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ABSTRACT

High-density Wi-Fi networks, particularly in Extended Service Set (ESS)
environments, frequently experience performance degradation due to sub-
optimal handover mechanisms that rely exclusively on Received Signal
Strength Indicator (RSSI). Such approaches often lead to traffic imbalance,
increased packet loss, and reduced Quality of Service (QoS). This paper
introduces a novel implementation of a load-aware handover strategy that
integrates both RSSI and real-time access point (AP) load metrics to op-
timize handover decisions. Through its adaptive weighting function and
penalty mechanism, ELAHA dynamically balances signal strength with
AP load conditions, achieving improved network efficiency and user expe-
rience in dense deployment scenarios. Results demonstrate that ELAHA
significantly outperforms the conventional RSSI-Based Algorithm (RBA),
achieving lower latency, reduced jitter and packet loss, decreased han-
dover frequency, and enhanced overall throughput. These findings high-
light ELAHA’s potential as a robust and scalable solution for maintaining
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consistent QoS in high-density Wi-Fi networks.
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1. INTRODUCTION

The proliferation of wireless-enabled devices and
the growing demand for uninterrupted connectivity
have significantly increased user density in modern
Wi-Fi deployments. In Extended Service Set (ESS)
environments such as university campuses, corporate
offices, and public venues; high-density Wi-Fi net-
works frequently experience performance degradation
due to suboptimal handover mechanisms. Conven-
tional handover strategies, which predominantly rely
on Received Signal Strength Indicator (RSSI), often
fail to consider real-time access point (AP) load, lead-
ing to traffic congestion, excessive handovers, and im-
balanced network resource utilization. This results in
degraded Quality of Service (QoS), characterized by
increased latency, jitter, packet loss, and inconsistent
throughput [1], [2].

To maintain acceptable QoS levels in dense Wi-
Fi environments, efficient and intelligent handover
mechanisms are essential [3], [4]. Several enhance-
ments to the traditional RSSI-based approach have
been explored in recent research. Load-aware han-

dover strategies leveraging IEEE 802.11k /v standards
enable better AP selection by considering metrics
such as channel utilization and client load [5], while
IEEE 802.11r facilitates fast Basic Service Set (BSS)
transitions to reduce handover latency [6]. In paral-
lel, user-centric methods, such as traffic-type-aware
prioritization and mobility-based scoring, have been
proposed to support real-time applications like VoIP
and video streaming [7], [8].

Advanced handover decision models have incorpo-
rated multi-parameter evaluations using fuzzy logic
[9], context-aware frameworks [10], and machine
learning techniques trained on historical network be-
havior [11]. Al-driven approaches, including deep
neural networks (DNNs) and reinforcement learn-
ing (RL), have shown promise in hybrid environ-
ments such as Wi-Fi/LiFi or Wi-Fi/cellular integra-
tion, providing predictive capabilities and dynamic
load balancing [12], [13]. Multi-Criteria Decision-
Making (MCDM) techniques have also been employed
to balance trade-offs between signal quality, band-
width availability, and latency requirements [14].
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The emergence of Software-Defined Networking
(SDN) has further enabled centralized control of han-
dover operations across distributed APs, improving
coordination and scalability in complex network en-
vironments [15]. Complementary innovations, such as
dynamic threshold adjustment to mitigate ping-pong
effects [16], integration of MIMO technologies [17],
and the use of sensor feedback for continuous perfor-
mance monitoring [18], have contributed to QoS im-
provements. In heterogeneous network settings, ver-
tical handover solutions have been refined through
mechanisms like the Vertical Handoff Decision Func-
tion (VHDF) and decentralized Markov models to
minimize control overhead while preserving user ex-
perience [19 - 21].

Recent architectural advancements—such as vir-
tual cells and Network Function Virtualization
(NFV)—have further reduced handover failures and
supported dynamic resource provisioning during mo-
bility events [22], [23]. Adaptation of time-sensitive
networking (TSN) concepts to Wi-Fi also promises
deterministic performance for mission-critical appli-
cations [24]. Despite these developments, current
handover strategies often lack responsiveness to real-
time variations in both user mobility and AP load,
particularly in high-density scenarios. Moreover,
energy-aware handover strategies and secure fast
transition mechanisms remain underexplored in the
context of load-aware decision-making [25 - 27].

