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Abstract: Out object in this paper it to study, the effect of 

nonlinearity on the bit error rate (BER) of MIMO systems in 

M-QAM modulation techniques. We consider Saleh’s model 

(power amplifier model) for the nonlinearity, and apply the 

nonlinear model on MIMO system with receiver diversity and 

transmitter diversity. For transmitter diversity, the Space-Time 

Block Coding (STBC) based on Alamouti scheme is used to 

provide transmits diversity for two transmitting antennas. The 

results show that, if there is a high variation in the amplitude of 

the M- QAM symbols, there will behigh effect of nonlinearity that 

causes high BER especially for high amplitude symbols at high 

SNR. 

Keywords:Bit Error Rate, MIMO systems, Nonlinear Effect, 

Space-Time Block Coding. 

I. INTRODUCTION 

High quality (i.e. small BER and high bit rate data services) is 

predicted as the behavior of the next generation of wireless 

communications. Also, the units of remote are of low 

lightweight communicators that are to operate well in 

different circumstances.The time-varying multipath presents 

major phenomenon that causes difficulties in flexible 

cordless communication [1]. This phenomenon requires 

about 10 dB increasing in SNR to reduce the BER from 10-2 

to 10-3, which can be achieved by only 2 dB increasing in 

additive white Gaussian noise (AWGN). This SNR 

amelioration cannot be achieved either by higher transmit 

power or large bandwidth, as it is opposite to the 

requirements of next generation of wireless communication 

systems.  Therefore, it is of interesting to effectively decrease 

the fading effect the base stations and at the remote units by 

using MIMO system, without additional power or any 

sacrifice in bandwidth [2]. Fortunately, for the purpose of the 

economy, more complex base stations that contain multiple 

antennas are allowed to be used. This multiple antenna 

system may be the only plausible trade space for achieving 

the requirements of next generation wireless systems. 

In wireless communication systems, variable devices such as 

high power amplifiers, low-noise amplifiers, mixers, etc. can 

cause nonlinearity. The nonlinearity affects channel capacity 

and BER. 

To study the effect of the nonlinearity on the required MIMO 

system, we need to model its effect. One of the most 

important models of nonlinearity is Saleh’s model that 
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describes the dependence between the input and output 

powers by the (AM–AM) conversion characteristics. In 

addition, it describes the dependence between the input 

power and the output phase shift by the (AM–PM) 

conversion characteristics. Typical Saleh model 

characteristics are shown in Figure (1). 

 

Fig. 1: Saleh’s model for AM-AM and AM-PM 

characteristic of Power Amplifier 

II. MIMO SYSTEM 

MIMO communication systems were  studied for more 

than one decade and proved theoretically that they improve 

capacity, reliability, coverage, or combinations in 

comparison with different systems that have a mono antenna 

at  the transmitter, the  receiver or both of them [6] [7]. 

MIMO also has different advantages, such as beam forming 

gain, spatial diversity, and multiplexing. By using beam 

forming, transmit and receive antenna, patterns can be 

focused into a specific angular direction by choosing a 

complicated system of baseband antenna. In line-of-sight 

(LOS) conditions of operations and gains add up, causing an 

upper limit of     for the beam forming gain of a MIMO 

system (n and m refer to the number of antennas of the 

receiver Rx and for the transmitter Tx respectively).  

For a certain bandwidth, the goal is to increase the capacity 

in wireless systems. This motivated researchers to achieve a 

higher throughput on. One of the most important aspects of 

this research is that for a medium rich in multipath 

components, the wireless channel capacity can be augmented 

using multi antenna on both sides of the link.  

 

 

 

Bit Error Rate (BER) Performance of MIMO 

Systems in M-QAM with Nonlinear Effect  

Ahmed E. Zakzouk, Ragab M. Elbakar, and Mohamed I. Yousef 



 

Bit Error Rate (BER) Performance of MIMO Systems in M-QAM with Nonlinear Effect  
 

266 

Published By: 
Blue Eyes Intelligence Engineering 

& Sciences Publication  

Retrieval Number: B2642129219/2019©BEIESP 

DOI: 10.35940/ijeat.B2642.129219 

Comprehensive as a measurement of performance of 

STBC techniques in vital channels depends on precise 

information of the characteristics of spatiality of the cordless 

channel. To improve the possible gain attained by these 

systems, it is of detailed knowledge to know the matrix of 

MIMO channel. Scenarios that have this high capacity 

actually use the multipath structure by clever coding of the 

data in both space and time [8]. We consider BER as one of 

the measurements for MIMO; we simulate the effect of 

nonlinearity in receiver diversity model    , Alamouti   
  space time coding model and No diversity model. 

