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Abstract. IETF working groups developed mobile IP protocols to support host mobility, and the NEMO(Network Mobility) Working Group,
speciﬁcally, developed the NEMO Basic Support Protocol. The NEMO
basic solution enables mobile networks to change their point of attachment to the Internet. The protocol, however, leads to suboptimal route,
and other problems. The problems become serious when mobile networks
are nested. In this paper, we present a route optimization mechanism for
nested mobile networks based on ‘Limited Preﬁx Delegation’ technique.
We present performance evaluation results by simulation to conﬁrm the
eﬀectiveness.
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Introduction

As the mobile access networks become utility for everyday life, there will be
thousands of mobile nodes change their locations simultaneously and, in a city,
mobile networks will be common place. IETF standardized NEMO(Network Mobility) Basic Support Protocol(NBSP)[1] to support network mobility by extending MIPv6[2]. With the NBSP, networks as well as hosts can freely change the
points of attachment to the Internet, while nodes in the network still preserving
their on-going communication sessions to.
The NBSP, however, does not provide optimal routing path of data packets,
which results in various problems including packet delay and loss[3], and the
problems become serious when mobile networks are nested. The nesting of mobile
networks will become common in the future, since lots of networks as well as
hosts will change their locations freely. For example, people with personal area
network(PAN) ride into a bus with its own mobile network, and buses move into
a car-ferry with its own mobile network. Therefore, route optimization of mobile
network is major issue to be solved in mobile IP research.
In this paper, we propose a route optimization solution based on ‘Limited
Preﬁx Delegation’(LPD) technique. Our solution is an extension of the NBSP
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by making some modiﬁcation on mobile router(MR) function. The concept of
our solution was presented elsewhere in a short article [4]. In this paper, we
complete the concept by performing a comprehensive analysis of the mechanism
and presenting simulation results. By simulation we showed the eﬀectiveness
of our solution compared to NBSP. We also analyze our mechanism for real
situations that may arise during the deployment stage.

2

LPD-Based Route Optimization

The problem of NBSP become serious if mobile networks are nested. As the
nesting level increases, so is the number of bi-directional tunnels between MRs
and their HAs. The route of data packets become longer and complicated(called
‘pinball routing problem’). Moreover, the needs for multiple encapsulation(deep
tunnels) increases the processing overhead at HA and MR, as well as the header
size. The eﬀects of sub-optimal route of the NBSP are fully described in [3].
2.1

Limited Prefix Delegation Technique

Our LPB mechanism added and modiﬁed some features to the NBSP as follows:
1. Add a new RA(Router Advertisement) option
2. Extend the binding update procedure at the motile router
3. Modify tunneling process at the mobile router
In our mechanism, key concept is the delegation of the access router’s preﬁx
to the MRs underneath. The eﬀect is that only one MR in the nested mobile
network opens direct tunnel to the CN, and route optimization is achieved.
For the MR that is attached to the access router directly, the delegation is
simple. To achieve this, we add new RA option called ‘delegated preﬁx option’
to RA message. MNNs other than MR silently ignore this option. This way,
all MRs in the nested mobile network will have care-of addresses that is the
subnet address of the access router of visited network. More detail mechanism
is described in [4].
2.2

Analysis of Routes Taken by LPD Mechanism

Please refer to the Appendix B of [3] in parallel with this section. Then, we consider special situation during deployment stage of this mechanism and show that
ours still achieves optimal route practically possible. Analysis of all cases(case
A to L) are summarized in Table 1.
During deployment stage of LPD mechanism, however, we could not expect
that all MRs in nested mobile networks are LPD-extended, i.e., some MRs are
just ‘plain MR’ supporting only NBSP and some are ‘LPD-extended MR’. Our
solution still achieves near-optimal route even in that circumstance.
In the Case B of [3], if all MRs are ‘plain MR’ and CN is Mobile IPv6-enabled,
the routing path of packets between VMN and CN by NBSP would be taken

Table 1. Routing Path of Each Case with LPD. For example, the Case A - both MNN
and CN are ﬁxed nodes with no mobility functions. In our solution, MR3 opens a
tunnel to CN directly, so that packets from the LFN to CN takes an optimized route.
Since CN has no mobility function, it sends packets to MR3 HA, then MR3 HA opens
tunnel to MR3 directly.
CASE Routing Path of LPD Mechanism
A

(to CN) LFN → MR3 → MR2 → MR1 → CN
(from CN) LFN ← MR3 ← MR2 ← MR1 ← MR3 HA ← CN

B

VMN ↔ MR3 ↔ MR2 ↔ MR1 ↔ CN

C

(to CN) VMN → MR3 → MR2 → MR1 → CN
(from CN) VMN ← MR3 ← MR2 ← MR1 ← VMN HA ← CN

D, E
F

LFN(VMN) LFN(VMN) ↔ MR3 ↔ MR2 ↔ MR1 ↔ MR4 ↔ MR5 ↔ CN
VMN ↔ MR3 ↔ MR2 ↔ MR1 ↔ MR4 ↔ MR5 ↔ CN

G, H LFN(VMN) ↔ MR3 ↔ MR2 ↔ MR1 ↔ MR4 ↔ MR5 ↔ CN
I
J, K
L

VMN ↔ MR3 ↔ MR2 ↔ MR1 ↔ MR4 ↔ MR5 ↔ CN
LFN(VMN) ↔ CN
VMN ↔ MR3 ↔ CN

pinball routing(see [3], the Case B of the Appendix B). In the situation when
both types of MRs co-exist in this case, there are two cases: two of three MRs
are LPD-extended(Case I) and only one of three MRs is LPD-extended(Case II).
The routing path of data packets summarized in Table 2.
Table 2. Routing Path of Special Cases. These results show that our solution still
achieves near-optimal route possible in any situation.
CASE

Routing Path of LPD Mechanism

Special Case I

VMN ↔ MR3 ↔ MR2 ↔ MR1 ↔ MR1 HA ↔ CN

Special Case II VMN ↔ MR3 ↔ MR2 ↔ MR1 ↔ MR1 HA ↔ MR3 HA ↔ CN
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Performance Evaluation

To evaluate the performance of our solution, we performed simulation with OMNeT++, which is open architecture simulation environment for communication
network[5]. We considered all twelve cases(A to L) of network conﬁgurations
speciﬁed in the Appendix B of [3]. We also performed simulation on two special
cases described above. The results of simulations are summarized in Table 3 and
Table 4.

Table 3. Simulation Results(Average RTT). This table shows the statistical results
of RTT values for ten conﬁguration model cases. The average RTT values of the LPD
mechanism signiﬁcantly smaller than those of the NBSP for all cases.
Case

NBSP

LPD

Case

NBSP

LPD

A
B
C
D, E

429ms
429ms
533ms
645ms

218ms
114ms
114ms
120ms

F
G, H
I
L

750ms
753ms
858ms
858ms

120ms
18ms
18ms
6ms

Table 4. Simulation Results of Special Cases(Average RTT). We also did simulation
for the special cases that may arise during deployment. This result shows that even
one LPD-enabled MR can decrease network cost.
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Case

Mean of RTTs

NBSP A
Special Case I
Special Case II

429ms
219ms
324ms

Concluding Remarks

In this paper, we proposed the LPD mechanism to solve the route optimization
problem of mobile networks that delegates the network preﬁx of access router to
all MRs attached behind. To achieve route optimization, we made some extension to the MR only. In our solution, no change is necessary to other network
elements, like MNN, CN, and HA. We need more investigation on security issues to complete the protocol. We are planning to implement our solution on
NEPL[6].
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