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ABSTRACT

Non-orthogonal multiple access (NOMA) is thought of as a challenging technique for providing the data rate and
spectral efficiency requirement in the era of future wireless communication. This article studies the performance of
a NOMA adopted two-cell downlink communication scenario where adjacent cells interfere into each other’s data
transmission and each cell consists of two users. Then, the optimization problem with respect to power allocation between
NOMA users is formulated. This optimization problem aims at maximizing the throughput of the system under two
constraints. First, it considers a total transmit power constraint for distributing power among NOMA user devices. Second,
it regards a quality-of-service demand constraint to meet minimum data rate requirements of the users. Two different
closed-form solutions are derived based on the proposed optimization problem. The superiority of the proposed power

allocation scheme is proved through simulation results.
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I. Introduction

Non-orthogonal ~ multiple  access (NOMA)
technique with successive interference cancellation
(SIC) receiver at the near user is considered as one
of the most competitive candidates to fulfill the
demand of upcoming future wireless networks. It
facilitates multiple users to share the same time and
frequency by power domain multiplexing and
provides a superior spectral efficiency as well as
improved throughput performance by doing
superposition of the radiated signals. The flexibility
of sharing same resource (time, frequency and code)
by NOMA has made it superior over conventional
multiple access systems!"™.

Nonetheless, NOMA requires efficient power
allocation (PA) at the transmitter side so to ascertain
minimum quality of service (QoS) and target data
rates of both far and near users. Because of the
much importance of optimum PA in NOMA,
recently, many researchers are focusing on this area
of exploration for both single input single output and
multiple input multiple output cases”'?. Different
PA techniques for downlink NOMA scheme were
proposed in [5] and [6] to maximize the capacity
under a total transmit power constraint and
minimum rate requirements. Again, by considering
the outage probabilistic constraints and the optimal
decoding order, two optimization problems of
transmit power and user fairness under availability
of average channel state information for NOMA
systems were discussed in [7]. Further, impact on
maximum weighted sum rate was investigated by
considering optimal power allocation approach and
greedy-search-based user pairing and selection in [9]
and [10] respectively. In [11], superiority of
performance of NOMA system based on the
proposed power allocation scheme over orthogonal
multiple access (OMA) was shown for a network
consisting of multiple user devices within the cell.
All of the contributions mentioned above focused on
the performance analysis of single cell scenario
consisting of two users. Hence, to draw a more
practical scenario, authors of [12] give importance

on the power control for NOMA system with two

interfering cells. They studied the performance of
NOMA system over Rayleigh fading channel based
on Yates’s power control framework wherein
negligible inter-cell interference was considered. The
study showed that the NOMA system noticeably
outperforms some power-controlled OMA schemes.
Unlike the existing works in the literature, a
downlink NOMA multi-cell network is proposed in
this paper. A brief description of the contribution is
enumerated as follows.
* A downlink NOMA protocol with two interfering
cells over Rayleigh fading channel is investigated
where intra-cell as well as inter-cell interference

(ICI) are considered.

Power distribution between two users is
optimized by applying the Karush-Kuhn-Tucker
(KKT) conditions to the system under total power
constraint and minimum data rate requirements of

both users to ensure a QoS.

By taking intra-cell and inter-cell interferences
into account, the influence of interferences on the

performance of the proposed system is explored.

Finally, the performance of the proposed NOMA
protocol under the optimal power allocation is
compared with the performance under fixed
power allocation strategy.

In the rest of the paper, system model, capacity
analysis, power optimization, numerical results, and
conclusion are described in section II, III, IV, V and

VI, respectively.
II. System Model

In this study, a NOMA-based system with two
interfering cells (e.g., Celll, Cell2) is considered as
shown in Fig. 1. Each cell consists of one base
station (BS) and two users. NUi and FUi refer to the
near and far user of the celli respectively, where
i=1, 2.

Consider all the links are subjected to Rayleigh
fading channel with additive white Gaussian noise
(AWGN) at the receiver. Channel coefficients of the
near and far user’s channel from their respective BSi are

respectively represented by g, ~ CON(0,\,; =d.}")
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Fig. 1. A downlink NOMA system with two interfering
cells.

with zero mean and A\ variance  and

ni
g ;i ~ CN(0,\;; =dg;") with zero mean and X,
variance. In addition, g, ;~ CN(0, A, ;=d;")
with  zero mean and variance A, and

gmﬂ,j -~ CN(Oa/\ :div

ey m-‘,]-) with zero mean and

variance A respectively denote the channel

ni,j
coefficients of far and near user of BSi from BSj,
where j=1, 2 and i#j. Parameters d,,;,
dni,j

from BSi to NUi, BSi to FUi, BSj to FUi, and BSj
to NUi; i#j. The path loss exponent is denoted by

dy;, dp; j, and

respectively represent the distance in meters

.

