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Abstract 
Current mobile applications are very resource extensive which 
demand not only high computing power in wireless and mobile 
devices rather need quick response from Wireless Local Area 
Network (WLAN) and Long-Term Evolution (LTE) Network. 
Software Defined Network (SDN) technology can play a vital role 
in these domains to cope with the demands of mobile applications. 
It is a technology which deals with the separation of forwarding and 
control planes of packet forwarding devices. In this study we have 
introduced SDN into WLAN and LTE networks to enhance their 
performance while performing the handovers of user equipment 
(UE) in the respective networks. Firstly, we have analyzed the 
performance of Traditional and SDN based wired LAN. Secondly, 
an SDN based model is proposed for the estimation of the handover 
delay in WLAN. We further extended our work for the verification 
of the model using sensitivity approach and verified the result with 
derivative approach. Lastly, we developed a framework by 
introducing SDN in LTE network to reduce the handover delay and 
increase the data rate of the running applications on the mobile UE.     
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1. INTRODUCTION 

Main functions of the SDN technology include the 
centralization of the control logic, automation, 
programmability, configuration and policy management of 
the network devices. Handover management in wireless and 
mobile networks is an open problem which could be better 
researched and managed with SDN. SDN technology has the 
potential to effectively manage the WLAN and LTE 
networks. It separates the control plane from the forwarding 
plane of routers and switches. SDN controller is an entity 
which has the global picture of the network topology. SDN 
controller works on the control plane and has the logic and 
algorithms to program the forwarding plane devices. In 
contrast in the traditional networks these control and 
forwarding planes reside in the networking devices itself. 
SDN controller use the routing, switching protocols and 
algorithms to determine the forwarding logic and dictates the 
flow entries to the forwarding devices which leads to the 
simplification of forwarding devices. This leads to the 
migration of the protocols from vendor specific devices to a 
centralized high-end server which will make the use of open-
source control plane software in much more flexible and 
feasible way. The software may be developed rapidly using 
this approach as compared to the current complex wireless 
and mobile backhaul equipment. 

In this thesis, we have analyzed the performance of SDN 
using Hypertext Transfer Protocol (HTTP) and Internet 
Control Message Protocol (ICMP) on Wired Local Area 
Network (LAN). A study of web request and reply based on 
open flow protocol is conducted. We have observed 
significant improvements in terms of delay and data rate, 
while using HTTP and ICMP protocols on SDN based wired 
LAN as compared to Traditional wired LAN. This motivates 
us towards the induction of SDN technology in WLAN and 
LTE networks to reduce the delay while performing the 
handover of a UE from one Access Point (AP) to another AP. 
Reducing the delay increased the data rate and ultimately the 
performance of the WLAN is enhanced. For this purpose, we 
have also proposed a mathematical model to estimate the 
handover delay in WLAN. Our proposed model also deals 
with the connectivity of the APs using multiple switches 
between them. For experimentation we used Mininet Wi-Fi 
emulator.  

Later we evaluated the performance of our mathematical 
model based on the simulated data. In this analysis we studied 
the effect of the number of switches on the end-to-end delay 
during mobile device handover in WLAN. We performed a 
number of simulations run with extensive data sets and 
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verified these results using sensitivity-based analysis model. 

In addition, we have also proposed an SDN based framework 
for LTE Network to reduce the handover delay and increase 
the data rate while performing the handover of UEs between 
the eNBs. 

Based on the discussion so far on SDN and OpenFlow in the 
previous sections, the following research objectives are being 
addressed in this study: 

o Design a network model based on the SDN technology 
which ensures smooth transition of Wi-Fi devices 
between WLAN APs. The goal of this research is to 
propose a model which could enhance the performance 
of WLAN. 

o Performance evaluation of the proposed model for 
WLAN to estimate the delay during the handover of 
mobile devices. 

o Propose an SDN based LTE framework for the 
comparative study of traditional and SDN based 
handover experiments focusing on delay and data rate 
measurements. 

2. LITERATURE REVIEW 

This section provides a brief literature review about different 
wireless and cellular technologies including SDN based 
WLAN and LTE networks. 

The increase in use of mobile applications result in densifying 
the mobile networks which further leads to the issue of 
increasing the handover rates. A study is carried out to 
quantify its effects on the average user rate in a cellular 
network. In this scheme [1] both conventional handover and 
handover skipping scenarios are derived with encouraging 
results. 