This paper addresses the critical need for a bal-
anced and adaptive handover mechanism by intro-
ducing the Enhanced Load-Aware Handover Algo-
rithm (ELAHA). Unlike conventional methods that
rely solely on signal strength, ELAHA integrates both
RSSI and real-time AP load metrics to make informed
handover decisions. This dual-criteria approach aims
to distribute client associations more evenly across
available APs, reduce unnecessary handovers, and
maintain high QoS levels in high-density IEEE 802.11
ESS networks.

The major contributions of this paper are as fol-
lows:

e Propose ELAHA, a dual-criteria handover algo-
rithm that combines RSSI and AP load for more
balanced AP selection.

e Demonstrate how ELAHA reduces unnecessary
handovers and alleviates traffic congestions in
dense Wi-Fi environments.

e Show through simulations that ELAHA im-
proves QoS metrics such as latency, jitter, packet
loss, and throughput compared to conventional
RSSI-based approaches.

The remainder of this paper is organized as fol-
lows: Section 2 describes the design of the proposed
ELAHA and outlines the simulation environment.
Section 3 presents and discusses the simulation re-
sults, comparing ELAHA against traditional RSSI-
based approaches. Section 4 concludes the paper and

Table 1: Characteristics of Existing Handover Ap-
proaches in IEEE 802.11 Networks.
upmaach Strengths Limitations
Reference
RSSI-based Simple, widely Ignores AP load,
[11,[2] implemented ping-pong effect
Considers Reactive, limited
IEEE g
channel use, adaptivity in dense
802.11k/v [5]
load networks

IEEE Low handover Not load-aware
802.11r [6] latency
User-centric
(mobility/ Better QoS for | Lacks effective AP

traffic-aware)
[7]. [8]
Fuzzy logic,

real-time apps load balancing

High computational

MCDM [9], ]:raalx:lect:s overhead, not real-
[14] p time
Le:ﬁ?i(i]hmi I Adaptive, learns Nc-:efis large
g[ training data,
patterns
13] complex
SDN-based Coordinated, Single point of
[15] scalable failure, overhead
Virtual Cells, REAUEES
NFV [22] failures, Complex
[23] ’ dynamic deployment
provisioning
E;;Sg‘; d Reliable for Early-stage, low
Wi-Fi [24] critical apps adoption

highlights potential directions for future work.

2. METHODS

This section outlines the methodology for imple-
menting and evaluating the Enhanced Load-Aware
Handover Algorithm (ELAHA). The study employed
a simulation-based approach to compare ELAHA
with a conventional Received Signal Strength In-
dicator (RSSI)-Based Handover Algorithm (RBA)
in an Extended Service Set (ESS) Wi-Fi network.
The RBA serves as baseline, representing a widely
adopted approach, while ELAHA introduces en-
hancements to overcome its limitations, particularly
in load distribution and connection stability. Key as-
pects of the methodology include network topology,
simulation parameters, and performance metrics.

2.1 RSSI-Based Handover Algorithm (RBA)

The RSSI-Based Handover Algorithm (RBA) is a
conventional method commonly employed in Wi-Fi
networks due to its simplicity and reliance on the
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Received Signal Strength Indicator (RSSI), a read-
ily available metric in standard Wi-Fi hardware. The
RBA operates by selecting the access point (AP) with
the highest RSSI value for association, ensuring sta-
tions connect to the AP offering the strongest signal
at any given time. A handover is initiated when the
RSSI of a candidate AP exceeds that of the current
AP by a hysteresis margin, set at 5 dB, to prevent
excessive switching due to minor signal fluctuations.

