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Abstract: Traffic generation in mobile networks is heavily dependent on users' behavior 
because neither the place nor the time when users communicate is fixed. Therefore, when 
special events, such as fireworks displays or football matches, are held, many users, 
concentrated in one location, often generate unpredictable excessive traffic locally which can 
far exceed a network's capacity to handle it. In such a case, the network system controls the 
traffic flowing into the network by restricting users' calls uniformly in order to avoid 
congestion. With such a traffic control method, the network cannot fully meet the users' 
communication demands, and the users lose the opportunity to communicate. This paper 
proposes a means of controlling traffic at the source of traffic generation, namely by 
influencing users' behavior in order to increase their opportunities for successful 
communication. We have evaluated the benefits of our traffic control method quantitatively 
through simulations. The results show that our method is effective in decreasing blocking 
probability and increasing throughput. 
Keywords: mobile networks, traffic control, users' behavior, performance evaluation 
 
1. INTRODUCTION 
 

In cellular networks, the subject who communicates is human, so we can regard a mobile 
terminal as being associated with a user on a one-to-one basis. The users can communicate 
anytime and anywhere they want, and traffic generation is heavily dependent on users' 
behavior. For example, at a special event, such as a fireworks display or football match, the 
spectators will congregate in a specific place and may try to make calls. These types of users' 
behavior generate unpredictable excessive traffic, which may exceed the capacity of the 
network to handle it by more than an order of magnitude [1], [2]. In cellular networks, the 
number of users that can use the wireless network service simultaneously is limited because 
radio resources such as frequency are finite [3]. In such cases, mobile network operators 
control the traffic by restricting the users' communication demands (calls) uniformly so as to 
prevent a high load on the network equipment from stopping services. Specifically, when an 
event such as a football match is scheduled in advance, a restriction rate is set on the network 
equipment in the relevant area based on the place and time of the event and the forecast 
number of people attending. The network system will then prevent the mobile terminals from 
making calls or restrict connection requests at the base station based on the restriction rate. 
Such a method of controlling traffic is effective in maintaining a minimum service and 
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avoiding a complete cessation of services. However, this method fails to meet the users' 
strong desire to make calls. As a result, the operators lose opportunities to provide network 
service and receive revenue. Moreover, the users may become very dissatisfied because they 
cannot make calls. 

To solve this problem, we propose a new traffic control method that is achieved by 
influencing users' behavior before the traffic flows into the network. This method is based on 
the idea that the traffic is generated according to the users' behavior, and aims to control the 
source of traffic. Specifically, the network system sends messages conveying information 
about the network condition or the recommended action to the users. Therefore, the system 
encourages the users to change the location, time or media of their communication. We call 
this new method "traffic control by influencing users' behavior". This method aims to improve 
the communication opportunities and decrease users' dissatisfaction. 

This paper first describes the basic concept and a scheme of "traffic control by 
influencing users' behavior". After that, it discusses the network and user models used to 
evaluate the method quantitatively. Finally, the paper examines the effectiveness of this 
method by means of simulation results, which show that this method decreases blocking 
probability and improves throughput. 
 
2. TRAFFIC CONTROL BY INFLUCENCING USERS' BEHAVIOR 
 
2.1. Concept 

Traffic control by influencing users' behavior is a method of controlling traffic by 
dynamically influencing users' behavior according to the situation applying to the network, 
the users and the environment that surrounds the users when there is a massive number of 
connection requests to a cellular network system [4]. 
 We can consider three ways of controlling traffic: 1) balancing the distribution of traffic 
inflow between locations in the network (geographical balancing), 2) balancing the time that 
traffic flows into the network (time balancing), and 3) reducing the volume of traffic. We have 
studied three ways to influence users that correspond to the above: A) changing the 
communication place (move), B) changing the communication time (wait), and C) changing 
the communication method (i.e., the communication medium). The relationship between 
traffic control and influencing the users is shown in Figure 1. Each influencing method is 
described below. 
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Figure 1. Types of traffic control and corresponding influence on user behavior. 
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1) Changing the communication place (move) 
The network system encourages the users to move to a location where there is spare 
capacity. This balances traffic geographically.  

