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Abstract: The latest generations of telecommunications networks have been
designed to deliver higher data rates than widely used second generation
telecommunications networks, providing flexible communication capabilities
that can deliver high quality video images. However, these new generations of
telecommunications networks are interference limited, impairing their
performance in cases of heavy traffic and high usage. This limits the services
offered by a telecommunications network operator to those that the operator is
confident their network can meet the demand for. One way to lift this
constraint would be for the mobile telecommunications network operator to
obtain the cooperation of a broadcast network operator so that during periods
when the demand for the service is too high for the telecommunications
network to meet, the service can be transferred to the broadcast network.
In the United Kingdom the most recent telecommunications networks on the
market are third generation UMTS networks while the terrestrial digita
broadcast networks are DVB-T networks. This paper proposes a way for
UMTS network operators to forecast the traffic associated with high demand
services intended to be deployed on the UMTS network and when demand
requires to transfer it to a cooperating DVB-T network. The paper aims to
justify to UMTS network operators the use of a DVB-T network as a support
for a UMTS network by clearly showing how using a DVB-T network to
support it can increase the revenue generated by their network.
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1 Introduction

This paper is based on research carried out as part of the “Converged 1P based Services
for Mobile Users and Networks in DVB-T and UMTS Systems” (CISMUNDUYS) project
[1] that was a European Union-funded research and development project investigating the
convergence of digital broadcast and mobile telecommunications.

In major European economies such as those of Germany, France, Italy and the UK,
digital broadcasting is supplying broadcasters with new audiences by virtue of the fact
that the digital broadcast signal can be received on portable and mobile terminal devices.
In the UK the standard adopted for digital broadcasting is the Digital Video Broadcasting
Terrestrial (DVB-T), which can deliver high-resolution video services with coverage up
to nationwide areas. Although the current implementation of DVB-T does not provide
the built-in return channel essential for interactive TV and on demand services, a return
channel can be made available using mobile telecommunications networks. The use of
such a return channel would result in the possibility of deploying new on-demand
multimedia services for both mobile telecommunications and broadcast network users,
generating increased revenue for the broadcasters and a net “add on” income for the
telecommunications operators. Mobile telecommunications companies are in fact
looking for value added services to offer to their subscribers while at the same time trying
to minimize additional infrastructure investment. They are aware of the fact their users
are ready to consume new multimedia services provided that they are delivered with
satisfactory quality of service [2], [3]. Broadcast offers a cost efficient solution for
distributing multimedia content to a large audience. Thus, the mobile
telecommunications network operators can potentialy benefit from the possibility of
delivering their services through cooperating telecommunication and broadcast networks.
The CISMUNDUS project investigated and devel oped prospective services intended for a
mobile terminal device with access to a network consisting of a DVB-T network
cooperating with a Universal Mobile Telecommunication Systems (UMTS) network.
The different prospective services designed within the CISMUNDUS project are all
intended to be managed in such a way that when the service demand reaches a certain
value, the service delivery is handed over from the telecommunications network to the
broadcast network. The reason for this is that the prospective services described in
subsequent sections are highly resource demanding and as such would easily cause
congestion if delivered to a large number of users on a UMTS network. On the other
side, the deployment of such services in situations of low demand could be successfully
handled by telecommunications networks and could generate for their operators an
increase in revenue. Switching the delivery of a service from one network to the other
when a certain service demand is reached could alow the exploitation of the advantages
of IP services delivered over mobile telecommunications networks as well as the benefit
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of the point to multipoint communication available with broadcasting, generating an
increase in revenue for both broadcast and telecommunications operators with minimum
infrastructure investment. This is the reason why a solution for service delivery
involving both broadcast and telecommunications networks was proposed in the
CISMUNDUS project.

