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Abstract: In the doorway of the Mobile IPv6 (MIPv6), it was considered as the standard protocol that
support the host mobility. Due to its limitation that does not support the Mobile Routers (MRs), the
Internet Engineering Task Force (IETF) has introduced the NEMO Basic Support (NEMO BS)
protocol. The Mobile Ad hoc Network (MANET) routing protocol provides the local and the direct
communications between two mobile devices within the Nested NEMO (when multiple MRs are
connected together). Integrating the MANET and the NEMO (MANEMO) provides the necessary
additions to the existing protocols (IPv6, Neighbour Discovery (ND), and NEMO) to support the
Nested MRs. It provides a mechanism to select the most suitable path to the Exit Router (ER) as a
default in the MANEMO Fringe Stub (MFS). The NCM (NEMO centric MANEMO) protocol is
introduced to address the Nested NEMO issues (e.g. pinball problem) by using the MANET routing
a protocol (i.e. OLSR), while the MCM (MANET centric MANEMO) protocol is introduced to
address the MANET problem (e.g. Internet connectivity).  The main aim of this paper is to investigate
the current approaches that are introduced to provide the Route Optimization (RO) for the NEMO.
It highlights the strengths and the limitations of these approaches. Both the qualitative and the
quantitative evolutions of these proposals are hereby presented.
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INTRODUCTION

The Mobile IPv6 protocol (Johnson, 2004) was introduced by the Internet Engineering Task Force (IETF)
to support the host mobility (individual IP devices). The MIPv6 maintains the session continuity between the
Mobile Node (MN) and its Correspondent Node (CN) regardless of the Mobile Host current point of
attachment to the Internet. The MIPv6 uses the Home Agent (HA) to send or receive the packets between the
current location of the Mobile Node (MN) and its Correspondent Node (CN). The IETF has established a
“NEMO Work Group” to offer a basic mobility solution based on the concept of the MIPv6 protocol to
support an entire IP network instead of a single host. However, the solution has to be flexible to deal with
the different mobile networks configurations, in particular, the networks that are composed from different
subnets and nested mobile networks. A Mobile Router (MR) is considered to be the main mobile entity in the
NEMO BS model in order to manage the mobility of the entire network. The MR has two interfaces, i.e., the
Egress interfaces that attach the MR to the Internet, and the Ingress interface to connect the MR to their
Mobile Network Nodes (MNNs). All packets to/from MNN Packets for the MNN should be routed through
the bidirectional tunnel established between the Mobile Router (MR) and its Home Agent (HA). The Home
Agent then encapsulates these packets and forwards them to the MR. The Mobile Router (MR), in turn,
decapsulates the packets and forwards them to the MNN. The NEMO BS is an extension of the MIPv6
protocol which is inherent in the limitations of suboptimal routing. The problems associated with the packet
delivery, such as, the packet overhead and the route delay which lead to the traffic congestion. In the case of
the Nested NEMO networks, these problems and suboptimal NEMO RO issues will be amplified. In contrast
to the approach taken by the Mobile IP and the NEMO, the Mobile Ad-Hoc Networking protocols (MANET)
support the node mobility (Mobile Host and Mobile Router) by deploying optimised routing protocols,
specifically designed to provide the local communications between the mobile devices. The MANET routing
protocols can be classified as the Proactive (OLSR) or Reactive (AODV). MANET protocols were originally
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designed to support inter-communication between the nodes connected to a MANET. Currently, MANET
routing protocols support a communication with any node on the Internet from within the MANET via the
Internet Gateways. However, the main drawback of the MANET is the global reachability to the Internet and
the addressing of the MANET node. The MANEMO is introduced by combining the localised, infrastructure-
less routing support of the MANET technique with the global persistent reachability properties of the NEMO
technique. The MANEMO technology is a layer three solution to support the Route Optimization (RO) and
the multihoming. The IETF has classified the MANEMO solution into two categories; namely, the NEMO-
centric approach, and the MANET-centric approach. Under the NEMO-centric approach, the MANET is utilised
to solve the Nested NEMO routing problem (i.e. DUMBO 2 project as shown in Figure 1-a). Thus, a
MANEMO node communicates directly without passing through the Home Agent. On the other hand, in the
MANET-centric approach, a stable address topology is kept to provide the Internet connectivity to the MANET
nodes (i.e., Mountain Rescue Team project as illustrated in Figure 1-b). The Unified MANEMO Architecture
protocol aims to provide a complete, unified solution to every aspect of the MANEMO domain. It supports
all of the plausible MANEMO communication scenarios, such as, emergency, post disaster, and vehicular
networks in one unified solution.

Fig. 1: a) Architecture of the DUMBO II                          b) Mountain rescue network.

In this paper, various proposals that have been introduced to optimize the packet relay between a MR and
its HA are presented. The results of the most recent schemes are deeply analysed in which a comprehensive
comparison is presented. The parameters considered are packet loss, throughput, and Round Trip Time.
This paper is organized as follows:

Section 2 presents the mobility support mechanisms, such as, the host and the network mobility. 
Section 3 highlights details of the approaches related to the route optimization based on the IETF

proposals. The recent emergency and post disaster scenarios, such as, a Mountain Rescue Team and DMBO
2 are discussed in Section 4. 

Finally, the conclusion of the paper is presented in Section 5.

Mobility Support:
In general, the mobility support mechanisms have been devised in order to provide a transparent and an

uninterrupted access to the internet, while the device is changing its point of attachment. The Mobility
mechanisms which can be classified into two categories which are the Host Mobility (MIPv6) and the Network
Mobility (NEMO BS). At the first step of this discussion, couples of types of mechanisms need to be initially
defined. We will discuss these two kinds and the mechanism of each one.

1. Host Mobility:
The Host Mobility Support is one of the mechanisms that maintains a session continuity between the

mobile nodes (MNs) and their correspondent nodes (CNs), regardless of the mobile host’s change of its point
of attachment (Johnson, 2004; Ernst, 2007). It can be achieved through using a mobility support mechanisms,
such as:
C Mobile IPv6 (MIPv6).
C Proxy Mobile IPv6 (PMIPv6).
C Hierarchical Mobile IPv6 (HMIPv6).
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Fig. 2: Mobility Support.

In the next section, a brief overview of the MIPv6 is given after which the issues of the MIPv6 protocol
and its route optimization procedure are discussed.

Mobile IPv6 (MIPv6):
An MIPv6 is a protocol that allows a Mobile Node (MN) to move from its Home Network to another

network without changing the MN’s home address. Therefore packets are routed to the MN using the home
address regardless of the MN’s current point of attachment to the Internet (Johnson, 2004). The MIPv6 takes
a benefit from the Home Agent (HA) which is typically located in the MN’s Home Network. The HA
intercepts any packet destined to be delivered to a MN and, brings forward those packets to the ever changing
actual location of the MN (Devarapalli, 2007), (Ernst, 2007). The MIPv6 is for each mobile host which can
independently establish a connection with its HA. The basic idea in the MIPv6 protocol is to establish itself
when the MN roaming from its home network to the foreign network is trying to reconnect to where it is as
it firstly has to perform a configuration to collect an address that topologically corrects its new location.
Thereafter, it registers this temporary address known as a Care-of-Address (CoA) with its HA. This is the
process in which the MN registers the CoA, known as, a Binding Update (BU). Synchronously, the HA’s
acceptance comes to establish a bi-directional IPv6-in-IPv6 tunnel with the MN. A Binding registration is
performed by sending the MN a BU message to the HA, latterly, the HA replies to the MN by returning a
"Binding Acknowledgement" (BA) message. Figure 3 shows the mechanism of the MIPv6. Routing is not
optimal, because packets sent/received from/by the MN are required to pass through the Home Agent (HA)
(Tony Cheneau, 2009) as illustrated in Figure 3. Solutions to this problem are known as the Route
Optimization (RO) and differed in the case of host mobility and the network mobility support. The MIPv6 RO
(Chun-Hsin Wu, 2002) has introduced a term known as “Return Routability Procedure” which is aimed to give
the ability to the MN of sending / receiving traffic from its Home-of-Address (HoA) and its Care-of-Address
(CoA).

The issues of the MIPv6 RO scheme have been described in (Johnson, 2004; Ryuji Wakikawa, 2006).
Ryuji Wakikawa (in 2006) has proposed the Home Agent Migration system which provides an efficient RO
scheme that is compatible with the MIPv6’s MNs, and is transparent for the CNs, as well as reducing
communication latency. But the optimization is only provided when the HAs are located on the direct path
between the MNs and the CNs. As a result, the path will be non-optimal if it is not systematic (Ryuji
Wakikawa, 2006).
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Fig. 3: Basic Operation of Mobile IPv6.

