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ABSTRACT To satisfy requirements on future mobile network, a large number of small cells should be
deployed. In such scenario, mobility management becomes a critical issue in order to ensure seamless
connectivity with a reasonable overhead. In this paper, we propose a fuzzy logic-based scheme exploiting a
user velocity and a radio channel quality to adapt a hysteresis margin for handover decision in a self-
optimizing manner. The objective of the proposed algorithm is to reduce a number of redundant handovers
and a handover failure ratio while allowing the users to exploit benefits of the dense small cell deployment.
Simulation results show that our proposed algorithm efficiently suppresses ping pong effect and keeps it at
a negligible level (below 1%) in all investigated scenarios. Moreover, the handover failure ratio and the
total number of handovers are notably reduced with respect to existing algorithms, especially in scenario
with high amount of small cells. In addition, the proposed scheme keeps the time spent by the users
connected to the small cells at a similar level as the competitive algorithms. Thus, the benefits of the dense

small cell deployment for the users are preserved.

INDEX TERMS Handover, Hysteresis Margin, Mobile networks, Small cells, Fuzzy Logic, Self-

optimization

I. INTRODUCTION

As demands on mobile traffic are increasing exponentially
due to new mobile devices, services, and applications, mobile
networks should be prepared for a mobile traffic growth over
the next decade. A powerful technique to address the mobile
traffic growth is a network densification, i.e., provisioning of
more base stations to serve a geographical area. With
network densification, the system throughput can be
enhanced exploiting spatial reuse of the spectrum as the
access network is brought closer to the user [1]. The network
densification is implemented through a massive deployment
of small cell base stations (SCeNBs), i.e., base stations with a
small coverage due to a low transmission power. The 5G
networks are expected to deal with many SCeNBs deployed
dynamically and heterogeneously across the network.

In the mobile networks, continuous connection during a
user’s movement is ensured by handover of a User
Equipment (UE) between two base stations (denoted as
eNB). The handover process is a core element of the mobile

networks in terms of a support of the user’s mobility. The
handover also impacts on the overall network performance
as shown, e.g., in [2] or [3]. One of the challenges in mobile
networks concerns the need to offer the best possible
experience with an infinite number of rapidly proliferating
devices. An increase in both size and complexity of the
current mobile networks leads to a more complex network
management. The recent deployment of the SCeNBs in order
to provide higher capacity brings a significant increase in the
number of network elements, making configuration and
maintenance of the network more complicated. In this case, a
classic manual and field trial-based approaches for network
planning and management may lead to suboptimal solutions
even in case of a minor change of the environment [4]. In the
light of this, it is necessary to assess the effects of the
growing number of the SCeNBs deployed in the network in
terms of mobility management.
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Fig. 4.  Membership function for the output of the proposed fuzzy
logic system Ay g.

We formulate 36 fuzzy rules (the number of rules is
determined by the combination of all possible states of all
three input variables, i.e., 3 x 3 x 4). The rules are defined
considering following aspects and requirements:

e If pVel is Low the Awmg should be set to lower
values to provide a freedom to find the most suitable
eNBs. On the other hand, if the uVel is High the
Anmg should be set to higher values to avoid the
premature handover. In this case, it is preferred to
temporary tolerate a suboptimal connection rather
than perform unnecessary handovers.

e If pRSRP is Weak the Anuma should be set to lower
values to facilitate the handover, while if the uRSRP
is Strong the Aum,q should be set to higher values to
keep the current connection.

e If pRSRQ is Poor the Anmgq should be set to lower
values to facilitate the handover since there are no
advantages of insisting on a bad connection. On the
other hand, if the URSRQ is Excellent the Aumg
should be set to higher values to maintain the
connection experience.

TABLE I shows the rules and consequent definition of

the pAnm g.