All channels are subjected to the Rayleigh fading.
So, the channel gain |g, [ follows the
exponential distribution with mean )\xﬁym. Based on

considering dy <dp <dpy<d,, and
dy <dp <dp,; <d,,, it can be respectively
assumed by without loss of generality that
A < >‘fl < )‘fLQ < A19 and
A <Ap <Apy <Ay The power allocation
factors for near and far users of Celll are
represented by J and (1—6§) respectively, where
0+ (1—48)=1. In addition, the power allocation
factors for near and far user of Cell2 are
respectively represented by ¢ and (1—¢q), where
g+(1—g)=1. According to the NOMA literature
[1-4], more power needs to be assigned with the
transmitted symbols for the far user because of
worse channel condition. On the other hand, less
power is assigned with the transmitted symbols for
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the near user due to having better channel condition.

In the protocol, both BS
simultaneously transmit the data to their intended
users (e.g., NU1 and FU1 from BS1; NU2 and FU2
from BS2) through the same frequency band by

considered

following the law of NOMA downlink transmission.

BS1 transmits /0p, z,, + 1/(1—8)p, xy signal
to the NU1 and FU1 wherein p, is the total transmit
power of the BS1 and 6 < (1—0). At the same time

of BS1’s transmission, BS2 also transmits it’s signal
Vavy e+ —¢p,z, to NU2 and  FU2

wherein p,, is the total transmit power of the BS2
and ¢ < (1—¢q). Because of being adjacent cell and
the changing behavior of the wireless channel, the
transmission of data in cell2 interferes into the

transmission of data in celll and vice versa.
. Capacity Analysis

According to the principle of downlink NOMA,
NUI first decodes the FU1’s data by treating its
own data as noise. Then, by following SIC strategy,
NU1 subtracts the decoded information from the
received signal to extract its own information.
During this process the signal from the BS2 is
regarded as noise by NUI1. Therefore, the achievable
data rate of near user at Celll is expressed as
follows.

2
Ry = ﬂlog{l + %j 1

Where p="" ,2 is the transmit signal to noise

ratio (SNR) of Celll, y="" ,2 is the transmit SNR

of Cell2, o? is the variance of AWGN, and [ is the
total bandwidth of the system. As the signal strength
of NU1 gets decreased at FU1, FU1 decodes its
information by considering NU1’s signal as well as
signal from BS2 as noise. So, the achievable data

rate of far user at Celll is given by

(1=0)pl g ] o
ool g P +lg Py +1

Ry = [ﬂogz(l +
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The sum capacity of Celll is therefore

represented by
R = Bypn + Ry 3)

By adopting the same principle as described for
NU1 and FUI at Celll, the NU2 and FU2 of Cell2
also decode their data. So, the achievable data rates

of near and far user at Cell2 are derived as follows:

q’yl g n,2|2

Ry —ﬁlog[l-i—if )
e ’ I g 712,1|2p+1
(1—g) g pf

(%)
q7| g fg‘Q +] gf2‘1|2p+ 1 ]

Ry = [ﬂogZ[l +

Therefore, the sum capacity of Cell2 is given by
Ry = Ryip+ Ry (6)

Moreover, the overall sum capacity of the system

can be expressed as follows:

Rtof,al = Lty +lel? (7)
IV. Power Optimization

Efficient power allocation in NOMA is off high
importance to obtain the maximum benefit from the
protocol. In this research, the optimization of power
allocation focuses on maximum throughput under a
total power constraint and the minimum rate
requirements of the users to maintain a certain level
of QoS. The optimization problem for Celll can be

expressed by using following formula.