Hierarchical Mobile IPv6 (HMIPv6):
An Hierarchical mobility management for the Mobile IPv6 is (was) designed to reduce the amount of

signaling between the mobile node with its correspondent nodes, and its home agent when the MNs are
roaming locally (Tony Cheneau, 2009; Soliman, 2008). It introduces an extension of the MIPv6 and the IPv6
Neighbour Discovery to allow for local mobility handling. This extension allows minimization of the MIPv6
signalling overhead by introducing the mobility regions and the local HAs. The movement within the region
induced (BU), only once, to the local HA called the Mobility Anchor Point (MAP) which serves as a local
entity to update the new location of the MN.

Proxy Mobile IPv6 (PMIPv6):
A PMIPv6 provides the network-based mobility management service. In other words, all mobility signaling

is controlled through the network entities in the PMIPv6, and on the other hand, the MN is involved in all
mobility signaling in the MIPv6 (Gundavelli, 2008; Young-Hyun Choi, 2010).

2. Network Mobility (NEMO):
A Network Mobility Support is defined as a mechanism that maintains a session continuity between the

Mobile Network Nodes (MNNs) and their Correspondent Nodes (CNs) upon the MR’s change of point of
attachment (Devarapalli, 2007). Without the appropriate mechanisms to support the network mobility, the
established sessions between nodes in the mobile network and the global Internet cannot be maintained after
the MR changes its point of attachment. As a result, existing sessions would break. In the meanwhile, the
connectivity to the global Internet would be lost (Ernst, 2007) as illustrated in Figure 4. The solutions for this
problem are classified into the NEMO Basic Support (NEMO BS) (Devarapalli, 2007), and the NEMO
Extended Support (NEMO ES).

Network Mobility Basic Support (NEMO BS):
A Network Mobility Basic Support protocol (NEMO BS) is an extension of the MIPv6 that is concerned

with managing the mobility of an entire network (Devarapalli, 2007). This arises when a router is connected
to a mobile network which has dynamically changed its point of attachment to the internet, thereby, causing
the reachability of the entire network to be changed in relation to the fixed Internet topology (Johnson, 2004;
Ernst, 2007). Therefore, the NEMO BS is designed to maintain the Internet connectivity between all the MMNs
(i.e., Local Fixed Node (LFN), Local Mobile Node (LMN), and the Visiting Mobile Node (VMN)) within the
moving network and the infrastructure (Internet) (Ernst, 2007). This protocol only requires new functionalities
in the MR. At a glance; Figure 4 shows the basic operation of the NEMO. Initially, the MR has 2 interfaces;
namely, the egress which is for the Internet connectivity, and the ingress interface which is for a mobile
network. A permanent prefix is called a Mobile Network Prefix (MNP) provided by the MR which assigned
the MNP to its ingress interface, after which the MR will then send a BU for its MNP to the MR’s HA. The
HA acknowledges the BU by sending a Binding Acknowledgement (BA) to the MR and a bidirectional tunnel
is then established between the HA and the MR. The tunnel end points are the MR!s Care of Address and the
HA!s address. A NEMO BS is alike a MIPv6 which are both protocols based on the HAs technique. Therefore,
although several advantages can be achieved by using the NEMO BS, such as, reducing handoff overhead and
power consumption, it still has many limitations. In particular, the NEMO BS suffers the spiral routing problem
when routing packets in a nested mobile network. Contrary to the MIPv6, a NEMO BS doesn’t define a
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solution to avoid routing via the HA. The issues related to the NEMO RO have been described by the IETF
in (Ng, 2007) and the solution space analysed in (Ng, 2007). The lateral analyses are explained in Section 3.

Fig. 4: NEMO BS Operation.

NEMO Extended Support (NEMO ES):
The NEMO Extended support is to provide performance optimizations including multihoming NEMO,

routing optimization (between the arbitrary MNNs and its CNs), and the Nested NEMO. These three techniques
are described in the next section.

Multihoming NEMO:
A MR is multihomed when it has several addresses to choose among them (Ernst, 2007; Ben McCarthy,

2005), which occurs whether the MR is Multi-prefixed (multiple prefixes are advertised on the link to which
an MR’s egress interface is attached) or Multi-interfaced (the MR has multiple egress interfaces to choose
among, on or not on the same link). A NEMO is multihomed when a MR is multihomed or when there is
multiple MRs to choose among them. An IETF classified the Multihoming types as illustrated in Figure 5
below:

Fig. 5: Multihoming Classifications.

Nested NEMO: 
A mobile network (sub- NEMO) is said to be nested when it is attached to a larger mobile network

(parent-NEMO) (Ernst, 2007). The aggregated hierarchy of mobile networks becomes a single Nested NEMO
(Ng, 2007) as pointed out in Figure 6, such as, when multiple Mobile Routers (MRs) are connected together
in the nested fashion. 

A Nested NEMO has limitations in routing the traffic which amplifies the suboptimal routing issues
(Pinball Routing problem) as shown in Figure 7. Technically, a Route Optimization mechanism comes up with
complementing solution for this pinball problem as mentioned in (Ng, 2007; Ng, 2007). 

NEMO Route Optimization (NEMO RO):
A Route Optimization (RO) is a conceptual solution to solve the suboptimal and the inefficient routing

and the packet overhead by avoiding the MRHA bidirectional tunnel that is to be used (Masafumi Watari,
2005). With a MIPv6, an RO mostly improves the end to end path between the MN and the CN, with an
additional benefit of reducing the load of the Home Network. An RO is even more important to a NEMO BS
protocol than it is to a MIPv6, because a NEMO BS presented a number of additional issues that makes the
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problem more complex (Ng, 2007; Ng, 2007). Various works have listed the problems of the NEMO RO
(Devarapalli, 2005; Ng, 2007; Ng, 2007) and (Dinakaran, 2010) with the major issues being:

Fig. 6: Nested Network Mobility.

1. Suboptimal routes which are caused by the packets being forced to bypass the HA. The result leads to
an increased delay that is undesirable for applications, such as, a real-time multimedia streaming.

2. Packet Encapsulation of additional 40 bytes header increases packets overhead and risks packet
fragmentation. This results in an increased processing delay for every packet being
encapsulated/decapsulated in both the MR and the HA.

3. Bottlenecks in the HA are a severe issue because significant traffic to and from MNNs is aggregated in
the HA when it supports several MRs acting as gateways for several MNNs. This may cause congestion
at the HA that will lead to additional packet delays, or even packet losses.

4. An amplified sub-optimality in the Nested Mobile Networks results from allowing the MRs to connect to
a mobile network. This permits a MR to host other MRs in its mobile network. With nested mobile
networks, the use of NEMO BS further amplifies the sub-optimality as listed above.

Fig. 7: Inefficient routing in Nested NEMO networks (pinball problem).

Scenarios of NEMO RO:
The goal of the network mobility support mechanisms is to preserve established communications between

the MNN and the external Correspondent Nodes (CNs) through movement. Different scenarios that will require
a Route Optimization mechanism in the NEMO context are explained in (Ng, 2007), in which these scenarios
are classified as: Non-Nested NEMO RO, Nested Mobility Optimization, Infrastructure-based optimization and
Intra-NEMO Optimization (Hyung-Jin Lim, 2009).

For more details we made a sample table that briefly describes these scenarios and offers the more suitable
proposed solution for each issue.

3. Mobile Ad hoc NEMO (MANEMO):
Mobile Ad hoc Network (MANET):

In a wide line, Mobile Ad hoc Networks are formed dynamically by an autonomous system of mobile
nodes that connect via wireless links without using an existing network infrastructure or a centralized
administration. The nodes are free to move randomly and arbitrarily organize themselves, thus, the network 
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Fig. 8: IETF’s NEMO RO Classifications.

Table 1: Route Optimization Scenarios for Network Mobility 
Scenarios Description Issues Proposed solutions
Non Nested NEMO RO MR sends Binding Information NEMO BS does not provide 1) Optimized Route 

to CE (CR or MR). When CE any RO mechanism and cache (ORC)
is considered as a CR, RO produce overhead of 2) Path Control Header
session is terminated at the bidirectional tunnel (Johnson, (PCH)
CR on behalf of the CN. 2004), (Ernst, 2007), and
If CR is closer to the CN (Ng, 2007).
than the HA of the MR, 
then the route between 
MNN and CN will be 
optimized. When CE is 
a MR, then the optimization 
route will be introduced
 between the peer of MRs. 

Nested Mobility optimization When a MIPv6-enabled a host The issues of Nested are 1) For minimizing the 
inside a mobile network or a mentioned above in No. of HAs:
multiple MRs that attached section 2 B Reverse Route 
together, then a Nested Header (RRH).
NEMO will be created. (Thuber, 2007).

2) For minimizing the No.
of tunnels:
(RRH), Access Router
Option (ARO), and Nested
Path Info (NPI).

