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A Handover Decision Strategy with a Novel Modified Load-Based
Adaptive Hysteresis Adjustment in 3GPP LTE System
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SUMMARY  This paper introduces a hard handover strategy with a
novel adaptive hysteresis adjustment that is needed to reduce handover drop
rate in 3GPP long term evolution (LTE). First of all, we adopt a Hybrid
handover scheme considering both the received signal strength (RSS) and
the load information of the adjacent evolved Node Bs (eNBs) as a fac-
tor for deciding the target eNB. The Hybrid scheme causes the load sta-
tus between the adjacent eNBs to be largely similar. Then, we propose a
modified load-based adaptive hysteresis scheme to find a suitable handover
hysteresis value utilizing the feature of the small load difference between
the target and serving eNBs obtained from the result of the Hybrid scheme.
As a result, through the proposed modified load-based adaptive hysteresis
scheme, the best target cell is very well selected according to the dynami-
cally changing communication environments. The simulation results show
that the proposed scheme provides good performance in terms of handover
drop rate.

key words: Handover decision strategy, adaptive handover hysteresis, hy-
brid scheme, load balancing, handover drop rate

1. Introduction

In 3GPP LTE system, there have been many studies about
self organizing network (SON) to minimize capital expenses
(CAPEX) and operating expenses (OPEX), and to maxi-
mize the revenue of operator through the management of
automatic network. The SON is mainly composed of self-
configuration and self-optimization[1]. By the way, the
handover procedure in the network controlled handover of
the 3GPP LTE system has a close relationship with the self-
optimization which collects measurement information from
user equipment (UE) and eNB, and then it automatically
tunes the configuration data to optimize the network. The
self-optimization contains load balancing, handover param-
eter optimization, and capacity and coverage optimization.
In 3GPP LTE system, eNB is the basic access network
element covering a single cell. It supports the evolved uni-
versal terrestrial radio access (E-UTRA) user plane such as
header compression, ciphering and reliable delivery of user
plane protocol data units (PDUs) and control plane such
as admission control and radio resource management to-
wards the UE [2]. Two eNBs are connected with each other
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through X2 interface which allows the interconnection be-
tween eNBs. The X2 interface exchanges the signal infor-
mation between two eNBs, along with the forwarding of
user plane PDUs to their destination [3].

This paper deals with hard handover procedure based
on the load information exchanged between the eNBs via
the X2 interface in 3GPP LTE system, which is operated
as a kind of self-optimization for load balancing and han-
dover parameter optimization [4]. The handover procedure
is mainly made up of handover decision in serving eNB
and admission control in target eNB. We focus on the han-
dover decision strategy with the adaptive hysteresis adjust-
ment for self-optimization. The adaptive hysteresis adjust-
ment scheme can find a good hysteresis value adapted to
the many handover factors affecting the handover perfor-
mance, so that the scheme is proposed to very well control
the handover decision process. However, the scheme has a
big problem in finding the optimum combinatorial value of
the corresponding weights among the many handover fac-
tors [5]. Therefore, it is necessary to design the hard han-
dover strategy with adaptive hysteresis adjustment based on
the load difference between the target and serving eNBs with
goal of minimizing handover drop rate, which performs an
important role as a kind of self-optimization for handover
parameter optimization in 3GPP LTE system.

First of all, to accomplish the self-optimization for load
balancing with the purpose of redistributing traffic from
highly load cells to underutilized cells, it is useful to adopt
a hybrid handover algorithm considering the received sig-
nal strength (RSS)-based handover algorithm [6] and load-
based handover algorithm [7] at the same time.

