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 Abstract  
Wireless communication industry in the last 

decade, there is a need for techniques to reliably 

communicate at higher data rates and efficiently use the 

available bandwidth. One such technology is the use of 

multiple antennas at both transmitter and receiver sites of 

wireless communication systems known as multiple-input 

– multiple-output (MIMO) communication system. In 

MIMO systems, the information signal at both sides of the 

communication link is combined so that the quality (bit-

error-rate) or data rates (bit-per-sec) is improved. The 

paper provides a study for different diversity gain coding 

schemes and spatial multiplexing coding for MIMO 

systems. A comparison of various channel estimation and 

equalization techniques are given. The simulation is 

implemented using MATLAB, and the results had shown 

the performance of transmission models under different 

channel environments. 
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I. INTRODUCTION 
This paper evaluates the bit error rate (BER) 

performance of the MIMO-OFDM communication 

system. MIMO system uses multiple transmitting and 

receiving antennas with different coding techniques to 

enhance the transmission diversity or spatial multiplexing 

gain. Utilizing the alamouti algorithm was the same 

information is transmitted over multiple antennas in 

different time intervals and then collected again at the 

receivers to minimize the probability of error, combat 

fading, and thus improve the received signal to noise 

ratio. While utilizing the V-BLAST algorithm, the 

transmitted signals are divided into different transmitting 

channels and transferred over the channel to be received 

by different receiving antennas to increase the transmitted 

data rate and achieve higher throughput.  

The paper starts in section 2 to introduce a model 

for the MIMO system; section 3 provide different coding 

methods: Space-time block codes and spatial multiplexing 

codes, section 4 provide methods for evaluating the 

diversity and MIMO performance, section 5 simulation 

results are provided to measure the system performance, 

and finally in section 6 a conclusion is being provided. 

II. REVIEW OF WORKS 

The input binary data are first modulated by 

generating complex symbols taking values in a finite 

alphabet corresponding to a digital modulation type 

(BPSK, QPSK, QAM), then demultiplexed into N.T. 

parallel symbol stream (Foschini, 1996).VBLAST 

transmission the binary data stream are demultiplexed into 

N.T. parallel sub-streams (layers), each is modulated 

(BPSK, QPSK, M-QAM) and transmitted over the N.T. 

antenna (Rao, 2015). 

The multiple-receive antenna array, also called 

the adaptive antenna array (A.A.A.), can be used in 

OFDM for interference suppression. A.A.A. techniques 

have first been proposed for narrow-band TDMA in [41] 

to suppress cochannel interference. A comprehensive 

introduction of A.A.A. techniques and beamforming can 

be found in [42]. 

III. PROBLEM AND RESEARCH WORKS 

In the orthogonal frequency division 

multiplexing (OFDM), the peak power might be much 

larger than the average power due to adding up subcarriers 

coherently, resulting in a large peak-to-average power 

ratio (PAPR). PAPR is a very important communication 

system because it has big effects on the transmitted signal. 

Low PAPR makes the transmit power amplifier works 

efficiently; on the other hand, the high PAPR makes the 

signal peaks move into the non-linear region of the R.F. 

power amplifier, which reduces the efficiency of the R.F. 

power amplifier. Besides, high PAPR requires a high- 

resolution digital- to- analog converter (D.A.C.) at the 

transmitter, high-resolution analog -to -digital converter 

(A.D.C.) at the receiver. Any non-linearity in the signal 

will cause distortion, such as inter-carrier interference 

(I.C.I.) and inter-symbol interference (I.S.I.). Thus, 

OFDM signals have a very large peak to average power 

ratio. In the transmitter, the maximum output power of the 

amplifier limits the peak amplitude of the signal. This 

effect produces interference both within the OFDM band 

and in adjacent frequency bands. A high peak-to-average-

power ratio (PAPR) has been cited as one of the 

drawbacks of the OFDM modulation format. In the R.F. 

systems, the major problem resides in the transmitter end's 

power amplifiers, where the amplifier gain will saturate at 

high input power [17]. One way to avoid the relatively 
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“peaky” OFDM signal is to operate the power amplifier at 

the so-called heavy “back-off” mode, where the signal 

power is much lower than the amplifier saturation power. 

Unfortunately, this requires an excess large saturation 

power for the power amplifier, leading to low power 

efficiency [40]. The amplitude threshold is shown in Fig. 

4.1, in which, few peaks of OFDM signal cross that 

threshold limit. It is due to the non-linear behavior of the 

amplifier at the transmitter end. 

