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Abstract: Recently, green networks are considered as one of the hottest topics in Information and
Communication Technology (ICT), especially in mobile communication networks. In a green network,
energy saving of network nodes such as base stations (BSs), switches, and servers should be achieved
efficiently. In this paper, we consider a heterogeneous network architecture in 5G networks with
separated data and control planes, where basically a macro cell manages control signals and a small
cell manages data traffic. Then, we propose an optimized handover scheme based on context
information such as reference signal received power, speed of user equipment (UE), traffic load, call
admission control level, and data type. In this paper, the main objective of the proposed optimal
handover is either to reduce the number of handovers or the total energy consumption of BSs.
To this end, we develop optimization problems with either the minimization of the number of
total handovers or the minimization of energy consumption of BSs as the objective function of
the optimization problem. The solution of the optimization problem is obtained by particle swarm
optimization, since the developed optimization problem is an NP hard problem. Performance analysis
results via simulation based on various probability distributions of the characteristics of UE and
BS show that the proposed optimized handover based on context information performs better than
the previous call admission control based handover scheme, from the perspective of the number of
handovers and total energy consumption. We also show that the proposed handover scheme can
efficiently reduce either the number of handovers or the total energy consumption by applying either
handover minimization or energy minimization depending on the objective of the application.
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1. Introduction

Recently, green networks are considered as one of the hottest topics in Information and
Communication Technology (ICT), especially in mobile communication networks [1–3]. In a green
network, energy saving of network nodes such as base stations (BSs), switches, and servers should
be achieved efficiently [3]. In particular, BS energy savings should be achieved at a significant
level since BSs are responsible for a major part of the power consumption. To reduce the power
consumption of BSs, the basic functional command is to turn BSs off when traffic load is very low [3].
Also, the traffic load of the turned off BSs should be managed by neighboring BSs. Energy flows
and entropy in communication networks can be evaluated. Examples of exergy-based lifecycle
analysis of ICT equipment such as Node B and smartphone of fourth generation (4G) universal mobile
telecommunication systems (UMTS) and exergy-based lifecycle analysis of radio access network are
presented [4].
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In [5], a night zone is defined, where the traffic load of a BS is low and therefore the BS can
be turned off. The quality of service (QoS) of user equipment (UE) is guaranteed by controlling the
transmission power of a BS in a night zone. In [6], the number of optimal BSs which can be turned
off in a night zone in various macro cell layout scenarios using traffic patterns was derived but this
optimization does not react to a dynamically varying traffic load environment. In a green base station
network [7], BSs are clustered based on the distance between BSs, and BSs are turned on or off based
on the traffic load in each cluster. During a peak hour, all the BSs are activated first and then BSs are
turned off gradually based on the status of the traffic load. In [8], the distance between a BS and a UE
is measured and BSs are turned off based on the descending order of the average distance from UEs.
In [9], the authors use the distance between a BS and UE in order to associate UEs with a BS and BSs
with load traffic load, especially during night, are turned off to reduce the power consumption of BSs
without sacrificing the quality of service. In [10], to solve the coverage hole problem due to the turned
off BSs, the number of activated BSs and the cell size are determined, while minimizing the energy
consumption of BSs. In [11], the authors propose switching-on/off energy saving algorithm by turning
off a BS one by one with the ascending order of network-impact. Then, they propose three heuristics
using network-impact and show that the proposed heuristics significantly achieve energy saving.

In cell zooming [12], based on the traffic load of BSs, the cell coverage is adjusted accordingly by
controlling the transmission power of BSs. If a BS has low traffic load, the cell coverage is reduced, and
neighboring BSs extend the cell coverage. In [13], efficient energy saving of BSs are proposed, of which
a certain ratio of BSs is turned off in a time zone with a low traffic load and the cell size of the active
BSs are extended by increasing the transmission power of active BSs.

In a heterogeneous network architecture, where macro cell BSs and small cell BSs overlap, the
energy of BSs is saved by turning off small cell BSs when they are not in use [14]. In a heterogeneous
network, a macro cell BS controls the activation and deactivation of small cell BSs based on the
feedback on the traffic load of UEs and position information of UEs from small cell BSs. However,
this results in signaling overhead between a macro cell BS and small cell BSs [15]. In distributed
activation/deactivation schemes [16], each small cell BS decides whether it should be activated or
deactivated. If there is no UE within the coverage of a small cell BS, it is turned off. Then, it periodically
activates to detect the signal between a macro cell BS and UEs, and it is turned on if there is any
UE which should be served by the small cell BS. In device-assisted-networking for cellular greening
(DANCE) scheme, a macro cell BS manages the control signal of UEs and a small cell controller
activates or deactivates the small cell BSs when the traffic load varies to optimize the number of
activated/deactivated small cell BSs [17]. In [18], the authors propose a joint BS on/off switching
and user association algorithm in order to maximize the energy efficiency, based on the time- and
space-dependent traffic load in massive MIMO heterogeneous networks. In [19], the authors change the
on/off states of small cell BSs dynamically based on UE distribution. In uniform UE distribution, small
cell BSs are turned off with the ascending order of the distance with the macro cell BS. In non-uniform
UE distribution, a joint location and user density based scheme is proposed and near-optimum solution
is obtained. In [20], the authors discuss the technical challenges of BS on/off switching in 5G systems,
summarize the state of the art on BS on/off switching, and present challenges and open problems.

