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Abstract—Fifth-generation of wireless cellular systems has the
potential to increase capacity, spectral efficiency, and fairness
among users. The Non-Orthogonal Multiple Access based
wireless networks (NOMA) is the next generation multiplexing
technique. NOMA breaks the orthogonality of traditional
multiple access to allow multiple users to share the same radio
resource simultaneously. The main challenge in designing NOMA
is the selection of the resource allocation algorithms since user
pairing and power allocation are coupled. This paper compares
the performance of three power allocation schemes: fixed power
allocation, fractional transmit power allocation and full search
power allocation. The algorithms are analyzed in different
simulation scenarios using three performance metrics of the
spectrum efficiency and energy efficiency and sum rate.
Additionally, the impact of user pairing algorithms studied
through two user pairing schemes: random user pairing and
channel state sorting based user pairing. Results indicate the
superiority of NOMA to increase the capacity compared to
traditional orthogonal multiple access. On the other hand, full
search power allocation is the best performance compared to the
other power allocation schemes though it is highly complex
compared to fractional transmit power that gives a suboptimal
performance.

Keywords—Non-Orthogonal Multiple Access; NOMA; Power
Allocation; User Pairing; Spectral Efficiency; Sum Rate

I.  INTRODUCTION

Smartphones nowadays are considered as a core of our
lives, due to several services and applications provided, where
phone calls are not the only applicable service. Services such
as watching TV, playing games, and attending online lectures
can be performed easily through our phones. A group of
multiple accessing schemes has been introduced over cellular
generations to reach this level of service diversity with
excellent performance. Multiple accessing schemes that
utilized over the past generations have relied on orthogonality
that resembles exclusive usage of resources either in time,
frequency, or code domain. The first generation has used
Frequency Division Multiple Access (FDMA) [1]; the second
generation has utilized Time Division Multiple Access
(TDMA), and the third generation has used Code Division
Multiple Access (CDMA) [2]. The fourth generation Long
Term Evolution (LTE), employs Orthogonal Frequency
Division Multiple Access (OFDMA) and Single-Carrier (SC)-
FDMA that have been used as the Orthogonal Multiple Access
(OMA) to eliminate mutual interference among users [3].

OMA provides high-performance gain within a reasonable
number of users, and it can avoid inter-user interference.
Though, OMA suffers from lacking the ability to support an
increasing number of users due to the exclusive utilization of
the orthogonal resource besides that it cannot provide an
excellent experience to all users in the system that causes
higher latency and bad cell-edge users’ experience [4].

The cellular data traffic is expected to reach a thousand-
fold for the next decades with respect to the increased number
of connected devices in addition to novel technologies
integrated, such as the Internet of Things (loT) [5][6].
Different approaches have been proposed for fifth-generation
(5G), one of which is Non-Orthogonal Multiple Access
(NOMA), to improve spectral efficiency [7]. In contrast to
OMA, NOMA enables concurrent resource sharing among
users with negligible interference that results in supporting
massive connectivity and boosting spectral efficiency.
Accordingly, each user retrieves its signal via complicated
Multiuser Detection (MUD) techniques that solve co-channel
interference [8]. Moreover, NOMA increases the fairness
among users and decrease the latency such that users in cell
edge, i.e., low channel quality based on its geographical
position can use resources as other users with high channel
condition. Unlink OMA, that prefer allocates resources to users
with good channel coefficient, which cause delay to users with
poor channel condition, which helps in increasing the
throughput of cell-edge users [9]. Additionally, NOMA does
not have a restriction on the number of users that could be
served based on the number of available subchannels [10].

Various non-orthogonal multiple access schemes proposed,
such as Multiuser Superposition Transmission (MUST) for
LTE [11]. According to [10], NOMA multiplex the users into
either power or code domains such as Interleave Division
Multiple Access (IDMA), Low Density Spreading (LDS),
Sparse Code Multiple Access (SCMA), Pattern Division
Multiple Access (PDMA). Power domain NOMA works by
superimposing the signals into the same frequency or time
domain through Superposition Coding (SC) within distinctive
power levels. A superimposed signal that multiplexed over the
power domain detected via Successive Interference
Cancellation (SIC), which subtracts the interference between
signals so that each user can decode its signal at end-users
receivers. SIC decodes the coexistence signals iteratively,
leading to recovering each user message [12]. The performance
of NOMA particularly affected by SIC and the pair of users
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share the same resource [13]. Disparate from OFDMA, channel
condition correlated with system performance, where a number
of studies stated that a large channel gain difference maximizes
the sum rate of the system [14][15].

