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Abstract 

 

Wireless systems with high data rate and short code durations typically encounter unacceptable 

inter-symbol interference (ISI) due to multipath propagation and its inherent delay propagation. 

Orthogonal Frequency Division Multiplexing (OFDM) is a multi-carrier-based ISI mitigation 

technology that increases the power of a wireless system through spectral efficiency. In this paper, 

the OFDM system has been studied and combined with the multiple input multiple output (MIMO) 

technology that doubles the transmission speed and then improves the new system called MIMO-

OFDM using Vertical-Bell Laboratories Layered Space-Time (V-BLAST), which works to reduce 

the error rate of the bits, which in turn contributed greatly to the increase in channel capacity. 

 الملخص العربي
  م فااول ناا ر ال مااو  عاااً م مااا هوالأاام االلامااة الاساالدية لاي معاادل الفيالاااي الم هلااو لاي صتاا اي ال مااو  ال  اا    هاادا ام   اا

(ISI( المتعاماد ً ( إحاد  OFDM( بسفب الالتشار متعدً المساراي والتشار التأ    المتأصل فيم. هعاد ه نياة هعادً اارساال نت ساير التاً 
. صا  ذا   اسالد  مار  اال الدلاال  الةيفياةال ائماة علاا المولأااي اللاملاة المتعادً  والتا  ه قاد مار ظادر  النلااام ال ISIه نياي التخفيف 

مجاام مااو ه نيااة هعاادً المااد اي والمخ لأاااي  OFDMالورظااة هاار ًراسااة للاااام  التاا  هعماال علااا مساااعلة ساا عة الارسااال  اار  (MIMO)وً
 (V-BLAST)باسااتخدام ه نيااة مختفاا  ن اال صاا  الت م اا  ال مااال  والم ااال  العاااموً   MIMO-OFDMهلساا ر النلاااام الجدلااد المسااما 

 . أ ص  الفتاي والت  ندورذا ساذمت كث  ا ص   قاً  سعة ال نا الت  لعمل علا ه ل ل معدل الخة
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Introduction 
We are now living in the age of wireless technology, and 

the use of wireless technology is increasing at a tremendous 

rate every day. Multi-input multi-output (MIMO) refers to 

radio transmit antenna configuration technique that uses 

multiple antennas on both the transmitter and receiver sides. 

By combining antennas at both ends of the communication 

circuit, the error is reduced and data speed is optimized [1-

2].  MIMO technology has gotten a lot of attention because 

both the sender and the receiver use multiple antennas to 

send and receive multiple signals at the same time. It offers 

the potential for higher data rates compared to single 

antenna systems [3]. Point-to-point MIMO (single-user)  

communication systems promise significant improvements 

in both data transmission speed and reliability. These are 

achieved by using spatiotemporal code (diversity gain 

oriented) [4]. This technique provides high channel capacity 

for wireless systems and can linearly increase channel 

capacity using multiple antennas and link distances without 

the need for additional bandwidth or power. The transmitter 

said it would use multiple components and multiple 

antennas to transmit data, double the transmission speed, 

increase the channel capacity, and transmit more data. The 

range is on track [5]. Symbols with high transmission rates 

are small, resulting in overlapping inter-symbol interference 

(ISI) symbols. Inter-carrier interference (ICI) and its 
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surroundings also occur at high transmission rates due to the 

multipath phenomenon caused by simultaneous 

transmission at the same frequency. This problem was 

solved using Orthogonal Frequency Division Multiplexing 

(OFDM). This multi-carrier technology eliminates code 

interference, increases the efficiency of transmission system 

by increasing spectral efficiency, and divides high-speed 

transmission speeds into slow paths. This improves the 

overall transmission throughput [6]. The data transmission 

rate is the main requirement in modern communication 

systems and according to studies, the MIMO-OFDM system 

provides a significant increase in data transfer rate, as it 

makes optimal use of bandwidth using OFDM system and 

MIMO technology that allows the possibility of using the 

frequency more than once on several antennas. These 

advantages made it the primary core in 4G cellular systems 

and beyond, as well as in wireless networks in general. This 

research aims to increase the data transmission rate without 

increasing the transmission power and without increasing 

the bandwidth.  

