
ISSN (Print): 2328-3491, ISSN (Online): 2328-3580, ISSN (CD-ROM): 2328-3629 

              

American International Journal of  
Research in Science, Technology,  
Engineering & Mathematics 
              

 

         
 

AIJRSTEM 15-821; © 2015, AIJRSTEM All Rights Reserved                                                                                                               Page 45 

AIJRSTEM is a refereed, indexed, peer-reviewed, multidisciplinary and open access journal published by 
International Association of Scientific Innovation and Research (IASIR), USA 

(An Association Unifying the Sciences, Engineering, and Applied Research) 

 

 

Available online at http://www.iasir.net 

 

 

  

Channel Capacity Analysis of MIMO OFDM System Using Water Filling 

Algorithm under AWGN and Rayleigh Fading Channel 
Vipin Kumar1, Dr. Praveen Dhyani2, Anupma3 

1Research Scholar, Banasthali University, Banasthali, Jaipur (Rajasthan), INDIA 
2 Professor & Executive Director, Banasthali University, Jaipur Campus, Jaipur (Rajasthan), INDIA  

3Assistant Professor, PIET, SAMALKHA Haryana, INDIA 

 

 
 

I. INTRODUCTION 

The growing demand on wireless communication services has created the need to support higher and better rate. 

Wireless communication systems face high level of ISI that originates from multipath propagation and inherent 

delay spread. A multipath primarily based technique like orthogonal frequency division multiplexing are often 

used to eliminate ISI and to boost capability and spectral efficiency (bps/Hz) in wireless system. In addition of 

this, MIMO systems are promising techniques to extend performance with acceptable bit error rate (BER) by 

employing a range of antennas.  OFDM is best referred to as orthogonal frequency division multiplexing that is 

used to transmit the signals from one end to another. OFDM may be a broadband multicarrier modulation 

technique that gives superior performance and advantages over older, additional single-carrier modulation 

technique as a result of it's a far better match with today’s high-speed knowledge necessities and operation 

within the ultrahigh frequency and spectrum. it's may be the foremost spectrally economical technique 

discovered so far, and it mitigates the various drawback of multipath propagation that causes large data errors 

and loss of signal within the microwave and ultrahigh frequency spectrum. MIMO stands for multiple input and 

multiple output system .A method wherever signals are transmitted via multiple antennas rather than just one 

antenna like FDM. This method has the potential of dramatic increase of information transmission in wireless 

environment for multimedia applications in wireless communications, a high system capacity is required for 

higher system capacity, and different methods have been proposed in recent years. The multiple input – multiple 

output system has attracted a lot of research interest due to its potential to increase the system capacity without 

extra bandwidth like several different communication systems, MIMO-OFDM system has multiple antennas 

both at the transmitter and receiver end. MIMO system can be used in numerous ways. If we want to require the 

diversity as an advantage to combat attenuation then we have to send the similar signals through numerous 

MIMO antennas and at the receiving end all the signals received by MIMO antennas can receive a similar 

signals traveled through numerous path. During this case the whole received signal should meet up with un-

correlated channels. When MIMO is used for capacity enhancement then we can send completely different set 

of data that is not a similar set of data like diversity MIMO through number of transmitting antennas and 

therefore the same number of antennas will receive the signals at the receiving end. To combat the effect of 

frequency selective fading, MIMO is usually combined with orthogonal frequency-division multiplexing 

technique. OFDM transforms the frequency-selective fading channels into parallel flat fading sub channels, as 

long because the cyclic prefix inserted at the start of every OFDM symbol is longer than or equal to the channel 

length. The channel length means that the length of impulse response of the channel as discrete sequence. The 

signals on every subcarrier are often simply detected by a time-domain or frequency-domain equalizer. 

Otherwise the effect of frequency-selective fading cannot be fully eliminated, and inter-carrier interference and 

inter-symbol interference are going to be introduced within the received signal.  

Our primary motive is to reduce the energy consumed by the circuit and to maximize the capacity of a system 

and it is possible only if we use multiple MIMO system. So a comparative analysis is done to search out a 
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system that is more energy economical. The results here indicate that the capacity of the system increases with 

the increase in the number of transmit and receive antenna. 

The capacity of a MIMO system can further be increased if we know the channel parameters both at the 

transmitter and at the receiver and assign further power at the transmitter by allocating the power according to 

the water filling algorithms to all the channels. 

