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Abstract: In this paper, a comparison studying of different 4G digital modulation 
techniques over AWGN channel, as well as Rayleigh and Rician fading channels were 
performed. Firstly, we investigated QPSK, DQPSK, 16-QAM and 64-QAM modulated 
signal constellations, and then we generated BER and SNR data for analysing different 
communication systems. At last, we used MATLAB SIMULINK to perform Monte Carlo 
simulate for 16-QAM system. 
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1. Introduction 

There has been a dramatic move towards LTE 4G wireless communication systems and 
modulation is an important step of design and realize a good performance, reliable and robust 4G 
system.  

Modulation is a process of mixing a signal with a sinusoid to produce a new signal[1]. The 
modulated signal has a great deal of benefits over an un-modulated one, due to the fact that the 
transition of analogue to digital modulation helping becoming wireless, improving data security, 
reducing noises, enhancing the quality of communication, adding information-carrying capacity, 
providing compatibility with digital data services as well as RF spectrum sharing to accommodate 
added services.  

Extensive work about 4G modulation techniques have been carried out for many years[3-6]. 
However, most of them are focus on AWGN channel, and our knowledge of the radio channels 
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encountered in mobile-to-mobile and relay-based systems are still inadequate. In this paper, we did 
comparative study of QPSK, DQPSK, QAM over different channels. 

2. Rayleigh and Rice Channels 

Digital scheme has become increasingly important to satisfy the operator requirement for 
network planning, optimization, interference and traffic calculation, as well as frequency planning 
and neighbors analyses. It convert the analogue signal to a digital signal and has tremendous 
benefits such as greater capacity to transmit large quantity of data with high noise immunity, and it 
can detect distinct transmission state at the receiver in a noisy environments[5]. So, the choice of 
digital modulation plays a crucial role in  the development of Fourth Generation (4G) wireless 
communication systems. In LTE 4G systems, in order to get high bandwidth, depending on the 
speed needs, the modulation on each subcarriers can be quadrature phase-shift keying (QPSK), 16-
phase quadrature amplitude modulation (16QAM), or 64-state quadrature amplitude modulation 
(64QAM). 

The AWGN channel is very simple and usually has been considered as a ideal condition to 
develop the basic system for performance evaluation. However, this channel model does not include 
any fading, which is dominant in the 4G channel. So, different from other papers, normally focus on 
AWGN channel, in this paper, we pay our attention on simulation studying different modulation 
based systems under Rice and Rayleigh fading channel.  

2.1 Rayleigh channels 

In multipath environments, when a narrowband signal transmitted over a randomly nonselective 
propagation path, it can be modeled as a zero-mean complex-valued Gaussian random process [8]: 

( ) ( ) ( )1 2t t j tµ µ µ= +                                (1) 
whereμ1μ2 are real-valued Gaussian random processes with statistically uncorrelated. Then, 

the Rayleigh process [8] can be described by [1]: 
( ) ( ) ( ) ( )1 2t t t j tζ µ µ µ= = +                             (2) 

A Rayleigh distribution is often observed when the overall multipath of the signals are LOS 
components.  

2.2 Rice channels 
The received signal of LOS component also can be denoted by a complex sinusoid form [1] : 

( ) ( ) ( ) ( )2
1 2

j f tm t m t jm t e ρ ρπ θρ += + =                         (3) 

whereρ, ƒρ,θρ are the amplitude, the Doppler frequency and the phase, respectively. 
Normally, the received multipath signals are the components of both LOS and NLOS signals, 

which makes it possible to introduce the complex Gaussian random process [1]: 
( ) ( ) ( ) ( ) ( )1 2t t j t t m tρ ρ ρmmmm   = + = +                       (4) 

with time-variant mean value m(t) = E{μρ(t)} to describe the signals at the receiver antenna. As a 
result, the Rice processes can be denoted by [1]: 

( ) ( ) ( ) ( )t t t m tρξ mm = = +                             (5) 

3. Modulation techniques 

The amplitude an phase information of a set of received signal points is commonly represented 
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graphically on a constellation diagram. 

3.1 QPSK Modulation Schemes 
QPSK is a Double Side Band Suppressed Carrier (DSBSC) modulation scheme, which is a 

higher order of PSK. It is an extension of PSK. Instead of one, it sends two bits of digital 
information at a time, which represents 00, 01, 10, or 11. In this way, it could carry double 
information using the same bandwidth, so more bandwidth efficient [10].   

