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1 INTRODUUTION

h@.z fisternet connestion on the train offers a
lat of perspectives for the passengers [1L
Within the train they can now enjoy leisure ac-
fivities ke infotmnment, ou line gaming, web
sugfing, Video on Demasd ote. Business trav-
elers have a victual office during their journey
with applications such as e-mail and video con-
ferencing,

But gpat from gaining additional revenues
due 10 both Internet access hilling and
enzased sicket sales, an laternet conpection
comes with ather addittonal advantages for
train operators. Those inclade exira services to-
wards the passeagers such us trave] and touris-
tic information but also enhanced internal ap-
plications: fleet management, Crew COMMuni-
cation, CCTY, ele-diagnosis sle.

Althourh several trials and carly commer-
cial relegses abready deliver wireless Internat
to passengers in fust moving vehicles, many is-
sues remain anvesolved:

» Broadband fnsernes: cwrent solutions only
provide a Bmited bandwidih to be shared by a
Ry BeLs

» Conrtagity: Unintersupted Internet conpectiv-
ity withonly be possible thirough seamiess han-
dover botween helerogeneous wireless access
tchnokugies

s Ouality of Sendeer current solutions do pot
offer any Qof in terms of bandwidth and la-
teney, and certainly do not take 10 account the
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specific Qo8 requircments of different applica-
fons

i1, OBIECTIVE

This PhD targets the above mentioned issues
and Jocuses on broadband wireless access solu-
tions for train commuters. We will design a net-
work architectiwre consisting of heterogeneous
wireless access technologiss and develop net-
work sofutions that support uninterrupted Inter-
net connectivity and fast intra and inter system
handovers in order to provide Internet services
1o the rain with the necessary Quality of Ser-
viCe.,

i Resuirs

in {2] we measured vertical handovers be-
tween available mobile networks of incumbent
operators, indicating the need for an efficient
saobility protocol.  We developed an IP net-
work architecture with Qo8 support in a trans-
parent sway: passengers on the train should not
be aware of the handovers and should enjoy an
uninierrupted scamless multimedia network ex-
perience.

Those activities Jed to the design of a Mo-
bility Management Module, to be installed
in all trains as well as in a central Network
Operations Center of the train operator (see
Figure 1), This Mobility Management Mod-
ule covers both the continuizy support and the
Quality of Service (Qo8) support for various
applications for passengess and crew. Further-
more, those components are orchestrated by a
Policy Decision Function (PDF) which notifies
them of an imminen: handover, based on link
conditions, location information etc (see Fig-
urg 2,
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Figuwre 2. Mability management wehitactre

As for the Mobility Manapement Meod-
gle, we implemented with the Chck Modular
Router {a C++ networking Hbrary) 3] 2 soobil
ity protorol founded on the Muobile Muki-Path
Stream Control Transmission Protacol (MMP-
SCTP) [4], {51, [6]. [7]. W successfully ine
vestigated and demonstrated the possibility for
using (MMPY}SCTP as the mohility and ton-
neling profocol betwesn 4 train and & Metwork
Operations Center (NOC) o the matn land
The NOU serves as gateway, firewall and MAT
{when nsing 1Pv4) for the teaing toward the in-
temet.

We compared this protocat with Mobile ¥
(MIP) and obsained a better dwoughput in a
WELAN for small packets sives (e.g. VolP pack-
ets) because of the packet hundling featuee of
SCTP. It furthermore has built-in packet deliv-
ery refiability doe to the momatic yetransmis-
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