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Mobile Internet Protocol v6 (MIPv6) is a protocol that allows a mobile node (MN) to transparently maintain connections while
moving from one subnet to another. Using the route optimization (RO) method in MIPv6 gives optimized routing and helps avoid
triangular routing. In real-time applications such as video conference applications, quality of service (QoS) issues will increase
especially in the handover process between subnets. This study investigates the performance of MIPv6 handover in
IEEE802.11e standard in wireless environments. The investigation considers that handover for the MN moves between 2 home
agents (HA). The system model’s fundamental performance limits are measured by packet delay variation, HA binding delay,
and wireless local area network (WLAN) media access delay analysis metrics in video conference applications. According to
the results of real-time simulations, network performance during the handover process can be effectively improved as the
packet lost during handover decreased significantly from 43% in IEEE802.11b distributed coordination function (DCF) to 36%
in IEEE802.11e hybrid coordination function (HCF). Furthermore, experimental results prove that IEEE802.11e connects to
new HA roughly 20% quicker than IEEE802.11b, and IEEE802.11b has 100 times more time delay than IEEE802.11e. In
addition to this, the WLAN media access delay of IEEE802.11b often reaches 0.00011s as compared to 0.000005s of
IEEE802.11e. Thus, it is evident that the performance of IEEE802.11e in terms of packet delay variation, HA binding delay,
and WLAN media access delay is better than IEEE802.11b. Likewise, it is noted that network speed during the handover
process in IEEE802.11e can be considerably improved in a MIPv6 scenario.

1. Introduction

Nowadays, a new digital communication technology
appeared, and the needs of users in terms of mobility have
increased, so wireless networks represent solutions for user
mobility and access to information, regardless of geographi-
cal place. IEEE802.11 WLAN standard is being accepted
widely and rapidly for many different environments today
[1]. The main two important requirements are commonly

shared by most new devices: QoS support for prioritizing
real-time services over non-real-time and power-saving
functionality to achieve an operating time meeting users’
expectations [2]. IEEE802.11 focuses on the medium access
control (MAC) and physical layer (PHY), but the PHY in
this standard is direct sequence spread spectrum (DSSS), fre-
quency hopping spread spectrum (FHSS), and infrared (IR).
To provide QoS supported in WLAN, IEEE802.11e [3] has
been added and tested in many types of research and studies.
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FIGURE 1: Research methodology.

Several studies have been conducted in this field; some of
them focused on handover in MIPv4, not MIPv6 like [4] that
explained that latency in IEEE802.11 and found that this
latency is significant enough to affect the QoS for many
applications especially a large variation in the latency with
from one handoff to another. [5, 6] studied WLAN end-to-
end delay values measured with QoS in an Internet Protocol
v4 (IPv4) environment, and both found an improvement in
QoS when both applied IEEE802.16e on WLANS. Besides
these, for short-range data communications, researchers
have developed various other visible light communication
technologies such as [7, 8] and analysed the QoS by optimiz-
ing it [9].

From MIPv6, many studies have been done, and we can
divide them into two important parts: one for MIPv6 itself
especially in the handover process such as [10] that made a
comparison in performance of MIPv6 in these two cases dur-
ing the handover process in real-time application during this
movement based on L3 only using IEEE802.11b, and the eval-
uation results were working in the RO case that can achieve
low handover latency and low packet delay comparing with
bidirectional tunnel mode, so for that reason, RO method
has been used in our study, not bidirectional tunnel mode.
Another part in MIPv6 [11] studied the 802.11e and 802.16¢
standards as well as their QoS mechanisms in vertical hand-
over in a general mode not in RO mode. This study also illus-
trated that two portable MNs have a good performance during
the QoS deployment in the 802.11e and 802.16e networks. In
the following paragraphs, we evaluate the performance of the
MIPv6 protocol in the handover process in RO mode with
802.11e standard using the real-time application.

Contributions of the study are important as according to
the researcher’s knowledge none of the previous studies has
focused on the influence of handover in IEEE802.11e between
stationary node (CN) and MN in real handover MIPv6 sce-
narios taking the Internet parameters in their studies.
Figure 1 explains the methodology of our research. We studied
in our research handover in MIPv6 using RO mode for layer 2
and layer 3 to compare the performance of IEEE802.11b and

IEEEB02.11e together to improve QoS using video conference
applications in the real Internet scenario.

The rest of the paper is organized as follows: Section 2
provides a brief explanation of movement in MIPv®6, intro-
duces the 802.11e network, and outlines a practical study
scenario. Section 4 provides the test result obtained by a
new model of MIPv6 with IEEE802.11b and IEEE802.11e.
Finally, the paper ends with a conclusion in Section 5.

