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Abstract 
A wireless communication system for cellular technology is currently consi-
dered a very important topic for mobile phone. The design of such systems 
needs to include their multipath and fading main problems. In this paper, a 
MIMO-OFDM channel is designed and modeled to combat such problems, as 
well as STBS and directivity are also involved in this design to increase system 
reliability and enhance BER performance. The modeling and simulation 
process of the designed systems are carried out using Matlab software (ver. 
R2019a). Without directivity, simulation process shows that including STBC 
results on average a gain of ≈ 1.5 dB for different spatial stream. With respect 
to the no directivity (2 × 1 case), when directivity of 4 × 1 and 8 × 1 spatial 
streams are introduced (at fixed 15 dB S/N), the BER improvement values are 
85% and 95% for 5 Km (cluster size k = 4) and 9.5 Km (cluster size k = 7) 
co-channels interferers position for BS respectively. 
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1. Introduction 

Multiple Input Multiple Output (MIMO) communication is a collection of sig-
nal processing techniques that have been developed to enhance the performance 
of wireless communication systems, using multiple antennas at the transmitter, 
receiver, or both. MIMO techniques improve communications performance by 
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either combating or exploiting multipath scattering in the communications 
channel between a transmitter and receiver. The two most important MIMO 
techniques are spatial diversity which improves reliability by combating fading, 
and spatial multiplexing, which is normally used for maximizing throughput, 
through the process of feeding independent data into each antenna, with all an-
tennas transmitting at the same frequency. Through its different multiple-antenna 
technique, spatial multiplexing creates multiple channels with independent 
streams to increase the overall data capacity, while in spatial diversity multiple 
copies of the same signal are transmitted via multiple antennas to increase the 
chance of properly receiving the signal and improve reliability through the over-
all signal to noise ratio enhancement, and as a result decreasing in the system 
BER and improvement in the network efficiency.  

In wireless communication channel, the fading can be modeled as Rayleigh 
distributed when there is no line of sight (LoS) component present in the re-
ceived signal, as shown in Figure 1. LoS signal may also be characterized by a 
component that contains considerably higher power than collective power of all 
the remaining components [1]. 

To prevent and combat the Rayleigh fading, space time block code (STBC) is 
used. The STBC is applied through the spatial diversity technique, which is con-
sidered in this paper. In this technique, the information bits are normally en-
coded and modulated using conventional error correction coding and modula-
tion techniques before applying space time block coding. At the receiver, STB 
decoding is performed followed by demodulation and error decoding, as shown 
in Figure 2. 

In addition, at the base station, the advanced MIMO system and through its 
multi-antenna technologies support beamforming to improve the communica-
tion range (or data rate) and also beam steering (which means dynamically 
creating and pointing beam in the desired direction) technology to avoid adja-
cent or co-channel interference (especially in cellular system). The co-channel 
interference for different cluster sizes (k = 4, k = 7) is shown in Figure 3. 
 

 
Figure 1. Shows multipath of wireless channel. 
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Figure 2. MIMO system for spatial diversity. 

 

 
Figure 3. Shows cells 4 and 1 co-channel interference for clusters k = 7 and k = 4 respec-
tively. 

 
By varying the relative phase and amplitudes of the applied signals to the in-

dividual (4G or 5G) base station elements, the MIMO antenna system can steer 
and shape a beam in the desired direction. Figure 4 shows the initial access 
technique where the base station uses beam sweeping to transmit multiple beams 
to identify the strongest beam and establish a communication link [2]. 

2. Related Works 

The performance of wireless communication system is highly degraded by mul-
tipath problem. However the effect of this problem, which is addressed in our 
proposed communication model, is reduced through OFDM technique which 
uses a set of subcarriers to satisfy the required OFDM symbol length for certain 
(maximum) multipath delay. The performance of the MIMO-OFDM channel is 
analyzed and investigated by many researches [3] [4] [5]. Their analyses and si-
mulation results clarified that the bit error rate and channel efficiency can be op-
timized through different scenarios, spatial streams and simulation parameters 
configuration. Jeiad studied, the effect of STBC on the multipath fading channel 
[6], their simulation results show additional enhancement in the BER when the  
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Figure 4. Illustrates process and initial access of MIMO system for 4G and 5G basestation. 