IV. IMPLEMENTATION AND CLASSIFICATION 

The peak to average power ratio of the OFDM 

signal is defined as the ratio of the maximum peak power 

divided by the average power of the OFDM signal [11]. It 

is critical in OFDM. Consider a non OFDM system or 

single carrier system with QPSK modulated symbols x(0), 

x(1), x(2)...and so on & power in each symbol is equal to 

a2 (i.e., the peak power). Now the average power is given 

as- 

• PAPR & P.A.R.: Peak-To-Average Power Ratio 

• PMEPR: Peak-To-Mean Envelope Power Ratio 

• Crest factor of x(t): square root of PAR  

• Definition: PAR = (||x||∞)2 / E[(||x||2) 2] 

• average power = E {|x (k)|2}=a2  

[k = 0,1,2….]    4.1 

Hence, in a single carrier system both, the peak 

power and the average power are equals and given by 

a2. Now from the definition of PAPR “Ratio of peak 

power to average power” and given by the expression: 

 PAPR= Peak power/Average Power 4.2 

 PAPR= a2/ a2 4.3 

 
PAPR= 1 

4.4 

From the above equation, it is clear that for a 

single carrier system, the PAPR is equal to 1 or 0 dB. 

Nevertheless, practically, it is closed to unity. It is also 

clear that there is no significant deviation from the mean 

power level. 

For OFDM system or in multicarrier modulation 

scheme consider that the transsmitted samples are x(0), 

x(1), x(2)…… x(N-1) which are the IFFT samples of 

information symbols X(0), X(1), X(2)…… ……X(N-1) 

[17] and [39]. Now from the expression of kth IFFT 

sample givenas  Now the average power is: 

Average power  = E {|x (k) |2}    

   ={|x(i)|E{|x(i)|square}×E{|eN +square} 

Where {|ej2π(ki/N)|square} is the phase factor and its 

value is unity or 1. 

Or E {|x (k)|2}    = a2/N    4.9 

Since the peak power in the multicarrier 

modulation scheme is also a2. Hence, from the 

definition of PAPR,i.e.- 

PAPR =  Peak power/Average Power 

Or PAPR =  a2/(a2/N) 

Or PAPR = N   4.10 

 

It is clear from equation 3.10 that, for a 

multicarrier system, the PAPR is equal to the N. It means 

in a multicarrier environment, PAPR is equaled to the 

number of subcarriers and can be significantly high. The 

high PAPR in an OFDM system is essential arises 

because of the IFFT operation at the transmitter. Data 

symbols across subcarrier can add up to produce a high 

peak value signal [40] and [49]. 

Superimposing the continuous-time baseband 

OFDM signal with the radio frequency signal (also called 

carrier signal) introduces a continuous-time pass band 

OFDM signal. It does not change the peak power, but the 

average power of the passband OFDM signal is half the 

average power of the continuous-time baseband OFDM 

signal [39]. Thus, the PAPR of the continuous-time 

passband signal is generally larger than that of the 

continuous-time baseband OFDM signal by three dB [17]. 

The relationship between PAPR of discrete-time baseband 

OFDM signal [PAPR(an)], PAPR of continuous-time 

baseband OFDM signal [PAPR(an)] and PAPR of 

continuous-time pass band OFDM signal [ PAPR (gt)] are 

given  as [11] and [39]: 

PAPR(an) ≤ PAPR(an) <  PAPR (gt) 4.11 

So, as per the introduction of PAPR, it is 

concluded that the reduction of PAPR is the most 

important point for the OFDM system. 

V. EXECUTION AND RESULTS 

The mechanism of electromagnetic wave 

propagation reveals that, in free space, the strength of a 

transmitted signal decays with a rate that is inversely 

proportional to the travel distance's square. The simplest 

explanation is to consider an Omni-directional antenna. 

The emitted power transmits in all directions. The 

perceived power density in a unit area is then inversely 

proportional to the travel distance's square. In a realistic 

environment, the transmitted signal encounters 

obstructions so that it is not attenuated in the same way as 

in free space. However, the fundamental physical rules 

teach us that the signal strength is still decaying with 

increasing travel distance in a certain manner. 
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(It is the equation used transmission data block analysis) 

4.5.1 Shadow Fading 

The fading shadow term considers the 

environmental clusters where the transmitter and the 

receiver reside, respectively. The shadowing term 

simulates various effects introduced due to the 

obstructions encountered in the radio propagation, such as 

reflection, diffraction. Inherently, shadow fading is a 

random loss around the average loss specified by the 

distance-dependent loss. Measurements have shown that a 

log-normal distribution describes the effect of shadow 

fading well. Thus, the path loss can be expressed by 

( ) d
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Fig 1: sender to receiver processing LTE-A 

fig 1 At the receiver, multiple antennas receive 

signals from each(T0, T1) antenna. The baseband 

representation of a received signal vector for (R0, R1)  

band can be expressed P.L. 

