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Abstract— Non-orthogonal multiple access (NOMA) is a 

promising technique to meet the demands of low latency and 

massive connectivity in Fifth generation (5G) mobile networks. 

This paper investigates the performance of a system with power-

domain NOMA and Successive Interference Cancellation (SIC) 

reception. A simulation study is used to determine the bit error 

rate (BER) performance of two-user uplink NOMA using BPSK, 

QPSK, and 16- QAM with a SIC receiver in the presence of 

channel estimation errors. As expected, with perfect channel 

estimation, the BER of the SIC receiver increases as the 

modulation order is increased. For example, for BPSK at a signal-

to-noise ratio (SNR) of 5 dB, the user that is detected first has a 

BER of 0.0007 and that is detected with the aid of the SIC receiver 

has a BER of 0.10, illustrating the performance of SIC receiver. 

With channel estimation errors, for BPSK with a channel 

estimation error value of 0.25, the BER of the first signal at a SNR 

of 15 dB is equal to 0.032 compared to a BER of 0.007 for perfect 

estimation at the same SNR. Results are also presented for QPSK 

and 16-QAM modulations with and without channel estimation 

errors.  

Keywords— Non-orthogonal multiple access (NOMA); 5G; 

successive interference cancellation (SIC); BER.  

I. INTRODUCTION  

 In 5G wireless communication systems, new radio access 
technologies are explored to satisfy the demanding requirements 
such as massive connectivity, low latency, and high data rate. 
Designing a suitable multiple access technique is an important 
aspect to improve system capacity [1]-[2].  

     Non-orthogonal multiple access (NOMA) is a promising 
multiple access technique for 5G cellular systems to improve 
spectral efficiency, provide low latency, high reliability, and 
massive connectivity [3]. NOMA techniques are divided into 
two categories, namely, power-domain and code-domain [4]- 
[5]. This paper focuses on the power-domain NOMA in the 
uplink, where different users share the same time, frequency, 
and (possibly) code, but with different power levels. To detect 
the desired signals while minimizing the interference, a SIC [6] 
technique is employed at the base station (BS) receiver. The 
signals are assigned unique power levels so that the received 
signals arrive at the BS with an adequate power difference to 
allow the SIC receiver to decode them correctly. The SIC 
receiver sequentially detects the signals from the superimposed 
received signal at the BS. Once a user signal is successfully 

decoded, it is subtracted from the composite signal. Various 
modulations schemes (levels) can be used to modulate the 
transmitted signals such as BPSK, QPSK, and 16-QAM.  Here 
the bit error rate (BER) is investigated for the NOMA receiver 
with and without channel estimation errors. 

    Recently, NOMA has been extensively studied in the last few 
years [7]-[8]. For example, in [7], switching between orthogonal 
multiple access (OMA) and NOMA scheme has been proposed 
to improve performance of the far user (FU) while ensuring that 
near user (NU) does not lose performance due to cooperative 
NOMA [9]. In [8], a NOMA developed system has been 
proposed and its performance has been analyzed by proposing a 
power allocation scheme to guarantee the data rate by 
minimizing the outage probability. 

    In this paper, the BER performance of a two-user uplink 
NOMA system using successive interference cancellation (SIC), 
has been analyzed via simulation. Also, the BER for a given 
channel estimation error is investigated for BPSK, QPSK, and 
16-QAM modulation schemes. The performance in the presence 
of different estimation errors is analyzed. 

    The main contribution of this paper can be summarized as 
follows: 

• A simulation study of the BER performance of a two-

user uplink NOMA using BPSK, QPSK and 16-QAM 

with a SIC receiver is introduced.   

• For the above study, two scenarios are studied: 

• Perfect channel estimation.  

• Performance with a channel estimation error as a     
function of the modulation level. 

    The rest of this paper is organized as follows: Section II 

describes the system model of a two-user uplink NOMA system 

with SIC reception. The simulation results of the BER 

performance for different modulation schemes with and without 

channel estimation errors is presented in Section III. Finally, the 

paper is concluded in Section IV.  

II. SYSTEM MODEL 

    This paper considers the uplink NOMA system which 
consists  of two users and a  BS receiver. The corresponding 
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system diagram is illustrated in Fig. 1. The first user transmits 
its signal, �� scaled by a power coefficients ��, to the BS over a 
channel with (scalar) coefficient ��. The second user sends its 
signal, �� with its power coefficients ��, to the BS with channel 
coefficient ��. The received signal, �, at the BS is represented 
as: 

                        � � 	��	� 
 ��	� 
 �,                              (1) 

where � is the additive white Gaussian noise (AWGN) with zero 

mean and variance ��. The transmitted signals 	� and 	� in (1) 
represent the transmitted signals � for each user with its power 
coefficients � . 

