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Abstract. Current satellite, GPRS and GSM systems lack from differ-
ent shortcomings to provide broadband Internet access to fast moving
trains. In this Paper, we motivate that an Ethernet based aggregation
network architecture is the best approach for realizing broadband In-
ternet access in trains, The focus js on the management system for the
Ethernet aggregation network and more specifically on the implemen-
tation of the management module for tunne] switching trigger manage-
ment. The components of the management system are presented and
three mechanisms for the implementation of the tunnel switching trigger
management are detailed: a prediction based, a signaling based and a
location aware approach. The different mechanisms are compared with
respect to availability, complexity and network usage,

Keywords: Ethernet, Aggregation network, Trains, Prediction, Signal-
ing, Location awareness.

1 Introduction

1.1 Motivation

Providing broadband Internet access to railway passengers is an interesting chal-
lenge. With the current emerging trials and early commercial releases it is only
4 matter of time before best-effort Internet on the train will become a reality.
The satellite-based communication systems were the first solutions on the market
but they lack uplink connectivity from train to satellite. These systems can com-
bine satellite communication with GSM or GPRS receivers to ensure continuous
1p- and down-link coverage along the entire train trajectory [1]. Recently the
first comercial bi-directional satellite communication system (4 Mbit /s down -
2 .\-H:jrl‘s up) has been realized that can offer high speed Internet to high speed
trains 121, However as our OWn experiments on the Thalys trial Paris-Brussels

nz et al (Eds ) MATA 2003, LNCS 4714 L, pp. 273-283 2005,
w=Verlag Berlin Heidelberg 2003
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show (see Table 1) the high satellite latencies make real-time communicatie,
impossible. This is due to the fact that the signal has to travel four times tha
distance Earth-satellite (twice for query and twice for answer). Currently an

Table 1. Main results from the Thalys Paris-Brussels experiment

Experiment Result |
Average experienced down-link bandwidth| ca. 1 Mbit /s
Average ICMP round-trip time 616 milliseconds
Average Voice over IP latency 4 seconds

alternative system architecture based on the WiMax pre-IEEE 802.16e stap. -
dard is gaining interest: on-roof antennas with WiMax base-stations located neap
the railroad track provide a bi-directional broadband connection of 32 Mbit/s
with seamless handoff in a high-speed environment [3]. In April 2005, the firsg -
broadband WiMax service on trains in the UK got operational [4]. Recently fast -
handoff between WiFi networks of roughly 5 milliseconds is established which

promises near-seamless 802.11 roaming [5]. However, besides fast WiFi handoff

the aggregation network which is responsible for the transport of data traffie

from the fast moving users to the service providers’ networks, has to be cop-
figured in-time and extended research is required on the management of the

required tunnels in the aggregation network. The challenge is to design telecom

networks in such a way that high bandwidth services which require a high leve]
of Quality of Service — such as multimedia content delivery, video phoning and
on-line gaming — can be provided. The focus in this paper is on the management
of tunnel set-up and tear down triggers in an Ethernet aggregation network.

1.2 Ethernet Aggregation Network

The signaling protocols, used in this paper, are specifically implemented for Eth-
ernet aggregation networks. This choice for Ethernet is motivated by the fact
that telecom operators tend mainly for economical reasons towards networks
consisting of standard QoS-aware Ethernet switches. Ethernet networks use a
spanning tree protocol to maintain a loop free active topology. The legacy IEEE
802.1D [6] Spanning Tree Protocol (STP) and the IEEE 802.1w [7] Rapid Span-
ning Tree Protocol (RSTP), both use only N-1 links in a network of N nodes.
This limits the amount of links that can be used in these networks but with the
introduction of the IEEE 802.1s [8] Multiple Spanning Tree Protocol (MSTP)
the bandwidth efficiency can be improved by maintaining multiple trees instead
of a single tree. Most commercial switches are IEEE 802.1q & p compliant: i.e.,
they support the Virtual LAN (VLAN) technology and are QoS-aware (based
on priority scheduling). VLANS provide a way of separating the physical topol-
ogy in different logical networks and can be used to define end-to-end tunnels
in the network. The configuration of VLANs can be performed automatically
by means of the standardized GVRP (GARP VLAN Registration Protocol).
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Inn sinnlary, the case of use and the auto-configuration of standard Ethernct. in
combination with the recent advances in QoS support are probably Ethernet’s
strongest features,

Tie remainder of the paper is structured as follows: Section 2 presents the
considered network architecture, whereas Section 3 details the implemented sys-
tent tor tunnel switching trigger management and claborates on three trigger
mechanisms. The management system design considerations are addressed in
sectioil -k Finally, the main conclusions are summed up in Section 5.

