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 This paper studies the effect of spatial correlation on the system capacity in realistic 

channels, accurate channel models are necessary. Although, several MIMO channel 

models have been proposed in the literature, most of them are based on the assumption  
that waves travel in the azimuth plane (i.e. two-dimensional (2-D) wave scattering), 

which may not be the situation in practice. This creates a motivation to develop a 

MIMO channel model that considers the 3-D wave scattering, and to study the effect 
spatial correlation on the behavior of MIMO channel capacity under different 

circumstances and scattered distribution functions.It has been observed that the angular 

energy spread and antenna spacing (radius) have a pronounced effect on the capacity of 
MIMO fading channel. As the angular spread decreases the spatial correlation increases 

and consequently the capacity degraded and vice versa. This paper provides analysis, 

evaluation and computer simulations in MATLAB. 
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INTRODUCTION 
 

 MIMO technology had become one of the 

promising technology in wireless communication 

system. Using multiple antennas at both ends of a 

communication link and specifying their geometrical 

configurations, number of antenna elements, and 

their polarizations turns the propagation model into a 

MIMO channel model. MIMO channel specifies 

crucially the characteristics of the entire MIMO 

systems. In other words, the propagation conditions 

determine what can be gained by MIMO systems. A 

MIMO channel can be represented by a channel 

matrix which provides an elegant, compact, and 

unified way to deal with physical channels of 

completely different nature (Shiu, Foschini, Gans, 

2000). An accurate MIMO channel model that is 

capable to capture the spatial behavior of the 

propagation is so important. Such a model provides 

an analytical framework that facilities designing 

transmit and receive techniques such as space-time 

codes, system simulation, testing and comparison the 

algorithms, site-independent design, theoretical 

analysis, and system performance prediction. 

Channel models, on the other hand, must be simple 

and realizable. These facts underline the importance 

of physically meaningful yet easy-to-use methods to 

understand and emulate the wireless channel and the 

underlying radio propagation (Wallace and Jensen, 

2002).  

 In wireless communications, the characterization 

and modeling of the radio propagation channel are 

amongst the most important and fundamental. A 

radio channel is characterized by the propagation 

mechanism of the radio waves propagating through 

it. Radio wave propagation is strongly influenced by 

the nature of the environment.  

 Traditionally, two propagation models have been 

known in the literature (Rappaport,1999). These are 

large-scale propagation models which focus on 

predicting the average received signal strength at a 

given distance from the transmitter, and small-scale 

or fading models that characterize the rapid 

fluctuations of the received signal strength over very 

short distances ( a few wavelengths) or short time (on 

the order of seconds). The reason for this is that the 

signal received by the mobile at any point in space is 

a vector sum of a large number of plane waves, 

coming from different directions, having randomly 

distributed amplitudes, phases, and angles of arrivals. 

Even when a mobile receiver is stationary, the 

received signal may fade due to movement of 

surrounding objects. 
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 Combating small-scale fading is more pertinent 

in the design of reliable and efficient communication 

system. The three most important effects of small-

scale fading is rapid fluctuations in signal strength 

over short time interval, random frequency 

modulation caused by Doppler shifts on different 

multipath signals, and time dispersion due to the 

arrival delays of the multipath signals (Parsons, 

2000).  

 

1. Methodology: 

1.1 System Description: 

 Consider MIMO channels with Mt transmit and 

Mr receive antenna as shown in Fig.1 below; 

 

 
Fig. 1: Wireless MIMO channel with Mt transmit and Mr receive antennas. 

 

 The baseband input-output relationship can be 

represented as 

 

 
 

 Where H(t) denotes an Mt × Mr narrowband 

MIMO channel matrix. For a time-interval of one 

sample, the discrete-time form equivalent of equation 

above may express as; 

 
Where the channel matrix H is given by: 

 
 

With hi j is the fading coefficient between the jth 

transmit antenna and the ith receive antenna. 

 

 
 

Fig. 2: Physical Channel Modeling. 

