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Abstract -In this paper the water filling algorithm has been implemented for allocating the power to the MIMO channels for 
enhancing the capacity of the MIMO network. The water filling algorithm provides solution with the help of channel state 
information. The singular value decomposition and water filling algorithm have been employed to measure the performance 
of MIMO OFDM integrated system. The capacity and SNR performance for SISO and MIMO system without and with 
water filling algorithm are also been demonstrated for comparison. For adaptive modulation the capacity and BER 
performance of different QAM has been compared. The simulation study has been carried out to reflect the effectiveness of 
the proposed work.  
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I. INTRODUCTION 
 

A multiple-input multiple-output (MIMO) wireless 
link makes use of multiple antennas at both the 
transmitter and the receiver. Compared to a single 
input single output (SISO) random channel, a random 
MIMO channel has a capacity that grows linearly with 
the minimum of the number of transmit and receive 
antennas [1,2], without requiring additional power or 
frequency spectrum. However, narrowband MIMO 
systems severely suffer from the inter symbol 
interferences (ISI) over frequency-selective fading 
wideband channels. Orthogonal frequency division 
multiplexing (OFDM) techniques transmit high rate 
data-stream over numerous sub-channels in 
frequency-domain and each sub-channel is a 
narrowband flat-fading channel. In OFDM, a 
broadband frequency-selective channel is decoupled 
into multiple channels, through efficient fast Fourier 
transforms (FFT) operations, and thereby dramatically 
increases the spectral efficiency [2]. The combination 
of these two technologies, termed MIMO-OFDM [3], 
is a strong candidate for next generation wireless 
systems, like 4th generation mobile communications. 
With the increase in the technology savvy population, 
there is now a huge demand for rich multimedia 
interactivity. Commercial cellular systems have to 
cope with not only an increase in the number of users, 
but also with an increase in the data rate requirement 
per user. MIMO-OFDM addresses these two concerns 
aptly. Not only is there an increase in overall 
throughput, there are also more degrees of freedom to 
accommodate a larger number of users. This is 
because users can be separated in space as well as 
frequency. 

To achieve a high system capacity for multimedia 
applications in wireless communications, various 
methods have been proposed in recent years [4,5]. 
Among them, the multiple input multiple output 
(MIMO) system using multiple antennas at both the  

 
transmitter and the receiver has attracted a lot of 
research interest due to its potential to increase the 
system capacity without extra bandwidth. Multiple 
input- multiple-output (MIMO) exploits spatial 
diversity by having several transmit and receive 
antennas.  

The capacity of a MIMO OFDM system can 
further be increased, if the channel parameters are 
known at both transmitter and the receiver by 
allocating extra power at the transmitter using water 
filling algorithm to all the channels. If the channel 
parameters are unknown at the transmitter and known 
at the receiver, equal power is allocated to each 
transmitter and estimates the capacity using water 
filling algorithm. Water filling is the solution of 
several optimization problems related to channel 
capacity. The well known water filling algorithm 
solves the problem of maximizing the mutual 
information between the input and output of a 
channel. This capacity achieving solution has seems to 
be pouring the water over a surface given by the 
inverse of the sub channels gain hence the name water 
filling or water pouring [6,7]. 

This paper organized as follows. Section 2 
describes the conventional MIMO-OFDM system, 
while section 3 proposes the water filling algorithm 
used in this work. Simulation model has been 
established in section 4. Section 5 describes the 
simulation results for the proposed strategy, while 
section 6 concludes the paper. 
 
II. MIMO OFDM SYSTEM 
 

Orthogonal frequency division multiplexing is a 
popular wireless multicarrier transmission technique. 
It is a promising candidate for next generation wired 
and mobile wireless system. The basic principle of 
OFDM is to split a high data rate stream into a number 
of low data rate stream so that the lower data rate can 
be transmitted simultaneously over a number of 
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subcarriers. In OFDM, the amount of dispersion in 
time caused by multipath delay spread is decreased 
due to increased symbol duration for lower rate 
parallel subcarriers [5]. The spectrum of OFDM is 
more efficient because of the use of closer channel 
space. Interference is prevented by making all 
subcarrier orthogonal to one another. MIMO system 
utilizes space multiplex by using antenna array to 
enhance the efficiency in the used bandwidth. These 
systems are defined spatial diversity and spatial 
multiplexing. Spatial diversity is known as Tx and Rx 
diversity. Signal copies are transferred from another 
antenna, or received at more than one antenna. With 
spatial multiplexing, the system carriers’ more than 
one spatial data stream over one frequency, 
simultaneously.  In a subcarriers MIMO-OFDM 
system, the individual data stream is first passed 
through an OFDM modulator. Then the resulting 
OFDM symbols are launched simultaneously through 
the transmit antenna. In a receiver side, the individual 
received signal are passed through OFDM 
demodulator .The output of OFDM demodulator are 
decoded and rearranged to get desired output. [6] 
A. Spatial Multiplexing 