 

Literature Review  
M. D. Batariere et al. [7] have performed channel 

measurements for a 2 x 2 MIMO-OFDM system at 3.65 

GHz and 20 MHz bandwidth in an indoor laboratory 

environment. They provided plots of MIMO sub channel 

frequency responses illustrating line-of-sight (Los) and non-

Los differences (NLos). The authors attributed the presence 

of a full-rank channel matrix throughout the entire 20MHz 

band, including for the Los path, which the authors 

attributed to the presence of numerous reflectors within the 

laboratory.                                                                                                                  

   R. Piechocki et al.  [8]   measured 8 x 8 MIMO-

OFDM channels at 5.2 GHz with 120 MHz of bandwidth 

were at 20 locations in an open-plan office. Even though the 

measured channels were used in packet error rate 

simulations to test how well different modulation and 

coding schemes worked, there was no analysis of the 

channels' fading properties or MIMO sub-channel 

correlation properties.                                                        

  M. Bengtsson et al. [9] reported A wideband 8 x 8 

MIMO channel measurement was undertaken involving the 

analysis of five NLos paths to develop a wideband MIMO 

channel model. Even though full 8x8 MIMO channels were 

collected, only their subsets (2x2 and 3x3) were used by the 

authors to build the channel model.   

Ben Zarling A. Gupta et al. [10]   reported measurement 

results for a 2 x 2 MIMO-OFDM channel at 2.4GHz and 

16MHz bandwidth. In the NLOS office, graphs of the 

frequency of responses in a short amount of time (200 

milliseconds) were shown.                                                                                                                                  

R. M. Rao et al. [11]   measured 2 x 2 MIMO-OFDM 

channels at 5.25 GHz with a bandwidth of 25 MHz at 200 

indoor locations along traveling paths, using wavelength-

sized steps to obtain independent channel realizations. The 

condition number, which is the ratio of the smallest singular 

value to the largest singular value of the MIMO channel 

matrix, did not differ significantly between LOS and NLOS 

channels in a laboratory environment. The authors think that 

this fits with the idea that when there are a lot of reflectors 

in a laboratory, each channel is tuned to a different 

frequency. 

Ali Farzamnia et al. [12] proposed and is applied a 

hybrid algorithm of Water Filling and Nash algorithm to 

revise the power allocations to the channels. The proposed 

method has considered Rayleigh, Rician and Nakagami 

fading channels in the simulations. The results have shown 

that the channel capacity is increased significantly in 

different fading channels by using the proposed method 

compared to the existing water filling algorithm. In the 

future, researchers may focus on the improvement of the 

channel capacity in terms of power allocation method. 
 

Orthogonal Frequency Division Multiplexing 

(OFDM) 
OFDM is one of the multi-carrier modulation (MCM) 

techniques used in the fourth generation (4G) wireless 

communications. This technology is very useful for high-

speed data transmission used in mobile communications, 

digital terrestrial mobile communications, Digital Video 

Broadcasting (DVB), Mobile Worldwide Interoperability 

for Microwave Access (Mobile WiMAX), and 3GPP Long 

Term Evolution (LTE) [13]. In simple communication 

systems, data is modulated onto a single carrier frequency. 

The available bandwidth is then fully occupied by each 

symbol. In the case of frequency-selective channels, this 

type of system causes inter-symbol interference (ISI). 

Wideband channels are sensitive to frequency-selective 

fading, which requires complex equalizers in the receiver to 

restore the original signal. The basic idea of OFDM is to 

divide the available transmission bandwidth into several 

orthogonal sub-carriers for simultaneous transmission so 

that each narrow-band sub-carrier experiences almost flat 

fading. With OFDM, subcarriers can be overlapped in a 

frequency range, thereby increasing the transmission rate. 

The appeal of OFDM lies primarily in the way it handles 

multipath interference at the receiver. Multipath has two 

effects: (a) frequency selective fading and (b) inter-symbol 

interference (ISI) [14]. 

 

OFDM System Model  
In OFDM systems, information bit sequences are 

modulated using various modulation schemes such as 

quadrature amplitude modulation (MQAM) and phase-shift 

keying (MPSK), passing through a serial-to-parallel 

converter to size N. Form a complex vector. 

