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ABSTRACT This paper proposes receive diversity with power adaptation for a non-orthogonal multiple
access (NOMA) system in a multi-user circumstance. Since the basic concept of power domain NOMA
divides user data by the difference of power, successive interference cancellation (SIC) is necessary
to extract user data. In the process of SIC calculation, the error propagation has occurred. Therefore,
signal-to-interference-plus-noise ratio (SINR) decreases as the number of user entity increases in a power
domain NOMA system. In order to mitigate the inter-user interference, data are allocated to subcarriers with
an instantaneous user grouping scheme. With the subcarrier structure of the instantaneous user grouping
scheme, this paper proposes receive diversity to improve the bit error rate (BER). However, since the diversity
method decreases the sum capacity of the system, a power adaptation method is also proposed to compensate
the sum capacity. The simulation results show that the proposed method improves the BER performance
than the conventional scheme and increases sum capacity that is decreased by the receiver diversity scheme.

INDEX TERMS NOMA, SIC, power adaptation, receive diversity, user grouping, MRC.

I. INTRODUCTION
For the last 30 years, wireless communication has been
evolved in the needs of faster data transmission and larger
user capacity. Therefore there have been several user mul-
tiplexing technologies for the base station (BS) to accom-
modate multiple users [1], [2]. Frequency division multiple
access (FDMA) and time division multiple access (TDMA)
were the key multiplexing technologies for 1G and 2G com-
munication. For 3G communication, it was code division
multiple access (CDMA). Finally for 4G communication, it is
orthogonal frequency division multiple access (OFDMA).
Most of thesemultiplexing technologies are known as orthog-
onal multiple access (OMA) since user data are multiplexed
with orthogonality.

However, for the 5G communication, new multiplexing
technology called NOMA has emerged to meet the demands
for data rate and capacity [3]–[6]. Numerous NOMA schemes
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exist and are categorized into two different domains of power
and code domain NOMA [7]–[9]. This paper focuses on the
power domain NOMA since it is a main research topic of
the NOMA.

The representative method for the power domain NOMA is
a basic NOMAwith a SIC receiver shown in Fig. 1 [10], [11].
Power domain NOMA is one of a non-orthogonal multi-
user superposition transmission (MUST) techniques. How-
ever, the basic power domain NOMA has problems such as
error propagation and inter-user interference which degrades
BER. There were previous works to increase BER perfor-
mance or capacity of the power domain NOMA.M.B.Shahab
suggested time sharing NOMA (TS-NOMA) to increase
capacity [12]. There are situations which users cannot be
paired with the user grouping scheme due to random cellu-
lar deployment. Therefore, TS-NOMA accommodates users
which have similar channel gain to improve sum capacity.
I.A.Mahady suggested improper Gaussian signaling (IGS)
based NOMA to increase sum capacity under imperfect SIC
calculation [13]. IGS looses the power constraint of the signal
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FIGURE 1. A basic NOMA system block diagram.

components to increase overall sum capacity. J.W.Kim sug-
gested generalized space shift keying applied NOMA system
to increase sum capacity and BER performance at the same
time [14]. The spatial domain is assigned to cell-edge users
for transmitting symbol information using the antenna index
only without SIC. However, in [12], time synchronization
is necessary to gain reasonable BER performance. Without
time synchronization, TS-NOMA cannot avoid the timing
error. In [13], the sub-optimal IGS coefficient that increases
sum capacity can be achieved only after the system iteration
which consumes time and power. In [14], BER and capacity
performance are increased but additional transmit antennas
are necessarily needed.

Therefore, this paper proposes a method which improves
BER performance and compensates sum capacity with no
additional relay unit, antenna, power and iterative sequence.
Since the proposed method is applied upon the instantaneous
user grouping method, the system can apply varying chan-
nel states. The power allocation complexity also decreases
by maintaining the power level. Consequently, the proposed
method mitigates the inter-user interference by using the
user grouping scheme and raises the BER quality by using
subcarrier diversity. It also compensates the capacity that is
decreased by the diversity scheme with power adaptation.

User grouping is a scheme that groups multi user data by
certain order in each subcarrier [15], [16]. It is used to reduce
inter-user interference while accommodating multiple users
in the proposed scheme. Receive diversity is a scheme that
combines same data in different channel to achieve diversity
gain. There are many combining methods of receive diver-
sity in the literature [23]–[25]. The proposed scheme takes
advantage of using one of the methods called maximal ratio
combining (MRC) to achieve maximum channel gain. Power
adaptation scheme is a scheme that adjusts the allocated
power of the data [17], [18]. It aims to enhance sum capacity
of the system in the proposed scheme.