Infrastructure based optimization It is an approach where 1) Sub-optimal route To optimize routes 
optimization will be between the Mns between the MNs: MIPv6;
carried out fully in the 2) Multiple tunnels that used (MAPs). Global 
infrastructure. caused by nesting MNs. HA-HA; used (Proxy HA),

 and Prefix delegation (PD)
Intra-NEMO  optimization Here, the RO solution will The congestion link and 1) Extending a well- 

 be used to improve the the bottleneck problems designed NEMO RO for
communications between “Nested Mobility 
2 MNNs within a Nested optimization” (Faqir, 2009)
NEMO. 2) Using “Non-Nested 

NEMO RO” (Masafumi, 2005;
Masafumi, 2006).

wireless topology may change rapidly and unpredictably. Mobile Ad hoc Networks are infrastructure-less
Networks since they don’t require any fixed infrastructure, such as, base stations and access points. In contrast
to the approach taken by the Mobile IP and the NEMO, Mobile Ad-Hoc Networking protocols (MANET)
support a node mobility (Mobile Host/Mobile Router) by deploying optimized routing protocols, specifically
designed to operate among the mobile devices. MANET routing protocols can be classified as one of two
different styles of protocol, namely, Proactive or Reactive. Proactive MANET protocols, such as, the Optimized
Link State Routing protocol (OLSR) (Clausen and Jaquet, 2003) which periodically disseminates routing
information among all of the mobile nodes in a MANET similar to that of a traditional routing protocol, only
in an optimized fashion. For example, the OLSR assigns a subset of the MNs in a MANET with the task of
operating as Multi Point Relays (MPR); routing information is then disseminated only by this subset of nodes
in order to reduce the amount of routing protocol overhead experienced in the MANET and the other task is
to reduce the time interval by providing the shortest path. Reducing the time interval for the control message
transmission can bring more reactivity to the topological changes. On the other hand, Reactive MANET
protocols, such as, the Ad-Hoc On-Demand Distance Vector routing protocol (AODV) (Perkins et al., 2003)
does not disseminate routing information; instead the MNs utilizing this kind of routing protocol only solicit
for routing information as and when they need it. With the AODV, the MN will flood their request for a route
into the MANET and, if any other node possesses a route to the requested node or is the destination node
itself, there will be a notification to the node that originates the request. In doing so, all nodes between the
source and the destination setup route as well, will ensure that an end-to-end path is established. Both of these
approaches ensure that routing can be supported between the free moving wireless ad-hoc networks that form
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the arbitrary topologies which can change rapidly and unpredictably. MANET protocols were originally
designed to support inter-communication between the nodes connected to a MANET, but over time they have
been augmented to support communication with any node on the Internet from within the MANET via the
Internet Gateways. Whilst using certain MANET techniques, a node can support this type of communication;
however, it cannot register any change in the point of attachment to the Internet and, the MANET protocol
itself cannot be allowed to leak routes into the Internet. This means that nodes within a MANET are not
directly addressable externally, which means, in turn, that whilst a MANET node can communicate with a node
on the Internet, packet transfer cannot continue if the MANET’s point of attachment to the Internet changes.
In addition to this, if a node disconnects from a MANET and connects to a normal access network, in a
typical MANET configuration, the node will revert to the status of a normal IP device. In this situation, the
node will configure a new IP address that is topologically correct for its new location and therefore, any
existing communication sessions will be dropped. Table 2 demonstrates the differences between the Mobile
Ad hoc Network and the Network Mobility technologies where MANEMO technology is has come to combine
the capabilities of both these techniques.

Table 2: MANET and NEMO Characteristics and Issues
Mobile Ad hoc Network Network Mobility

Scalability Limited scale topology Huge scale
<100 MRs Internet scale E2E connectivity

Mobility Radio coverage Worldwide mobility is NOT provided Provide worldwide mobility
Depend on coverage area For unlimited No. of Mrs

HA Dependency No need to Home Agent Depend on Home Agent
Doesn’t depend on MIP Its extension to MIP

Route Optimization Let optimal paths depend on Non-optimal paths (Pinball route)
Fewest-Hops & Lowest metrics Route loop can occur
BUT generate congestion links

Movement Transparency NOT supported Supported
If any MR Changes its MR changes its point without any effect 
point, it’ll affect the neighboring nodes on other nodes (Hidden)

Interface Type Routing capacity MANET router has Only one interface NEMO MR has two interfaces
(802.11b ad hoc mode) (Ingress & Egress)

Multicast Support Multicast service is NOT supported Support Multicast service
Rely on IP packet Basic Multicast & Global Multicast

MANEMO Characteristics:
A (MANEMO) is a technology introduced to combine the capabilities of the NEMO (NEtwork MObility)

and the MANET (Mobile Ad hoc Network). A NEMO provides movement transparency to a network, while
a MANET is providing an ad hoc routing with the neighbouring nodes (Ryuji Wakikawa, 2009). A MANEMO
creates a new concept as referred in (Ben McCarthy, 2009; Hyung-Jin Lim, 2009; Gundavelli, 2008) known
as the MANEMO Fringe Stub (MFS) which is a cloud of NEMO-capable MRs connected by wireless or wired
links and a stub at the edge of the Internet (see Figure 9), interconnecting various types of devices which
discover one another and form a network in an ad hoc fashion to provide a global connectivity to one another.
The Exit Router (ER) is a router that provides Internet connectivity in the MFS which can also be disconnected
from the infrastructure. In such a disconnected MFS, the mobile routers communicate only with nodes inside
the same MFS. There are several examples of MANEMO networks like a vehicular network, public
transportation, military, and Personal Area Networks (PANs). A MANEMO enables a basic internal
connectivity within the MFS whether the infrastructure is reachable or not. Any node requiring Internet
connectivity has to select the best Exit Router (ER) towards the Internet. Therefore, it is necessary for the
Mobile Nodes to maintain a local topology in the MFS (Gundavelli, 2008; Ernst, 2007; Hyung-Jin Lim, 2009).
The difference of communication model between the MANET and the MANEMO is that MANET protocols
maintain local routing information so that, they can communicate directly inside this ad hoc network as shown
in Figure 9 (Wakikawa, 2007). Even if there are multi-paths among nodes, most of the MANET routing
protocols select the shortest path in default. If several sessions are in process within the network, the
congestion at some links can be obviously observed. On the other hand, the default MANEMO communication
path is between two MRs through the Internet. The basic required functionalities for the MANEMO are (Ben
McCarthy, 2009):
C Discovering and Selecting ERs.
C Forming loop-free tree by making an ER as a root.
C Maintaining the path to the ER.
C Bypassing Home Agents for the traffic from MFS.
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A Mobile Ad hoc NEMO (MANEMO) has properties that have been mentioned in numerous IETF
documents. This section explains the characteristics and requirements of a MANEMO by comparing existing
solutions such as; NEMO (Devarapalli, 2005), MANET (Ryuji Wakikawa, 2009; Ryuji Wakikawa, 2005) and
depending on the Table (2) above these characteristics are:
1. Supporting Flexible Path Selection; an MANEMO should support a flexible path selection in the MFS by

giving additional information for each MR to be able to decide whether packets are routed to the
infrastructure (using NEMO) or to the destination directly over the ad hoc links (using the MANET).

2. Avoiding Redundant Tunnels and Paths; the path is redundant (if an NEMO BS is applied) as compared
to the MANET approach in the Nested NEMO as is illustrated in figure 8 on the right. A MANEMO is
expected to reduce the overhead of the bidirectional tunnels caused by the Nested NEMO. 

3. Forming Loop-Free MFS: A network loop occurs when two MRs are connected to each other. A
MANEMO provides a mechanism to form the MFS loop-free.

4. Supporting Movement Transparency: the movement of MR has a minimum impact on the lower hierarchy
when a NEMO is employed. On the other hand, under the MANET and the AUTOCONF schemes, the
change of MR attachment affects the neighbouring nodes. A MANEMO inherits from NEMO and supports
movement transparency when a MR changes its attachment point.

5. Supporting Home Agent-Independent Communication: the MIPv6 (Johnson, 2004) and the NEMO BS
protocols (Ernst, 2007) rely on the HA. Without registering the binding to the HA, the MNs and the MRs
cannot send or receive packets from foreign links. Specifically when two MRs in the same MFS
communicate, packets are not necessarily routed to the infrastructure. If local routing is available in the
MFS, packets can be routed directly to the destination without involving any HAs. A MANEMO should
support a local routing inside the MFS and decrease the dependency of Home Agents (HAs) on the MIPv6
and the NEMO BS protocols.

6. Supporting Local Routing: in a MANET, each router can route the packet received at the MANET
interface. A route can receive and send a packet from a MANET interface according to its routing table.
However, under a NEMO BS, a MR can route only the tunnelled packet to/from its mobile network.

Fig. 9: NEMO and MANET communication models.