1. Select APyt = arg max; (RSSI;).

2. If RSSITpest > RSSIcyrrent + H, where H =5
dB is the hysteresis margin, execute a handover
to APbest~

While this method is straightforward and widely
used, it has several drawbacks, particularly in high-
density environments. One major drawback is that
RBA does not consider the number of devices con-
nected to an AP. Consequently, many STAs may as-
sociate with the same AP, leading to network con-
gestion, increased queuing delays, and degraded QoS.
This often results in elevated latency, packet loss, and
jitter, negatively impacting user experience, particu-
larly for real-time applications such as video confer-
encing and online gaming. Another critical issue with
RBA is the frequent triggering of handovers due to
minor fluctuations in RSSI values. As STA moves,
even slight changes in signal strength may cause it
to switch between APs unnecessarily, a phenomenon
known as the ping-pong effect. This effect increases
network overhead, consumes more energy, and de-
grades connection stability, leading to service inter-
ruptions and poor performance. Additionally, since
RBA does not consider network load, an AP with
strong RSSI but high congestion can still be selected,
exacerbating performance bottlenecks and further re-
ducing network efficiency.

2.2 Proposed Enhanced Load-Aware Han-
dover Algorithm (ELAHA)

To address the deficiencies of RBA, we pro-
pose the Enhanced Load-Aware Handover Algorithm
(ELAHA), which integrates RSSI-based signal qual-
ity assessment with load balancing and an enhanced
hysteresis mechanism. ELAHA seeks to optimize
both QoS and resource allocation, mitigating AP
overloading while maintaining stable connections in
Wi-Fi networks.

ELAHA employs a scoring function to evaluate
APs, balancing signal quality and load distribution:

SAPi = - RSSInorm,i + ﬁ . Loadnorm,i (1)

Where S4p; is the score for the i-th AP, RSSI0rm. i
is the normalized RSSI, Load,orm,; is the normalized
load, and « and (§ are weighting factors satisfying
a + B =1. The RSSI is normalized across all APs:

RSSI; — min(RSST) @)
max(RSST) — min(RSST)

RSSInorm,i =

The load metric is defined as:

Nconnected,i

max DevicesPerAP) ®)

Loadyorm,i = max @, 1-—

Where Neonnected,i is the number of devices connected
to the i-th AP, and max DevicesPerAP = 20. A
penalty of 0.2 is deducted from Load,orm,; when
Neonnected,; > max DevicesPer AP, discouraging as-
sociation with overloaded APs and promoting bal-
anced load distribution.

The weighting factors a and 8 adapt to network
conditions. Under normal operation, o = 0.5 and
B = 0.5 to balance the influence of RSSI and load.
When an AP’s load exceeds 80% of its capacity
Neonnectedi > (0.8-max DevicesPer AP), the weights
shift to , a = 0.7 and 8 = 0.3, further emphasizing
RSSI while still considering load. This adjustment
helps stations maintain strong connectivity and sta-
ble performance even under congestion, as the algo-
rithm prioritizes signal reliability while still account-
ing for load variation.

To enhance stability and minimize ping-pong ef-
fects, ELAHA employs a hysteresis margin of 10 dB
(hysteresisMargin = 10), higher than RBA’s 5 dB.
The handover decision is based on the following:

1. Select APyt = arg max; (Sap,).

2. If RSSIyest > RSSIcyrrent+hysteresisMargin,

execute a handover to APpcs;.

RBA’s straightforward RSSI-based approach en-
sures connectivity to the strongest signal but risks
overloading high-RSSI APs, particularly in dense net-
works (e.g., 10 stations vs. 60 stations capacity).
ELAHA mitigates this by incorporating load aware-
ness, dynamically balancing RSSI and load to dis-
tribute stations efficiently.

The increased hysteresis margin of 10 dB enhances
stability over RBA’s 5 dB, reducing handover fre-
quency. By relying solely on RSSI without additional
modelling factors, ELAHA remains practical for Wi-
Fi hardware, offering improved performance over tra-
ditional methods.

The pseudo-code of ELAHA is presented in Fig-
ure 1. It outlines the main computational steps and
decision logic used in the simulation model.

