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Abstract— Non Orthogonal Multiple Access (NOMA)  is 

new significant research area, as it gives novel idea of 

multiplexing the communication channels on the same 

frequency and time slot , which can present revolutionary 

outcomes. 

    The general idea of  (NOMA)  is based on using 

Successive Interface Cancelling (SIC) , where each user of 

the channel is distinguished by its unique power level, and 

then all the users are modulated/demodulated in certain 

order. 

    In this study, many experiments are run to examine 

NOMA with digital modulation schemes, such as ASK, PSK, 

FSK,  QPSK, and 8 QAM. MATLAB codes are built to 

perform each experiment. 

According to the performed simulation, 8-QAM has the 

lowest Bit Error Rate (BER).    

  

Index Terms: NOMA, SIC, ASK , PSK, 8-QAM, FSK. 

I. INTRODUCTION 

ultiple Access concept is to arrange the users of 

the channel in order to prevent collision, there are 

many common ways to perform  multiple access, such as 

Time Division Multiple Access (TDMA) , where the 

users share the channel in timely sequence, each user has 

specific time slot. The other common way is Frequency 

Division Multiple Access (FDMA), where all the users 

share the channel at the same time but with different 

frequency bandwidths. 

    NOMA , on the other hand, put all users in the same 

time slot with the same frequency bandwidth, and  

distinguishes between them by their power levels, which 

means, each user must have unique power level, leading 

to save large amount of frequency resources (great 

spectral efficiency). [7] 

A. Successive Interfasce Cancelling 

    SIC is a method uses sequence 

modulation/demodulation order, according to the power 

level of the user. 

    SIC is the main used technique in NOMA, where every 

user is dedicated by a portion of power, the first user 

takes high percentage  of the total transmitting power, say  

 

 

 
 

 
Figure 1. Diagram representation of NOMA 

 

 

80%, the other users shares the remaining in same 

manner, one of them takes 80%  (of the remaining 20%)  

and so on. 

    All users are modulated/transmitted on the same 

frequency carrier and during the same time. 

At the receiver, each user knows its turn,  first one 

considers only the first message with the highest power, 

the remaining messages are just noise, therefore, the 

demedulation is performed immediately. 

    The second user takes a copy of the whole message, 

and demodulate it to recover the first message, and then 

substract it from the copy of original one, the result is 

demodulated for the second message, as the rest of the 

messages is cosidered to be noise. The same sequence 

continous until the last user. [8]    
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Figure 2. Power Domain Multiplexing (PDM) 

 

B. Related Studies 

    The advantages of NOMA for heterogeneous networks 

are studied in [1], [2]–[3], the study shows that Cellular 

System can serve more users with high spectral efficiency 

using NOMA theory.  

    In [4]–[5], Machine-to-Machine (M2M) 

communications, Ultra-Dense Networks (UDN), and 

massive machine type communications (MTC) are 

studied, they proved that using NOMA can successfully 

improve connectivity  of 5G.  

    In [6]  NOMA is adopted with Content caching, as a 

significant method, which is concluded as a frequency 

efficient scheme to relay content to customers. [7]    

 

II. RESULTS 

    To avoid complexity, only two users are considered in 

Rayleigh fading channel, the first user is assigned with 

80% of the total power, while the other user has the 

remaining 20%.  
 

A. Phase Shift Keying Modulation 

    In PSK, each signal is represented by a unique phase in 

the carrier signal [9], the following figure shows its 

performance with NOMA. 

 
 

Figure 3. Two PSK users using NOMA. 

 

Figure 3 shows that user2 at 25 dB, BER is 

0.00001 

 

B. Quadrature Phase-Shift Keying Modulation 

     In QPSK, the signal modulates both the phase and the 

amplitude of the carrier. [9] 

    Figure 4 shows BER curve versus SNR  using NOMA 

technique.  

 
At 45 dB user2 has BER=0.00001 

Figure 4. Two QPSK users using NOMA. 

C. Frequency Shift Keying 

              In FSK, the signal modulates the carrier 

frequency. [9] 

 

Figure 5. Two FSK  users using NOMA 

At 45 dB user2 has BER=0.00001 

 

D. Amplitude Shift Keying 

     Changes in the signal causes changes in the 

carrier amplitude. [9] 

 

Figure 6. Two ASK  users using NOMA 

At 33 dB user2 has BER=0.00001 
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E. 8 QAM 

     This scheme has two possible amplitudes and four 

possible phases, each carrier represents three bits. Fig. 6 

shows all the modulation schemes on the same graph for 

comparison. [9] 

 

Figure 7. All schemes on  the same Graph 

    PSK is represented  by the orange curve, it can be seen 

that it is almost identical with the blue curve, 8QAM, , 

and both of them have the lowest Bit Error Rate , number 

of erroneous bits in the received stream. 

ASK, with red line, is a little above the lowest two, which 

means it has a lower performance, and then, we have 

FSK, and QPSK respectively. 

    Since 8 QAM maps three bits to each signal carrier, 

while the other schemes maps only one bit to each signal 

carrier, therefore,  8 QAM has the most effiecient 

performance according to our experiment.  

III. CONCLUSION 

     Simulation experiments have been run by Matlab, in 

order to test the performance of NOMA with PSK, 

8QAM, ASK, FSK, and QPSK modulation schemes. 

The evaluation is based on Bit Error Rate, the case of 

lowest BER is considered to be the best. 

    8-QAM assigns three bits to each carrier, while the 

other systems assigns only one bit, generally, it could be 

noted from  Figure 6 that all systems are almost have the 

same BER, therefore, it can be concluded that 8-QAM 

has triple performance as the others, because three bits 

are carried by each signal carrier. 
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