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ABSTRACT 

 The combination of multiple-input multiple-output (MIMO) signal processing with orthogonal 

frequency division multiplexing (OFDM) is regarded as a promising solution for enhancing the data rates 

of next-generation wireless communication systems operating in frequency-selective flat fading Rayleigh 

environments. To realize this extension of OFDM with MIMO, a number of changes are required in the 

baseband signal processing. An overview is given for the necessary changes in time and frequency 

synchronization. The complete MIMO OFDM processing is implemented in a system with 2X1, 2X2, 

4X1and 4X2 antennas using BPSK and QPSK modulation and its performance of BER versus SNR has 

been evaluated with simulation results. The results from with this MIMO OFDM system show that on 

average, a significant improvement in SNR around 2dB is observed between 2X1 and 2X2 as well as in 

4X1 and 4X2 MIMO systems.  

INDEX TERMS — MIMO systems, Orthogonal Frequency Division Multiplexing (OFDM), BPSK, 

QPSK 

INRODUCTION 

 A potential disadvantage of MIMO is its complexity, particularly the broadband time-domain 

version of MIMO. In the presence of delay-spread, a MIMO receiver (space-time equalizer) is quite 

complex. The Solution is MIMO OFDM which simplifies the implementation of MIMO without loss of 

capacity, avoids inter-symbol-interference by modulating narrow orthogonal carriers, and each narrow-

band carrier is treated as a separate MIMO system with zero delay-spread [1]. 

 To increase the data transmission, a combination of both modulation and multiplexing in MIMO is 

required. Unlike general multiplexing technique it is applied to only one independent channel, where a 

set of signals from the same source is divided or spitted into a number of independent channels (sub-set 

of the main signals) and each modulated by separate carrier, and then multiplexed into an OFDM signal 

for transmission. Each independent sub-set channel can be multiplexed either by frequency or code 

division multiplexing. The characteristics of OFDM sub-channels depict the orthogonality of the sub-

carries, where each sub-channel of the main signal in fact multiplied by a carrier which is orthogonal to 

each other. Carriers are nothing but sine or cosine wave; and the area under one sine and one cosine wave 

is simply zero. Orthogonal carrier means if the first carrier frequency is f1 the second carrier will be 

2xf1, the third carrier will be 3xf1, and so on. This kind of orthogonality of the carriers allows 
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simultaneous transmission of sub-carriers in a tightly spaced bandwidth without interfering from each 

other because each carrier is orthogonal to each other making the result of their multiplication a zero. 

Normally, OFDM signals are sent via one transmitting antenna. When generated OFDM signal is 

transmitted through a number of antennas in order to achieve diversity or cap any gain (higher 

transmission rate) in MIMO-OFDM can be realized. The advantage of MIMO OFDM is less 

interference, diversity gain, increase data capacity, power efficiency and bandwidth gain. 

1. MIMO OFDM Transmitter 

 

Figure 1. MIMO OFDM Transmitter 

2. MIMO OFDM Receiver 

 

Figure 2. MIMO OFDM Receiver 

3. MIMO-OFDM Working  

 Like any other communication system MIMO-OFDM system also has transmitter and receiver but 

the antennas are more than one both at transmit and receive end. MIMO system can be implemented in 

various ways, if we need to take the diversity advantage to combat fading then we need to send the same 

signals through various MIMO antennas and at the receiving end all the signals received by MIMO 

antennas will receive the same signals traveled through various path. In this case the entire received 

signal must pass through un-correlated channels. If we are inserted to use MIMO for capacity increase 

then we can send different set of data (not the same set of data like diversity MIMO) via a number of 

antennas and the same number of antennas will receive the signals in the receiving end. For MIMO to be 

efficient antenna spacing need to be done very carefully- at least half the wave length of the transmitting 

signal. But the limitations of MIMO-OFDM are antenna spacing must be appropriate depending on the 

