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Abstract—With the rapid growth of wireless industry and
related infrastructure, the demand for bandwidth is increasing
exponentially and the initial works for designing the next genera-
tion (5G) mobile communications which accommodates a higher
capacity has started. On the other hand, Energy is becoming a
scarce resource and the need to optimize energy consumption in
all industries as well as wireless industry is apparent. This paper
aims at reviewing these issues by designing energy-efficient RRM
modules for 5G heterogeneous networks (HetNet).

Index Terms—WLAN, WMAN, WWAN, Network Access Se-
lection, Vertical Handover, Heterogeneous Networks, FTOPSIS,
energy-efficiency.

I. Introduction

This research jointly addresses two major issues which
are supposed to remain the main concerns of the worldwide
research community for at least a decade; (1) Optimization
of energy consumption to save the limited energy resources
and cope with its increasing demand as well as reducing the
worldwide CO2 emission, (2) The need for next generation
(5G) mobile communications due to the tremendous trend
in increase of data traffic. In this section we introduce the
future challenges for 5G mobile communications and the
need to revise the conventional design techniques for wireless
communications in order to address the important energy-
efficiency issue. Later, we review the available literature.

Information and communication technology (ICT) has sig-
nificantly paved the way for a life with higher standards and
quality. However, by current trends, ICT data traffic (mainly
caused by Video transmission) is expected to increase 1,000
fold by 2020 and we will have at least 50 billion Internet-
capable devices by that time. Due to this increased demand
for bandwidth, we are running out of radio space sooner than
expected and this is an alarm for a breakdown which may af-
fect the nation’s economy. For instance, smaller industries are
dependent for wireless-enabled technologies, for their products
and services. If a solution is not found for this high demand of
bandwidth, instead of the flourishing of the new commercial
opportunities, we’ll witness a closing down. This is why 5G
is so important, even before 4G has taken off. Unlike its
predecessors, 5G does not only look for improving speed of
data rates, but also tries to establish sustainability and making
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Fig. 1. Greenhouse gas emission of the Mobile communications sector in
2020.

a global digital life a possibility. Early works on securing
budgets and research works on 5G has started, e.g., European
Commission has recently invested 50 million Euros into 5G
research with a 2020 target [1]. Similar investments is reported
in USA and UK and this signifies the urgency to start the same
motion in other countries. Technically speaking, 5G mission
will be to develop a spectrum- and energy-efficient network
which is capable of reaching speeds of 10 Gbps. Specifically,
its capability to minimize the energy requirements of web
devices and network infrastructure is of utmost importance due
to recent concerns for energy consumption in ICT industry.

With the rapid growth in the mobile communications sector,
the carbon footprint of the ICT sector will grow up to 1.43
Giga-tons by 2020 (Fig. 1) and mobile communications sector
is responsible for 201 Mega-tons of emissions by 2020 (14%
of the whole ICT sector). A conventional macro base station
(BS) consume 80% power of the telecommunication network
and there exists a need to reduce it in order to mitigate the
CO2 footprint and cope with the environmental effect and
the financial issues associated with the increased prices of
energy in the future. Already, EU targets a 20% reduction
in the energy consumption of IT industry by 2020 [2]. First
global initiative for reducing power consumption in wireless
networks was the Green Radio (GR) project by Mobile Virtual
Centre of Excellence (VCE) Visions group [3]. The GR project
targets energy reduction from two different perspectives. The
first is to find alternatives to the existing cellular network



