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 The principle of joint transmission coordinated multipoint with non-
orthogonal multiple access (JT-CoMP-NOMA) is to allow multiple cells in the 
network to cooperatively transmit data to users using the same network 

resources in frequency and time domains. The approach would be beneficial 
in enhancing the system performance in the context of spectral efficiency.  
This paper presents the performance comparison of JT-CoMP-NOMA for 
several modulation schemes including QPSK, 16-QAM and 64 QAM in 
downlink transmission in the context of bit error rate. We conduct an 
investigation to compare the error performance of JT-CoMP-NOMA with 
NOMA system. Our simulation results demonstrate that the JT-CoMP-NOMA 
provides lower bit error rate compared to NOMA system. 
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1. INTRODUCTION  

The fifth generation (5G) mobile communication networks are envisioned to provide much higher 

data rates and enhanced user throughput under higher connectivity density. Coordinated Multipoint (CoMP) is 

one of the primary technologies for LTE-Advanced that improves system spectral efficiency and realized 

through base station coordination. In CoMP systems, the available system resources are allocated among active 

users in a coordinated way. Several types of CoMP transmission schemes have been suggested including joint 

transmission (JT) and coordinated beamforming coordinated scheduling (CB/CS). For JT-CoMP, useful 

information such as data, channel state information (CSI) and scheduling decision are made available across 

multiple cells in the network. Multiple base stations (BSs) in the network cooperatively transmit data to users 

located at the cell boundary to reduce inter-cell interference and thus enhance the total system throughput  

[1-6]. On the other hand, in the CoMP with CS/CB, data for a user is transmitted from one BS for a time-
frequency resource. However, scheduling/beamforming decision is coordinated among cells in CoMP. Under 

this scenario, transmit beamforming weights for each individual user are generated to diminish the unwanted 

interference to other users scheduled within the CoMP cells [7-8]. As a result, the received signal to interference 

noise ratio (SINR) and the cell edge user throughput can be improved. In a system that applies the orthogonal 

multiple access (OMA) [9], a channel dedicated to a cell edge user cannot be used for other users’ transmission 

at the same time [10]. Hence, the system spectral efficiency degrades with the increasing number of cell edge 

users [11]. In recent times, there have been investigations on advanced multiple access schemes such as non-

orthogonal multiple access (NOMA) which overcome the limitations addressed in OMA schemes [12-17].  
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The concept of NOMA as illustrated in Figure 1 is to carry out simultaneous transmission to multiple users 

over the same resources. In power-domain NOMA, a serving cell schedules more than one user to transmit 

using the same resources by superposing their signals in the power domain [18]. The superposition is realized 

such that each NOMA user is able to decode the desired signal. Therefore, NOMA is anticipated as a promising 

approach to enhance the spectral efficiency of 5G mobile communication systems. 

 

 

Cluster 1Power

Frequency

User 2 signal 
decoding

User 1

Base Station

User 2

SIC 
of

User 2 

User 1 signal 
decoding

User j

User i

Cluster M

User j

User i

User j signal 
decoding

SIC 
of

User j 

User i signal 
decoding

User 2

User 1

 
 

Figure 1. Principle of NOMA through exploitation of signal power diversity 

 

 

Attaining good error performance is one of vital goals of a network operator as it guarantees smooth 
application delivery to end user devices. On the other hand, achieving high transmission rate is always desirable 

from network operator perspective. One conventional method to achieve high data rates is the use of higher-

order modulation, which is capable to increase the data rate within a fixed bandwidth [19-23]. In LTE and 

LTE-Advanced systems, QPSK, 16-QAM and 64-QAM are being adopted for the symbol modulation of 

orthogonal frequency division multiplexing (OFDM) [24]. Previous study in [25] has shown that 64-QAM 

provides the lowest bit error rate (BER) and best suited for downlink NOMA compared to QPSK and 16-QAM. 

Motivated by these observation, in this paper we study the error performance of JT-CoMP-NOMA and compare 

with NOMA system. 

Several modulation schemes are adopted, including QPSK, 16-QAM and 64-QAM. The simulation 

results show that the BER of JT-CoMP-NOMA system is lower compared to NOMA system [25] under 

different modulation schemes. The rest of the paper is outlined as follows. Section II describes the JT-CoMP-

NOMA system model for downlink transmission and Section III provides the BER performance of the system 
with different modulation formats. Finally, the concluding remarks are drawn in Section IV. 

 

 

2. RESEARCH METHOD 

2.1.   User Clustering Algorithm 

Figure 2 shows a JT-CoMP-NOMA system model considered in this paper. The system consists of 𝑀 

BSs having 𝑁𝑇transmit antennas and 𝐾 mobile users with 𝑁𝑅 receive antennas deployed in each cell. The users 

in each cell are divided into 𝐿 clusters and each cluster contains two users. Within a cluster, the user close to 

the BS with larger channel gain is defined as strong user, 𝑢𝑛𝑒𝑎𝑟, while the user far from the BS with smaller 

channel gain is known as weak user, 𝑢𝑓𝑎𝑟.  
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Figure 2. Downlink JT-CoMP-NOMA System 

 

 

2.2.   Power Allocation Algorithm 

In NOMA, the serial interference cancellation (SIC) procedure is performed at the receiver of 𝑢𝑛𝑒𝑎𝑟. 

