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Abstract—Non-orthogonal multiple access (NOMA) can be 

effectively integrated in downlink coordinated multipoint 

(CoMP) mobile networks to enhance transmission performance, 

particularly at cell boundaries. In this paper, the user fairness in 

joint-transmission NOMA (JT-NOMA) is investigated. To 

enhance the user fairness, the -fairness JT-NOMA scheme and 

the product-rate-based JT-NOMA scheme are proposed. It is 

shown that the product-rate-based JT-NOMA scheme can 

provide comparable sum-rate performance to conventional JT-

NOMA scheme while yielding better user fairness, and that the 

-fairness JT-NOMA scheme can provide flexible user fairness 

by adjusting the factor . 
 
Index Terms—Non-orthogonal multiple access, coordinated 

multipoint, sum rate maximization, product rate maximization, 

user fairness. 

 

I. INTRODUCTION 

The cell-edge users of cellular networks face poor 

service due to weak channel condition and strong 

intercell interference. To overcome the problem, 

coordinated multi-point (CoMP) with joint transmission 

(JT) has been recently proposed to increase the system 

throughput by coordinating neighboring base stations 

(BSs) to serve User Equipments (UEs) at cell edges 

jointly [1]. However, in CoMP transmission, BSs need to 

allocate the dedicated channel to each individual UE and 

this channel cannot be shared with the other UEs 

simultaneously if orthogonal multiple access (OMA) is 

adopted. As a result, the spectral effectiveness of CoMP 

networks degrades as the number of UEs increases. This 

arouses the application of non-orthogonal multiple access 

(NOMA) in [2] to enhance cell-edge transmission 

performance without decreasing spectral effectiveness in 

CoMP. 

In NOMA systems, BSs transmit signals at the same 

time, frequency and code but with different power levels. 

Superposition Coding (SC) and Successive Interference 

Cancellation (SIC) are used at transmitters and receivers 

respectively [3]. UEs with good channel conditions are 

called strong users and the others are called weak users. 

                                                           
Manuscript received July 21, 2018; revised March 2, 2019. 
This work was supported by the Ministry of Science and Technology 

of ROC under Grant MOST 106-2221-E-002-026-MY3. 
Corresponding author email: cdchung@ntu.edu.tw 

doi:10.12720/jcm.14.4.312-317

Weak users are allocated with more power whereas 

strong users are allocated with less power for the purpose 

of user fairness. Weak users decode their own messages 

by treating the strong users' messages as noise. On the 

other hand, strong users implement SIC technique to 

decode their own messages by removing the weak users' 

messages from the received signal [3].  

For single-cell NOMA systems, the user fairness has 

been investigated in [4] and [5], and sum rate 

maximization well studied in [6]. NOMA has been 

proposed in [7] for use in the downlink coordinated two-

point system using Alamouti code and extended in [8] to 

downlink CoMP. Although the joint-transmission NOMA 

(JT-NOMA) scheme has been proposed and shown in [8], 

it disregards user fairness and achieves high sum rate by 

providing strong users with much more throughput than 

weak users when maximizing the achievable sum rate. 

Low throughput may prohibit individual weak users from 

transmission. To alleviate the problem, the -fairnessJT-

NOMA scheme and the product-rate-based JT-NOMA 

(PR-based JT-NOMA) scheme are proposed in this paper 

to enhance user fairness in downlink CoMP networks 

while providing as high sum rate as possible. Specifically, 

sum rate maximization problems are reformulated either 

with an additional fairness constraint in -fairnessJT-

NOMA or by a new fairness-enabling object function in 

PR-based JT-NOMA to provide sum rate performance 

comparable to conventional JT-NOMA while yielding 

better user fairness. The -fairnessJT-NOMA scheme is 

proposed in Section II and the PR-based JT-NOMA 

scheme in Section III. Performance results in Section IV 

show that the proposed -fairnessJT-NOMA and PR-

based JT-NOMA outperform conventional JT-NOMA in 

terms of user fairness in all signal-to-noise ratio (SNR) 

regions. Besides, PR-based JT-NOMA provides better 

user fairness than -fairnessJT-NOMA when there are 

more than two NOMA users in downlink CoMP. 

II. SUM-RATE-BASED JT-NOMA 

A. Conventional JT-NOMA 

In this paper, we consider a downlink NOMA system 

for CoMP networks. There are B  BSs and U  UEs in the 

network, as illustrated in Fig. 1. For convenience, we 
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denote {1,2,..., }BB  and {1,2,..., }UU  respectively 

as the sets of BS indices and UE indices, P  as the total 

transmission power at all BSs, 
us  as the message to be 

sent to UE u  with uU , where the power of 
us  is 

normalized to one (i.e., 
2

{ } 1uE s  ), 
uR  as the 

achievable data rate of detecting 
us  at UE u , 

,b uh  as the 

channel response from BS b  to UE u , and 
un  as the 

additive white Gaussian noise with mean zero and 

variance 2  at UE u . It is assumed that all noises
un ’s 

are independent and all channel responses
,b uh ’s are 

perfectly known to all BSs and UEs. Based on known 

channel responses, NOMA schemes are targeted to 

achieve high system throughput 
sum uu

R R


 U
as 

follows. 