15 Medium Weak Very good Low
16 Medium Weak Excellent Average
17 Medium Moderate Poor Very Low
18 Medium Moderate Good Low
19 Medium Moderate Very good Low
20 Medium Moderate Excellent Average
21 Medium Strong Poor Very Low
22 Medium Strong Good Low
23 Medium Strong Very good Average
24 Medium Strong Excellent High
25 High Weak Poor Low
26 High Weak Good Average
27 High Weak Very good Average
28 High Weak Excellent Average
29 High Moderate Poor Average
30 High Moderate Good High
31 High Moderate Very good High
32 High Moderate Excellent High
33 High Strong Poor Average
34 High Strong Good High
35 High Strong Very good High
36 High Strong Excellent High

Individual steps of our proposed fuzzy logic based
handover decision algorithm (by means of determination of
adaptive hysteresis margin  Aum,g are summarized in
Algorithm 1.

Algorithm 1. Proposed handover decision algorithm with fuzzy logic-
based determination of dynamic hysteresis margin

1. IF RSRPyeng > RSRPgeng

2. Converts {{VEL, URSRP and pRSRQ} to fuzzy sets

3. Calculate the degree of truth for each fuzzy rule acc. to (4)

4. Computes the antecedent of each k rule by implication operator:

45, () = min s (VEL), s (RSRP), 1, (RSRQ) |

5. Calculate the outputs of each triggered rule acc. to the proposed rule
base and the membership functions of the output defined in TABLE |
6. Aggregate outputs obtained for each rule into a single fuzzy set:

Ay g = mfxlﬂgk (y)J
7. Transform the output value of ,uKHM o into acrisp value A, , by

center of gravity method acc.to (7)
8. IF RSRPpeng > RSRPseng + Aumg

9. PERFORM handover
10. ELSE DO NOT PERFORM handover
11. END

TABLE 1. RULES FORMULATED FOR DETERMINATION OF uAnm,d

Rule uVEL URSRP HMRSRO HAnmd

No.
1 Low Weak Poor Very Low
2 Low Weak Good Very Low
3 Low Weak Very good Very Low
4 Low Weak Excellent Very Low
5 Low Moderate Poor Very Low
6 Low Moderate Good Very Low
7 Low Moderate Very good Very Low
8 Low Moderate Excellent Low
9 Low Strong Poor Very Low
10 Low Strong Good Very Low
11 Low Strong Very good Low
12 Low Strong Excellent Average
13 Medium Weak Poor Very Low
14 Medium Weak Good Low
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IV. PERFOMANCE EVALUTION METHODOLOGY

In this section, models, scenarios, and deployment used for
performance evaluations are presented. Afterwards, the
performance metrics are defined. Then, the last subsection
describes the competitive state of the art algorithms
considered for the performance comparison.
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A. SIMULATION MODELS AND SCENARIOS

The simulations are performed in MATLAB. We assume an
area with a size of 1000 m x 1000 m. Within this area, two
eNBs, up to 200 SCeNBs, and 50 UEs are deployed as
depicted on an example in Fig. 5. The SCeNBs and the UEs
are randomly dropped with a uniform distribution at the
beginning of the simulation while both eNBs are located at
predefined positions close to the area’s corners so that these
eNBs can provide coverage for the whole simulation area.
The UEs move according to the random waypoint mobility
model (see [40] for more details). For variability, the speed is
randomly selected in a range from 0 to 80 km/h.

1000 Mobility Map

Fig. 5. Example of the simulation deployment with eNBs represented by
red triangles, SCeNBs by black crosses, and UEs by blue circles.

The signal propagation from the base stations to the UEs is
derived according to the models recommended by Small
Cells Forum. Hence, Okumura-Hata and ITU-R P.1238
models are used for the signal propagation from the eNBs
and the SCeNBs, respectively. The major simulation
parameters are summarized in TABLE II.

TABLE II. SIMULATION PARAMETERES
Parameters Value
Simulation Area 1000x1000m
Carrier Frequency 2 GHz
Transmission power of eNB/SCeNB | 43/20 dBm
Number of eNB/SCeNB/UEs 2/200/50

Path loss model from eNB/SCeNB

Okumura Hata Model/ITU-R P1238

Number of sectors per eNB

1 sector (Omnidirectional antennas)

Heigh of antenna for eNB/UEs

30/1.5

Mobility Model

Random Waypoint Mobility

Simulation Time

900 s per drop

Number of simulation drops

25 drops

B. PERFORMANCE METRICS

Following metrics are considered for the performance
assessment and comparison of the performance with
competitive solutions: Average number of performed
handovers, Handover failure ratio, Ping pong ratio, and
Time spent in SCeNBs.