In [21], the authors introduce four different sleep modes to small cell BSs depending on the
consumed energy levels. Then, they formulate an optimization problem for energy efficiency
maximization based on either a random sleeping or a strategic sleeping policy for small cell BSs.
In [22], the authors analyze the impact of the sleeping of BSs on energy efficiency and user-perceived
delay based on three wake-up schemes such as single sleep, multiple sleep, and N-limited schemes.
Then, they formulate an optimization problem for delay-constrained energy-optimal BS sleeping
policies and analyze the tradeoff between energy saving and mean delay. In [23], the authors analyze
the tradeoff between energy consumption and grade of service degradation when the different sleeping
patterns of BSs are considered.
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In [24–28], energy efficiency of BSs shared by multiple operators is analyzed. In [24], in order
to reduce the energy consumption and operational cost in cellular networks, network sharing is
considered, in addition to the switching off of BSs. The authors introduce the concept of intra-cell
roaming, where UEs of a specific mobile network operator are roamed to another BSs operated by
other mobile network operators, and the operator turns off its BSs. Then, they propose a distributed
game theoretic BS switching off scheme and analyze the energy saving and cost saving. In [25], the
authors propose a cooperative BS switching off scheme, where macro cell BSs and small cell BSs are
turned off when the traffic load is low and UEs are served by BSs operated by other mobile network
operators in order to guarantee the quality of service. In [26], the authors propose game-theoretic
approaches, i.e., pricing decision game and user association game, based on the relationship between
roaming price and user association in multi-mobile network operator environment. Then, they reveal
that significant energy saving is achieved in the proposed approaches. In [27], the authors propose
an auction-based switching-off scheme, by using the fact that network is underutilized if traffic load is
low and thus third party small cells can be used to offload its traffic and BSs can be turned off to save
power. The proposed scheme consists of a bidding strategy and an auction scheme which maximize the
profit and minimizes energy consumption. In [28], the authors propose a game-theoretic infrastructure
sharing scheme, where mobile network operators estimate the switching-off probabilities that can
reduce their cost and finally equilibrium state is achieved that minimizes the cost of each operator.
In [28], an analytical model is developed using voice and data traffic model.

Regarding the works on network architecture for a green network, third generation partnership
project (3GPP) proposed the concept of separation of data plane and control plane for 5G networks [29].
In the separated architecture, a macro cell covers a large area and manages the control signal, and
a small cell covers a small area and manages data, as shown in Figure 1. In this architecture, a small
cell BS can be turned off, if there is little UE with data service in the coverage area. The power of a BS
can be saved, while connectivity with network can be provided using a macro cell. Also, UE can be
connected with a macro cell always and therefore, handover can be managed seamlessly and power of
a BS can be saved, since signaling overhead due to handover can be reduced.
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Of works regarding separate network architectures, the work in [30,31] analyzed the efficiency
of accommodating UEs for varying the number of small cells and the distance between a UE and
a BS. The work in [32] defines the threshold ratio of a small cell BS in sleep state. Then, if the ratio
of small cell BSs in sleep state is less than the threshold ratio, small cell BSs with low traffic load are
turned off, and traffic load covered by small cell BSs are handed over to neighboring small cell BSs.
Otherwise, BSs with high traffic load are turned off, and the traffic load managed by small cell BSs
are distributed to neighboring small cell BSs. Using these algorithms, power consumption of BSs can
be minimized. In [33], the authors propose dynamic traffic BS switching on/off scheme, in separated
network architecture with coverage BS and traffic BSs, where random sleeping is considered. In [34],
two sleeping schemes, i.e., random and repulsive schemes, are proposed in a separated network,
where vertical offloading between a macro cell and a small cell is assumed. In random scheme, a small
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cell BS is turned off with probability p. In repulsive scheme, small cell BSs which are located within
a distance R from a macro cell BS are turned off. Then, they derive maximum p and R, while satisfying
the outage constraints.