Section 2 describes the system model of the basic
power domain NOMA which doesn’t use user grouping
scheme. Section 3 describes the instantaneous user group-
ing scheme for the mitigation of the inter-user interference.
Section 4 describes the proposed method that applies receive
diversity with power adaptation. Section 5 shows simulation
results and section 6 concludes the paper.

FIGURE 2. A basic NOMA system model.

II. POWER DOMAIN NOMA
Fig. 2 shows the downlink transmission of the basic power
domain NOMA system model. BS and UE indicate a base
station and a user entity respectively. P, f , and t in the third
dimension graph indicate power, frequency, and time.H1 and
H2 indicate a channel from BS toUE1 and a channel from BS
to UE2 respectively.
BS superimposes all user data and allocates power. Power

allocation is done by measuring channel states of each user
entity. It is assumed that channel H2 has better condition
than channel H1 according to their distances between BS and
UEs. Therefore, BS allocates stronger power to the data of
UE1 than to the data of UE2. Power allocation of the NOMA
scheme is different from the usual case that user of good chan-
nel state gets stronger power and user of bad channel state
gets weaker power [19], [20]. Since power domain NOMA
distinguishes user entities by transmit power, each user of
the system undergoes inter-user interference. Therefore, if the
user with bad channel state gets weaker power than the others,
the performance of the user with bad channel state becomes
very poor.

It is assumed that the BS of the system model allocates
power according to the channel sates of the subcarriers.
Therefore, power distribution of the power domain NOMA
system is done by using the channel state information (CSI)
[21]. Power distribution is expressed as follows,

Pi =
Pt

|Hi|2
m∑
l=1

1
|Hl |2

, (1)

where Pi, Pt , Hi, and m indicate the individual allocated
power, the total power, the channel state between BS andUEi,
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and the number of total UEs respectively. It is assumed that
the total power Pt is constrained in the transmitter. With the
allocated power Pi, total transmit data Xt can be written as
follows,

Xt =
m∑
i=1

PiXi, (2)

where Xi indicates the UEi’s required data. User entity which
hasHi channel state from the BS requires the data Xi. BS than
obtains channel information from the feedback channel and
allocates power Pi to the Xi according to (1). BS accumulates
all data to form Xt and broadcasts it to every user entities.
Therefore, the received signal Yi at the UEi is expressed as
follows,

Yi = XtHi + Ni, (3)

where Ni indicates the thermal noise at the receiver. User
entities of the receiver side should perform SIC calculation to
extract their own data from the received data Yi. In the system
model of the Fig. 2, UE2 performs SIC and UE1 does not
perform SIC. Since the allocated power ofUE1’s data is large
enough to consider the data of UE2 as noise, UE1 directly
demodulates Y1.

However, basic power domain NOMAwhich is also shown
in [22], has major problem that the distributed power for
each user decreases as the number of user entity increases
and leads to poor BER performance since the total transmit
power Pt is a fixed value. Therefore, the power domain
NOMA without user grouping scheme is inappropriate to
support multi users. This paper therefore proposes method
to improve BER performance and compensate sum capacity
by utilizing the structure of the conventional instantaneous
user grouping which mitigates the inter-user interference and
error propagation. In the next sections, since three users
are the minimum number to show the meaningful results of
the user grouping scheme, NOMA system with three users
is considered. However, since the proposed method can be
extended to m-users, the system model and simulation results
considering m-users are shown in the simulation part.

III. INSTANTANEOUS USER GROUPING
Basic power domain NOMA is inappropriate to accommo-
date multi users due to inter-user interference. Therefore,
this paper utilizes user grouping scheme which groups the
data of user entities by applying instantaneous channel states
over the whole bandwidth to mitigate inter-user interference
and improve BER performance. Since the instantaneous user
grouping scheme considers a varying channel among subcar-
riers, it can be used in scenario where a lot of random noise
signals with different frequencies exist.

Fig. 3 shows the superimposed data partitioned into several
subcarriers where sk refers to the k − th subcarrier of the
aggregated data. Three user data are multiplexed and grouped
into two power levels P1 and P2 in each subcarrier. Since
there are only two power levels in the user grouping NOMA,

FIGURE 3. Efficient user grouping with 3 user entities.

the SIC calculation for every single subcarrier is reduced
compared to the basic power domain NOMA which accom-
modates more than three users. Channel gains between the
BS and the users can be defined as follows,

H1 = (h1,1, h1,2, . . . , h1,U )

H2 = (h2,1, h2,2, . . . , h2,U )