type of channels and it has very complex transmitter and receiver. 
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 Orthogonal Frequency Division Multiplexing (OFDM) is a technique that divides a frequency band 

into a number of orthogonal (i.e.,parallel) narrowband sub-channels.Frequency. A single data stream is 

divided into several paralleled stream and each of the data stream(or sub-set) is multiplied by either a 

specific carrier frequency or code and then all the parallel data stream is combined together using IFFT 

to make OFDM symbol for transmission. If each individual parallel data is multiplied by frequency then 

it is called OFDM. OFDM is a special type of frequency division multiplexing (FDM). Unlike FDM, 

signals are not multiplied by a single carrier in OFDM- each sub-set of carrier creates a sub-channel for 

communication which has the advantage of less prone to interference since each sub-carrier frequency is 

kept orthogonal to each as other. Thus, huge bandwidth efficiency due to reduced carrier spacing 

(orthogonal carriers overlap), simple Equalization simplified, or eliminated, OFDM signals are resistant 

to fading, scalable data transfer rate in different channel conditions, single frequency Networks are 

possible (broadcast application) 

 OFDM is a Multi-Carrier Modulation technique in which a high rate bit-stream is split into (say) N 

parallel bit-streams of lower rate and each of these are modulated using one of N orthogonal sub-carriers. 

For a given bandwidth, the symbol rate for a single carrier transmission is very high, where as for OFDM 

signal it is N times lower, where N is the number of subcarriers used. The lower symbol rate leads to low 

ISI. Also using guard period at the start of each symbol removes any ISI shorter than its length. If the 

guard period is long enough, then all the ISI can be removed.  

4. MIMO OFDM principle 

 The basic principle is the insertion of a guard interval, called cyclic prefix (CP), which is a copy of 

the last part of the OFDM symbol (Fig. 1c), and has to be long enough to accommodate the delay spread 

of the channel. The use of the CP turns the action of the channel on the transmitted signal from a linear 

convolution into a cyclic convolution, so that the resulting overall transfer function can be diagnosed 

through the use of an IFFT at the transmitter and an FFT at the receiver (Fig. 1b). Two signals are 

orthogonal if their dot product is zero. That is, two signals multiply them together and if their integral 

over an interval is zero, then two signals are orthogonal in that interval. This results in no interference 

between the carriers, allowing them to be spaced as close as theoretically possible. 

4.1 Guard time and Cyclic extension 

 Guard Time is introduced in-order to eliminate the ISI almost completely. Making the guard time 

duration larger than that of the estimated delay spread in the channel, merits in the guard period when left 

empty, the orthogonality of the sub-carriers no longer holds, i.e., Inter-Carrier Interference (ICI). OFDM 

is bandwidth efficient, since the parallel sub carriers are overlapping but orthogonal to each other without 

causing interference. Using CP, it robust the multipath fading and insusceptible to most forms of impulse 

noise because of parallel transmission.  
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4.2 OFDM modulation 

 MIMO technology will predominantly be used in broadband systems that exhibit frequency-selective 

fading and, therefore, inter-symbol interference (ISI). OFDM modulation turns the frequency-selective 

channel into a set of parallel flat fading channels. Figure 1 depicts the schematic of a MIMO-OFDM 

system. Consequently, the overall frequency-selective channel is converted into a set of parallel flat 

fading channels, which drastically simplifies the equalization task. However, as the CP carries redundant 

information, it incurs a loss in spectral efficiency, which is usually kept at a maximum of 25 percent. In 

general, OFDM has tighter synchronization requirements than single-carrier (SC) modulation and direct-

sequence spread spectrum (DSSS), is more susceptible to phase noise, and suffers from a larger peak-to-

average power ratio. 

4.3 Constellation Diagram 

           

     BPSK    QPSK 

 

QAM  

SIMULATED RESULTS 

 The simulation is done using MATLAB simulation software.  