In the past, partial solutions to the problem of highly resource demanding service
delivery have been proposed such as the design of new methods for radio resource
alocation as described in [4] and [5] were new mechanisms for optimising the usage of
the capacity available in third generation mobile networks are proposed. However, these
methods are not designed to satisfy massive numbers of requests for new multimedia
services. Such services could easily consume al the available capacity and therefore
result in a breach of the service level agreements as contracted with the users. In the
CISMUNDUS project it was proposed that the delivery of highly resource demanding
services should be controlled by a unit called the Content Delivery System (CDS) that
would decide whether to deliver the service on the broadcast network or on the
telecommunications network. This decision could be made on the basis of resource
monitoring and the number of service subscriptions. Such a service deployment
mechanism would have to be configured by setting thresholds for the maximum numbers
of users accessing the services via UMTS. When the number of subscribers for a
particular service is lower than the threshold the deployment would be done using
UMTS, otherwise the service would be delivered using DVB-T. However, some services
may be so resource demanding that a “one way” deployment via “DVB-T only” is the
best solution for the current infrastructure. The design of such a resource management
system requires estimation of the traffic that would be generated by the services that are
planned for deployment on the cooperating networks. The approach taken in this paper is
to design stochastic models from which a forecast of the traffic generated by these
prospective services can be gained. This solution could provide network operators with
important information as to whether or not the prospective services could be successfully
deployed on the telecommunications network alone or whether at times of high demand it
would be necessary to transfer the service to a support network such as a broadcast
network. Similar types of traffic and user behaviour models can be found in the literature
and have been applied to the most commonly used wireless applications. In [6] and [7]
for example, models for temporal and spatial distributions of traffic in urban areas and for
traffic forecasting have been developed for GSM networks. However, the main service
considered in these models is the circuit-switched voice service, which makes the
modelling of the traffic load relatively simple due to the one-to-one relationship between
users and channels. A similar research path has been followed in [8], where the authors
again propose models describing the traffic on both a temporal and spatial basis but also
consider services such as wireless Internet. Therefore, the models are closer to an actual
third generation services scenario but do not provide a forecast of the tremendous
increase of traffic that could be generated by the deployment of multimedia applications
such as video on demand. In addition, statistical models at both the packet and session
level can be found in [9], [10], [11] and [12]. In such cases source traffic can be
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represented by stochastic models that can give a prediction of what the traffic load would
be for a specific application under certain conditions. Again, the mathematical models do
not consider the consequences that the deployment of new interactive multimedia
services could have on the traffic generated and therefore on the overall network
performance.

In this paper the problem of what the traffic load could be due to the deployment of
new multimedia applications is addressed. Attempts of solving such problem have
aready been carried out in the past [13], but the results achieved did not rely on real data.
The user behaviour models hereby presented are based on data collected from Internet
servers that provided similar services to those being analysed. Although the models
derived are based on analysis performed within a particular service scenario, the concepts
behind their design could be applied to any service scenario using any network
technology. This makes the proposed technique flexible and applicable to different cases.
This paper does not address the problem of how different tariffs could influence traffic
trends and this issue is left for future work. However, the models presented in section 4
and 5 were adopted to generate simulations using the OPNET simulation software [14].
Such simulation package is particularly suitable for network simulations and ahs already
been adopted in the past [15]. The simulations demonstrate how third generation mobile
networks could react to the deployment of highly requested multimedia services. These
results provide telecommunications network operators with an estimate of the maximum
service demand sustainable by their network, thereby giving an indication of what the
service demand thresholds for the hand over of service delivery to a support broadcast
network could be. Moreover, from the results obtained it can be seen how advantageous
it could be to provide a mobile telecommunications network with a supporting broadcast
network such as DVB-T. In such situations new routes could be available for the traffic
during busy time periods to relieve the congestion on the telecommunications network.

This paper is organized as follows: in Section 2 a technical description of the
deployment of highly requested multimedia applications in UMTS networks is presented.
In Section 3, the service scenario adopted for analysis in Sections 3 and 4 is illustrated.
Sections 4 and 5 present and illustrate the stochastic models designed to forecast the
number of subscriptions per service. Section 6 reports the scenario simulated using the
proposed traffic models and the network behaviour shown in the simulations. The
conclusions drawn are presented in Section 7.

2 Theoretical Analysis

The delivery of highly demanded applications on new generations of mobile networks
often represents a problem for telecommunications network operators. Frequently,
operators refuse to deliver on their networks “user-attractive” multimedia services that
could cause situations of congestion and degradation of the offered QoS. In this section
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the technical reasons for such phenomena are analysed the latest generation of mobile
telecommunications networks in use in Europe at the moment, UMTS.

UMTS is a recognised standard for third generation mobile networks in Europe and
adopts Wideband Code Division Multiple Access (W-CDMA) technology as its air
interface. This allows all users to use the same wideband frequency for transmission of
information over the physical channels. The use of orthogona codes [16] makes it
possible to encode and decode the signal avoiding interference from other users and
alows the use of variable bit rates depending on the service. However, in order to have
successful decoding the signal to interference ratio (SIR) has to be higher than a certain
threshold. When a large number of users try to connect at the same time, the tota
wideband interference experienced by a single user increases. Therefore, the
transmission power of individual user equipment (UE) has to increase, which causes a
further increase of interference and consequently transmission power. This phenomenon
will eventually cause the UE to use maximum transmission power, making it unable to
react against an extra increase in noise. The connection in this case will be very weak
and subject to possible packet loss and in the worst-case disconnection. A similar
problem can be encountered at the base station with regard to downlink communication,
with the difference that the transmission power is increased due to the path losses and the
signal fading (proportional to the distance of the UE from the base station). Moreover,
UMTS capacity is affected by the bit rate in use at each terminal, this bit rate being
dependent on the QoS required. All such parameters can be combined together as
illustrated in [17], to give an estimation of the maximum capacity that one cell can
handle, either in the uplink or the downlink. In order to achieve this result let us start
with the uplink case and define the energy per user bit E, divided by noise spectra
density No:

w P . i
(E,/ No)j =— % ] _(Processing Gain)*SIR,
U Rj lotal — PJ

Where Wis the UMTS chip rate, with regard to user j, P, is the received signal power
at the base station, v is the activity factor, R;is the bit rate and |, is the total received
wideband power including the thermal noise power in the base station. Rearranging for
P; gives