The average number of handovers (Nwoave) is calculated
as a sum of the number of handovers performed by all UEs
(Nwo) over the total number of the UEs in the simulation
(Nug).
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For modelling of the handover failure ratio, the handover
procedure is divided into three states according to LTE [41],
as shown in Fig. 6. The Stage 1 is defined by the instant that
precedes the Event A3 condition in 3GPP. In Stage 2, the UE
triggers the measurement reporting if the Event A3 condition
holds throughout the time-to-trigger duration. Stage 3 occurs
when the UE successfully receives handover command from
the serving eNB and starts the handover execution process.
In our case, the handover failure events are determined
acording to the downlink SINR. As in LTE-A, we assume
that when SINR is lower than the threshold Qout, a bad
channel condition is indicated and the T310 times is started.
The handover failure is declared when T310 expires.

T310 started Reset T30

‘ |

Radio Link — \
Problem detection RLEF Timer T310 fa

Radio Link
monitor process

Handover command State 3

A .
¥ v

Handaver preparation
time

L orho ]

Event entering Bad link Measurement Report
- condition detected triggered

State 1 1 State 2
1

. _— Handover execution time
Handover process Time to Trigger (TTT)

Handover Failure
condition

Fig. 6. Illustration of radio link monitoring process and handover process
for determination of handover failure [41].

Then, the handover failure (HF) ratio, is defined as a ratio
between the number of handover failures (Nri) and the
number of all handover attempts. The number of handover
attempts is given by the sum of the number of the failed
handover and the number of successful handovers (Nsuc):

HF :L
N fail + Nsuc (9)

The third metric, the handover ping pong (HPP) ratio, is
defined as follows. If a connection is handed over to a new
(SC)eNB and handed back to the original (SC)eNB in less
than a critical time, denoted as minimum time-of-stay (twrs),
the handover is considered as the ping pong handover. The
ping pong handover ratio represents the number of ping pong
handovers (Nep) divided by the total number of handovers
including: i) the number of ping pong handovers, ii) the
number of handovers without ping pong (Nnep), i.€., With stay
longer than twrs, and iii) the number of failed handovers
(Niair). Then, the HPP is formulated as:

N
HPP = PP

NnPP+NPP+N

fail

(10)
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Last, the relative time spent in small cells (tscens) iS
understood as an average duration of the connection of the
UESs to the SCeNBs (tcomsc) over the simulation time (tsim):

( z tconnSC ]
Noe (12)

t

tscens =
sim

C. COMPETITIVE ALGORITHMS

In our simulations, the proposed handover algorithm is
compared with three competitive schemes and with our
previous work to demonstrate the superiority of the proposal.
The following state of the art algorithms implemented for the
performance comparison are considered:

e Best Connection (BC) representing the case when the UE
is always connected to the (SC)eNB providing the highest
RSRP.

e Conventional LTE handover (in figures denoted as LTE)
is implemented according to 3GPP as defined in [42].

e Fuzzy Multiple-Criteria Cell Selection (FMCCS) defined
in [31] is based on fuzzy logic integrated with TOPSIS.

e Self-Tuning Handover Algorithm (STHA) defined in [16]
adds a new fuzzy-based handover condition on the top of
convention handover condition to improve handover
decision. This algorithm is our former work, which serves
as a basement for the algorithm developed in this paper.
Thus, we include it to demonstrate superiority of the new
proposal with respect to STHA.

V. PERFORMANCE EVALUATION

In this section, the results of simulations are presented to
provide a comparison of the performance with respect to the
competitive approaches. This section is divided into two
subsections. In the first subsection, the performance of the
proposed and competitive algorithms is compared and
discussed. Then, we evaluate the impact of fuzzy logic
system inputs on the performance of our algorithm.