When the RSS-based handover algorithm considering
only the RSS between the UE and the adjacent eNBs is
adopted, eNB with the highest RSS will be chosen as tar-
get eNB. However, it causes the handover drop to increase
in case that the target eNB is overloaded. Also, when the
load-based handover algorithm by the only load informa-
tion from the adjacent eNBs is used, it can bring about a
handover drop in case that the RSS of the target eNB is
low. The Hybrid scheme with the objective of overcoming
the disadvantages of the two handover decision algorithms
effectively causes the load to be equally distributed among
multiple cells through load balancing [8]. However, because
the load difference between the target and serving eNBs is
largely concentrated near O after the Hybrid scheme, a new
adaptive hysteresis scheme exploiting such a property is ur-
gently required. In other words, a new Hybrid scheme with
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modified load-based adaptive hysteresis scheme consider-
ing the nonlinear characteristic of load difference between
the target and serving eNBs can provide better performance
than the existing Hybrid scheme with load-based adaptive
hysteresis scheme without considering it in terms of han-
dover drop rate.

Therefore, we propose a modified adaptive hysteresis
scheme based on the feature having a small load difference
between the target and serving eNBs. The proposed hys-
teresis scheme can adaptively find a proper hysteresis value
which is one of the important handover parameters for han-
dover trigger adapted to the small load difference character-
istic. As a result, the proposed scheme can operate like an
auto-tuning process which realizes a kind of handover pa-
rameter optimization for the self-optimization in 3GPP LTE
system. This paper is organized as follows. Section 2 intro-
duces a handover decision strategy with the proposed modi-
fied adaptive hysteresis in 3GPP LTE system. Section 3 and
4 explain the simulation environment and results. Section 5
concludes the paper.

2. Handover Decision Strategy with Various Hysteresis

Figure 1 shows the handover procedure in the 3GPP LTE
downlink system which consists of handover preparation,
handover execution, and handover completion phases. First
of all, the preparation phase is composed of the handover
decision stage and admission control stage [2],[9]. In the
preparation phase, if the RSS from the serving eNB is less
than a given minimum threshold, the UE sends the Measure-
ment Report message to the serving eNB as shown in Fig. 1.
Based on this message, the serving eNB selects the eNB
with the largest RSS among the neighboring eNBs. If the
selected eNB satisfies the hysteresis value during the given
time-to-trigger, the handover decision is performed. Upon
performing the handover decision, the UE will disconnect
itself from the serving eNB and request for connection with
the target eNB to the admission controller. After the target
eNB sends the Handover Request Confirm message to the
serving eNB, the handover preparation phase moves to the
handover execution phase where the serving eNB forwards
all data of the UE to the target eNB. Finally, by exchanging
Handover Complete message that indicates this handover is
completed, handover completion phase is performed.

In this paper, in order to find a good handover strat-
egy considering adaptively hysteresis value that is an impor-
tant control parameter for improving the handover perfor-
mance, we focus on handover decision scheme in the han-
dover preparation phase which is the first phase of handover
procedure in 3GPP LTE system.

2.1 Handover Decision Scheme

There are mainly two existing representative handover de-
cision schemes; One is the RSS based scheme [6], and the
other is the load based scheme [7]. The RSS based scheme
is based on the RSS from the serving cell and the neighbour-
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Fig.1 Handover procedure in 3GPP LTE system.

ing cells, so that the scheme selects the eNB with the largest
RSS. The load based handover scheme is carried out based
on the load information from the serving eNB and neigh-
boring eNBs, so that the scheme can find the eNB with the
lowest load. However, in the above handover schemes, as
the RSS based handover algorithm does not reflect the load
change between serving and target eNBs, and the load based
scheme does not consider the RSS, the handover drop rate
can be increased. To overcome these drawbacks of the two
handover decision schemes, the Hybrid scheme considering
both the RSS and load information of target eNB based on
X2 interface is preferred [8]. In the Hybrid scheme, even if
the RSS from the candidate target eNB is high, the handover
may not be triggered if the load in the candidate target eNB
is high.

2.2 Fixed Hysteresis

As shown in the handover procedure of Fig. 1, if the RSS
difference between the serving and target eNBs is larger
than a given hysteresis (Hy;q) and it holds during a given
time-to-trigger, handover decision is made and admission
request for handover call is initiated by sending a Handover
Request message [10]. Figure 2 illustrates the handover de-
cision scheme with fixed hysteresis.