H3 = (h3,1, h3,2, . . . , h3,U ), (4)

where U indicates the number of total subcarriers. H1, H2,
and H3 represent channel gains between BS and each user
which has U subcarriers. Therefore, h1,1 represents the first
subcarrier of H1 which indicates channel between BS and
UE1. The process to group three user data requires channel
sorting by using the subcarriers of the channels as follows,

hmax,k = max(|h1,k |2, . . . , |hi,k |2) (k = 1, . . . ,U ), (5)

hmin,k = min(|h1,k |2, . . . , |hi,k |2) (k = 1, . . . ,U ), (6)

where hi,k indicates the k − th subcarrier of Hi. hmax,k and
hmin,k represent maximum and minimum channel gain for
each k − th subcarrier among three channels. BS gets each
channel gain from the users through feedback channel and
performs channel sorting by calculating best and worst chan-
nel gain such as (5) and (6). The channel sorting process
should be done over the whole subcarriers. After this proce-
dure, BS calculates power according to (1). Calculating allo-
cation power is essential to group three user data.Weak power
P2 is allocated to the data of the user i which its subcarrier
hi,k has the best channel state. Similarly, strong power P1 is
allocated to the data of the user i which its subcarrier hi,k has
the worst channel state. Finally, BS aggregates all user data
as in Fig. 3 and broadcasts the aggregated data. With this user
grouping, superimposed data reflect the state of the individual
subcarrier channels, and BS can group more than two users
into two power levels. Therefore, inter-user interference is
mitigated by this user grouping scheme.

Fig. 4 shows the user grouping transmission from BS to
three user entities. BS transmits the aggregated data to all
three users simultaneously. In Fig. 4, weak power is allocated
to the data of UE1. Only one SIC calculation is performed to
extract the data of UE1. Since Fig. 4 represents the situation
of the subcarrier s1 and s2 in Fig. 3, in the view of s3 in Fig. 3,
UE2 should perform single SIC calculation to extract the
data. Therefore, with the user grouping, all user data can
be allocated by the weak or strong power over the whole
subcarriers. Accordingly, unlike conventional NOMA, user
entities of user grouping NOMA system should know the
position of their subcarriers.
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FIGURE 4. User grouping system with 3 user entities.

It is assumed that user entities obtain the informationwhich
subcarrier sk carries UEi’s data as the data with strong or
weak power through the feedback channel from the BS. The
information is based on (5) and (6) from the BS. With this
information, each user entity finds its data in the subcarriers.
Therefore, for individual subcarrier, all three user entities get
the superimposed data as follows,

Yi,k =
√
P1xi,k +

√
P2xj,k (i, j = 1, 2, 3), (7)

where Yi,k , xi,k , and xj,k indicate the k − th subcarrier of
the aggregated data at the UEi, the UEi’s data in the k − th
subcarrier and the UEj’s data in the k − th subcarrier respec-
tively. (7) shows the user grouping property that the demod-
ulation process for a certain user data should be sequentially
different among the whole subcarriers. In the view of UE1,
UE1 directly demodulates its data from the subcarriers where
strong power is allocated to UE1. On the contrary, UE1 per-
forms SIC calculation to extract its data from the subcarriers
where weak power is allocated to UE1. Finally UE1 gets its
whole data after this demodulation process.

With the instantaneous user grouping scheme, three user
entity NOMA system avoids the inter-user interference
caused by multi users in the same channel and the error
propagation caused by the accumulation of the demodulation
error.

IV. PROPOSED METHOD
A. SUBCARRIER RECEIVE DIVERSITY
User grouping scheme enables each subcarrier to apply chan-
nel state instantaneously. With the structure of user grouping,
receiver diversity can be applied by assuming that there are
the same data in the weak power position. For example, it is
assumed that the data, which are allocated with P2 within
subcarrier s1 and s2 in Fig. 3, are the same. This paper
applies maximal ratio combining (MRC) which is one of
many diversity methods [23]–[25]. With the MRC, the signal
to noise ratio (SNR) of the NOMA system is maximized for
subcarriers using the structure of the user grouping while
giving up certain amount of capacity since the same data are
assumed in subcarrier pairs.

Each user gets the whole aggregated data which BS broad-
castes to the users. During the demodulation process, subcar-
rier diversity scheme is applied to maximize the performance

FIGURE 5. Subcarrier allocation of the aggregated data.

of the user data which are allocated with P2. Subcarriers
which have the data of UEi allocated with P2 are shown
in Fig. 5. By the basic principle of the power domain NOMA,
user entities directly demodulate the data in subcarriers which
are allocated with P1. For the data which are allocated with
P2, user entities perform subcarrier diversity using the struc-
ture formed by instantaneous user grouping.