 
STBC is combined with interleaving and Reed-Solomon coding. Capacity im-
provement in the wireless communication system is considered by [7]. Through 
the use of multiple antennas at transmitter and receiver side (MIMO) and space 
time coding code (STBC) the capacity of this system is enhanced and the BER is 
minimized. Their results show that the STBC can improve the BER of MIMO by 
(78.6%). Reference [8] shows that the utilization of MIMO with STBC can en-
hance the wireless system performance. The authors have investigated the per-
formance of the channel under different combinations of (Tx & Rx) antennas 
and for different modulation levels. The authors in reference [9] analyzed and 
presented BER for different fading channels over STBC and spatial multiplexing 
based MIMO-OFDM system under various modulation techniques. The authors 
in [10], proposed an approach which is based on powerful combination of 
pre-coding and equalization, to minimize the BER of the multi-path MIMO 
channels. Their analysis and simulation results of the proposed design demon-
strate that a good advantage can be acquired in terms of channel energy and 
BER. The authors in [11] have considered the combination between each of the 
MIMO and OFDM to add support to data rate of the modern communication 
systems. Also due to the use of the Minimum Mean Square Error (MMSE) with 
Decision Feedback Decoding (DFB) techniques in the MIMO-OFDM system, 
their results show a considerable increase in the data rate without considerable 
difference in BER. In reference [12], two quasi-orthogonal space-time block 
codes are suggested, one for five and the other for six transmit antennas. These 
codes have shown full diversity at optimum rotation angles, and they perform 
better than existing code due to the maximization of the rank of the code word 
difference matrix. The system efficiency is increased through beamforming 
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technique by reference [13]. The authors developed an adaptive antenna system 
(AAS) to focus the wireless beam between the base station and subscriber sta-
tion, as a result, S/N ratio is enhanced by a gain of 1.8 dB, this satisfied an error 
rate of 10−3 in Stanford University Interim channels. The authors in [14][14] also 
considered the beamforming technique at the transmit or receive side for the 
MIMO system over Rician fading channels, their numerical and analytical re-
sults aimed to reduce the overhead for estimating channel state information, as a 
result, this lead to design a more practical massive-MIMO system employing the 
high gain component based on beamforming scheme. In reference [15] and in 
order to maximize the received signal to noise ratio, the beamforming or 
pre-coding vectors are chosen as the singular vectors (corresponding to the larg-
est singular value of the MIMO channel matrix) in single stream MIMO com-
munication systems, In this work, they obtained lower bounds for the received 
SNR and the corresponding channel capacity, under this mismatched beam-
forming.  

Due to the existence of fading in the wireless communication system, in this 
paper, MIMO-OFDM with STBC is considered to combat this fading and reduce 
its effect on the bit error rate and system performance, as well as directivity 
through beamforming is also investigated to clarify its effect on enhancing spa-
tial diversity and minimizing the co-channel interference effect on the system 
error rate. 

3. Wireless Communication System Performance  
3.1. MIMO Channel and H Matrix 

Recently MIMO communications are extensively used to improve the wireless 
communication system performance, MIMO refers to that both transmitter and 
receiver consists of multiple antennas. MIMO is also considered the most effec-
tive solution for channel fading in high scattering environment, which is caused 
by multipath, and Figure 5 bellow shows a 2(Tx) × 2(Rx) MIMO system.  

Through the process of sending multiple copies of the data over different an-
tennas, the SNR as well as BER are improved, by taking the advantage of diver-
sity, which means sending multiple copies of signals, then the best one can be 
chosen and processed at receiver side.  
 

 
Figure 5. Shows a 2(Tx) × 2(Rx) MIMO communication system. 
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For MIMO system, the communication channel can be presented as a matrix 
of Nt × Nr dimension (where Nt and Nr equal number of transmit and receive 
antennas respectively). The received (r) signal will be a vector of dimension Nr × 
1 and it can be given as: 

r Hx n= +                           (1) 

where H is the channel matrix and contains Nt × Nr complex elements.  
x is the transmitted vector of dimension Nt × 1.  
n is the additive noise vector of dimension Nr × 1 and in matrix form Equa-

tion (1) can be written as: 

1 11 12 1 1 1
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1 2
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Nt
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r h h h x n
r h h h x n

r h h h x n

       
       
       = +
       
       
       





     



 

ri is the received signal at ith receiving antenna, xi is the transmitted symbol 
through the ith transmitting antenna and hij is the complex channel coefficient 
of the wireless link between ith receive antenna and jth transmit antenna.  

