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Abstract

Call Admission Control (CAC) is one of the mostantgnt
parts in Radio Resource Management of the wiratets
works and it has a huge impact on the quality ofise
(QoS). Traditional CAC strategies focus on incragsthe
radio resource utility by decreasing the servicedsing
probabilities. In this paper, a new CAC scheme Haze
game theory is introduced to analyze the conflctd re-
wards for different network operators. The gameothtic
based CAC scheme contains two parts, utility foncti
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ties with conflicting interests. Each player hadeipendent
decision rights only over its own possible actiowjch

are confined to its strategy space. Each playdrategy
has impact not only on its own payoff, but alsoather
players’ payoffs. For games of pure strategy, whieh
stricts each player to a choice of one strategtherother,
the game may have zero, one, or more Nash equitisti
Detailed discussions about game theory can be foufid.

Game theory concepts have been applied tolesse
networks on formulations for optimization purposesme-

computation and a non-cooperative game between oy, in fiow and congestion control, network routingad

networks to maximize their rewards. The proposathé-
work is preliminary and its objective is investigahe pos-
sibility that networks should be able to autononhpuke-
fine policies for different parts of a coverage adepend-
ing on the priority of users and their requiremenits this

approach, the two simulated WIMAX networks compete

with each other for traffic unitin overlapping coverage
area and maximize their rewards. The proposed sehiem
illustrated with the help of an example in whichsinof the
traffic units lie close to one network as compatedthe
other network. Future work will present resultssihula-
tion studies for more detailed experiments.
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I. INTRODUCTION

Cellular systems have experienced exponential dgrower
the last decade arttie demand for effective and careful
resource allocation is greatly needed. To managewmien
different QoS (Quality of Service) requirementspyide
sufficient bandwidth and tolerable delays, anduargntee
a users’ service satisfaction, the CAC policiesdeltular-
system need to consider not only the technicatieffcy
but also the trade off between this and a netwookiger's
profits [9].

Game theory is a branch of mathematics thatiges a
suite of analytical tools to analyze the interawiof par-

balancing, resource allocation and quality of serprovi-
sioning. Mc Nair and Zhu [2] outlined the decisimetrics
and decision policy design in the context of vaidtican-
doff for a mobile user running multiple communiocati
sessions. These metrics are also relevant foalim&twork
selection for a mobile user. In [3] and [4] resbars have
studied CDMA cellular networks focusing on powen<co
trol algorithm where Nash equilibrium is used tadetimine
the transmission power of each mobile user. Theilmob
users compete for the best signal-to-interfereratio,r
which determines their transmission quality. In, figrious
service classes were considered to be playerseofiaime
and Nash equilibrium is used to determine the armnofin
bandwidth offered to a new connection with payaffcu-
lated as a function of perceived delay and througiper-
formance. In [6] the formulated game uses serviceig-
ers as players, each with strategies in terms afuamof
offered bandwidth. The Nash equilibrium is thenduse
maximize the service providers’ profits while sBfisg the
mobile users. In [7] and [8] the considered ganrvestlae
interactions between the service providers andntbbile
users. In [7], a game theoretic framework was dpes to
analyze the service provider’'s pricing strategesttract
mobile users, who have the right to decide at amgjrice
whether the connection should be continued or Indi8],
the game was formulated to capture the competitites
ractions between the service provider and the reakskrs
where the service provider can decide whether iitaolr
reject the mobile users’ connection request andrthbile
users seeking admission can decide whether tovsitay
the current provider or to leave.
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In [10] H.J.Wang et al. describe a handovdicpdor
heterogeneous wireless networks, which is usecelects
the best available network and time for handovigiation.
The cost of each network is measured in terms ajivied
sum of bandwidth, power consumption and cost. Téte n
work with lowest cost is selected as the targetagk.

In [11] Le Bodic et al. look at networks with ancéion
base pricing scheme and employ two strategies démgen
on user preference for lower cost and reputatispeetive-

ly.