To understand the major difference among the previous techniques (Mobile IP, NEMO, MANET, and
MANEMO), this section is briefly compared with them. First of all, a Mobile IP (MIPv6) is supporting a
mobility for hosts, enabling a session continuity while the Mobile Node (MN), such as, the MONAMI6 is
moving away. For the Network Mobility (NEMO), it extends the MIP concept using the Mobile Router (MR)
which provides the MIP services for the MR to be attached to the Mobile Network Nodes (MNNs), for
instance, if the NEMO are NEMO BS, TDP, NINA, and RRH protocols. On other hand, a Mobile Ad hoc
Network (MANET) supports the mobility for both (the Mobile Host and the Mobile Router) without using 
a centralized control (infrastructure-less), and it works on routing protocols running on a mobile or a fixed
router, such as, the OLSR, the DYMO, and the AODV. To gain a better  benefit, a MANEMO is integrated
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with these last techniques in order to address their problems by utilising a NEMO to solve the global
reachability for the MANET and using the last to address the issues of triangular routing problems (pinball).
A MANET and a NEMO (MANEMO) work on managing the path to the Exit Router (ER) as default in the
MANEMO Fringe Stub (MFS). It provides the MRs with the ability to communicate on a multi-hop basis.
Examples of Managing the Nested NEMO (MANEMO) are; the U-2010, the DUMBO2, and the MetroNet6.

C. MANEMO Architecture:
This section explains the MANEMO architecture including its topology configuration and addressing

assignments.

C.1. MANEMO Topologies:
There are four categories of MANEMO Topologies (as shown in Figure 10) and they are: 

C Egress and ingress (E-I) attachment: it is the common configuration of the NEMO BS. A MR connects
to the other MR mobile network by its Egress interface (Wakikawa, 2007; Ryuji Wakikawa, 2009). A
MANEMO is considered in this attachment.

C Egress and egress (E-E) attachment: It is found that when the MRs (an MR uses an ad hoc type of
interface) connect to each other, they are connected by their Egress interfaces. This configuration is similar
to the MANET topology. A MANEMO is also considered for inter-vehicle networks (VANET) (Ryuji
Wakikawa, 2005).

C Ingress and ingress (I-I) attachment: Although this configuration is logically possible, it is slightly
unrealistic. When Ingress interfaces of different MRs are connected, two different NEMOs are merged into
a single mobile network. A MANEMO does not consider this attachment.

C Egress/Ingress and Egress/Ingress (EI-EI) attachment: As referred in (Wakikawa, 2007; Ryuji Wakikawa,
2009) an EI-EI is a similar configuration to the E-E attachment. A MR is equipped only with a single
wireless interface and utilizes it conceptually as both the Egress and Ingress interface. Under a NEMO
BS (Ng, 2007), a MR is assumed to have two physically different interfaces. However, in this context,
the ingress and egress interfaces are roles over the same physical interface.

Fig. 10: MANEMO Topologies.

C.2 Addressing Architecture of MANEMO:
This section briefly discusses and explains how to assign an address to each mobile node (MN) and each

mobile router (MR) in a Nested NEMO. Each MR needs to obtain an address as a care-of-address (CoA) for
the egress interface at visiting networks. This CoA is used to exchange signaling and also to tunnel packets
to the HA (Wakikawa, 2007). Today, there are two different approaches in the IETF: the NEMO addressing
approach and the AUTOCONF addressing approach. The main difference is where the address originates from.
Figure 11 shows us how each MR and each MN gets an address within an MFS.

C.2.1 NEMO Addressing Approach (MANEMO Architecture):
According to the NEMO BS, an attached node to a mobile network (NEMO) will get an address from the

mobile network. In the NEMO addressing approach, the address is obtained from the upper router. If the upper
router is a mobile router (MR), the address is retrieved from the Mobile Network Prefix (MNP) of the MR.
This is the basic idea of the NEMO BS protocol. The node in the MFS is not aware of routers other than the
upper router to which the node is attached. The movements of other routers are hidden by the upper mobile
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router (Wakikawa, 2007; Ryuji Wakikawa, 2009). The address assigned to the node is not a topologically
correct address, but it is defined at the home link of the upper mobile router. Therefore, all packets sent from
the address are routed to the home agent (HA) by the upper mobile router. This is the origin of the Nested
NEMO problem in the MFS.

C.2.2 AUTOCONF Addressing Approach (MANET Architecture):
The MANET addressing approach assumes that the address of each router in the MFS is derived from the

exit router (ER) over multihops. To deliver addressing configuration information from the exit router (ER), it
should first maintain the local path between each router and the exit router. This is actually the natural
behaviour of a MANET and its routing protocols. The address is a topologically correct address that the exit
router is serving. Packets are forwarded locally inside the MFS and routed to the destination by the exit router
as required (Wakikawa, 2007; Ryuji Wakikawa, 2009). There might not be a constraint that requires packets
to travel to the home network. However, there are various unclear and undefined areas to address towards
achieving the MANEMO goals. Each MR obtains multiple, varying addresses on its egress (e) interface, such
as, one from the Access Router (AR) and another from its upper mobile router. The MR selects the address
assigned from the access router (AR) as a CoA and registers it to the HA. By doing so, tunnel overhead issues
raised in the MANEMO problem statement are generally avoided. For more details Table 3 explains the
addressing approaches for a NEMO and a MANET.

Table 3: MANEMO Solutions Classification.
NEMO Addressing AUTOCONF Addressing

Address assignment to MN & MR Derived from upper MR Derived from the Exit Router (ER)
An address is not a topologically An address is a topologically correct address
correct address Used unique address assigning to MANET 
Two interfaces (e) and (i) for MR interface

Problem Managing the Nested NEMO in MFS Does not maintain on the unique address
Movement effects on the NW topology No impact on the other nodes Impact on the mobile network and the other 

nodes that are behind the MR
Packet Routing Packets are routed to HA by the Packets inside the MFS are routed to the (DA)

upper MR  by ER

In order to understand these differences between the two types of MANEMO addressing architecture,
Figure 11 shows how the Mobile Router (MR) acquires the Care-of –Address (CoA) for both approaches.

Fig. 11: MANEMO Addressing Architecture.

D. MANEMO Solutions:
Possible MANEMO solutions can be classified into two approaches. The difference of these two

approaches is which addressing architecture solution to be selected as is mentioned before.

D.1 NEMO- centric MANEMO (NCM): 
When NEMO Mobile Routers attach to one another, the Nested NEMO will form. As the result, a

MANEMO should optimize the resulting topology for access to the infrastructure, provides a safe model for
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mobile routers to help one another, and offers some degree of inner routing. The topology of a Nested NEMO
becomes tree system. For this approach, a Tree Discovery Protocol (TDP) has been proposed to form a loop-
free tree in a MANEMO, and a Network in the Node Advertisement (NINA) which provides some routing in
that space (Manabu Tsukada, 2008; Hajime Tazaki, 2010). The Reverse routing Header (RRH) protocol
(Thuber, 2007) is a solution towardss bypassing the number of HAs when mobile routers form a nested
NEMO.

D.2 MANET-centric MANEMO (MCM):
A MCM is utilized when NEMO Mobile Routers form a MANET in an MFS. However, there are several

optimized levels to be found by using different MANET mechanisms. The decision on which optimization level
is ideal may depend on the MANEMO scenario under consideration. There are three categories (Ryuji
Wakikawa, 2005):
C Single hop where a MR only discovers a neighbour MR(s) and communicates with them directly. The

example uses the case of car 2 car. A NANO provides a very simple solution.
C Two hops where the NHDP can be inserted, still a real routing protocol is not used. A MR manages

routes for two hop MRs neighbour.
C MANET routing protocols (Hosik Cho, 2003; Clausen, 2005) of the MANET family are needed. A

MANEMO can still help in several fashions, for instance, it can provide scalability by splitting the larger
network in a number of more manageable islands which are interconnected by a NEMO over the
infrastructure.

III. Approaches Based On IETF Proposals and Standards:
This section explains and analyses different Route Optimization techniques that have been proposed to give

the most suitable solution for the Nested NEMO (NEMO ES). Moreover, these approaches provide only partial
solutions by optimizing only some parts of the route between the Correspondent Nodes (CNs) and the MNNs. 
Initially, an Optimized NEMO (ONEMO) protocol (Masafumi Watari, 2005; Masafumi, 2006) has proposed
a solution which provides a sufficient optimization in the Nested mobile networks and which decreases a
packet overhead and uses a minimum signaling overhead (see Figure 13) as well as providing an optimal route
both within the nest and in the infrastructure. The goal of ONEMO is to establish a bidirectional tunnel
between the root MR and the router linked to the CR. An ONEMO is based on an extension to a NEMO BS
adding its capabilities to enable a Route Optimization. These include a new forwarding algorithm, a new
signaling protocol for a dynamic discovery of the peer, an extension to the Router Advertisement (RA)
message for carrying the gateway address of a nested NEMO, and a new Binding Update mechanism for
constructing an optimal path under various forms of a nested NEMO. As shown in Figure 12, the results that
are obtained from their testbed when an ONEMO protocol is applied. However, an ONEMO has added
infrastructural as well as functional complexities by specifying additional entities, namely, a Correspondent
Router (CR) and Binding Proxy Agents (BPA). It is accompanied by an additional CR Discovery mechanism
and a complicated non-MIPv6 compliant binding mechanism (ONEMO and is not suitable for higher levels
of Nested topologies). Another problem with the ONEMO is how to choose between using the path with or
without a RO. Figure 12 below illustrates the comparison of performance measurements for local testbed to
both the ONEMO and the NEMO BS protocols with respect to the throughput and RTT metrics. 