Channel modeling is a very important issue to consider for analyzing the per-
formance of wireless communication systems. In most of the situation, it is sup-
posed that the received signal is a collection of many multipath components 
which are generated due to the reflections caused by the various obstacles be-
tween the transmitter and receiver. As a result, both the real and imaginary parts 
of the channel can be modeled as Gaussian distributed. The magnitude gain of 
such channels follows Rayleigh distribution, and for that reason, these channels 
are denoted as Rayleigh fading channels [1]. 

For MIMO channel, capacity can be calculated as follow: 

( )MIMO 2BW log 1 SNRt rC N N= ∗ +                   (2) 

where: 
BW = channel bandwidth. 
Nt, Nr = transmission and reception elements, respectively. 
SNR = signal to noise ratio. 

3.2. STBC Performance Analysis 

Space-time block coding is very effective means of achieving transmit diversity, 
while the other ones of diversity may have limited performance. Such codes can 
be easily generalized to the case of multiple receiving antennas, as well, this pro-
vides receive diversity in addition to transmit diversity. The received set of sig-
nals can be decoded efficiently using any simple linear decoding method at the 
receiver side [16]. 

To make transmit diversity, the STBC transmission scheme is normally used 
as a simple way of coding and decoding scheme for MIMO wireless communica-
tion systems [1]. 

According to this coding scheme, a block of incoming bits of data are encoded 
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and transmuted across the spatially separated transmitting antennas. 
In the STBC systems, the information data is transmitted in blocks (each 

block has r symbols, where r = Nt) over time slots (where n time slots are re-
quired for one block transmission and n ≥ r). STBC symbol can be mathemati-
cally expressed as [1] [7]: 

11 12 1

21 22 2

1 2

n

n

r r rn

s s s
s s s

x

s s s

 
 
 =
 
 
 





  



 

where sij is one of the symbols or its (transformed version). 
For Nt × Nr MIMO system over Rayleigh fading channel, the theoretical per-

formance analysis under this coding can be approximated for large signal to 
noise ratio as [16]: 

2

2 1 12
4sin

t r

t r

N N

N N
t r t

b
t r

N N NP
N N

M
π ρ

 
 −    =              

            (3) 

where: 
Pb = probability of bit error rate; 
Nt = number of Tx antennas; 
Nr = number of Rx antennas; 
ρ = signal to noise ratio (SNR) in dB; 
M = modulation level. 

3.3. Beamforming  

Multiple antenna elements can be employed at the base station transmitters in 
order to provide directivity for the transmitted signal, hence improving the ef-
fective SNR of the channel. As shown in Figure 6 below, base station can focus 
its transmitted signal toward the desired receiver (mobile A), thus the received 
signal power can be increased significantly at the intended destination, and 
dramatically reducing possible interference caused to other users in the system. 
Also if, multiple antennas are available at the mobile, then mobile A can also ef-
fectively obtain a receive antenna pattern to pick up the transmitted signal effi-
ciently, and to reduce the effect of interference it sees. 

The basic concept behind directivity or beamforming is the transmission of 
the signal over each of the multiple antennas, with a certain gain and a phase 
shift. Different techniques can be used to find suitable coefficients for use. For 
instance, a direction-of-arrival algorithm can be used, and the coefficients can be 
computed to make the effective antenna pattern have a main beam in the desired 
direction. Position information can be obtained, according to the feedback from 
receiver to the transmitter, this information can also be used to compute the re-
quired coefficient for making directivity in the desired direction as well [16]. 
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4. Proposed System Model for MIMO-OFDM Wireless  
Communication System 

In this paper, the proposed model of the wireless communication system is 
shown in Figure 7. In this model, the direct path delay is (5 µ sec) and the 
maximum spread delay is (3.68 µ sec). 

To avoid the multipath problem, the OFDM symbol time (Ts) should be (at 
least) equal to the longest (spread) delay time τd (i.e. TS ≥ τd, where τd is the 
difference between longest path delay and direct path delay). The subcarriers 
spacing frequency (∆f) is the invers of OFDM symbol time (∆f = 1/TS). Finally 
for channel band width of BW, to combat the multipath problem of the pro-
posed communication system, the required minimum number of subcarriers (N) 
can be calculated as: 

BWN F= ∆                            (4) 
 

 
Figure 6. Shows beamforming Principals. 