For the data ofUE1, P2 is allocated in subcarriers s1, s2, s4,
and s6 in Fig. 3. Among the subcarriers, there are subcarrier
pairs which have the same data in the position of weak power
while having different data in the position of strong power.
Since individual subcarriers can be regarded as individual
channels, s1, s2 pair and s4, s6 pair can be calculated with
subcarrier diversity usingMRC [25] in Fig. 5. All user entities
can perform MRC with the pairs of subcarriers which have
the same data allocated with weak power P2 and different
data allocated with strong power P1. Overall processes of the
MRC are as follows,

Y1,1 =
√
P1x2h1,1 +

√
P2x1h1,1 + n1,1

Y1,2 =
√
P1x3h1,2 +

√
P2x1h1,2 + n1,2, (8)

where ni,k indicates noise of the UE1’s k − th subcarrier. For
the understanding ease, this paper calculates MRC procedure
focused in the view of subcarrier s1 and s2 ofUE1. Therefore,
this paper expresses the index of s1 and s2 ofUE1 as subscript
(1, 1) and (1, 2) in the equation (8). However, this paper
generalizes subscript (1, 1) into a and (1, 2) into b since s1
and s2 are not the only subcarriers which use MRC. Received
data Ya and Yb haveUE1’s data in commonwithP2. To extract
UE1’s data,UE1 should perform SIC in the received signal Ya
to demodulate the data which are allocatedwithP1 as follows,

Ya
√
P1ha

= x2 + (

√
P2
√
P1
x1 +

na
√
P1ha

)

Yb
√
P1hb

= x3 + (

√
P2
√
P1
x1 +

nb
√
P1hb

). (9)

To extract UE1’s data which are allocated with P2, UE1
demodulates the data which are allocated with P1 and
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subtracts it from the received data as follows,

Ya −
√
P1x̃2h̃a =

√
P2x1ha + ña

Yb −
√
P1x̃3h̃b =

√
P2x1hb + ñb. (10)

It is assumed that channel estimation and user data demodu-
lation process are perfect. Therefore, tilde sign in (10) can be
removed. If Ya−

√
P1x̃2h̃a and Yb−

√
P1x̃3h̃b are represented

as Y ′a and Y
′
b, the following equations can be obtained,

h∗aY
′
a = α

2
1

√
P2x1 + h∗ana

h∗bY
′
b = α

2
2

√
P2x1 + h∗bnb, (11)

where h∗a and h
∗
b indicate the conjugate of the channel group

a, and the conjugate of the channel group b. Since the channel
ha and hb are represented as α1ejθ and α2ejθ with the weight
factor α in [25], h∗aha and h

∗
bhb can be represented as α21 and

α22 on the right hand side of (11). Since the data ofUE1 are the
only data left in (11), MRC calculation proceeds as follows,

h∗aY
′
a + h

∗
bY
′
b =

√
P2(α21 + α

2
2)x1 + h

∗
ana + h

∗
bnb, (12)

h∗aY
′
a + h

∗
bY
′
b

√
P2(α21 + α

2
2)
= x1 + (

h∗ana + h
∗
bnb

√
P2(α21 + α

2
2)
). (13)

Data ofUE1 can be demodulated with (13). The denominator
of the noise term becomes larger than the case of original
SIC calculation for basic power domain NOMA. Therefore,
the noise term is minimized and the SNR is increased by the
subcarrier diversity method.

However, there are remaining issues of this proposed
scheme. First, since subcarriers have to form pairs to per-
form MRC, the subcarrier which doesn’t have its pair can-
not perform MRC when the number of subcarriers is odd.
The subcarrier that does not have its pair should perform
SIC calculation as same as the basic power domain NOMA.
Second, the BER performance gain of the MRC changes by
the number of the subcarrier pairs. Therefore, the closest
user tends to have the best performance enhancement by
the MRC while the furthest user tends to have the worst
performance enhancement. However, by using MRC com-
bined with instantaneous user grouping, proposed NOMA
system is able to avoid the error propagation caused by
SIC calculation and maximize the diversity gain of the
subcarriers.