A. COMPARISON OF PERFORMANCE WITH
COMPETITIVE ALGORITHMS

First, we investigate an impact of the number of SCeNBs on
the average number of handovers performed by the UEs (see
Fig. 7). As can be expected, the number of handovers
increases with the number of SCeNBs, because more cell
edges appear in the network and the UEs are forced to
perform handover more often to avoid connection losses. The
proposed algorithm significantly outperforms all compared
schemes thanks to the smart adaptation of the hysteresis
margin allowing to mitigate redundant handovers. The gain
introduced by the proposed algorithm increases with the
number of SCeNBs and reaches 18%, 22%, 33% and 52%
improvement comparing to STHA, FMCCS, LTE and BC
algorithms, respectively, for 200 SCeNBs deployed in the
simulation area.
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Fig. 7. Impact of the number of SCeNBs on the average number of
handovers performed by the UEs.

In Fig. 8, the handover failure ratio is depicted. It can be
seen that the HF ratio increases with the number of SCeNBs.
This increase is caused by a stronger interference imposed in
the scenario with more SCeNBs leading to rapid drops in
SINR and consequent failures of the handover. The figure
further shows that, for the low densities of the SCeNBs
(roughly up to 100 SCeNBs), the proposed algorithm reaches
similar performance as our previous work — the STHA. Both
the proposed algorithm and STHA outperform all three
competitive algorithms and lower the HF ratio to almost a
half. For higher numbers of the SCeNBs (more than 100), the
performance of STHA is getting worse and converges to the
FMCCS (i.e., to HF ratio about 4.5%). Contrary, the
proposed algorithm is still able to keep low HF ratio (around
3%) even for 200 SCeNBs.
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Fig. 8. Impact of the number of SCeNBs on the handover failure ratio.

An impact of the number of SCeNBs on the ping pong
effect (represented by the HPP ratio) is illustrated in Fig. 9
for turs = 2s. This figure shows superiority of the proposed
algorithm, which keeps the HPP ratio always below 0.5% for
all investigated numbers of SCeNBs. This eminent
performance is achieved by the fact that our proposal
optimizes the handover hysteresis margin directly related to
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the diminished ratio of unnecessary handovers. In contrast,
the competitive solutions lead to a relatively high HPP ratio
(1.5%, 2%, 4.4%, and 7.5%, for STHA, FMCCS, LTE, and
BC, respectively) for low to medium densities of the
SCeNBs (up to 50 SCeNBs). The HPP of all four
competitive solutions lowers for a higher density of the
SCeNBs. This decrease is due to the fact that with the higher
density of the SCeNBs, the probability that the connection is
handed over to a new SCeNBs is increased comparing to the
probability of the handover back to the former serving
SCeNB. Nevertheless, even for 200 SCeNBs, the HPP ratio
is still at 0.7%, 1.9%, 3.8%, and 6.2% for the STHA,
FMCCS, LTE, and BC algorithms, respectively, while the
proposed scheme keeps the HPP ratio at 0.4%.
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Fig. 9. Impact of the number of SCeNBs on the handover ping pong ratio
for turs = 2s.

As the ping pong effect is defined by the twurs, we also
demonstrate the impact of turs on the HPP ratio in Fig. 10.
The HPP ratio increases with twrs, because more handovers
are considered as ping pong with increasing turs. We can see
that the reduction in HPP ratio demonstrated in Fig. 9, is
valid for a wide range of tmrs and the proposed algorithm
outperforms all competitive schemes disregarding the turs.
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Fig. 10. Impact of turs on the ping pong ratio for 200 SCeNBs (solid lines)
and 50 SCeNBs (dashed lines).
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Last, we analyze the average time spent by the UEs
connected to the SCeNBs. Many handover algorithms focus
on the mitigation of handovers while decreasing the time
when the UEs are connected to the SCeNBs. Nevertheless,
this mitigation leads to an underutilization of resources
provided by the SCeNBs and consequently to a loss in the
potential of the SCeNBs to improve network throughput. As
we can see in Fig. 11, our proposal even slightly improves
the time spent by the UEs in SCeNBs comparing to all
competitive algorithms. The most notable gain (from 1% to
4% depending of the number of SCeNBs) is introduced with
respect to the STHA, which reaches the closest performance
in all other investigated performance metrics. The
prolongation of the time spent in SCeNBs is introduced by
the combination of all three inputs of the fuzzy system
resulting in the hysteresis margin that is adapted according to
channel quality.
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50 | I FMCCS
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[ Proposed algorithm
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Average Time in SCeNBs [%]

50 100 150 200
Number of SCeNBs [-]

Fig. 11. Average time spent by the UEs connected to the SCeNBs.

