
An Implementation and Evaluation of a Mobile Hotspot  
Eranga Perera±  

±Dept. EE & 
Telecommunication 
University of New 

South Wales, Sydney 
Australia 

Tel: +61 2 8374 5536 

Henrik Petander  
Department of 

Computer Science 
Helsinki University of 
Technology, Finland 
Tel: +358 9 451 5846 

 

Kun-Chan Lan  
National ICT Australia  

ATP, Bay 15, 
Locomotive Workshop 
Eveleigh, NSW 1430, 

Australia 
Tel: +61 2 8374 5486 

Aruna 
Seneviratne  

Tel: +61 2 8374 5530 
 
 
 

{eranga.perera, Kun-chan.Lan, aruna}@nicta.com.au 
henrik.petander@hut.fi 

 

ABSTRACT 
The unprecedented proliferation of wireless networking services 
and products has taken the notion of hotspots a step further to 
accommodate “mobile hotspots”. The deployment of hotspots in 
trains, ships, planes, buses etc. would certainly change the way 
we travel.  These moving hotspots would potentially contain a 
large number of devices requiring global connectivity. In such 
situations employing one device namely a Mobile Router for the 
mobility management of the entire network would be a lucrative 
solution in terms of performance and costs. Such an architecture 
has been proposed and standardized by the IETF’s Network 
Mobility Working Group [1]. In this paper we present our 
implementation of a mobile hotspot using a Mobile Router 
architecture and give initial results on our performance study. 
Further we present our preliminary results of incorporating 
handoff and routing optimizations on our mobile hotspot. 

Categories and Subject Descriptors 
C.2.1 [Computer Communication Networks]: Network 
Architecture and Design – Wireless Communications 

General Terms 
Measurement, Performance, Experimentation 

Keywords 

Mobile Hotspot, Mobile Router, NEMO Basic Support Protocol 
(NEMO), Handoff performance, Route optimization 

1. INTRODUCTION 
On-board communication has recently become an increasingly 
popular research topic. The performance of an onboard mobile 
hotspot depends on the performance of the Mobile Router and the 
overhead of the mobility management protocols such as NEMO. 
While many studies have focused on improving the performance 

of wireless hotspots, there were relatively few initiatives to 
systematically understand the performance of mobile hotspots. To 
this end, we have implemented a mobile wireless hotspot using 
the Mobile Router architecture. In this mobility architecture it is 
imperative to improve the performance of the Mobile Router 
because this would affect not just one node but the entire mobile 
hotspot. 

In this paper we give a brief overview of our implementation of a 
Mobile Router for a mobile hotspot using the NEMO Basic 
Support Protocol. We then present a summarized performance 
evaluation of our hotspot by considering the extent to which our 
Mobile Router is able to handle handoffs. We identify the 
components that affect the handoff performance. Further we give 
an analysis of the routing and protocol header overheads that 
adversely affect the performance of the hotspot. We then 
incorporate three mechanisms to improve handoffs and routing, 
and demonstrate the efficacy of these optimizations on a mobile 
hotspot environment. 

2. IMPLEMENTATION OF A MOBILE 
HOTSPOT 
NEMO protocol which is a natural extension to the MIPv6 
protocol for host mobility depends on a special node namely a 
Mobile Router in providing network mobility management to all 
other nodes within the mobile hotspot. The Mobile Router creates 
a bidirectional tunnel with its Home Agent and all traffic to and 
from the mobile hotspot would be via this tunnel. This ensures 
mobility transparency to the nodes within the hotspot. Devices 
that do not belong to the WLAN network such as a passenger with 
a mobile device is considered as a Visiting Mobile Node in the 
context of network mobility. Further devices that are part of the 
WLAN without mobility capabilities are considered as Local 
Fixed Nodes.   
Based on the MIPL Mobile IPv6 implementation by Helsinki 
University of Technology, we have implemented a NEMO-based 
Mobile Router and NEMO capable Home Agent prototypes for 
testing and measuring the performance of a mobile hotspot. Our 
implementation is built on Linux. We extend the MIPv6 Mobile 
Node and HA functionalities to support the mobility of a WLAN 
network.  
Our testbed consists of three logical parts: 1) the wide area 
network, 2) the wireless access network consisting of two foreign 
access networks and a home access network, 3) the mobile 
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network which consists of the MR and mobile network nodes 
which can act either as LFN or VMN. Figure 1 depicts this logical 
topology of the network. The WLAN networks are implemented 
via the use of three IEEE 802.11b access points. We use NISTNet 
to emulate the Internet by introducing network latency between 
the nodes. 