 

 The virtual representation describes the channel 

with respect to fixed virtual angles that are 

determined by the spatial resolution of the antenna 

arrays (i.e., the number of antenna elements used). In 

other words, it partitions the angular range at both 

link ends into fixed, discrete directions (virtual 

angles). For example, if an n-element array at one 

link end is used, then n virtual angles are chosen such 

that the associated steering/response vectors are 

orthogonal to each other. Assume a finite number of 

antenna elements are used which result in a finite 

dimensionally of the spatial resolution. A linear 

channel model called virtual channel representation 

was developed in (Sayeed,2003), which uses spatial 

beams in fixed, virtual directions, as illustrated in 

Figure 2. 
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Fig. 3: Virtual channel representation of the scattering environment depicted in Figure 2. 

 

 Fig.3 above shows the virtual angles are fixed a 

priori, and their spacing defines the spatial 

resolution. The channel is characterized by the 

virtual coefficients {Hv (q,p) = h q,p} which couple the 

P virtual transmit angles {φ T,p}with the Q virtual 

receive angles {φ R,p} The joint spatial behavior of 

the MIMO channel is then modeled as 

 
Where the matrices; 

 
 Are defined by the fixed virtual angles {ϕ 

Rx,q}and {ϕ Tx,p}are full-rank, with K denoted the 

number of scatterers. The Mr × Mt matrix Hvirt the 

virtual channel representation with Coefficients {H 

virt (q,p)} represent the coupling between the Mt virtual 

transmit angles {ϕTx,p}and the Mr virtual receive 

angles {ϕRx,q} Note that ΨRx and ΨTx are unitary 

matrices, and that the matrix Hvirt is not diagonal in 

general. For more details, see (Sayeed, 2003).  

 

1.2 System Parameter: 

 We consider 2-transmit and 2-receive antennas 

(2 × 2) MIMO OFDM system, which can be 

straightforward extended to nay number of transmit 

and receive antennas. The simulated system 

parameters are given in Table 1. The parameters are 

selected similar to the HiperLAN/2 standard 

(ETSI,2000) and WLAN standard (ANSI, 1999);  

 
Table 1: System and Channel Parameters. 

 
 

2. Results: 

2.1 MIMO Channel Capacity with Uniform Angular 

Energy Distribution:   

 For a circular antenna array with radius R, used 

at the BS, the capacity of correlated MIMO fading 

channel when a uniform angular energy distribution 

at the BS is considered is shown in Fig. 4 as a 

function of the maximum angle spread and SNR. It 

can be seen that with decreasing the angle spread, the 

correlation among the antenna element decreasing, 

and the capacity increases. This result is expected, 

since smaller angular spread leads to higher 

correlation and consequently lower capacity. The rate 

of increase in the capacity reduces as the angle 

spread increases. This effect due to the decrease in 

the received SNR as the transmitted energy becomes 

distributed over a wider angular spread range. At 

small SNR, the effect of the angular spread on the 

capacity is not significant. 
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Fig. 4: Capacity of a 4 × 4 correlated MIMO fading channel for uniform AOA distribution and different angle 

spread Δ.R = 0.5λ. 

 

 
Fig. 5: Effect of the angle spread Δ, on the ergodic capacity of a 4 × 4 correlated MIMO fading channel.  

 

 In case of ULA at the BS, the ergodic capacity 

of correlated MIMO fading channel with uniform 

angular energy distribution at the BS is shown in 

Fig.5. It can be seen that as the angular spread 

increases, the capacity increases. This result is 

expected, since smaller angular spread leads to 

higher correlation and consequently lower capacity. 

 In Fig. 6 and 7, the ergodic capacity and the 10% 

outage capacity, respectively, are shown as a 

function of the antenna spacing for different angular 

spreads. With increasing the antenna spacing, it is 

noted that the capacity growth rate is faster for the 

higher angular spread. Therefore, in the cases where 

the deploying environments are characterized by low 

angular spread (cannot be controlled), the capacity 

can be improved by increasing the antenna spacing.  

 

 
Fig. 6: Effect of antenna spacing on the capacity of a 4 × 4 correlated MIMO channel as a function of the 

angular spread. SNR=20 dB. 
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Fig. 7: Effect of antenna spacing on the 10% outage capacity of a 4 × 4 correlated MIMO channel as a function 

of the angular spread. SNR=20 dB. 

