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Abstract: As the Internet becomes more and more accessible, claims for mobility are not limited anymore to
single hosts. Supporting networks’ roaming that move as one entity is required in order to enable the
transparency of Internet in mobile platforms, like cars, trains, planes, buses, etc. To accomplish this, NEMO
Basic Support has been proposed and developed by the Internet Engineering Task Force (IETF) in order to
provide an efficient communication. Nevertheless, NEMO still suffers from some limitations, especially in case
of nested mobile network. This paper presents new route optimization scheme for nested mobile network using
hierarchical structure with Binding Update Tree (BUT). This framework should reduce packet overhead, handoff
latency, packet transmission delay and achieve optimal routing. Lastly, this paper will compare analytically
between bi-directional tunnelling used by NEMO BS and route optimization of the proposed scheme.

Key words: NEMO Basic Support  Network mobility  Nested mobile network  Mobile Ipv6

INTRODUCTION

Internet Engineering Task Force (IETF) proposed
Network mobility (NEMO) basic support protocol [1],
which is an extension of MIPv6 [2], to support network
mobility management and to ensure communication
continuity for nodes in the mobile network. A mobile
network (Figure 1) includes one or more mobile routers
(MRs) that provides access to the Internet. The MR
performs the binding update (BU) to the home agent (HA)
without additional registration such that NEMO can
reduce the signaling overhead. When an MR is in its
home network, it is connected directly to its HA, so that
all traffic to and from the mobile network is delivered via Fig. 1: NEMO BS protocol-network overview.
the HA and the MR. 

When a MR moves to a new network, it obtains a The MR and its HA then deliver all traffic between the
care-of-address (CoA) and sends a BU to its  HA.  The mobile network and the Internet via this tunnel. This
 BU binds the new CoA of the MR with its permanent overlay routing hides the mobility of the MR from the CNs
address (home address HoA). The HA sends a binding and also from the MNNs [3].
acknowledgement (BA) to inform  the MR of  the  status Although several advantages could be achieved by
of the  update.  A  tunnel  is  then  established  between using NEMO Basic Support Protocol, it still has several
the  CoA   of   the   MR   and  the  address of  the    HA. drawbacks   such   as  the  pinball  routing  problem  and
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Fig. 2: NEMO basic operation with nested mobile
networks

non-optimal transmission path [4] in the nested NEMO,
which further introducing significant delays and packet
overheads.

Nested Mobile Networks: In nested Mobile Network, the
hierarchy of MRs increase the complexity of the route
and/or router selection for MNNs. Each level of a Mobile
Network implies the usage of a new tunnel between the
MR and its home agent.

Figure 2 is a simple illustration of nested mobile
network after two MRs move from home link to foreign
link. In NEMO Basic, when a CN sends a packet to MN2
under the situation depicted in Figure 2, the packet will
pass through the tunnel between each MNN and its HA
with the tunnel within a tunnel approach described by [1].
The packet from the CN traverses through following
sequence for routers as shown in Figure 2.

CN  MN2-HA  MR2-HA  MR1-HA  MR1  MR2  MN2

As a result, NEMO Basic has some fundamental
problems such as header overhead due to tunneling and
high delay due to packet forwarding by HA. Moreover,
with nested mobile networks, the problem increases with
each nested level. In fact, exchanged packets must go
through the HAs of all MRs of higher levels before
reaching their destination. This is known  as  the  “pinball

routing problem”. Furthermore, IP-in-IP encapsulations
lead also to high handoff latency that may imply packet
losses and disconnections [4].

Related Works: Many studies and efforts have been
done to solve the problems encountered by Mobile
Networks and to provide a more efficient and secure
NEMO protocol. An optimization mechanism for MIPv6
enabled nodes is proposed in [5]. Although this
technique does not require any support from the
infrastructure, it increases the signaling load on the
wireless link. 

The Care-of Prefix (CoP) [6] proposed a routing
mechanism using hierarchical mobile network prefix
assignment and hierarchical re-routing to optimize the
routing and to reduce handoff signal overheads. CoP
resolves the pinball routing problem but it spends more
time to delegate CoPs for MRs of each level, which in turn
raises total handoff latency. Second, the AGR cannot be
placed at an optimal location for all CNs, which increases
transmission delay and consumed bandwidth.

HCoP-B [7] focused on resolving pinball routing and
RO storm problems for the nested NEMO by proposing a
novel hierarchical care-of prefix (CoP) with the binding
update tree (BUT) scheme. HCoP-B achieves shorter
playback disruption time and buffering time in the nested
NEMO, but it suffers from Long handoff latency and
packet losses upon handoff.