 

 
Figure 7. Proposed MIMO-OFDM communication system. 
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4.1. Modeling and Simulation of the Proposed System 

The proposed communication system, is designed, modeled and simulated using 
MATLAB (Ver. R19). The model consists of base station, cellular mobile, and 
(when directivity introduced) 6 co-channel interferers are located at different 
angles and distances in accordance with cellular cluster sizes (k = 4, k = 7), and 
their co-channel interferers direction, to show the effect of interferers on trans-
mitted signal.  

The area of cell and co-channel interference distance is related to cell radius 
according to the following formulas:  

23 3
2

A r√
=                            (5) 

3D r k=                             (6) 

where: A = area of cell and r = radius of cell. 
D = distance to co-channel cell. 
k = number of cells in the cluster. 
The MIMO-OFDM system, which is designed to combat the multipath and 

fading problems according to our proposed communication system, is modeled 
and simulated under the following assumption and simulation parameters as 
shown in Table 1.  
 
Table 1. Modeled system simulation parameters. 

Modulation 16-QAM 

N (no. of sub-carriers) 128 

Direct path spreading time (µs) 5 

τd (µs) 3.67 

Channel BW (MHz) 20 

Encoding STBC  

No. of Tx elements 2, 4 & 8 

No. of Rx elements 1 & 2 

No. of interferers 6 

Distance between interferers and base station (Km) 5, 9.5 

SNR (dB)  variable  

Interferers angles (degree) 0, 60, 120, 180, 240 & 300 

Mobile angle (degree) variable 

Base station transmitting power (W) 250 

Maximum received power from an interferer (mW) 0.02 
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• Direct path delay between base station and mobile is 5 µs. 
• The maximum spread delay is 3.67 µs. 
• Maximum cell radios is 1.5 Km. 
• To be consistent with the co-channel interferers, the maximum number of 

interferer is 6.  
• Maximum power of base station is 250 W. 
• Maximum received interferer power is 0.02 mW. 
• When the effect of directivity and co-channel interference on system perfor-

mance are investigated the following are assumed: 
1) S/N ratio is constant and for two values (5 and 15 dB). 
2) All the cell’s BS are on the same level.  
The simulated model directivity for different number of base station transmit-

ting antennas with co-channel interferers position are shown in Figure 8 bellow. 

4.2. Results 

Due to the obstacles between Tx. and Rx, transmitted signal severs from fading 
as illustrated in the proposed system, to eliminate the effect of this fading and 
combat multipath problems MIMO-OFDM system is designed and modeled as 
well as STBC is considered to reduce interference among spatial streams and as a 
results BER and system reliability are improved. To direct the energy in certain 
direction beamforming is used and its effect with co-channel interference is also 
investigated. With respect to the 2 × 1 spatial stream, it is known that applying 
directivities of 4 × 1 and 8 × 1 streams will introduce gains of ≈3 dB and 6 dB 
respectively. The simulation results are given below as follows: 
• Without Directivity 

The modeled system is simulated under different antennas configuration with 
and without STBC. The simulation results for these configuration or spatial 
streams are shown in Figure 9. For all these streams, it is clear as the S/N increases  
 

 
Figure 8. Shows mobile, interferers and BS beamforming. 
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the BER decreases and it has the minimum value of 10−5 for 2 × 2 antennas 
around 25 dB. The figure also shows high consistent between theoretical and 
simulation results at high S/N values, because the mathematical formula (3) is 
approximated for high S/N values. Finally the STBC on average introduces 
around 1 dB gain for the different streams. 
• With Directivity 

As shown in Figure 10 and Figure 11, for the 2 × 1 spatial stream at high S/N 
(=15 dB) there is more consistent between the theoretical value and simulated 
value, however at 5 dB there is a slight difference between the theoretical and 
simulation value, this is due to the approximation that made on theoretical val-
ues where the theoretical formula is approximated for high S/N values, as well as 
there is no effect for the directivity, as long as the (2 × 1 case) is almost slight the 
omni-directional case. 

