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Abstract

This paper discusses new mobile usage scenarios for WLAN technologies and presents
an architecture that is based on the notion ofintermittent connectivityinstead ofseamless
connectivity. TheDrive-thru Internetapproach is intended to support Internet applications
of mobile users in environments where no permanent connectivity is available, a common
case for nomadic users. We have chosen the extreme scenario of users in vehicles moving
at high speed on the road and provide connectivity by means of WLAN access points. Our
service architecture takes the transient character of local network access into account and
provides for persistent transport connections and application layer mobility. From reviewing
common Internet applications, we derive application-specific extensions to optimise various
kinds of protocols and provide a concrete usage example. We also discuss the relation of
Drive-thru Internet to technologies such as network layer mobility, authenticated network
access, common WLAN hot spot setups, and WLAN roaming.
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1 Introduction

Seamless connectivity is a popular paradigm for mobile, wireless networking that describes an
idealised service model for mobility protocols. During recent years, a broad range of wireless
access technologies has been developed to provide the basis for Internet and VPN connectivity to
mobile users. Most prominently, this includes on one hand wireless LAN (Wi-Fi) technologies
for high performance coverage inside buildings or in limited outside areas; and on the other hand
cellular telephony and data services (particularly GPRS and UMTS) offering vast geographic
coverage at rather low performance.

Striving for ubiquitous connectivity for the mobile user, at least two (orthogonal) approaches
are followed besides expanding the infrastructure for 3rd generation (and beyond) cellular net-
works: 1) Hybrid networks are designed to optimise network access for mobile users at any
given time, providing for seamless roaming between e.g. GPRS/UMTS networks and WLANs
thus allowing for continuous connectivity [Lei01], as also pursued under the 4G umbrella. 2)
Ad-hoc networking between mobile devices is used to extend the reach of existing network
infrastructures and thus increase the coverage areas [fle03] [BFW03].

Despite those efforts and the already very extensive 2/2.5G cellular coverage, ubiquity is
yet to be achieved, seamlessness far from reality. Personal observations by the authors from
travelling in various countries (particularly in Germany but also elsewhere in Europe and in
the US) seem to suggest that intermittent connectivity is the rule rather than the exception:
even main roads (such as highways and autobahns) and railway lines still suffer from gaps in
connectivity, not to mention more remote areas in the countryside.1 Broad cellular network

1For coverage maps, refer e.g. to http://www.gsmworld.com/roaming/gsminfo/index.shtml. Note that coverage
experienced in practice is less than these rather optimistic maps indicate.
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coverage is usually the only option for the wide area but is expensive for service providers to
offer. And even if available, people often choose not to use cellular wide area connectivity
because of its high cost (and relatively poor performance).[Shi03]

We have developed a networking architecture that accepts the intermittent nature of connec-
tivity as a matter of fact and builds support for mobile users on top. In ourDrive-thru Internet
project2 [OK04a], we investigate providing WLAN-based connectivity on the road, particularly
on highways and on the autobahn with WLAN hot spots located at the roadside (e.g. at petrol
stations, in rest areas, etc.). We have chosen WLAN technology because of the achievable per-
formance, the low cost for the necessary equipment (and thus the acceptable overall investment),
and because we just do not require a large range of connectivity. Furthermore, WLAN hot spots
may be set up independently at minimal effort (which is already being done for fixed Internet
access in several countries [Def03] [ST03]). Finally, our approach is able to leverage such ex-
isting WLAN infrastructures for whichDrive-thru Internetservices may be built as an add-on.
The system architecture does not require particular support from ISPs nor even from the WLAN
hot spots, with the exception of reasonable antenna placement and the use of suitable (outdoor)
equipment, thereby allowing for incremental deployment.

In this paper, we provide an short introduction to the Drive-thru Internet concept and the
practically experienced connectivity in section 2. We discuss intermittent connectivity and re-
lated work as background in section 3 and review typical Internet applications with respect to
their use in a Drive-thru environment in section 4. Based upon these observations, we present
our Drive-thru architecture and discuss technical solutions for enabling Drive-thru Internet ac-
cess in section 5; an example for Internet application support is given in section 6. Section 7
concludes this paper with a summary and also highlights key issues to be resolved in the next
stages to enable real-world deployment.

2 Drive-thru Internet

Figure 1 shows the basic elements of the Drive-thru system architecture (most of which we
will address in section 5): Basic Internet access is provided by connectivity clouds (or islands),
each established by one or more wireless LAN access points. Several (adjacent) clouds may
be interconnected directly but connectivity between clouds will usually not be continuous. The
connectivity clouds are independently managed, so that we expect different ISPs and access
networks to be chosen and private address spaces and NATs to prevail.3

Vehicles travelling along the road will pass through these connectivity islands: they detect
the presence of a wireless LAN, associate with the respective access point, perform some form of
authentication and IP auto-configuration4, and are then able to access hosts in the Internet. This
connectivity period will last until the wireless LAN signal disappears – a duration that may be
prolonged by multiple inter-connected access points using WLAN-based hand-over procedures
or, in a more sophisticated approach, even by forming ad-hoc networks between vehicles as
discussed e.g. in the FleetNet [fle03] and MultiNet [CBB04] projects.

We have performed a set of measurements with different configurations on highways and
freeways that have helped to assess the characteristics of Drive-thru Internet access at rela-
tively high speeds. The detailed results of our measurements so far are described in [OK04a]
and [OK04b]. Besides validating the general feasibility, these measurements were targeted at
analysing the network characteristics for the Drive-thru scenario and at evaluating the perfor-
mance of transport protocols such as UDP and TCP under these conditions.

Both IEEE 802.11b (up to 11 Mbit/s) and IEEE 802.11g (up to 54 MBit/s) WLAN technol-
ogy were used. The IEEE 802.11b test series have shown promising results for both UDP and
TCP measurements. We have seen that the production phase (the phase in a Drive-thru session

2http://www.drive-thru-internet.org/
3Working with these assumptions is a prerequisite for targeting any real-world deployment.
4Our measurements reported below have aimed at the gross data exchange rate and hence have assumed static IP

address configuration and have not considered WLAN authentication.
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