B. SUBCARRIER POWER ADAPTATION
In the basic power domain NOMA system, the BER per-
formance of UEi’s data decreases when the allocated power
decreases. However, BER performance of the user data which
are allocated with weak power P2 in the proposed method
can be increased by using MRC. Therefore, this paper pro-
poses power adaptation scheme which increases the strong
power P1 and decreases P2 to compensate capacity which is
decreased by the MRC. Capacity of each subcarrier of the
proposed system model in Fig. 4 can be expressed according

to the Shannon’s theorem as follows,

Csum =
1
2
1flog2(1+

P2(|hi,k |2 + |hi,k ′ |2)
PN

)

+1flog2(1+
P1|hj,k ′′ |2

P2|hj,k ′′ |2 + PN
), (14)

where k and k ′ indicate subcarrier indexes which use MRC
as a pair in the condition of k 6= k ′. k ′′ indicate subcarrier
index which doesn’t use MRC. Csum and1f indicate the sum
capacity of a single subcarrier, and bandwidth of a single
subcarrier. PN , i, and j indicate noise power, UE index which
uses MRC, and UE index which doesn’t use MRC. The first
term of the equation is a capacity of the user i in a subcarrier k
which uses MRC. Since it is assumed that there are the same
data in a subcarrier pair which uses MRC, the first term has
to be divided into two. The second term of the equation is
a capacity of the user j in a subcarrier k ′′ which doesn’t use
MRC.

Since power adaptation method aims to increase the strong
power P1 and to decrease the weak power P2, the sum capac-
ity in equation (14) increases when the power adaptation
mehod is applied. Power adaptation method is done by the
transmitter. The transmitter increases P1 to P′1 and decreases
P2 to P′2 of the subcarriers which use MRC as follows,

R =
(α21 + α

2
2)

α21

, (15)

P′1 =

√
P1R

√
P2 +

√
P1R

, (16)

P′2 =

√
P2

√
P2 +

√
P1R

, (17)

where R, P′1, and P
′

2 indicate the ratio of channel gain incre-
ment, adjusted strong power and the adjusted weak power.

Fig. 6 shows the aggregated data applied by adaptive power
allocation. The subcarriers s9 and s10, have the same power
allocation as in Fig. 3. However, transmitter adjusts the allo-
cated power for the subcarriers which use MRC. Transmitter
decreases the weak power of the data which use MRC in the
subcarriers s1 to s8. It can be seen that the UE3’s data of s5
and s9 have different error rate by the difference of allocated
power. Since the error rate of the UE3’s data in s5 is more
tolerable than that of s9 because of the MRC, power differ-
ence of the strong and weak power can be adjusted to improve
the error rate and sum capacity of the user data in the strong
power P′1 position. Consequently, subcarrier receive diversity
with power adaptation method enhances BER performance
and compensates the sum capacity which is downgraded by
the receiver diversity.

FIGURE 6. Adaptive power allocation.
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V. SIMULATION RESULTS
In this section, simulation results are shown.

Table. 1 shows simulation parameters in this paper. Simu-
lations are done by transmitting orthogonal frequency divi-
sion multiplexing (OFDM) symbol with 128 subcarriers.
The size of guard interval is 32. It is assumed that the number
of transmit and receiver antenna is one. Binary phase shift
keying (BPSK) is used for modulation and Rayleigh fading
channel is assumed with 7 paths. In the simulation, the dis-
tance rate of the users is set to be 1.2. For example, if there
are three users in the system, the distances between the BS
and the users are 1, 1.2, and 1.44.

TABLE 1. The simulation parameters.

With the simulation parameters, Fig. 7 shows the BER per-
formance of the NOMA schemes. The term UG and PA indi-
cate user grouping and power adaptation. Black dotted line
indicates the BER performance of the basic power domain
NOMA. Black solid line indicates the BER performance of
the user grouping applied NOMA. Blue line refers to the BER
performance of the user grouping NOMAwithMRC. Finally,
red line indicates the BER performance of the proposed
NOMA system which the power adaptation scheme is added.
The black dotted line refers to the average BER performance
of two user scenario while the solid lines refer to the average
BER performance of three user scenario. Therefore, it can be
seen that the inter-user interference is successfully mitigated
by adjusting user grouping scheme.

FIGURE 7. The BER performance of NOMA schemes.

FIGURE 8. The sum capacity of NOMA schemes (3 user scenario).

MRC is applied to enhance the BER performance by using
the structure of user grouping scheme. Therefore, blue line
has better BER performance than the solid black line. Addi-
tionally, to compensate the sum capacity, this paper adjusted
power adaptation method by increasing the strong power
and decreasing the weak power. Therefore, the overall BER
performance further increases in Fig. 7.

Fig. 8 shows the sum capacity of the NOMA schemes
in three user scenario. The black dotted line refers to the
sum capacity of the basic power domain NOMA. The black
solid line refers to the sum capacity of the NOMA with
user grouping. The user grouping NOMA has slightly better
capacity than the basic power domain NOMA since the user
grouping mitigates the inter-user interference. The blue line
refers to the user grouping applied in the NOMA with MRC.
By adjusting subcarrier diversity scheme, the sum capacity
of the NOMA system decreases since there are identical
data in subcarrier pairs which use MRC. It can be seen in
the first term of (14) that the capacity is divided into two.
Therefore, the sum capacity of NOMA system which uses
MRC downgrades. However, BS of the proposed scheme
compensates sum capacity by adjusting power as the red line
in Fig. 8. The BS decreases the allocated power of the user
data which use MRC, while increasing the allocated power
of the data which doesn’t use MRC to increase sum capacity.