In a call admission control (CAC)-based handover scheme [35], the authors classified
the types of handovers in heterogeneous networks. Also, a call is admitted based on the
signal-to-noise-plus-interference ratio (SINR), signal level, speed of UE, so unnecessary handover
signaling can be reduced. As an extension of the work in [35], the authors in [36] proposed an optimized
CAC-based handover based on context information such as reference signal received power (RSRP),
speed of UE, traffic load of target cell, and handover admission control. In the optimized CAC-based
handover [36], traffic load is directed to some BSs with high traffic load. Then, BSs with low traffic
load are turned off so significant BS power consumption can be saved. Figure 2 shows that a UE hands
over to a BS with better RSRP in a traditional handover approach, but in CAC-based handover, a UE
hands over based on context information, and thus, a high speed UE hands over to a macro cell BS and
a low speed UE hands over to a small cell BS. In [37], a prediction-based association control scheme is
proposed in order to reduce unnecessary handover in a femtocell environment, without degrading
throughput. In [38], reduced early handover is proposed in order to save the energy of BSs, while
maintaining acceptable radio link failure, where early handover is carried out based on prediction
using RSRP from BSs.

Entropy 2017, 19, 329 4 of 18 

 

within a distance R from a macro cell BS are turned off. Then, they derive maximum p and R, while 
satisfying the outage constraints. 

In a call admission control (CAC)-based handover scheme [35], the authors classified the types 
of handovers in heterogeneous networks. Also, a call is admitted based on the 
signal-to-noise-plus-interference ratio (SINR), signal level, speed of UE, so unnecessary handover 
signaling can be reduced. As an extension of the work in [35], the authors in [36] proposed an 
optimized CAC-based handover based on context information such as reference signal received 
power (RSRP), speed of UE, traffic load of target cell, and handover admission control. In the 
optimized CAC-based handover [36], traffic load is directed to some BSs with high traffic load. 
Then, BSs with low traffic load are turned off so significant BS power consumption can be saved. 
Figure 2 shows that a UE hands over to a BS with better RSRP in a traditional handover approach, 
but in CAC-based handover, a UE hands over based on context information, and thus, a high speed 
UE hands over to a macro cell BS and a low speed UE hands over to a small cell BS. In [37], a 
prediction-based association control scheme is proposed in order to reduce unnecessary handover 
in a femtocell environment, without degrading throughput. In [38], reduced early handover is 
proposed in order to save the energy of BSs, while maintaining acceptable radio link failure, where 
early handover is carried out based on prediction using RSRP from BSs. 

 

Figure 2. Handovers in a traditional approach and a CAC-based approach. 

In [39], the authors used the concept of information theory for the efficient mobility and 
resource management in future cellular networks, which are two main problems in cellular 
networks. Since overhead in the mobility and resource management are basically generated from 
the random behavior of UEs’ movement and resulting uncertainty of UEs’ position, the authors 
developed an information-theoretic approach for utilizing this uncertainty using the entropy or 
information content of UEs’ movement. The authors revealed that the proposed 
information-theoretic mobility management scheme can reduce overhead by approximately 80 
percent. In [40], the authors used the concept of entropy in the network selection in heterogeneous 
network architectures. The authors used UE-side requirements and network-side requirements for 
an efficient network selection. To this end, the authors defined weights of multiple criteria of 
UE-side and network-side requirements using an analytic hierarchy process. Entropy was also used 
to define weights of network-side requirements. 

Although the authors in the work in [35,36] developed an efficient call admission control 
scheme, they did not consider separate control and data planes. Also, context information on data 
type of a service, i.e., low rate data traffic or high rate data traffic, was not considered for handover 
decisions. To extend the previous works on CAC-based handover [35,36], we consider a new 
heterogeneous network architecture in 5G networks with separate data and control planes, where a 
macro cell BS manages control signals and a small cell BS manages data. In addition to previously 
used context information such as RSRP, speed of UE, traffic load of target cell, and admission 

Figure 2. Handovers in a traditional approach and a CAC-based approach.

In [39], the authors used the concept of information theory for the efficient mobility and
resource management in future cellular networks, which are two main problems in cellular networks.
Since overhead in the mobility and resource management are basically generated from the random
behavior of UEs’ movement and resulting uncertainty of UEs’ position, the authors developed
an information-theoretic approach for utilizing this uncertainty using the entropy or information
content of UEs’ movement. The authors revealed that the proposed information-theoretic mobility
management scheme can reduce overhead by approximately 80 percent. In [40], the authors used
the concept of entropy in the network selection in heterogeneous network architectures. The authors
used UE-side requirements and network-side requirements for an efficient network selection. To this
end, the authors defined weights of multiple criteria of UE-side and network-side requirements using
an analytic hierarchy process. Entropy was also used to define weights of network-side requirements.