A comparative analysis of RBA and ELAHA high-
lights how incorporating load awareness into han-
dover decisions can significantly improve network
efficiency and user experience. While RBA relies
solely on signal strength, ELAHA introduces adaptive
weighting and congestion consideration to achieve a
more balanced distribution of users across APs. Ta-
ble 2 summarizes the key conceptual and operational
differences between the two algorithms, providing a
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Initialize parameters:
«=035 # Weight for RSSI
p=0.5 #Weight for AP load
rssiThreshold = -85 dBm
HOV_margin=3 dB
loadThreshold = 0.8 # 80% load threshold
seed =42 # Fixed random seed for reproducibility

Begin simulation:

For each simulation run:

Randomly position Stations and Access Points
i For each Station (STA):

Measure RSSI from all available APs
Obtain current load for each AP

Normalize RSSI — RSSI_norm = (RSSI -
minRSSI) / (maxRSSI - minRSSI)
Normalize load — Load_norm = 1 -
(Currentl oad / MaxLoad)
Compute HOV = « * RSSI_ norm + B #
Load_norm

i i Foreach AP:

P . If (CurrentLoad MaxLoad) =
5 { i 1 | loadThreshold:
: i1 1 1 a=07  #Increase emphasis on RSSI
E : : i B=03  #Reduce emphasis on load
' ‘i 1 iElse:
z bl a=03
E P i B=05

{ EndIf

Ellnd For

Identify AP with highest HOV

If (HOV_selected - HOV_current)

' HOV_margin and RSSI_selected
rssiThreshold:

Trigger handover to selected AP

i | EndIf
i End For
' End For
End simulation

Fig.1: Pseudocode of the Enhanced Load-Aware
Handover Algorithm (ELAHA).

clear overview of how ELAHA addresses the limita-
tions observed in RBA.

2.3 Network Topology and Simulation Envi-
ronment

The study utilized MATLAB simulations to model
a Wi-Fi ESS network within a 500 m x 500 m area,
emulating real-world scenarios such as corporate of-
fices or shopping malls. The network consisted of
three APs, each with a coverage radius of 100 m,
forming overlapping Basic Service Set (BSS) areas.
Mobile stations (STAs) were randomly distributed
within the simulation area, with densities of 10, 30,
and 60 stations as shown in Figure 1. These stations
moved at an average walking speed of 1.8 m/s, ne-

Table 2: Comparison of RSSI-Based Han-
dover (RBA) and Enhanced Load-Aware Handover
(ELAHA).
RSSI-Based |  nhanced
Load-Aware
Feature Handover
(RBA) Handover
(ELAHA)
Handover Signal Strength RSSI + AP
Criterion (RSSI) Load
Congestion No Ves
Awareness
Ping-Pong .
Effect High Low
.QF)S . Limited Enhanced
Optimization
Real-Time
Adaptability No Yes

cessitating frequent handovers between APs. Each
STA operated at a 450 Mbps data rate to simulate a
high-throughput Wi-Fi environment.

ESS Network With 3 AP

Py od 3 o0
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. . °
- ° 1
£ 2 | e :
2 ®e o )
s
8 \
> «® °
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X Coordinate (meters)

Fig.2: Simulated Wi-Fi ESS Network with 30 STAs.

2.4 Traffic Model

To evaluate the performance of the handover algo-
rithms under diverse network conditions, the study
implemented a controlled simulation of traffic flows
using the User Datagram Protocol (UDP) in conjunc-
tion with a Constant Bit Rate (CBR) traffic model.
Each CBR stream was configured to transmit data
packets of a fixed size of 1500 bytes corresponding
to the standard Maximum Transmission Unit (MTU)
size commonly used in Ethernet networks. This fixed-
size configuration ensured consistent and predictable
data flow, enabling a more accurate analysis of net-
work behavior and algorithm responsiveness under
varying levels of traffic stress.

To emulate different congestion scenarios, three
distinct traffic load conditions were applied across
all access points (APs) within the simulated environ-
ment:

e Low Load Condition (20% AP capacity):

This scenario represented a lightly utilized net-
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work where each station generated traffic at a
rate equal to 20% of its associated AP’s theoret-
ical maximum throughput. This condition was
intended to reflect ideal or underloaded opera-
tional environments, such as those experienced
during off-peak hours or in sparsely populated
areas.

e Medium Load Condition (50% AP capac-
ity): This setting simulated a moderately con-
gested network, with each station transmitting
data at 50% of the AP’s capacity. It represents
a typical operational scenario in enterprises or
public networks during regular usage periods,
where bandwidth contention and channel inter-
ference begin to influence overall performance.

e High Load Condition (80% AP capacity):
Under this configuration, each station transmit-
ted traffic at 80% of the AP’s capacity, thereby
emulating high-congestion conditions. This load
scenario was designed to test the robustness and
adaptability of the handover mechanisms un-
der network saturation, where packet collisions,
queuing delays, and channel contention are most
likely to occur.