Now a day, many researchers are focusing on studying the 
effect of different parameters like signal strength, load 
balancing, transmit power, association control, handover etc. 
on the performance of WLAN. An interesting finding is 
presented in [2], with the observation that WLAN 
management solutions must be programmable, vendor 
independent and flexible from a hardware point of view. 

Handover delays are more significant in real-time 
applications like VoIP sessions or video streaming because it 
seriously affects the performance. There are two reasons for 
such delay either the client decision is based on the threshold 
of signal strength / dropped frames or  in discovery phase all 
channels of APs are scanned [3]. 

An optimal solution for scanning procedure is presented in 
[4] to detect the target AP while performing handover for 
video streaming applications in SDN. This solution uses an 
OpenFlow protocol to direct the traffic to the targeted AP 
from the wired network. 

Furthermore, handover architecture is proposed in [5], to 
reduce the handover delay, load balancing, QoS improvement 
and increasing the resource utilization for SDN based 
WLAN. This solution has no switch among APs and it 
connects them directly. 

An SDN based Framework for Carrier Grade Wi-Fi Networks 
(SWN) has been proposed by LEI Tao. This framework 
presents a new technique called Network Situation 
Awareness (NAS) coupling the perceived information with 
network management operations which is useful for upper 

applications. The abstraction for the data plane is provided 
through Software Access Point (SAP) in this technique. It 
helps in running handover and load balancing applications 
more efficiently [6]. 

Moreover, a Wi-Fi handover strategy for SDN technology is 
presented, aiming the reduction in congestion for the radio 
frequency spectrum and improvement in the overall 
performance of the network. For this purpose, an access 
point’s management platform was also proposed to determine 
and analyze the signal strength of each subscriber in the 
network [7]. 

Another SDN based framework is proposed by Saehoon 
Kang and Wonyong Yoon [8], to control and allocate the 
bandwidth to multi-radio user in heterogeneous LTE and 
WLAN networks. In this particular framework real SDN 
controller and separate forwarding entities are used jointly. 

In addition to other existing techniques for SDN based 
Mobility Management handover, [9] presents one referred as 
Mobility-Aware Load Distribution for scalable SDN based 
networks. In this scheme multiple controllers are used for 
load balancing of handover requests. 

In general, the traffic is directed to mobile UE, through 
switching gateway (S-GW) from Evolved NodeB (eNB) 
using GPRS tunneling protocol. Packet Gateway (P-GW) is 
responsible to enforce QoS policies and traffic monitoring 
rules during communication. In LTE, Evolved Packet Core 
(EPC) is responsible for the mobility in inter-technology as 
well as intra-technology [10]. 

Major advantage of 5G Core network is the efficient use of 
cloud-native applications. Ultra-low latency is required by 
many recent applications like critical IoT services and it may 
also be useful in agile methodologies [11]. 

An approach which deals with vertical handover in SDN is 
presented by Li Qiang and his team, mainly solving the issues 
of network selection and handover timings in heterogeneous 
networks [12]. This approach aims to provide an overall view 
of the network to make an optimal decision. 

In [13], handover management scheme is presented for SDN 
based mobile network, mainly addressing the issues of 
handover in dense and heterogeneous mobile networks. This 
was achieved by introducing a master controller which is 
capable of preserving the global network view. 

Similarly, a protocol is also presented in [14] for seamless 
handover between cellular and WLAN networks which was 
centralized as well as programmable. This is achieved by 
introducing virtual AP and an OpenVSwitch (OVS) for 
virtual interfacing between WLAN and LTE physical 
interface. 

In [15], a solution is presented to reduce the packet loss and 
minimizing the transmission delay in vehicular networks, 
with the help of a caching technique at the base station. The 
results shows that it helps in improving the network 
performance. 

3. EXPERIMENTAL EVALUATION OF TRADITIONAL AND 

SDN NETWORKS 

We have analyzed the performance of Traditional and SDN 
based networks using HTTP and ICMP protocols. For this 
purpose, we have setup four topologies in Mininet-Wi-Fi 
emulator for Traditional and SDN networks using Open Flow 
protocol. IP packets are simulated using HTTP and ICMP 
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protocols between web client and server. In Experiment A, 
HTTP request and reply packets are being examined to 
measure the delay and data rate on Traditional network as 
shown in Figure 1 and on SDN network as shown in Figure 
2. In Experiment B, ICMP (ping) request and reply packets 
are being examined on Traditional network as shown in 
Figure 3 and on SDN network as shown in Figure 4. Results 
are already published in [16]. 