2 Considered Architecture

2.1 Aggregation Network

The FAMOUS (= FAst MOving USers) network architecture has already heen
puiblished by the authors 9] and is depicted in figure 1. As can be seen in
this fouwre, Willax base-stations are positioned along the railroad track and
every bise-station is connected to an AGW (Access GateWay) which gives access
t the aggregation network part. Note that in the aggregation network part
traffic dewands from separate users are not considered but groups of users are
aggregated together per carriage. By aggregating the requests the system remains
scalable for aggregation networks of realistic size. The traffic of each group of
moving users is multiplexed in the AGWs into VLAN tunnel. The aggregation
network is responsible for the transport of the data traffic, by means of high
bandwidth tunnels moving at high speed, to the service provider (SP) domain.
The conucction between the SPs and the aggregation network is realized by
Service Gateways (SGW. 8).

2.2 Train Network - Aggregation Network Interaction

While commuters are moving along the railroad tra Jjectory, their attachment point
to the aggregation network will hop from one AGW to another. In order to preserve
the conneetion between the train and the core network, tunnels must move with
the trains. Due to the moving tunnel concept, seamless connectivity is not assured,
However, service guarantees can be assured by making on-time resource reserva-
fons in the aggregation network. This prevents high congestion levels which are
inbierently harmful for the network performance during tunnel switching. There
vun be multiple connections per train, dependent on the number of antennas on
the roof of the train. In this paper we assume that every carriage has its own un-
fenna and that it is using a single associated tunnel in the aggregation network.
These tunnels on which the data connections of fast moving users will be mapped,
" VLAN-based tunnels which are responsible for the delivery to the correct AGW
4 the awsrcention network, The VLANS arc fixed end-to-end tunnels, automati-
llv cd with GVRP. At their due time, tunnel reservations are registered for
i «wtion, but only shortly before the connection will be effectively using
REVLAN turmel, Whist: this train is no longer connected to the AGW and tunnel

Tl
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Flig. 1. Schematic representation of considered network architecture, which consists of
A core part, an aggregation part and networks on the trains

reservations are no longer required, reservations are immediately released. In this
way the system will always guarantee that the current and the next hop tunnel will
be able to maintain the service level and that useless reservations are prevented, In
areservation-based system congestion levels and statistical multiplexing gains are
manageable at the Connection Admission Control (CAC) level. In order to auto-
matically activate the tunnels at their due time, a Layer 2 reservation protocol is
developed, i.e. the GARP protocol G2RP (more details given in [9]). The designed
protocols allow to make optimal use of VLANSs (Virtual LANs) to support Multiple
Spanning Trees in the Switched Ethernet networks. In this way network resources
can be optimally used.

3 Management System

3.1 Overview

This paper focuses on the specific management framework for tunnel switching trig-
ger. taking into account the exact positions of the trains, A diagram of & manage-
ment systerm for aggregation networks to support fast mobile users has already been
presented in [10]. Figure 2 shows the resulting management system. The off-line
process has remained almost the same., but the online part is extended with new
components. Two of them are essential: (i.) the triggers from trains and (ii.) the
monitoring component. The first one collects information of trains (more specif-
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Fig. 2. Schoanatic overview of the management system. It consists of two parts: an off-
line purt :md an online part. The off-line process is done before any trains are moving
on the rail tracks. Its main purpose is the pre-configuration of the needed tunnels,
The different components of the off-line part are published by the authors in {11]. The
second process is the online one. The main purpose of this part is to activate the pre-
configured tunnels at their due time and deactivate them when they are not neceded

Anvmaore:,

eally information of each carriage of trains) and sends them to the component
that gets the relevant information from the tables based on the received triggers.
Using this information, the decision is made if a new tunnel must be activated
or If an cxisting one must be deactivated. The monitoring component collects
mformition on the usage of the tunnels. Based on this information, the man-
agtmnent system is completely sure the new tunnel is used before deactivating
the previous one. The central component uses all the provided information to
tpdate the tubles, hence the tables contain most recent information.