If the handover decision scheme is based on a given
fixed hysteresis value without considering any radio re-
source information such as the RSS and load status from
the adjacent eNBs, it causes handover drop rate to increase.
For this reason, many studies for handover decision with
adaptive hysteresis adjustment have been undertaken in or-
der to effectively reduce handover drop rate. In the existing
fixed hysteresis scheme, if the power budget quantity (PBQ)
is higher than the given fixed hysteresis value, an UE con-
nected to the serving eNB triggers a handover to the target
eNB.

PBQ = RSS; - RSSis > Hied M
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Fig.2  The handover decision scheme with fixed hysteresis.

where RS S;; and RS S, indicate a signal strength of
UE i received from the target eNB ¢ and the serving eNB s,
respectively. Also, Hy;y.q is a specific value between H,,iy
and H,,,, which indicate allowable minimum and maximum
hysteresis values respectively.

2.3 Adaptive Hysteresis

As the hysteresis value is one of the most important pa-
rameters for improving the handover performance as a kind
of self-optimization for handover parameter optimization
in 3GPP LTE system, the research for the handover deci-
sion scheme with adaptive hysteresis adjustment is largely
needed. To effectively improve the handover drop rate per-
formance due to the load imbalance among neighboring
eNBs, we consider handover decision scheme with adaptive
hysteresis based on the load status information of the neigh-
boring eNBs. For example, the under-utilized eNBs easily
allow handover from the neighboring eNBs because of their
enough bandwidth. In the adaptive hysteresis, we consider
the relation between the load difference and hysteresis value.
If the load of the serving cell is less than the load of the tar-
get cell, the adaptive hysteresis adjustment scheme allows
the hysteresis value to increase, so that the increased hys-
teresis value may not let boundary UEs switch over to the
eNB, in reducing the number of handover try and pursuing
potentially the lower handover drop rate due to less com-
petition in target cell. Otherwise, the adaptive hysteresis
adjustment scheme allows the hysteresis value to decrease
since the serving cell experiences a bandwidth shortage, so
that it makes boundary UEs switch over to the target eNB in
order to reduce the handover drop rate. Figure 3 shows the
handover decision scheme with adaptive hysteresis, where
the hysteresis has a value between H,,;, and H,,,,.

AH(s,t) is the handover margin between the serving
eNB s and the target eNB ¢ and is a key parameter that af-
fects the handover performance. Hyix.q + AH(s,t) dynami-
cally ranges between H,,;,, and H,,,, in the load-based adap-
tive hysteresis scheme while AH(s,?) is fixed to O in the
fixed hysteresis scheme. Also, f(L) represents a function
for determining the handover margin by a certain L value. If
the L value has multiple values, the solution for finding the
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Fig.3  The handover decision scheme with adaptive hysteresis.

optimum combinatorial value of the corresponding weights
among the values becomes more complex [5]. Hence, we
deal with the load-based adaptive hysteresis scheme depend-
ing on the certain L value that represents only the load dif-
ference between the target and serving eNBs. After all,
AH(s,t) is represented by multiplication of f(L) and k =
Hypax — Hfixed (or k = Hypip — Hfixed) as follows

AH(s,t) = k- f(L) 2)

The hysteresis value is adaptively calculated by the ad-
dition of AH(s, ) and Hjyq as shown in (3). The adaptive
hysteresis scheme is operated as a kind of self-optimization
for handover parameter optimization in 3GPP LTE system
by dynamically adapting the handover margin.

PBQ > Hyixeq + AH(s, 1) 3)

If the PBQ is higher than the calculated hysteresis
value, the serving UE handovers to the target eNB.