1

Pj = W I tota

1+ " "
(Ew/Ny), *R,*v,

Let us define L; = P /liq to be the load factor L; of one connection then from the
above

1
L = W

1+ P
(E,D/NO)j R, *v;
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The total received interference, excluding the thermal noise I, can be written as the
sum of the received powers from all N usersin the same cell

N N
— — *
ItotaI_ITh_ZPj _ZLj | otal (1)
=t -1

The noise rise is defined as the ratio of the total received wideband power to the
thermal noise power and using Equation (1) can be obtained as

- I
NoiseRise = 22 — r 1
[ 1 - L 1-ny
-2 L

j=1

@

N
where we have defined the load factor 77y, = Z L P

j=1

It can be seen from Equation (2) that as 7y, tends to unity, the corresponding noise

rise tends to infinity. This means that as the number of users served increases the system
tends to saturation or more precisely to its pole capacity. After the pole capacity is
reached any further request will, either be rejected by the admission control algorithm (in
case of throughput based admission control [17]), or if accepted will cause an overload of
the cell with consequent corruption of communication for the users connected.
Additionally, in the load factor the interference from the other cells should be taken into
account by theratio

i = Other cdll interference
Own cell interference

Taking into account the interference from the other cells the uplink load factor can be
written as

N
. 1
L :(1"")*2 W ©)
=1 14
(B, / No)j *R, *v;

Following a similar argument as for the uplink, the downlink load factor 7, can be
defined as
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. N 1
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where o; is the downlink orthogonality factor for user j and i; is the “other cell
interference over the own cell interference” for user j. The parameter ij is different for
each user because it depends on the users position within the cell. The load factor can
provide an estimate of how much the network is loaded by comparing it with its
maximum value of one and a forecast of how many users can simultaneously use a
particular service in certain interference conditions as explained in the following
example.

Let us suppose we want to estimate how many users in a single cell can
simultaneously download a video clip using a maximum bit rate of 144 Kbps. In such a
scenario, an average value found by simulation for Ey/N, was 3.2 dBm. The other cell to
own cell interference can be set to 0.67 and the average orthogonality factor can be
chosen as 0.6 as suggested in [17]. In this scenario the maximum number of users that
can be served at the same time can be obtained by substituting the above mentioned

values of Rj » Eo/No, ij and a; .1 =1,2, .., N, into Equation (4) and calculating for how

many users 77, would reach its maximum value of one. Hence, the maximum number

of users is determined to be 13. Any increase in subscriptions, will either cause
connection rejection or a higher level of interference in the cell causing corruption of the
received signals at the base station.

Consider a situation where all the users, of a UMTS telecommunications network, in
afootball stadium receive an announcement for a video service showing the scoring of a
goal from another match. If in an interval of time of 60 seconds the magjority of users
wanted to subscribe and consume the service this could generate an overload that could
be not handled by the UMTS network. Thisis one of the many service scenarios studied
in the CISMUNDUS project and gives an idea of how crowds of users interested in the
same service could be the source of congestion for third generation telecommunication
networks. For this reason, the scenario of a telecommunications network such as UMTS
supported by a broadcast network such as DVB-T is analysed. The reason for the use of
a DVB-T network in support of the UMTS network is to provide support in situations of
over subscription through its high capacity and the use of broadcast channels instead of
unicast. In the next section, the scenario adopted as a case study in this paper is
presented.

3 TheFootball Match Scenario

The scenario studied in this paper is that of a football stadium where 60,000 people are
watching a football match. The total number of UEs in the stadium and provided with a
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terminal able to receive both UMTS and DVB-T signals is assumed to be 6,000, that is,
the penetration is 10%. The co-operating UMTS and DVB-T networks provide the area
of the football stadium with multimedia services concerning the football match the users
are watching as well as general services about football. This scenario has been chosen
because it represents a good example of how different and numerous users localised in a
restricted area can request the same services. Nevertheless, the methodology presented
can be applied to different scenarios that could easily occur in real life. The examples
include, groups of tourists visiting an archaeological site and being provided with
multimedia services describing the history of the area, and numerous users in a traffic
jam trying to access multimedia services providing information about the road traffic.
These rea life scenarios have one characteristic in common, large crowds of users
reguesting the same application.

The prospective services for the football scenario have been designed in the
CISMUNDUS project together with their announcement and subscription schemes [18,
19]. The most important of them are listed below:

1) Match Program — Provides web pages with pictures and information about the match
users are watching, the teams playing, the latest events concerning the match and
links to pages containing information on other matches in the premier league. This
service is continuously available to users.