Mathematically, the data is modulated by N subcarriers, the 

transmitter requires N oscillators to generate, and the 

receiver requires another N oscillator, which complicates 

the hardware. It becomes difficult to control the frequency 
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of the oscillator. In other words, it is difficult to make N 

subcarriers orthogonal to each other, in 1971, Weinstein and 

Ebert [15] introduced the idea of using the Discrete Fourier 

Transform (DFT) to implement the generation and reception 

of OFDM signals, eliminating the need for banks of analog 

subcarrier oscillators. This provided easy implementation of 

OFDM, especially using the Fast Fourier Transform (FFT), 

which is an efficient implementation of DFT. Figure (1) 

shows the symbol sequence is divided into N different 

parallel routes an N point IFFT and FFT operation is used to 

modulate and demodulate the data. The complex vector is 

written as X = [X0, X1, X2, XN−1]. Complex vector X is 

passed through the IFFT block. After IFFT transform the 

signal can be written as: 

 

x(n) = 1

𝑁
 ∑ 𝑚𝑁−1

𝐾=0  X(k) 𝑒𝑗2𝜋𝐾𝑛/(𝐿𝑁)                               , 

0 ≤ n ≤ LN – 1                                                                                     (1)  

 

Where x(n) represent the transmitted OFDM signal in time 

domain, N is the number block size, k and n are the 

frequency and time indices respectively the oversampling 

factor L in a practical OFDM system is sufficient for 

captures the peaks [16]. From Eq. (1), the L-time 

oversampled samples can be obtained by performing LN-

point inverse fast Fourier transform (IFFT) on the data 

block X with (L − 1) N zeros padding.  

 

 
Fig. 1 OFDM System Model 

 

OFDM System Advantages  
 OFDM is an effective way of dealing with 

multipath fading channels. 

 In OFDM systems equalization is very simpler and 

reduces complexity at the receiver. 

 OFDM technique provides high spectral efficiency 

due to orthogonality amongst the subcarriers. 

 OFDM is attractive for broadcasting applications 

using a single frequency. 

 It is possible in OFDM that subcarrier spacing 

could be adjustable according to the requirements 

and data rates. 

 Simple implementation of FFT and low receiver 

complexity [14]. 

 

OFDM System Disadvantages 
 

 There exists a higher peak-to-average-power ratio 

(PAPR) as compared to single-carrier modulation 

which reduces the power efficiency of radio 

frequency (RF)      amplifier.  

 OFDM is much sensitive to frequency offset and 

phase noise.  

 High sensitivity inter-carrier interference (ICI) 

[14].  

 

Multiple Input Multiple Output (MIMO) 
MIMO is a wireless communication technology that 

uses multiple antennas at the transmitter and receiver 

(Multiple Input Multiple Output). These strategies are often 

thought to improve a system's range and performance. As a 

result, using several antennae allows you to broadcast and 

receive data simultaneously while avoiding the multipath 

effect. Higher throughput, diversity gain, and interference 

reduction are all possible with MIMO. It also meets the 

criteria by providing a high data rate and better link 

reliability thanks to antenna diversity gain [17]. 

Page numbers 

 

MIMO System Model 
 

 
          Fig. 2 MIMO System Model 

 

Consider a 2×2 MIMO channel, the received signal on the 

first receive antenna is,  

 

𝑦1 = ℎ1,1𝑥1 + ℎ1,2𝑥2 + 𝑛1 = [ℎ1,1ℎ1,2] [
𝑥1

𝑥2
] + 𝑛1                                           

(2)  

The received signal on the second receive antenna is, 

𝑦2 = ℎ2,1𝑥1 + ℎ2,2𝑥2 + 𝑛2 = [ℎ2,1ℎ1,2] [
𝑥1

𝑥2
] + 𝑛2                                          

(3) 
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Where,  

𝑦1, 𝑦2 are the received symbol on the first and second 

antenna respectively, 

ℎ1,1 is the channel where 1 is the both 1st sending 

antenna and 1st receive antenna,  

ℎ1,2 is the channel where 2 is the 2nd sending antenna and 

1 is the 1st receive antenna, 

ℎ2,1 is the channel where 1 is the 1st sending antenna and 

2 is the 2nd receive antenna, 

ℎ2,2 is the channel where 2 is the both 2nd transmit 

antenna and 2nd receive antenna, 

𝑥1, 𝑥2 are the sending symbols, and  

𝑛1, 𝑛2 is the noise on 1st, 2nd receive antennas.                  