Fig. 9 shows the required feedback information bits per
subcarrier of the NOMA schemes. BS needs to inform the
UEs of the presence of their data in subcarriers. BS also needs
to inform the UEs whether they need to perform MRC or
not. Therefore, it can be thought that the proposed scheme
requires more information bits to deliver to UEs than the
basic NOMA scheme. However, Fig. 9 shows that the basic
NOMA without user grouping needs more information bits
than the proposed NOMA when the number of user entity m
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FIGURE 9. Required bits per subcarrier.

exceeds six. The number of required feedback bits of the basic
NOMA is calculated as klog2(m!). Since a single subcarrier
is occupied by m users, there are m! possible combinations.
k is multiplexed for the number of subcarriers. Therefore,
the number of required bits of basic power domain NOMA
is calculated as follows,

Ebasic = klog2(m!), (18)

where Ebasic indicates the number of required bits of basic
power domain NOMA. However, the proposed method
requires more diverse information such as the possible com-
bination of the user occupation, the number of subcarriers
which use MRC, and the presence of the UEs data in sub-
carriers. Therefore, the number of required bits of proposed
NOMA is calculated as follows,

Eproposed = klog2(mP2)+
k
2
log2(k)+ k, (19)

where Eproposed indicates required bits of the proposed
NOMA with user grouping. The possible combination of the
user position can be calculated as mP2 in a single subcarrier
since there are only two levels of power distribution in the
proposed NOMA system. BS also needs to inform the exact
location of the subcarrier index which uses MRC. Since there
are two pairs of subcarriers which use MRC, UE only needs
to search for k/2 times and it is shown as the second term
of (19). Additionally, UE needs to search all k subcarriers
whether its data is presence in the weak power position or
not and it is shown as the third term of (19). By the (18) and
(19), it can be seen in Fig. 9 that the number of required bits
of the basic NOMA exceeds the proposed NOMA when the
number ofUEs in the system is over six. Therefore, it is more
practical to use the proposed NOMA scheme than the basic
NOMA in the system where there are more than six UEs.

FIGURE 10. The BER performance of NOMA schemes.

FIGURE 11. The sum capacity of NOMA schemes.

Fig. 10 shows the BER performance of the NOMA
schemes with m-users. The user grouping scheme success-
fully mitigates the inter-user interference by constraining the
power level into two. Therefore, the average BER perfor-
mance of NOMA system with the user grouping outperforms
the basic power domain NOMA. In order to increase the
BER performance by using the user grouping scheme, MRC
is applied to further increase the BER performance in the
proposed scheme and the simulation result is shown in the
blue line of Fig. 10. However, since the sum capacity of
the user grouping NOMA with MRC is decreased, the power
adaptation is proposed to compensate the loss of sum capac-
ity. Consequently, if the power adaptation is applied, the BER
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performance of the proposed method is increased than the
user grouping NOMA with MRC.

Fig. 11 shows the sum capacity of the NOMA schemes
with m-users. It is shown that the conventional NOMA
schemewith user grouping has the largest sum capacity. Since
each user in the conventional scheme should consider every
other users as interference, the sum capacity decreases as
the number of user increases. However, because the user
data of the user grouping NOMA system with MRC are
same in subcarrier pairs, sum capacity is decreased while
BER performance is increased. Therefore, power adaptation
is proposed to increase the sum capacity.

VI. CONCLUSION
Massive user capacity is required to increase the data traffic
in 5G communication. NOMA is one of the key technologies
to efficiently improve the user capacity. However, since the
users are distinguished with power difference in the NOMA
system, basic power domain NOMA has serious BER perfor-
mance degradation. To improve the BER performance, this
paper proposes subcarrier diversity over conventional instan-
taneous user grouping scheme which mitigates the effect of
inter-user interference and error propagation. Power adapta-
tion is also proposed to compensate the sum capacity loss
which is occurred by the subcarrier diversity and further
improve the BER performance. However, since the method
to improve the BER performance decreases sum capacity,
the proposed scheme needs improvement to balance the BER
performance and the sum capacity. Therefore, proposing an
optimization framework to find the optimal or sub-optimal
point of BER and sum capacity trade-off is left for future
work. The method to find the optimal point of BER and sum
capacity trade-off in random channel state by using machine
learning is also left for future work. A well trained artificial
model is expected to decrease the computational complexity
of the proposed NOMA system.

