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Abstract. Congestion avoidance control refers to controlling the load of the
network by restricting the admission of new user’s sessions and resolving the
unwanted overload situations. Admission control and Load control constitute
key mechanisms regarding Radio Resource Management. As the wireless world
is moving towards heterogeneous wireless networks, these types of control are
facing more challenges, since efficiency and fairness are required. Game theory
provides an appropriate framework for formulating fair and efficient congestion
avoidance control problems. In this paper we formulate a non-cooperative game
between service providers and customers. On the one hand, the service provid-
ers wish to maximize their revenue, but on the other hand, the users wish to
maximize the quality of service received, keeping at the same time the expenses
as low as possible. Therefore a balance has to be established among these con-
tradictory demands. Our effort also concentrates in the proper modeling of the
user’s level of satisfaction, so as to provide a logical decision-taking frame-
work. The proposed scheme is then tested using the ns2 simulator. Results show
that both parties can benefit from this mechanism.

Keywords: Congestion Avoidance, Admission Control, Load Control, Quality
of Service, Game theory, Payoff, Non-cooperative games, Nash Equilibrium.

1 Introduction

Wireless networks have limited radio resources and should be managed very carefully
so that they operate under normal conditions, thus assuring that the users will receive
the requested Quality of Service (QoS) for their requested applications/services. To
retain its customer base, the service provider must make sure that customers are satis-
fied with the level of QoS they receive, taking into account the premium they pay.
The level of customer satisfaction received can be represented by utility-based func-
tions, due to the fact that each customer spends his/her disposable income in the way
that yields him/her the greatest amount of satisfaction. This leads to the maximization
of the utility functions [1]-[5]. Because of the limited radio resources, there have been
defined Radio Resource strategies in order not only to assure the QoS guarantees to
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the users, but also to assure that the users won’t violate these agreements from their
side. When, for example, there are too many users admitted and they don’t receive the
agreed QoS, the network is overloaded. This state of the network constitutes the con-
gestion situation. Congestion situations are very harmful for the network because they
cause many problems, such as increased interference, loss of packets, low bandwidth
availability and from the user’s point of view it causes decreased QoS reception,
which leads to the user’s disappointment.

The Congestion Avoidance Control mechanism [2] consists of Admission control
(AC) and Load Control (LC). Admission Control is one of the key Radio Resource
Management (RRM) mechanisms that ensure the proper operation of a network, by
admitting or rejecting new user requests based on criteria such as the load of the net-
work. In general, the Admission Control mechanism ensures that the admittance, of a
new flow into a resource-constrained network, does not violate the QoS commitments
already made by the network to the admitted flows. Load Control is also one of the
key RRM mechanisms that serve for the effective performance of a wireless network
by keeping the load of the network at normal boundaries. It performs traffic balancing
between nodes or cells of the same mode preventing congestion situations. Reactive
load control is employed to encounter overload situations of the network, when the
users’ QoS is at high risk. In these cases, the load control performs several actions to
decrease the amount of traffic in the congested cell. These unwanted congested states
my be prevented by the load control mechanism that monitors continuously the system.

On the other hand, Game theory is a mathematical tool developed to understand
competitive situations in which rational decision makers interact to achieve their ob-
jectives. Game theory techniques have recently been applied to various engineering
design problems in which the action of one component impacts (and perhaps conflicts
with) that of any other component. In [6] the authors review popular game theory
techniques, with regard to, the wireless networks’ resource management problem and
propose a game theoretic framework for optimizing bandwidth allocation and admis-
sion control issues in wireless networks. Existing game theory-based approaches to
wireless networks’ resource management consider that the game is played either
among users, competing for network resources, or among networks, which try to
maximize their efficiency by serving the largest possible number of available service
requests. A different approach is adopted in [7],[8], where the AC problem is formu-
lated as a non cooperative, non zero-sum game between the service provider and the
customers, so as to increase the provider’s revenue and offer differentiated QoS to the
users. The authors of [7] also provide the required framework for n-player games.
Finally, in [4], [9], the network selection problem is modeled by defining a game
between the access networks involved in 4G converged environments. Decisive factor
for the admission of service requests in all afore-mentioned works is the maximiza-
tion of the payoff. The utility of the players is taken as the combination of strategies
chosen in the game [10]. In this paper we intend to expand the methodology presented
in [8], in order to include the efficient load control and guaranteed congestion avoid-
ance mechanisms. The proposed scheme is then tested through extended simulations.