To support multi-users to share the same time-frequency
resources, user pairing and power allocation algorithms are
necessary to allocate different power levels. The main
concentration of this paper is to compare the performance of
three algorithms for resource allocation. The remaining
sections of this paper discuss the mathematical model and
different user pairing and power allocation algorithms.
Section Il presents background information of both downlink
and uplink NOMA systems, where Section Il mathematically
presents the computation of the performance metrics of NOMA
for the multiple users and multiple subchannels scenario.
Section IV presents various user pairing and power allocation
schemes. In Section V, the performance scenarios and
performance metrics are evaluated to simulate, analyze, and
compare performance. Finally, Section VI represents the
conclusion and future works.

Il. BACKGROUND

The principle of NOMA of assigning different power
coefficients lies upon both downlink and uplink systems with
the difference of where SIC operation is function [16]. SIC
process held in the receiver side in downlink NOMA system
while uplink NOMA system performs SIC at its transmitter.
The design of NOMA is related tightly to the operation of
deciding the pair of users to be multiplexed over an individual
subchannel and allocating the power levels corresponding to
their channel conditions [17]. Paired users in a single
subchannel widely suggested to have distinctive channel
conditions such that the user with bad channel conditions
preferred to pair with the user good channel conditions. Fig. 1
illustrates uplink NOMA system where two users are
multiplexed where userl represents the strong user (i.e., a user
with a good channel condition) while user2 represents the weak
user (i.e., a user with poor channel condition). The Base Station
(BS) in uplink NOMA decodes userl signal first and subtracts
it from the superimposed signal to decode the second user's
signal [18]. Therefore, received signal at the base station is
represented as:

y= \/E|h1|51+\/5|h2|52+v 1)

such that for userl, p; denotes transmission power, |h,|
represents channel condition between userl and BS, and s, is
the transmitted message signal of userl. In contrast, for user2
p, is the transmitted power and |h,| is the channel condition
between user2 and BS where s, denote the signal of user2
message. v resemble additive white Gaussian noise (AWGN)
in addition to inter-cell interference with spectral density N,
[19].

Downlink NOMA illustrated in Fig. 2, assuming two users
and one subchannel and |h;| > |h,| which implies UE2 as the
weak user and UE1 as the strong user. SIC performed by UE1
that is allocated a low power level to decode UE2 signal and
then cancel it to be able to decode its signal at the end [20]. In
contrast, UE2 is assigned a high power level and does not have
to perform SIC and only decode its signal through treating UE1
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signal as interference. Such that assuming p, and p, to be the
power of the transmitted signal s;,s, for UEl and UEZ2,
respectively. Moreover, allocated power to both users given as
p1 < p2, thus transmitted superimposed signal by BS is
expressed as:

x = /P51 +/P252 )
where the received signal to the user i is represented by:
yi = |hi|x + v;. 3

Based on Shannon's capacity formula, UE1 and UE2 data
rates is represented as [19]:

= Palha]

R, =B log, (1 + No ) (4)
_ _palhzl

R, = B log, (1 + P1|h2|+N0) (5)

Therefore, the capacity of downlink NOMA system with
two users is given by the summation of users’ data rates in the
system as follows:

Ryoma =Ri +R; (6)

On the other hand, OFDMA uses the orthogonal
multiplexing strategy. In a two users OFDMA system, the
bandwidth divided in half where users employ a half by its
own, thus the achieved data rates of users given as:

B D1lhy|
Rioma =7 1082 (1 + lN_ol) Y
B p2|ha|
R2oma =7 1082 (1 + ZN—OZ) ®
System's capacity of OMA system is calculated by:
ROMA = RloMA + RZOMA (9)
User2 P1
Userl P2
|hy| useri subtract user 2
e o) signal | | useri | | signal
User2 decoding signal decoding
|hy| B

User 1

Fig. 1. Uplink Non-Orthogonal Multiple Access.
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Fig. 2. Downlink Non-Orthogonal Multiple Access.
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I1l. DOWNLINK NON-ORTHOGONAL MULTIPLE ACCCESS

A single cell downlink scenario that has a single BS and N
User Equipment (UEi ) where ieN = {1,2, ..., N}, and both BS
and UE assumed to have one antenna. Overall bandwidth B is
divided into C subchannels, where the bandwidth of each
subchannel is B, = B/C' A subset of users Uc = {UE1,
UE2,..., UEn(c)} is assigned to single subchannel c, and the
number of multiplexed users over subchannel ¢ limited by 2
users. Therefore, the number of users in the system is N = 2C.
Moreover, the system transmission POWer is piocar Where pjc
denotes the power level allocated for UEi(c) in subchannel c.