2.3.1 Load-Based Adaptive Hysteresis

One of representative adaptive hysteresis schemes is load-
based adaptive hysteresis scheme [11] considering the load
difference between the target and serving eNBs based on
the load information by the X2 interface. In the scheme,
the function (f(L)) only depends on the load difference be-
tween the target and serving eNBs, so that it is represented
as follows

fL) =L - Ly “)

where L; and L; mean the load information of the tar-
get eNB ¢ and the serving eNB s, respectively. The load
information is defined as a ratio of the occupied bandwidth
to the total bandwidth in the eNB and is exchanged by
the X2 interface. Where, the total bandwidth is split into
many sub-carriers in 3GPP LTE downlink system with or-
thogonal frequency-division multiplexing access (OFDMA)
transmission.

2.3.2 Modified Load-Based Adaptive Hysteresis

In this Section, we minutely introduce a novel modified
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Fig.4 The PDF of the actually measured load difference between the
target and serving eNBs after the Hybrid scheme is applied.

load-based adaptive hysteresis scheme exploiting the special
feature of the load difference between the target and serving
eNBs actually measured from our simulation result after the
Hybrid scheme is applied. Figure 4 shows the probability
density function (PDF) of the actually measured load differ-
ence between the target and serving eNBs measured after the
Hybrid scheme is applied. Unlike the PDF of the load dif-
ference between the target and serving eNBs by the existing
load-based adaptive hysteresis scheme, when we consider
the PDF of the load difference between the target and serv-
ing eNBs after adopting the Hybrid scheme, the small load
difference between the target and serving eNBs is obtained
as shown in Fig.4. From that, we find that the load dif-
ference usually obeys the normal distribution. By deriving
the cumulative distribution function (CDF) corresponding
to the PDF in Fig. 4, the CDF of the actually measured load
difference can be obtained too. Figure 5 shows the CDFs
of the actually measured load difference and the normal dis-
tributions with different means and variances. Where, the
parameters u and o? represent the mean and variance of the
CDFs for the normal distributions. From Fig. 5, as we ob-
serve that the CDF of the actually measured load difference
is more similar to the CDF of the normal distribution with
smaller variance, it would be better to set smaller 0.01 than
0.1 as o for better performance.

Hence, if we make good use of the real measured distri-
bution that the load difference between the target and serv-
ing eNBs is mostly distributed near O since load balancing is
significantly achieved by the Hybrid scheme, we can effec-
tively find a suitable hysteresis value with aim of reducing
handover drop rate in 3GPP LTE system.

As a result, as shown in Fig. 5, we find that the CDF
of the load difference is not linear to the load difference,
that is, its CDF is not directly proportional to it. To solve
the problem, we make full use of concept of a nonlinear
function like Fig. 6. The nonlinear function is very helpful
because it fully utilizes the nonlinear characteristic of load
difference between the target and serving eNBs after han-
dover decision operation by the Hybrid scheme considering
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both the RSS-based handover algorithm and the load-based
handover algorithm. As the proposed scheme can take ad-
vantage of the fact that it usually helps to have more preci-
sion of the detail near 0, most of the load difference will
be significantly perceived compared to an linear function
such as existing load-based adaptive hysteresis scheme. The
proposed scheme effectively reduces the dynamic range of
the load difference and decreases the handover drop rate be-
cause nonlinear function for the measured distribution of the
load difference is more real than linear function for that.
Figure 6, which illustrates how the proposed scheme con-
centrates sampling in the smaller values, represents f(L) on
the load difference between the target and serving eNBs by
the existing load-based adaptive hysteresis scheme and pro-
posed modified load-based adaptive hysteresis scheme with
0.01 and 0.1 as o. As shown in Fig. 6, it can be observed
that the proposed scheme uses an exponential curve like
f(L) in (5) while the existing load-based adaptive hysteresis
scheme adopts a linear curve like f(L) in (4). As aresult, the
function f(L) for the proposed adaptive hysteresis scheme is
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modified from (4) and is defined as (5).
Lt - Ls)

L) =
(L) = erf( 5

®)

As a result, the handover margin in (2) is automatically
updated by (5) based on L; and L;, the load information by
the X2 interface in LTE system. Hence, f(L) in (5) pro-
vides much more dramatic curve for the load difference near
0, thus most load differences around O are minutely used
for dynamical adjustment of the handover margin with the
objective of finding a suitable hysteresis value, one of the
mayor handover parameters, through the proposed scheme.

