may, the between cell impedance (ICI) caused by the thick little cell organization,
expands the intricacy of accomplishing higher vitality effectiveness in HetNets.

In 3GPP, many propelled systems have been proposed to enhance vitality productivity by diminishing
impedance or expanding ghastly proficiency. Two surely understood advancements are facilitated
multipoint (CoMP) and multi-input single output (MISO). In a downlink CoMP organizes; different BSs
mutually transmit their signs to a similar recipient agreeably. The helpful transmission transforms the
intercell obstruction into valuable signs, along these lines moderating the impedance and upgrading the
flag gathering in the meantime (R. Irmer et al 2011). In a downlink MISO framework, different reception
apparatuses are introduced on a solitary BS and various spatial channels are assigned for transmission to a
client gear. MISO takes the upside of having additional spatial measurement to enhance the remote
connection execution which prompts higher phantom effectiveness (Harpreet S Dhillon at al 2012).

Various researches have been done far and wide in both modern and scholarly divisions to explore the
vitality utilization in the media transmission frameworks and the key advancements to diminish its level.
The creators of (A. Q. Lawey et al 2014) presented a structure for vitality effective distributed computing
over non by disregard IP WDM organize. They investigated the cloud benefits in three patterns: content
conveyance, stockpiling as an administration, and the VM based applications. They expounded that
duplicating content into various mists dependent on substance fame may set aside to 43% of the aggregate
power utilization, while the creators of (Z. T. Al-Azez et al 2015) demonstrated the attainability of setting
aside to 36% of the aggregate power utilization in 10T arrange by the organization of cloud handling and
virtualization. In term of 5G, the creators of (C.- L. I, C. Rowell et al 2014) exhibited a nitty gritty
viewpoint about expanding the quantity of associated gadgets in versatile access arrange and diminishing
the vitality utilization in 5G. As indicated by their vision, the 5G system ought to be delicate and green.
The creators of (S. Chen and J. Zhao 2014) clarified that the vitality utilization of 5G remote access
framework could be diminished if the portable activity is adjusted and offloaded by nearby little cells.
They contended the present structure and remote access foundation and their capacities to meet the 5G
vitality proficiency.
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They investigated the cloud benefits in three patterns: content conveyance, stockpiling as an
administration, and the VM based applications. The creators also expounded that duplicating content into
various mists dependent on substance fame may set aside to 43% of the aggregate power utilization,
while the creators of (Z. T. Al-Azez et al 2015) demonstrated the attainability of setting aside to 36% of
the aggregate power utilization in 10T arrange by the organization of cloud handling and virtualization.

3. Modeling and Analysis in Cellular networks

3.1 System Model

The fundamental step to carry out network analysis and performance evaluation is system modeling.
A system model that is proper, is able to characterize the network with the best approximation while also
clarifying the experiment procedure for theoretical analysis. For now, the insights gained from theoretical
analysis can be used by operators for well-founded and effectual guidance for network planning in
practical scenarios.

3.1.1 Single-Cell Model
Normally, one cell system model is comprised of a single base station (BS) (or a single classic user)
situated at the origin point in the center, and has circular coverage along with a radius R. After that,
numerous users (BSs) are divided inside and outside the circular disk. For instance, Figure 2 [BSHD15]
displays a BS centric single-cell model, where BS with large-scale antennas is situated at the origin and
user locations therein are chosen from an arbitrary random distribution.

User location distribution UEk at

location xx

Figure 2: A base station centric single cell system model [BSHD15]

In Figure 3 from [KHXR15], a user-centric single-cell model where a classic user is situated at the
origin at the same time as an MBS is situated at a distance R apart from the user. Subsequently, in order
to provide service, groups of radio access heads (RRHSs) are unsystematically divided around a user that
is inside its coverage region. When the distance R between the user and the MBS alters, it is to be noted
that the distance between the user and RRHSs will change.