A. Downlink NOMA

The BS transmits messages to different users over the same
subchannel. By that, the message signal s; of UEi
superimposed with other users signals multiplexed over the
same subchannel, where E[[s;|?] = 1. The superimposed signal
transmitted by BS to users at subchannel c is expressed as:

Xe = Einz(? Pi(c) Si (10)

The total transmission power of BS per subchannel is
considered to be identical in all subchannels. Hence, the total
power is given as py,,_yc_p  Where Ps represents the

summation of user's power levels in subchannel ¢ which is
given by:

Py = 217 pio (11)

On the other side, received signal at UEi(c) over |hy| that

denote the channel gain between the BS and UEi is represented
as:

Yiee) = |hi(c)|Xc +V; (12)

where the channels gain of all users in each subchannel is
sorted as |hy| > |hy| > -+ > |hy| [21].

In NOMA, SIC decodes the signals iteratively where strong
users demultiplex other signals to retrieve its signal in the end
where users suffer from bad channel quality decode their signal
directly treating other users signals as interference. SIC
influenced by power allocation performed by the BS.
Therefore, assigned power for users allocated to subchannel ¢
given as |pyco| < |P2eo] < -+ < |pico| that means users with
poor channel gain given higher power level than users with
good channel gain that enhance the fairness in the system. The
signal to interference plus noise ratio SINR for UEn(c) in any
subchannel n is given by:

__ Ihnglpne
PO = om0 9

That implies for subchannel ¢, UEn(c) decode the signals of
n-1 users sharing the same subchannel as the weakest user
allocated in this subchannel. In contrary the case with UEi(c)
that demultiplex and subtract (UEi+l1(c), UEi+2(c),....,
UEn(c)) message signals while treating stronger user's message
signals (UEI(c),...., UEi-2(c), UEi-1(c)) and environmental
noise as equivalent noise. Therefore, signal to interference plus
noise ratio (SINR) of UEi(c) is expressed as:
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[hice)|Pice)
SINR;( ) = — Q7@ 14
1 [hicey ZjZ1Pj(©)+No (14)

For NOMA with multiple users and multiple subchannels,
the throughput of UEi(c) is expressed as:

Ihice)[Pice) ) (15)

Ry = B.lo <1+ -
i© c 1082 [hie)| Zj=1 pj(©)+No

The sum rate is equivalent to the summation of users rates
in subchannel ¢ that is expressed as:

R. = DR (16)

where the system's sum rate equals the summation of each
subchannel and is calculated as:

R= Zgzl R, (17)

Then the spectral efficiency of subchannel ¢ is defined as
the ratio between the sum rate of that subchannel R, and
subchannel ¢ bandwidth B, that is represented by [22]:

SE, = =< (18)

Bc
and the system's spectral efficiency is expressed as:
SE = Zgzl SE. (19)

IV. USER PAIRING AND POWER ALLOCATION

Users are multiplexed at a single subchannel with different
power coefficients. Pairing users is maintained at the
transmitter side, such that this pair is assigned to a specific
subchannel c. The power allocation determines the power
levels for the paired users. The processes of user pairing, as
well as the way power allocated among users strictly affect the
total sum rate, cell-edge user sum rate, and fairness [23].
Motivated by this fact, this section presents different
approaches for power allocation and user pairing.

A. User Pairing

Generally, two users are multiplexed over the same
subchannel in NOMA systems. Though, the number of users
able to share an individual subchannel is not limited to two
users. That implies the importance of pairing two or more users
carefully among a list of available users in the system. To
increase the performance of NOMA in terms of the sum rate
and decreasing the interference, users with distinctive channel
gains are preferred to be grouped over pairing users with
similar or adjacent channel gains [24]. Moreover, a user with
poor channel conditions is preferred to be paired with a user
with high channel conditions. User pairing studied widely were
different approaches proposed throughout a verity of
researches. In this paper, three users pairing schemes are
investigated to attain a clear understanding of the effect of user
pairing in the performance.

Generally, two users are multiplexed over the same
subchannel in NOMA systems. Though, the number of users
able to share an individual subchannel is not limited to two
users. That implies the importance of pairing two or more users
carefully among a list of available users in the system. To
increase the performance of NOMA in terms of the sum rate
and decreasing the interference, users with distinctive channel
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gains are preferred to be grouped over pairing users with
similar or adjacent channel gains [24]. Moreover, a user with
poor channel conditions is preferred to be paired with a user
with high channel conditions. User pairing studied widely were
different approaches proposed throughout a verity of
researches. In this paper, three users pairing schemes are
investigated to attain a clear understanding of the effect of user
pairing in the performance.