 
Figure 1: Logical Network Topology of the Testbed 

3. PERFORMANCE EVALUATION OF 
THE HOTSPOT 
It is imperative to analyze and measure the performance of each 
individual component affecting the performance of any network 
in order to improve the whole system. To this end we evaluated 
the performance of our hotspot considering MR handoffs, routing 
and protocol header overheads.   

3.1 Handoff performance 
A NEMO handoff comprises of 5 main components which 
contributes to handoff latency.  The first part to the handoff 
process is a link layer handoff in which the MR finds a new 
Access Point and associates with it (TL2). This link layer handoff 
triggers the IP layer handoff in which the MR performs Router 
Discovery and obtains a new Care-of Address (TRD) and ensures 
that the newly acquired address is unique by performing IPv6 
Duplicate Address Detection [2] (TDAD). In the final part of the 
handoff process the MR registers the Care–of Address with its 
Home Agent. The Round Trip Time between the MR and the 
Home Agent (TRTT) and the time for proxy DAD (TPDAD) are the 
latencies involved in the latter part of the handoff process. Proxy 
DAD is the time taken by the Home Agent to check whether the 
MR’s Mobile Network Prefix is unique. A Home Agent would 
perform Proxy DAD only for the first Binding Update received 
and this delay is not applicable when the MR is moving from one 
foreign network to another. Further when the MR moves back to 
the Home Network (HN) from a Foreign Network (FN) DAD 
delays will not occur due to the Home Agent protecting the MR’s 
Home Address. In summary the handoff delay components 
contributing to the total handoff latency when MR moves from 
HN to a FN (TH2F), FN to a FN (TF2F) and from a FN to the HN 
(TF2H) are given below.  
TH2F = TL2 + TRD +TDAD+ TRTT+TPDAD 
TF2F = TL2 + TRD +TDAD+ TRTT 
TF2H = TL2 + TRD + TRTT 

Figure 2 gives the measured values for each component affecting 
the total handoff latencies. The more significant latencies were 
due to layer 2 and layer 3 network attachment delays i.e. L2 and 
TPDAD and TDAD delays. Although the TRTT was insignificant in 
our measurements it would be otherwise in scenarios where the 
Mobile Router and the Home Agent are for example, in different 
continents. It is important to note that in all our measurements for 
comparisons we used Fast Router Advertisements thus alleviating 
any delays associated with router discovery delays. This 
technique is explained in 4.1. 

 
Figure 2. Handoff Latency Breakdown 

3.2 Non optimal routing and protocol header 
overheads  
In the NEMO protocol all communications between a device 
within the WLAN and their Correspondent Nodes are via the 
Mobile Router and its Home Agent. Although this bidirectional 
tunneling mechanism provides network mobility transparency to 
the nodes within the network this gives rise to non optimal 
routing. This is more significant in the case of nodes from other 
networks i.e. Visiting Mobile Nodes using the on-board network. 
All packets to and from the VMNs will traverse via the VMN’s 
HA as well as the MR’s HA.  
If the foreign network in which the mobile hotspot is roaming in 
is close to the home networks then this routing delay could turn 
out to be insignificant but incases of intercontinental mobility the 
delay would be more significant. As side effects of non optimal 
routing packet loss, reordering and packet duplication could 
occur.  
Further the use of NEMO as with any other protocol introduces 
protocol header overheads. Every packet that traverses via the 
MR and its Home Agent’s IPv6 bidirectional tunnel would have 
40 bytes of a header overhead. In the case of NEMO with VMNs 
this IPv6 tunneling overhead would be 80 bytes per packet.  The 
total header overhead with NEMO would depend on the number 
of mobile network nodes, the type of the nodes and also on the 
handoff frequency.  