The paper is organized as follows. Section 1 is the introduction to the problem that
we are dealing with. Sections 2 and 3 model the AC and LC games respectively. Sec-
tion 4 shows the results deriving from simulations conducted on ns2. Finally, Section
5 summarizes the work.
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2 The Admission Control Game

In this section we analyze the competitive customer vs. provider scenario as a non-
cooperative two-player game. In the proposed scheme we consider that each customer
has a contract with a specific service provider, thus him being the default network
choice (“home” provider); nevertheless, in case of insufficient resources, the customer
is free to pursue higher QoS at another provider, given that there is some kind of fed-
eration agreement between the visited and the home provider as in the roaming sce-
nario (possibly under a small monetary penalty). Suppose that there are N users and M
service providers, which means that each user at any time can choose any provider,
giving a total of M" possible states. Also, let n,(t) be the number of users subscribed

to provider i at time ¢, 1 < i < M. Furthermore, we assume that the user is not allowed
. . . . . M
to be subscribed simultaneously to multiple providers, meaning Zl_:] n,(t)= N . Each

user-provider combination is considered as a two-player game G;, 1 <j< M.

Admission control takes place each time a new session request is received and de-
cides whether it should be allocated resources or be rejected due to lack of resources.
The decision is based on measurements extracted from on-going sessions of the same
service type. Therefore, each time a new request is made, an instance of the game is
played, as depicted in Figure 1. We assume that the service provider has two choices:
either admit (S;) or reject (S,) the request. The customer also possesses two strategies:
either leave (C;) or stay (C,) with the service provider, leaving us with four possible
strategy combinations. The payoffs of the two players are expressed by the matrices A
= [ajj]oo and B = [bjjlox,. Table 1 presents schematically the relationships between
payoffs and player strategies.

Table 1. Relationships between payoffs and player strategies

Customer Leaves (C)) Customer Stays (C»)
Provider Admits (S)) aj, by app by
Provider Rejects (S,) a1, bay A, by

Assume that a customer requests a session admission. We define his payoff matrix

B = [bjj]ox, as follows:
B= b, b, _ wR-w,L. R 0
b, by wR,-w,L. R,

Let us explain these payoff values.

e  The term b,; denotes the case in which the user decides to leave, while the pro-
vider chooses not to admit access (strategy S,C,). In this case the user has a certain
revenue R, and is obliged to pay a penalty L. for early termination, given that he has a
contract with the service provider. Both these terms are multiplied by weights (w; and
w, respectively), which reflect the user’s preference to save money and satisfaction
respectively. The values of these weights may be specified through the user profile
and indicate whether the user is risk neutral, risk seeking or risk adverse.
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. Similarly, b,, describes the state where the service provider denies admission but
the user chooses to stay, therefore having only the R, revenue. Note that R, is not
calculated similarly to R, since no service is in progress. Its value may be fixed.

e  The term by, is defined as the user’s revenue, in case he chooses to stay and he is
granted admission.

e  Finally, by; is simply defined as the revenue minus the penalty, both multiplied
by the weights w; and w, respectively.

The user’s revenue expresses in monetary value the quality of service offered to
him, taking into account the cost, and is modeled as

R=Qo0S (%) q-C,, 2

where ¢ is a constant factor mapping the QoS(%) value to monetary value (specified
by the provider), C.,, is the cost of the service from the customer’s point of view and
Q0S(%) 1is given by (3). This difference between the monetary value of the QoS of-
fered to the user and the actual price charged is known in microeconomic terms as the
Consumer Surplus.