2. Materials and Methods

2.1. MIPv6 Protocol. MIPv6 [12-14] enables MNss to migrate
active connections of the transport layer and application ses-
sions from one IPv6 address to another. The idea of a HA is
utilized in the MIPv6 specification [15], which routes the
MN to a fixed permanent address termed the home address
(HoA). When roaming, the MN creates a bidirectional tun-
nel [15] with its HA by employing local care-of address
(CoA). The HA maintains a binding between an MN’s
HoA and its CoA, and packets destined for the MN’s HoA
are forwarded to the MN’s new IPv6 address through a bidi-
rectional tunnel. As a result, the MN becomes available in
the new location and can communicate because of this
movement. Packets for MN pass between the HA and the
mobile node through a bidirectional tunnel. The difficulties
caused by encapsulation and tunnelling of packets through
the HA include inefficient routes and high overhead. The
performance of real-time applications diminishes when the
end-to-end latency grows due to poor routing. Furthermore,
the header overhead caused by encapsulation causes band-
width inefficiencies, and fragmentation may ensue. In [10,
16], a simulation analysis was performed to compare the
latency and overhead produced by MIPv6’s bidirectional
tunnelling and RO. The results showed that bidirectional
tunnelling has greater end-to-end latency than RO. To solve
this gap, MIPv6 developed RO [12], which allows two nodes
to interact directly without passing packets via the HA. The
primary idea behind RO is to allow packets to bypass the HA
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TaBLE 1: Video conference parameters.

Parameter Value
Traffic Video conferencing
Type of service Best effort

and reach the MN directly. Figure 2 depicts the fundamental
functioning of bidirectional tunnelling and RO in MIPv6.

2.2. 1EEE802.11 and IEEE802.11e Standards. The
IEEE802.11 [17] is an international standard describing the
characteristics of a WLAN; this latter is used to replace the
local area network (LAN) or as an extension of the LAN
infrastructure. With the IEEE802.11, the DCF [18] is an
improved variant of the carrier sense multiple access with
collision avoidance (CSMA/CA) [15], which avoids colli-
sions during the transmission by the random slowdown after
each frame (backoff). The DCF mode has some problems:
it only supports the best effort service, it does not guaran-
tee the delay and the jitter, and it degrades the throughput
when the load is high. DCF [15, 18] uses a mandatory
technique in IEEE802.11-based WLAN standard to avoid
collisions. A MAC sublayer technique that uses CSMA/
CA is found in places where CSMA/CA is in use. 802.11
has the following functions: the first action a node will
do is wait for a random backoft period. This is a random
period with room for several applications [19]. The node
can pause its transmission timing if it detects that another
node is utilizing the channel. The node will sense the

channel after the backoft time to see whether another node
is transmitting. It will wait for a short period and then
detect the channel again if the channel is clear. To start
transmitting a request to send (RTS), if the channel is still
free, the channel sends an RTS to the destination. If the
destination can receive data, it will reply with a clear-to-
send (CTS) message (i.e., if it is not receiving data from
another node). 802.11 DCF, which optimizes throughput
and prevents packet collisions, is what the 802.11-based
DCF does. The source node will send its data when it gets
the CTS. The network allocation vector (NAV) is also
included with both the RTS and CTS. The destination will
return an acknowledgement (ACK) to the sender after the
data has been correctly received. Once again, the sender
will return to back off and continue the procedure. In
Figure 3, you can see the whole procedure in action.

The issues resulting from the point coordination func-
tion (PCF) [18, 20] are not only the access to the wireless
medium without any restriction but also include some prob-
lems: to enable synchronous data transfers, the PCF mecha-
nism utilizes a centralized polling method to create a control
network that works along with the DCF mechanism to form
an access point (AP) station, while sharing the media with
DCF and PCF modes, the media length cannot be predicted,
which is required for QoS requirements. IEEE802.11e [21] is
an improved version of the IEEE802.11 introducing the QoS
at the MAC layer for the voice, data, and video transport
traffic through the WLAN because the IEEE802.11 protocol
does not support QoS due to the lack of guaranteed latency
of delay-sensitive applications (e.g., video and voice). The
IEEE802.11e standard proposes some major changes to the
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FIGURE 10: Internet traffic reports [26].

IEEE802.11 standard to incorporate QoS provisioning ser-
vices. IEEE802.11e introduces a new MAC layer function,
called the HCF. The HCF introduces some components
and techniques that were missing in the IEEE802.11 stan-
dard. HCF brings two new access mechanisms: enhanced
distributed channel access (EDCA) [20] which provides a
restraint access service (based on CSMA/CA) with traffic dif-
ferentiation and HCF controlled channel access (HCCA)
[22] which provides unconstrained access (by polling) for a
service with parameterized QoS. Figure 4 illustrates a syn-
thesis of the 802.11e standard architecture.

2.3. Practical Study Scenarios. The OPNET simulator offers a
graphical interface for several network models for network
and distribution system performance assessment. The models
are made up of many tools, each of which focuses on a partic-
ular element of the modelling task [24]. OPNET organizes the
modelled system into layers, each with its purpose. Each layer
contains numerous sublayers that perform many minor jobs.
OPNET is made up of three domains: process domain,
domain nodes, and network domain [25]. In our study, we
investigated several parameters from the MN perspective,
such as packet delay variation, HA binding delay, and WLAN
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FIGURE 12: Packet delay variation.

media access delay for MN as well as HA_A and HA_B.
Figure 5 illustrates the network architecture using MIPvé6. In
this topology, there are two nodes, one of which is CN and
the other of which is mobile (MN) which travels from one
AP to another. In these 2 scenarios, we examined as follows:
(1) 802.11b DCF and (2) 802.11e HCF, in terms of QoS. For
both, we investigated a video conference application, which
involves videoconferencing, in actual Internet settings.