Although the authors in the work in [35,36] developed an efficient call admission control scheme,
they did not consider separate control and data planes. Also, context information on data type of a service,
i.e., low rate data traffic or high rate data traffic, was not considered for handover decisions. To extend the
previous works on CAC-based handover [35,36], we consider a new heterogeneous network architecture
in 5G networks with separate data and control planes, where a macro cell BS manages control signals
and a small cell BS manages data. In addition to previously used context information such as RSRP,
speed of UE, traffic load of target cell, and admission control level, we newly consider the data type of
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a service, i.e., low rate data traffic and high rate data traffic. Then, we propose an optimized handover
scheme considering the mentioned context information. An optimization problem is formulated and the
solution is obtained by particle swarm optimization, since the optimization problem is non-deterministic
polynomial-time hard (NP hard). The basic idea of the proposed optimized handover scheme is similar
to the work presented in our preliminary work [41] but the proposed work is significantly extended
from the previous work according to the following aspects:

• The proposed optimized handover scheme is extended and more elaborated from our previous
work so a UE with low speed and low rate data traffic can be handed over to a small cell BS,
depending on the traffic load condition of neighboring small cell BSs.

• A thorough optimization problem for the proposed handover scheme is formulated, from the
aspect of the minimization of the number of handovers and energy consumption of BSs, for the
performance analysis based on context information such as RSRP, speed of UE, traffic load, call
admission control level, and data type.

• The particle swarm optimization is applied to solve the formulated optimization
problem heuristically.

• Extensive numerical examples are obtained through simulation based on the assumption of
specific probability distributions of various random variables defined in this paper, and the
performance of the proposed scheme is evaluated in detail.

The remainder of this paper is organized as follows: Section 2 proposes an optimized handover
scheme based on context information and formulates an optimization problem. In Section 3, numerical
examples are presented. Finally, Section 4 concludes this work.

2. An Optimized Handover Based on Context Information

2.1. System Model

In this paper, we assume heterogeneous network architecture with a macro cell with overlaid
small cells overlapped with each other, as shown in Figure 3, where small cells are concentrated at
a few hot spot areas. We note that only a single macro cell is assumed in this paper for simplicity,
similar to the work in [33], and the multi-macro cell environment will be considered in our future work.
The mobility of a UE follows a random movement model, where locality is assumed for UEs in the
small cells at hot spot areas. The speed of a UE follows a uniform distribution. Data traffic generated at
a UE is determined as either low rate data traffic or high rate data traffic based on a predefined value
of the ratio of high rate data traffic.
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The notations defined in this paper are summarized in Table 1.
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Table 1. Notations.

Value Description

BMm A macro cell BS m
BSs A small cell BS s
uk A user equipment k

wMm State of a macro cell
wSs State of small cell

aMm,k Service state of uk in a macro cell
aSs,k Service state of uk in a small cell
dk Existence of data service requested by uk
rk Required data type by uk
vk Speed of uk

D_Cellload_Btarget_BS, k Traffic load of a target cell
Btarget_m,k A target macro cell BS m of a UE k
Btarget_s,k A target small cell BS s of a UEk
Bserv_m,k A serving macro cell BS m of a UE k
Bserv_s,k A serving small cell BS s of a UE k

Bavail_Mm A set of available macro cell BS m
Bavail_Ss A set of available small cell BS s
Pmax

Macro Maximum power consumption in macro cell with on state
Pmax

Small Maximum power consumption in small cell with on state
Pstatic

Macro Static power consumption in macro cell with on state
Pstatic

small Static power consumption in small cell with on state
PMacro_linear Slope of power consumption in macro cell to transmit UE data
PSmall_linear Slope of power consumption in small cell to transmit UE data
PMacro_total Total power consumption of a macro cell
PSmall_total Total power consumption of a small cell
P(Ss)small Total power consumption of s-th small cells

Ptotal Total power consumption of BSs
uMm_served A set of served UEs by BSMm
uSs_served A set of served UEs by BSSs

RSRPBserv_m,k Reference signal received power of BSserv_m, k
RSRPBserv_s,k Reference signal received power of BSserv_s, k
CBtarget_BS,k Condition of Admission control level

C Total capacity of a cell
Cmax

Macro Total capacity of a macro cell
Cmax

small Total capcity of a small cell
C’ Actual capacity needed for an active user

Creq Requested capacity by a handover call
Creq_high Requested capcity by a handover call having high rate data service
Creq_low Requested capcity by a handover call having low rate data service

No_UEhigh_rate Number of users requiring high rate data service
No_UElow_rate Number of users requiring low rate data service

THHO Percentage of cell capacity reserved for handover calls
L_threshold Threshold of supposing cell has low traffic loads
V_threshold Threshold of user speed having high and low speed