    In [6], the optimum received uplink power levels using a SIC 
detector for any number of transmitters were determined. The 
analysis in this paper assumed that there is a constant channel 
during the estimation and communication process. In this paper, 
a constant channel estimation error, �, is assumed. Furthermore, 
the power coefficients are set to the optimum levels as 
determined in [6]. As in Fig. 1, the SIC receiver detects user 2 
signal first from the superimposed signals and noise, then the 
detector subtracts this signal from the superimposed signal in 
order to perform the detection of user 1 signal. This is illustrated 
in Fig. 2. 

    This paper focuses on studying the BER performance of a 
two-user uplink NOMA using a SIC detector for different 
modulation schemes. First, the BER performance, with various 
modulations schemes, is studied assuming no channel 
estimation error (perfect channel estimation). Second, the effect 
of a channel estimation error on each modulation scheme is 
investigated. 

    For the perfect scenario, the methodolgy assumes that the 
two users signals have been generated each 106 bits in duration 
to create the BPSK, PSK and 16-QAM signals. In addition, 
AWGN noise has been generated and then it is added to the two 
transmitted signals at the receiver side as shown in (1). 

 

 

Fig. 1. Uplink NOMA system with two users. 

   

 

Fig. 2. Illustration of SIC signal detection for  a two-user uplink NOMA.        

    Taking into account the channel attenuation, the power 
coefficients ��  and �� have been selected so that the received 
signals are the optimum values as in [6] and are communicated 
using the Slotted Aloha-NOMA (SAN) protocol as introduced 
in [10]-[11]. In the present analysis, user 2 is assumed to be 
detected first by the SIC detector. The simulation results of this 
scenario are discussed in details in Section III. 

    For the case with channel estimation errors, the BER 
performance is investigated for the different modulation 
schemes. In addition to the same assumptions in the perfect 
estimation case, there are some additional assumptions. With 
channel estimation errors, the received signal powers are 
selected to be the values that would be optimal when there are 
no channel estimation errors. The estimation error (�� is defined 
as the absolute value of the difference between the channel 
coefficient and its estimated value normalized to the magnitude 
of the channel coefficient. So that, the error value is considered 
as a percentage value (normalized to the channel coefficient). 
The results have been simulated for different values of channel 
estimation error. For simplicity, we show the results for 0.15 and  
0.25 estimation errors.    

III. SIMULATION RESULTS AND ANALYSIS  

    Based on the assumptions in Section II, the two scenarios are 
simulated for the three modulation schemes and the results are 
analyzed. The simulation results for perfect channel estimation 
of BPSK uplink NOMA system with two users is shown in Fig. 
3. As expected, the figure shows that user 2 has better BER 
performance than user 1.  In this case, the parameter that affects 
the performance of SIC detection is the ratio of user 2’s power 
to the combination of user one’s power plus the noise power. As 
assumed, the SIC detector will detect user 2 signal first from the 
superimposed received signal plus noise. The noise power will 
have a significant effect on the detection of user 1 since the 
receiver first performs subtraction of the detected user 2’s signal 
in addition to processing the noise. After detecting user 2’s 
signal with the SIC receiver, the remaining signal, assuming 
correct detection of user 2, is user 1’s signal in addition to the 
noise. So that, the subtraction of user 2’s signal makes the 
detection of user’s 1 signal more vulnerable to noise than user 2 
and this leads to a larger BER for this user as compared to user 
2. As shown in Fig. 3, the BER for user 2 at SNR = 0 dB is equal 
to 0.0123 compared to 0.15 for user 1 at the same SNR of 0 dB. 
Furthermore, for SNR = 5 dB, user 2 has a BER of 0.0007 and 
user 1 has a BER of 0.10. 
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Fig. 3. BER vs. SNR for two BPSK uplink NOMA users with perfect channel 
estimation. 