II. PROPOSED WATER FILLING ALGORITHM 

Water filling is a metaphor for the solution of many optimization issues related to channel capacity. In Water 

filling technique the power for the spatial channels are adjusted based on the channels gain. The channel which 

has high signal to noise ratio and gain is allotted more power. This More power maximizes the sum of data rates 

in all sub channels. The data rate in each sub channel is related to the power allocation by Shannon’s Gaussian 

capacity formula  

C=B log (1+ SNR). 

The process of water filling is similar to pouring the water in the vessel. The unshaded portion of the graph 

represents the inverse of the power gain of a particular channel. The portion representing the shadow represents 

the Power allocated or the water.  shows the maximum water level. The total amount of water filled or power 

allocated is proportional to the Signal to noise ratio of the channel. 

The Capacity of a MIMO system is equal to the algebraic sum of the capacities of all channels mathematically it 

can be written as: 

Capacity=∑ 𝑙𝑜𝑔2
𝑛
𝑖=1 (1 + 𝑃𝑜𝑤𝑒𝑟 𝐴𝑙𝑙𝑜𝑐𝑎𝑡𝑒𝑑 ∗ 𝐻)  

a) MIMO OFDM SYSTEM MODEL 

OFDM relies on the idea of multiplexing technique that is frequency-division multiplexing. This is the method 

of transmission of multiple data streams over a broadband medium. That medium can be radio-frequency 

spectrum, coax cable, twisted pair, or fiber-optic cable. Every data stream is modulated onto multiple adjacent 

carriers within the bandwidth of the medium, and each is transmitted at the same time.  

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: 

𝐶𝑠𝑖𝑠𝑜 =  B log (1 + SNR) 

 Where, 

B = transmission bandwidth, 

SNR = signal to noise ratio 

The Shannon capacity of MIMO system depends on the number of antenna. For MIMO the capacity is given by 

the following equation: 

Cmimo = NB (1 + SNR) 
Where, 

N = minimum of number of transmitting antennas or minimum of number of receiving antennas 

b) Singular Value Decomposition 

This techniques decouples the channel matrix in spatial domain in a similar manner to the DFT, decoupling the 

channel in the frequency domain. If channel matrix H is the the T x R channel matrix. If H has indenpend rows 

and columns, SVD yields: 

If H = channel matrix ( T x R channel matrix ) 

And also have independent rows and columns then singular value decomposition yields: 

H= U ∑ 𝑉ℎ 

Where 

U = unitary matrices with dimensions of RxR  

V = unitary matrices with dimensions of T x T 

h = hermitian of V 

Case-1: 

when T=R 

(1) ∑ become a diagonal matrix. 

(2)  If T>R, is made of RxR diagonal matrix followed by T-R zero column.  

(3) If T<R, it is made of T x T diagonal matrix followed by R – T Zero rows.  

(4) This operation is called the singular value decomposition of H 

Case-2: 

 when T ≠ R  

(1) the number of spatial channels become restricted to minimum to T and R. 

(2)  if the number of transmit antenna > receive antenna U will be an RxR matrix, 

(3)  V will be a T x T matrix 

(4) ∑ will be made of square matrix of order R followed by T – R zero columns. 

Power allocated by the individual channel is given by the Eq. 1, as shown in the following formula 
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Power Allocated = 
𝑃𝑡+∑  

1

𝐻𝑖

𝑛
𝑖=1

∑𝐶ℎ𝑎𝑛𝑛𝑒𝑙𝑠
 - 

1

 𝐻𝑖
--------(1) 

Where, 

Pt = power budget of MIMO system 

H = channel matrix of system 

c) Algorithm Steps:- 

1. Take the inverse of the channel gains.  

2. Water filling has nonuniform step structure due to the inverse of the channel gain.  

3. At first, take the sum of the Total Power Pt and the Inverse of the channel gain .It gives the complete 

area in the waterfilling and inverse power gain.  

Pt +∑
1

𝐻𝑖

𝑛
𝑖=1  

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

(average water Level)  

𝑃𝑡 + ∑  
1
𝐻𝑖

𝑛
𝑖=1

∑𝐶ℎ𝑎𝑛𝑛𝑒𝑙𝑠
 

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

channel.  