II. PROPOSED GAME THEORETIC BASED CAC

SCHEME

Two competing networks are assumed, and they a

referred to as network 1 and network 2. The reviard
network ‘1’ for selecting a particular traffic urat a cer-
tain time is a function of several parameters,udilg the
bandwidth asked for and the cost it can chargeitiee. For
simplicity here, all traffic units are assumed ®dssigned
the same user grade i.e. each traffic unit reqeame

Many new pricing schemes are being proposed fo gmount of bandwidth. This means that the bandwidth

RANSs [12], the majority focus on network-centricniedt.
In [13] Gazis et al. look at the complexity of bgitAlways
Best Connected”. The focus is on user-centric bieridfe
research involves identifying the network or conalion
of access networks from the available candidatas whil
best satisfy the current user requirements in tbeirent
circumstance.

The concept of dynamic network selection, imick a
user can choose or take active part in the sefectiche
best available network to serve a connection reaqaed
not be fixed to one particular network, is contirguito
evolve. Hence, the network selection mechanism in W
MAX networks handles the selection of the bestvoek
to satisfy a connection request.

This paper proposes to model this decisiongusi game
theoretic based CAC scheme, which effectively ma#tsp-
erational requirements of IEEE 802.16e WIMAX staxida
The CAC scheme is formulated as a game betweemeéto
works competing in non-cooperative manner as aimiya-
tion problem under a certain objective function iclihshould
be chosen to maximize their reward. The outconta®fjame
is to decide which set of strategies should bectdeindepen-
dently by each network to maximize their reward.

In this paper the network operator has some coatret
the coverage pattern. Cooperative shaping wasallyiti
developed in [15-16]. The concept is that the rtamliapat-
tern of adjoining cells should dynamically changage in
coordinated manner to ensure communication is geavi
where it is needed while removing communication sgap
within the coverage.

The approach here assumes some control ogeroir
erage patterns of the cell. The load balancing rihgo
assumed is an extension of [14]. The frontier cheeell is
defined by maximum outreach of a beam. A baseostati
can only serve the traffic units within the fromtiEor con-
venience, the area within the frontier is dividatbiloca-
tions using polar coordinates. Each location cantain
many registered and connected traffic units.

The rest of the paper is outlined as folloisSection
Il, the game theoretic based CAC scheme is destribe
Section Ill, we describe the Mobile WIMAX simulatéor
the scenario where networks are competing witth ea
other. In Section IV, the performance of game th&or
based CAC scheme is evaluated with the help ofxame
ple. Finally, Section V concludes the paper.

have no specific influence on the reward function.

Let pil and qi2 be the prices that network 1 and network

2 can charge respectively. The expected rewaretiwank
1 is made up of (broadly) two parts

The utility U, to be gainedf the customer awards
operator ‘1’ the connection at the price(gorre-
sponding to the row in table 1). The utility wilbg

up in as we charge a higher price, and is the same
for all columns, i.e. offered prices for operatoy 2
as it does not depend on the price operator 2’ is
offering. If the customer does not award the con-
nection the utility is assumed to be zero.

ii. The probability P[i, j] that the customer will sete
operator ‘1’ at the price ;pwhen operator ‘2’
chooses price;qThe probability P[i, j] will de-
crease as the row number increases as this corre-
sponds to a higher price from operator ‘1’ and
will go up as the column number increases as this
corresponds to a higher price from operator ‘2'.

The reward for operator ‘1’ is given as follows:

rijlzuixP[i!j] 1)

The corresponding reward for operator ‘2’ in thidl €can
be as follows.

ry =U; x(@-Pli, ]) (2)

The probability of selection is based on a behaviour

model. In this case a very simple model is usea U$er
simply chooses the network offering the lowest gitizen,

if pi<q; then P[i,j]=1

if p=q; then P[i,j]=0.5



if p>q; then PJi,j]=0

The utility in fact depends on the locationtlod mobile
unit as the resource required depends on the ¢ocafhe
dependency on location is modeled in a simple wapst
the concept. The utility function must depend oa spare
capacity and the price. For example, if the netwsridle
and the user is near the BS then all thagy be regarded

are p, o, ps and for network ‘2’ they are;,00,, . Each
cell has two numbers, the reward for network ‘1d ahe
reward for the network '2’. For a price;"mnd ‘g’ the cor-
responding rewards for each network is calculatad a
filled in the corresponding cell of Table I.