HOcase The case of comming handover
HOtotal Total number of handovers

2.2. An Optimized Handover Scheme

In this paper, a UE periodically checks the RSRP of neighboring BSs and it searches target cell list
if the RSRP of currently associated BS is smaller than a predefined threshold, as defined in 3GPP [35].
Then, it makes target cell list. In this paper, the speed of a UE is classified as either low or high, and the
data rate of a service is classified as either low rate data traffic or high rate data traffic. Then, the speed
and data rate of a UE are used to decide a target cell list. Similar to the work in [36], the condition
of Equation (1) for call admission control is checked against cells in target cell list, where C’, Creq,
THHO, and C represent required capacity by active UEs, capacity required by a handover call, the ratio
of reserved cell capacity for a handover call, and the total capacity, respectively. If the condition of
Equation (1) is not satisfied at a cell, the cell is removed from the target cell list:

C’ + Creq ≤ THHO × C (1)
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Figure 4 shows the flowchart of the proposed handover. A UE checks the RSRP of a serving cell
and compares it with a threshold value. Then, if a handover is needed, the UE finds neighbor BSs
satisfying RSRP condition.
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For high speed UE, the service of a UE is handed over to a macro cell to reduce the number of
handovers, since frequent handovers between small cells and between a small cell and a macro cell,
due to high speed UEs, degrade the quality of experience of UEs. Therefore, the UE makes a candidate
list of macro cell and finds a target macro cell by solving optimization problem using PSO algorithm.
For low speed UE, different criterion is applied for selecting a target cell depending on the type of data
traffic. If a UE has high rate data traffic, it is handed over to a small cell BS, if there is any available
small cell BS in order to offload more traffic from a macro cell BS. Therefore, the UE makes a candidate
list of small cell and finds a target small cell by solving optimization problem using PSO algorithm.
If a UE has low rate data traffic, it can be handed over to either a small cell BS or a macro cell BS.
If there is any neighboring small cell BS which has higher traffic load than a threshold, it is handed
over to a small cell BS. Therefore, the UE makes a candidate list of small cell after removing small cell
with very low traffic load, since it is better to turn off the small cell with very low traffic load to save
energy, by removing it from a candidate list of small cell. Then, it finds a target small cell by solving
optimization problem using PSO algorithm. If there is no neighboring small cell BS which has higher
traffic load than a threshold, it is handed over to a macro cell BS. Therefore, the UE makes a candidate
list of macro cell and finds a target macro cell by solving optimization problem using PSO algorithm.
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Although the idea of using traffic type and speed to associate a UE with a macro cell BS or a small
cell BS in separated network architecture is similarly presented in [34], where only the UE with low
speed and high rate data traffic is associated with a small cell BS and other UEs are associated with
a macro cell BS, our proposed idea is different from the work in [34], since a UE with low speed and
low rate data traffic can be handed over to a small cell BS, depending on the traffic load condition of
neighboring small cell BSs. Also, although it is mentioned that the speed of UE is considered to select
a target cell for association in [34], the mobility of UE is not considered actually at the analysis of the
proposed sleeping schemes. On the other hand, our proposed scheme considers both data traffic type
and mobility together to make a handover decision.

Figures 5 and 6 show examples of a CAC-based handover scheme and the proposed handover
scheme, respectively. In Figure 5, a data type, i.e., low rate data traffic or high rate data traffic, is not
considered for a handover decision. It is assumed that cars, which are denoted as UE_C, move at high
speed and connect to a macro cell BS. Pedestrians that are denoted as UE, move at a low speed and
connect to small cell BSs. Low speed UEs 1, 2, 5, 6, and 7 move into new small cells along the directions of
arrows and handed over to new small cell BSs. A high-speed UE moves from small cell 1 to small cell 2,
but it is not handed over to small cell BS2, and therefore small cell BS2 can be turned off to save power.
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In Figure 6, handover is carried out based on the data type and speed of UE. Thus small cell
BS 6 is turned off before handover since UE 8 has low rate data traffic and low speed and it can be
connected to a macro cell BS if SBS(6) has very low traffic load. Low speed UEs 1, 2, 5, 6, and 7 move
into new small cells along the direction of arrows and handed over to new small cell BSs. Small cell BS
4 can be turned off since high speed UE 6 and UE 7 move out of the small cell and UE 5 moving into
the small cell has low rate data traffic and low speed and it is handed over to a macro cell BS since the
traffic load of SBS(4) is very low. A high speed UE moves from small cell 1 to small cell 2 but it is not
handed over to small cell BS2 but to a macro cell BS, and thus small cell BS2 can be turned off to save
power. As shown in Figures 5 and 6, the proposed handover scheme can turn off more BSs.
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In this paper, the main objective of the proposed optimal handover is either to reduce the number
of handovers or the total energy consumption of BSs. To this end, we develop optimization problems
with either the minimization of the number of handovers or the minimization of energy consumption
of BSs as the objective function of the optimization problem.