Power Allocated = 
𝑃𝑡+∑  

1

𝐻𝑖

𝑛
𝑖=1

∑𝐶ℎ𝑎𝑛𝑛𝑒𝑙𝑠
 - 

1

 𝐻𝑖
--------(5) 

7. In case the Power allocated value becomes negative stop the iteration process.  

d) MIMO-OFDM Capacity And Outage Probability 

Consider a MIMO OFDM system with 

 𝑁𝑡  = transmitting antennas 

 𝑁𝑟= receiving antennas 

The system is represented as 

Y=hx + n 

Where  

X= 𝑁𝑡 x 1 transmit vector 

Y= 𝑁𝑟 x 1 receive vector 

h = 𝑁𝑡 x 𝑁𝑟 channel matrix 

n= 𝑁𝑟 x 1 AWGN vector at a given instant in time. 

The channel capacity is associated to an outage probability. If the channel capacity falls below the outage 

capacity there is no possibility that the transmitted block of information can be decoded with no errors, in which 

error coding scheme employed. The outage probability is 

𝑃𝑜𝑢𝑡= 𝑃𝑇  ( log det(𝐼𝑁𝑟  + hQℎ+) < R) 

Where     Q=E[HH+] 

Q = covariance 

R = information Rate 

It is conjectured that 𝑃𝑜𝑢𝑡  𝑖𝑠 minimized by using a uniform power allocation over a subset of the transmit 

antennas. 

e) MIMO Channel Configuration 

MIMO configuration uses multi-element antenna arrays at both transmitter and receiver, which effectively 

exploits the spatial dimension in addition to time and frequency dimensions.Some limitations on the MIMO 

capacity are imposed by the number of multipath components or scatterers. For fixed linear matrix channel with 

additive white Gaussian noise and when the transmitted signal vector is composed of statistically independent 

equal power components each with a Gaussian distribution and the receiver knows the channel, its capacity is 

C = 𝑙𝑜𝑔2 ( det ( 𝐼𝑁 +
𝜌

𝑁
H * 𝐻𝐻  )) bits/s/Hz. 

III. SIMULATION & RESULTS: 

The capacity of MIMO OFDM system channel is analysed with different combination of transmitting and 

receiving antennas.the combinations of antennas is shown in the table below.the same combination is considered 

for both types of channels. 

Table 1. Combination of Tx - Rx 
S.NO NO.OF TX ANTENNA NO.OF RX ANTENNA TYPE OF CHANNEL 

1 1 1 AWGN  & RAYLEIGH FADING 

2 2 2 AWGN & RAYLEIGH FADING 

3 2 3 AWGN & RAYLEIGH FADING 

4 3 2 AWGN & RAYLEIGH FADING 

5 3 3 AWGN & RAYLEIGH FADING 

6 4 4 AWGN & RAYLEIGH FADING 
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Figure 1: Channel Capacity with AWGN When 

BW=10 NO=Ie-6 

 
Figure2: Channel Capacity with RFC When 

BW=10 NO = Ie-6 

 
Figure 3: Channel Capacity with AWGN When 

BW=20 NO=IE-6 

 

 
Figure 4: Channel Capacity with AWGN When  

BW = 30 NO = Ie-6 

 
Figure5: Channel Capacity with AWGN When 

BW=10 NO=Ie-4 

 
Figure 6: Channel Capacity with AWGN When 

BW=20 NO=Ie-4 

 
Figure 7: Channel Capacity with AWGN When 

BW=30 NO=Ie-4 

 

 
Figure 8: Channel Capacity with RFC When 

BW=20 NO=Ie-6 
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Figure 9: Channel Capacity with RFC When 

BW=30  

NO=IE-6 

 
Figure 10: Channel Capacity with RFC When 

BW=10 NO=IE-4 

 
Figure 11: Channel Capacity with RFC WHEN 

BW=20 NO=Ie-4 

 
Figure 12: Channel Capacity with RFC When 

BW=30 NO=IE-4 

 

IV. CONCLUSION 

In this paper we have described the Mean capacity allocation in a wireless cellular network based on the 

proposed water filling power allocation in order to enhance the capacity of a MIMO systems with different 

channel assumptions. It is clear from the result graphs that 4 x 4 MIMO OFDM system provides better channel 

capacity. So, we can say that a higher order MIMO OFDM system increases the system performance. From the 

result graph it is also clear that system performance remains approximately same when the combination of 

antennas is altered. 
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