International Journal of Computer and Electrical Engineering, Vol. 6, No. 1, February 2014

Power Control and Sub Carrier Grouping for
MCCDMA-MIMO Using Water Filling Game Theory
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Abstract—The capacity enhancement in Multi Carrier Code
Division Multiple Access (MC-CDMA) technique with multiple
antennas at both the transmitter and the receiver is achieved by
restricting interference noise through power control method at
transmitter. Due to time varying nature of the channel, channel
fading is not identical to all sub carriers. So, the allocation of
sub carriers to the users according to the instantaneous
Channel State Information (CSI) is also improves the capacity
of the MCCDMA system. In this paper, The maximization of
capacity in MCCDMA-MIMO system is achieved through
dynamic allocation of sub carriers to each user and power
allocation using water filling game theory subject to the
constrain of total power at transmitter. The water filling
algorithm distributes power among all users with the help of
SINR that is received by the transmitter instead of getting full
CSI. The sub carrier group assignment is implemented by
selecting best sub carriers with maximum Signal to Interference
and Noise Ratio (SINR) value and user’s rate requirements. The
performances of capacity improvements and outage probability
reduction in MCCDMA-MIMO are analyzed with various
diversity sizes (SISO, 2x2, 4x4).

Index Terms—CSI-Channel State Information, ICI-Inter
Carrier Interference, IWFA- lterative Water Filling Game
Theoretic Approach, QoS- Quality of Services, MAI-
Multiple-Access Interference, MCCDMA- Multi Carrier Code
Division Multiple access, MAI-Multiple Access Interference,
SINR -Signal to Interference plus Noise Ratio.

. INTRODUCTION

The application of multicarrier CDMA and multiple
input-multiple output (MIMO) techniques in high data rate
wireless communications over fading channels has become
increasingly popular in recent years [1]. In comparison with
single-carrier transmission, the key advantages of
multicarrier transmission are the robustness against
frequency-selective fading, narrowband interference and
inter symbol interference (ISI). MIMO techniques employing
multiple antennas at both the transmitter and receiver can
provide robustness to space-selective fading and improved
capacity. Due to the simultaneous transmissions, sub-carriers
interfere with each other and limit the network performance.
To achieve robustness and spectral efficiency in MC-CDMA
system over multipath fading channels, the technology is
ruled by two main functions; power allocation [2] over the
sub carriers and sub carrier group assignment [3]. Power
allocation is the scheme by which users share the power
available at the serving base station. Group assignment
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depicts selection of appropriate subcarriers to support
information bit streams of individual users. So, the
distributions of users across subcarrier groups as well as their
transmission power distribution has a significant effect on
QoS enhancement like mean capacity of the system and
outage probability reduction.

The architecture of MCCDMA-MIMO system considered
in this paper subdivides subcarriers into a set of
non-overlapping subcarrier groups. A user in the system is
assigned to the subcarrier group that holds the best CSI and
transmitting the whole data of the user through that selected
group of sub-carriers or varying the number of sub-carriers
according to user’s requirement. However, such performance
gain comes at the expense of significant signaling overhead
due to the sharing of channel state information (CSI) and
transmission data. The CSI is subjected to the errors because
of the imperfect channel estimation/measurement due to the
time varying nature of the channels. So, this paper considered
the Signal to- Interference/Noise Ratio (SINR) of the given
user assigned on the subcarrier group as an objective function
to distribute power along the sub carrier groups to restrict the
interference noise.

The Game theory is an effective tool used to allocate
power for each user with the independent knowledge of
actual channel realization and gives solution for overall
capacity maximization problem [4]. In the power control
game, each user seeks to choose its transmitting power over
each carrier to maximize its capacity. The water-filling rule
in game theoretic perspective is a tool used to allocate proper
power for every user in order to improve system capacity
performance with global constraint (Total available power at
base station) and imperfect CSI [5]. In this paper, the
protocol to enhance the system capacity and outage
probability by adopting the Iterative Water Filling Game
theoretic ~ Algorithm  (IWGA) is implemented in
MCCDMA-MIMO system [6], [7] and performances are
analyzed with the threshold parameters SINR and Data rate.

The organization of this paper is as follows. Section Il
deals with the system architecture and game model for power
control algorithm in MCCDMA —MIMO, strategy for power
control, utilities function and problem formation to
maximize the capacity. Section Il describes solution for the
problem and to maximize the payoff using water filling game
theory. The results are depicted in Section IV and the
conclusions are given in Section V.