REFERENCES
[1] E. Erkip and B. Aazhang, ‘‘A comparative study of multiple accessing

schemes,’’ in Proc. Conf. Rec. 31st Asilomar Conf. Signals, Syst. Comput.,
Nov. 1997, pp. 614–619.

[2] H. Yin and S. Alamouti, ‘‘OFDMA: A broadband wireless access technol-
ogy,’’ in Proc. IEEE Sarnoff Symp., Mar. 2006, pp. 1–4.

[3] J. G. Andrews, S. Buzzi, W. Choi, S. V. Hanly, A. Lozano, A. C. K. Soong,
and J. C. Zhang, ‘‘What will 5G be?’’ IEEE J. Sel. Areas Commun., vol. 32,
no. 6, pp. 1065–1082, Jun. 2014.

[4] A. Benjebbour, A. Li, K. Saito, Y. Saito, Y. Kishiyama, and
T. Nakamura, ‘‘NOMA: From concept to standardization,’’ in Proc.
IEEE CSCN, Oct. 2015, pp. 18–23.

[5] Y. Chen, A. Bayesteh, Y. Wu, B. Ren, S. Kang, S. Sun, Q. Xiong, C. Qian,
B. Yu, Z. Ding, S. Wang, S. Han, X. Hou, H. Lin, R. Visoz, and R. Razavi,
‘‘Toward the standardization of non-orthogonal multiple access for next
generation wireless networks,’’ IEEE Commun. Mag., vol. 56, no. 3,
pp. 19–27, Mar. 2018.

[6] L. Dai, B. Wang, Y. Yuan, S. Han, C.-I. I, and Z. Wang, ‘‘Non-orthogonal
multiple access for 5G: Solutions, challenges, opportunities, and future
research trends,’’ IEEE Commun. Mag., vol. 53, no. 9, pp. 74–81,
Sep. 2015.

[7] S. M. R. Islam, N. Avazov, O. A. Dobre, and K.-S. Kwak, ‘‘Power-domain
non-orthogonal multiple access (NOMA) in 5G Systems: Potentials and
challenges,’’ IEEE Commun. Surveys Tuts., vol. 19, no. 2, pp. 721–742,
2nd Quart., 2017.

[8] O. Shental, B. M. Zaidel, and S. S. Shitz, ‘‘Low-density code-domain
NOMA: Better be regular,’’ in Proc. IEEE Int. Symp. Inf. Theory (ISIT),
Jun. 2017, pp. 2628–2632.

[9] H. Kitagawa and E. Okamoto, ‘‘Performance improvement of non-
orthogonal multiple access scheme using code division multiplexing,’’ in
Proc. Int. Conf. Inf. Netw. (ICOIN), Jan. 2017, pp. 327–331.

[10] K. Higuchi andA. Benjebbour, ‘‘Non-orthogonal multiple access (NOMA)
with successive interference cancellation for future radio access,’’ IEICE
Trans. Commun., vol. 98, no. 3, pp. 403–414, Mar. 2015.

[11] X. Chen, A. Beiijebbour, A. Li, H. Jiang, and H. Kayama, ‘‘Consideration
on successive interference canceller (SIC) receiver at cell-edge users for
non-orthogonal multiple access (NOMA) with SU-MIMO,’’ in Proc. IEEE
26th Annu. Int. Symp. Pers., Indoor, Mobile Radio Commun. (PIMRC),
Aug./Sep. 2015, pp. 522–526.

[12] M. B. Shahab and S. Y. Shin, ‘‘A time sharing based approach to accom-
modate similar gain users in NOMA for 5G networks,’’ in Proc. IEEE 42nd
Conf. Local Comput. Netw. Workshops, Oct. 2017, pp. 142–147.

[13] I. A. Mahady, E. Bedeer, S. Ikki, and H. Yanikomeroglu, ‘‘Sum-rate
maximization of NOMA systems under imperfect successive interference
cancellation,’’ IEEECommun. Lett., vol. 23, no. 3, pp. 474–477,Mar. 2019.

[14] J. W. Kim, S. Y. Shin, and V. C. M. Leung, ‘‘Performance enhancement of
downlink NOMA by combination with GSSK,’’ IEEE Wireless Commun.
Lett., vol. 7, no. 5, pp. 860–863, Oct. 2018.

[15] E. M. Almohimmah, M. T. Alresheedi, A. F. Abas, and J. Elmirghani,
‘‘A simple user grouping and pairing scheme for non-orthogonal multiple
access in VLC system,’’ in Proc. 20th Int. Conf. Transparent Opt. Netw.
(ICTON), Jul. 2018, pp. 1–4.