2) Changing the communication time (wait) 
The network system encourages the users to wait for a while until the network has spare 
capacity. This balances traffic in time.  

3) Changing the communication medium (change media) 
The network system encourages the users to switch to a different communication medium, 
for example, from phone to SMS (Short Message Service). This reduces the volume of 
traffic. 
 
We assume that a network system that provides this traffic control sends messages only to 

advise the users, and the users are free to decide whether to follow the guidance. The 
information in the guidance messages can include the present and future network conditions 
such as the resource usage rate or the recommended place, time or media which the users can 
adopt as an alternative. If it is the network conditions that are sent, users may not take the 
action the operator expects, and in this case the expected traffic control may not be achieved 
well. If recommendations are sent and the users agree to follow them, the traffic control works 
effectively by controlling the mobile terminal function. The mobile terminal is allowed to 
work only at the location, at the time or in the media the network system recommends. 
 It is naturally expected that the network system should provide services to satisfy all the 
users' requests in any situation. However, it is financially difficult for the operator to construct 
and maintain the network capacity that is necessary if temporary, exceptional communication 
demands are to be met. Therefore, this traffic control scheme is one of the possible methods of 
using the limited resources efficiently. It may be necessary to give the user some incentives so 
that users will behave in the way the operator expects. Incentives can be achieved by pricing 
[5], [6], [7], quality control, etc. 
 
2.2. Control scheme 

Figure 2 shows the sequence of events when implementing traffic control by influencing 
the users. The sequence is explained below. 

First, the network system judges whether it is necessary to guide the users or not when it 
receives a connection request. When the system guides the users, it sends the users a message 
to encourage a certain action, such as changing the communication place, time or media. The 
threshold of whether or not to send a message can be determined according to the radio 
resource usage, etc. 

When the system doesn't send a message, the connection request is processed as usual. 
Depending on the availability of spare resources, a call request may be accepted, resulting in a 
connection set up to the network or may be rejected, resulting in a blocked call. 

When the system sends a message, the user can judge whether or not to follow the 
guidance in the message. When the user follows the guidance, the user behaves as 
recommended (move, wait or change media), and requests a connection again. When the user 
doesn't follow the guidance, the request is connected immediately or blocked depending on 
the availability of spare resources. Thus, this traffic control scheme is able to satisfy 
communication demands that may be rejected in a congested network system. 
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3. NETWORK SYSTEM MODEL AND USER MODEL 
 

We simulate the users' behavior and the network system through a multi-agent simulation 
[8] in order to evaluate the benefit of our traffic control method quantitatively. In multi-agent 
simulation, we define how the individual subjects (agents) decide to behave, and evaluate the 
global states resulting from the decision each agent takes. In this paper, we have defined the 
users and the base stations as agents and developed models of the users' behavior (movement, 
communication, and reaction to the guidance) and the network system (base station) for 
simulation. These models are explained below. 
 
3.1. Network system model 

We consider the mobile network system to be composed of several six-sector base 
stations as shown in Figure 3. Each sector has a fixed radio resource capacity such as 
available frequencies, etc. A certain amount of resource is used in communication. When 
there are not enough free resources, the user cannot make a call. 
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Figure 3. Structure of base stations and sectors.
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Figure 2. Sequence of events in influencing the users. 
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When the resource usage in the sector where the user is located exceeds the threshold, the 
network system sends the user a message to encourage a certain action. In the case of 
changing communication place (move), the system encourages the user to move to a location 
which has spare capacity and is not far from the place where the user is. Specifically, the 
system encourages the user to move to the sector with the maximum value of "amount of 
spare resource divided by the distance". In the case of changing communication time (wait), 
the system encourages the user to wait for the recommended time and make a call again. In 
the case of changing media, the system encourages the user to change to a medium which has 
a lower resource requirement. 
 
3.2. User model 

The user model consists of two components: communication behavior and movement. 
The models are explained below. 
 