The first is the most straightforward approach that pairs
users randomly [25]; it is simple yet inefficient due to the
ignorance of the channel states of users. Users having adjacent
channel conditions might be paired, which creates significant
interference that is caused by assigning similar power levels.
The second user pairing is reached through an exhaustive
search for all possible pairs of users. This approach has a high
computational complexity that grew with the complexity of
SIC and signaling overhead [26]. The third scheme is the
channel state sorting based user pairing; it is based on ordering
users according to their channel conditions. It has low
complexity and it can reach an excellent performance [27].
User with the best channel condition is paired with the user
with the worst channel condition. Then the following strongest
user is grouped with the following weakest user. Therefore, the
last pair of users suffer from high interference due to the low
channel conditions difference between them. The mechanism
of the channel state based sorting algorithm is shown in Fig. 3.

B. Power Allocation

Power allocation is responsible for assigning different
power levels to users sharing the same subchannel. Therefore,
the amount of power attributed to a specific subchannel
distributed among the users multiplexed over that subchannel.
Table 1. Provides the comparison between the three power
allocation schemes studied in this paper, under the assumption
of equivalent subchannel power [19] [28].

e Fixed Power Allocation (FPA): Power is divided
between paired users on subchannel ¢ based on a fixed
ratio. Wherever a fraction of subchannel power P, is
allocated to a single user and the remaining power is
allocated to the other user, that can be seen as
(aP, (1 — aP,)). Despite P, the fixed ratio remains
uniform for all subbands. Though FPA is low complex,
it is considered ineffective due to the inconsideration of
users channel conditions in determining power levels.

e Fractional Transmit Power Allocation (FTPA): Similar
to uplink LTE power control [29], FTPA used for the
multiplexed pair of users, which provides a suboptimal
solution. Contradictory to FPA, channel conditions
utilized in power allocation such that:

[h| =P

Sy Ing]

Pei = (20)

where {3 is fractional quantity of power ranging from 0 to 1
such that if B = 0 an equal power scheme is considered for
users pair. Growing in the fractional quantity of power linked
to the amount of power allocated to the user with lower
channel conditions. The fractional quantity of power 8 fixed in
the subchannels. Compared to FPA, FTPA produces higher
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complexity regarding the increased amount of downlink
signaling.

o Full Search Power Allocation (FSPA): In FSPA, power
levels of users pair sharing a specific subchannel is
given throughout an exhaustive search. This algorithm
works by generating all possible set of power levels that
reach an optimal solution yet computationally complex.
Taking into account a multiplexed pair in subchannel c,
all possible set of power levels regarding the channel
conditions of each pair is produced leading to choose
the best set of power levels based on the performance
gain of the system.

| uer | uez | ues | uea | ues | ues |

Sorting based on channel conditions

| uvez | uea | uer | ues | ues | ues |
1 J

Pairing the best user with the worst user
to be multiplexed overn=1,

4 Deleting the paired users from user set.

| ues | ues |
L J

Pairing the best user with the worst user
to be multiplexed overn=2,
4 Deleting the paired users from user set.

ver | ues |
=]

Pairing the best user with the worst user
to be multiplexed over n=3.

Fig. 3. Channel State based Sorting user Pairing.

TABLE I. COMPARISON OF POWER ALLOCATION SCHEMES

FPA FTPA FSPA

Scheme type | Static Dynamic Dynamic

Solution Suboptimal Suboptimal Optimal
Decreased Achieve good

Advant amount of performance with | Achieve the best

vantages | gownlink complexity less | performance

signaling than FSPA
Cannot satisfy Complexity of -

Drawbacks user's various power signaling CC(;);\anLé;atlonally
QoS requirements | compared to FPA P

V. PERFORMANCE ANALYSIS

The capacity gain of both NOMA and OFDMA systems
versus transmitted power simulated in MATLAB with two
users in the system, the channel gains given as 40 dB and 10
dB for UE1 and UE2, respectively. In addition, the power
allocation factor for the user with poor channel is 0.75 of the
total transmission power. Fig. 4 shows the higher system
capacity achieved with NOMA over OFDMA due to the
availability of sharing a single subchannel, OMA on the other
hand limits the usage of the available bandwidth to a single
user which reduce the ability to maximize the usage of
available bandwidth that’s due to the exclusive usage of the
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available bandwidth to one user. Another consideration from
the simulation is that with the increase in the power of
transmission, system capacity of both multiple access schemes
increased. Allocation of power in NOMA strictly related to
SIC process such that a higher power assigned to weak users,
which enhances the rates of users under a wide range of
channel conditions.