[16] J.-M. Kang and I.-M. Kim, ‘‘Optimal user grouping for downlink NOMA,’’
IEEE Wireless Commun. Lett., vol. 7, no. 5, pp. 724–727, Oct. 2018.

[17] I. Randrianantenaina, M. Kaneko, H. Dahrouj, H. ElSawy, and
M.-S. Alouini, ‘‘Joint scheduling and power adaptation in NOMA-
based fog-radio access networks,’’ in Proc. IEEE Global Commun. Conf.
(GLOBECOM), Dec. 2018, pp. 1–6.

[18] G. Liu, X. Chen, Z. Ding, Z. Ma, and F. R. Yu, ‘‘Hybrid half-duplex/full-
duplex cooperative non-orthogonal multiple access with transmit power
adaptation,’’ IEEE Trans. Wireless Commun., vol. 17, no. 1, pp. 506–519,
Jan. 2018.

[19] Y. Zhu and S. Sun, ‘‘A newwaterfilling power allocationmodel in cognitive
OFDMA networks,’’ in Proc. IEEE 4th Int. Conf. Electron. Inf. Emergency
Commun., Nov. 2013, pp. 333–336.

[20] S. Yu, G. Daoxing, L. Lu, and D. Xiaopei, ‘‘A modified water-filling algo-
rithm of power allocation,’’ in Proc. IEEE Inf. Technol., Netw., Electron.
Autom. Control Conf. (ITNEC16), May 2016, pp. 1125–1129.

[21] M. M. El-Sayed, A. S. Ibrahim, and M. M. Khairy, ‘‘Power allocation
strategies for non-Orthogonal multiple access,’’ in Proc. Int. Conf. Sel.
Mobile Wireless Netw. (MoWNeT), Apr. 2016, pp. 1–6.

[22] M. S. Ali, H. Tabassum, and E. Hossain, ‘‘Dynamic user clustering
and power allocation for uplink and downlink non-orthogonal multiple
access (NOMA) systems,’’ IEEE Access, vol. 4, pp. 6325–6343, 2016.

[23] W. Li, N. C. Beaulieu, and Y. Chen, ‘‘Generalized receiver selection com-
bining schemes for alamouti MIMO systems with MPSK,’’ IEEE Trans.
Commun., vol. 57, no. 6, pp. 1599–1602, Jun. 2009.

[24] U. H. Rizvi, F. Yilmaz, M.-S. Alouini, G. J. M. Janssen, and J. H. Weber,
‘‘Performance of equal gain combining with quantized phases in Rayleigh
fading channels,’’ IEEE Trans. Commun., vol. 59, no. 1, pp. 13–18,
Jan. 2011.

[25] S. Alamouti, ‘‘A simple transmit diversity technique for wireless commu-
nications,’’ IEEE J. Sel. Areas Commun., vol. 16, no. 8, pp. 1451–1458,
Oct. 1998.

JI-HWAN KIM received the B.S. degree in infor-
mation and communications engineering from
Sejong University, Seoul, South Korea, in 2018,
where he is currently pursuing the M.S. degree
with the Department of Information and Com-
munications Engineering. His research interests
include wireless communication system design
and ambient RF communication systems.

102874 VOLUME 7, 2019



J.-H. Kim et al.: Performance Enhancement Using Receive Diversity With Power Adaptation

WON-SEOK LEE was born in Seoul, South Korea,
in 1991. He received the B.S. and M.S. degrees
in information and communication engineering
from Sejong University, Seoul, in 2016 and 2018,
respectively, where he is currently pursuing the
Ph.D. degree with the Department of Information
and Communications Engineering. His research
interests include wireless communication system
design and broadcasting communication systems.

HYOUNG-KYU SONG received the B.S., M.S.,
and Ph.D. degrees in electronic engineering from
Yonsei University, Seoul, South Korea, in 1990,
1992, and 1996, respectively. From 1996 to 2000,
he was a Managerial Engineer with the Korea
Electronics Technology Institute (KETI), South
Korea. Since 2000, he has been a Professor with
the Department of Information and Communica-
tions Engineering, Sejong University, Seoul. His
research interests include digital and data commu-

nications, information theory, and their applications with an emphasis on
mobile communications.

VOLUME 7, 2019 102875


	INTRODUCTION
	POWER DOMAIN NOMA
	INSTANTANEOUS USER GROUPING
	PROPOSED METHOD
	SUBCARRIER RECEIVE DIVERSITY
	SUBCARRIER POWER ADAPTATION

	SIMULATION RESULTS
	CONCLUSION
	REFERENCES
	Biographies
	JI-HWAN KIM
	WON-SEOK LEE
	HYOUNG-KYU SONG