To check service availability of a BS, the state of a macro cell and a small cell is classified as on
and off, as in Equations (2) and (3):

wMm =

{
1, if BMm is ON state

0, otherwise
(2)

wSs =

{
1, if BSs is ON state

0, otherwise
(3)

Also, the service state of UE k in a macro cell and a small cell are defined as in Equations (4) and (5):

aMm,k =

{
1, if uk is served by BMm

0, otherwise
(4)

aSs,k =

{
1, if uk is served by BSs

0, otherwise
(5)

The existence of data service request by UE k, the data type of UE k, and the speed of UE k are
defined as in Equations (6)–(8):

dk =

{
1, if uk requires data services

0, otherwise
(6)
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rk =

{
1, if uk requires high rate data services

0, if uk requires low rate data services
(7)

vk =

{
1, if uk has high speed velocity > V_threshold

0, if uk has low speed velocity ≤ V_threshold
(8)

The traffic load of a macro cell and a small cell are defined as in Equation (9):

D_Cellload_Btarget_BS, k
=

{
1, if a trrafic of Btarget_BS,k is the highest level

0, otherwise
(9)

In order to consider the RSRP of BSs, A2 and A3 events [35,36] are defined as in Equations (10)
and (11):

A2Bserv_BS, k=

{
0, if A2 event condition is satisfied

1, otherwise
(10)

A3Btarget_BS, k=

{
1, if A3 event condition is satisfied

0, otherwise
(11)

Finally, admission control level is defined as in Equation (12):

CBtarget_BS, k =

{
1, if C ′+ Creq ≤ THHO ×C

0, otherwise
(12)

Considering all the previous equations, the possible handover is defined as in Equation (13):

HOcase = ∑Num_BSs in on state
Bavail_BS=1 ∑

uBS_served
k=1 dk × aBS,k × (A2Bserv_BS, k ×A3Btarget_BS, k)× vk×

D_Cellload_Btarget_BS, k
× rk ×CBtarget_BS, k

(13)

The possible handover cases are summarized in Table 2.

Table 2. Possible handover cases.

Cases Description

case 1 A UE serviced by a macro cell currently handovers to another macro cell
case 2 A UE serviced by a macro cell currently handovers to a small cell
case 3 A UE serviced by a small cell currently handovers to a macro cell
case 4 A UE service by a small cell currently handovers to another small cell

The total number of handovers is defined as in Equation (14):

HOtotal = HOcase1 + HOcase2 + HOcase3 + HOcase4 (14)

Based on the number of handovers, we obtain the total energy consumption of a macro cell BS and
a small cell BS as in Equations (15) and (16), of which the No_UElow_rate and No_UEhigh_rate represent
the number of served UE with low rate data traffic and UE with high rate data traffic, respectively:

PMacro_total = PMacro_static + PMacro_linear ×
{

(Creq_high×No_UEhigh_rate) +(Creq_low×No_UElow_rate)

Cmax
Macro

}
(15)

PSmall_total = PSmall_static + PSmall_linear ×
{

(Creq_high×No_UEhigh_rate) +(Creq_low×No_UElow_rate)

Cmax
small

}
(16)
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Then, the total energy consumption of BSs in the considered network is obtained using Equation (17):

PTotal = PMacro_total +
Num_SBSs in on state

∑
k=1

PSmall_total, k (17)

Finally the optimization problem of the proposed scheme to minimize the number of handovers
is formulated as in Equation (18):

min HOtotal
s.t. am,k ≤ wMm

an,k ≤ wSs

rk ≤ dk

∑Num_SBSs
n=1 an,k ≤ 1

wMm, wSs ≤ 1
1 ≤ k ≤ Num_UEs, 1 ≤ n ≤ Num_SBSs

(18)

The optimization problem of the proposed scheme to minimize the energy consumption of BSs
is formulated as in Equations (19)–(22). Considering all the previous equations, the possible power
consumption of a small cell is defined as in Equation (19):

P(Ss)small = wSs ×
(

Pstatic
small + PSmall_linear

×
Num_UEs

∑
k=1

(
dk × aSs,k × (1−A2Bserv_BS, k)×A3Btarget_BS, k × (1− vk)

×CBtarget_BS, k ×D_Cellload_BStarget_BS, k

× (rk×Creq_high+(1−rk)×Creq_low)
Cmax

small

)
)

(19)

Also, possible power consumption of a macro cell is defined as in Equation (20):

