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 In coordinated multipoint (CoMP) system, the cell-edge performance is 

improved by minimizing inter-cell interference (ICI) through coordination of 

resources. Additionally, the non-orthogonal multiple access (NOMA) has 

been introduced as a promising candidate to further enhance the throughput 

of next generation wireless communication systems. NOMA allows multiple 

users to access the wireless channel in the same bandwidth simultaneously, 

however at different transmit power. In joint transmission NOMA in CoMP 

(JT-NOMA-CoMP), multiple cells jointly transmit data to users using the 

same time-frequency resources, which significantly improves the system 

performance. In this paper, we present a low-complexity user clustering and 

resource allocation strategy in downlink JP-NOMA-CoMP system with 

multiple antenna. Based on computer simulation, we show that the proposed 

approach outperforms the conventional JP-OMA-CoMP and single antenna 

JP-NOMA-CoMP in terms of achievable sum rate. 
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1. INTRODUCTION  

Coordinated Multipoint (CoMP) transmission and reception is considered as one of the principle 

empowering technologies for LTE-Advanced. The system spectral efficiency enhancement is attained 

through base station cooperation where resources are allocated among users in a coordinated way [1]. 

For downlink, a channel allocated to a cell edge user cannot be used for other users’ transmission 

simultaneously. Therefore, if the orthogonal multiple access (OMA) is adopted, the spectral efficiency of the 

system deteriorates with the increasing number of cell edge users. To overcome this issue, non-orthogonal 

multiple access (NOMA) can be employed [2, 3]. 

Recently, NOMA has gained great interest from both academia and industry due to its potential to 

improve the spectral efficiency of transmission significantly [2], [4-6]. The key idea of NOMA is to perform 

simultaneous transmission to multiple users over the same resources ( i.e., time, channel, space) at the 

expense of inter-user interference [7]. Under power-domain NOMA, a base station schedules multiple users 

to use the same transmission resources by superposing their signals in the power domain. The superposition 

is accomplished in such a way that each NOMA user can successfully decode the desired signal by applying 

successive interference cancellation (SIC) at the intended receiver [7]. 

Over the recent years, application of NOMA in CoMP systems has drawn a significant attention of 

the researchers. ICI is the major issue in multi-cell NOMA systems, as it reduces a cell-edge user’s 

performance. The fundamentals of the combination of NOMA and CoMP in downlink transmission was 
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investigated in [5, 7]. Several up-to-date interference management techniques that applied NOMA in multi-

cell networks have been discussed in [5]. On the other hand, various NOMA-CoMP schemes have been 

analyzed in [7] and the study revealed that JT-NOMA-CoMP provides the maximum spectral efficiency gain. 

A coordinated superposition coding was proposed in [8] with Alamouti code employed at CoMP base 

stations. Besides, the authors in [9] presented a suboptimal scheduling strategy for NOMA-CoMP with linear 

complexity. An opportunistic NOMA-CoMP scheme was introduced in [10] to advance the capability of the 

system. However, the study assumed that the base stations and user devices are equipped with single antenna. 

In this paper, we propose suboptimal resource allocation scheme for JT-NOMA-CoMP in downlink 

transmission with multiple antennas at base stations and user devices. In the first stage, available system 

bandwidth is allocated to the scheduled users. While in the later, transmission power is allocated to the 

respective scheduled users based on optimal power allocation policy. Then, we show the performance of the 

proposed scheme and compare to conventional JT-OMA-CoMP scheme. This paper is organized as follows. 

Section 2 describes the system model and Section 3 presents our proposed user clustering resource allocation 

algorithm. Section 4 shows the simulation criterion and the numerical results. Finally, the conclusion is 

drawn in Section 5. 

 

 

2. SYSTEM MODEL 

A JT-NOMA-CoMP considered in this study is illustrated in Figure 1. The CoMP system consists of 

  base stations (BSs) having   transmit antennas and   mobile users (UEs) with    receive antennas 

deployed in each cell. The UEs in each cell are divided into   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,      , while the 

user far from the BS with smaller channel gain is known as weak user,     . 

 

 

 
 

Figure 1. Downlink JP-NOMA-CoMP system 
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The received signal at       and      can be expressed as; 
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where             ,            , denote the downlink channel of user       and user     , 

respectively.      ,      are the normalized adaptive white Gaussian noise at      ,     . 

Based on NOMA principle, the SIC is realized at the receiver of      . In this scenario,     will 

directly decode its own data,      by treating the interference caused by       as unknown interference. 

For      , it will first decode the data vector      by treating the interference caused by       as unknown 

interference and then cancel the part of received signal caused by      from received signal and decode       

from the remain part of received signal. 

 

Achievable data rates of near user,       and far user,      are bounded as follows: 
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where    is transmit power allocated by the BS to antenna   , while   and       are the allocated power 

ratio of       and     . 

 

Hence, the sum rate in the  -th subchannel in cluster   is given by 
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  ]     (5) 

 

All BSs in the system are connected to a central scheduler which responsible to manage available 

transmission resources in a coordinated way. The task is realized through information sharing over the 

backhaul network. In a JT-CoMP scheme with a multiple antenna BS and UE, multiple cells simultaneously 

transmit the same data to a set of scheduled CoMP users by using the same PRB [7]. Since the same data is 

transmitted by all CoMP cells, the reception performance of the CoMP users improves. In order to reduce the 

stringent requirements on backhaul network, selective combining (SC) is employed in this study, where only 

one BS is selected by the central scheduler to serve the user. The SC combiner chooses only the BS with the 

highest signal-to-noise ratio (SNR) 

In this paper, we aim to realize a JP-NOMA-CoMP strategy so that the overall system sum rate can 

be maximized. In order to maximize the achievable data rates in (5), we will propose a user clustering 

followed by bandwidth and power allocation algorithm. 

