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Abstract—The paper suggests to apply a neuro-fuzzy
controller in 5G heterogeneous networks in order to improve the
handover process. The architecture of the controller as well as
input and output variables have been elaborated. A rule base
and mathematical models of the controller has been considered.
The efficiency of the proposed handover neuro-fuzzy controller
has been checked by performing the computer simulation.
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I. INTRODUCTION

Over the past few years we faced a fast development of
telecommunications [1], [2]. The great efforts are directed
towards researching, developing and deploying of the 5th
generation mobile networks (5G). One of the main challenges
in the 5G heterogeneous networks is Mobility management.
Moreover, in heterogeneous networks handover is an
important factor in providing the seamless mobility between
various network environments [3]-[5].

Handover management maintains all active connections
for user equipment (UE). Handover is the mechanism of
transferring a connection between an UE and a correspondent
terminal from one network attachment point to another.
Handover decision determines the best access network and
decides whether to perform handover or not. Vertical
handover takes place between the different attachment points
of the different networks and is implemented in heterogeneous
networks.

The handover process has three steps: system discovery,
handover decision, handover execution. Network selection
can be initialized either by UE or can be based on
measurements performed by the network. UE tends to join the
best attachment point, and network selection can be regarded
as a decision making problem. So, the handover problem is
solved by the search of optimal solution.

The heterogeneous networks differ in terms of coverage,
signal strength, data rate and loss rates. Therefore, there is a
relevant scientific problem of developing an effective
handover decision algorithm, which is able to adapt
dynamically to varying conditions in the wireless
environment.

Soft-computing techniques, such as neural net systems,
fuzzy controllers, genetic programming and chaos theory [6]-
[8] are used in automatic control engineering and are widely
applied in telecommunication networks [9].

Employing soft-computing techniques in 5G network
would give more capability in traffic handling. Furthermore,
soft-computing techniques can be used to support decision
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making. Thus soft-computing 5G heterogeneous networks can
satisfy expected needs and face new technical challenges [10].

Several solutions about soft-computing schemes for
handover decision have been proposed in [11]-[17].

The authors have already proposed the handover neuro-
fuzzy controller for mobile networks in [18]. This paper
provides results of further investigations.

Therefore, the objective of this paper is a handover neuro-
fuzzy controller for 5G heterogeneous networks.

Il.  ARCHITECTURE OF THE NEURO-FUZzY CONTROLLER

A common fuzzy controller consists of four blocks. The
fuzzification block converts each crisp input value into a fuzzy
one. The fuzzy rule base is a set of “if-then” rules involving
linguistic variables The inference engine computes the fuzzy
output taking into account fuzzy inputs and a rule base. The
defuzzification block produces a crisp output action.

The problem of designing a fuzzy-controller for
application in telecommunication networks being considered
in [18]-[21], we propose an architecture of a neuro-fuzzy
controller to be used in 5G heterogeneous networks. This
neuro-fuzzy controller has three input linguistic variables
which are a received signal strength indicator (RSSI), a
distance (D) and a user’s speed (S), its output action is a
handover indicator.

The RSSI is a measurement value of received carrier’s
power in the system bandwidth. For defining the RSSI terms
low (L), medium (M) and high (H) are used. The term set of
the RSSI is:

T(RSSI)={Low, Medium, High}.

Fig. 1 shows membership functions for T(RSSI).
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Fig. 1. Membership functions for the linguistic variable RSSI.

The distance is an interval between a UE and a candidate
attachment point. For defining the distance terms low,
medium, and high are used. The term set of D is:



T(D)={Low, Medium, High}.

Fig. 2 shows membership functions for T(D).
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Fig. 2. Membership functions for the linguistic variable D.

The user’s speed is a rate at which a mobile user changes
its position during the communication. For defining the speed
terms low, medium, and high are used. The term set of S is:

T(S)={Low, Medium, High}.

Fig. 3 shows membership functions for T(S).
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Fig. 3. Membership functions for the linguistic variable S.

For defining the handover indicator (HI) terms very low
(VL), low (L), medium (M), high (H) and very high (VH) are
used. The term set of HI is:

T(HN={Very Low, Low,
Medium, High, Very High}.

Fig. 4 shows membership functions for T(HI).
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Fig. 4. Membership functions for the linguistic variable HI.

I1l.  OPERATION OF THE NEURO-FUZzZY CONTROLLER

The rule base of the proposed handover neuro-fuzzy
controller is:

1. RSSI=L A D=L A S=L — HI=L;

2. RSSI=L A D=L A S=M — HI=L;
3. RSSI=L A D=L A S=H — HI=L;
4, RSSI=L A D=M A S=L — HI=L;
5. RSSI=L A D=M A S=M — HI=VL;
6. RSSI=L A D=M A S=H — HI=VL;
7. RSSI=L A D=H A S=L — HI=L;
8. RSSI=L A D=H A S=M — HI=VL;
9. RSSI=L A D=H A S=H — HI=VL,;
10. RSSI=M A D=L A S=L — HI=H;
11. RSSI=M A D=L A S=M — HI=M;
12. RSSI=M A D=L A S=H — HI=M;
13. RSSI=M A D=M A S=L — HI=M,;
14. RSSI=M A D=M A S=M — HI=H;
15. RSSI=M A D=M A S=H — HI=M;
16. RSSI=M A D=H A S=L — HI=M;
17. RSSI=M A D=H A S=M — HI=M;
18. RSSI=M A D=H A S=H — HI=H;
19. RSSI=H A D=L A S=L — HI=VH,;
20. RSSI=H A D=L A S=M — HI=VH,;
21. RSSI=H A D=L A S=H — HI=H,;
22. RSSI=H A D=M A S=L — HI=VH;
23. RSSI=H A D=M A S=M — HI=VH,;
24. RSSI=H A D=M A S=H — HI=H;
25. RSSI=H A D=H A S=L — HI=H;
26. RSSI=H A D=H A S=M — HI=H,;
27. RSSI=H A D=H A S=H — HI=H.

IV. THE ANFIS STRUCTURE

The proposed fuzzy handover technique can be optimized
using Adaptive Network Fuzzy Inference System (ANFIS)
that incorporates a training element into the fuzzy handover
technique. Fig. 5 shows the handover ANFIS block diagram.

Nine neurons in the first layer provide fuzzification of
crisp inputs. Second layer’s neurons correspond to fuzzy rules.
Third layer’s neurons provide the value normalization. The
fourth layer has twenty-seven neurons and is a defuzzification
one. The neuron in fifth layer represents an output of the
ANFIS.



Fig. 5. Handover ANFIS block diagram.

The handover ANFIS has 27 if-then rules:
If Xx1=Aa and x2=By, and x3=C. then y=f(x1, X2, X3)
a=1...3;b=1...3; c=1...3.

In layer 1 every node produces a membership grade of the
linguistic label:

21i=p.Ai(X1) fori=1, 2, 3;
Z1i=psi-3(x2) for i=4, 5, 6;
Zii=pci-s(xs) fori=7, 8, 9.

In layer 2 weights of each membership function are
checked:

22i=Wi= pai(X1) uei(X2): pei(Xs),
i=1...27.

In layer 3 each node’s output of is the normalized firing
strength:

23i=ni=Wi/(W1+. . .+W27).

In layer 4 each node’s output is multiplication of the
normalized output with a node function:

Z4i=NiYi.

In layer 5 the overall output is computed by adding the
incoming signals :

Zs=Ny1 + N2y2 +...+ Na7yor.

V. SIMULATION

Operability and availability of the proposed handover
ANFIS can be confirmed by using the Matlab software. Fig. 7

shows the fuzzy controller interface. To evaluate the
operability of the fuzzy controller the input values are
assigned and the simulation is run in order to obtain the output
value.
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Fig. 6. Fuzzy-controller in Matlab.

The rule base in the Matlab interface is shown in fig.7.
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Fig. 7. The rule base.

Let the received signal strength indicator RSSI=-75dBm,
the distance D=90 m, and the user’s speed S=50 km/h.
According to Fig. 8, we get the handover indicator HI=25%.
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Fig. 8. Simulation result.



Let the received signal strength indicator RSSI = -55dBm,
the distance D =35 m, and the user’s speed S =110 km/h.

According to fig. 9, we get
HI = 62.5%.
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Fig. 12 illustrates the received signal strength indicator
input linguistic variable updated after the process of training.
Fig. 13 shows the distance input linguistic variable updated
after the training. Fig. 14 shows the user’s speed input
linguistic variable updated after the training.
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Fig. 9. Simulation result.

Fig. 10 illustrates the training data. Desired output values
as well as corresponding input values were presented as an
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Fig. 12. The first input after training.
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Fig. 11. Training error.
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Fig. 13. The second input after training.
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Fig. 14. The third input after training.



VI. CONCLUSION

This paper has proposed a handover mechanism based on
fuzzy logic and a neural network for heterogeneous networks.
The neuro-fuzzy system is to decide whether a candidate
network is suitable for the handover operation. However,
performing the handover decision in mobile networks may be
quite complicated because of criteria, which must be
considered.

In this paper the fuzzy-controller for heterogeneous 5G
networks with several criteria has been developed in order to
improve the handover decision operation.

The handover ANFIS has been developed by introducing
the training process into the obtained fuzzy controller.

Using the adaptive network based fuzzy inference system
reduces the rate of handover failure in 5G heterogeneous
networks. Since the quality of service depends on the rate of
handover failure, it means that the quality of service is
enhanced. The simulation results have proved the feasibility
of the obtained handover ANFIS application in heterogeneous
networks.

Moreover, the simulation results have shown the
feasibility of the proposed handover ANFIS to adapt
membership function graphs. Application of the fuzzy
controller reduces the quantity of superfluous handovers.
Application of the neural network trains the system to select
the best network among available ones. Therefore, the
application of the handover ANFIS provides improving of the
attachment point selection process and avoiding of
unnecessary handovers.

Furthermore, consideration of other parameters of the
heterogeneous 5G networks can enhance the proposed
handover neuro-fuzzy controller. Also, handover mechanism
can be optimized by combining the fuzzy logic and neural
network methods with genetic algorithm technique that
provides computation according to the features of mobile
devices and networks.
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