The transmission of multiple data stream over 
more than one antenna is called spatial multiplexing 
[3]. The advantages of spatial multiplexing is linear 
capacity gains in relation to the number of transmit 
antenna 
B. MIMO  Channel Matrix 

The matrix describes the channel behaviour on a 
particular subcarrier (n) for a particular user (k). Here 
k and n represents the number of users and subcarrier 
respectively. Which as follows- 

For an MIMO system, the channel matrix is matrix 
is written as [8] 

1,1 1,1 1,1

1,1 1,1 1,1

1,1 1,1 1,1

h h h
h h h

H

h h h

 
 
 
 
 
  





   



     

C. Capacity  
Capacity is the measure of maximum information 

that can be transmitted reliably over a channel. 
Claude Elwood Shannon developed the following 
equation for theoretical channel capacity: 
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It includes the signal to noise ratio 0/i N , where i

 denotes the thi  singular value of the channel matrix
min(N , )t rL N is the number of independent SISO 

channels and iP  the transmit power on the thi SISO 
channel. The Shannon capacity of MIMO system 
depends on the number of antenna. For MIMO the 
capacity is given by the following equation [9]: 

2
0
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         (2) 

 
where N is the number of transmit/receive antennas 
(for the sake of simplicity, consider the number of 
transmit and receive antennas are equal);   is the 
average SNR;  NI  is an identity matrix of size N N
and H is the normalized channel matrix, which is 
considered to be frequency independent over the 
signal bandwidth. The normalization condition used 
is [8]: 

2

, 1

N

ij
i j

h N


                     (3)                                                  

 
where ijh denotes the components of H . Hence, 
when H I  (completely uncorrelated parallel sub-
channels), / N is the signal-to-noise ratio per 
receive branch. Some other kinds of the 
normalization can also be used, where the above 
summation simply leads to unity.  
 
D. Singular Value Decomposition 

We consider a MIMO communication system 
consisting of M transmitter antennas and N receiver 
antennas with a Rayleigh flat fading channel. When 

( )S k the transmitted signal vector, the received signal 
vector is ( )X k . 

 

     k s k n k                       (4) 
 
where H is the N M channel matrix,  n k  is the 

1n  additive white Gaussian noise (AWGN). The 
SVD of the channel matrix,  H  can be given as 

H U Vh    
 
where U and V are N P  and M P  unitary 
matrices respectively. P is the rank of H , where 

min( , )P M N ,      h  denotes transposed 
complex conjugate. Our aim is to estimateU , V  and 
  matrices directly at the receiver based on a 
training sequence. 
 
III. WATER FILLING ALGORITHM 
 

The process of water filling algorithm is similar to 
pouring the water in the vessel. The unshaded portion 
of the graph represents the inverse of the power gain 
of a specific channel. The shadow portion represents 
the power allocated or the water. The total amount on 
water filled (power allocated) is proportional to the 
Signal to Noise Ratio of channel [10, 11]. 
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Figure 1.Water Filling Algorithm Model 

 
Power allocated by individual channel is given by 

[4]  
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where tP is the total power of MIMO system 
which is allocated among the different channels and 
H  is the channel matrix of system. The capacity of a 
MIMO is the algebraic sum of the capacities of all 
channels and given by: 

 
1
log 1

n

i
capacity powerallocated



          (6) 

The total number of bits to be transported has to be 
maximized. As per the scheme following steps are 
followed to carry out the water filling algorithm [3].  

1. Take the inverse of the channel gains. 
2. Water filling has non uniform step structure 

due to the inverse of the channel gain. 
3. Initially take the sum of the total power tP and 

the inverse of the channel gain. It gives the 
complete area in the water filling and inverse 
power gain. 

1

1n

t
i i

P



                                     (7)                                             

4. Decide the initial water level by the formula 
given below by taking the average power 
allocated  

1
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5. The power values of each sub channel are 
calculated by subtracting the inverse channel 
gain of each channel.