4
QoS (%) = z w, - Parameter, % 3)

i=1

QoS(%) expresses a percentage of user satisfaction, taking into considetation the
normalized mean values of QoS parameters such as Delay, Jitter, Throughput and
Packet Loss. The weights w; 1< i < 4, vary with respect to the service and can be
calculated based on the network’s performance, as explained in [11][12]. The reason
for this choice is because user satisfaction is subjective and therefore difficult to char-
acterize mathematically. As a result, for the purposes of this work, we will use (3) to
estimate the level of each customer’s satisfaction or dissatisfaction, taking into ac-
count, four QoS parameters instead of only Call Blocking Probability, as in [7]. We
consider this approach more concrete since it reflects the network’s current status and
is not dependent on constant variables, whose optimal values need to be specified.

Whenever the AC Game is performed, statistics are extracted from the data sent or
received during a specified time interval. The duration of this interval is referred to as
a “window”. Therefore, the QoS assigned to a session or service will indicate only the
most recent state information. Note that in case of requests during the first window,
the AC Game is not performed since the window is not yet completed, meaning that
these requests will always be granted admission. Now we define the provider’s payoff
matrix A = [ajj]x, as:

Ao @) R+L +C—F-L R+C-F
ay a,) R+L —L R

t

“)

Let us explain these payoff values as well.

e  The term a,; represents the total revenue of the provider, deriving from all on-
going sessions. In other words, it shows what the provider is gaining in strategy S,C,.
e  Similarly, the term a,; shows the provider’s gain if the customer chooses
to leave, therefore we need to subtract the loss L from the total revenue and add the
penalty L..
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Fig. 1. Admission Control (AC) Game Fig. 2. Load Control (LC) Game

e  The term a;, denotes the provider’s payoff in strategy S;C,. This seems to yield
the highest payoff for the provider. However, in a fully loaded system admitting a new
customer may reduce the resources offered to on-going sessions (which means QoS
degradation), thus causing other customers to leave and consequently leading to reve-
nue loss. This degradation can be specified through real-time monitoring in simula-
tions. Therefore, the total revenue equals the revenue gained from on-going sessions C
plus the expected revenue from the new session minus the potential loss due to the
dissatisfaction of other customers. The latter is expressed by the term F, in which its
calculation will be discussed later.
. In a similar way, the term a;; shows the provider’s revenue in case the customer
chooses to leave. The term L corresponds to the revenue loss, while L. corresponds to
the penalty the customer has to pay for leaving.

Assuming the fact that the more the user is satisfied, the less likely he is going to
leave and since QoS(%) expresses the user’s satisfaction, we can estimate the prob-
ability that one customer leaves his current provider through the following equation

Prewe =1-(Q0S (%) /100) 5)

This allows us to express F' in monetary value as the sum of all possible losses from
all current customers, as

n(t)

F= Z plezwe,iLi (6)
i=1
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where p,_ = is the probability that customer i chooses to leave and L; is the corre-

sponding revenue loss of the network provider.
As far as the solution of the game is concerned, two cases are distinguished. As-
suming the case where the system is not full, the user request will be accepted and the

probability that a customer leaves p, . is near to 0. In this case, there is a Nash

equilibrium at strategy pair S;C,, that means the service provider accepts the request
while the user remains with the provider. Assuming now the case where the system is
loaded to a certain extent or even overloaded, the user request may be not accepted
and the probability that a customer leaves p,,.. ; is non zero. Even in this case, there

is also a pure strategy Nash equilibrium at the pair S;C;j, which depends on the relation
between some terms in the payoffs. The new request is accepted if the revenue C gen-
erated from admitting the request is greater than the possible revenue loss F is the user
leaves. Otherwise, the provider is better to reject the request. Based on these two
proofs, a pure strategy Nash equilibrium is guaranteed and a solution to the admission
control game is available at any point.