 The simulated results in figure 3 and 4 for the MIMO OFDM system shows a plot of BER v/s SNR 

for 2x1 and 2x2 systems with BPSK modulation. The figure indicates that at BER of 10-3 point the 

performance in SNR is ~11 dB and 8dB in 2x1 and 2x2 systems respectively.  The figure also shows that 

at 10-3 BER, when compared to 2x1, there is an improvement of SNR ~3dB in 2x2 MIMO systems. 
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Figure 3 : MIMO OFDM BER plot for 2X1 with BPSK mod ulation 

 

Figure 4 : MIMO OFDM BER plot for 2X2 with BPSK mod ulation 

 The simulated results in figure 5 and 6 for the MIMO OFDM system shows a plot of BER v/s SNR 

for 4x1 and 4x2 systems with BPSK modulation. The figure indicates that at BER of 10-3 point the 

performance in SNR is ~8dB and 6dB in 4x1 and 4x2 systems respectively.  The figure also shows that at 

10-3 BER, when compared to 4x1, there is an improvement of SNR ~2dB in 4x2 MIMO systems. 

 

Figure 5 : MIMO OFDM BER plot for 4X1 with BPSK mod ulation 
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Figure 6 : MIMO OFDM BER plot for 4X2 with BPSK mod ulation 

 The simulated results in figure 7 for MIMO OFDM system shows a plot of BER v/s SNR for all 2x1, 

2x2, 4x1 and 4x2 systems with BPSK modulation. The figure also indicates that at BER of 10-3 point, all 

the way from 2x1 to 4x2, there is only ~3dB improvement in SNR 

 

Figure 7 : MIMO OFDM BER omparison plot for BPSK modulation 

 The simulated results in figure 8 and 9 for the MIMO OFDM system shows a plot of BER v/s SNR 

for 2x1 and 2x2 systems with QPSK modulation. The figure indicates that at BER of 10-3 point the 

performance in SNR is ~15dB and 12dB in 2x1 and 2x2 systems respectively.  The figure also shows 

that at 10-3 BER, when compared to 2x1, there is an improvement of SNR ~3dB in 2x2 MIMO systems. 
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Figure 8 : MIMO OFDM BER  plot for 2X1 with QPSK mo dulation 

 

Figure 9 : MIMO OFDM BER  plot for 2X2 with QPSK mo dulation 

 The simulated results in figure 10 and 11 for the MIMO OFDM system shows a plot of BER v/s 

SNR for 4x1 and 4x2 systems with QPSK modulation. The figure indicates that at BER of 10-2 point the 

performance in SNR is ~12dB and 10dB in 4x1 and 4x2 systems respectively.  The figure also shows 

that at 10-3 BER, when compared to 4x1, there is only an improvement of SNR ~2dB in 4x2 MIMO 

systems. 
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Figure 10 : MIMO OFDM BER  plot for 4X1 with QPSK m odulation 

 

Figure 11. MIMO OFDM BER  plot for 4X2 with QPSK  modulation. 

 The simulated results in figure 12 for MIMO OFDM system shows a plot of BER v/s SNR for all 

2x1, 2x2, 4x1 and 4x2 systems with QPSK modulation. The figure also indicates that at BER of 10-3 

point, all the way from 2x1 to 4x2, there is  ~2dB improvement in SNR.  

 

Figure 12 : MIMO OFDM BER comparison plot for QPSK modulation 
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CONCLUSION 

 In the MIMO case, increasing the number of transmitting and receiving antennas, on the one hand, 

increases the total number of degrees of freedom for communication and, on the other hand, results in an 

increase in channel uncertainty. Since the total available transmit power is split uniformly across 

transmitting antennas, increasing the number of transmit antennas results in a smaller SNR per degree of 

freedom which leads to the existence of a finite optimum (in the sense of capacity (maximizing) number 

of transmit antennas. Increasing the number of receive antennas, on the other hand, yields an increase in 

the receive SNR and is hence always beneficial. 
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