1
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     (9)                        

6. Stop the iteration in case of negative power 
allocation value.  

IV. SIMULATION STUDY 
 

The proposed scheme has been simulated to verify 
the effectiveness of the power allocation to different 
subcarriers. The simulation has been done on 
MATLAB and the model used for the simulation is as 
given below. 
A. MIMO-OFDM Simulation Model 

 

 
Figure 2.MIMO OFDM System Model 

 
The subcarrier and power allocation is done at the 

transmitter side by knowing the availability of exact 
channel state information (CSI) in MIMO-OFDM as 
shown in figure 2. Here each transmitter and receiver 
antenna is assigned to an individual OFDM 
transmitter and receiver. A system with K  user and 
N  subcarrier are considered in this work and that 
number of transmit and receive antenna are assumed 
to be tN  and rN  respectively. User K (1 k K  ) 

on subcarrier n  (1 n N  ) is assigned a power 

,k nP  and the corresponding channel state matrix is 

,k nH  with dimensions t rN N . 
B. Comparison of SISO OFDM with and without 
water filling Algorithms 

For the simulation, 52 subcarriers and 1mW total 
transmitted power have been used. The channel is 
Rayleigh fading channel and channel size 
(bandwidth) is 1 Mhz. The used parameter are shown 
in table I. The performance is displayed in the figure3 
in terms of SNR versus capacity plot. 

TABLE 1 SIMULATION PARAMETER FOR SISO –OFDM 
WITH WATER FILLING ALGORITHM 

Parameter Value 

Channel Rayleigh 

Channel Size (Bandwidth) 1 MHz 

Radio Technology OFDM 

Number of subcarrier 52 
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Figure 3. Comparison of SISO OFDM with and without water 
filling Algorithm 

 
From figure 3, it has been analyzed the capacity of 

single input single output system without  water 
fillling algorithm is 2.2 mbps and with water filling it 
is 2.6 mbps. Capacity of  is find out according to 
Shannon  capacity thorem 

 2log 1C B SNR   
In SISO-OFDM without waterfilling algorithm  

the total power is allocated equally between all the 
subcarrier. But waterfilling algorithm allocates power 
among all subcarrier according to the channel gain of 
channel. 
C. MIMO- OFDM without water filling Algorithm 
Simulation parameters are same as SISO –OFDM.   
Power allocated to sub-carrier  is given by following 
formula- 

_ total

sub

PPower allocated
N

  

There are 4 transmitting antenna and 4 receiving 
antenna. 
 

 
  
Figure 4.MIMO OFDM capacity Vs SNR without water filling 

Algorithm. 

From figure 4 it has been analyzed that as the number 
of transmitting and receiving antennas are increase 
,the capacity of system will increase linearly. For 1x1 
antenna ,it is 1.8 mbps but for 4x4 antenna it is 3.8 
mbps. 

 
D. MIMO-OFDM With waterfilling Algorithm 
  Simulation parameters are same as SISO-
OFDM. The water filling algorithm allocates the more 
power to subcarrier for that noise level is high.  The 
total power is allocated among different antenna and 
then individual antenna allocates power among all 
subcarrier with the help of water filling algorithm. 
There are 4 transmitting antenna and 4 receiving 
antenna. Capacity of this model is analyzed by 
following formula-  

int(log(1 P CNR))MIMO OFDM
sub

BC
N 

  
 

B  is the bandwidth of system, intP is initial power,

CNR  is carrier to noise ratio and subN  is number of 
subcarriers which is used in OFDM system. 
 
 

 
Figure 5. MIMO OFDM capacity Vs SNR with water filling 

Algorithm 
 
From the figure 4 and 5 we can see that MIMO 

capacity without water filling algorithms is 38 mbps 
but it is enhanced with water filling algorithm i.e 130 
mbps. We can see that capacity gets enhanced with 
the use of water filling algorithm. 
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E. MIMO- OFDM with different Antennas at 
transmitter and receiver side 

 
Figure 6. Capacity (bits /Hz) Vs SNR (db) of MIMO. 

 
It is analyzed from the figure that the system 
performance remains almost the same when the 
number of transmitter and receiver antennas is altered 
(2x3 MIMO and 3x2 MIMO systems). 
F. M-QAM Modulation 
For the comparison quadrature Phase Shift Keying 
(QPSK) and different quadrature amplitude 
modulation (QAM) techniques has been simulate 
.Simulation parameters are given in table II. Capacity 
and BER of QPSK and M-QAM has been compared 
for same transmitted power and same SNR range. 