It is easy to execute single centered models in simulation procedure. However, the inter-cell
interference as well as inter tier interference is neglected. For instance, the signal-to-noise ratio (SNR)
rather than signal-to-interference-plus-noise ratio (SINR) is examined in [KHXR15] for outage
probability analysis. Consequently, when technology or a concept is instituted for the first time [PZJ+15,
ZDO+14, LLAH15, SBK+15], single-cell system models are seen as more suitable in interference-
limited scenarios or used at the early stage of research.
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Figure 3: A user centric single cell system model [KHXR15]
4. Motivations

Despite the fact that the HetNet has been seen and conveyed as an intense design since the 4G (LTE)
arrange, its unpredictability expedites challenges both system arranging and execution assessment. From
one viewpoint, base stations (BSs) in multi-level systems are probably going to have particularly
extraordinary highlights regarding transmit control, tower stature and client thickness. Their areas are
likewise subject to vulnerabilities. Then again, the thick system organization will prompt solid between
level and intercell impedance bringing about extensive system execution misfortune, which restricts the
heterogeneous design to accomplish the stringent 5G prerequisites. Accordingly, the outline of the 5G
system ought to be founded on a blend of system topology advancements and radio innovation
developments (Boyd Bangerter et al 2014). A progression of cutting edge methods have been proposed
and viewed as 5G empowering agents (Yan Chen et al 2011, J. G. Andrews et al 2014). For example, the
C-RAN is imagined as another applicant design that can make thick systems conceivable alongside
HetNets; an enormous MIMO empowered system, in which full scale BSs are furnished with substantial
amount of radio wires, are capable of accomplishing high SE and EE gain without endangering existing
speculations; basic D2D correspondence in cell systems empowers the gadgets in vicinity to convey
straightforwardly for movement offloading, whereby additionally upgrade the system execution. Because
of the way that nothing unless there are other options said innovation can exclusively accomplish the
stringent 5G prerequisites, it is important to incorporate at least two of them in one framework. Be that as
it may, few execution assessments in such an intricate system can be found in existing written works.

To direct a hypothetical execution assessment, arrange recreations are restricted by the figuring
capacity to be created on an extensive scale. In this manner, it is important to evaluate the system KPIs by
means of determining scientific articulations. In light of the articulations, the execution of a framework
model can be assessed by means of differing the related parameters. While the customary hexagonal
framework models are difficult to exact portray a multi-level design, the stochastic geometry approach,
which dependent on point process appropriations, has increased expanding notoriety for demonstrating
remote systems. In addition, utilizing the numerical devices from the stochastic geometry can determine
tractable articulations for the system execution measurements, for example, inclusion, SE and EE.
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Spurred by previously stated specialized issues, an additional examination on the 5G organize in which
incorporates bleeding edge structures and advancements is directed in this postulation. Correct or
estimated shut frame articulations of KPIs in various situations are determined in a stochastic geometry
approach. The effect of different parameters identified with the system foundation as well as hidden
framework presumptions on system execution are unmistakably tended to.

5. Contributions

This examination work hypothetically assesses and upgrades organize execution primarily regarding SE
and EE in 5G systems. To give an altogether examination, diverse framework models consolidating with
cutting edge advancements and designs are proposed and looked at. A progression of hypotheses, end
products is gotten and accommodated execution assessment. In particular, in view of a stochastic geometry
approach, the execution measurements, for example, SE and EE of enormous MIMO, C-RAN or D2D
correspondences empowered systems are described through inferred tractable hypothetical articulations.
At that point the adequacy of these strategies can be tended to through fluctuating the parameters, for
example, levels' thickness, number of receiving wires and power utilization. What's more, obstruction
administration components are connected in various situations to make sense of the exchange offs when
numerous advancements coincide. Perceptions from the determined articulations and numerical outcomes
can furnish administrators with a direction to convey the cutting edge systems. The commitments in every
part are abridged as pursues:

. The possibilities of gigantic MIMO in downlink K-level HetNets for upgrading inclusion, SE and
EE are investigated altogether. Correct and asymptotic articulations for the likelihood of a client being
related with a full scale base station (MBS) or little base station (SBS) are first determined. At that point, a
correct articulation for looking at SE and EE of huge MIMO empowered HetNets without cell extends
extension (CRE) is determined and investigated. After that, bring down bound articulations of SE and EE
of monstrous MIMO empowered HetNets with CRE connected in little cells are inferred and confirmed.
The effect of framework parameters, for example, level's thickness and BS transmit control on client
affiliation is expressly distinguished.

. A monstrous MIMO empowered heterogeneous C-RAN (HC-RAN) is put forward for enhancing
SE and EE amid the downlink transmission. In this system, the delicate fragmentary recurrence reuse (S-
FFR) is utilized for obstruction relief. Tractable articulations are determined for assessing the lower limits
of region throughput and EE in the particular situation. The results can well portray the effects of key
framework parameters, for example, number of MBS receiving wires, remote radio head (RRH) levels
thickness, and S-FFR factor on the system outline.

. The uplink execution of the proposed enormous MIMO supported HCNs is assessed regarding SE
and EE. The open circle control (OLPC) for obstruction coordination and CRE for movement offloading is
misused. Hypothetical articulations of SE and EE are determined for the macrocell clients and picocell
clients. Results obviously show the viability of applying uplink control and CRE in the little cells.

. A spatially unique power control approach for relieving the cell to-D2D and D2D-tocellular
impedance is presented. Specifically, the proposed D2D control approach is fairly adaptable including the
extraordinary instances of no D2D connections or utilizing most extreme transmits control. Under the
considered power control, the correct articulations of SE for a cell client or D2D transmitter are
determined, which measure the effects of key framework parameters, for example, enormous MIMO
receiving wires and D2D thickness. In addition, the D2D scale properties are gotten, which give the
adequate conditions to accomplishing the foreseen SE. Numerical outcomes demonstrate that the proposed
control arrangement can effectively moderate obstruction between the cell and D2D level. The outcomes
show that the ideal D2D thickness for increasing the zone SE of D2D level, exists.

. 5G arrange is relied upon to convey high caliber of administration (QoS) for guaranteeing client
involvement notwithstanding high system SE and EE. In the mean time, QoS prerequisites have changed
by the rising applications. Rather than setting and sound, spilling video overwhelms the information
activity now and future, which implies higher information rate and lower delay are desperately required.
Consequently, nature of administration (QoS) related measurements, for example, blunder rates and
transmission defer should be quantitatively estimated in 5G HetNets. In addition, as mentioned in
[ARS16], conventional QoS model and parameters may not be adequate for pointing out new difficulties
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forced by rising 5G applications along with administrations. Along these lines, examinations concerning
evaluating QoS measurements and proposing novel QoS measurements in HetNets.

6. Conclusion
This research work quantified and evaluated the network efficiency gain achieved by
the integration of multiple 5G candidate architectures and technologies such as heterogeneous networks
(HetNets), cloud radio access network (C-RAN), massive multiple
input multiple output (MIMOQO) transmission and device-to-device (D2D) communication.
Interference  management mechanisms such as soft fractional frequency reuse (S-FFR)
and open loop power control (OLPC) were applied accordingly to mitigate interference.
As the analysis was dedicated to evaluating and enhancing the network performance,
related key performance indicators (KPIs) such as spectrum efficiency (SE) and energy
efficiency (EE) were derived as tractable expressions with the help of mathematical tools
from stochastic geometry.
In summary, the derived KPI expressions from this thesis can be used directly to
obtain a good estimation on the performance of various wireless technologies in different
network scenarios. The in-depth analysis on the key influencing factors can help network
operators and wireless engineers choose appropriate technology and parameters in 5G
network planning.
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