(1 ifa,za, . (1 ifC2F . (1 iffi=1 and b, 2b,}or i=2 and by, 2 b,,} -
1= =1= =
2 ifa, <a, 2 otherwise ( 2 if{i=1andb, <b,}or{i=2 and b, <b,,} (7b)

3 The Load Control Game

The Load Control (LC) Game is played similarly to the AC Game. The main differ-
ence is that the LC Game is played periodically while the sessions are running.
Through this process we intend to terminate sessions that greedily consume the sys-
tem’s resources, causing this way degradation to the QoS offered to the rest of the
customers and thus reducing the provider’s total revenue. Moreover, unsatisfied cus-
tomers are granted the opportunity to seek more efficient networks, based on their
preferences. Risk adverse customers for example will tolerate low levels of QoS and
prefer to stay with the same provider in order to minimize the total cost.

Two types of LC Games are distinguished: the Local LC Game and the Global LC
Game. Figure 2 shows the Load Control process. As mentioned before, the LC proc-
ess is repeated periodically, independently from the AC process. We refer to the time
interval between two successive rounds as a “window”, since the LC Game will con-
sider only the data received or sent during the last window. Therefore, the QoS as-
signed to a session or service will indicate only the most recent condition, enabling
the LC scheme to react quickly in case of QoS degradation. In the beginning of every
load control round, the QoS level for each session is extracted; then the average QoS
level is specified for each service type. The QoS threshold is the lowest level of QoS
that can be tolerated.

If the QoS of at least one service type is found below the acceptance threshold,
then the Global LC Game is triggered, during which LC Games are played between
the provider and all running sessions. This game may result in either disappointed
customers leaving the provider or the provider terminating unprofitable customers. If
either one decides that a connection should be terminated, then the session ends and
the customer is prompted to another service provider. Penalty is submitted only if the
customer chooses to leave willingly. On the other hand, if the Global LC Game is not
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triggered and at least one session presents a QoS below the acceptance threshold, then
the Local LC Game is triggered. In this case, an LC Game is played between the
provider and each session that triggered the game, leaving the other sessions unaf-
fected. This type of game may also result in some sessions being terminated.

4 Simulation Results

The proposed scheme was tested on the ns2 platform, using both CBR and TCP traf-
fic. More specifically, we consider the voice service as a CBR/UDP service, defined
by the G.711 codec, setting packets of 120 bytes and interval equal to 15 ms.
Secondly, we consider the FTP/TCP service with packets of 512 bytes. Whenever a
game is called, the trace files produced by ns2 are processed with the help of an awk
script and the mean values for QoS parameters are extracted.

For the purposes of this study we have adopted the parameter values shown in Ta-
ble 2. Parameters C,,, L., ¢, L and R, express monetary value (for example euros or
American dollars), referring to the total duration of a session. These values may be
derived from the provider’s statistics. On the other hand, g refers only to the duration
of a single time window and its value should be specified properly. In other words, g
indicates the monetary value of a session with 100% QoS for a time equal to the dura-
tion of a window. Note that based on the selected values for C.,, L. and g, the
QoS(%) threshold is specified as 40% for the voice service and 70% for the FTP ser-
vice. The QoS percentage is estimated through the normalization of current parameter
values in the interval specified by a minimum and maximum value, indicating the
system’s worst and optimal performance respectively, as shown in Table 3. This
should be taken into account during the explanation of results, since different nor-
malization intervals differentiate the same QoS percentage in each service.

Furthermore, in the frame of ensuring the best possible QoS for CBR connections,
anew FTP request is allowed to play the AC game only if the mean QoS for all ongo-
ing voice sessions is over 60%. The service mix was set to 2:1, while the simulation
duration was set to 120 seconds. This time has been proven to be enough for the sys-
tem to be congested at least once. Also note that, for simplicity reasons, the values of
weights w; and w, were considered the same for all requests. In reality, those values
should be different for each user in order to reflect his actual preferences.