TABLE II SIMULATION PARAMETERS 
Subcarrier spacing 15 kHz 

System bandwidth t 5 MHz 
 

Number of subcarriers 52 
 

FFT size 64 
 

Sampling frequency 7.68 MHz 
 

Symbol period 66.7 µs 
 

Carrier frequency 2.5 GHz 
 

AWGN power spectral 
density 

−174 dBm/Hz 

 
 MIMO performance 
  system capacity 

With the help of different modulation techniques we 
got the following parameters 
 Bit Error Rate. 
 Signal to Noise Ratio 

For the simulation of M-QAM system parameters are 
given in table II. Simulation computes the BER by 
varying the SNR from -40 dB to 60 dB. 

 
Figure 7. BER performance of M-QAM 

 
Figure 7 shows the BER performance of 64 QAM is 
better than other QAM system. In this plot we have 
analyzed that in QAM BER is reduces at same SNR 
as compared to QPSK modulation techniques at a 
constant signal power. 

 
TABLE III BER PERFORMANCE OF M-QAM 

   Modulation 
Technique 

                 BER                  
SNR 

QPSK 0.01 10 dBm 
QAM-8 0.02 10 dBm 
QAM-16 0.04 10 dBm 
QAM-64 0.07 10 dBm 

 
G. Capacity Analysis of M-QAM with SNR 
 For simulation 0.001 (Watts) signal power has been 
used. The performance is displayed in the figure 11 in 
terms of Capacity (Bits/sec/Hz) versus Signal to 
Noise Ratio (dBm) logarithmic plot, the scatter plot 
for -40 to 60 db with difference between 10-10db 
each part.   
 

 
Figure 8. Capacity (Bits/s/Hz) Vs. SNR (dBm) of different 

QAM system 
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From figure 8, it have been analyzed that at same 
signal power and at same SNR QAM -64 performs 
better in terms of capacity. The comparative analysis 
is shown in table IV 

TABLE III CAPACITY ANALYSIS OF DIFFERENT 
QAM SYSTEM WITH SIGNAL TO NOISE RATIO 

Modulation 
Techniques 

Signal to 
Noise 

Ratio(SNR) 

Capacity(bits/sec/Hz) 
 
 

QPSK 60 dBm 20 Bits/sec/Hz 
 

QAM-8 60 dBm 30 Bits/sec/Hz 
 

QAM-16 60 dBm 40 Bits/sec/Hz 
 

QAM-64 60 dBm 60 Bits/sec/Hz 
 

 
H. Capacity Analysis of M-QAM with 

Transmitted Power 
The performance is displayed in the figure 9 in terms 
of Capacity (Bits/sec/Hz) verses Transmitted Power 
(dBm) logarithmic plot, the scatter plot for -40 to 60 
db with difference between 10-10db each part.   
 

 
Figure 9. Capacity analysis of M-QAM with transmitted power 

 
TABLE IV CAPACITY ANALYSIS OF DIFFERENT QAM 

SYSTEM WITH TRANSMITTED POWER 
Modulation 
Techniques 

Transmitted 
Power 

Capacity(bits/sec/Hz) 
 
 

QPSK 60 dBm 20 Bits/sec/Hz 
 

QAM-8 60 dBm 30 Bits/sec/Hz 
 

QAM-16 60 dBm 40 Bits/sec/Hz 
 

QAM-64 60 dBm 60 Bits/sec/Hz 
 

 
CONCLUSION 
 

MIMO OFDM system based water filling 
algorithm has been simulated in order to enhance the 
capacity and SNR performance of MIMO OFDM 
system. An improved method has been proposed for 

subcarrier and power allocation in multicarrier and 
multi-antenna systems with the aim of maximizing the 
capacity. 

Capacity of SISO OFDM without water 
filling is 2 mbps and with water filling it is 2.6 mbps 
at the same value of SNR(-10dBm to 20dBm) MIMO 
capacity without water filling algorithms is 38 mbps 
but it is enhanced with water filling algorithm i.e 140 
mbps. Capacity has been enhanced with the use of 
water filling algorithm by the factor of 3. With the 
implementation of M-QAM it has been analyzed that 
64 QAM gives better performance in the terms of 
BER, SNR and capacity. Capacity of QPSK is 
20bits/sec /Hz and for 64-QAM it is 60 bits/sec/Hz for 
same SNR of 60dBm and for same transmitted power 
1mW. 
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