 

 

Figure 1: HTTP request & reply on Traditional Network. [16] 

 

 

Figure 2: HTTP request & reply based on OpenFlow protocol. [16] 

 

 

Figure 3: ICMP request & reply on Traditional Network. [16] 

 

 

Figure 4: ICMP request & reply based on OpenFlow protocol. [16] 

4. PROPOSED SDN BASED WI-FI HANDOVER DELAY 

ESTIMATION MODEL 

SDN based mathematical model is proposed in [17] to 
analyze and manage the handover in WLAN. In Traditional 
WLAN the handover is managed by the UE where as in 
proposed model the handover is assisted and managed by the 
SDN controller. Our proposed model estimates the handover 
delay in case of having multiple switches between the APs 
for providing the connectivity of the UE with the APs. The 
proposed model block diagram is given in Figure 5. 

Proposed model calculates the total end to end delay during 
the handover of UE among two APs. The proposed model is 
presented below in Eq. (1). 

T =
2D

C
+

[(n + 1) + (4 + 2n)m]L

V
      (1) 

Td represents the total end to end delay, D is the wireless link 
delay, C is the data rate of wireless link, n is the number of 
switches between the APs, m is a flag used for catering the 
flow tables of the APs and the switches. Value of m will be 
‘0’ if flow entries are available in the flow tables (in case of 
flow table Hit) of the APs and the switches and if the value 
of m is ‘1’ it means the flow entries are missed in the flow 
tables of APs and switches. L is wired link delay and V is the 
data rate of wired link.  

5. EXPERIMENTAL EVALUATION OF TRADITIONAL AND 

SDN BASED WLAN 

We have setup a test bed in Mininet Wi-Fi emulator for 
performance analysis of Traditional and SDN based WLANs. 
In Experiment A, Traditional WLAN topologies are created 
without and with switches between the APs as shown in 
Figures 6 and Figure 7 respectively. 

 

Figure 5: Block Diagram of Proposed Model. [17] 
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Figure 6: Traditional WLAN Network without switches. [17] 

 

 

Figure 7: Traditional WLAN Network with switches. [17] 

 

In Experiment B, we added only the SDN controller in the 
topologies presented in Experiment A, as shown in Figure 8 
and Figure 9. The simulations are performed again to gather 
the results, which have been published in [17].   

In Experiment B, the APs are connected with the SDN 
controller and flow entries are dictated by the controller to 
forward the packets towards the destination. Delay and data 
rate are measured by generating the Iperf and Ping traffics 
between the sta1 and sta2. Handover of sta1 from AP1 to AP2 
is controlled by the controller. Later Experiment B is repeated 
by adding three switches between the AP1 and AP2 as shown 
in Figure 9. Each switch will also forward the packet to the 
controller if it misses its flow table entries and will get its 
flow entries from the controller to forward the packets 
towards the final destination.  

 

 

Figure 8: SDN based WLAN Network without switches. [17] 

 

 

Figure 9: SDN based WLAN Network with switches. [17] 

 

6. SDN BASED WI-FI HANDOVER DELAY ESTIMATION 

MODEL VERIFICATION 

The proposed model in Eq. (1) is analyzed by observing the 
effect of the number of switches on the total end-to-end delay 
(Td) with different values of the parameters, specified in the 
IEEE 802.11n and IEEE 802.3 standards for wireless and 
wired LANs. For this purpose, we run a number of 
simulations, and included only the simulation results of 
minimum, maximum and average values of these parameters. 
We have taken into consideration 802.11n standard with 1x1 
(Tx & Rx) Multiple Input Multiple Output (MIMO) antennas 
and frequency of 20 MHz and 802.3 Fast Ethernet to verify 
our proposed model which can be used to measure the end-
to-end total delay during the handover of the wireless 
device’s communication on the SDN based Wi-Fi network.  

For the verification of our proposed model, we have taken n 
= 8 (number of switches) between the two APs. In real 
network implementations a smaller number of  switches are 
used between the APs to provide the connectivity for the UE 
as the APs coverage area is approximately 50 meters which 
should have some overlapped region in order to provide UE 
connectivity with the AP during handover between the two 
adjacent APs. The results are published in [18].  

7. PROPOSED SDN BASED LTE FRAMEOWRK 

We proposed and developed an SDN based LTE  framework. 
It performs the handover of the UE in traditional and SDN 
based LTE networks. The testbed for this framework is setup 
in NS3. We studied and compared the data rate change and 
handover delay in Traditional and SDN based LTE networks. 
The two Experiment scenarios A and B describe the 
experimentation details of the Traditional and SDN based 
LTE networks to perform a UE handover from eNB2 to eNB1 
as shown in Figure 10 and Figure 11 respectively. 