Il. SYSTEM ARCHITECTURE AND GAME MODEL

A. System Architecture
A multi cellular MC-CDMA network constituted of B =
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{1, 2, . . . ,Ng} base stations is considered. The system
bandwidth ‘W’ is subdivided into °‘N¢’ subcarriers.
Bandwidth of subcarriers is selected such that they
approximately exhibit flat fading channel characteristics
(i.e., W/Nc< B¢, where ‘B¢’ is the coherence bandwidth).
Each ‘G’ subcarriers constitute a group over which
individual streams will be spread. As a result of subcarrier
grouping, system bandwidth could be described in terms of a
set of subcarrier groups, C ={C1),C¢), . . . .C(j), - - - .Cio)}.
where Ng= N¢/G is the number of subcarrier groups. Each
base station, b €B, is effectively supporting ‘U’ active data
users. Each base station operates under the constraint that it
has at its disposal a maximum amount of power to share
among all active sessions.The symbol of user ‘v’ in the base
station ‘b’ of an MCDMA system is presented as

Y =HYS"\/P" X" Q)

where

X" is the active user’s symbol.

S"is the code matrix.

pU = diag(P“l, puz pus PU) is each wuser’s transmit
power

H" =diag(H", H"2,H", ..., H" ) is each user’s channel

fading
Y is MCCDMA Symbol Vector.

The time domain data stream for each user is divided into
multiple parallel streams and each stream is spread using a
spreading sequence as shown in Fig. 1.
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Fig. 2. MCCDMA-MIMO receiver

The sequences are then spread with sub carrier group
domain using IFFT and power allocation to each user is
followed by IWFA. The sub carrier group assignment is
processed by CSI. The IWFA allocate power to each user

with the help of SINR value as an objective function. The
MC-CDMA symbols are then transmitted through MIMO
structure of ‘N¢’ transmit antennas and ‘N,’ receive antennas
and is illustrated in Fig. 1 and Fig. 2 [8], [9].

B. Game Model

The game model in the MCCDMA transmitter plays
against the behavior of a wireless channel and assigns power
level to the respective sub carriers. The game model also
considered that the CSI errors are uncorrelated across
subcarriers. The strategies of this game are the possible
power level which can be assigned on the sub carriers subject
to the constraint of total power at the transmitter and total sub
carriers. The objective function in the strategy of the game is
the SINR value received from the receiver. A mobile user ‘u’
of interest served by base station ‘b’ has the SINR value
given below.

NC

> PIH,
TR )
> PYIHY|+[EN]

u'=Lu'#u

SINR, =

where
[p"],is power of user ‘u’ in base station ‘b’

[1], is the interference to the user ‘u’ due to other users in
the base station ‘b’.
[E,.1is inter cell interference

This SINR value is considered as an objective function for
the power control game to allocate the optimal power to each
user. The channel capacity of the individual user “u’ in the
base station ‘b’ is considered as utility function of the game
and expressed as

n=N; u
ci=> Iogz(l+ NP“ ~|H; |2jbits/s/Hz 3)
n=1 o

o

The total system capacity of the base station ‘b’ that
constitutes ‘U' active users[7] is given as
n=U u
n=U n=N, P
Coua = 2,C" =3 X" log, | L+ 25 [y
n=1 NOCT

Zjbits/s/Hz

(4)

Then the MCCDMA symbols are transmitted through
MIMO system of N;, N,antenna with channel matrix H (, t)
[8], [9] as shown in Fig. 1 and system capacity or the utility
function is modified as

H(n)H *(n)H]bits/s/ Hz
(®)

p! 1
CMCCDMAfMIMO = Ing [det|:|N, +W{N_

I1l. WATER FILLING GAME THEORETIC SOLUTION

The water filling game theory concept is modeled with
selfish users and each user is interested in maximizing their
own normalized effective capacity, or achievable throughput
(rate), subject to an average power constraint [10], [11]. The
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capacity maximization of users in the MCCDMA-MIMO
system with power constraint under Gaussian interference
channel is optimized by sub carrier group forming and power
distribution algorithm using water filling game theory. In
order to maximize the capacity of the system, the power
control game must calculate all utilities and expected payoffs
for each one of his possible strategies.

To maximize the overall link capacity, users need to be
grouped optimally under the interference and QoS
requirements constraint, the optimization of the problem with
respect to sub carrier and power constraint is formulated as

U n=N u
u G i ¢ Pn u 2
max(C )=max|izi_1a)uz Iog2[1+ e |H: H
u=l n=1 0
(6)
n=U n=N, i=G u=U
F)nu < Pl'otal a)LIJ SU
Subjectto vt -t ; et

where @) e{0,1}is the allocation index for the active user ‘u’
in group ‘i’. That is, if @, =1, then the user ‘v’ is assigned to
the group ‘1’. if a)l'J =0, then the user ‘v’ is not assigned to the
group ‘1’. The solution for capacity maximization problem of
single-water level, multi-constraint (Power and group
selection constraint) is obtained through iterative method by
simple fixing the water level ‘n’ (power level) and adjusting
it iteratively until the constraint is satisfied. The power level
of user ‘v’ in the base station ‘b’ is obtained using Lagrange
multipliers as given as

" 1 U N, 2 2
PA* = U P‘rotal_;;“j-uz _|H07 (7)

[X]" = max{x,0}

Here the power level and group selection of each user are

obtained simply by fixing the water level (power level) P ,
QoS requirement of individual user and then adjusting it
iteratively until the constraints are satisfied as per the
algorithm given below[12], [13].