By adopting this three-tier traffic load framework,
the study aimed to systematically assess algorithmic
performance under conditions that range from opti-
mal to highly stressed. This approach facilitated a
nuanced evaluation of both handover decision accu-
racy and network stability, which are critical factors
in ensuring seamless connectivity and Quality of Ser-
vice (QoS) in real-world WLAN deployments.

2.5 Performance Metrics

To evaluate and compare the effectiveness of
the proposed Enhanced Load-Aware Handover Algo-
rithm (ELAHA) with the conventional Received Sig-
nal Strength Indicator-Based Algorithm (RBA), a set
of key performance metrics were selected. These met-
rics are widely recognized in wireless networking liter-
ature for their relevance to Quality of Service (QoS),
mobility management, and overall network efficiency.
The selected metrics are defined as follows:

e End-to-End Delay (ms): This metric quanti-
fies the average time elapsed between the trans-
mission of a data packet from the source sta-
tion and its successful reception at the destina-
tion. It encompasses all intermediate process-
ing, queuing, transmission, and propagation de-
lays. Lower values indicate better network re-
sponsiveness, which is particularly important for
latency-sensitive applications such as VoIP and
video conferencing.

e Jitter (ms): Jitter refers to the variation in the
inter-arrival time of consecutive packets at the
receiver end. High jitter can significantly de-
grade the performance of real-time services by
causing irregular playback or data reconstruc-

tion delays. This metric is essential in evaluating
the consistency of packet delivery, especially in
mobile environments with frequent handovers.

e Throughput (Mbps): Throughput measures
the average rate of successful data deliv-
ery across the network, typically expressed in
megabits per second. It reflects the network’s
capacity to handle user traffic under varying
conditions. High throughput values are indica-
tive of efficient resource utilization and minimal
packet retransmissions or delays.

o Packet Loss Rate (%): This metric represents
the ratio of packets that fail to reach their in-
tended destination to the total number of pack-
ets transmitted. A high packet loss rate under-
mines communication reliability and may stem
from congestion, interference, or frequent han-
dovers. Monitoring this metric helps assess the
robustness of handover decisions and their im-
pact on service continuity.

e Number of Handover: This metric records
the total count of handover events initiated by
mobile stations during the simulation period.
Excessive handovers can lead to increased sig-
naling overhead, packet disruption, and energy
consumption. Hence, this metric is crucial in
evaluating the stability and efficiency of the han-
dover strategy, particularly in densely populated
or high-mobility scenarios.

The evaluation was conducted under a diverse set
of network conditions by varying both station density
(10, 30, and 60 mobile stations) and traffic load levels
(low, medium, and high). This multi-scenario exper-
imental design enabled a comprehensive performance
comparison across a spectrum of realistic operating
conditions.

The resulting data provided insights into how each
algorithm coped with increasing traffic demands and
station mobility. Specifically, it allowed for direct ob-
servation of trade-offs between throughput and delay,
the impact of load-awareness on handover frequency,
and the adaptability of each scheme under different
congestion levels. Through this analysis, the study
demonstrates the potential of ELAHA to improve
user experience and network utilization via a context-
aware, multi-metric decision-making framework, as
opposed to the traditional single-metric RSSI-based
method.

3. RESULTS

To evaluate the effectiveness of the proposed En-
hanced Load-Aware Handover Algorithm (ELAHA),
a series of simulations were conducted using a
MATLAB-based Wi-Fi Extended Service Set (ESS)
environment.  The performance of ELAHA was
benchmarked against the conventional RSSI-Based
Algorithm (RBA) across three different station den-
sities: 10, 30, and 60 stations. Five key performance
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indicators were used to assess and compare the algo-
rithms: end-to-end delay, jitter, throughput, packet
loss rate, and number of handovers. The results
demonstrate that ELAHA consistently outperforms
RBA, particularly in high-density conditions, affirm-
ing its robustness, scalability, and suitability for mod-
ern wireless environments.