3. Simulation Environment

The performance evaluation is based on the 3GPP LTE
downlink specifications defined in [12]. Taking into account
the above, we focus on a dynamic user distribution in the 2-
tier 19-cell and therefore experiencing different RSS. The
system parameters are summarized at Table 1. We used the
pathloss model in [14] and the shadowing model in [13].
The shadowing model, which is an updated model for the
moving UEs, is represented by

SO=W,-S¢-1)+W,-C+W,.-V (6)

where W,, W, and W, are the weighting factors that should
be calculated accordingly to statistical properties of autocor-
relation and cross-correlation, for S (t—1), C, and V, respec-
tively. The weight W, is given by W, = ¢ 7 12 where
d is the migration distance of a vehicle with the speed of
70km/h for 100 ms, d.,, is the decorrelation distance be-
tween adjacent eNBs. We used d = 1.944m (= 70 km/h X
100 ms) and d_,,» was set to 33 m. The weights W, and W,
are given by VRS /2(1 — W,2) and /S 2(1 — W,2) — W,,2,
respectively. Here, the cross-correlation of shadow fading
between links (R;) and shadowing standard deviation (S )
were set to 0.7 and 6.5 dB. In (6), C is the common value for
the wireless links, and V is the zero-mean standard Gaussian
random variable with the variance of 1 [13].

[16] contains requirements on the UE regarding mea-
surement reporting in RRC CONNECTED state and control
of measurement reporting is specified in [17]. In our simu-
lation, time-to-trigger, that is the observation time for RSS
before and after handover, is 300 ms. Also, Hin, Hireq and
H,.x, that are handover margin parameters, are 1.5, 3.5 and
5.5dB respectively. Hence, Hixq + AH(s,t) dynamically
ranges between 1.5 dB and 5.5 dB in the load-based adaptive
hysteresis scheme while H;y.q + AH(s, ) is 3.5 dB because
AH(s, 1) is fixed to O in the fixed hysteresis scheme.

In this paper, we assume that an UE originates a call
and supports integrated service composed of maximum four
service types at the same time [18]. The bandwidth allo-
cation and usage ratio per service type is shown in Table 2.
Also, we adopt a simple hard QoS-based call admission con-
trol (CAC) scheme which depends on only the bandwidth
availability for the handover service after handover decision
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Table1 System parameters.
[ Parameter | Value |
Network layout 2-tier 19-cell wrapping model
Cell radius 1 Km
Cell bandwidth 5MHz
Peak data rate per cell 20 Mbps
Frequency efficiency 4 (Bit/s/Hz)
Transmit power of eNB 46 dBm

Omnidirectional
128.1+37.610gf0, R in Km[14]
Std. deviation = 6.5dB [15]
Hyax =5.5dB, Hyi, = 1.5dB

Antenna type
Path loss model
Shadowing factor
Handover margin

parameters Hixeq = 3.5dB
Time-to-trigger 300 msec
Measurement report period 100 msec [16]

Table2  The bandwidth allocation and usage ratio per service type.

VoIP Video Web P2P
streaming | browsing
Bandwidth | 64 Kbps | 128 Kbps | 512 Kbps | 512 Kbps

allocation
Usage ratio |  50% 20% 15% 15%

without any service priority among the service types. As this
paper adopts the random direction model (RDM) as the mo-
bility model of UEs [19], each UE moves with a uniformly
distributed velocity from 0km/h to 140 km/h and it moves
at its own uniform direction during the random time inter-
val between 0 sec and 120 sec. Also, each UE is generated
according to a Poisson arrival process and its lifetime is a
random variable by an exponential distribution with a mean
equal to 2 minutes [5].