B. IMPACT OF FUZZY SYSTEM IMPUTS ON THE
PERFORMANCE

In this subsection, we evaluate and discuss the impact of
individual inputs to the fuzzy system and their combinations
in order to identify an importance of the inputs on the overall
performance. As in previous subsection, four performance
metrics, Average Number of Handovers, Handover Failure
ratio, Ping pong ratio and Average time in SCeNBs, are
considered and investigated.

In Fig. 12, the average number of performed handovers is
shown. We can see that the velocity and RSRQ are key
inputs to the fuzzy logic system. The combination of velocity
and RSRQ leads to the lowest number of handovers and
inclusion of RSRP do not change this performance metrics
notably, because, from the handover decision point of view,
RSRQ already includes information about RSRP.
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Fig. 12. Impact of inputs to the fuzzy logic system (RSRP, RSRQ,
velocity) on the average number of performed handovers.

The impact of various combinations of the inputs on HF
ratio is depicted in Fig. 13. Like in previous figure, the
velocity and RSRQ are of the major importance for the HPP
ratio and improvement introduced by further inclusion of the
RSRP is negligible as the key information related to the HF
(i.e., channel quality) is already covered by the RSRQ.

4 T
I \elocity
3.5 | | HEEE RSRP ,
I RSRQ
[ RSRP&RSRQ -
= 3 | Vel&RsRP b
= [ 1velaRSRQ
2 [ ]Vel&RSRP&RSRQ
® 251
< —
3
2 5
[
I}
2 15F
b=
c
[+
T
05F 1
0
50 100 150 200

Number of SCeNBs [-]

Fig. 13. Impact of inputs to the fuzzy logic system (RSRP, RSRQ,
velocity) on the handover failure ratio.

In Fig. 14, we analyze the impact of the fuzzy logic system
inputs on HPP ratio. In this case, we can see that the
performance gain is generated again by a combination of
velocity and RSRQ); however, RSRP can further improve the
HPP ratio for higher densities of SCeNBs notably. The RSRP
provides the UE with essential information about the strength
of signal from the serving and neighboring cells. This helps
to determine the optimum time for handover and to avoid
ping pong if the handover is not necessary.
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Fig. 14. Impact of inputs to the fuzzy logic system (RSRP, RSRQ,
velocity) on the handover ping pong ratio.

Last, the impact of various combinations of the inputs on
time spent in small cells is depicted in Fig. 15. We can
observe minor variation of the time for all input
combinations.
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Fig. 15. Impact of inputs to the fuzzy logic system (RSRP, RSRQ,
velocity) on the average time spent by the UEs connected to the SCeNBs.

From the analysis of all three inputs, we can conclude that
the velocity of the UE and RSRQ are the most important
inputs for the proposed fuzzy logic system. However,
consideration of the third inputs, RSRP, is useful for
reduction of the ping-pong ratio in scenarios with the dense
SCeNBs.

VI. CONCLUSIONS

In this paper, we have introduced a novel handover decision
algorithm exploiting new fuzzy logic system for dynamic
determination of the hysteresis margin. The proposed
algorithm leads to a superior performance improving key
handover performance indicators comparing to state of the
art solutions. The proposed solution almost eliminates
handover ping pong effect and, besides, it also reduces the
handover failure ratio and the total number of handovers
comparing to the state of the art algorithms. With respect to
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the
att

competitive solutions, the achieved improvements are not
he cost of reduced time spent by the UEs in the SCeNBs.

The proposed algorithm keeps the time spent in the SCeNBs
at the same level as the algorithms, which demonstrate worse
performance in terms of the number of handover, ping pong

rati

o0 and handover failure ratio. Thus, the proposed algorithm

allows to preserve the benefits of the SCeNBs while all key
handover performance indicators are notably improved. This

ind

icates suitability of the proposed algorithm for future

mobile networks with a very high density of the SCeNBs.

n the future work, the research should focus on a

prediction of a signal level for determination of the
throughput gain and investigate the potential improvements
regarding handover performance indicators.
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