Fig. 12: Local Testbed Measurements Configuration.

In scenario 1 (Clausen, 2005) that is shown in Figure 12, an ONEMO provides a better performance to
a NEMO BS under both conditions (Throughput and RTT). The throughput of a NEMO BS being about half
of the ONEMO is due to the HA being in the bottleneck. In terms of packet delay, the ONEMO decreased
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the RTT values by 44% on an average. Since the HAs and MRs for both protocols have very similar
functionalities using equivalent hardware specifications, the differences in values are clearly from the number
of hops and encapsulations. For scenario 2, the performance degraded by 38% with the NEMO BS while only
by 5% with the ONEMO as compared with the results of scenario 1. Since the path remains the same for both
protocols, the differences in values are from the effect of nested tunnels with the NEMO BS. The RTT values
for an ONEMO retain better to an NEMO BS. At last, the result of scenario 3 shows that an ONEMO offers
about 5 times better throughput as compared to a NEMO BS. For RTT values, an ONEMO is one fifth of that
of a NEMO BS. Such drastic differences make a NEMO BS to require 20 hops both ways, while a ONEMO
only requires 6 hops.

Fig. 13: Comparison of Signaling Overhead.

Furthermore, a ONEMO used zero encapsulation while a NEMO BS requires two sets of nested tunnels.
Since a ONEMO just needs modification for the MRs only, it consumes more bandwidth than a RRH (Thuber,
2007) as we see in Figure13 below. 

A MIRON (Carlos Jesus, 2004) has been proposed to use a MIPv6 for a NEMO. A MIRON provides a
high performance in that it does not add any tunnel and the mobility remains transparent to all kinds of nodes.
But a MIRON modifies a MR, a MN, and a DHCPv6 and it also imposes some additional requirements. It
is not suitable for handling Nested topologies. Another matter that can be added is a MIRON points out that
concentration can occur on offering a Mobile IPv6 Route Optimization over a NEMO (Bernardos, 2007). This,
therefore may pose a bit of differences between a NEMO and a NEMO Route Optimization. In work
(ArunPrakash, 2009), for a single mobile network, a key issue to simplify the adoption of the proposed solution
is to preserve the CN operation unchanged. For example, the solution does not require additional mechanisms
on the CN. Changing the operation of CN will hinder the deployment ability of the solution, since it implies
modifying every node in the Internet (i.e. CN). Nevertheless, it is assumed that the CN supports the Route
Optimization mechanism required for a CN in the MIPv6. On the other hand, nested mobile networks also
require the same solution in a single NEMO but are extended to support an arbitrary number of nesting levels.
Since a MIRON does not add any tunnel, the Number of Home Agents = 0. It only adds a Home Destination
Address (24 bytes) or a Type 2 Routing Header (24 bytes), no matter how many nesting levels are involved
as illustrated in Figure 14 below. Packet Overhead for MIRON = 24 (bytes).

Fig. 14: Packet overhead vs. L (number of nesting levels).
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The results in figure 14 above demonstrates that the packet overhead added by the NEMO basic solution
grows fast with the number of nested mobile networks. The Reverse Routing Header (RRH) proposal also adds
a significant packet overhead that grows too when more nested mobile networks are present.

A NERON (Faqir Zarrar Yousaf, 2009) has introduced a new RO solution called NERON (NEst Route
Optimization for NEMO) that solves the pin-ball routing problem in the context of nested Mobile Networks.
A NERON uses the MIPv6’s Return Routability process for creating bindings with a CN. A NERON is an
efficient and scalable approach that aims at enabling nodes behind nested mobile networks to use optimized
communication paths with a zero tunnelling overhead and an end-to-end delay. However, a minor modification
in the form of small size message sub-options (T3RH, MNG and RNO sub-option) are required to the NERON
solution. Nevertheless, the NERON protocol does not support an intra-nest communication between two MNNs.
Figure 15 illustrates the comparison among the three protocols (NEMO BS, MIRON, and NERON) with
respect to a Round Trip Packet Delay when Nest depth is 2. In all the three scenarios, the mobile network is
moving along the path of HA MR16 AR1 6 AR2 6HA MR2 undergoing three instances of handovers. As seen
in Figure 15 below, a NEMO BS protocol incurs the maximum delay and the RTD increases with the increase
in the nest depth because the NEMO BS protocol does not support an RO and thus the packets have to
traverse each HA of the nested MRs.

Fig. 15: Comparison of NERON with NBSP and MIRON In Terms of Round Trip Delay (RTD) a) Ping
Packet at n=2 b) Average RTD

As seen from Figure 15, a NEMO BS protocol incurs the maximum delay and the RTD increases with
the increase in the nest depth because the NEMO BS protocol does not support an RO and, thus, the packets
have to traverse each HA of the nested MRs. In contrast with the RO mechanism of a MIRON, it only skips
the HA pertaining to the last MR in the nest. For instance (Faqir Zarrar Yousaf, 2009), when the mobile
network is at location HA MR2, the packets in the MIRON will traverse the path CN6AR16HA MR26HA
MR16HA MR2 in one direction and HA MR26HA MR16HA MR26AR16CN in the other direction skipping
HA MR3. But the RO mechanism of a NERON incurs a minimum RTD of 350 ms for the same situation
independent of the depth of the nest as it ensures that the packets traverse an optimum low cost path.

Work in (Ben McCarthy, 2008) has introduced the NEMO+ trio of protocols (TD, NINA, and RRH) which
are designed to optimize the performance (route packets) in the Nested NEMO networks topologies. The
NEMO+ is an efficient, lightweight approach to support Nested NEMO networks. However, using the NEMO+
protocols introduces a single additional hop to the end-to-end path. The testbed configured and the roaming
procedure for a (NEMO+) is depicted in Figure 16-a. As illustrated the testbed consisted of 2 HAs and 4 MRs.
The testing was carried out in a number of stages. In Figure 16-a, the numbered arrows depict the movement
performed for each of these stages:  at stage 1, the MR 4 roams away from a direct connection to the Internet
and obtains connectivity via the MR 2, which is part of a Nested NEMO. For stage 2, the MR 4 again roams,
this time by detaching from the Ingress interface of the MR 2 and reattaching via the MR 3. In stage 3, the
MR 1 roams from access network 1 to access network 2, which in turn will consequently affect the
connectivity of the MRs which is connected in the Nested NEMO behind it. Finally, in stage 4, the MR 3
connects via the MR 2. These results in a single branch topology of the MRs which are connected as follows:
MR 1->MR 2->MR 3->MR 4. 

The NEMO + (TDP, NINA, and RRH) protocols were designed to interoperate in order to optimise the
delivery of packets in Nested NEMO networks. The interoperation of these protocols results in three phase
procedures that are illustrated in Figure 16-b. Phase one depicts the flow of messages generated by the Tree
Discovery (TD) protocol, out of the MRs Ingress interfaces. Phase two shows the subsequent flow of messages
generated by the Network In Node Advertisement (NINA) protocol, out of the MRs Egress interfaces. Finally
phase three demonstrates the direct establishment of the MR 4’s MR-HA tunnel using the RRH protocol. Each

827



Aust. J. Basic & Appl. Sci., 5(6): 814-838, 2011

of the NEMO+ protocols operates independently, and relies upon each other to varying degrees in order to
produce the most optimised outcome. As the results demonstrated below, this culminates in a throughput and
latency readings that are only fractionally worse than those recorded in stages 2 and 3.

Fig. 16: a) Movement Pattern of the MR (Testbed Configuration)    b) TD, NINA, and RRH Interaction.

Fig. 17: a) latency b) Handover c) Bandwidth testbed results.

