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Abstract 
 

An improved clustering scheme based on user group is proposed. Every two users are grouped 
among N-users in the allowed system according to their link gain from large to small. Each 
user group is numbered sequentially. Two user clusters are obtained according to the principle 
of maximizing link gain difference for the users in the first and last user groups. The remaining 
user groups are added to the two existing user clusters according to the parity of the group 
number. The clustering should be clustered again among the users in either user cluster if the 
throughput summation of a user cluster in NOMA is less than that of these users in orthogonal 
multiple access. The simulation results show that the proposed clustering scheme can increase 
the system throughput by about 8% compared with the hybrid clustering scheme when the 
number of users requiring service is 12. 
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1. Introduction 

The fifth generation (5G) wireless mobile communication has become a hot research area in 
recent years because of its high spectral efficiency, data rates and large capacity. 
Non-orthogonal Multiple Access (NOMA) is considered as one of the candidate access 
technologies for 5G wireless mobile communication because of its high spectral efficiency [1]. 

The NOMA system studied in this paper is based on the downlink of Long-Term Evolution 
(LTE) system. The interference between subchannels with orthogonal frequency division 
multiplexing (OFDM) multiple access scheme is ignored here. The NOMA system 
multiplexes the signals of multiple users in the power domain. Besides, the signals of users 
sharing the same subchannel are superimposed and transmitted over the channel. Channel 
models such as Rayleigh fading channels are described in the reference [2, 3]. Successive 
Interference Cancellation (SIC) receiver detects, reconstructs and cancels the non-orthogonal 
multiple access interference (MAI) at the receiver [4, 5]. 

In NOMA system, multiple users perform power multiplexing at the transmitting end and 
share the same subchannel, which form a user cluster. Therefore, the choice of user clustering 
[6] and power allocation [7] schemes will have a large impact on system performance. User 
pairing and power allocation are discussed in [8, 9]. A greedy user selection and iterative 
sub-optimal power allocation algorithm based on Difference of Convex (DC) programming is 
presented in [8]. User pairing and power allocation(UPPA) based on proportional fairness is 
proposed in [9], but authors of [9] only considered 2-user NOMA system, more than 2 users in 
NOMA system had not been considered.  

Various studies have shown that a reasonable user clustering scheme combined with 
optimal power allocation results will maximize system throughput. Literature [10] analyses 
the different impacts of user pairing on fixed power allocation NOMA (F-NOMA) system and 
cognitive-radio-inspired NOMA (CR-NOMA) system. According to the principle of 
maximizing the link gain difference, the user clustering scheme in [11] selects one user from 
each group to form a user cluster after grouping the users into 2,3,4 groups. Two users with the 
largest link gain are defined as the center users, two users with the least link gain are defined as 
the edge users, and other users are all the middle users. The clustering scheme[11] can easily 
group the middle users into the same user cluster, so the interference between these middle 
users is more serious, which is difficult to the interference elimination at the receiver. In 
reference [12], hybrid user clustering scheme is proposed to improve the throughput of edge 
users while resolving the problem of middle user interference in a cell, but the throughput of 
middle users needs to be improved. In reference [13], a slot-based user-clustering scheme is 
proposed to improve the throughput of users with similar link gain, but the reasonable 
resources allocation in time- and frequency-domain among users within the cluster is unsolved. 
The literature [14] proposed a vertical clustering scheme, which has higher requirements for 
the SIC receiver to correctly implement the SIC. In reference [15], hybrid multiple access 
scheme is adopted, orthogonal multiple access (OMA) is used for all cell central users, and 
then cell edge users are paired with each center user to realize NOMA. Since all paired users 
share the bandwidth of system, the problem of bandwidth allocation between user-pairs needs 
to be solved.  

After the clustering procedure accomplished, the base station performs power allocation for 
each user. Power allocation is a crucial factor that affects the performance of power-domain 
NOMA system, which has attracted a lot of researchers’ attentions [16-17]. Most of the 
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existing research works mainly focus on fixed power allocation [18]. In [19], a 
low-complexity polynomial power allocation algorithm was investigated from a fairness 
standpoint. A power allocation method is proposed under the condition that the user’s total 
rate is maximized according to the minimum user rate requirement [20, 21]. The difference 
between them is that fewer constraints are considered in [21] and the maximum number of 
users accommodated in a single cluster is obtained in [20]. However, the analytical expression 
of the upper limit of the number of users in a cluster remains to be studied. In addition, the joint 
subcarrier and power allocation problem was also studied in [22]. 