 
Fig. 1. NOMA model in a downlink CoMP network 

In conventional JT-NOMA scheme [8], every BS is 

allocated with the same transmit power 
ua P  to UE u  for 

uU , where 
ua  represents the proportion of total power 

allocated to transmit 
us  in all BSs with 1/uu

a B


 U
, 

and broadcasts the same total message 
u uu

a Ps
 U

 to 

all users. The received signal observed at UE u  is thus 

given by ˆ
u u i i ui

r h a Ps n


  U
where ,

ˆ
u b ub

h h
 B

 

represents the equivalent channel observed by UE u . 

Without loss of generality, it is assumed that 
2 2 2

1 2
ˆ ˆ ˆ

Uh h h   . According to the SC principle, 

power allocation coefficients ua ’s are constrained in the 

order 1 2 Ua a a   , and the desirable message 
us  

can be reliably detected by the receiver at UE u  

respectively for u U , based on the SIC technique [2]. 

Specifically, 
is  can be reliably detected by the receiver at 

UE u  for  i u  because 
u i iR R   is guaranteed, where 

u iR   denotes the achievable data rate of detecting 
is  at 

UE u , and all
is for i u  can be thus removed 

successively before detecting 
us  by the SIC receiver at 

UE u . Therefore, the achievable data rate of detecting 
us  

at UE u  is given by 

 

2

2 2
2

1

2

2 2

ˆ

log (1 ), if 1
ˆ

ˆ

log (1 ), if 

u u

U

u i

i uu

u u

h a P
u U

h P a
R

h a P
u U





 


   



 



 



 (1) 

The system throughput of U  UEs in the JT-NOMA 

system is given by 
sum .uu

R R


 U
 Therefore, the 

throughput maximization problem can be formulated as 

sum

1

1

maximize

1
Subject to

0.

U

u

u

U

R

a
B

a a





  


                  (2) 

B. -fairness JT-NOMA  

In the conventional JT-NOMA scheme, the achievable 

data rate of UE U is much higher than the other UEs and 

this causes a fairness problem. Straightforwardly, this 

problem can be resolved by adding a fairness constraint 

characterized by fairness factor , as in [9] where quality 

of service (QoS) constraints for all UEs are applied to 

enhance the user fairness in single-cell downlink NOMA 

systems. Specifically, the QoS constraints are defined 

here as sum /uR R U for uU where  denotes the 

proportion of the equally appropriated rate to each user 

(i.e., sum /R U ) with 0 1.  Under these QoS 

constraints, each UE’s achievable data rate cannot be 

smaller than the minimum guaranteed data rate 

sum / .R U Therefore, the throughput maximization 

problem in the -fairnessJT-NOMAscheme can be 

formulated as in (3). 

sum

1

1

sum

maximize

1
Subject to

0

/ , .

U

u

u

U

u

R

a
B

a

R U u

a

R 





  

 



U

 

When 0,   the maximization problem reduces to 

the conventional JT-NOMA without fairness. The -

fairnessJT-NOMAscheme increases its fairness when 

  is increased and provides the same data rate for all 

UEs when 1.   A direct choice to enhance fairness 
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seems to set  as close to one as possible. Unfortunately, 

the solution of the maximization problem in (3) does not 

always exist for large values in the range 0 1  , 

especially when   approaches to 1. By simulation, it can 

be observed that the maximum permissible value for  is 

1 and 0.72 when U  2 and 3, respectively. Although -

fairness JT-NOMA scheme can enhance user fairness 

dramatically when 2U  , its fairness performance 

degrades significantly when 2U  . This solicits for an 

alternative JT-NOMA scheme to enhance user fairness 

when serving more UEs. 

III. PRODUCT-RATE-BASED JT-NOMA 

In order to enhance the user fairness when serving 

more UEs, a new objection function is designed here for 

the throughput maximization problem. In previous 

formulation, the sum rate 
sum uu

R R


 U
was adopted as 

the object function. In virtue of the relationship that the 

arithmetic mean is greater than or equal to the geometric 

mean with the equality holding if and only if (iff) all 

terms involved are equal, it is straightforward that 
1/

sum product/ ( ) UR U R where the equality holds good 

iff all UEs have the same data rate, 

where
product uu

R R


 U
is referred to as the product 

rate for the NOMA system. Given a fixed sum ,R the 

maximum productR occurs iff all individual rates uR 's are 

equal. This implies that all individual rates approach each 

other when the product rate productR is maximized even 

though sumR is not fixed. Therefore, the product rate 

productR is adopted as the new objection function to 

formulate the maximization problem for the PR-based JT-

NOMA scheme with an attempt to improving user 

fairness for CoMP networks serving more UEs. The total 

throughput maximization problem for PR-based JT-

NOMA is thus formulated as in (4). 

product

1

1

maximize

1
Subject to

0.