      Equivalently, 

Y = HX + N                                                             (4) 

Where, 

Y = Received Symbol Matrix, H = Channel matrix, X = 

Transmitted symbol Matrix, and N = Noise Matrix. 

 

MIMO Technology Advantages 
MIMO advantages can be achieved without any   

expansion in required bandwidth or increases in transmit 

power.  

 Array gain: Array gain results in an increase in 

average receive SNR and hence enhances the 

coverage area and range of the network.  

 Diversity gain: MIMO opens a new dimension 

space to offer an advantage of diversity. With 

multiple numbers of independent copies 

transmitted, there are fewer chances of losing the 

information.  

 Multiplexing gain: The MIMO system 

significantly increases the channel capacity which 

immediately translates to a higher data rate through 

spatial multiplexing.  

 Interference reduction: Interference is minimized 

in the MIMO system by exploiting the spatial 

dimension to increase the distance between users 

[19].  

 

MIMO-OFDM System 
In frequency selective fading conditions, MIMO 

combined with orthogonal frequency division multiplexing 

(OFDM) is a promising technology for achieving high data 

rates and huge system capacity for wireless communication 

systems. Next-generation wireless LANs such as 4G and 5G 

are the most likely uses of MIMO (WLAN). The WLAN 

standards used in 3G, such as IEEE 802.11a and IEEE 

802.11g, are based on OFDM. However, MIMO is used to 

obtain higher data rates [20]. A wireless link's quality is 

determined by three factors: transmission rate, transmission 

range, and transmission dependability. The foregoing 

factors can be enhanced simultaneously with the advent of 

MIMO aided OFDM systems [21]. The main advantage of 

wireless LAN is indoor use. All the individual properties of 

OFDM such as IFFT, FFT, and CP make it MIMO-OFDM 

when applied to each individual transmit and receive 

antenna (MIMO). 

 

 

MIMO-OFDM System Model 
Consider a MIMO OFDM system implementing MIMO 

space-time processing techniques. Encoding can be 

performed jointly by multiple transmit antennas or on a 

single antenna. The encoding performed on a single antenna 

is called per-antenna encoding (PAC) [22]. 

 

MIMO-OFDM System Advantages  
 Less interference.  

 Diversity Gain.  

 Increase data capacity.  

 Power efficiency.  

 Bandwidth gain [23]. 

 

V-BLAST Processing Algorithm 
It has been shown in [24-27] that if a wireless channel is 

rich in multipath scattering it is capable of producing large 

capacities with a relatively low number of bit errors. 

Various techniques have been developed to take advantage 

of this property including BLAST. This architecture takes 

advantage of Space Division Multiplexing (SDM) or Space 

Division Multiple Access (SDMA). SDM is inherent to a 

MIMO system because multiple antennas are being used to 

transmit data across the wireless channel at the same 

frequency. To ensure error-free decoding is possible 

multiple receive antennas are required, again, an inherent 

property of a MIMO system. There are two common 

encoding methods for MIMO spatial multiplexing, 

horizontal and vertical encoding. In horizontal encoding, 

each data stream is independently encoded and transmitted 

by direct antennas. The vertical encoding uses a single 

encoder to spread information across all antennas. V-

BLAST utilizes the horizontal encoding method. The term 

vertical", as mentioned, does not refer to the encoding 

method used but refers to the method in which the detection 

at the receiver is performed. The V-BLAST transmission 

mechanism is shown in Figure 4.  