In order to decrease the serious interference between middle users[11] and to improve the 
throughput of middle users in hybrid clustering scheme [12], user clustering scheme is 
presented in this paper. The main contributions of this work are concluded as follows: 

1) An improved user clustering scheme based on user group is proposed for downlink 
transmission of NOMA system. Each user group in this paper includes two users only, 
which is different from the grouping scheme in [11]. 

2) The power allocation results of each user in the cluster is obtained with the system 
throughput maximization as the objective function, total power, minimum transmission 
rate, and correct implementation of SIC as constraints. 

3) The conditions for secondary clustering are proposed. When the number of system users 
increases, the effect of the clustering scheme proposed in this paper under quadratic 
clustering is verified. 

The rest of this paper is organized as follows. System model for downlink of NOMA system 
is introduced in Section 2. The user clustering scheme is proposed in Section 3.1. Based on 
user clustering scheme, power allocation results are given in Section 3.2. Section 4 and 
Section 5 present the simulation results and conclusion. 

2. System Model 
Fig. 1 shows the NOMA downlink system model. Assuming there are N users in a cell of 
NOMA cellular system. A center base station offers the possible service to the N users. The 
system bandwidth Bs is divided into Ω sub-channels with bandwidth B, it is assumed that K 
users are non-orthogonal to the same sub-channel(2≤K≤N),  

P represents the total transmission power to each user cluster. For these K users in cluster i, 
si,k represents the message signal for the kth user in cluster i. Let ai,k represents the user power 
allocation coefficient of the kth user in cluster i. For cluster i, the superimposed signal sent by 
BS can be given by (1): 

 

 , ,
1=

=∑
K

i i k i k
k

x a Ps                                                     (1) 

The signal received at the kth user in cluster i is shown in (2) 
 

 , , , , 1, 2,3,......,= + =i k i k i i kr h x n k K ,                                     (2) 

where the channel over each link is considered to be independent Rayleigh flat fading with 
channel coefficients hi,k , hi,k ~ CN(0, di,k

-v) represents the link gain of user k in cluster i[13]. di,k 
is the distance between the user k and the central base station, v is the path loss exponent in 
cluster i. ni,k ~ CN(0,δ 2) is the additive white Gaussian noise with variance δ 2. Formula (1) 
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show that users sharing the same subchannel will receive the interference from other users in 
the same cluster. The mth user will have to detect and remove the data of all the kth users using 
SIC, while m<k.  

Suppose N users are divided into I user clusters with K users per cluster. The total system 
throughput can be expressed by[12] 

 

 ,           (3) 

where is the signal-to-noise ratio (SNR) to cluster i in the base station.  hi,k  and ai,,k are the 
link gain and the user power allocation coefficient of the kth user in cluster i . In formula (3), 

 represents the throughput of the kth (k>1) user; when k=1, the 

throughput expression is . 

It can be seen from formula (3) that the total throughput of the NOMA system is related to 
the user clustering scheme.  

 

Fig. 1. NOMA downlink system model 

3. User Clustering in NOMA 

3.1 Improved Clustering Scheme Based on User Groups 
An improved clustering scheme is proposed based on the throughput of NOMA system in 
order to improve the throughput of middle users. According to formula (3), for cluster i, the 
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throughput of user k increases with the increase of its own power allocation coefficient ai,k 
whereas decreases with the increase of other user’s power allocation. So increase ai,k can 
improve throughput of user k. Based on this idea, the specific clustering scheme is as follows: 

The users requiring downlink service are sorted by base station in descending order of their 
|hn| and denoted as UEn (n=1, 2, 3, ..., N=IK), The sorted users are divided into T=N/2 groups，
 denotes rounding down. Gt represents the tth user group 

 

   2 -1 2{UE , UE }, 1,2,......,= =t ttG t T                                 (4) 

The link gain difference maximization principle is adopted for the users in the first and 
the Tth user groups to obtain two 2-user clusters C1={UE1, UE2T}, C2={UE2, UE2T-1}[11] . 