3.2 Tunnel Switching Trigger Mechanisms

The nanzgenient svstem supports three different tunnel switching mechanisms:
b eedietion based, (i) one based on signaling and (iil.) an exact locution
wrare approsch. The following scetions describe cach of these mechanisras,
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u train_d | carviage_id | AGW | tumnal_id

e—

ﬂ tima_active_start | train_jd | carriage_id | AGW r‘

m train_id | carriage_id | active_nnnel_jd 0
[0 ¥ non s activa]

—
train_id | carriage_ld | AGYY | tima'_sctive_saart

Fig. 3. Flowchart of the train position prediction mechanism. It uses tables
on information of the train company: the timetables and the velocity maps. Anot
process keeps the tables up-to-date based on the gained information.

Train Position Prediction - An overview of the mechanism is shown
figure 3. It is based on the exact timetables of the train company, together with
a velocity map of the train speed on each part of the rail track system. B:
on this information, a table is filled with time intervals and AGWs, tog
with train_ids and carriage_ids. The train_ids and carriage_ids are
to make a distinction between the different trains and their different iz
A query on this table, at a certain moment in time, with a train_ id and
carriage_id will result in a AGW, namely the AGW to which the carriage
that train is connected to, at that specific moment in time. Because trains can
suffer from delays, the train position prediction mechanism has been extend
with a heartbeat mechanism. Because the heartbeat signals, sent by a specifie’
heartbeat component installed on every carriage, are sent directly to the man~
agement system, it allows for easy monitoring. Those signals are sent with z
specific time between them, this is called the ”heartbeat time” period. When a
train is expected to reach a new base-station connected to an AGW, the system
will check if the required tunnel has not been activated already. If this is not the
case, the new tunnel is activated. Next the monitor detects the first heartbeat:
of the activated tunnel and uses this time to update the time_active_start
of the table containing the expected arrival time of the carriage in the area of
next AGWs. This is controlled by an external process, also shown in figure 3.
After the monitor detected the first heartbeat through the recently activated
tunnel, the previous active tunnel will be deactivated, after a pre-defined ”safety:

margin” time period. This prevents the deactivation of a tunnel that is still
in use.
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!

: gignaling - The second mechanism to keep track of the exact positions of the
ArTAZCS, needs an action taken by the base-station. The moment the base-
. -;rio;l detects an antenna of a carriage arriving in its covered area, it sends
‘[l\\crain—id and carriage_id of the antenna to the AGW connected to the
pase-station. This AGW broadcasts a message including the train_id and the
;arr jage.id. From the source Ethernet address the SGW knows the origin AGW
;I' the niessage. From a lookup in its table, the correct tunnel_id is retrieved.
\ext the management system checks if the the found tunnel_id is activated
Jready from another table (the one that holds the active tunnel_id for each
.rain_id-carriage_id pair). If this is not the case, the tunnel_id is activated.
After o specific time, the previously activated tunnel to that carriage id is
geactivated, after a pre-defined ”safety margin” time. If no tunnel has been
sctivated before for the considered carriage_id, deactivation is not needed.
Finally the table containing the active tunnel_id for the considered carriage is
updated with the new value. Because the speed of the train can be very high,
nd beeanse the signaling process takes some time to activate the tunnel, it can
bo useful to handle a dedicated antenna to signal the presence of the train. This
autenna is placed on the first carriage of each train. This antenna will not be

used for the data traffic, but only for the signaling process.

th

Location Aware Approach - The third mechanism uses, just like the previous
one, informution obtained from the train. However, this information will be up-
dated at regular moments in time. Therefor a specific "update time” must be set.
The location aware components on the carriages send their information every ”up-
date time” seconds. For the location information, GPS modules are used, as they
are more and more often installed on trains. With this information it is possible to
know which carriage is in reach of which AGW, and so it is known what tunnel_id
must be activated, from the appropriate table. As it is the case in the previously de-
scribed signaling mechanism, the deactivation of the previous tunnel is done after
a "safety margin”, if there is any previous active tunnel.

4 Design Considerations

For each of the proposed mechanisms different constants must be defined, several
variables must be declared and tables must be implemented. Table 2 gives an
overview.

