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ABSTRACT 
In this paper there is comparison of all the modulation 

techniques which are possible to be used in LTE systems in 

OFDM AWGN channel. , BPSK, QPSK, 16QAM and 

64QAM, so as to get the best one out of them on the basis of 

comparison parameters, bit error rate and signal to noise ratio 

because selection of adequate and suitable modulation 

technique is of utmost importance in wireless communication 

system .The paper gives modulation technique with least bit 

error rate and observes weather it is able to provide the 

required data rate in LTE systems. 
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1. INTRODUCTION 
Now a days, we are living in the era of mobile data evolution. 

With a large expansion of tablets ,mobile phones, computers 

,laptops ,users are demanding for such applications and 

services that are not only limited to mere voice but go far 

beyond it [11] . The rapid growth and development in services 

and applications such as social networking, video streaming, 

web browsing, music etc. has driven the mobile data 

technology towards next generation of wireless 

communication standards. LTE and LTE-A have developed to 

deliver such types of rich multimedia applications with the 

objectives to provide improved system capacity, higher data 

rates, low latency and reduced operating costs.LTE and LTE-

A are the representatives of the fourth generation standards or 

can be called as evolution for the third generation [2] . OFDM 

and SC-FDMA are the major parts of present wireless 

standards, LTE and LTE-A.OFDM was first developed in 

1960 [12]. OFDM is the dominant technology in LTE and 

LTE-A systems because of its features , for example 

,robustness to multipath fading channel, high spectral 

efficiency and ease of implementation [10] . OFDM can be 

implemented by using digital as well as analog modulation 

techniques. But, Digital modulation techniques offer, 

additional information-carrying capacity, improved data 

security, compatibility with digital data services, improved 

quality communication, swift system availability as well as 

RF spectrum sharing to accommodate more and more  

Services [1].  Thus digital modulation techniques are being 

preferred specially in high data rate systems such as LTE, 

LTE-A.   Different digital modulation techniques used in LTE 

and LTE-A are BPSK, QPSK, 16 QAM and 64 QAM. The 

selection of  the best modulation technique which is to be used 

, depends upon SNR , BER ,cost effectiveness  and ability to 

provide  enhanced data rates  [1] . In this paper we compared 

different modulation techniques in OFDM AWGN channel on 

the basis of two parameters, SNR and BER. 

 

 

2. OFDM 
Orthogonal frequency division multiplexing (OFDM) is very 

efficient, promising and reliable technique in today’s high 

data rate wireless communication system.  OFDM uses the 

concept of multicarrier modulation where each of the signal is 

broken into several new signals which are modulated to 

different frequency channels and then data is received and 

combined on multiple channels at the receiver [2]. In OFDM 

different channels are orthogonal to each other [9] and known 

as subcarriers .Condition of orthogonality is: 

 cos 2𝜋𝑛𝑓𝑡 cos 2πmft dt = 0   

(m ≠ n) 

.  

Figure 1. Orthogonal frequency division multiplexing [2] 

3. MODULATION TECHNIQUES 
Different modulation techniques that can be used in the LTE 

systems are given below: 

3.1 BPSK 
Phase shift keying is the digital modulation technique in 

which data is transmitted by changing the phase of the carrier 

wave. BPSK is the simplest form of the PSK (which is also 

termed as 2PSK) modulation in which two phases are 

separated by 180. The general form of equation is given by 

[9]: 

 

Its constellation diagram is given by: 
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Figure 2. Constellation size example of BPSK [9, 11] 

3.2 QPSK 
Another digital modulation technique is higher order PSK  

that transmits 2bits/symbol simultaneously by using a four 

level phase state [4] , by selecting one of the four carrier phase 

shifts of 0, π/2, π and 3π/2, where each phase shift 

corresponds to bits of 00,01,10,11. Thus double information is 

carried by using the same bandwidth. Mathematically, it is 

given as 

 

Its constellation diagram is given by 

 

Figure 3. Constellation diagram for QPSK [11] 

3.3 QAM 
QAM is similar to the PSK apart from the fact that amplitude 

can also vary with phase in other words two different signals 

are to be transmitted on the same carrier frequency. QAM can 

be classified into different techniques such as 8QAM, 

16QAM, 64QAM etc. Higher order QAM gives more points 

within the constellation, thus are capable to transmit more bits 

per symbol, and this to enable data to be transmitted in a much 

smaller bandwidth [1, 4]. 

