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Abstract— Vehicular communication networks have 

emerged as a promising platform for the deployment of 

safety and infotainment applications. The stack of protocols 

for vehicular networks will potentially include Network 

Mobility Basic Support (NEMO BS) to enable IP mobility 

for infotainment and Internet-based applications. However, 

the protocol has performance limitations in highly dynamic 

scenarios, and several route optimization mechanisms have 

been proposed to overcome these limitations. A qualitative 

comparison among the existent IP mobility solutions that 

optimize NEMO BS in vehicular networks is provided. 

Their improvements with respect to the current standard, 

their weaknesses, and their fulfillment of the specific 

requirements are also identified. 
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I. INTRODUCTION 

The emergence of new applications designed for vehicular 

environments has triggered interest in conducting research 

on vehicular communication networks (VCNs). These 

applications were initially designed for safety-oriented 

communications, but the role of infotainment applications 

has rapidly taken an important place. Examples of 

applications on the safety-oriented side are notifications of 

emergency situations (e.g., car accidents or bad weather 

conditions). On the other side, examples of infotainment 

applications go from using  

Vehicle-to-infrastructure (V2I) communications for 

driver assistance ser- vices or for traditional Internet-based 

applications (e.g., the downloading of music and video files) 

to using Vehicle-to-vehicle (V2V) communications such as 

in distributed games played among passengers in 

neighboring vehicles. Although the primary objective of a 

VCN is to increase safety for drivers and passengers in 

Vehicular scenarios, the infotainment applications are likely 

to motivate faster adoption of the required equipment and 

supporting infra- structure. Therefore, it is critical to 

guarantee seamless, reliable, and ubiquitous 

communications in order to provide a satisfactory user 

experience to early adopters. Moreover, it becomes 

necessary to have protocols that facilitate not only the 

intelligent and secure flooding of information, but also the 

mobility management of mobile networks such as buses, 

trains, or cars that provide connection to their passengers. 

VCNs consist of in-car (onboard units [OBUs]) and on-road 

(roadside units [RSUs]) with communications, positioning, 

and computing capabilities. Both the OBU and RSU 

incorporate the stack of protocols defined for vehicular 

communications. The stacks proposed by various standard 

development organizations include a special set of protocols 

to handle safety and emergency communications, and a 

parallel stack to handle IP-based applications.1 In this way, 

general IPv6 traffic and Internet-based applications are also 

supported in the VCN. In addition to the inclusion of IPv6, it 

has been suggested that IP mobility could be managed by 

the Internet Engineering Task Force (IETF) standards 

Mobile IPv6 (MIPv6) and Network Mobility Basic Support 

(NEMO BS) . NEMO BS is meant to provide continuous 

network connectivity to a group of nodes that are moving 

together (i.e., a mobile network). As depicted in Fig.1, the 

mobile network is man- aged by a mobile router (MR) that 

provides connection to the group of nodes (the mobile 

network nodes [MNNs]). Similar to MIPv6, NEMO BS uses 

the concept of a fixed IPv6 pre- fix (the mobile network 

prefix [MNP]) to pro- vide global reach ability to the mobile 

network. When the MR connects to an access router (AR) in 

a visited network, it acquires a topologically valid IP 

address (care-of address [CoA]), followed by a registration 

of this CoA with the home agent (HA). Then the HA creates 

an entry that directs the traffic destined to the mobile 

network to be routed to the newly assigned CoA. In this 

way, NEMO BS establishes a bi directional tunnel between 

the MR and the HA, which is used every time an MNN 

communicates with any correspondent node (CN). Although 

NEMO BS seems to fit well in the context of terrestrial 

transport systems, it has not been designed to support the 

dynamics and special characteristics of VCNs. The current 

version of NEMO BS, as defined by the standard, does not 

incorporate a route optimization (RO) mechanism, as its 

counterpart MIPv6 does, and that affects its performance in 

vehicular scenarios. In addition, vehicles roaming along 

heterogeneous access networks (i.e., IEEE 802.11p, 

WiMaX, Wi-Fi, third-generation/Long Term Evolution 

[3G/LTE]), as well as multi-homed vehicles connecting 

simultaneously to more than one access network pose 

additional challenges for IP mobility management. 

