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Abstract

Network Mobility Basic Support Protocol (NEMO-BSP), the existing IETF standard
for mobile network support, signifies an important portion for future heterogeneous
wireless access networks. The reason is to provide continuous Internet connectivity
during movement of Mobile Router (MR) in NEMO. This paper conducted a quantitative
analysis on the handoff delay component of NEMO-BSP as well as its existing
enhancements, i.e., Fast NEMO (F-NEMO) handoffs, and an Extension of F-NEMO (EF-
NEMO), using the numerical framework. The mathematical scenario includes two access
routers, one local home agent and up to 20 MRs that interrelate by two different wireless
access networks are mainly WiFi and WiMAX. The analysis offers quantitative outcomes
of the performance enhancements achieved via the proposed improvements concerning
handoff delay gain, packet loss, and packet loss ratio. The numerical results assist in
understanding the influence of link switching delay, mobility rate, and radius on the
handoff delay gain, packet loss, and packet loss ratio. The results of this analysis will also
be aided to pick an appropriate mobility management scheme for Proxy NEMO
environment.

Keywords: NEMO-BSP; F-NEMO; heterogeneous wireless access networks; handoff
delay component.

1. Introduction

Next Generation Wireless Access Networks (NGWANS) are enduring a substantial
improvement in terms of the amount of mobile user as well as the amount of applications
assisted. Those procedures will provide to the mobile users the chance to travel among
different wireless access technologies to support inter technology handoff. Therefore, the
Network Mobility Basic Support Protocol (NEMO-BSP) has been standardized by the
NEMO Working Group (NEMO WG) as the basic protocols to support continuous
Internet connectivity during handoff in mobile networks [1-2]. Several developments of
the NEMO-BSP have already been proposed. The reason is that, in certain circumstances
NEMO-BSP could effect in a poor handoff performance. During handoff of Mobile
Router (MR) from one subnet to another in NEMO environment, the single-interfaced
MR need to change its primary Care of Address (CoA) recurrently. This increases single
point of failure probability that results in higher handoff delay and packet loss [3-8].
Hence, schemes integrating Fast MIPv6 concept with NEMO (F-NEMO) have developed
to improve handoff performance in NEMO [7]. However, F-NEMO experiences a higher
tunneling during movement among different access technologies.
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The main aim of this paper is to investigate the effect of different parameters on the
handoff performance as endured by a single-interfaced MR in mobile network as well as
compares the performance achieved by the existing enhancements (i.e., F-NEMO, or
proposed Extension of F-NEMO) with the standard NEMO-BSP.

The major contributions of this paper is sketched as follows: (i) proposed an Extension
of F-NEMO (EF-NEMO) (ii) evaluate as well as compare the numerical outcomes of
NEMO-BSP, F-NEMO and proposed EF-NEMO using numerical framework in terms of
handoff delay gain, packet loss and packet loss ratio.

The remaining portion of this paper is organized as follows: Section 2 provides a
synopsis of NEMO BSP enhancement are mainly F-NEMO which is followed by the
proposed EF-NEMO scheme in Section 3. A numerical framework is developed to assess
as well as compare the numerical results of NEMO-BSP, F-NEMO and proposed EF-
NEMO in Section 4. Finally, ending remarks are offered in Section 5.

2. Overview of Fast Handoff Scheme in NEMO (F-NEMO)

In order to improve the handoff performance of NEMO-BSP, Fast MIPv6 (FMIPv6)
architecture has integrated with NEMO-BSP which can be named as Fast NEMO (F-
NEMO) [9]. In the handover process of FNEMO, the MR joins in the handoff in support
of Mobile Network Nodes (MNNs). The foremost hypothesis behind F-NEMO is to
execute several portions of the handoff procedure in advance. Likewise, a bi-directional
tunnel among the Previous Access Router (PAR) and the New Access Router (NAR) is
created in this technique. Buffering mechanism is also applied in this process. Therefore,
F-NEMO can reduce packet loss as well as improve the handoff performance. However,
Duplication Address Detection (DAD) mechanism need to be performed in F-NEMO
scheme to verify whether the newly created CoA is valid or not. This leads to increase
higher handoff delay, packet loss as well as degrade network performance. The basic
handoff scenario of F-NEMO scheme is illustrated in Figure 1.
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Figure 1. Basic Handoff Scenario of F-NEMO Scheme