    On the other hand, for the same modulation of BPSK but with 
channel estimation errors, the simulation results are shown in 
Fig. 4. In this figure, two channel estimation errors, 0.15 and 
0.25, are assumed. In addition to the affecting parameters of the 
perfect case, adding an estimation error degrades the SIC 
detection process and the BER performance. Assuming 
detection of user 2’s signal first by the SIC detector, the 
remaining signal after detection user 2’s signal is user 1’s signal 
with an added estimation error in addition to the noise. This 
degrades signal reception and, as expected, leads to a degraded 
BER compared to the perfect case. For example, at SNR = 15 
dB, the BER for user 1 is equal to 0.01 for 0.15 channel 
estimation error compared to a BER of 0.007 for perfect 
estimation at the same SNR value. As the estimation error value 
increases, the BER is increased. In the same way, as shown in 
Fig. 4, at SNR = 15 dB, the BER for user 1 is equal to 0.32 for 
0.25 channel estimation error which is higher than the BER of 
0.007 for perfect estimation and 0.01 for 0.15 channel estimation 
error at the same SNR value. 

    Approximately, the same analysis for the two scenarios can 
be followed for higher modulation schemes, QPSK and 16-
QAM, as shown in Fig. 5 and Fig. 6, respectively. In these 
figures, the results for various channel estimation errors are 
demonstrated. For the perfect case, at SNR = 5 dB, the BER of 
user 2 for QPSK modulation is equal to 0.005 compared to 0.14 
for user 1 at the same SNR. On the other hand, for 16-QAM, the 
BER for user 2 at SNR = 5 dB is equal to 0.04 compared to 0.20 
for user 1 at the same SNR. As a result, the BER performance of 
user 1 becomes worse for the same reason discussed in the 

perfect BPSK case and at the same time increasing the 
modulation level increases the degradation of the BER.  

    For the channel estimation error scenario, 16-QAM has a 
higher BER than QPSK BER which is expected as discussed 
above. For example, at SNR = 15 dB and 0.15 channel 
estimation error, Fig. 5 shows that the QPSK BER of user 1 is 
equal to 0.028 compared to 0.017 for the perfect estimation at 
the same SNR value. In addition, for the same SNR value of 15 
dB, Fig. 6 shows that 16-QAM of user 1 has a BER of 0.17 for 
0.15 channel estimation error compared to 0.07 for the perfect 
estimation at the same SNR value. Furthermore, for a QPSK 
with 0.25 channel estimation error, the BER of user 1 is equal to 
0.058 at SNR = 15 dB compared to 0.017 for perfect estimation 
and 0.028 for 0.15 channel estimation error at the same SNR. 
For 16-QAM, the BER at SNR = 15 dB is 0.20 for 0.25 channel 
estimation error compared to 0.07 for perfect estimation and 
0.17 for 0.15 channel estimation error at the same SNR.  

    As a result, with increased channel estimation error, the BER 
is also increased and further increases with increased 
modulation order. An interesting observation is that, at high 
channel estimation error, the results for the three modulation 
schemes indicate a very high BER and a flattened performance 
as compared to the perfect estimation and the given channel 
estimation errors results. This is due to the degradation in the 
SIC receiver that results in high BER. 

 

Fig. 4. BER vs. SNR for two  BPSK uplink NOMA users with different channel 
estimation errors. 



 
Fig. 5. BER vs. SNR for two QPSK uplink NOMA users with different channel 
estimation errors. 

 
Fig. 6. BER vs. SNR for two 16-QAM uplink NOMA users with different 
channel estimation errors. 

IV. CONCLUSION 

    In this paper, a simulation study for the BER performance of 
a two-user uplink NOMA system for BPSK, QPSK and 16-
QAM, using a SIC detector, has been presented. For each 
modulation level, two scenarios have been considered: perfect 
channel estimation and a channel with estimation errors. For 
perfect channel estimation, as expected, the simulation results 
show that the BER of the SIC receiver increases as the 
modulation order is increased. Similarly, with channel 
estimation errors, the BER increases as the estimation error is 
increased for a given noise level. For example, for perfect case, 
at SNR = 5 dB, user 2 has a BER of 0.0007 and user 1 has a BER 
of 0.1. In contrast, 16-QAM results in a BER of 0.04 for user 2 
and a BER of 0.20 for user 1 at the same SNR of 5 dB. On the 
other hand, for channel estimation error, the QPSK BER, for 
user 1 with 0.25 channel estimation error, is 0.058 at SNR = 15 
dB compared to 0.017 for perfect estimation and 0.028 for 0.15 
channel estimation error at the same SNR. For 16-QAM, the 
BER at SNR = 15 dB is 0.20 for 0.25 channel estimation error 
compared to 0.07 for perfect estimation and 0.17 for 0.15 
channel estimation error at the same SNR. As a result of the 
degradation in the SIC receiver, at a high estimation error value, 
all the modulation levels results show a very high BER and a 
flattened performance.  
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