Therefore, in this article we examine the specific 

requirements of VCNs in terms of IP mobility, survey and 

evaluate the existing approaches to improve the performance 

of NEMO BS by means of RO mechanisms in vehicular 

scenarios, and outline the emerging challenges. Other 

surveys in RO for NEMO BS exist,2 but to the best of our 

knowledge, none of them focuses on vehicular scenarios. 

II. OVERVIEW OF THE IP MOBILITY IN VCN 

In vehicular scenarios, similar to any IP-based scenario that 

involves mobile networks, a mechanism is required to 

handle the change of point of attachment to the IP network. 

With this mechanism, session continuity is provided and the 

changes are transparent to end users. However, the special 

characteristics of VCNs create unique requirements for IP 

mobility mechanisms. Some characteristics are high 

velocities, non-restricted power and processing resources (as 

opposed to generic mobile ad hoc networks), and extended 

area of coverage (citywide, countrywide, and worldwide). 
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Fig. 1: IP-enabled 802.11p/WAVE network model 

There is also a combination of independent stacks 

of protocols and IP mobility mechanisms at the mobile end 

devices/routers, which coupled with the ability for these 

devices to communicate in ad hoc or infrastructure-based 

fashion, convert IP mobility in VCNs into a challenging 

task. NEMO BS is an IP mobility protocol for mobile 

networks; thus, it is a potential candidate for providing IP 

mobility in VCNs. However, in its design, NEMO BS uses 

the tunnel MR-HA every time an MNN communicates with 

any CN. This may affect the performance of certain 

applications — especially delay-sensitive ones such as voice 

over IP — due to the added delay when the two peers use a 

non-direct path. The sub optimality of the protocol appears 

when the distance between CN-MRs is smaller than the 

distance between MR-HAs. An example in a NEMO-

enabled VCN (Fig. 1) is illustrated in Fig. 2. For instance, 

when MNN1 communicates with CN2, the data packets are 

transmitted first to HA_MR1 and HA_MR3 instead of going 

directly through the path MR1-AR-MR3- CN2. 

In general, an IP mobility mechanism should meet 

the following requirements: 

(1) Reduced transmission power at end devices: The 

end devices’ proximity to the MR allows them to 

use less power-consuming interfaces. 

(2) Reduced handover events: The MR should hide the 

changes of attachment point from the group of 

MNNs.  

(3) Reduced complexity: The MNNs should not be 

required to run their own IP mobility protocol. In 

this way, the complexity at end devices can be 

reduced. 

(4) Reduced bandwidth consumption: The MR should 

cluster the signaling required to keep the nodes 

globally reachable, there- fore consuming less 

bandwidth resources. Even MIPv6-enabled nodes 

should benefit from the stable CoA configured 

from the mobile network prefix. On the other hand, 

regardless of the adopted technique to provide RO 

for the IP mobility mechanism, the techniques 

should efficiently uti- lize the network resources 

and improve the net- work performance (i.e., end-

to-end delay, susceptibility to link failures, and data 

efficiency [overhead to payload ratio]). 

III. IMPACT OF VCN MARKET PENETRATION 

VCNs rely on the deployment of in-vehicle and on-road 

communications equipment. The pace at which the 

equipment penetrates the market will highly affect the 

performance of the IP mobility solutions, which employ 

anchor points located on the infrastructure side. Therefore, 

network-wide connectivity plays an important role in the 

solutions’ performance. Moreover, the distribution of 

equipped vehicles could be highly variable even for a 

contained geographic area. In the hypothetic case that all 

new vehicles were fully equipped for VCN, they would be 

mixed with the existent fleet of vehicles that, in contrast, 

will follow a slow and gradual adoption process. Therefore, 

IP mobility solutions should handle the different market 

penetration rates of VCN equipment over the short, medium, 

and long terms. 

IV. CONCLUSION  

This article has identified several design challenges and 

special requirements for network mobility support in VCNs. 

It has also provided qualitative comparisons of the strategies 

and solutions proposed to date to optimize the performance 

of NEMO BS in vehicular scenarios and outlined some of 

the main open research challenges related to the IP mobility 

problem in VCNs. Possible approaches to address these 

challenges and the related ongoing research have been 

discussed. 
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