PMacro_total = wMm

×
(

Pstatic
Macro + PMacro_linear

×
Num_UEs

∑
k=1

(
dk × aMm,k ×

(
1−A2Bserv_BS, k

)
×A3Btarget_BS, k × vk ×CBtarget_BS, k

×D_Cellload_BStarget_BS, k
× (rk×Creq_high+(1−rk)×Creq_low)

Cmax
Macro

)
)

(20)

The total energy consumption is defined as in Equation (21):

PTotal = PMacro_total +
Num_SBSs

∑
Ss=1

P(Ss)Small_total (21)

Finally the energy optimization problem of the proposed scheme is formulated as in Equation (22):

min Ptotal
s.t. P(n)small ≤ nPmax

Small
Pmacro ≤ Pmax

Macro
aMm,k ≤ wMm

aSs,k ≤ wSs

rk ≤ dk

∑Num_SBSs
n=1 aSs,k ≤ 1

wMm, wSs ≤ 1
1 ≤ k ≤ Num_UEs, 1 ≤ n ≤ Num_SBSs

(22)
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Since the optimization problem formulated is a NP hard problem, we obtain the solution of the
optimization problem using particle swarm optimization [42,43], which is a widely used bio-inspired
algorithm, like genome-based approach [44]. The particle swarm optimization is easy to implement
and calculated easily within a short time. It has been applied to many network issues such as resource
allocation problem [45], routing algorithms [46], and the concept of information theory and entropy
were used in the development of particle swarm optimization. In this paper, the discrete particle swarm
optimization (DPSO) [43] is applied to obtain the solution to the proposed optimization problem.

Figure 7 shows the flowchart of the particle swarm optimization of the proposed handover
scheme, which is based on [47]. To obtain an initial solution, the values of number of particles, learning
factors, and dimension of particles were initialized. Also, the number of iterations is initialized as
500. Then, conditions of the proposed optimization problems were initialized as particles by random
positioning and the initial value of the particle was initialized as 0. Then, initial fitness was evaluated
for each particle position. After that, local best fitness pbest and position were obtained, and global
fitness gbest and position were obtained.
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The velocity and position of particles were updated using Equations (23)–(25), based on DPSO [43].
Then, the algorithm checks allowable range for each particle and new fitness function of the objective
function were evaluated. The values of pbest and gbest are obtained and the same procedure was
iterated. The obtained gbest value is considered as the solution to the proposed optimization problem.

3. Numerical Examples

In this section, the performance of the proposed handover is obtained using simulation developed
by JAVA and the parameters used in this simulation are listed in Table 3.

Table 3. Simulation Parameters.

Parameter Value

Number of small cells 50
Number of UEs 250

Radius of a macro cell 1000 m
Radius of a small cell 50 m

transmit power of a macro cell 46 dBm
transmit power of a small cell 25 dBm

RSRPth −13.98 dBm
PMacro_static 780 W
PSmall_static 21.6 W
PMacro_linear 540 W
PSmall_linear 5.4 W

Capacity of a macro cell 500
Capacity of a small cell 25

Creq_low 0.05
Creq_high 1

THHO 0.7
Ratio of high rate data traffic 0.5

v_threshold 50 km/h
v_max 100 km/h

L_threshold 0.1
PSO Iteration 500

PSO Swarm Size 3
c1 0.5
c2 0.5
r1 0.5
r2 0.5

In our numerical examples, we assume two hot spot areas and each hot spot area has randomly
deployed 20 small cells. Ten small cells are randomly deployed outside hot spot areas. 80% of UEs are
randomly distributed within 40 small cells in hot spot areas and remaining 20% UEs are randomly
distributed outside hot spot areas. In numerical examples, HM represents results obtained from the
minimization of the number of handovers and EM represents results obtained from the minimization
of energy consumption of BSs.