2) Goal Alert —Provides video clips of the most important events (goals scored, free
kicks, bookings, etc.) occurring in other matches playing at the sametime in different
locations. The service is announced to the users as soon as the event occurs by
sending to them an alert message; therefore a high number of subscriptions are
expected shortly after the announcement, such as within 60 to 80 seconds after the
announcement.

3) Multi-view Football — Provides streaming videos from different angles of the match
users are watching. This service would be announced once, before the start of the
match and is accessible by the users at any time during the match provided that a
subscription to the service has been made after the announcement. Because it
demands high resourcesit is delivered using the DVB-T network only. A light
version of this service for delivery viathe UMTS network could consist of pictures
and information describing the most important events of the match announced when
the events occur, hence a pattern of subscriptions similar to that of the Goal Alert
scenario could be forecast in this case.

In order to estimate the utilization of these services and consequently determine if
they could be deployed solely via UMTS or would at some point require transferring to
another delivery platform (in the scenario considered, a DVB-T network), user behaviour
models need to be developed. Usually such models would be based on historical data
generated either by monitoring users access to certain applications or by running service
consumers surveys of different kinds as illustrated in [20]. However, no historical data
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exists because the use of a DVB-T network in support of a UMTS network is only a
proposal at the moment. Therefore, a similar service scenario must be found where users
are expected to behave similarly, using similar services on a similar network. Such a
scenario has been identified by analysing the access of Internet users to the Web site of
the France '98 Foothall World Cup. This Web site provided Internet users around the
world with awide range of information. Besides being able to access the current scores
of the football matches in real time, fans could also access previous match results, player
statistics, player biographies, team histories, information on the stadiums and a wide
range of photos and sound clips from the matches and interviews with players and
coaches. In the next section an analysis of the Internet log access traces collected from
the France98 Web serversis presented.

4 User Behaviour Modelling

To develop a user behaviour model of the “football match” scenario the workload of the
1998 World Cup Web Site has been analysed. However, such an analysis could be
performed for different scenarios by identifying Internet services similar to those being
considered. For the scenario considered in this paper the data traces from 1998 World
Cup Web Site have been used, which are available on [21], while further analysis of the
workload of the site can be found in [22]. The measurements from this site were made
over a three-month period. During this time the site received a total of 1.35 billion
requests. The data set used in the workload characterization study reported on [21] is
composed of the access logs collected from each of the servers used by the World Cup
Web site.  Each access log is in the Common Log Format [21]. For every request
received by the Web server, the following information was stored:

o Remotehost: the (encoded) 1P address of the client issuing the request.
o rfc931: the remote login name of the user.

o authuser: the username by which the users authenticated themselves.
o [date] : the date and time of the request.

o request: the request line exactly asit comes from the client.

o status: the HTTP response status code returned to the client.

o bytes: the content length of the document transferred.

An example of an (artificial) accesslog entry is:
10023 - - [10/Jun/1998:00:00:01 +0200] “ Get /index.html Http/1.0” 200 1000.

From the analysis of the overall workload the total number of unique IP addresses
that accessed the web site was found to be 2,770,108. This number can only give arough
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estimate of the total number of users due to the presence of proxy caches and shared
workstations that hide some of the unique clients and because of the use of Dynamic Host
Configuration Protocol, which inflates the number of unique clients. Nevertheless, it is
possible to think of this number as the total population accessing the Web site. General
statistics regarding the overall set of dataarelisted in Table 1.

Table 1 Breakdown of HTTP Resource Methods and Response Codes [22]

Method % of Requests % of Content Data Transferred
GET 99.88 99.62

HEAD 0.10 0.30

POST 0.02 0.08

Response Code % of Reguests % of Content Data Transferred
200 (Successful) 80.52 97.86

304 (Not Modified) | 18.75 0.00

Other 0.73 214

It can be seen from the data how the ‘GET’ requests account for amost all the
reguests for the World Cup site. This is not surprising since the primary purpose of this
site was to provide information to people. Also, it can be noticed that the 304 Server
Response Codes occupy a quite high percentage of the total requests. It is noted that
while the 200 Server Response Code will be returned from the server if the file requested
by the client is available for transfer, the 304 code will be returned if the request header
included an “if modified since” parameter and the file has not changed since that date. If
the file has changed its content since that date and the file is available for transfer a 200
code will be returned. Therefore, 304 coded responses correspond to users refreshing
Web pages and traffic analysis of such responses is useful in modelling user behaviour
for very popular services such as real time football match scoring as the most passionate
and interested users will refresh their page frequently so as not to miss any occurring
event. The total number of such users can be used to estimate the percentage of UEs that
would subscribe to the “Goal Alert and Multi-view Football” service, since in the
UMTS/DVB-T network the action corresponding to refreshing an Internet page, to be
updated about the latest events, is to subscribe and consume the Goa Alert and Multi-
view Football service.