3.1 End-to-End Delay

Figure 2 illustrates the variation in average end-
to-end delay as a function of station density for two
handover algorithms: the baseline RSSI-Based Algo-
rithm (RBA) and the proposed Enhanced Roaming
Algorithm (ELAHA). The horizontal axis represents
the number of active stations in the network (10, 30,
and 60), while the vertical axis denotes the average
end-to-end delay in milliseconds (ms).

Across all network densities, the Enhanced Roam-
ing Algorithm consistently outperformed the RSSI-
Based Algorithm by maintaining significantly lower
delays. At 10 stations, the RBA recorded an aver-
age delay of approximately 6.35 ms, whereas ELAHA
achieved a much lower delay of around 2.01 ms. As
the number of stations increased to 30, delays rose for
both algorithms; however, ELAHA maintained its ad-
vantage with an average delay of 2.78 ms compared
to 8.92 ms for RBA. In the high-density scenario of 60
stations, RBA’s delay escalated further to 11.52 ms,
while ELAHA’s delay remained comparatively mod-
erate at 4.56 ms.

The trend lines in the figure highlight the scalabil-
ity and stability of each algorithm. The RBA’s delay
exhibits a steep, nearly linear increase with network
density, suggesting poor adaptability under conges-
tion. In contrast, ELAHA shows a more gradual in-
cline, indicating greater resilience and effective load
handling as user density increases. The consistent
performance gap between the two algorithms across
all data points further emphasizes the effectiveness of
ELAHA’s decision-making enhancements in mitigat-
ing latency.

End-to-End Delay (ms) Comparison

—o— RBA
~m- ELAHA

10

End-to-End Delay (ms)

10 30 60
Number of Stations

Fig.3: Average End-to-End Delay of Stations using
RBA and ELAHA.

3.2 Jitter

Figure 3 presents the jitter performance of the
RSSI-Based Algorithm (RBA) and the Enhanced
Roaming Algorithm (ELAHA) under increasing net-
work density conditions. Jitter, defined as the varia-
tion in packet delay over time, is a key metric for eval-
uating the quality of real-time communication, espe-
cially for applications such as voice-over-IP (VoIP),
online gaming, and video conferencing.

As illustrated, both algorithms experienced in-
creased jitter with the rise in station count, reflect-
ing higher traffic load and increased contention in
the wireless environment. However, ELAHA consis-
tently outperformed RBA across all three configura-
tions. At 10 stations, both algorithms showed com-
parable jitter levels (approximately 4.34 ms), indi-
cating similar performance in low-density conditions.
As the network scaled to 30 stations, RBA’s jitter
increased to around 5.10 ms, whereas ELAHA main-
tained a slightly lower level of approximately 5.03 ms.
This performance gap widened further at 60 stations,
where RBA peaked at roughly 6.08 ms while ELAHA
remained lower at about 5.98 ms.

The gradual and relatively moderate increase in
jitter observed for ELAHA demonstrates its robust-
ness and stability as station density increases. In
contrast, the steeper jitter growth in RBA indicates
a higher sensitivity to congestion and less efficient
handling of delay variability. The figure highlights
ELAHA’s advantage in maintaining smoother packet
delivery and minimizing delay fluctuation, especially
under medium to high network loads.

Jitter (ms) Comparison

—e— RBA
6.00 _g- ELAHA

5.75
5.50

5.25

Jitter (ms)

5.00

4.75

4.50

10 30 60
Number of Stations

Fig.4: Average Jitter of Stations using RBA and
ELAHA.

3.3 Throughput

Figure 4 compares the throughput performance of
the RSSI-Based Algorithm (RBA) and the proposed
Enhanced Roaming Algorithm (ELAHA) across
all network densities. Throughput, measured in
megabits per second (Mbps), represents the effective
data transmission rate achieved by the network and is
a fundamental indicator of overall system efficiency.

The figure reveals a general downward trend in
the throughput for both algorithms as the number
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of stations increases, which is expected due to higher
contention, collision probability, and medium access
delays in denser wireless environments. Despite this
trend, ELAHA consistently achieves slightly higher
throughput than RBA at all tested densities.