Table I: Rewards for the networks at corresponding
offered prices

as profit.
If we define Was a number between 0 and 1 such that it Network-2
is ‘1" if the user is near the BS and the celldiand ‘0’ o f] 07} O
when the customer is far from the base stationtaadell Network-1
is very busy. In this case the utility function foperator 1 1 > 1 2 T 2
and operator 2 P M1: 11 M2+ 11 F13: 113
1 2 1 2 1 2
U W. X 3 P2 PYTLPY] PPy PO PE
P V¥ AT 1 .2 1,2 1 .2
‘ ‘ ‘ Ps M3 731 M32: 13 M33:033
Uy = W;xq; @

So the reward for operator {in cell (i, j) from (1) can be
modified as shown in (5),

ri =W x p, x P[i, j] (5)

So the reward for operator Z fin cell (i, j) from (2) can be
modified as shown in (6),

ry =W xq x(@-P[i,jl) (6

In the simulation the modified utility value decsea with
the distance from the base station.

W =1-a(d - 02) )

W is defined for each network to serve the imimm
distance between the traffic unit and the baséstaan be
0.2 km whereas the maximum distance can be 1.5kvm F
network perspective, the less transmitting powel bé
needed to serve a traffic unit at d=0.2km as coepto
traffic unit at d=1.5km. @ is chosen so that W ranges from
‘1’ at d=0.2 km to ‘0’ at d=1.5km. However in thitustion
where geographic load balancing is considered, ftoissi-
ble to configure the antenna propagation so thatniét-
work operator can affect the value of W. The detailhow
this can be done are not described here, but arzided in
[14].

Initially for every new connection requeste thetwork

rewards will be calculated from equations (5) a8 (
Then for every price we get the success probatsiliof
these strategies to get the reward for each netandkat
last we attain the Nash equilibrium point by usthgse
rewards as payoffs of the game. For network ‘1’ghees

Consider a game of two networks which hasnéefi
number of pure strategies. Let us denote the giyatets of
respective networks byi® {p1, p, ps} and B={q1,0, Gs}-

The outcome associated with,(g) is denoted by’ijl,rij2

In non-cooperative game, no preplay communicat®n i
permitted between the networks.

. THE SIMULATION MODEL

In order to test the performance of the gaheory
based CAC scheme where the objective is to maxithize
revenue for network operators a simulation test pais
formed. A comprehensive system level WIMAX network
simulator [15] has been extended to two WiMAX natgo
including same features such as power control afd s
handover. In this simulator, the WIMAX networks are
based on IEEE 802.16e standard with traditionahberal
cellular model used as the underlying framework.

Simulations are based on two 6x6 cellular WHIA
networks where cells have the same area. All B&éahe
centre of the belonging cell and each has six seckach
BS has a maximum service capacity. There are 18088
within the 72 cell area i.e. 36 base stations fache
network. The arrival rate and holding time makeestat
total number of talking subscribers does not excesed
total system’s maximum service capacity.

In the experiments, all 18000 MSs are unifgraiktri-
buted over the area of the network. The simulatank by
processing events in a sequence of snapshots ire-a p
prepared scenario. Each snapshot is 60 seconds Adng
each snapshot, uplink and downlink power contral ap-
link and downlink revenue based CAC are performad f
each event. The MS can only be admitted to a €etl i
passes both uplink and downlink game theoretic ase



CAC scheme. The main simulation parameters areglist

Table II:
Table II: Simulation parameters
Parameter Name Symbol Value
Cell radius r 1km
Circular radius R 1.05km
Forbid distance dforbid 0.02km
Minimum distance dmin 0.1km
Maximum distance dmax 1.5km
BS Bandwidth BSaw 5MHz
Antenna Altitude hy 30m
Mobile Altitude hm 1.5m
Max DL transmission power Pmax-oL 43dBm
Max UL transmission power Pmax-ut 23dBm
Soft-handover threshold Psio -74dBm
Pilot threshold Pmin -80dBm