5 ServiceModelsin the Football Match Scenario

User behaviour modelling in the Football Match scenario involves a detailed time scale
analysis of the Internet data transfer because it shows significant variations in the number
of users connected, number of requests, etc., over time so that the average statistics over
the entire three-months duration of the data cannot give the right parameters needed for
modelling the number of subscriptions during a single football match. For this reason a
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Web site access trace corresponding to one of the most popular matches of the
tournament (Argentina vs. England) has been chosen for a deeper anaysis using
MATLAB software [23]. The total number of |P addresses accessing the web site during
this match was 60,000, while the total humber of IP addresses receiving 304 response
codes was 43,300. Other statistics regarding the data trace during this match are listed in
Table 2.

Table 2. Breskdown of Resource Methods and Server Response Codes for the match Argentinavs.
England.

Method % of Requests % of Content Data
Transferred

GET 99.94 99.82

HEAD 0.06 0.18

POST 0.00 0.00

Response Code % of Requests % of Content Data
Transferred

200 (Successful) 64.68 98.00

304 (Not Modified) 3511 0.00

Other 021 2.00

It can be seen that the percentage of 304 response codes given in Table 2 is higher
than that given in Table 1 the percentages being approximately 35 % and 20 %
respectively. This result supports the assumption that the users receiving 304 response
codes are those using the real time scoring service.

5.1 Multiview Football Service model

It is possible at this stage to forecast what the user behaviour will be for the Multiview
Football service. In fact, if this service is announced only once at the beginning of the
match the total number of subscriptions will be proportiona to the total number of hosts
receiving 304 response codes.

Multiview Football ~— — Q* Number of Hosts
Subscribers receiving 304 codes

where the constant Q depends on the penetration of the type of technology used,
UMTS/DVB-T network, and on the tariff fixed for the service. Thisis due to the fact that
the Multiview Football service is dedicated to the most passionate users, whose “internet
identities” are the hosts receiving 304 response codes. In the scenario analysed in this
paper a penetration of 10% isassumed. The constant Q can be calculated as

Q = Total Number of UEs Tota * C
Number of Hosts

where C is the factor that takes into account the tariff adopted. At this stage the tariff is
not considered, therefore, C could be set arbitrarily to 1, Q would have the value 0.1, and
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the total number of subscribers for the Multi-view Football service would be 4,330. This
total number of users could subscribe to the service within an interval of time between
five and ten minutes. Inthe CISMUNDUS project a period of ten minutes was set, as the
maximum length of time the server would wait before streaming the service. This
waiting time was set in order to be able to register the number of service subscriptions
received before the start of service delivery and decide whether the number of subscribers
was high enough to deliver the service viaDVB-T. Such a number of users requesting a
live streaming video would be very difficult to handle via the UMTS network because of
the resource demanding service they want to use. Therefore, if severe losses in revenue
and a decrease in user satisfaction due to disconnections and rejections of subscriptions
are to be avoided the Multi-view Football service would have to be either suppressed or
delivered through a supporting network such as DVB-T.

5.2 Match Program and Goal Alert Service Models

For the user behaviour modelling of the “Match Program” and “Goal Alert” services, the
model cannot be based only on the total number of hosts connecting to the Web site
during the whole match. The Goal Alert service is announced only when an event
occurs. Hence, only those users interested in the service at that particular instant of time
will access it. For the Match Program service there is the possibility of deploying this
service viathe UMTS network and announcing the service only when an event occurs. In
both cases an analysis of the data on a smaller time scale is required in order to forecast
the number of subscriptions per service at a particular instant of time. The analysis of
this data leads to the design of user behaviour models based on Poisson processes
because, as has been widely reported in literature e.g. [24], the frequency with which a
person decides to use the network for a specific task is well described using Poisson
processes.

The Argentina vs. England data trace was segmented, into intervals of five minutes
each and for each interval statistics are reported in Figures 1 and 2 for the number of
hosts receiving 304 codes, the total number of hosts, and the percentages of 304 and 200
codes. Figure 1 shows how the number of hosts receiving 304 codes, together with the
total number of hosts connected increased towards the beginning of the penalty kicks. In
Figure 2 a very interesting phenomenon can be observed, as we get closer to the most
popular event of the match, the penalty kicks, the percentage of 304 codes increases
while the percentage of 200 codes decreases. This gives further support for the
assumption that the 304 codes represent the most interested and watchful users.
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Figure 1 Total number of Hosts and number of host receiving 304 response codes, each value

plotted represents the average over afive minutesinterval
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Figure 2 Percentage of 200 and 304 response codes, each value plotted represents the average over
afive minutesinterval.
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5.2.1 Match Program Model

From the results shown in Figures 1 and 2 a forecast of the number of subscribers for the
Match Program service can be obtained supposing this service is deployed through
UMTS and therefore that subscriptions could occur at any time during the match. In this
case a hon-homogeneous Poisson process determines the number of subscribers where
the value of the parameter A for the process is assumed to be proportiona to the total
number of hosts connected to the site; tariff influence is not considered. This assumption
comes from the fact that the Match Program is a service providing genera information
about the match users are watching with links to Web pages in which other matches of
the premier league are described. Therefore, the type of users interested in consuming
this service will be any of the users in the stadium carrying a UE, and not only the users
calculated from the number of hosts receiving 304 codes.