For the 2nd to the (T-1)th user groups, the users in the even group-index is added to C1, 
the user in the odd group-index is added to C2. For example, when the total number T of 
user groups is even, the clustering result is 
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When the number T of user groups is odd, the clustering result is  
 

 
1 1 2 4 6 1 2

2 2 3 5 7 2 2 1

{UE , , , ,......, , UE }
{UE , , , ,......, , UE } 

−

− −

=
=

T T

T T

C G G G G
C G G G G

                           (6) 

If the throughput summation of K users in a single user cluster Ci in the NOMA system is 
less than the throughput summation of these users in orthogonal multiple access, that is 
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In formula(7), bi,k is the power allocation factor of the kth user in the user cluster Ci in the 
orthogonal multiple access mode. Then, the users in the user cluster Ci need to be clustered 
again according to the above method until the sum of the throughputs of the users in the single 
user cluster is greater than the sum of the throughputs of the users in the orthogonal multiple 
access. After secondary clustering, C1 will be divided into C11 and C12 while C2 will be divided 
into C21 and C22, et. al. For example, based on formula(5), the secondary clustering result is: 

 
11 1 2,2 4,1 6,2 8,1 2

12 2,1 4,2 6,1 8,2 10,1 10,2

21 1 3,2 5,1 7,2 9,1 2 1

22 3,1 5,2 7,1 9,2 11,1 11,2

={UE , , , , , UE }
={ , , , , , }
={UE , , , , , UE }
={ , , , , , }                                   (8)

T

T

C G G G G
C G G G G G G
C G G G G
C G G G G G G

−

 

In formula(8), Gi,j represents the jth user in user group Gi.The flow chart of user 
clustering  is shown in Fig. 2.  



1368                                                                                                 Li et al.: User Clustering Scheme for Downlink of NOMA System 

 

 

 
Fig. 2. Flow chart of user clustering 

 
Since the system throughput performance is related to the results of the user power 

allocation within the cluster, the power allocation results between users in the cluster are 
given in section 3.2. 

3.2 Power Allocation of Users in a Cluster 
The throughput of the K-user cluster in the downlink of NOMA system is shown in formula 
(3).  represents the minimum transmission rate of the kth user in cluster i, 

and , then the power allocation problem of cluster i can be further expressed as[11]: 

                           (9) 

subject to: 

                                                       (10) 
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Ptol refers to the minimum power difference between the signal to be decoded and the 
remaining undecoded signal. Formula (10) represents the constraint of the sum of the power 
allocation coefficient of the NOMA system, formula (11) denotes the minimum transmission 
rate constraint, and formula (12) represents SIC constraints. 

According to formulas (9) to (12), the Lagrange objective function is constructed as 
follows: 
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Among them, ,1 ,2 ,{ , ,......, }i i i i Ka a a a≡ is power allocation coefficient combination in 

cluster i; ,1 ,2 ,, ,...... },{i i i i Kν ν ν ν≡ , ,2 ,3 ,, ,...... },{i i i i Kλλλλ   ≡  are Lagrange coefficient 

combinations, and ,
, 2 i kR B

i kϕ = . The Lagrange multiplier method is used to optimize the 
objective function to obtain the optimal power allocation. We can write 
KKT(Karush-Kuhn-Tucher) conditions as follows: 
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The combinations of Lagrange coefficients satisfying the KKT condition are obtained 
through formula (14) to formula (17) and then choosing one combination to solve the power 
distribution factor[20]. In this paper, when the coefficients are combined into {µi,li,2,li,3,…, 
li,K}, the power allocation results of each user in cluster i are shown in (18)[20]. 
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4. Numerical Results and Discussions 

4.1 Parameter settings of NOMA downlink 
For the scenario in Fig. 1, assume the number N of system users is 12 and system sub-channel 
bandwidth B is 180kHz.  

The distance di,k between the user k in cluster i and the central base station (CBS) is assumed 
normalized by the radius of CBS coverage; di,k varies between 0 and 1 as users moves 
randomly in the cell. The link gain hi,k ~ CN(0, di,k

-4), The detection threshold Ptol at the SIC 
receiver in formula (12) is 10dBm. Based on the above assumptions, MATLAB is used to 
simulate the throughput under different clustering schemes. 