IV. ILLUSTRATIVE EXAMPLE

For simplicity purpose we will discuss theoposed

purpose, the payoff table for the 500th traffictusishown
below in Figure 1:

If the network ‘1’ selects the strategygmd network ‘2’
selects the strategy, ghen the payoffs for each network
will be as follows:

R.= {0.88}
R{0}

MNetwork ¢j°
Network | g j+1 fj+2 j+3
. i!
Pi (0.85.0.54) | (0.88.0) (0.85.0) (0.88.0)
Pi+1 (0.0.54) (0.68.0.44) | (0.88.0) ((.58.0)
Pisz (0.0.54) (0.0.54) (0.58.0.40) | (0.88.0)
Pis3 (0,0.54) (0-0.54) (0,0.54) (0.48,0.34)

Figure 1: Payoff table for 500th Traffic unit

This strategy pair maximizes the payoff fetwork ‘1’
but the network ‘2’ can select other strategy toximéze
their payoff so this does not satisfy the Nash Huyitim

game theoretic CAC model with a simple scenario. We condition. The Nash Equilibrium solution will exifr the

consider two overlay WiMAX networks with uniformafr
fic distribution.

Therefore we have a game of two players and f

possible pure strategies for each player; eackegyas to
select one of the four prices to charge. For ewery con-
nection request, the game is played between thenwto
works.

Therefore,

N={1, 2}

P1= {py, Pz, P3P}

P2= {h, %, Gs G}

The payoff function associated with thesedsettrate-
gies for each network are represented by R
For each selected strategy paig,dp the payoff for each
network is given as follows:
Ri= {rlll}
Ry= {r112}

In order to validate the proposed schemeithpls sce-
nario is assumed such that two third of the traffiits are
closely located to network ‘1’ as compared to nekwa’.

In order to test the performance of proposed schdinee
shapshot is considered of around 2500 users urifatis-

tributed between the overlapping coverage areasvof
networks.

The simulation was run on more than 2000itrafhits
and the respective network payoffs of each traffitt for a
particular strategy pair were calculated accordiagthe
proposed scheme mentioned in Section Il. For dions

strategy pair (pg;). The payoff values for each network
will be as follows:

R,={0.88}

R,= {0.54}
The net reward for serving traffic units of bothwerks for
the simple scenario are calculated and shown béow
Figure 2:

14m
17m

fom O=Network |

B0

B0

O-Metwork 2

=0 1000 1Em X =m

Figure 2: Net Reward for each network during the
Simulation

The x-axis represents the number of traffic uniithiw the
snapshot and y-axis represents the net reward agedeior
serving theses traffic units. The results show teatard for
Network ‘1’ is always more than the reward for Netw?2’
which clearly satisfies the working of the simulatio
accordance with illustrated simple scenario.



V. CONCLUSION

In this paper, we have presented a modelpmyoach
for network selection in WiMAX networks. The apptba
is based on game theory and the scheme is modeled a

game between non-cooperative players, the WiMAX net [6]

works. The players compete for connection requbgts
traffic units in order to gain reward by means difity
functions.

We have presented a game theoretic modelahdhe
help of an illustrative example demonstrated théndd
concepts. Studying the example we observe thatamksy
maximize their rewards by accepting the connectien
quests with higher network utility. This is indebdcause
of the consideration of the power consumed to sareen-
nection request in the payoffs each network reseivehis
game.

Future work will investigate the strategiedested for
all traffic units served by a particular base staif a net-
work to dynamically define strategies for futurennection
requests within that specific coverage area to mie the
reward for the networks.

Simulation experiments for complicated scersarare
currently being conducted to assess the potertidleoap-
proach outlined here and will be reported in futireek. In
the paper, a model for network competition withremic
reward scheme is described and the key paramefténg o
multi-network WiMAX simulator that is being used va-
lidate the work.
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