 

Figure 4. Constellation size of 16 QAM [11] 

4. AWGN CHANNEL 
A radio channel is simply an electromagnetic media between 

the transmitter and the receiver. The widely used channel 

model is the Gaussian channel, which is generally called the 

additive white Gaussian noise (AWGN) channel. The AWGN 

channel is very simple and usually it is considered as the 

starting point to develop the basic system for performance 

evaluation [8]. AWGN channel model is widely used in 

studying OFDM. In this model there is only linear addition of 

white noise with a constant spectral density and Gaussian 

distribution of amplitude. The model does not consider fading, 

frequency selectivity, interference etc. [10]. Although it is not 

much suitable for most of the terrestrial links yet being used 

for providing simple and controlled mathematical models to 

study the basic behaviour of a system in the absence of the 

above mentioned factors. 

5. SYSTEM SET-UP  
For comparison of different modulation techniques in OFDM 

AWGN channel is used. In LTE system MATLAB is used as 

simulator and two parameters are used, SNR (signal to noise 

ratio) and BER (bit error rate) .SNR within OFDM is 

considered as ratio of signal margin to the noise level. If ratio 

is higher than 1:1 then it is the indication of more signal than 

that of the noise. Signal-to-noise ratio is defined as the power 

ratio between a signal (meaningful information) and the 

background noise (unwanted signal) [2]: 

 SNR = P (signal) / P (noise) [13] 

Where, P is an average power. Also bit error rate is the ratio 

of number of errors and number of bits sent. Can be explained  

By using formula: 

BER = number of bits sent in error / total number of bits sent. 

[9] 

There are some specifications used in simulation environment: 

Table 1.  Work Specifications in Simulation Work 

Parameters Values 

Number Of (M)subcarriers 2048 

Guard interval samples(M/4) 512 

Guard interval length 2.5us 

Modulation level (q) for : 

BPSK 

QPSK 

16QAM 

64QAM 

 

2 

4 

16 

64 

6. RESULTS &DISCUSSION 

 

Figure [5] BPSK 
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It is clear from the figure that  in BPSK ,  BER curve 

approaches to zero as SNR appraoches to 6 . Thus clearly , the 

performance is quite good if we use BPSK modulation 

technique , taking error rate into consideration . But if we use 

BPSK we will not be able to send data on higher rates because 

of rarer constellation in BPSK . This fact makes BPSK 

imapropriate to be used in applications where very high data 

rates are required . 

 

Figure[6] QPSK 

In Figure[6] in QPSK  , BER curve approaches to zero when 

SNR approaches to 8 . The curve shows QPSK gives more 

error rate than that of the BPSK . So , the applications where 

noise and errors are the major parametres  to be considered , 

QPSK is preferred over BPSK . 

 

Figure [7] 16QAM 

From figure [7] it can be seen that in 16QAM ,  BER curve 

approaches to zero when SNR approaches to 15 . It shows that 

16 QAM will not be used where low error rate is prioritised . 

 

.  

Figure[ 8] 64QAM 

IN 64 QAM BER does not reach to 0 even if SNR is 15 . Thus 

the usage of 64QAM modulation technique will be 

inappropriate . But also 64 QAM is able to send data at very 

higher data rates because of denser constellation . 

From figure it is very clear that: 

 

Figure [9] comparison of modulation techniques 

From figure [9] it is very clear that: 

 

BERBPSK<BERQPSK<BER16QAM<BER64QAM 

 
 

 Apparently, BPSK gives least error rate and with the increase 

in order of modulation, Bit error rate goes on increasing with 

SNR. 64 QAM has the maximum error rate. Thus on the basis 

of robustness to the noise BPSK is the best technique to 

implement but in the systems such as LTE and LTE-A higher 

data rates are required as we can see from the table [11] – 
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Table2. Theoratical Peak Data Rates 

 

64QAM is capable of transmitting higher data rates because of 

denser constellation but , it is very prone to noise and errors 

.so, such techniques should be implemented that 64 QAM can 

be used with comparatively lesser error rate, for example bit 

level scrambling and turbo coding  .  

7. CONCLUSION 
The paper has concluded that higher is the order of digital 

modulation scheme more will be the bit error rate. But in LTE 

system more data rates are required which are only possible to 

be achieved with higher order of modulation. Thus in LTE 

system higher order of modulation should be implemented 

with bit error rate reduction techniques such as turbo coding, 

equalisation etc. So that higher data rates can be achieved with 

lesser bit error rate. 
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