The results of the analysis for these stages as in Figure 17(a, b, and c) presented are; stage 1 represents
the operation of a MR in a non Nested NEMO scenario and, the NEMO+ protocols only engage in Nested
NEMO environments, and these results remain unchanged from the NEMO BS testing phase. In stage 2 a stark
improvement is already noticeable, with a latency increasing by less than 1 second on the non Nested NEMO
scenario and the throughput only drops by 300kbps. Again, in stage 3 the resulting network topology imposes
exactly the same end-to-end path as in stage 2. Finally, the efficiency gains achievable using the NEMO+
protocols in contrast to NEMO BS become most apparent in stage 4 in which the handover, latency, and the
bandwidth are increased in this stage producing inefficient results. However, in this testbed, the latency times
were so relatively low that they were insignificant in comparison to the combined time it took the layer 2
handoff and the MR to subsequently configure its CoA to complete.

A SRBS (Tianhan, 2009) has been proposed based on a Mobile Anchor Point (MAP) to optimize the route
of a nested mobile network that supports an NEMO BS protocol. This scheme can achieve the following; 1)
A one-way tunnel is built between the Top Level of the Mobile Router (TLMR) and its HA to accomplish
a route optimization, 2) the localized framework reduces the mobility registration overhead and boosts the
mobility management performance. The Additional Packet Overhead (APO) is produced during the
communication between the CN and the VMN in both directions, which include the cumulative encapsulation
overhead and the extended header overhead. An APO is important because it adds processing delay in
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intermediate hops and expends network resource. Besides APO, a Binding Update Overhead (BUO) occurs
when a moving VMN sends a BU to its HA or MAP to register presented location within the nested mobile
network. The BUO appears during this process which is defined as the multiplication of the BU size and link
delay. A BUO is a key parameter to evaluate the efficiency of mobility management. The comparison results
between the APO and the BUO when increasing nesting level is shown in (Figures 18a and 18b). With the
growth of L (where L is the No. of nesting levels), the SRBS has introduced three approaches, namely,
(NEMO BS, RRH, and SRBS) as follows. With the growth of L, SRBS has the lowest APO.
 

Fig. 18: a) Additional Packet Overhead (APO) b) Binding Update overhead (BUO) vs L (nesting levels).

Moreover, Table 4 below shown as the differences among NEMO BS, RRH, and SRBS protocols respect
to the two parameters (additional packet overhead, and binding update overhead).

Table 4: APO and BUO Comparison with three protocols.
Metrics NEMO BS RRH SRBS
Additional 80 (bytes)      L = 0. 128 (bytes)    L=0. 64 (bytes)  L=0.
packet 80 + 80 * L (bytes)      L > 0. 128+32* L (bytes) L > 0. 72+32*L (bytes)   L > 0.
Overhead NEMO BS adds a bidirectional RRH builds a single MRHA SRBS sets up an one-way 
(APO) tunnel (80bytes) between MR tunnel. Packets from VMN to tunnel between TLMR and its

and HA for each level of nesting. CN carry a new type 4 RRH. HA to transport packets from 
Multihop RH2 adds for CN to VMN (RH2 is 
the other directions. required).

Binding BU (80bytes) should pass RRH optimizes the route of BU, SRBS introduces a local 
Update through all intermediate Mrs only one tunnel between Access mobility management
overhead and their HAs, furthermore MR and its HA should be traversed, framework, all LBU made 
(BUO) encapsulation (40bytes for each while RRH ((24+16L) bytes) by VMN are limited inside

 MR) will be done by every MR. should be carried. MAP domain, but RH2 
BUONBS= ((24+ 16L) bytes) will be

 added.

An EMIPv6 (ArunPrakash, 2009) has been proposed to enhance the performance of a Nested NEMO by
reducing the unnecessary large travelling route and overhead. The EMIPv6 achieves an RO between the MNNs
inside the Nested NEMO (Intra-NEMO optimization). The EMIPv6 performs better than the NEMO BS and
the RRH with respect to the TCP throughput and Round Trip Time as shown in Figure 19. However, the
EMIPv6 requires modifying the functionalities of the MRs and the MNNs. 

A RRH (Thuber, 2007) protocol has suggested a new scheme of RO that can alleviate the pinball routing
and multiple encapsulation problems. The RRH optimizes the routing Binding Update (BU), only for one
bidirectional tunnel between the MNNs and its HAs. Therefore, there is only one intermediate hop: Number
of Home Agents = 1 for the RRH. However, it faces the following challenges: 1) the RRH contained in every
packet between the access of the MR and the HA introduces a high overhead. 2) It has been identified that 
the RRH approach has security concerns. Figures (18, 19, and 20) show the RRH protocol comparison with
other protocol with respect to the size of packet, the  Nested  depth,  and  the  RRT.  The  analysis  of  the 
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Fig. 19: Impact of Nesting on RTT.

communication cost consists of two major parts. One is the additional path cost, and the other is the additional
data encapsulation cost. Figure 20 explains the comparison of the IP encapsulation cost in different proposals
when the packets are sent from an Access Router to the Home Agent. This IP encapsulation is dynamically
varied in most approaches; therefore the comparison between the inbound packets cost and the outbound
packets cost is as illustrated in the Figure below. Works in the (Clausen, 2005), and the (Wei Su, 2005) have
proposed the approach of using the NEMO with the MANET routing protocols (i.e. OLSR, and AODV) to
provide an RO for the Nested formations. With the OLSR protocol, the Mobile Routers can simply discover
and maintain optimal routes to the Access Router, but also between the Mobile Network Nodes (MNNs)
themselves. However, these approaches (i) do not provide any effective meaning to manage the usage of
optimal paths inside the network made of multiple levels of nested NEMO, and (ii) are also not without a
certain cost: with arbitrarily deep nested mobile networks (Clausen, 2005), and the overhead due to tunnelling,
the dog-legged routing and the encapsulation of data traffic on the Internet can become large. When the
MANET routing protocol (AODV) is used, the IP-encapsulation cost between the AR and the HA will have
the lowest level.

Fig. 20: Compare of data-encapsulation cost for inbound and outbound packets (between AR and HA)
*Where M is the size of the packet, and Ni is the minimum size of packet out of the foreign link

Works in the (Clausen, 2005), and the (Wei Su, 2005) have proposed the approach of using the NEMO
with the MANET routing protocols (i.e. OLSR, and AODV) to provide an RO for the Nested formations. With
the OLSR protocol, the Mobile Routers can simply discover and maintain optimal routes to the Access Router,
but also between the Mobile Network Nodes (MNNs) themselves. However, these approaches (i) do not
provide any effective meaning to manage the usage of optimal paths inside the network made of multiple levels
of nested NEMO, and (ii) are also not without a certain cost: with arbitrarily deep nested mobile networks
(Clausen, 2005), and the overhead due to tunnelling, the dog-legged routing and the encapsulation of data
traffic on the Internet can become large. When the MANET routing protocol (AODV) is used, the IP-
encapsulation cost between the AR and the HA will have the lowest level.

On the other hand, in (Ng, 2004) each MR on the egress path has to send a Binding Update towards its
HA with the Access Router Option (ARO) including the home-address of the access router it is currently
attached to. This operation is much more complex but it also allows the HA learning the ingress path to its
MR.
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Thus, both (Thuber, 2007) and (Ng, 2004) proposals have two factors in common which are to avoid the
multiple encapsulation of the traffic but maintain the home tunnel of the root MR on the egress path. In both
cases the HA of this MR gains knowledge of the ingress path towards this MR within the nested mobile
network and performs a source routing utilising a routing header when sending packets through the
corresponding tunnel. These approaches are different with regards to the way the HA learns the ingress path
towards this MR inside the nested mobile network. And work (Adisorn, 2009) has also proposed routing the
optimization scheme called R-BU based on a recursive binding update. The R-BU maintains an optimal route
to the destination by updating its binding recursively. The R-BU requires no changes in the existing mobile
IP except binding update operation. The R-BU merges redundant binding entries into one. Smaller number of
binding entry reduces binding cache searching time. By using the R-BU, the optimal route will be provided
from a source to destination because the CNs can maintain an optimal route to their destinations after some
convergent time. The R-BU reduces the pinball routing cost and the reduction is more useful as the degree
of nesting becomes deeper and the distance between the HAs of a MR and the Binding Update (R-BU)
optimizes the routing for the Nested mobile networks.