 
Fig. 3 VBLAST Transmission Mechanism 

 

As seen in Figure 3, when the transmitted data stream is 
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received, the initially received vector will consist of Yi(0) 

where i = 1; 2; 3; 4, thus being vertically received. The 

receivers, due to the effect of multipath, will receive the 

signals radiated from all Nt transmit antennas. In 

comparison to other multiple access techniques, such as 

Time Division Multiple Access (TDMA), Frequency 

Division Multiple Access (FDMA), and Code Division 

Multiple Access (CDMA), V-BLAST ensures that the entire 

bandwidth of the system is used all the time by all 

transmitting antennas, each transmitted signal occupies the 

entire bandwidth, and the total bandwidth utilized is only a 

small fraction in excess of the symbol rate [28]. To achieve 

a sufficient level of de-correlation at the receiver, V-

BLAST requires its operation to be conducted in a 

multipath environment. These conditions allow the receiver 

to distinguish signals occupying the same channel space. V-

BLAST and OFDM can be combined in frequency selective 

fading channels to achieve a high rate of data transmission.  

 

Working Principle of V-BLAST Processing     

Algorithm  
The V-BLAST algorithm arranges the received signals 

according to their relative strengths. Once the signal with 

the greatest strength has been identified, it is decoded, its 

samples are extracted and deleted from the total received 

signals to lessen the likelihood of interference, and the 

process is then repeated [28]. 

 

Simulation Results and Discussions 
To analyze the studied system and obtain the results of 

the study; MATLAB has been used for its many advantages 

and useful results in the study, analysis, and testing of the 

OFDM system and MIMO technology. In the simulation 

part, we will assume the following: The use of the 

communication channels is the Rayleigh fading channel. 

The modification used is BPSK with a number of carriers 

and The channel bandwidth appropriate a BPSK 

modulation. The signal-to-noise ratio ranges from -10 to 

20dB.  Will choose a case study represented by two 

antennas at the transmitter end and two antennas at the 

receiver. 

 

Channels Models (AWGN Channel) 

Additive White Gaussian Noise is the fundamental noise 

model for thermal noise in communication channels. It 

contains fundamental ideas: 

Additive: the noise is additive, meaning that the 

received signal is equal to the transmit signal when some 

noise is added, where the noise is linearly independent of 

the channel signal.  

White: the noise is white, meaning that the ability 

spectral density is flat, and thus the autocorrelation of the 

noise in the time domain is zero for any non-zero time 

offset. 

Gaussian: the noise samples have a normal distribution, 

and the average value in the time domain is zero. AWGN is 

typically utilized in channel models that are able to transmit 

a linear addition of wideband or white noise with a constant 

spectral density (expressed in watts per hertz of bandwidth) 

and therefore the amplitude has a Gaussian distribution. The 

model does not take into account fading, frequency 

selectivity, interference, or dispersion. Fading is the time-

dependent variation of the received signal due to a variety 

of factors. However, it generates some straightforward and 

compliant mathematical models that are useful for a number 

of satellites and deep space communication links. Wideband 

noise has several natural noise sources, including thermal 

variations of atoms in conductors (termed thermal noise), 

short noise, and divine sources such as the sun [29]. 

 

Channels Models (Rayleigh Channel) 
Modeling the multipath propagation and scattering of a 

MIMO system using a Rayleigh fading channel. When the 

number of multipath components is sufficiently large, the 

propagation can be modeled as a radial component of two 

independent Gaussian random distributions, according to 

the central limit theorem. It is a statistical model that 

assumes uniform scattering in all directions and no Line Of 

Sight (LOS) between the transmitter and receiver. As seen 

in equation 5 [29], the pdf of such a statistical model 

follows a Rayleigh distribution. 

 

p(n)=
1

√2𝜋
𝑒2

𝑢2
                                                                   (5) 

 

Binary Phase Shift Keying (BPSK) 
The simplest form of PSK, BPSK is a single-phase 

modulation technique that consists of two phases. This is 

known as 2-PSK. These two phases are represented by 00 

and 1800, which are separated by 1800. 

Where = 00 indicates binary message 1, and = 1800 indicates 

binary message 0. 