At 10 stations, ELAHA delivers a throughput
of approximately 408 Mbps, slightly outperforming
RBA, which achieves around 404 Mbps. The per-
formance gap becomes more evident at 30 stations,
where ELAHA maintains throughput close to 354
Mbps, compared to 349 Mbps for RBA. At 60 sta-
tions, ELAHA continues to lead with a throughput of
approximately 295 Mbps, versus 291 Mbps for RBA.

This consistent throughput advantage reflects
ELAHA’s improved handover decisions, which reduce
packet loss, transmission interruptions, and retrans-
mission overhead. By minimizing unnecessary han-
dovers and favoring access points with better com-
bined RSSI-load metrics, ELAHA allows for more sta-
ble and uninterrupted data flows. Even under high
network load, the algorithm preserves more band-
width for user traffic, thereby enhancing overall net-
work capacity.

Throughput (Mbps) Comparison

N —— RBA
X -m- ELAHA

Throughput (Mbps)

10 30 60
Number of Stations

Fig.5: Average Throughput of Stations using RBA
and ELAHA.

3.4 Packet Loss Rate

Figure 5 compares the packet loss rate performance
of the RSSI-Based Algorithm (RBA) and the pro-
posed Enhanced Load-Aware Handover Algorithm
(ELAHA) under varying network densities. Packet
loss rate, expressed as a percentage, represents the
proportion of data packets that fail to reach their
destination, and serves as a key indicator of network
reliability and congestion resilience.

This figure shows that the packet loss rate in-
creases steadily for RBA as the number of stations
grows, rising from approximately 2.5% at 10 stations
to around 3.0% at 60 stations. This upward trend is
indicative of RBA’s limited ability to handle network
load effectively, as it relies solely on RSSI for han-
dover decisions without considering the real-time load
on access points (APs). As more stations contend
for access in denser deployments, APs selected based

purely on signal strength may become congested, re-
sulting in higher buffer overflows and dropped pack-
ets.

In contrast, ELAHA maintains a consistently lower
and more stable packet loss rate across all network
densities, varying only slightly from 1.55% to just un-
der 1.6% as the number of stations increases. This
minimal fluctuation highlights ELAHA’s robustness
in managing traffic load by integrating both RSSI and
AP load metrics into its handover logic. By distribut-
ing clients more evenly across available APs, ELAHA
avoids overloading any single node, thereby reducing
packet loss due to queuing delays or buffer saturation.

Packet Loss Rate (%) Comparison

—e— RBA
-m- ELAHA

Packet Loss Rate (%)
= N N Ing N N w
® o N » o ®» o

=
o

10 30 60
Number of Stations
Fig.6: Average Packet Loss Rate of Stations using
RBA and ELAHA.

3.5 Number of Handovers

Figure 6 presents a comparison of the number of
handover events triggered by the RSSI-Based Algo-
rithm (RBA) and the Enhanced Load-Aware Han-
dover Algorithm (ELAHA) across increasing network
densities. The number of handovers indicates how
frequently a station switches its association from one
access point (AP) to another and serves as a criti-
cal metric for evaluating network stability, resource
efficiency, and user experience.

The figure shows a clear contrast between the two
algorithms. RBA exhibits a significantly higher num-
ber of handovers across all station densities, with val-
ues rising from approximately 30 at 10 stations to a
peak of nearly 35 at 30 stations, before slightly de-
clining to around 32 at 60 stations. This relatively
high and variable handover rate reflects RBA’s sensi-
tivity to minor fluctuations in signal strength, which
often triggers frequent and sometimes unnecessary
handovers. Such excessive handovers can lead to in-
creased signaling overhead, service interruptions, and
degraded user experience—especially in mobile and
latency-sensitive environments.

Conversely, ELAHA consistently maintains a much
lower number of handovers, with values ranging mod-
estly from 6 at 10 stations to 7 at 30 stations and
remaining stable at 60 stations. This stability indi-
cates the algorithm’s capability to avoid unnecessary
handovers by incorporating both RSSI and AP load
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conditions into its decision-making process. By en-
suring that handovers are only initiated when there
is a clear benefit in terms of both connectivity qual-
ity and AP resource availability, ELAHA enhances
session continuity and minimizes disruptions.