V. Related Projects:
Mountain Rescue Team:

In Lancaster University, Ben McCarthy and et al (2006; 2008), (Khandakar, 2009) had proposed at the
Unified MANEMO Architecture (UMA) protocol can support all types of the MANEMO scenarios. By using
a unified backhaul solution together with dynamically adaptable routing approaches in the mobile portion of
our solutions, we are able to comprehensively provide the IP mobility to some of the most challenging
scenarios out there. An UMA consists of a bespoke Inter-HA communication system that ensures a persistent
reachability for all the UMA-enabled mobile networks and leverages the use of the OLSR protocol to support
the MCM scenarios and the NEMO+ protocols (TD and NINA) to support the NCM scenarios as mentioned.
With the UMA every UMA-enabled MR sets up a bidirectional tunnel with its HA whenever it has a direct
connection to the Internet. When a MR establishes a direct connection to the Internet, a Nif it has no
subsequent MRs connected to it, then it will behave as a normal NEMO MR, establishing a binding with its
HA and using the MR-HA tunnel to receive packets addressed to its Home Address or addresses within the
range of its MNPs. If however the MR has other MRs connect to it which in turn do not have their own direct
connection to the Internet, it will assume the role of a Gateway. In this role, the Gateway will utilize its pre-
existing connection (its MR-HA tunnel) to forward and receive packets sent by other MRs in the UMA-Stub
towards their own respective HAs and vice versa. However, in order to route packets correctly through the
multi-hop wireless topology of the UMA-Stub, there must be an appropriate routing protocol in place. The
UMA designed this localized routing to be performed differently depending on whether the UMA was
configured to support a NCM scenario (NCM Mode) or a MCM scenario (MCM Mode). In order to suitably
test as many aspects of the UMA implementation as possible, the Lancaster University developed two separate
multifaceted testbeds, in which one was entirely established in a lab-based environment (referred to as the
‘Local’ testbed) as illustrated in Figure 21-a, and the other incorporated different entities located at different
geographical locations, thus introducing the IPv6 Internet into the communication paths experienced (referred
to as the ‘Global’ testbed) as shown in Figure 21-b. 

Fig. 21: Local and Global Testbed Configurations for Mountain Rescue Team.
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In this section, we highlight the analysis results of the eight testing stages (i.e. the six stages related to
the movement of an individual MR and the two stages related to the movement of an entire UMA-Stub). The
roaming that takes place in the first six stages of the testing regime is based on the movements of an
individual MR (TEST MR) as it changes its point of attachment and ultimately the way in which it forms a
binding with its Home Agent (Khandakar, 2009). In all of their testing stages performed throughout this
evaluation TEST MR which was registered with the HA 2. This 8-stage management was then carried out with
the UMA in both the NCM and the MCM mode over both the Local and the Global testbeds (as shown in
the Figure 21 above) to ensure every aspect of the UMA was tested in detail. For each stage in their
experimental evaluation they recorded the handover times experienced, the overall throughput achievable once
the handover had taken place, and also the effect that the UMA approach had on the overall end-to-end latency
experienced. All of these tests were performed between a node connected to the TEST MR and a
Correspondent Node (CN) that was connected via an Ethernet cable to the Access Network 3 in the Local
Testbed and connected via Ethernet to the Lancaster IPv6 Testbed network in the Global testbed setup. The
testing management that they carried out between these two nodes for each stage of the UMA mobility they
configured consisted of a three-step procedure: 

First, they determined the handover time experienced by using the Ping6 utility in collaboration with the
network packet analyser Wireshark for each stage as shown in Figure 22-a. This involved setting the ping
request interval to a high value (1 request every 0.01 seconds) and then recording the time difference between
the time the last ping reply was received (i.e. the beginning of the roaming procedure) and the time the next
reply was successfully received (i.e. the point at which the connection was re-established).

Because the connection was established, the Ping6 utility was then utilized to collect 1000 Round Trip
Time (RTT) measurements to get an average latency value. Figure 22-b demonstrates the local and the global
testbed results of the RRT for the Mountain Rescue Team.

Finally, since the latency test was terminated, the TCP throughput was determined using the Netperf
bandwidth measurement tool NETPERF as illustrated in Figure 22-c.

Additionally, work (McCarthy, 2006) has proposed an optimization scheme called the oMCM that it has
designed to optimize the MANET-Centric MANEMO based on the Mountain Rescue Network solution with
beneficial properties similar to those provided by the abstraction approach adopted by the Border Gateway
Protocol (BGP).

Fig. 22: Local and Global Testbed results for 8 stages in Mountain Rescue Team a) Handover b) Latency
c) Throughput

Digital Ubiquitous Mobile Broadband OLSR (DUMBO II):
DUMBO II (Hosik Cho, 2003) has deployed mobile wireless network on an ad hoc basis for emergency

conditions, such as, after a natural disaster when a fixed network infrastructure is not available or had been
destroyed (see Figure 23a). DUMBO II has allowed streaming video, VoIP and short messages to be
simultaneously transmitted from a number of mobile laptops to the central command centre, or to the other
rescuers at the same or different disaster sites. Both the SMON (Structured Mesh Overlay Network) on OLSR
(Optimized Link State Routing) and the MANEMO (Mobile Ad hoc Network for Network Mobility) networks
are designed to deploy an emergency network in a disaster area. Two different approaches of the MANEMO
were experimented with a common objective of providing a session mobility for the MNs; one with pure
OLSR attached to the Internet via access gateways (MANEMO OLSR) as illustrated in Figure 23b below and
the other is using the MANEMO (TDP/NINA) (Wakikawa, 2007; Ryuji Wakikawa, 2009; Hajime Tazaki,
2010). In the testbed, four hop linear distances from the end node to the Router (OLSR/MANEMO OLSR)
/ Access Point (MANEMO TDP/NINA) start moving according to two different scenarios: a single group
movement and a multiple group movement. However, this work (Hosik Cho, 2003) was concentrated on the
speed only. The SIP soft phone (Linphone for MANEMO and Twinkle for OLSR) was used for measuring
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the call setup time. From their experiment results (Hosik Cho, 2003), we found that with the increase in speed
the packet loss is increasing gradually which causes a decrease of the throughput with the increase in speed.
The Round Trip Time (RTT) is also increasing steadily with the increase of speed. RTT is higher before
handover than after handover as after handover the distance decreases between the MNN and the Headquarters
(HQ) in terms of the number of hops and the physical distance.

Fig. 23: The Testbed of DUMBO 2 a) MANEMO with TDP/NINA b) MANEMO with OLSR.

Figure 23 demonstrates their experimental movement scenario. For a static case in which there is no
movement, they communicated from the multimedia application terminal MNN1 to their HQ (MNN1à HQ)
and they measured the data on different parameters. For a single node/group movement, they also
communicated from the MNN1 to the HQ (MNN1à HQ) and the MNN1, and connected with a SMON node
(MR4) which moved towards the HQ. In this case, they had two level movements. The first level was when
they stopped for a while when their mobile node (SMON node4/MR4) changed its point of attachment to the
upper level node (SMON MR2). On the other level, they moved further up to attach to the (SMON MR1).
Moreover, for multiple node/group movements, the MNN1 connected with the HQ (MNN1àHQ) after which
the mobile node moved together with its parent (node/router) still maintaining the connection within the group
(MNN1à SMON MR4 and SMON MR4 à SMON MR3).

The simulation outputs of the SMON on the OLSR with the same testbed topology are illustrated in Figure
24 that with respect to the three performance parameters as mentioned previously.

Fig. 24: DUMBO 2 a) RTP Packet Loss b) Control Overhead c) Session Delay.

Moreover, the comparison of the three network topologies (MANEMO OLSR, MANEMO TDP/NINA and
SMON on OLSR) with the three movement scenarios with respect to the RTP packet loss is as shown in
Figure 25 below. The indoor experiment results show us that the SMON on the OLSR performs the best in
terms of the session setup delay while the MANEMO OLSR performs slightly better than the MANEMO
TDP/NINA as illustrated in Figure 25-a. However, the SMON on the OLSR does not support efficient group
mobility. And from Figure 25-b, we can see a significant change in the RTP packet loss between the in-door
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and the out-door experiments. In the in-door experiment all the equipments are within the wireless range and
there is no physical movement of any devices. The results found all the packet loss in the OLSR is 0% and
the remainder are less than 0.2%. However, the DUMBO 2 still has limitations as in both the network
topologies (OLSR and MANEMO) where the routing path is not optimal. Sometimes the nodes choose a
physically farther device as a neighbour than a nearer device. This may happen for different power setting and
chipset of the WiFi devices. Another issue is the default values of the Hello and the Topology Control (TC)
period transmission proposed by the OLSR RFC which were not well suited for the DUMBO 2 scenario
because of the inclusion of different vehicles that introduce high mobility and frequent changes of topology.