 

 

3. PROPOSED APPROACH 

In this section, we provide detailed explanation on the proposed user clustering and resource 

allocation strategy. First, users in each cell are grouped based on the instantaneous channel gain. Then, 

available system bandwidth and power are allocated to the scheduled users. 

 

3.1. User clustering 

In NOMA, multiple users are allowed to use the same frequency bands simultaneously such that the 

signals of the users are superimposed with different power allocations. These multiplexed users are said to be 

in a user pair. Previous work from literature shown that high capacity gains can be attained if users with large 

channel gain difference are paired with each other [2, 11, 12].  

Multiple antennas BS implies that more than one active transmission is possible at every time 

transmission interval (TTI). Optimal user clustering approach such as exhaustive search promises significant 

system capacity gain. However, due to the huge search space when multiuser multiple-input multiple output 
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(MU-MIMO) environment is considered, the performance gain tends to be surpassed by the computational 

complexity.  

To overcome this constraint, we propose a low-complexity user clustering algorithm based on the 

squared Frobenius norm of the MIMO channel, ‖   
‖
 

 
. ‖   

‖
 

 
is interpreted as a total power gain of a 

channel [13] that is; 
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where                 and    are the eigenvalues of the Hermitian symmetric matrix,    
   

 . In this 

paper, it is assumed that there are         users in a cell and the BS serves   clusters with   users in 

each cluster. 

 

Next, the squared Frobenius norm values of users in each CoMP cell are ranked in descending order 

such that; 
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The BS assigns the  -th user and    ⁄   -th user into the  -th cluster, where              ⁄ .  

 

3.2. Bandwidth and power allocation 

There are     physical resource block (PRB), which represents the basic time-frequency resource 

unit for data transmission in LTE networks. A full buffer traffic model is considered. Throughout our study, 

the number of users that can be multiplexed over a physical resource block (PRB) is restricted to 2. 

Since each antenna beam of the BS is utilized by all the users of a cluster, the total BS transmit 

power,     is divided into the number of transmit antennas. such that : 

 

∑   
  

                  (8) 

 

where    is transmit power allocated by the BS to antenna   . In this study,    are equal for all antenna 

beams of a BS since the same cluster size (number of users per cluster) is adopted. 

According to NOMA principle, at the BS side the intended message signals targeting to near user, 

      and far user,      are superimposed over PRB  , with transmit power     and         for       and 

    , respectively.  

Previous study shown that when the power difference between the       and      in a cluster 

becomes smaller, the SIC performance degrades [14-16]. Based on [16], if the difference between power 

allocation factors of both users is less than around 0.35, the drastic effects on the performance of both users 

start to occur; the SIC process at      becomes imperfect and also the data recovery at     is poorly 

affected. Hence, in our study, we assume that the power factor of       and      are kept constant at values 

0.35 and 0.65, respectively, as recommended in literature. This ensures that       will be able to perform the 

SIC appropriately. Furthermore, the interference encountered by      due to       signal will also 

be well-managed. 

 

 

4. RESULTS AND DISCUSSION 
In the simulation system, the JP-NOMA-CoMP system with three cells is considered. Users are 

randomly distributed in the cell. The number of transmit antennas at each BS,      and each user device is 

equipped with      antennas. All the parameters and setting used in the simulation are tabulated in 

Table 1. Three different scenarios are considered in our simulation study; 

Scenario 1: JP-OMA-CoMP with multiple transmit antenna at the BS employing water-filling (WF) power 

allocation [17] 

Scenario 2: JP-NOMA-CoMP with single transmit antenna at the BS  

Scenario 3: JP-NOMA-CoMP with multiple transmit antenna at the BS (Proposed approach) 
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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 

 

 

4.2. Numerical results 

We carried out performance evaluation of the proposed approach (Scenario 3) and compared to  

JP-OMA-CoMP (Scenario 1) and JP-NOMA-CoMP (Scenario 2). Figure 2 depicts the achievable system 

sum rate versus total number of users deployed. It is clearly observed that the proposed approach (Scenario 3) 

provides the highest system achievable sum rate compared to Scenario 1 and Scenario 2. In Scenario 1, 

water-filling based (WF) power allocation algorithm is employed, where a channel with larger SNR is 

allocated more transmission power which consequently improves the system sum rate. Although the system 

in Scenario 1 acquires additional gains by utilizing WF power allocation and multiple antenna technique, its 

performance is inferior compared to Scenario 3. In Scenario 3, NOMA gives significant sum rate 

enhancement because multiple users are allowed to access the same PRB simultaneously. On the other hand, 

even both Scenario 2 and Scenario 3 adopt NOMA transmission, the system performance in Scenario 3 is 

superior compared to Scenario 2. The proposed strategy enhances system sum rate by taking advantage of 

multiuser diversity offered by multiple antenna technique. Furthermore, the central scheduler chooses a set of 

clusters that maximizes system sum rate. 

 

 

 
 

Figure 2. Performance comparison for Scenario 1, Scenario 2 

and Scenario 3 in terms of achievable system sum rate 

 

 

5. CONCLUSIONS 

In this paper, a low-complexity user clustering and resource allocation scheme for dowblink JP-

NOMA-CoMP system have been investigated with the goal of maximizing the system sum rate. Numerical 

results show that the proposed approach yields a better performance than the other schemes in terms uf 

system sum rate. In future, optimal power allocation scheme which satify users’ minimum data rate 

requirement will be considered  
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