U

u

u

U

R

a
B

a a





  




IV. PEFORMANCE RESULTS 

In this section, Monte Carlo simulation is conducted on 

MATLAB to evaluate the performance characteristics of 

various JT-NOMA schemes. In the simulation, we 

consider the downlink CoMP system in which there are 

three single-antenna BSs and U single-antenna UEs. All 

UEs are randomly distributed within a circle of radius 

0.25km at the origin (0,0).The coordinates of BSs are 

respectively (1, 0), (0.5, 3 / 2), and ( 0.5, 3 / 2)  in 

the km scale. All cells have the radius of 1km. The 

channel is modeled as 
/2

, , ,

v

b u b u b uh g d  where 
,b ug ’s are 

independent and identically distributed circularly 

symmetric complex Gaussian random variables with zero 

mean and unit variance, representing Rayleigh fades, 

,b ud is the distance from BS b to UE ,u and the path loss 

exponent v  is set to be 3. All channels are simulated 10 

thousand times to provide accurate results. The 

performance results are characterized with respect to the 

signal-to-noise ratio (SNR) measure
2/ .P   

In the simulation, simple sub-optimal solutions are 

found for all throughput maximization problems. 

Specifically, all power allocation coefficients
ua 's  which 

satisfy their own constraints are randomly 

generated N times, and the system sum rate (or the 

product rate) is computed for each time. Among N trials, 

the largest sum rate (or product rate) as well as the 

corresponding UE rates are recorded. N is set to be 5000 

in the simulation. 

 

 
Fig. 2. Average achievable data rate characteristics provided by SR-

based JT-NOMA with various  values when 2.U   

Fig. 2 shows the sum rate and individual UE rates of 

sum-rate-based (SR-based) JT-NOMA with various 

fairness factors when 2.U   As observed, the proposed 

-fairness JT-NOMA schemecan still provide achievable 

sum rate performance comparable to conventional JT-

NOMA (with  while yielding better user fairness 

when approaches to 1. The -fairness JT-NOMA 

schemeis shown to provide flexible user fairness by 
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adjusting the factor . Notably, the user fairness becomes 

better by increasing  and the ideal fairness can be 

achieved by setting . 

 

Fig. 3. Average achievable data rate characteristics provided by SR-based JT-NOMA with various  values when 3.U   

Fig. 3 also shows the average sum rate and individual 

UE rates of SR-based JT-NOMA with various fairness 

factors when 3.U   It can be observed that the -

fairness JT-NOMA can still provide achievable sum rate 

performance comparable to conventional JT-NOMA, 

while yielding better user fairness when is set large. 

Unfortunately, the solution of the maximization problem 

in (3) does not exist when is set larger than 0.72 for the 

considered SNR region. This limits the use of -fairness 

JT-NOMA to downlink CoMP networks serving more 

NOMA UEs with sufficient fairness. 

 

Fig. 4. Average achievable data rate characteristics provided by conventional JT-NOMA, SR-based JT-NOMA with  and PR-based JT-NOMA 

when 2.U   

Fig. 4 shows the average sum rate and individual user 

data rates of conventional JT-NOMA, SR-based JT-

NOMA with ideal fairness 1, and PR-based JT-

NOMA when 2.U   As shown, the SR-based JT-

NOMA with ideal fairness 1and the PR-based JT-

NOMA outperforms the conventional JT-NOMA 

remarkably in user fairness while providing comparable 

achievable sum rate performance. Moreover, the PR-

based JT-NOMA can provide comparable user fairness to 

the SR-based JT-NOMA with ideal fairness when 

2.U   

Fig. 5 shows the average sum rate and individual user 

data rates of the SR-based JT-NOMA with fairness 

0.72 and the PR-based JT-NOMA when 3.U  It is 
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shown that the PR-based JT-NOMA outperforms the SR-

based JT-NOMA with fairness 0.72both in 

achievable sum rate and in user fairness. Apparently, an 

increase in the number of UEs affects the user fairness 

performance significantly in the -fairness JT-NOMA 

scheme but not remarkably in the PR-based JT-NOMA. 

 

Fig. 5. Average achievable data rate characteristics provided by SR-based JT-NOMA with various  and PR-based JT-NOMA when 3.U   

V. CONCLUSIONS 

In this paper, -fairness JT-NOMA scheme and 

product-rate-based JT-NOMA scheme are proposed to 

enhance the user fairness in downlink CoMP networks. 

Simulation results show that both schemes can provide 

comparable achievable sum rate performance to 

conventional JT-NOMA while yielding better user 

fairness. The -fairness JT-NOMA schemecan provide 

flexible user fairness by adjusting the factor . 

Particularly, PR-based JT-NOMA outperforms -fairness 

JT-NOMAin achievable sum rate and user fairness when 

there are more than two UEs in the downlink CoMP 

system. 
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