Table 2. Simulation parameters

QO L Cua C L Rk W, W, window
0.03 0.3 1.32forVoice 3 1 01 06 04 10sec
2.4 for FTP

Table 3. Normalization values

Voice FTP
Min Max w Min Max w
Delay(ms) 10 60 04 10 50 0.2
Jitter(ms) 0 10 04 0 20 0.1
Thr/put(kbps) 10 65 0.1 10 100 0.7
P. Loss (%) 0 1 0.1 0 1 0.0
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In order to monitor the improvement to offered QoS, we have implemented three
tests. Firstly, we do apply neither AC nor LC mechanisms, meaning that all requests
are accepted and no sessions are interrupted. Secondly we apply only the AC scheme
and finally we apply both AC and LC schemes. In all cases, QoS is recorded for both
service types at the end of each time window. Simulation results are depicted in
Figure 3, where it can be seen that the third test provided the most satisfactory re-
sults. As expected, the absence of all kinds of congestion avoidance mechanisms
resulted in major congestion, leaving the system unable to serve all sessions and thus
resulting in unacceptable QoS levels. It can be easily observed that approximately
after 40 seconds the system is congested. During the following time window, incom-
ing requests are rejected, while load control terminates certain sessions as well. The
system then recovers until a minor congestion takes place, approximately at =100
seconds.

The main goal of this paper is to provide a scheme that maximizes not only the
QoS offered to customers, but also the provider’s gain. So far we have proven that the
first part of this goal is indeed achieved. Therefore it is essential to examine whether
the proposed scheme is actually in the provider’s best interest as well. It is assumed
that the provider’s billing scheme takes into account the QoS percentage offered to
customers, meaning that the customer pays an amount proportional to the level of
QoS he receives. In this way, the provider has interest in optimizing the balance be-
tween the number of handled requests and QoS offered, instead of only maximizing
the number of accepted requests. In conclusion, the total revenue deriving from all on-
going sessions during a time window is shown by (8)

i=service _num k;

R,u= > 2. (008, (%)/100) w,, (8)

i=0 k;=0

where service_num indicates the number of service types, k the number of on-going
sessions for the specific service type and w,,; the per window cost of a 100% QoS
served session. In other words, w,, constitutes the maximum amount of money the
customer may pay during a single time window. As the QoS received decreases, so
does the amount of money the customer is obliged to pay. Figure 4 shows the total
revenue that derives from the three tests described in the previous section. Similarly
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to QoS, the combination of AC and LC indeed offers the best revenue to the provider,
thus this mechanism protects the interests of both parties.

The choice of window duration is considered of high importance, since an ex-
tremely high value may not allow the system to react quickly in case of congestion,
while an extremely low value may add significant computational load and thus reduce
the system’s performance. When the window is set to a high duration, the system’s
reaction to the congestion is delayed, which lowers the quality of voice sessions. This
occurs due to the fact that the system is unable to instantly detect congestions; there-
fore more requests are admitted in comparison with a smaller window. On the other
hand, when the time window is set to a small duration, the system becomes extremely
“strict” and results in rejecting voice requests which after a few seconds could be
appropriately served. The window size should be chosen according to the expected
average number of on-going sessions, since an increasing number of sessions also
increases complexity and the algorithm becomes more time-consuming. Ideally, the
window size should be given an initial value and dynamically adapt based on the
system’s status.

5 Conclusions

In this paper a methodology for integrating game theory in congestion avoidance
mechanisms has been presented. The problem is seen as follows: the goal of service
providers is to maximize their revenue without congesting their networks, though the
goal of the customers is to get the maximum QoS with the minimum paying. So a
congestion avoidance mechanism should take into account these factors in its deci-
sions in order to maximize the satisfaction of both groups and simultaneously not
congest the wireless networks. In this paper, the previously described problem has
been modelled as a non-cooperative game between service providers and customers.
Emphasis has also been given, on how we perceive and estimate the user’s satisfac-
tion based on network measurements. This approach provides a more subjective
framework for the estimation of QoS as it is perceived by the end user. Finally, the
simulations of the proposed scheme are presented and some useful conclusions are
drawn.
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