structures to reduce energy consumption. The second approach
is to look for new ways that can be used in BSs or mobile
sets (MSs) to reduce energy consumption in the network. As
stated in the above, we need to address the 5G design issue
from energy-efficiency (EE) perspective for both up link and
down link communication. In particular, we should develop
energy-efficient radio resource management (RRM) modules
for HetNet 5G communications with the aim of improving the
total capacity. HetNet network deployments (Fig. 2), i.e., the
integration of macro and micro/pico/femto cells with different
coverage, have already been approved as a working item in
long term evolution (LTE)-advanced and 5G to overcome
the increasing capacity and coverage demands, as well as
to reduce the power consumption. Research activities for EE
system design in modern wireless communications is scarce
and in the initial state. During last decade most researchers
have focused on spectrum-efficiency (SE), and EE was not
considered by 3GPP as an important performance indicator
until very recently. As a result recent wireless standards such
as LTE (Fig. 3) have near optimal SE, with the aid of some
advanced techniques such as turbo coding, while they ignore
the EE issue. The main problem is how to balance EE and
SE metrics in RRM module design, because they are usually
not consistent and sometimes conflict with each other. A
detailed study of such trade-off is also needed. Another issue is
considering the electronic circuits’ power consumption in the
design. Most recent research works only consider the effect
of transmission power consumption in their design and ignore
the electronic circuits power consumption. As we see in Fig. 4
circuit power consumption especially in idle mode is also a
considerable value. Ignoring this factor changes the equation
and the overall performance will no longer be optimized.

In [4] the challenges for EE of next generation wireless
communications is discussed. Authors in [5] proposed an
energy-efficient RRM technique for orthogonal frequency divi-
sion multiple access (OFDMA) networks. However, this work
considers only the homogeneous network without assuming
the communication interference. Interference is one of the
main issues of concern in HetNet. Recently we fulfilled a
preliminary study on target network selection in HetNet,
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Fig. 2. 5G Heterogeneous (HetNet) Wireless Networks.
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which we are going to explain in the next section. In this
study, we have optimized our algorithm from SE and user
preferences point of view. In the future we intend to optimize
our aforementioned proposed technique for EE.
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II. Speed Dependent HandoverManagement and EE
Enhancement.

To this end, a fuzzy-logic based technique is introduced,
which takes factors such as received signal strength, QoS re-
quirements, load conditions of different cells, and UE velocity
into account, and ranks the candidate cells based on some
optimality criteria.

The simulated topology is summarized in Fig. 5. It con-
siders a HetNet structure with three layers: wireless local
area network (WLAN), wireless metropolitan area network
(WMAN), and wireless wide area network (WWAN). These
terms are chosen only to differentiate layers with different
coverage and technology, and can be easily extended to match
the specifications of any standard. In this scenario, a multi-
criteria vertical handover (VHO) scheme (Fig. 6) consisting of
two modules is considered, namely, VHO necessity estimation
(VHONE) and target layer selection.

The VHONE module examines the existing conditions of
current point of attachment (PoA) to estimate the necessity of
handover using Fuzzy Logic. The target layer selection module
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Fig. 5. Layered topology.

utilizes a fuzzy technique for order preference by similarity to
ideal solution (FTOPSIS) algorithm to rank different wireless
technologies based on multiple criteria in the order of priority.
The proposed scheme considers four different types of traffic
classes with different characteristics and QoS demands as
defined by 3GPP TS-23.107 specifications [6]. Two levels of
criteria are considered. The order of preference for level-1
criteria is given by: predicted received signal strength (PRSS),
quality of service (QoS), UE velocity, layer-loading, security,
and cost. The relative importance for the first-level criteria can
be assigned by the UE whereas the relative importance for the
second-level attributes, i.e., layer-throughput, latency, jitter and
packet loss ratio (PLR), is defined by the scheme. Different
requirements for the QoS of the traffic classes are also taken
into account. The fuzzy calculation of weights, their priorities
and the design details of the VHONE module are detailed
in [7], [8].

To find the target layer for future connections, we rank
the available layers in range based on the fuzzy version of
a ranking algorithm called TOPSIS. The steps of the ranking
process are as follows:

µ (x) =


(x−l)
(m−l) x ∈ [l,m]
(u−x)
(u−m) x ∈ [m, u]

0 Otherwise
(1)

1) Formation of Committee of Decision Makers: A committee
of k decision-makers is formed where fuzzy ratings of alter-
natives and weights of criteria obtained from each decision
maker Dk can be represented as triangular fuzzy number (TFN)
x̃ = (l, m, u), with the membership function given in (1). Here,
m is the most promising value as it gives the maximal grade
of the membership function 0 ≤ µ(x) ≤ 1, and l and u are
the lower and upper bounds that limit the field of the possible
evaluation.