4. PERFORMANCE OPTIMIZATIONS  
In the previous section we showed the delays affecting the NEMO 
handoffs and the most significant delay which is the network 
attachment delay was thus addressed by utilizing Fast Router 
Advertisement [3] technique and the Optimistic Duplicate 
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Address Detection mechanism [4]. Further in order to address the 
issue of non optimal routing and protocol header overheads we 
utilized a route optimization technique (referred to as OptiNets 
RO) [5] from our previous work.   

4.1 Fast Router Advertisements and 
Optimistic Duplicate Address Detection  
The router discovery process constitutes of the Mobile Router 
sending a Router Solicitation (RS) message and obtaining a 
Router Advertisement (RA) message from the Access Router. In 
an IPv6 network the Access Routers waits for a random time (0-
500ms) before responding to a RS message. In the Fast RA 
mechanism the Access Routers reply to RS messages without 
waiting for a random delay and we incorporated this technique in 
our testbed.   
The DAD process which incurs the highest latency in the handoff 
process is due to a Mobile Node not been allowed to use the 
newly acquired Care-of Address until the DAD process is 
completed. In ODAD a mobile node is allowed to use the new 
address in parallel with DAD. Incase of an address collision in 
order to protect the node that was using the address first, 
adjustments to IPv6 Neighbor Discovery process is required.  By 
using ODAD for MR handoffs the DAD delays were completely 
mitigated. Figure 4 depicts the TCP performance comparison for a 
handoff from a foreign network to another foreign network. It is 
evident that use of ODAD with NEMO improves the handoff 
performance significantly.  

 
Figure 4: TCP performance in FN-FN handoff 

4.2 OptiNets RO for MIP, MIPv6, SIP aware 
nodes within the Hotspot  
The NEMO protocol provides mobility transparency to the nodes 
within the network by requiring only the MR to be aware of the 
current location of the network. This is desirable in the sense that 
the devices within the hotspot potentially running on battery 
power need not perform a link layer handoff each time the hotspot 
changes its point of attachment to the Internet. In our previous 
work we proposed a mechanism which allows the more capable 
nodes (MIP, MIPv6, SIP aware nodes) to benefit from the MR 
while mitigating the negative effects of the NEMO protocol. The 
proposed mechanism requires the MR to advertise the foreign 
network prefix within the hotspot. The mobility aware nodes 
within the hotspot would be able to auto configure a location 

specific address and perform optimal routing without having to 
communicate with an Access Router beyond the scope of the 
mobile hotspot.  These nodes are now able to perform optimal 
routing according to the route optimization techniques used in 
their host mobility protocols.  
We measured the performance of a MIPv6 node with the OptiNets 
RO scheme. MIPv6 route optimization procedure incurs extra 
signaling initially when setting up the new routing path between a 
MN and a CN. Figure 5 depicts the TCP performance in a static 
case for a VMN with OptiNets RO compared with a VMN with 
no route optimization (VMN no RO), VMN with MIPv6 RO 
(partial RO avoiding VMN’s HA).      
Although we have used only the MIPv6 protocol in our 
measurements it is important to note that with a host mobility 
protocol such as the Session Initiation Protocol (SIP) we would be 
able to achieve greater performance increases. SIP does not incur 
extra headers for route optimization thus it would be possible to 
remove the per packet overhead of NEMO completely using SIP 
with OptiNets.   

 
Figure 5: TCP performance comparison 

5. CONCLUSION 
Implementing and evaluating the performance of a network and 
incorporating techniques to enhance the performance of the 
system are challenging tasks but crucial to the maturity of 
standards. Our ongoing efforts will incorporate techniques in 
order to improve the performance of mobile hotspots.   
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