Experiment A, setup contains Evolved Packet Core (EPC), 
eNB1 and eNB2 and a UE1. We used random mobility model 
for mobility of the UE1 which performs soft handover of UE1 
from eNB2 to eNB1. UE1 was initially connected to eNB2 
and using a video streaming application. UE1 starts moving 
from the coverage area of eNB2 towards eNB1 during its 
mobility. Once UE1 reaches in the overlapping coverage area 
of the two eNBs, based on the Received Single Strength 
Indicator (RSSI) from both the eNBs, UE1, Traditional 
handover is performed from eNB2 to eNB1 which is assisted 
by the UE1 itself based on the RSSI value. We noted down 
the change in the data rate and effect of the handover on the 
delay faced by the video streaming application during 
Traditional LTE handover as shown in Figure 10. 

In Experiment B, a SDN controller (OFSWITCH13) is added 
in the topology of Experiment A as shown in Figure 11. The 
Switching Gateways (S-GW) with which eNB1 and eNB2 are 
connected, were replaced with the OpenFlow based S-GW. 
The same above Experiment A is repeated again, but this time 
the handover will be controlled by the SDN controller. For 
this purpose, an application is written which runs on SDN 
controller to assist the handover. The SDN controller has the 
following information which needs to be collected from the 
UE1, source and destination eNBs, RSSI value on UE1, load 
on each eNB, number of UEs connected to each eNB. 

 

Sta1 Sta2
AP1 AP2



Information Sciences and Technologies Bulletin of the ACM Slovakia, Vol. 13, No. 1 (2021) 1-6 5 

 

Figure 10: Traditional LTE Network Topology. 

 

 

Figure 11: SDN based LTE Network Topology. 

In future work, we will use the SDN controller to assist the 
handover in a way that it will check which eNB is overloaded 
and which eNB is underloaded in case if more than two eNBs 
are available in the coverage area of the UE to balance the 
load on the eNBs. Throughput of the network will also be 
managed in more appropriate way by balancing the load on 
the eNBs. Currently, the delay faced by the video streaming 
application and its data rate are recorded in a file and 
compared with the delay and data rate of Experiment A. The 
comparison of the results of Experiment A and B with its 
analysis has already been presented in the article submitted to 
International Journal of Distributed Sensor Networks 
(IJDSN) which is under review. 

8. CONCLUSION 

We have the following conclusions from the published results 
of the experiments performed during this research study.  

SDN technology has enhanced the performance of the wired 
LAN in terms of delay and data rate. Major concerns in 
handover are bandwidth, latency and QoS which should be 
addressed and the delay should be optimized in the process of 
handover in Wi-Fi and LTE networks. We have performed a 
number of experiments and results show that our SDN based 
proposed model performed better in terms of handover and 
ongoing session management in Wi-Fi network. Our Wi-Fi 
handover delay estimation model covers the shortcoming of 
the existing model in calculating the handover delay during 
the mobility of a UE in WLAN. We analyzed the results of 
Traditional and SDN based Wi-Fi networks and observed that 
the SDN based network is having better performance than 
Traditional network in terms of handover delay and running 

application data rate. 

Moreover, we verified our proposed model which has linear 
complexity with respect to the number of switches between 
the WLAN APs. If the number of switches increase then the 
overall delay will increase; in case if the APs have multiple 
switches between them for their connectivity in certain 
network topology designs.  

In addition to this an LTE frame work is created to study the 
performance of handover in Traditional and SDN based LTE 
networks. The results have proved that SDN based network 
has better performance in terms of delay and increasing the 
data rate of the running applications as compared to the 
Traditional network. 

No doubt the delay faced by the first packet of the application 
will be bit higher as initially the flow table of the network 
devices will not have flow entries to forward the packets. 
OpenFlow based APs and switches will contact the controller 
to get the flow entries to forward the packets to the destination 
and later in the long run rest of the subsequent packets will 
be forwarded quickly and the overall delay will be reduced 
and performance of the system will be enhanced. 

We concluded that the SDN technology will enhance the 
performance of the networks not only in terms of reduced 
handover delay and increased data rate in WLAN and LTE 
networks but also it helps in managing the networks in more 
effective and efficient way. 

The current work in this thesis may be further extended to 
perform inter-wireless technology handover between Wi-Fi 
and LTE networks. We may opt handovers in Traditional Wi-
Fi & LTE and SDN based Wi-Fi & LTE networks for inter-
wireless technologies extension. 
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