Tazaki et al (2010) has evaluated two routing protocols, namely, the (OLSR) and the TDP/NINA based
on the DUMBO 2 project. The goal of both protocols was to organize a set of the MRs to provide connectivity
both among themselves and to the Internet through an ER or a GW. Two scenarios are simulated in this
proposal, a static scenario (i.e. linear topology) and a dynamic scenario for the MR’s movement such that; one

Fig. 25: RTP Packet loss measured from the testbed a) Indoor b) Outdoor.

way movement, and the Disaster Area (DA). If the number of the MPRs (MultiPoint Relay) in OLSR were
larger, the efficiency would be worse. On the other hand, the TDP/NINA consumes less bandwidth for control
packets as compared to the OLSR even though the number of relay MRs (similar to the MPRs in the OLSR)
is large. However, this work faced the problem on the multi-hop with the NDP (Neighbour Discovery Protocol)
as well as the prefix and address assignment does not work too. The scenario used a multi-hop linear topology
of the DUMBO II as shown previously in (Figure 23-a). We can observe a slightly lower overhead for the
OLSR in simulation than expected as shown in Figure 26-a. Because the distribution of the MRs is sparse,
the number of the MPRs in the OLSR is large as compared to the total number of nodes. As a result, the
overhead of the OLSR is higher than in dense setups. However, the overhead of the TDP/NINA remains lower
than the OLSR. On the other hand, Figure 26-b shows the packet loss of all nodes and number of the MPRs
(in the OLSR) as a function of the number nodes with the Disaster Area (DA) mobility model. The result in
this figure shows that the overhead of the OLSR protocol in the DA mobility model does not have a big
difference from the linear topology, even though the nodes density is high. Thus, the high packet loss causes
the high numbers of the MPRs in the Disaster Area (DA) model.

Fig. 26: a) Simulation vs theoretical calculation: overhead as a function of the # of nodes b) Packet loss
of all nodes and # of MPRs (in OLSR) as a function of # nodes with Disaster Area

Work (Ng, 2004) has used the E model to evaluate the maximum speed of the vehicle in the MANEMO
which sustains the call quality at the acceptable level. This work used the E model to analyse the performance
of the network through many kinds of applications, such as, ping, Netperf, and VoIP call.
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Fig. 27: a) Packet loss b) RRT average c) Throughput.

In general, the results of the network performance assessment by using the testbed from the DUMBO 2
project are analyzed as shown in Figure 27. The Packet Loss Rate and the End-to-End delay measurements
from the ping application between the source and the destination for each speed are shown in Figures 27-a,
and 27-b. Firstly from Figure 27-a, we can observe that the Packet Loss Rate increases 34% from a static case
and to the case of a speed at 35 km/h. Secondly, the End-to-End Delay measurement increases from 12.61 ms
(static case) to 27.58 ms (case of speed 35 km/h) as shown in Figure 27-b. Finally, Figure 27-c shows the
variation of the throughput with the MNN speed from speed 0 (static case) to 35 km/h. The average throughput
from the Netperf application decreases gradually from 2.55 to 1.62 Mbps. Moreover, the network performance
assessment results are compared with a single group movement to analyze the effect of the speed on the
MANEMO environment as shown in Figure 28. A speed increment can decrease the performance of the
MANEMO i.e. the Packet loss, the Throughput, and the Round Trip Time delay. Thus, the performance
decreased from 34% to118.5%. The speed must be less than 14.11 km/h in order to get an acceptable level
of the E model (R=60). In addition, the VoIP call quality is increased when the speed is increased. The
handover time has a significant impact on the quality of communication; therefore reducing handover time can
increase the quality of speech transmission. However, this work needs to validate the experiment results by
simulation with a different movement scenario and it should reduce the Hanover time (i.e., Fast Handover).

Fig. 28: Performance Comparison of Single Group Movement.

Table 5: Route Optimization Schemes Comparison.
Method Description Advantage Disadvantage
RRH It suggested a new scheme of RO RRH optimizes the routing Binding CRRH contained in every packet between 

that can alleviate the pinball routing Update (BU), only for one Access MR and HA introduces high 
and multiple encapsulation problems. bidirectional tunnel between overhead.

MNNs and its HAs. CIt has been identified that RRH approach 
has security concerns.

NEMO BS NEMO extends MIPv6 using CHuge scale. NEMO BS incurs the maximum delay 
MR concept, providing CProvide worldwide mobility. and RTD increases with the increase in 
MIP services for MR attached nodes. CSupport Multicast service. the nest depth because NEMO BS protocol

does not support RO and thus the packets
have to traverse each HA of Nested Mrs.

NERON NERON is an efficient and scalable CIt use optimized communication CA minor modification in the form of 
approach. It solves the pinball paths with zero tunnelling overhead small size message sub-options (T3RH,
problem in the context of Nested and end-to-end delay. MNG and RNO sub-option) is required
Mobile Networks. NERON uses the CRO mechanism of NERON incurs to the NERON solution.
MIPv6’s Return Routability process a minimum RTD independent of CNERON does not support intra-nest 
for creating bindings with a CN. the depth of the nest as it ensures communication between two MNNs.

that the packets traverse optimum 
low cost path.

MIRON MIRON follows NEMO BS CMIRON provides high performance CMIRON modifies MR, MN, and 
technology on using the MIPv6  in that it does not add any tunnel DHCPv6 and it also imposes
prescribed Return Routability (RR) and the mobility remain transparent some additional requirements.
procedure for Route to all kinds of nodes. CIt is not suitable for handling Nested 
Optimization (RO). CMIRON is better than NEMO RO topologies.

since it avoids only the last tunnel.
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Table 5: Continue
ONMEO ONEMO is to establish a CONEMO provides sufficient CONEMO has added infrastructural as well 

bidirectional tunnel between optimization in Nested NEMO as functional complexities by specifying
the root MR and the router which decreases packet Correspondent Router (CR) and Binding
linked to the CR. ONEMO is overhead, uses minimum Proxy Agents (BPA).
based on an extension to NEMO signaling overhead. CONEMO does not suitable for higher 
BS adding the capabilities to CONEMO provides optimal levels of Nested topologies.
enable Route Optimization. route both within the nest CONEMO does not know how to choose 

and in the infrastructure. between using of the path with or 
without RO.

NEMO+ It introduced NEMO+ trio of NEMO+ is an efficient, CUsing the NEMO+ protocols introduces 
protocols (TD, NINA, and RRH) lightweight approach to a single additional hop to the 
which are designed to optimize support Nested NEMO networks. end-to-end path.
performance (route packets) in CHandover, latency, and the bandwidth 
Nested NEMO networks topologies. are increased when Nested level more
Each of the NEMO+ protocols than 3 and produced inefficient results.
operate independently, and rely 
upon each other to varying 
degrees in order to produce 
the most optimised outcome.

EMIPv6 EMIPv6 uses to enhance the CEMIPv6 performs better than EMIPv6 requires modifying the 
performance of Nested NEMO by NEMO BS and RRH with respect functionalities of MRs and MNNs.
reducing unnecessary large travelling to the TCP throughput and 
route and overhead. EMIPv6 achieves Round Trip Time (RTT).
 RO between MNNs inside CIt reduces delay in packet 
Nested NEMO (Intra-NEMO delivery and encapsulation 
optimization). overhead in core network.

SRBS It based on Mobile Anchor Point CAn one-way tunnel is built RH2 ((24+ 16L) bytes) will be added 
(MAP) to optimize the route between Top Level of MR to the packet header.
of Nested NEMO that supports (TLMR) and its HA to 
NEMO BS protocol. accomplish RO.

CThe localized framework 
reduces mobility registration 
overhead and boosts the 
mobility management performance.

UMA UMA consists of a bespoke Inter- It provides the optimization for The address of node in MANET is hidden 
HA communication system that global reachability issues to from external network by MNP provided 
ensures persistent reachability for MANET node by using NEMO. by NEMO.
 all UMA-enabled mobile networks It does not effect on access CIt’s required to modify MR and HA. 
and leverages the use of OLSR to network involvement (the And HA extended MR behaviour.
support MCM scenarios and the address of node in MANET 
NEMO+ protocols TDP and NINA is hidden from external 
to support NCM scenarios. network by MNP provided 

by NEMO).
NAT- It’s provided an IP address usage CLess access network involvement. CThe scalability issues of the number 
MANEMO and operation scheme for the CEase of address allocation. of nodes in MANET are raised.

global connectivity of the node in CLess modification to the CNo implementation in the Software.
MANET based on NEMO and NAT. component and functionality 

of NEMO BS specification.

IV. Conclusion:
The broad objective of this study is to examine the role of the NEMO technology which is entirely lacking

in the route optimization. Moreover, there are inherent deficiencies in the MANET affecting the global
connectivity to the Internet and the address autoconfiguration. The NEMO support solution tries to address the
issues related to the movement of a mobile network from one place to another, resulting in the change of its
point of attachment to the Internet. Depending on the moving patterns of the mobile router the handover
latency and packet delivery cost are quite different. Furthermore, the MANEMO is still a mature concept to
study as there has not been a MANEMO standardization protocol presented until now. On a further view,
solving the routing problem in the Nested NEMO is just a part of the MANEMO. An argument that may arise
is still uncertain as to whether the MANEMO configuration can be suitably supported by the MANET
Autoconfiguration approaches. In the next step of this research, the MANEMO will be applied to solve various
scenarios, such as, the Mountain Rescue Team, the Disaster Area recovery, the Vehicular Networks, and the
layer three Sensor Networks and Personal Area Networks (PANs).
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