When the mobile unit is located on the x-axis (ø= 0˚, 1.5 Km from the BS) 
and directivity is introduced (4 × 1, 8 × 1), it can be seen from Figure 11 that the 
highest effect for interferers is at ø = 0˚ (or 60˚, 120˚, 180˚, 240˚ and 300˚), 
where the BER values (for 4 × 1 spatial stream) are 8 × 10−3 and 2.5 × 10−3 and 
(for 8 × 1 spatial stream) are 7 × 10−3 and 2 × 10−3 at interferers positions 5 Km 
and 9.5 Km from BS respectively. As the mobile unit is made to move around 
the BS on a circle with 1.5 Km radius, the effect of interferers on the directivity 
BER performance start to decrease as long as the BS main beam will follow and 
directed toward the mobile unit. At ø ≈ 15˚ (where the first null is occurred) the 
BER is noticeably decreased, then it shows slight increase at ø ≈ 20˚ due to the 
first side lobe effect. The minimum effect of interferers is noticed at ø = 30˚ and 
the BER is minimum values of 3 × 10−4 and 1 × 10−4 at 5 and 9.5 Km interferers 
distances respectively. 
 

 
Figure 9. Shows theoretical and simulation performance for different MIMO antenna 
configurations with STBC. 
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Figure 10. BER vs. mobile angles for 6 interferers at distance of 5 & 9.5 Km with 5 dB 
SNR. 

 

 
Figure 11. BER vs. mobile angles for 6 interferers at distance of 5 & 9.5 Km with 15 dB 
SNR. 

 
In comparison with no directivity case (2 × 1, where the BER vary from 2 × 

10−2 to 2 × 10−3 at 5 and 15 dB respectively), it’s obvious when directivity is in-
troduced, then at ø ≈ 30˚ the BER at 5 dB S/N (Figure 10) can be decreased up 
to 6 × 10−3 (at 5 Km interferers) and 4 × 10−3 (at 9.5 Km interferers), while in 15 
dB S/N (Figure 11) can be decreased up to 3 × 10−4 and 1 × 10−4 for interferers 
positions 5 Km and 9.5 Km from BS respectively. So at mobile angle ø = 30˚ the 
best BER improvement values at 15 dB S/N are 85% and 95%, while at 5 dB S/N 
the improvement values are 70% and 80% for 5 Km and 9.5 Km respectively. 

The interesting thing is that there is a degradation in the BER system perfor-
mance when the mobile unit (ø = 0˚, 60˚…) and the interferes are on the same 
line (i.e. the interferer is on the main lobe of BS). This degradation is more ob-
vious at 15 dB S/N and when interferers are close to BS (5 Km), the BER in-
creased for 2 × 10−3 to 8 × 10−3 with 30% degradation. 
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Table 2. Shows BER for different spatial streams at S/N = 5 dB. 

No. Distance (Km) BER (2 × 1) BER (4 × 1) BER (8 × 1) 

1 5 5 × 10−1 2 × 10−2 1 × 10−2 

2 9.5 5 × 10−1 8 × 10−3 5 × 10−3 

 
Table 3. Shows BER for different spatial streams at S/N = 15 dB. 

No. Distance (Km) BER (2 × 1) BER (4 × 1) BER (8 × 1) 

1 5 3 × 10−1 8 × 10−3 7 × 10−3 

2 9.5 3 × 10−1 2.5 × 10−3 2 × 10−3 

 
Table 2 and Table 3 summarize the highest BER values (at ø = 0) for the 

above system. 

5. Conclusion 

This paper investigates the effect of MIMO-OFDM and STBC on BER for the 
cellular systems, and how SNR can be improved when applying beamforming 
over such wireless communication systems. Extensive simulation processes ac-
complished to optimize the network performance. At transmitter side, three 
scenarios of (2, 4 & 8) antennas were investigated to show the effect of multiple 
antennas with beamforming on system performance. The results show that using 
STBC with directivity of 4 × 1 and 8 × 1 antenna streams provide gains in S/N 
around 4 dB and 7 dB respectively. As a result of these gains, maximum im-
provements of 85% and 95% in BER value are obtained for large cluster size (9.5 
Km), however (when the mobile unit and co-channel interfere are on the same 
angle (0˚, 60˚, 120˚, 180˚, 240˚ & 300˚), a degradation of 30% is noticed for small 
cluster size (5 Km). As future works directivity can be applied in vertical or ele-
vation plane as well through the use of two-dimensional arrays and investigate 
its effect in reducing the co-channel interference for small size cluster. 
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