3.2.1. Communication model 

Figure 4 shows the state transition diagram for communication behavior. The user 
belongs to one of the five states: on standby, as usual (state 0), waiting to reattempt a call 
(state 4), moving in accordance with guidance (state 1), waiting in accordance with guidance 
(state 2), and calling (state 3). 

State 0 is the initial state for users. It is assumed that each user tries to make calls at 
intervals based on a Poisson distribution. Specifically, the user makes call attempts based on 
an average calling interval, with an exponential distribution. When the connection request 
(call) is accepted, the user moves to state 3, and talks for a length of time based on the 
average holding time (also an exponential distribution). When the request is rejected, the user 
repeats the call attempt based on the average reattempt interval (also an exponential 
distribution). We assume from the observation of the real traffic pattern that the average 
reattempt interval is far smaller than the average calling interval. When the connection request 
is rejected, the user moves to state 4. A user belonging to state 4 reattempts a call indefinitely 
until the call is connected. 

When the calling user in state 3 moves to another area (sector), hand-over occurs, and the 
connection is switched to the new sector. If there is not enough spare resource in that sector, 
the connection is forcibly disconnected, and the user moves to state 4. When the call is 
successfully finished, the user moves to state 0. 

When the user in state 0 tries to make a call, he/she may receive a guidance message from 
the system, and decide whether or not to follow the guidance. The decision depends on the 
user's psychological state. Here, we assume that the user's decision on whether to follow the 
guidance in a message is random but based on a constant rate (users' reaction rate). When the 
user follows the guidance to move or wait, he/she moves to state 1 and 2, respectively. When 
the user follows the guidance to change media, he/she requests a connection with an 
alternative medium, and moves to state 3 or 4. 
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3.2.2. Movement model 

The movement model for users is explained below. In Japan, when people go to an event 
such as a fireworks display or a football match, they usually travel to a point near the event 
site by public transport such as railway or bus, and then walk to the site. After the event is 
over, people walk back to the station and then take public transport to return home. 

To simulate this user movement, we define sub-cells as shown in Figure 5. A sector area 
is divided into about 40 sub-cells. We set a maximum number of people who can be 
accommodated in each sub-cell and a user attracting force for each sub-cell. The user moves 
to a next sub-cell which is under the maximum number of people and whose attracting force 
is highest on 6 adjacent sub-cells. In the example of Figure 5, the user in the sub-cell No.5 
moves to No.1. We set the maximum attracting force at the event site while the event is 
ongoing, and set the maximum attracting force at the train station areas after the event is over. 
This allows an expression of realistic movement and congestion in an event. 
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Figure 4. State transition diagram for communication behavior. 
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Figure 5. Movement model. 
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4. SIMULATION RESULTS 
 

We have evaluated the effectiveness of our traffic control scheme quantitatively using a 
simulator that incorporates the models described in Chapter 3. We have assumed a realistic 
situation for the simulation scenario, namely a fireworks display in a city in Japan. The layout 
of the base stations and train stations is shown in Figure 6. The users come out of the train 
stations and go towards the star mark at the center, which is the fireworks launch site. After 
the event is over, the spectators return to the stations. Blocking probability and throughput are 
evaluated for the case in which our traffic control (influencing the users to move, wait, or 
change media) is applied and the case in which no control is applied. Blocking probability is 
determined as "the number of blocked calls divided by the number of call attempts (including 
repeat attempts)". Throughput is determined as "the number of successfully completed calls 
per unit time". 

We have set realistic values for simulation parameters, such as the speed of movement 
and calling interval so that one step in the simulation (simulation time) represents one second 
in the real world as shown in Table 1. 
 