The stark difference in handover frequency under-
scores ELAHA's efficiency in preserving network sta-
bility. By significantly reducing the number of han-
dovers, ELAHA not only lowers the operational bur-
den on the network but also improves the end-user
experience by reducing delays and packet loss associ-
ated with handover processes. These results further
support the algorithm’s effectiveness in dynamic and
high-density wireless environments.

Number of Handover Comparison

—e— RBA
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30

N
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Number of Handover
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Fig.7: Average Number of Handover of Stations us-
ing RBA and ELAHA.

4. DISCUSSION

The simulation results clearly illustrate the per-
formance benefits of the proposed ELAHA over the
traditional RSSI-based approach. ELAHA’s integra-
tion of real-time AP load metrics with signal strength
measurements enables more informed and balanced
handover decisions. This results in substantial reduc-
tions in end-to-end delay (up to 2.5 times lower), han-
dover frequency (up to 90% reduction), and packet
loss rate (steady at 1.6% compared to RBA’s 3.0%
at peak density), all of which contribute to maintain-
ing a high Quality of Service (QoS) in dense network
environments.

While improvements in jitter and throughput are
more modest (4-5% and 1-3%, respectively), the con-
sistency of these gains across all densities reinforces
the overall stability and reliability of ELAHA. The al-
gorithm’s ability to sustain performance under grow-
ing traffic loads and station counts demonstrates its
scalability and potential applicability to real-world
Wi-Fi networks, including enterprise WLANSs, uni-
versity campuses, and public hotspots.

The reduction in handover frequency is particu-
larly significant, as it minimizes network disruptions
and overhead associated with frequent AP transi-
tions. This not only conserves resources but also
enhances user experience, especially in applications

requiring session persistence. Conversely, RBA’s re-
liance on signal strength alone leads to aggressive and
often unnecessary handovers, contributing to network
instability and degraded user performance.

Despite these advantages, further investigation is
warranted into the computational complexity and
resource requirements of ELAHA, particularly in
resource-constrained environments such as IoT net-
works. Future work should also examine the algo-
rithm’s performance in heterogeneous networks, its
adaptability to user mobility models, and integra-
tion with emerging standards like IEEE 802.11ax
and 802.11be. Moreover, the inclusion of interfer-
ence metrics, client energy profiles, and real-world de-
ployment scenarios would provide deeper insights into
ELAHA’s practical viability and optimization poten-
tial.

5. CONCLUSIONS

This study presented the Enhanced Load-Aware
Handover Algorithm (ELAHA), a novel implemen-
tation of a load-aware handover mechanism designed
to address the limitations of conventional RSSI-based
strategies in high-density IEEE 802.11 Extended Ser-
vice Set (ESS) networks. By incorporating both Re-
ceived Signal Strength Indicator (RSSI) and real-
time access point (AP) load metrics into the adaptive
weighting function and penalty mechanism, ELAHA
enables more optimized and balanced user distribu-
tion across available APs.

Simulation results demonstrate that ELAHA sig-
nificantly outperforms the traditional RSSI-Based Al-
gorithm (RBA) across multiple key performance met-
rics. Notably, it achieves substantial reductions in
end-to-end delay, jitter, packet loss rate, and han-
dover frequency, while maintaining higher through-
put levels under increasing network loads. These im-
provements highlight ELAHA’s scalability, stability,
and effectiveness in maintaining Quality of Service
(QoS) in dense wireless environments.

Importantly, ELAHA is fully compatible with ex-
isting IEEE 802.11 network infrastructure and does
not require specialized hardware, making it a practi-
cal and cost-effective solution for deployment in real-
world scenarios such as enterprise campuses, educa-
tional institutions, and public venues with dynamic
user densities.

Future work will focus on validating ELAHA in
real-world testbed environments to evaluate its ro-
bustness under dynamic network conditions. Addi-
tionally, integrating supplementary metrics such as
channel quality, traffic type, and user mobility, as
well as exploring machine learning-based optimiza-
tion of weighting factors, may further enhance the
algorithm’s adaptability and overall effectiveness in
next-generation wireless networks.
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