Figure 8 shows the number of handovers and total energy consumption of BSs for varying the
number of UEs in a macro cell. As shown in Figure 8, the number of handovers and total energy
consumption of BSs in both the CAC-based handover and the proposed handover schemes increase
as the number of UEs in a macro cell increases since more UEs result in more handovers and more
energy consumption. The number of handovers of the proposed handover scheme is smaller than
that of the CAC-based handover in both handover minimization and energy minimization. This is
because a UE with low speed and low rate data traffic can be managed by a macro cell and results in
the reduction of handovers. Also, the total energy consumption of the proposed handover scheme is
smaller than that of the CAC-based handover in both handover minimization and energy minimization.
This is because a UE with low speed and low rate data traffic can be managed by a macro cell and
more small cells can be turned off to save energy. Both CAC-based handover and the proposed
handover have smaller number of handovers when handover minimization is applied than those when
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energy minimization is applied, respectively. However, both CAC-based handover and the proposed
handover have smaller total energy consumption when energy minimization is applied than those
when handover minimization is applied. These results show that the proposed handover scheme can
efficiently reduce either the number of handovers or the total energy consumption by applying either
handover minimization or energy minimization depending on the objective of the application.
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Figure 9 shows the number of handovers and total energy consumption of BSs for varying the
ratio of high rate data traffic. In the CAC-based handover scheme, the number of handover does not
depend on the ratio of high rate data traffic, since in the CAC-based handover scheme the handover
target cell decision depends on the RSRP, the speed of UE, and the capacity and traffic load of BS and
it does not depend on the type of data traffic. In the proposed handover scheme, the handover target
cell decision depends on the type of data traffic. Therefore, if the ratio of high rate data traffic is low,
most of the data traffic are managed by a macro cell and the number of optimal handovers is small.
The number of handovers in the proposed handover scheme increases as the ratio of high rate data
traffic increases since more data traffic are managed by small cells and there are more handovers. If
the ratio of high rate data traffic is very high, the number of handovers of the proposed handover
scheme is higher than that of the CAC-based handovers due to frequent handovers since high rate data
traffic is managed by small cells in the proposed handover scheme. In Figure 9, similar to the results in
Figure 8, both CAC-based handover and the proposed handover have smaller number of handovers
when handover minimization is applied than those when energy minimization is applied, respectively.
From the aspect of total energy consumption, both CAC-based handover and the proposed handover
have higher energy consumption for higher ratio of high rate data traffic since high rate data traffic
consumes larger power than low rate data traffic. The proposed handover scheme has smaller total
energy consumption than CAC-based handover since the proposed handover efficiently manages
low rate data traffic and high rate data traffic in a macro cell and small cells, and can achieve more
power saving. The energy saving is more significant if the ratio of high rate data traffic is lower since
a UE with low speed and low rate data traffic can be managed by an always-on macro cell in the
proposed handover scheme and thus results in more energy saving. Both CAC-based handover and
the proposed handover have smaller total energy consumption when energy minimization is applied
than those when handover minimization is applied.
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Figure 10 shows the number of handovers and total energy consumption of BSs for varying the
threshold of UEs speed. The number of handovers in both CAC-based handover and the proposed
handover increases as the threshold of UEs speed increases since higher value of threshold of UEs
speed results in more UEs managed by small cells in CAC-based handover and the proposed handover
schemes. The proposed handover scheme has less number of handovers since a UE with low speed
and low rate data traffic can be managed by a macro cell and results in the reduction of handovers.
Both CAC-based handover and the proposed handover have a smaller number of handovers when
handover minimization is applied than those when energy minimization is applied, respectively.
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From the aspect of total energy consumption, both CAC-based handover and the proposed
handover have higher energy consumption for higher threshold of UEs speed since higher value of
threshold of UEs speed results in more UEs managed by small cells in CAC-based handover and the
proposed handover schemes and less small cells can be turned off. The proposed handover scheme has
smaller total energy consumption than CAC-based handover since the proposed handover efficiently
manages low rate data traffic and high rate data traffic in a macro cell and small cells, and can achieve
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more power saving. The energy saving is more significant if the ratio of high rate data traffic is higher
since a UE with low speed and low rate data traffic can be managed by a always-on macro cell in the
proposed handover scheme and the ratio of the UEs with low speed and low rate data traffic increases
as the threshold of UEs speed increases. Both CAC-based handover and the proposed handover have
smaller total energy consumption when energy minimization is applied than those when handover
minimization is applied.

4. Conclusions

In this paper, we have considered a heterogeneous network architecture in 5G networks with
separated data and control planes, where a macro cell manages control signals and a small cell manages
data. Then, we have proposed an optimized handover scheme based on context information such as
RSRP, speed of UE, traffic load, call admission control level, and data type. Optimization problems
were formulated with either the number of handovers or total energy consumption as an objective
function and constraints related with context information. Since the optimization problem developed
is an NP-hard problem, we obtained the solution to the optimization problem using particle swarm
optimization, which is a widely used bio-inspired algorithm. Finally, the performance of the proposed
handover was compared with call admission control handover, for varying ratio of high rate data
traffic, number of UEs in a macro cell, and threshold of UEs speed in a macro cell from the perspective
of the number of handovers and total energy consumption. Performance analysis results reveal that
the proposed optimized handover performs better than the previous CAC-based handover scheme,
from the perspective of the number of handovers and energy consumption. We also show that the
proposed handover scheme can efficiently reduce either the number of handovers or the total energy
consumption of BSs by applying either handover minimization or energy minimization depending on
the objective of the application.
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