The parameter A for the non-homogeneous Poisson process is determined for each
five minutes interval of time and itsvalueis calculated as follows

Match Program _  1qtal Number of UEs * £ Total Numbt_er of Hosts
Avgrage Total Number of Hosts Connecte_d Duri ng the actual (5)
Subscribers (1) 5 minutes interval

For user behaviour modelling of this service it has been taken into consideration that
during the match users will be busy following its events and therefore it will be less
probable that they will consume the Match Program service. Therefore, the number of
subscriptions is forecast to have more spikes and sinks, than in the World Cup traces,
with very high fluctuations between the play-time and the intervals. In Equation (5) this
phenomenon is taken into account through the parameter f. This parameter shapes the
curve of number of subscriptions against time so that the increases in subscriptions
follow an exponential trend and the decreases follow a hyperbolic trend. This choice has
been taken after analysing the 1998 World Cup Web Site data set on a very large time
scale and noticing that the rises and falls in the total number of hosts for each match
played followed these trends. In addition, due to the different usage time of the servicein
case of wireless and Internet users, assumptions must be made on when the peak demand
occurs if the service is deployed on the hybrid UMTS/DVB-T platform. Indeed, a
demand peak such as that shown in Figure 1 occurring at the end of the first half would
be very unlikely to happen in the UMTS/DVB-T scenario because the users would be
watching the match instead of enjoying the services. Such peak would be more likely to
occur during the interval between first and second half, when users could be “playing”
with their handsets. For this reason the three peaks visible in Figure 1 occurring at the
end of thefirst half, end of the second half and at the beginning of the penalty kicks have
been used to estimate the peak load imposed on the UMTS/DVB-T network assumed to
occur before the start, during the first half and after the end of the football match. It is
worth noting that during these peak times the parameter f equals one, therefore the
forecast of the peak number of subscriptions relies entirely on the data collected from the
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Web Site. Figure 3 shows the simulated number of subscribers for the Match Program
service. It can be observed from this figure how the peaks are reached when the match is
not playing, while during the match the number of users requesting the service goes down
to values resembling the number of subscribers before the start of the match. If the
service is announced before the start of the match this result could be used to forecast the
number of subscribers during the interval and at the end of the match and give an idea of
when it is most opportune to announce the service in order to receive the maximum
number of subscriptions useful to predict the delivery mechanism to be employed.

Figure 3 Simulation results representing the number of subscribers for the Match Program Service.
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5.2.2 Goal Alert Mode

For the “Goal Alert” service a different approach is needed because it is announced only
when an event occurs in one of the other matches of the premier league. Therefore, the
announcement is not a scheduled event, but it is a spontaneous event to which a
distribution has to be fitted. For this purpose a stochastic model describing the occurring
of eventsin seven football matches played at the same time has been used. The model is
based on historical data collected from five sets of seven matches each played in the
2002-2003 Italian premier league and it is based on a Poisson process. Events are
classified depending on their popularity. Three levels of popularity have been created:
high, medium and low. For example, a goal scored in a very important match of the
premier league will fall into the high popularity class, while the booking of a player in a
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less important match will be classified as a low popularity event. The output of the
stochastic model is shown in Figure 4. The result shown in Figure 4 is used to determine
when subscriptions for this service will occur. In order to determine the number of users
subscribing at each announcement, three average values of subscriptions have been
assigned, one for each class of events. These values have been calculated as the
maximum number of hosts receiving 304 response codes in a five minutes interval taken
from three matches of the France’ 98 World Cup. Each match corresponds to a popularity
class: Argentina vs. England (high popularity); Netherlands vs. Yugoslavia (medium
popularity) and Brazil vs. Morocco (low popularity). The average values of subscribers
for each class are listed in Table 3. A Poisson model with average values equal to the
values listed in Table 3 determines the predicted number of subscriptions occurring for
each event. The final result for the number of subscriptions predicted at each
announcement of the Goal alert serviceis shown in Figure 5.

By comparing Figure 4 and Figure 5 it is possible to see how when the events occur
the number of predicted subscriptions occurs. From the results shown in Figure 5 it can
be deduced that the deployment of the video clips for the Goal Alert service should occur
through DVB-T, because as demonstrated in the next section UMTS networks could not
cope with such a high service demand.