The general form of BPSK modulation is represented by the 

equation: 

𝑆𝑛(𝑡) = √
2𝐸𝑏

𝑇𝑏
cos(2𝜋𝑓𝑡 + 𝜋(1 − 𝑛)) , 𝑛 = 0,1              (6)  

 

The two phases are 00, and 1800. These two phase 

represents two carrier signals and this are given below  

𝑆0(𝑡) = √
2𝐸𝑏

𝑇𝑏

cos(2𝜋𝑓𝑡 + 𝜋(1 − 𝑛))                               

 

= −√
2𝐸𝑏

𝑇𝑏
cos(2𝜋 𝑡⁄ )  for binary “0”                             (7) 

𝑆1(𝑡) = √
2𝐸𝑏

𝑇𝑏
cos(2𝜋 𝑡⁄ ) for binary “1”                       (8) 

Where, f is the frequency of the base band, 𝐸𝑏 is the energy 

per bit, and 𝑇𝑏 is the bit duration. 
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BER is theoretically relative to BPSK modulation over a 

Rayleigh fading channel with AWGN noise given by 

      

𝑃𝑏 =
1

2
(1 − √

𝐸𝑏 𝑁0⁄

1+𝐸𝑏 𝑁0⁄
)                                           (9)  

 

Performance Analysis 

 

BER comparison for BPSK modulation in 

Rayleigh channel and AWGN channel    
The simulation model used to include BPSK over the 

1x1 Rayleigh fading channel and compare it to the AWGN 

channel is outlined below, figure 4 shown a BER 

comparison for BPSK modulation in Rayleigh channel and 

AWGN channel.    

                                                                              

Fig. 4 BER comparison for BPSK modulation in 

Rayleigh channel and AWGN channel 

   

When compared to the AWGN case, there is around a 

25dB degradation due to the multipath channel (at the 

point). This is both good and bad: bad because we need to 

spend so much energy to get a reliable wireless link up (in 

this era of global warming), and good because we signal 

processing engineers are trying to figure out ways to 

improve the performance. 

 

Channel Capacity Analysis in OFDM System  
   Started by studying the OFDM system with one 

transmitter antenna and one receiver at a signal-to-noise 

ratio of 20dB, In the Rayleigh fading channel has a channel 

capacity of up to 6bps/Hz in figure 5.    

 
Fig. 5 channel capacity of the OFDM system in the 

Rayleigh fading channel 

 

MIMO-OFDM System Configuration 
The subsequent step is to examine the system capacity in 

the MIMO-OFDM system after integrating the two 

technologies into one system and the improvements that 

resulted from this merger. In this case of system will be 

examined two antennas at the transmitting and receiving 

ends. Figure 6 depicts the capacity of the MIMO-OFDM 

system in the Rayleigh damping channel in two antennas at 

both ends of the transmitting and receiving, and a capacity 

increase to 13bps/Hz at a signal-to-noise ratio of 20dB.  

 
Fig. 6 Channel capacity of a MIMO-OFDM system in 

the Rayleigh fading channel 
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Channel Capacity optimization for MIMO-

OFDM System Using V-BLAST 
 The use of the V-BLAST algorithm at the receiving end 

of the MIMO-OFDM system significantly improves the 

performance of the system and increases the channel 

capacity. We have studied a case of antennas with two 

antennas at the transmitting and receiving end. 

 
Fig. 7 Channel Capacity for MIMO-OFDM System 

Using V-BLAST in Rayleigh Channel 

 

        At the Rayleigh fading channel, the channel 

capacity is 16bps/Hz for two antennas transmitting and 

receiving. As shown in figure 7. 

 

Conclusions 
This paper has thoroughly analyzed the performance of 

the proposed MIMO OFDM V-BLAST system for different 

antenna configurations and propagation conditions. It has 

found that V-BLAST can get potentially higher spectral 

efficiency because no orthogonal transmitted signals and 

received co-channel signals are separated by decorrelation 

(processing algorithm) due to multipath. This study has 

shown that MIMO OFDM V-BLAST systems are capable 

of optimization a channel capacity with V-BLAST 

processing at the receiver as an efficiency cancellation 

technique, got the  following: 

1. . Configuration a MIMO-OFDM system on 

13bps/Hz that has a higher channel capacity than 

that of OFDM by adding more than one antenna 

when transmitting and receiving 

2. Optimization the channel capacity of the MIMO-

OFDM system using V-BLAST algorithm to 

16bps/Hz. 
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