4.1 Message Sequence Charts (MSC)

— Train position prediction - In figure 4 the MSC is given for the train position
prediction mechanism when a train is on schedule. It is shown that after
activation of the new tunmel, the monitoring is started. After detection of
the first heartbeat through the new tunnel, a safety margin is waited and
the old tumnel is deactivated. As depicted, the new tunnel is ready when the
first data is sent through the tunnel. Also the release of the old tunnel is
done in a proper way.
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Table 2. Summary of the design considerations

| Type Name Prediction|Signaling
Constant safety margin x %
time before active
heartbeat time
table update
location update
Variable first activity
Table with tunnel_ids
with active_tunnel_id
with estimated time_active_start
with measured time_active_start
with GPS information

L

E T
=

g 1
Eeiie i

[

Fig. 4. The MSC shows both components that are instantiated at the SGW. Several
parameters are indicated: the time before active, the safety margin and the table update
time.

— Signaling - Figure 5(a) shows the MSC for the signaling mechanism. It shows.
the signal on which the tunnel activation is based. After receiving this signal,
the system waits a predefined time, the ”safety margin”, and afterwards
deactivates the old tunnel. ;

— Location aware approach - Finally, figure 5(b) shows the MSC for the loca- -
tion based train position detection. It is clear that, based on the knowledge
of almost the exact position of the trains, all needed tunnels will be acti-
vated when they are needed. As disadvantages of this system, we mention




\anasement of Aggregation Networks for Broadband Internet Access 281

e —— et
. - L Tiahea o
it 4
| | ‘T ey i
P — i g
eism e | A7 e e v

Pra i
v o b
ey w

i

- signaling mechanisim. (b) MSC for location based mechanism.

"
—
L7
)
ol
=
o,

Fig. 5. MSC for different mechanisins

the parchase and installation of GPS infrastructure on trains and network
asaee by the broadeast messages with the GPS location information inside.

4.2 Comparison

For the connparison of che different approaches, we compare the three proposals
on their cvallability, thelr complexity and their efficiency. These comparisons are
sivin o rables 3 and b The first wuble compares the quality of the connection
during srmnel switching in three cases: if the train is on schedule and during
the deveetion of a small or a large delay, In the fivst table the influence of the
used technology can not be neglected, as this deternines the distance between
the sueeossivie base-stations and this has consequences on the availability of the
couteciion. If the systern acts slowly, and the time between two hundoffs is staall,
the system will fall. I the distance between base-stations is small, this failure
will Lo dvamacic, for bigger distances, the problem is not necessarily dramatic.
Tiiz s whe the WiFi technology is worse than the WIMAX rechnology with
resioe o the gnality of connection, This quality also depends on the amournr
(L av bat enly for the prediction bused moethod: for small deliys, « small
Lo s amecessayy reservations will be made. for larger delavs. this amount

Lo s pigect, i(ra;fling {0 an £Vel Worse quu.]ity of conleetion. As i SUMILALY,

- cheervations can be made: (1) if @ management solution s desired.
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Table 3. Comparison of different approaches concerning availability. When using ¢
WiFi technology, the base-stations are placed very close to each other. The W;

technology permits larger distances between base-stations while keeping the overalj
bandwidth equal. We like to remark that for both cases (WiFi and WiM AX) a
rameters are the same e.g., the location update time is equal.

Prediction Signaling Location |

Train |WiFi|WiMAX|WiFi|WiMAX|WiFi|WiMAX

On time | ++| ++ |——| - + [ ++ ]
Little delay| — + - - + ++
Large delay| —— - - - - e

Table 4. Comparison of three approaches concerning complexity and network
The complexity is measured in terms of the number of required tables, variables ang
constants, together with the required number of component instantiations. The network:
usage is determined by the number of messages for tunnel set-up and tear down.

Metric Prediction|Signaling|Location
Complexity - e -
Network usage| ++ + -

which is transparent to the existing base-stations and managements components -
on trains, the prediction approach is the only possible solution; (ii.) although, if
the complexity of this prediction approach is unaffordable, a signaling or location
aware solution is preferred; (iii.) a location aware approach has the advantage
that tunnels are always established in time at the expense of the more complex
GPS management components. i

5 Conclusion

As a reaction on the existing technologies, which suffer from different kinds of
problems to provide broadband Internet access to railway passengers, we pro- -
posed a new approach, based on an Ethernet aggregation network architecture.
This paper focused on the management system for the tunnel switching trigger
generation. Several mechanisms for the management and generation of the nec~
essary triggers have been elaborated on. The weaknesses and strong points of the
different mechanisms have been addressed. The involved software components
and database structure have been detailed, together with a motivation for the
implementation choices.
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