 

2.2 MIMO Channel Capacity with Laplacian 

Angular Energy Distribution:   

 Again, we consider a circular antenna array with 

radius R at the BS. The capacity of MIMO channel 

when a Laplacian AoA distribution is assumed is 

shown in Figure 8 as a function of the decaying 

factor a (the decaying factor is related to the angle 

spread Δ, i.e.., as a increase, the angle spread 

decreases) and SNR. We notice that as aN increases, 

the correlation between signals received at the 

different elements of the antenna array increases, and 

consequently the capacity decreases. 

 

 
Fig. 8: Capacity of a 4 × 4 correlated MIMO fading channel for Laplacian AOA distribution and different 

values of the decaying factor a.R = 0.5λ  

 

 
 

Fig. 9: Capacity of a 4 × 4 correlated MIMO fading channel with equal and optimized power allocation, and 

uniform angular energy distribution. 
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Fig. 10: Capacity of a 4 × 4 correlated MIMO fading channel with equal and optimized power allocation, and  

Laplacian angular energy distribution. 

 

2.3 Capacity Optimization Using Water Filling 

Algorithm: 

 Fig.10 shows the ergodic capacity of a correlated 

and uncorrelated 4 × 4 MIMO fading channel for 

UCA with radius R=0.5λ and when the AoA is 

uniformly distributed over angular spread range 

Δ=10
o
. On the assumption that the channel state is 

known at the transmitter, optimum power allocation 

was implemented to optimize the capacity, based on 

the water-filling algorithm. The capacity plot when 

the channel is i.i.d. Rayleigh (uncorrelated) is 

included in the figure for the purposes of 

comparisons. It can be seen that significant decrease 

in the capacity of the correlated channel has occurred 

compared to that i.i.d Rayleigh fading channel. The 

effect of correlation on the capacity is more 

significant at higher SNR. This means that as the 

SNR increases the correlation coefficients between 

the antenna elements increases and the capacity 

decrease. We also notice that the rate of growth of 

the capacity is reduced by correlation at high SNR.  

 For i.i.d. channel, the water-filling gain is less 

significant at higher SNR values, however, slight 

improvement in the capacity is achieved at lower 

SNR (few strong eigenvalues). For correlated 

channel, the capacity gain obtained by optimization 

is higher than that of i.i.d. channel and is constant 

over the range of SNR values.  

 In Fig.10, the impact of Laplacian distribution 

on MIMO channel capacity is shown for R=0.5λ and 

a=10. We notice that the rate of the capacity with the 

case when the AoA follows uniform distribution  

 

4. Conclusion: 

 The objectives of this project are accomplished. 

All simulation process is done effectively by using 

Matlab. The capacity of correlated MIMO fading 

channel has been investigated for uniform and 

Laplacian AoA distributions. Both ULA and UCA at 

the base station were considered. It has been shown 

that the spatial fading correlation can potentially lead 

to degradation in MIMO system capacity compared 

with that predicted with the assumption of i.i.d. 

Rayleigh fading channel. As the correlation 

coefficients increase, the capacity decreases. 

Furthermore, it has been observed that the angular 

energy spread and antenna spacing (radius) have a 

pronounced effect on the capacity of MIMO fading 

channel. As the angular spread decreases the spatial 

correlation increases and consequently the capacity 

degraded and vice versa. Because the angular spread 

is related to the propagation environment condition, 

it cannot be controlled, and the only way to 

significantly improve the MIMO channel capacity is 

by increasing the antenna spacing (radius). However, 

by increasing the antenna spacing (radius) more than 

≈2λ, it has no beneficial effects on increasing the 

capacity. Small improvement in the capacity can be 

achieved by allocating the power optimally to each 

transmit antenna when the channel parameters are 

known at the transmitter. The fading correlation 

depends on the physical parameters of antenna arrays 

and the scatterer characteristics. High correlation 

between the oath gains leads to less number of active 

subchannels, and consequently less capacity. The 

method also can be used for another system.  
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