C1 C2 · · · Cn

D̃k =

A1
A2
...

Am


d̃11

d̃21
...

d̃12 · · · d̃1n

d̃22 · · · d̃2n
... · · ·

...

d̃m1 d̃m2 · · · d̃mn


(2)

 

 

   

F
u

zzificatio
n

Knowledge Base 

Rule 
Base 

Membership 
Functions 

F
u

zzy
 In

feren
ce E

n
g

in
e

V
H

O
  

F
acto

r

EE Monitoring 
& Management 

Module 

Jitter 
PLR 

Delay 

Throughput 
Security 

Cost 
PRSS 

WWAN 

Layer-Load 

Jitter 
PLR 

Delay 

Throughput 
Security 

Cost 
PRSS 

WMAN 

Layer-Load 

Layer-Load 

N
o

rm
alizatio

n

W
eig

h
t C

alcu
latio

n
 fo

r
fo

u
r T

raffic C
lasses

Velocity 
Estimation 

Module (from 
Task 1.B) 

Preferences 

Battery/EE 
Status 

Distance to BS 
Estimation 

UE 

WLAN 

Jitter 
PLR 

Delay 

Throughput 
Security 

Cost 
PRSS 

WLAN 

Layer-Load 

D
efu

zzificatio
n

VHONE Module 
Target 
Layer 

E
E

-B
a

sed
 T

a
rg

et L
a

y
er 

S
electio

n
 M

o
d

u
le 

FTOPSIS-Based 
layer ranking and 

selection 

Fig. 6. Multi-criteria VHO scheme.

2) Fuzzy Decision Matrix Construction: This step is the
same as the classical TOPSIS with the exception that the
ratings of all attributes are represented as TFNs instead of
crisp values according to D̃k given in (2), where d̃i j is the
fuzzy performance rating of the alternative Ai with respect to
the criterion C j, provided by the kth decision maker and is
expressed as a linguistic variable or TFN.

3) Aggregation of Ratings and Weights from k Decision
Makers: The fuzzy ratings of alternatives and fuzzy weights
of each attributes, obtained from k decision makers, are aggre-
gated according to D̃ = (dl, dm, du) and W̃ j =

(
w jl,w jm,w ju

)
.

The variables in D̃ and W̃ are given by dl = mink

(
dk

l

)
,

dm = 1
K

∑K
k=1 dk

m, du = maxk

(
dk

u

)
for k = 1, 2, ...,K, and w jl =

mink(wk
jl) , w jm = 1

K
∑K

k=1 wk
jm, w ju = maxk(wk

ju) for k =

1, 2, ...,K, where dl, and du are the lower and upper bounds
of matrix element d, represented by a TFN. The lower and
upper bounds of the TFN representing the weight of the jth

attribute are denoted by w jl, and w ju.
4) Fuzzy Decision Matrix Normalization: Normalization

may or may not be necessary depending upon the linguistic
variables and their corresponding TFNs. In most cases the
fuzzy decision matrix is already normalized since the TFNs
belong to the range [0, 1]. Let’s assume r̃i j = (r̃i jl, r̃i jm, r̃i ju)
to be the TFN of the normalized value of alternative i with
respect to attribute j. In case the normalization is necessary, a
linear scale transformation may be used as follows:

r̃i j =

 r̃i jl

b∗j
,

r̃i jm

b∗j
,

r̃i ju

b∗j

 b∗j = max
i

r̃i ju j ∈ B

r̃i j =

 c−j
r̃i ju

,
c−j
r̃i jm

,
c−j
r̃i jl

 c−j = min
i

r̃i jl j ∈ C

(3)

where B and C are the sets of benefit and cost based criteria,
respectively.