 
Table 1. Simulation parameters. 
Average calling interval (exponential distribution)/ 
Average call rate 

1,000-6,000 steps 
(0.417-2.5 calls/step) 

Average reattempt interval (exponential distribution) 15 steps 
Average holding time (exponential distribution) Phone: 100 steps 

SMS: 10 steps 
Communication media Phone (usual), SMS (when 

guided to change media) 
Total amount of resource in each sector 120 
Amount of resource required for each communication 10 
Average guided waiting time (exponential distribution) 150 steps 
Threshold for triggering traffic control 
(resource usage rate) 

80% 

Rate of following the guidance (users' reaction rate) 25-100% 
Number of users 2,500 
Total simulation time 3,600 steps 
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Figure 6. Layout of the base stations and the train stations. 
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4.1.  Evaluation of blocking probability and throughput vs. traffic volume 

To determine the effectiveness of our traffic control scheme, we have evaluated the 
blocking probability and throughput for four cases: no influence and three types of influence 
on the users (move, wait, and change media). First, we have evaluated these for different 
traffic volumes to find out the traffic situations in which our control scheme is effective. 
Traffic volume is determined by the average calling interval. It can also be determined by 
using the average call rate, which is defined as "the number of users divided by average 
calling interval". Figures 7 (a) and (b) show the simulation results for average calling intervals 
from 1,000 to 6,000 steps, corresponding to average call rates from 0.417 to 2.5. The x-axis 
shows traffic volume, which is defined by the average call rate. The y-axis shows the blocking 
probability and throughput. In this case it is assumed that users' reaction rate (rate at which 
users follow guidance) is 100% and the threshold of the resource usage rate for sending a 
guidance message is 80%. 

 
The results show that all methods of traffic control decreases the blocking probability by 

amounts between a few percent and more than 60 percent compared with no influence. In 
particular, influence to "Change media" results in a dramatic improvement when traffic 
volume is large. On the other hand, "Move" and "Wait" are not so effective in the high load 
situation in terms of blocking probability. The reason is that even if the users follow the 
guidance, repeat call attempts are rejected due to shortage of resources. "Move" and "Change 
media" result in increased throughput when the traffic volume is high. "Wait" results in 
extending the interval of repeat attempts, and the number of call requests decreases. Therefore, 
this method cannot contribute to improved throughput. However, overall these traffic control 
methods decrease blocking probability and improve throughput. For the users, the opportunity 
to make use of the communication service increases, and for the network operator, the 
network efficiency improves. 
 
4.2.  Evaluation of blocking probability and throughput vs. users' reaction rate 

In the simulation described previously we assumed that the rate of following the guidance 
(users' reaction rate) was 100%. In practice, it is difficult to establish a definite idea about the 
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Figure 7. Evaluation of blocking probability and throughput vs. traffic volume. 
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rate at which users will follow such guidance although we can get some idea through 
questionnaires and field tests, etc. Therefore, we have treated the users' reaction rate as a 
parameter. We have evaluated the blocking probability and throughput when the users' 
reaction rate is set at levels between 25% and 100%. Figures 8 (a) and (b) show simulation 
results for blocking probability and throughput, respectively. We have assumes that the 
average call rate is 0.625, which corresponds to an average calling interval of 4,000 steps, and 
that the threshold of starting to influence the users is 80% of the resource usage rate. 
 

The results show that the more users follow the guidance (the higher the users' reaction 
rate), the lower the resulting blocking probability. On the other hand, the throughput is hardly 
affected. This is because the traffic volume was not large (average calling interval: 4,000 
steps) and so the user in any situation makes more or less only one call during the simulation 
time. Therefore, there was no change in the number of completed calls although the number 
of repeat call attempts changed. 
 

The users' reaction rate reflects how users behave and thus cannot be controlled by the 
network operator. However, the operator can incorporate the users' reaction rate in traffic 
control by dynamically changing the threshold at which users are influenced. Specifically, 
when the users' reaction rate is high, the system should set the threshold higher in order to 
minimize the number of users who are influenced. On the other hand, when the users' reaction 
rate is low, the system should set the threshold lower in order to influence more users. This 
can better achieve the desired traffic control. 
 
5. CONCLUSION 
 

This paper has proposed a new traffic control method of influencing users' behavior. It 
has explained the concept and outline of the scheme, and shown the result of quantitative 
evaluation using simulations. The results show that this traffic control method decreases 
blocking probability and improves throughput. Therefore, the users can benefit from increased 
opportunity to use services and the network efficiency improves. 

We plan to study in more detail the means of influencing the users, for example, target, 
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Figure 8. Evaluation of blocking probability and throughput vs. users' reaction. 
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timing, and incentives for influencing. 
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