Algorithm:

Step 1: Initialization
N.— Number of subcarriers
U —Total number of users
G — No of groups
P, —Total Power budget

Step 2: Get SINR,—SINRfor user ‘u’
Get QoS Requirements for user ‘v’

Step 3: Group Assignment and Power Allocation
('without water filling algorithm)

Calculate A= H, — channel gain of each user
groups

Compute average SINR value for all groups and
arrange in order

Arrange the user priority according to the QoS
requirements

Assign the groups to the user according to the order

Calculate P:: & assign the same to user ‘u’
Step 4: Power Allocation (IWFA)

Calculate A= H, —channel gain of each user

groups

Compute average SINR value for all groups and
arrange in order
Fix: LE P & A=H,
Loop 1: Number of iterations
Fix step size(0.001)
Loop 2: Group assignment
P, ()= P, (i)+step size

Check
u N
Power Constraint: > > R’ <P,
u=1 k=1
i=Gu=U
Group Constraint : o, <U

iR
5N

Capacity Constraint: C! >Data rate
If satisfied
R (i) = R/ (i) + stepsize
Else
Assign
R'() =R ()
User ‘U’ is assigned to group ‘i’
Capacity of the user = C!
End loop 2

End loop 1
Step 5: End

IV. RESULTS AND ANALYSIS

The capacity improvements and outage probability of
MCCDMA are analyzed with the numerical conditions
summarized in Table 1 and platform used for the simulation
is MATLAB 7.0. The power allocation scheme to enhance
the capacity is optimized by IWFA in the presence of
imperfect CSI. The IWFA takes 1000 iterations to allocate
power to each user using 10000 Monte Carlo Channel
realizations.

The group assignment strategy to maximize the overall
mean capacity using IWFA is followed by the algorithm
mentioned in section Ill. The capacity improvement of
MCCDMA in SISO using IWFA is compared with power
allocation without water filling algorithm. The Further
capacity enhancement of MCCDMA through MIMO
multiplexing (2>2, 4>4) is also analyzed with and without
IWFA. Fig. 3 shows the capacity improvement analysis of
MCCDMA-MIMO (SISO, 2>, 4>4) using IWFA with
interference  based sub  carrier  grouping.  The
MCCDMA-MIMO system with water filling has a greater
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mean capacity as compared to the system without water
filling.

TABLE I: SIMULATION PARAMETERS
Specifications

Parameters
MCCDMA system Multi cellular structure with three cell
No of carriers (N¢) 1024
Spreading factors 1024

Rayleigh fading
AWGN channel

Multipath channel model
Channel condition

power of each user using IWFA. The performances of outage
probability (Probability that the interference noise power of
Monte Carlo Channel exceeds the signal power) with respect
to SINR wvalue range from 2 to 20 dB for the
MCCDMA-MIMO system using IWFA is depicted in Fig. 4.
The performance of outage probability (Probability that the
actual data rate of the system falls below the expected data
rate of the system) is also analyzed and depicted in Fig. 5.
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Fig. 3. Mean capacity vs sinr of MCCDMA-MIMO with sub carrier group
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The capacity enhancement of the system is due to the
proper power allocation to all users by IWFA with sub carrier
group assignment strategy. The algorithm limits the
interference noise among all users by avoiding excess power
to any particular user and assigns the compatible sub carrier
group according to data rate demands. The signal
transmission of the system through MIMO gives an
additional improvement of the system capacity.

In MC-CDMA systems, although there is no hard limit on
the number of concurrent users, there is a practical limit to
control the interference between users. Otherwise, the QoS
requirements of the system cannot be guaranteed. So, the
system capacity is determined under the condition that the
outage probability does not exceed the required threshold.
The general outage probability formula is given by

D(OUtage) =1- p(SINR < SINRthreshold) (8)

p(outage) =1- p(C < Cg,,) 9)

This outage probability parameter is a key figure of merit
of system and can be calculated with the help of probability
distribution [14] of all Monte Carlo signals involved in the
fluctuations. The minimization of the outage probability is
achieved through intelligent way of determining transmission
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V. CONCLUSION

The capacity enhancement and outage probability
reduction in MCDMA is achieved by IWFA based power
control and sub carrier group assignment method. The power
distribution to each user using IWFA is modeled based on the
SINR value as an objective function which is received from
receiver in the presence of imperfect CSI. This paper
demonstrated that the interference based sub carrier group
assignment strategy with power control through IWFA
enhance the capacity and outage probability of the system by
restricting interference noise. The further improvements of
capacity and outage probability in MCCDMA are achieved
by exploiting MIMO diversity of size 2>2 and 4>4.The mean
capacity improvements and reduction of outage probability
in MCCDMA-MIMO system using IWFA are analyzed. The
capacity in MCCDMA is enhanced nearly 10% for SISO and
32% for MIMO due to power allocation using Iterative Water
Filling game theoretic Approach. The IWFA based power

10
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control algorithm also benefits the MCCDMA-MIMO
system by minimizing the overall outage probability of the
system.
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