4. Simulation Results

4.1 Performance Analysis by the Hybrid Scheme with
Fixed Hysteresis

Figures 7 and 8 show the handover drop rate and its variance
in the three types of handover decision schemes with fixed
hysteresis when call arrival rate increases. From Fig. 7, we
know that the Hybrid scheme with fixed hysteresis provides
the least handover drop rate performance since it consid-
ers both the RSS and the load information among the ad-
jacent eNBs at the same time. Also, Fig. 8 illustrates that
the load balancing is successfully carried out in the Hybrid
scheme since it means that the handover drop rate is evenly
distributed every cell if the variance of the handover drop
rate is small. The simulation results indicate that the Hybrid
scheme with fixed hysteresis is identified as an effective han-
dover algorithm which plays an important role in improving
the load balancing and handover drop rate.

4.2 Performance Analysis by the Proposed Modified
Adaptive Hysteresis Scheme

Figure 9 shows the handover drop rate by the Hybrid
schemes with three types of hysteresises when call arrival
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rate increases. From Fig. 9, we find that the Hybrid scheme
with the proposed modified load-based adaptive hysteresis
has the lowest handover drop rate than the Hybrid schemes
with other adaptive hysteresises. We conclude that the pro-
posed scheme can find a good hysteresis value that is one of
the key handover parameters. Through the proposed adap-
tive hysteresis, a kind of self-optimization for handover pa-
rameter optimization in 3GPP LTE system can be achieved.
Figure 10 represents the handover drop rate per service type
by the Hybrid schemes with three types of hysteresises when
call arrival rate is fixed at 0.03. From Fig. 10, we see that the
handover drop rate is lower in order of VoIP, Video stream-
ing, and Web browsing (or P2P). That is because the re-
quired amount of bandwidth for service type is smaller in
order of VoIP, Video streaming, and Web browsing (or P2P)
as shown in Table 2.

As shown in Figs.9 and 10, the reason how the pro-
posed modified load-based adaptive hysteresis scheme out-
performs the other two schemes is explained as the follows.
First of all, the Hybrid scheme with load-based adaptive
hysteresis provides less handover drop rate than the Hybrid
scheme with fixed hysteresis scheme because the adaptive
hysteresis adaptive scheme allows the hysteresis value to de-
crease or increase according to the load difference between
the serving and target eNBs. Furthermore, the proposed
Hybrid scheme with modified load-based adaptive hystere-
sis scheme by nonlinear function f(L) in (5) provides much
more dramatic curve for the load difference near 0 compared
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to the Hybrid scheme with load-based adaptive hysteresis
scheme by linear function f(L) in (4), thus most load dif-
ferences around O are minutely used for dynamical adjust-
ment of the handover margin with the objective of finding
the best hysteresis value, one of the mayor handover pa-
rameters, through the proposed scheme. Also, the proposed
scheme with 0.01 as o provides less handover drop rate
than the proposed scheme with 0.1 as o because the CDF
of the actually measured load difference between the target
and serving eNBs after the Hybrid scheme is more similar
to the CDF of the normal distribution with smaller o2

5. Conclusion

This paper introduces a Hybrid handover scheme with
a novel modified load-based adaptive hysteresis adjust-
ment which performs an important role as a kind of self-
optimization for handover parameter optimization in 3GPP
LTE system. It is identified that the Hybrid scheme con-
sidering both the RSS and load information of target eNB
based on X2 interface in 3GPP LTE system effectively leads
to the small load difference between the target and serving
eNBs. Therefore, if we exploit the feature that the load dif-
ference between the target and serving eNBs is small after
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the Hybrid scheme is adopted, the proposed scheme can ef-
fectively find a good hysteresis value which is one of the
most important handover parameters. The simulation re-
sults show that the proposed modified load-based adaptive
hysteresis adjustment provides good performance in terms
of the handover drop rate.
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