The QPSK signal is expressed mathematical as[11]:    
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where sT  is the symbol period, sE is the energy per symbol.  
The probability of bit error of QPSK in Additive White Noise Gaussian Noise (AWGN) is [5]: 
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where bE is energy per bit and 0N  is the noise power spectral density. Q is the Q function denoted 
by ( )xQ . 
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3.2  QAM Modulation Schemes 
Quadrature conveys two analog message signals, or two digital bit streams, by modulating 

the amplitudes of two carrier waves, using the amplitude-shift keying (ASK) digital modulation 
scheme or amplitude modulation (AM) analog modulation scheme[11].  

The QAM signal is expressed mathematical as[11]: 
 

( ) ( ) ( )[ ]{ }tfi
QAM etiQtIts 02Re π+=                       (9) 

where 12 −=i , ( )tI and ( )tQ are the modulation signals, 0f is the carrier frequency and { }Re  is 
the real part. The average probability of error in an AWGN for M-ary QAM can be represented as 
[5]:  
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where minE is the energy of the signal with the lowest amplitude. 

4 Simulation Results and Discussion 

Constellation Diagram is a graphical representation of the complex envelope of each possible 
signal. The distance between signals on a constellation diagram relates to how different the 
modulation waveforms are and how well a receiver can differentiate between them when random 
noise is present. In this section, we simulation studied different modulation techniques which have 
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been used in LTE 4G systems, in Rayleigh fading channel. 
Figure. 1. shows the QPSK constellation diagram under Rayleigh fading channel. In the diagram 

we can see that two bits per symbol with a minimum phase separation of 2π . And we also 
simulated the DQPSK modulation situation, see Figure 2. In Figure 3, we give the Matlab 
simulation setup for 16-QAM modulation under multipath Rayleigh and Rician fading channels, 
separately. Other modulation techniques simulation setup are similar, just need to change the 
modulation block. The 16-QAM and 64-QAM constellation diagrams are show in Figure 4 and 
Figure 5, separately.  

 
 

    
Figure 1. QPSK Constellation Diagram      Figure 2. DQPSK Constellation Diagram 

 

 

 

 

 

 

 

Figure 3 (a).  16-QAM signal model over Rayleigh fading & AWGN channel 
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Figure. 3(b).  16-QAM signal model over Rician fading &AWGN channel 

            

 Figure 4. 16-QAM Constellation Diagram        Figure 5. 64-QAM Constellation Diagram 

Flowing, we have analyzed BER and SNR values of different modulation techniques in Rayleigh 
and Rician fading channels. Figure. 5 is the comparison of theoretical BER data of different 
modulation techniques over Rayleigh fading channel, and Figure. 7 is the comparison of theoretical 
BER data over different modulation techniques over Rician fading channel. From the simulation we 
can see that 64-QAM based system has the highest BER values over both Rayleigh and Rician 
fading channels. At the same time, QPSK based system has the lowest BER values over both 
Rayleigh and Rician fading channels. 
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Figure 6. Theoretical BER over Rayleigh Channel      Figure.7 Theoretical BER over Rician Channel 

In the Figure 8, we analyzed  three modulation techniques symbol error rates (SNR) per bit. 
From the figure we can see that 64-QAM based system has the highest SNR value, and the QPSK 
has the lowest value. 

At last, we use the BERTool in conjunction with Matlab Simulation functions to generate and 
analyze BER of Monte Carlo 16-QAM base system, and Figure 9 shows the result. 

        
Figure 8. Bit Error Rate Analysis       Figure 9. BER of Monte Carlo 16-QAM Simulation   

5 Conclusions 

In order to meet growing data demands on mobile networks from smart-phones and tablets, 4G 
communication systems has brought about development of high efficient and effective modulation 
techniques, such QPSK and QAM. 

 In this paper, we have discussed various digital modulation techniques such as QPSK, DQPSK, 
16QAM and 64QAM, which have been used in the 4G communication systems. We did all the 
simulation to achieve a desired BER and SER over both AWGN channel and fading channels 
(Rayleigh and Rician Channels). And we also simulation studied constellations of different 
modulation themes. It can be concluded that 64-QAM can transmit more data but has highest BER 
and SER values, which means the higher order of QAM the less reliability, due to its high error rate. 
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