Based on NEMO BS, ROTIO [8] proposed a routing
optimization scheme with the extended tree information
option (xTIO) [9]. ROTIO guarantees location privacy and
mobility transparency. This scheme also achieves intra-
NEMO route optimization and seamless handoff support
but it suffers only two levels of nested tunnels. However,
ROTIO suffers the non-optimal transmission path,
increased packet overhead and TLMR/MR binding cache
sizes.

As a conclusion, extensions for NEMO BS solve
some problems but today none of them provides a
complete, coherent and integrated framework to address
all the issues of mobile networks.

The Framework Architecture: Nested Mobile Network is
established when the mobile network having a hierarchical
structure, i.e. a mobile network is attached to another
mobile network through a MR. To localizing handoff
signaling and optimize routing of the nested NEMO, the
MAP of the hierarchical approach, like HMIPv6 [10], will
be proposed into ROTIO [8]. However, the TLMR of the
nested NEMO is proposed to be as a MAP in HMIPv6 for
the nested NEMO. Thus, the entire nested NEMO
becomes a local MAP domain. 
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Fig. 3: Signaling flow of the proposed framework

The MAP will maintain the binding cache for all
MRs/MNNs and  achieves  optimal   routing   from  the
CN  to  the  MNN  in  the  nested  NEMO.  The  signaling
flow of the proposed framework’s messages is shown in
Figure 3.

Analytical  Evaluation  of   the   Proposed  Solution:
NEMO    basic support    protocol   [1]  uses Bi-
directional  tunneling  to  support   mobile  networks.
Thus, it doesn’t take route optimization into
consideration. The CN has no binding information about
the MNN and packets heading toward the MNN have to
go through all of the HAs, which is known as pinball
routing.

Route optimization is essential for longer routing Fig. 4: Pinball routing in NEMO basic support
distance [11], since HAs can be located any place all over
the world. So to evaluate the network performance, Also, it’s assumed that the routing cost from the MR
routing cost (which represents in this research link delay) (TLMR) to the MNN is trivial in comparison with the
will be considered as well as transmission delay as the routing cost from the CN to the MR .
following: For transmission delay in NEMO and by referring to

As shown in Figure 4, Routing cost in NEMO (using Figure 4, the following equation can be derived to
bi-directional tunneling) may be measured by: measure the packet sent time by CN to MNN:

(1) (2)

Where, Considering that,
N: Degrees of nesting interval time between all the entities are assumed to
C : Routing costs of link delay from the HA of the MR  to be similar and equal to (T) i i

the HA of the MR Time spent in encapsulation and decapsulation are(i+1)

C : Routing cost of link delay from the HA of the TLMR assumed to be identical and equal to (D) N

to the TLMR of the mobile network
c : Routing cost of link delay from the CN to the HA of Similarly, using Figure 5, routing cost in the proposedi

the MR  (MR  is TLMR) framework can be measured as follows:i N

N

N
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Fig. 5: Route optimization in the proposed framework

Routing cost = c  + C (3)1 N

Where,
N: degrees of nesting 
C : routing costs of link delay from the HA of the MR  toi i

the HA of the MR(i+1)

C : routing cost of link delay from the HA of the TLMR toN

the TLMR of the mobile network 
c : routing cost of link delay from the CN to the HA of thei

MR  (MR  is TLMR)i N

assuming that the routing cost from MR  to MNN isN

trivial compared to routing cost from CN to MR .N

To calculate transmission delay from CN to MNN,
with the following assumption:

interval time between all the entities are assumed to
be similar and equal to (T) 
Time spent in encapsulation and decapsulation are
assumed to be identical and equal to (D)

So, the packet sent by CN to MNN will take time of 

(4)

Where, x = 4 and y = 3 in the proposed framework,
regardless the nesting degree.

As shown in above equations, for higher degrees of
nesting, the routing cost for bidirectional tunneling
increases linearly. However, for the proposed framework,
the routing cost remains constant because there will
always be 2 levels of tunnelling regardless the degree of
nesting.

CONCLUSION

An analytical evaluation of a new scheme based on
route optimization using hierarchical structure with
binding update tree (BUT) has been done with a
comparison between the rout optimization of the
proposed scheme and bi-directional tunneling of NEMO.
This proposed scheme aims to solve the pinball routing
problem (non-optimal routing problem), binding update
storm (signaling problem) and achieve seamless handoff.
This will lead to reduce packet overhead, handoff latency,
packet transmission delay and achieve optimal routing.
Hence, it solves the problems face NEMO Basic Support,
especially in nested mobile network. The analytical
evaluation shows that in the proposed scheme the
communication will not be interrupted by increasing the
degree of nesting, while NEMO will be extremely affected
with higher degree of nesting. As future work, this
framework will be simulated using QualNet 5.0.1 [12] to
evaluate its performance.
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