III.  SPACE TIME BLOCK CODING? 

Alamouti presents the basic part of STBC [2] [9]. This 

technique gives a diversity of transmit to MIMO system 

(Fig.2). In this figure, a maximum Ratio Receive Combining 

(MRRC) scheme is shown. The outline scheme uses a pair of 

transmit antennas and a received one and has the following 

characteristics:  

● A transmission sequence information Symbols  are 

encoded at the transmitter  

● Signals and noise at the receiver are Combined  

● A detection is achieved by Maximum likelihood  

During a specified symbol period, two different 

symbols are transmitted at the same time from the 

two antennas by Alamouti STBC. In this situation,  

the first symbol in the sequence, S1, is transmitted 

from the one antenna 1 while the second one, S2, is 

simultaneously transmitted from the other antenna 

on the other hand, in the subsequent symbol time, 

the signal – S2* is transmitted from the one antenna 

and the signal S1* is transmitted from other antenna. 

 

 

Fig.2: Alamouti‘s Model 

Mathematically, the obtained signals can then be formulated 

as: 

r0 = r(t) = h1s1 + h2s2 + n1        (1) 

r1 = r(t + T) = - h1s2* + h2s1* + n2                                       (2) 

Where: 

r0 and r1denote the received signals at time t and t + T,  n1& n2 

represent  receiver noise and interference complex random 

variables. The pair of signals S1 and S2is then transmitted 

through the maximum likelihood detector. 

S1=h1*r0 + h2r1                 (3) 

S2=h2*r0 – h1r1*                 (4) 

At the receiver, the actual transmitted symbols, S1 and S2 

are detected. A good knowledge of the channel coefficients, 

h1& h2 is required; these coefficients are estimated at the 

receiver 

IV. SYSTEM MODEL 

In figure.1, the model of MIMO is shown. By using M-QAM 

digital modulation techniques, the incoming data stream is 

modulated. This data is transmitted viaSTBC. These 

modulated data stream are passed through the channel which 

contains nonlinear amplifier and then first decoded by STBC 

decoder and after that detected by digital demodulator of 

M-QAM to obtain the received signal. 

A random source is used to generate a series of ones and 

zeros as data stream. After generation of data, this data is 

moved to the next stage of symbol mapping [10]. Three 

modulation techniques are used for digital modulation which 

includes4- QAM, 16-QAM, and 256-QAM.  

The received signal "y", that passing through the nonlinear 

channel, is obtained by the next equation: 

y = H f(s) + n                (5)  

Where: 

H is the channel matrix of MIMO, n is the noise array, and 

f(s) is a function that describes the nonlinearity of the 

modulated symbol s that affected by the HPA. 

In figure 1, a HPA is plotted regarding the AM/AM 

(amplitude-to-amplitude distortions) and AM/PM 

(amplitude-to-phasedistortions) characteristics.  

The output of the HPA, using Saleh model, is given by [4]: 

f(s) =  
          

 
  (6) 

Where: 

Sis the input symbol vector that is modulated to the HPA, r = 

|s| and |. | is the magnitude of the s. The A(r) (AM/AM) and 

φ(r) (AM/PM) characteristics given in (5) are defined as: 

     = 
     

        
       

     

        
   (6) 

Where: 

    ,      ,     , and      are the power amplifier 

parameters 

V. RESULT AND DISCUSSION 

In this part, we show the system simulation results to study 

the effect of nonlinearity due to HPA (Saleh's model) on the 

BER of MIMO systems. We simulate the M-QAM 

modulation over receiver diversity     MIMO with 

maximum ratio receiver combining (MRRC),  
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over     transmitter diversity MIMO using Alamouti 

system, and over no diversity (single input single output) 

system.  

In figure 3, the BER of 4- QAM modulation is shown for 

the different systems (assuming linear and nonlinear). The 

results show that the nonlinearity has minor effect on the 

BER performance of the 4-QAM modulation. The 4-QAM 

symbols are not affected by the nonlinearity distortion, 

because the variation in its amplitude does not exist.  

 

Fig. 3: BER against SNR for 4-QAM 

In figure 4, BER of the system shows clear difference 

between linear and nonlinear for 16-QAM modulation in 

high SNR, i.e. BER for linear is smaller than nonlinear, due 

to the power amplifier is in saturation region, where the 

nonlinearity is increased. In low SNR the nonlinear is closed 

to linear, because in low SNR the power amplifier is in linear 

region and nonlinearity effect is not exist. 

 

Fig. 4: BER against SNR for 16-QAM 

The large difference in BER between linear and nonlinear 

systems in 256-QAM is shown in figure 5. For 256 QAM,we 

have high variations in signal amplitude (not equal) that have 

a high effect of nonlinearity, that caused high BER specially 

for high amplitude symbols.  

 

Fig. 5 BER against SNR for 256-QAM 

VI. CONCLUSION 

In this research work, we have studied the nonlinearity 

effect caused by HPA on BER of MIMO systems. We found 

that that the nonlinearity has a minor effect on the BER 

performance of the 4-QAM modulation but a considerable 

effect on the BER performance of the other two modulations 

more prominent in 256-QAM modulation. 
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