5) Weighted Normalized Decision Matrix Construction: This
matrix is constructed by multiplying each element r̃i j with its
associated weight w̃ j according to ṽi j = r̃i jw̃ j:

6) Calculation of Fuzzy Positive & Negative Ideal So-
lution: The fuzzy positive and negative ideal solutions,
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Ã+ (FPIS) and Ã− (FNIS ), respectively, are defined as:

Ã+ =
(
ṽ+

1 , ṽ+
2 , ..., ṽ+

n
)

ṽ+
j = max

i
vi ju (4)

Ã− =
(
v−1 , v−2 , ..., v−n

)
ṽ−j = min

i
vi jl (5)

where ṽ+
j , and ṽ−j are the maximum and minimum ratings of

the alternative with respect to the jth criterion.
7) Calculation of Separation between Alternatives & Fuzzy

Ideal Solutions: The separation (distance) between each alter-
native from the fuzzy positive ideal and fuzzy negative ideal
solutions are: d+

i =
∑n

j=1 dv(ṽi j, ṽ+
j ) and d−i =

∑n
j=1 dv(ṽi j, ṽ−j )

for i = 1, 2, ...,m, where dv(∗, ∗) is the distance measurement
between two fuzzy numbers given by the vertex method as

dv

(
Ã, B̃

)
=

√
1
3 [(al − bl)2 + (am − bm)2 + (au − bu)2].

8) Calculation of Relative Closeness to the Ideal Solu-
tion:This step involves calculating the Closeness Coefficient
(CC) or relative closeness to the fuzzy ideal solutions accord-
ing to CCi =

d−i
d−i +d+

i
i = 1, 2, ...,m.

9) Ranking of the Alternatives: The ranking of the alternative
is performed by sorting the values of relative closeness CCi,
in descending order. The best alternative has the highest value
of CCi, where alternative Ai will be closer to Ã+ and farther
from Ã−, as CCi approaches 1.

To show the performance of the proposed VHO algorithm,
a single-user scenario is considered where one user moves
along a straight path as shown in Fig. 5. Table I shows the
numerical values chosen for system attributes at each layer.
Fig. 7 depicts percentages of connections towards a preferred
layer selected by the proposed FTOPSIS scheme for different
UE velocities and background traffic. FTOPSIS shows higher
preference towards WLAN for UE velocities up to 6 m/s.
WMAN with 37% connectivity preference can be observed
as the second choice for UE velocities up to 6 m/s, whereas
100% connectivity preference is shown for WWAN at higher
speeds. Similar results for streaming traffic is also shown in

Fig. 7. We observe that the percentage of layer connections for
WMAN for a UE with medium velocity is around 60%. The
streaming traffic requires a higher throughput. As can be seen
from this figure, WLAN and WMAN fulfill this requirement
for lower and medium UE velocity, respectively.

TABLE I
Network parameters.

WLAN WMAN WWAN
Delay (ms) 130 30 10
Jitter (ms) 30 10 1
PLR (per 106 bytes) 5 4 2
Throughput (Mbps) 140 50 0.2
Security (1-10) 5 5 5
Cost (1-10) 2 4 7

III. Conclusion

A Vertical Handover (VHO) algorithm with two modules,
namely, VHO Handover Necessity Estimation (VHONE), and
Target Network Selection, were proposed. The Fuzzy Logic
based VHONE module determines whether a handover is
necessary by taking into consideration the predicted RSS
values provided by the current point of attachment (PoA),
the degree of the provided QoS based on the requested traffic
class (conversational, streaming, background, and interactive),
and the speed of the vehicle including the MS direction of
mobility. The target selection module also utilizes fuzzy logic
in addition to a FTOPSIS ranking algorithm and a novel weight
elicitation technique that are implemented to select the best
target network. Preliminary results encourage the use of fuzzy
logic techniques for cell/layer selection of devices in next-
generation and emerging dense HetNet. In the future research
we will extend these preliminary results and introduce flexible
and multi-criteria fuzzy logic based algorithms for energy-
efficient radio resource management in 5G.
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