3. Proposed Extension of the FNEMO Scheme

An Extension of F-NEMO (EF-NEMO) scheme is proposed in Proxy NEMO
environment. In EF-NEMO, each mobility related Layer 3 (L3) signaling is handled by
the network entities are mainly Mobile Access Gateway (MAG) as well as Local Mobility
Anchor (LMA).
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The LMA is responsible for preserving the accessibility state of the MR as the Home
Agent (HA) does in NEMO-BSP and F-NEMO. In contrast, The MAG is responsible to
achieve mobility management for the MR in PNEMO environment. Thus, it is possible to
improve handoff performance without managing any mobility related L3 signaling
message via the MR or MNN in the EF-NEMO. According to the proposed scheme, MR
initially attached with the MAGL (i.e., WiFi interface). During movement from MAG 2 to
MAG 3 (i.e., WiFi to WiMAX), binding update registration messages is encapsulated by
exchanging Handoff Initiations (HI) and Handoff Acknowledgement (HAck) message in
advance among MAG and LMA. In consequence, a temporary tunnel is created among
MAG3 and LMA. Thus, it is probable to ease tunneling overhead. This leads to improve
network performance as well as reduce handoff delay during handoff of MR among
different access technologies. It is considered that, MR supports Logical Interface (LI) in
order to use multiple interfaces simultaneously during handoff. The handoff scenario of
the proposed EF-NEMO scheme is shown in Figure 2.
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Figure 2. Handoff Scenario of the proposed EF-NEMO Scheme

4. Performance Evaluation

This section develop a numerical framework as depicts in Figure 3 to compare the
handoff performance of NEMO-BSP, F-NEMO and EF-NEMO. In Figure 3, MAG1 and
MAG?2 signify Access Routers (AR) as PAR and NAR in F-NEMO whereas LMA works
as local HA as HA in NEMO-BSP and F-NEMO [9-11].
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Figure 3. Numerical Framework of the proposed EF-NEMO Scheme
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4.1. Handoff Delay Components Analysis

A MR is not capable to receive any data packets on its new access network until
finishes the handoff process. The handoff delay is influenced via several components such
as Link Switching Delay (D.s), Movement Detection Delay (Dwp), Duplicate Address
Detection Delay (Dpap) and Registration Delay (Dg).

The handoff delay for NEMO-BSP, F-NEMO and proposed EF-NEMO can
numerically be expressed as:
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In Equation 4 and 5, H represents the hop distance whereas L denotes length of
signaling message. Wired link delay as well as wireless link delay is denoted as t,, and T,,
respectively.

Therefore, the comparative Handoff Delay Gain (HDG) of EF-NEMO can be
expressed as:
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Consequently, the Packet Loss Ratio (PLR) of the NEMO-BSP, F-NEMO and EF-
NEMO can be calculated as follows:
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2r
where, T, = 7 (11)

Here, radius of a cell and speed of MR can be symbolized as r and v respectively.
Moreover, packet loss for NEMO-BSP, F-NEMO and EF-NEMO can be denotes
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4.2. Result Analysis

The relative numerical outcomes of the proposed EF-NEMO are demonstrated in this
section. It quantitatively compares the proposed approach with NEMO-BSP as well as F-
NEMO regarding the comparative handoff delay gain, packet loss and packet loss ratio
with the aim of analyzing the enhancements as well as limitations. Table 1 specifies the
parameter values used for numerical evaluation [9-11]

Table 1. Parameters used for Quantitative Analysis [9-11]