T0  = Simplest implementation is orthogonal 

  space time block codes ,  and 

Alamouti codes  

(T1).R1 = Transmitter sends  

R2 =  multiple signals 

Sushisen Algorithms  
1. GenDecTree(pattern S, features F) 

2. If stopping_condition(S,F) = actual then 

3. leaf = createNode()  

4. leaf.label= Classify(S) 

5. return leaf 

6. root = createNode() 

7. root.test_condition = findBestSplit(S,F) 

8. V = v a possible outcome of root.test_condition 

9. for every price vєV: 

10. Sv: = root.test_condition(s) = v and s є S; 

11. toddler = GenDecTree(Sv ,F) ; 

12. upload infant as a descent of root and label the edge 

(root baby) as v 

13. return root 

14. feature dr = transceive(toes, d2s) 

15. Initialization 

16. continual hrx htx; dr=complicated(zeros(nspf,1)); 

ns=zero; 

17. if isempty(hrx), hrx = ...; htx = ...; 

18. give up 

19. if ~toes 

20. Transmit one body 

21. step(htx,d2s); 

22. receive one frame the usage of polling 

23. at the same time as (ns == 0), [dr,ns] = step(hrx); end 

24. Termination 

25. else, release(hrx); launch(htx); cease 

Table 1: Parameters of the AWGN II B3 Path Loss Model 

BS height  6 𝑚 

MS height 1.5 𝑚 

Distance 𝑑 ,𝑚- 5 𝑚 < 𝑑 < 100 𝑚 

LOS path loss 𝐴 = 13.9 𝐵 = 64.4 𝐶 = 20 

NLOS path loss 𝐴 = 37.8 𝐵 = 36.5 𝐶 = 23 

L.O.S. shadow fading std.,𝑑𝐵- 3 𝑑𝐵 

NLOS shadow fading std.,𝑑𝐵- 4 𝑑𝐵 
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Where T is the path loss exponent indicating the 

rate at which the path loss increases with distance, is a  

zero-mean  Gaussian distributed random variable (in dB) 

with standard deviation, and(∑) is the loss measured from 

a reference distance( #). 

Multipath Fading 

Multipath fading is used to describe the rapid 

fluctuations of the received signal strength over a short 

movement. This is induced by the fact that the received 

signal is the sum of interfering signals arriving at different 

times. The difference in the interfering signals' arrival 

time is because they arrive at the receiver via different 

transmission paths. In systems with a carrier frequency in 

the order of Giga Hz, a movement of the receiver in the 

order of one meter is more than enough to bring the 

channel from a constructive interference to a destructive 

interference situation. 

Fig 2: Sushisen Multipath channel model 

In the high SNR regions,  fig 4.4, there is a more 

substantial effect of increasing diversity on the 

performance. A good agreement between the analytical 

and simulation results in the multipath Rayleigh fading 

channel validates. 

Table 2:Overall analysis MIMO OFDM 

Eb/No 

(db) 

BER in 

AWGN 

BER in 

Rayleigh 

BER in 

Rician 

-3 0.1584 0.2107 0.150 

0 0.07865 0.1464 0.06 

5 0.005954 0.06414 0.005 

8 0.0001909 0.03536 0.0008 

9 0.00003363 0.02901 0.00004 

10 -- 0.02323 -- 
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Fig 3: Result Sushisen Multipath channel 

VI. CONCLUSION 

From the above simulation results, it is proved 

that the proposed MIMO algorithm has improved the 

performance by the correction of fractional value in the 

system. Though Turbo codes give better results than 

convolution codes, the results can still further be 

improved employing power optimization. The transmit 

power can be optimized in order to avoid the power 

allocation to the frequency nulls. The capacity of an 

OFDM mobile radio link can be significantly increased 

using adaptive transmission techniques. For SISO 

systems, adaptive modulation can be utilized to adapt the 

transmission scheme to the radio channel as well as 

possible. In the case of systems with multiple antennas, in 

addition to the modulation scheme also the MIMO 

scheme can be adapted to the radio channel. The main 

drawback of adaptive modulation is that it requires 

sushisen algorithm synchronization between transmitter 

and receiver concerning the modulation scheme. Low 

PAPR results for the proposed type of preambles have 

been obtained for various decimation factors 1,2,3,4 

(corresponding to 1, 2, 3, and 4 repetitions of P.N. 

sequences) and FFT size = 2K, 4K, and 6K. These 

confirm that the desirable properties of the proposed 

preambles can be maintained independently of the choice 

of preamble structures. 
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