Figure 4 Output of the stochastic model used for calculation of announcement times.
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Table 3. Average value of subscriptions per popularity class for the Goa Alert service.
High Medium Low

Popularity Popularity Popularity

Average Number of
1320 869 445

Subscriptions
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Figure 5 Simulated number of Subscribersfor Goal Alert service over 100 minutes.
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6 Network Simulations and Results

The results reported in the previous section give a forecast of what could be the
utilisation of the services listed in Section 3. In this section it is shown how the UMTS
network would react to such traffic. Once this is established, it will be possible to state
whether the deployment of these services has to happen via UMTS or via a supporting
network such as DVB-T.

Of the three services presented only one will be simulated: the Goal Alert service.
The reason for this choice is that this is the service for which the minimum number of
subscriptions is forecast and therefore more suitable for testing on a telecommunications
network such as UMTS. Moreover, thisis the service with the lowest QoS requirements
and the least demanding in terms of network resources. If in this case it is shown that the
performance of the UMTS network is not satisfactory, it will be straightforward to
conclude that the other services cannot be deployed viaUMTS alone.

To perform such a simulation a UMTS network model has been developed using the
OPNET simulation software. The model was developed in several steps and its capacity
has been simulated under different conditions. The coverage of the football stadium has
been simulated for different solutions such as: single cell, single cell-three sectors, two
cells, two cells-three sectors and four cells-three sectors, where “three sectors’ means that
instead of standard base stations with isotropic antennas, base stations using sectors of
120 degrees have been used. In order to improve the number of users admitted for
service consumption several parameters were modified as the number of UEs was
increased. Some of these modifications were: The RLC Timer Discard (elapsed time
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before a Segment Data Unit (SDU) is discarded) was increased from an initial value of
1,000 ms up to 7,500 ms; TCP Maximum Connect Attempts were increased from three to
five; TCP Maximum Data Retransmission Attempts were increased from four to six; the
interval of time during which each user will try to set up a connection was increased from
60s to 80s. The remaining parameter settings used in the model and kept unchanged
throughout the simulations are listed in Table 4, while a representation of the model is
givenin Figure6.

Table4. UMTS Simulation Model Settings

Orthogonality Factor 0.9
Other Cell/Own Cell Interference 0.56
Thermal Noise Power Spectral Density -174 dBm/Hz
Node B Max Transmission Power 20W
UE Max Transmission Power 05W
Max Downlink Bit Rate 64 Kbps
Max Uplink Bit Rate 32 Kbps

Figure 6 UMTS simulation model obtained using OPNET simulation software.
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The model is used to simulate the download of a420 KB filefrom aFTP server. This
represents the download of a 10 seconds video clip in MPEG4 format in the Goal Alert
scenario. The QoS chosen for this type of service is Background due to the fact that this
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is the most commonly used QoS class for FTP services. Within an interval of time from
60s to 80s, all the userswill try to set up a connection and start the download. In order to
test the capacity of the network, several situations of overload are simulated where users
will be either rejected by the admission control algorithm during the connection set-up
procedure or be disconnected during the communication. The overall number of “not
served” subscribers does not change linearly with the total number of UEs due to the
increase in the interference level, caused by the increase in the number of UES, see
Equation (4). Therefore, the total number of rejections will increase faster than linearly
with the total number of users. Also, the QoS characteristics will deteriorate as the total
number of usersincreases. A list of the results obtained from the simulations performed
isgivenin Table 5.

Table 5. Simulation Results

Statistics . Average connection Average TCP
Scenario Users Rejected time Retransmission Count
Single Cell / 17 Users 4 66s 7
Single Cell-Three Sectors/
30 Users 0 100s 50
Two Cells 24 Users 0 120s 36
Two Cells-Three Sectors/
46 Usars 0 126s 70
Two Cells-Three Sectors/ 4 1495 125
54 Users
Four Cells-Three Sectors/
68 Users 0 112s 95
Four Cells-Three Sectors/
78 Users 8 117s 106
Four Cells-Three Sectors/
105 Users 14 120s 114
Four Cells-Three Sectors/
145 Users 25 138s 136