Parameters Values
Tis [50-300] ms
Puwit 05

Bw 54 mb/s
Bua 1000 mb/s
twi 2ms

twd 0.5ms
Length of BU, PBU, FBU message 52 bytes
Length of HI, RS message 52 bytes
Length of RA message 92 bytes
Hop distance, (a=b=c) 1

Hop distance, (d=e) 5

Figure 4 illustrates the relative handoff delay gain against link switching delay (D,s)
with varying t. According to Figure 4, changing the value of D, s does not have obvious
effect on the comparative handoff delay gain of the proposed EF-NEMO and F-NEMO.
This is due to separating registration procedure from the acute handoff process in the
proposed approach. In contrast, for NEMO-BSP when MR changes among different
access technologies (i.e. WiFi to WiMAX), it is essential to do the registration with its
home network for each frequent movement. This ultimately increase the handoff delay
and degrade the network performance. However, the relative handoff gain of F-NEMO
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eases as 1 rises, whereas that of EF-NEMO remains approximately the same, nonetheless
of 1. This is because of increasing tunneling overhead of F-NEMO via wireless link.
Besides, the proposed approach supports LI on PNEMO environment. Thus, it is capable
to use different access technologies at the overlapping area in PNEMO network. This
leads to improve handoff performance.

According to Figure 5, it is observed that the packet loss escalates as soon as increase
the mobility rate of MR for each scheme. However, the performance of EF-NEMO is
significantly enhanced compared to NEMO-BSP and F-NEMO. The reason is that, EF-
NEMO eradicates the cost for tunneling during frequent movement between different
access technologies. Moreover, increase mobility rate results in shorter residence time and
thus recurrent handoffs.

Figure 6 depicts the ratio of packet loss for EF-NEMO and compared it with NEMO-
BSP as well as F-NEMO respectively. The mobility rate of MR is kept constant with
varying the radius of cell from 0 to 300 meter as appeared in Figure 6. The loss ratio for
packet loss fluctuates in between 0 to 3.5%. In contrast, EF-NEMO shows minor loss

ratio because of using multiple interfaces concurrently during handoff compared to single-
interfaced MR (i.e. NEMO BSP as well as F-NEMO).
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Figure 4. Handoff Delay Gain vs. Link Switching Delay

Copyright © 2016 SERSC



International Journal of Future Generation Communication and Networking
Vol. 9, No.8, (2016)

140 : : 3
—<4— EF-NEMOwith N, =10 /
120 - —<4— NEMO-BSP with N, =10

—<— F-NEMO With N, =10 /
100 || —e— EF-NEMOWith N, =20

—o— NEMO-BSP with NMR: 20
—o— F-NEMO with Nyur= 20

8 80
-
‘% 60 /
a 1/

40 1/4/4

N /

0 0.2 0.4 0.6 0.8 1
MR Mobility Rate
Figure 5. Packet Loss vs. MR Mobility Rate
3.5 F F F
T —— EF-NEMO
3; ..... % NEMO-BSP ||
3 ==+=-F-NEMO

$ 258
~ &
Q &
© £
5:6 2 ri
PR ¢
S 15 b
— lows
g i
S 1%
o

0.5

0 a
50 100

150 200 250 300
Radious of a Cell (meter)

Figure 6. Packet Loss Ratio vs. Radius of a Cell
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5. Conclusion

This paper presented the performance of mobility management schemes in Proxy
NEMO (PNEMO) environment during inter technology handoff. We evaluated the
performance of three schemes are mainly NEMO-BSP, F-NEMO and EF-NEMO by
using a numerical framework. Handoff delay, packet loss, and packet loss ratio have
been considered as performance metrics. Our findings indicate that, for usual
network configuration as well as system parameters, EF-NEMO has reduced handoff
delay, packet loss and packet loss ratio. The reason is that, the MR in the EF-NEMO
is capable to use multiple interfaces concurrently. Thus, the network is retained
more load balanced which leads to improve network performance compared to the
NEMO-BSP and F-NEMO.
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