In further simulations, a single cell downlink NOMA
assumed with a single BS and multiple users located randomly
in the cell, such that the radius of the cell assumed to be 500m.
The BS occupied with one transmitting antenna and users
characterized by a single receiver antenna. Transmit power in
BS ranged from 10 dBm to 40 dBm where the total bandwidth
B = 5 MHz divided equally over 12 subchannels. The Noise
spectral density assumed to be a constant value for all
subbands -150 dBW/Hz. Table Il summarize simulation
parameters.

A. Numerical Results

First, we study the effect of the process of assigning
different power levels on the performance of downlink NOMA
system with four users (N=3). FPA, FTPA, and FSPA
simulated with random user pairing and their performance
compared based on system sum rate and spectral efficiency.
Power fractional coefficients of FPA and FTPA assumed as
a=0.6 and $=0.2. Fig. 5 shows that the sum rate of the system
increase with the increase in transmit power for all power
allocation schemes. On the other hand, FSPA achieves a higher
overall sum rate than both FPA and FTPA, while FTPA
performs better than FPA due to the dependability of channel
conditions in assigning the power levels, which is not
considered in FPA. Though FSPA achieves the best
performance, it has higher complexity especially with the
increased number of users sharing the same subchannel.

Fig. 6 shows the performance of the system as a function of
spectral efficiency versus the transmitted power. The spectral
efficiency increases as the transmitted power grow. From the
figure, the best performance of the three power allocation
schemes reached with the transmitted power is 40 dBm. FSPA
outperforms the other power allocation schemes due to
choosing the best pair of power levels that provide the best
performance among the other solutions. Moreover, FTPA
performs better than the FPA which can be related to the
dynamic nature of power allocation in FTPA.

Furthermore, the relationship between the number of users
and the system's sum rate studied for two user pairing schemes.
Random user pairing and channel state sorting based user
pairing simulated with FPA, the system assumed to serves
numbers of users up to 24 users per cell where the transmission
power assumed to be equal 40dBm. Fig. 7 represents the
behavior of the overall sum rate concerning the variation of the
number of users served. The result shows that with the increase
in the number of users served, the sum rate increases as a
response. Additionally, channel state sorting based user pairing
maintain slightly higher performance than random user pairing
due to the utilization of channel conditions where the users
paired with a higher difference in their channel conditions
though the effect of pairing users with highly distinctive
channel conditions is minimal. On the other hand, the gain
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difference between these two algorithms appeared with a larger
number of users served in the cell, such that with less than 8
users served the performance of both schemes is equivalent.

295 r

System capacity (bps/Hz)

2.65

5 10 15 20

25 30 35 40 45

Transmit power (dB)

Fig. 4. Capacity Gain of NOMA and OFDMA.

TABLE II. SIMULATION PARAMETERS
Parameters Values
Cell radius 500 m
Transmitted power 10 W (40 dBm)
Total Bandwidth 5 MHz
Number of resource blocks (RP) 24
Number of subchannels 12
Noise Spectral Density -150 dBw/Hz
Channel estimation Ideal
Channel AWGN
Traffic Model Full Buffer
Number of multiplexed users 2
Maximum Number of users 24
Number of transmit antenna at BS 1
Number of receiver antenna at UE 1
25
—%—FPA (0.6)
—B—FSPA ﬁ
—©—FTPA (0.2)
20
®
=)
w
< 15
4
=
2
w
10
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TRANSMIT POWER (dBm)

Fig. 5. Sum Rate of different Power Allocation Algorithms.
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Fig. 6. Spectral Efficiency of different Power Allocation Algorithms.
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Fig. 7. Sum Rate of different user Pairing Algorithms.
V1. CONCLUSION AND FUTURE WORKS

The next-generation cellular system demands highly

effective technologies to be adopted to understand the new
services; one of the proposed technologies is NOMA. The
fundamental working principle of NOMA is the new power
domain, along with the frequency and time domains. Resource
allocation is investigated in downlink NOMA with multiple
numbers of users such as FSPA, FTPA, and FPA. On the other
hand, random user pairing and channel state sorting based user
pairing are studied. The simulation indicated a higher capacity
gain of NOMA over traditional OMA. In addition, FSPA has
obtained superior performance than FPA and FTPA. On the
other hand, the results have revealed a little effect on the
system through pairing users with significant differences in
channel conditions. Future research should be devoted to the
development of a low complex power allocation algorithm
using the concept of heuristic search.
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