Fig. 3 shows the user clustering results when the number of system users is 12 (T = 6), Users 
in the two user clusters are C1={UE1, UE3, UE4, UE7, UE8, UE12} and C2= {UE2, UE5, UE6, 
UE9, UE10, UE11} respectively. If the hybrid clustering scheme is adopted when the number of 
user groups increases to 6, users in the two clusters are C1

’={UE1,UE3,UE5,UE7,UE10,UE12} 
and C2

’={UE2,UE4,UE6,UE8,UE9,UE11} respectively. 
 

G1 G2 G3 G4 G5 G6

C1

C2

UE1 UE2 UE3 UE4 UE5 UE6 UE7 UE8 UE9 UE10 UE11 UE12

Fig. 3. Example to the proposed group-based user clustering scheme 

4.2 Simulation results discussion 
As the positions of middle user 4, user 8, user 5, and user 9 in clustering results C1, C2 are 
different comparing with their positions in C1’, C2’, these middle users’ throughput will be 
different according to the principle of power domain NOMA. 

Fig. 4 shows the throughput of middle user 4 and user 8 is larger for the proposed clustering 
scheme than that of the hybrid clustering scheme. Whereas Fig. 5 shows the throughputs of 
middle user 5 and user 9 is smaller for the proposed clustering scheme than that of hybrid 
clustering scheme.  
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How is about the total system throughput in the downlink NOMA system then? To address 
this question, the throughput difference of user n with the above two clustering schemes is 
defined as ∆thn showing in formula (19). 

 
, =1,2, ...... , ,                                (19)proposed hybrid

n n nth Th Th n N∆ = −  

 

Fig. 4. Throughput of user 4 and user 8 under two different clustering schemes(N=12) 

Fig. 5. Throughput of user 5 and user 9 under two different clustering schemes(N=12) 
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where proposed
nTh , hybrid

nTh represent the throughputs of user n with the proposed clustering 
scheme and that of with hybrid clustering scheme.  

The growth rate Gth of total system throughput is shown in formula (20). 
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Fig. 6 shows the growth rate Gth of total system throughput of the proposed clustering 

scheme is 8% greater than that of the hybrid clustering scheme when SNR is -5dB. Besides, 
the growth rate Gth of total system throughput decreases with the increase of SNR.  

As the number of system users increases, the throughput of user clusters after once 
clustering gradually decreases, even less than the throughput of the user cluster under OMA. 
In this case, for example, if the number of system users increases to 24, after the proposed 
clustering scheme proceeded once, the throughput of the resulting two cluster is no better than 
that of using hybrid clustering scheme. In order to improve the throughput better in this case, a 
secondary clustering procedure for each cluster with the proposed clustering scheme is 
suggested. The result after the secondary clustering is C11= {1,4,7,12,15,24}, C12= 
{3,8,11,16,19,20}, C21= {2,6,9,14,17,23}, C22= {5,10,13,18,21,22}. For comparing 
convenience, the clustering result based on the idea of hybrid clustering scheme is 
{1,5,9,13,20,24}, {2,6,10,14,19,23}, {3,7,11,15,18,22} and {4,8,12,16,17,21} when the 
number of user groups increases to 4. 

Fig. 6. System throughput growth rate compared with  
hybrid clustering scheme (N=12) 
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Fig. 7 shows the total throughput growth rate of the system after secondary clustering is 

13% greater than the hybrid clustering scheme when SNR is -5dB, which demonstrates the 
system throughput of the proposed clustering scheme is higher than that of the hybrid 
clustering scheme. This is because, after secondary clustering with the proposed scheme, the 
interference between users in each cluster reduced, resulting in an increase in throughput. 

5. Conclusion 
The user clustering problem of NOMA in 5G mobile communication is studied in this paper. 
An improved clustering scheme based on user group is proposed, which can improve further 
the total throughput of the NOMA downlink system by increasing some middle users’ 
throughput. The simulation results show that the clustering scheme proposed in this paper 
effectively improves the throughput of some middle users compared with hybrid clustering 
scheme. The system throughput has increased comparing with that of the hybrid clustering 
method. When the number of system users increased, a secondary clustering procedure might 
be need to obtain a system throughput improvement desired. However, the number of users 
that can be accommodated in a single user cluster and how many user clusters need to be 
clustered at most needs to be further studied. 
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