The first thing that can be noticed by looking at the resultsin Table 5 is that the three
sectors base stations perform much better than the isotropic ones. Thisis not surprising
given that for average interference conditions each sector generally provides a capacity
increase of 90 % [17]. The second phenomenon that can be observed by looking at Table
5 is the loss of revenue an operator would face if the number of users became much
higher than the network could handle. It can be seen that although the UMTS network
performs well in cases of limited numbers of service subscribers, an increase in rejections
is experienced for scenarios with more than 78 users. In the Four Cells-Three sectors
case with 145 users, although the user subscription time interval has been increased from
60s to 80s, the total number of users rejected goes up to over 17% of the total number of
UEs. Thisis the reason why the more heavily loaded scenarios have not been simulated,
assuming that the maximum percentage of rejections allowed is fixed by the network
operator at 15% of the overall number of subscribing users it is possible from the
scenarios considered to estimate the capacity offered by the UMTS network. The last
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two characteristics highlighted by the results are the increases in the Average Connection
Time and the Average TCP Retransmission Count. These parameters can be described as
follows: the Average Connection Time represents the average interval of time measured
from the time a client application sends a request to the server to the time it receives a
response packet, while the Average TCP Retransmission count represents the average
number of total TCP data retransmissions in the network.  The first of these two
parameters gives an estimate of the average time a user has to wait in order to start
downloading the file. This time does not represent the total time the user should wait
before being able to watch the video clip. If this figure has to be found, the Average
Connection Time should be added to the download time experienced by the user. Dueto
the fact that the download time can be highly variable from user to user the total time has
not been reported. Nevertheless, the Average Connection Time provides important
information about the QoS provided in terms of delay, as it is one of the most influential
parameters for user satisfaction. The second parameter gives information about how well
the network is performing in terms of users admission and data transmission. Infact, if at
acertain instant of time the maximum number of UES connected is reached, every further
UE trying to set up a connection will be rejected. However, the rgjected UE will try to
connect again after a certain interval of time by re-transmitting the connection set up
request and if rejected again will keep on trying until the TCP Maximum Connect
Attempts value isreached. In this case the UE will send a connection abort message and
will not try to connect again. This phenomenon will cause an increase in the number of
TCP retransmissions experienced by the network that will be reflected in an increase in
the Average Connection Time. On the other hand, if a UE is admitted for the connection
set up and the interference level or the network congestion level or both are very high
some of the data packets will be lost during transmission or corrupted. In this case, the
data will need to be retransmitted causing an increase in the Average TCP
Retransmission Count. A high value of the Average TCP Retransmission Count is
therefore synonymous with poor data transmission and consequently with QoS
deterioration.

If this service were delivered via DVB-T, any limit in the number of users would be
determined by the uplink capacity of the UMTS network. In fact, in the hybrid
UMTS/DVB-T platform developed in CISMUNDUS project the signalling between UEs
and core network aways happens via the uplink channels of the UMTS network.
Therefore, in order to give an estimate of the maximum uplink capacity in this scenario
the statistics necessary to compute Equation (3) were collected and the number of UEs
for which the pole capacity is reached calculated. In the Four Cells-Three Sectors / 145
Users scenario, the average Ey/N, for the uplink signalling channels is 4.5 dB, while the
maximum bit rate is 500 bps. Hence, according to Equation (3), the uplink pole capacity
in these conditions would be reached with atotal number of users per cell/sector of 1,736.
Thisvalue is an overestimation of the real possible number of users allowable, due to the
fact that in Equation (3) the increase in Ey/N, caused by the higher number of mobiles
served has not been taken into account. However, such a high number of possible users
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suggests that even after an increase in the interference level the use of the DVB-T
network would make possible the provisioning of the service to al the forecast
subscribers for all the services analysed avoiding rejections. Moreover, deployment via
DVB-T would be even more advantageous in case of services such as Multiview
Football. This service consists of a streamed video and as such it would be delivered
using UDP transport protocol and RLC unacknowledged mode instead of TCP and
eventually RLC acknowledged mode. This implies the use of the uplink UMTS channel
for service subscription only avoiding the signalling due to acknowledgments and
therefore increasing the overall capacity of the platform.

7 Conclusions

In this paper traffic modelling of multimedia services planned for deployment on an
UMTS/DVB-T network has been undertaken. User behaviour models for predicting the
demand for the services have been developed with an emphasis on forecasting the
maximum number of subscribers for each service. The contribution of this paper is the
development of stochastic models for predicting user behaviour for specified prospective
service scenarios based of the number of hosts receiving 200 and 304 response codes in
an Internet scenario, providing services similar to those specified. The approach
presented could be applied to a number of other service scenarios provided that
corresponding Internet service scenarios can be found. Some of the models developed
have been used in OPNET simulations of one of the prospective services considered.
Simulation results have been reported to provide telecommunication network operators
with useful information on resource management and traffic routing in a
telecommunications network that is supported by a broadcast network. The results show
that in cases of severe overload the delivery of the prospective services viaUMTS would
be uneconomical and would lower the user satisfaction. An estimate of the maximum
number of subscribersin the case of service deployment supported by a DVB-T network
shows how the use of DVB-T can guarantee a much higher capacity and revenue. The
simulations also show how UMTS is unable to cope with a bursty number of
subscriptions justifying the broadcasting of high demand traffic to relieve congestion.
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Abstract [50 words]: The rapid growing in demand for mobile multimedia
services is pushing mobile telecommunications operators towards cooperation
with more capable networks such as broadcast. In this paper user behaviour
analysis and network simulations are performed for a hybrid UMTS/DVB-T
network scenario. The results provide network operators with useful
information and ideas about traffic delivery and network management.
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