This means that, 𝑢𝑓𝑎𝑟will treat the interference caused by 𝑥𝑛𝑒𝑎𝑟 as unknown interference and next will directly 

decode its own data, 𝑥𝑓𝑎𝑟. On the other hand, 𝑢𝑛𝑒𝑎𝑟 will first decode the data vector 𝑥𝑓𝑎𝑟 by considering the 

interference caused by 𝑥𝑛𝑒𝑎𝑟 as unknown interference and then subtract 𝑥𝑓𝑎𝑟 from received signal and decode 

𝑥𝑛𝑒𝑎𝑟 from the remain part of received signal. 

The message signals targeting to 𝑢𝑛𝑒𝑎𝑟 and 𝑢𝑓𝑎𝑟 are superimposed over physical resource block (PRB) 

𝑟, with transmit power 𝛼𝑃𝑙  and (1 − 𝛼)𝑃𝑙 for 𝑢𝑛𝑒𝑎𝑟 and 𝑢𝑓𝑎𝑟, respectively. From literature, it has been shown 

that the SIC performance deteriorates when the power difference between the 𝑢𝑛𝑒𝑎𝑟 and 𝑢𝑓𝑎𝑟 within the same 

cluster becomes smaller [26-28]. According to [28], if the power allocation factors of both users has a 

difference of less than 0.35, the SIC process at 𝑢𝑛𝑒𝑎𝑟becomes imperfect and the data recovery process at 𝑢𝑓𝑎𝑟is 

badly affected. In view of that, in our study, we fixed the power factor of 𝑢𝑛𝑒𝑎𝑟 and 𝑢𝑓𝑎𝑟 at values 0.35 and 

0.65, respectively.  

The BSs in the JT-CoMP-NOMA system are connected to a central scheduler which has the 

responsibility to manage available transmission resources in a coordinated way. In order to reduce the stringent 

requirements on backhaul link, selective combining (SC) is employed in this paper, where only one BS is 

selected by the central scheduler to serve the user. The SC receiver decides one BS that provides the best signal-

to-noise ratio (SNR) value. 

 

 

3. RESULTS AND DISCUSSION 

In the simulation study, we investigate the performance of downlink JT-CoMP-NOMA system  
with different modulation schemes including QPSK, 16-QAM and 64-QAM and make comparison with 

NOMA system [24]. The simulation settings adopted in the study are tabulated in Table 1. 

Figure 3 shows the BER performance of 𝑢𝑛𝑒𝑎𝑟 in the system when QPSK, 16-QAM and 64-QAM 

modulation schemes are applied. Simulation results in Figure 3 clearly shows that the JT-CoMP-NOMA system 

gains the lowest BER when 64-QAM is adopted compared to QPSK and 16-QAM modulation schemes.  
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The BER trend is similar with the results obtained in [25]. On the other hand, the error performance of 𝑢𝑓𝑎𝑟 

adopting QPSK, 16-QAM and 64-QAM is shown in Figure 4, which demonstrates the same trends as for 𝑢𝑛𝑒𝑎𝑟. 

We observed that that BER performance can be improved significantly when 64-QAM modulation scheme is 

adopted at both users as proved by [25]. 

 

 
Table 1. Simulation parameters 

Parameters Assumptions 

Cell Layout Hexagonal 3 cell CoMP system 

Channel Model Rayleigh fading model 

Radius of BS coverage 500 m 

BS transmit antenna 4 

User terminat receive antenna 2 

BS transmit power 43 dBm 

Scheduling interval 1 ms 

PRB bandwidth 180 kHz 

Path Loss Model 128.1 + 37.6 log (d in km) dB 

 

 

 
 

Figure 3. Error performance of 𝑢𝑛𝑒𝑎𝑟 with different 

modulation schemes in JT-CoMP-NOMA 

 
 

Figure 4. Error performance of 𝑢𝑓𝑎𝑟 with different 

modulation schemes in JT-CoMP-NOMA 

 
 

Next, we conducted a comparison study to investigate the performance of JT-CoMP-NOMA  

and NOMA systems [25], when 64-QAM modulation scheme is applied to both 𝑢𝑛𝑒𝑎𝑟 and 𝑢𝑛𝑒𝑎𝑟 signals. 

Numerical results from the study are presented in Figure 5 and Figure 6, respectively. The results in Figure 5 

and Figure 6 clearly show that the error performance of both 𝑢𝑛𝑒𝑎𝑟 and 𝑢𝑓𝑎𝑟 in JT-CoMP-NOMA are lower as 

compared to NOMA system. This reflect the additional performance gain obtained by exploiting spatial 

diversities available in JT-CoMP-NOMA system. 

 

 

 
 

Figure 5. Error performance comparison of 𝑢𝑛𝑒𝑎𝑟 in 

JT-CoMP-NOMA and NOMA systems 

 
 

Figure 6. Error performance comparison of 𝑢𝑓𝑎𝑟 in 

JT-CoMP-NOMA and NOMA systems 



Indonesian J Elec Eng & Comp Sci  ISSN: 2502-4752  

 

Investigation on the BER performance of downlink JT-CoMP-NOMA with… (Norshidah Katiran) 

1313 

4. CONCLUSION  

In this paper, we study the BER performance of JT-CoMP-NOMA system when various modulation 

scheme are adopted, including QPSK, 16-QAM and 64-QAM. The simulation results indicate that 64-QAM 

can provide better BER performance in JT-CoMP-NOMA system than QPSK and 16-QAM when employed 

to both users’ signals. In addition, the study shows that BER of JT-CoMP-NOMA system is lower compared 

to NOMA system due to exploitation of diversities available in the wireless systems. 
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