3. The Simulation Parameters

3.1. Parameters for WLAN. The settings for IEEE802.11b
and IEEE802.11e include enabling the AP functionality with
direct sequence PHY and having an 11 Mbps data rate and
transmission power of 0.005W at a beacon interval of
0.002 seconds. The detailed settings for IEEE802.11b and
IEEE802.11¢’s all APs are suggested in Figure 6.

Furthermore, additional parameters are included for the
previous AP to utilize the HCF protocol in the event of the
IEEE802.11e standard, such as EDCA parameters, traffic cat-
egory, AP-specific parameters, and high throughput param-
eters, as shown in Figure 7.

Using the RO technique, the configuration of a MIPv6
client is shown in Figure 8.

3.2. Parameters for Applications. The parameters of the
applications and the assessment criteria are given in
Table 1 and Figure 9.

3.3. Parameters for IP Cloud. Figure 10 shows the last load
on the Internet from [26] between 10-9-2021 and 20-9-
2021; then, these numbers are applied inside the OPNET
software with zero packet discard ratio and constant (0.56
seconds) packet latency, as shown in Figure 11.
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4. Results and Discussion

FIGURE 14: Home agent binding delay.

In this section, various parameters for different nodes have
been measured to get desired results.

4.1. MN View

4.1.1. Packet Delay Variation. Packet delay variation is a var-
iance among end-to-end delays for video packets received by
this node as shown in Figure 12. The packet delay variations
are the same in both IEEE802.11b and IEEE802.11e till
8 min; however, between the 8 and 9 min, IEEE802.11e has

more delay variation, but eventually, after 10 min, it is much
lower than IEEE802.11b.

We notice that packet delay variation for IEEE802.11e
HCEF is less and faster than IEEE802.11b DCF during the
handover process between HA_A and HA_B. As expected,
the packet lost during handover decreased dramatically from
43% to 36% as depicted in Figure 13.

4.1.2. Home Agent Binding Delay. HA binding delay is the
time interval between when the MN sent a binding update
(MIPv6 mobility) message to the HA and when the MN
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FIGURE 16: WLAN media access delay in HA_A.

received a binding acknowledgement (MIPv6 mobility) mes-
sage from the HA in response. As seen in Figure 14,
IEEE802.11e transitions from HA_A to HA_B are faster than
IEEE802.11b. MN received the binding acknowledgement
message from IEEE802.1le in 1.36 seconds, whereas
IEEE802.11b received it in approximately 1.64 seconds, indi-
cating that IEEE802.11e connects to the new HA roughly
20% quicker than IEEE802.11b.

4.1.3. WLAN Media Access Delay. The media access delay is
computed as the time between when the frame is entered
into the transmission queue, which is the arrival time for
higher-layer data packets and the creation time for all other
frame types and when it is first transferred to the PHY.

According to Figure 15, 802.11e is somewhat faster and
has less ripple than IEEE802.11b. Additionally, IEEE802.11e
uses fewer queues and transmits packets without delay com-
pared to IEEE802.11b.

4.2. Home Agent View

4.2.1. WLAN Media Access Delay for HA_A. Figure 16 illus-
trates that the WLAN media access latency for HA_A for
IEEE802.11b has a significant increase when compared to
the stable value for IEEE802.11e. Comparing IEEE802.11b
and IEEE802.11e, we can see that IEEE802.11b has a time
delay from HA_A that is 100 times greater than IEEE802.11e,
which implies MN can depart the preceding HA without fac-
ing any delay in IEEE802.11e.
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4.2.2. WLAN Media Access Delay for HA_B. According to
the results shown in Figure 17, IEEE802.11e has the smallest
amount of latency and the shortest queue packet length
when compared to IEEE802.11b. The WLAN media access
delay of IEEE802.11e remained less than 0.000005 seconds
whereas IEEE802.11b fluctuates a lot and often reached
0.00011 seconds; thus, as a result, we can conclude that
IEEE802.11e provides better performance than the
IEEE802.11b standard.

5. Conclusions

In this paper, the RO method was used to investigate the
QoS in the context of the MIPv6 handover. This paper is
developed using OPNET Modeler to simulate IEEE802.11b
DCF and IEEE802.11e HCF with video conference applica-
tions in real-world Internet parameters. This research inves-
tigated the performance of the MN and HA perspectives,
and the simulation results indicated that 802.11e improves
system performance metrics such as packet delay variation,
HA binding delay, and WLAN media access latency. The
WLAN media access latency for HA_A and HA_B has also
been evaluated, with the results indicating that the
IEEE802.11e approach is more effective than IEEE802.11b
during the handover process and that IEEE802.11e provides
smoother handover than IEEE802.11b.

Data Availability
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