Mazimize R,
Subject to 6+(1—6)=1
(1—6)>96
§>0, (1—4) >0 ®)
Ry = R,
Ry = R

min

Where, R, and R

min

are the minimum target data

rates of the far user and near user respectively. The

first constraint refers to that the sum of the power
allocation coefficients should be unity so to make
the sum of allocated powers between users equal to
the total transmit power. The second constraint
expresses that the power allocation coefficient for
the far user must be higher than that of the near
user. The third constraint depicts that each of the
power allocation coefficients must be kept at a value
that is higher than zero. The fourth and fifth
constraints respectively assure the minimum rate
requirement of FU1 and NU1. If3=1 and p = are

considered, eq. (3) can be written as

R 1 1+76p‘g"1‘2
el — 108y
n 2 (g Pptl
(1=d)p g, P
log,|1+ 3 /12
opl gfll +| g/],zl p+1

0P, (1—5);)/\fl
=log,i|1 1
ng{( " Apropt1 )( * 5/’)‘/1 +)‘/1,2/’+1
—og l1 4+ A+B+C
) VRS ) [ W)
=log,{1+f(5)}

where,

B= 5p(/\711 - )\fl )’

A= 5,02 ()‘n,l)‘fll +)‘n1)‘fl - )‘nl,‘z)‘fl )a
C=pX;, (T4 pA, ). The

optimization problem of (8) can be written as

Maximize f(5)

Subject to
_ . )
(/\,”‘20'5‘1) llg*. <5< P/\flff?zp/\fm*]?z
P (1+R)pA;,

where, B =2%—1 and R, =2"—1.

At first, the optimal solution is derived for
meeting the far user’s minimum data rate demand.
After meeting £, the remaining power will be used
to maximize the system’s overall throughput.
Derivation of the constraint of § for meeting the

minimum rate requirement of the far user,

By = By
(1=8)pA
'f1
<log|1+— T
£ < log, G0Ny F Aot L
1-6)p),
2f —1 < (=9

T 0pAp At
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@* - (175)0)\f| (10)
T 0pAp T Ay e T
After some simplification, (10) can be reformed

as

- P/\f1 _R[*)‘*fl,zp_}ﬁ* (11)
(1+ v )P)\ﬁ

In practical case, it may be also required to meet
the near user’s minimum rate demand and use the
remaining power to boost up system’s capacity.
Derivation of the constraint of § for meeting the

minimum data rate requirement of near user,

R\'L’] = ]?min
0pA,,;

o = logy| 14+ ——
an Ogl( )\n,1,2p+1)
ol 1< ﬂ
min )\n112p+1
N2t DR, <A,

*
min

12

After some modification, (12) can be reformed as

()\771‘2p+1)}2:;in

0=
pAnl

13)

The Lagrange function of the optimization
problem of (9) can be expressed as

Ay — R Ay op— B
Ff(5)+{6 PAf | *fl.zp z }
1+ o, "
()\rrl 2p+1)}%;in
p/\'nl

where A, and )\, are the Lagrange multipliers for the

constraints R, < R, and R, < R,, respectively.

min

By applying the KKT conditions to (9), the

optimization problem can be solved as

) (15)

P TR N B

A§0 p =0 16
1 T o, (16)
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(A, 0+ 1R
. rLl.Zp min 75 =0 (17)
PA

n1

_ PA— B g op— By <

* 18
(4 B)ps a9
(An1,2p+1)&;in
Cnr2l - min 5 (19)
p)\nl
AL A, >0 (20)
1
0<6<5 Q1)

To derive the power allocation factor §, both of
the KKT conditions of (16) and (17) must be
satisfied with the constraints A >0 and X, >0.

The optimal value of & (represented as d,,) can
be obtained from (16) under the conditions of A, >0

and A\, =0 as given below:

5 = P)‘/l 7]%*)‘fl.2p71?1* 22)

Fl *
(4 R)o,,

Again, the optimal value of § (represented as dy,)

can be obtained from (17) under the conditions of
A, >0 and A >0 as expressed below:

& (An p+1)]?1:in
b = (23)

Similarly, the optimal values of power allocation
factors for meeting the minimum data rate demands
of far and near users of Cell2 can also be derived
by applying KKT conditions as applied for Celll’s
FU1 and NUI respectively.

V. Numerical Results

The simulation results to measure the
performance of the proposed power allocation
scheme for the suggested NOMA protocol are
demonstrated in this section. As both cells are
considered identical, all simulations are conducted

for Celll and overall capacity of the system is

www.dbpia.co.kr
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Performances are evaluated under the average of 10°

simply sum cells capacities.
channel realizations, path-loss exponent v=3, and
the normalized distances d;, =1 and d,, =0.5. In all
figures, Perf. stands for perfect, Imp. refers to

=R

imperfect, and 7 el -

wm

Fig. 2. depicts both of the individual user’s
capacity and the sum capacity of the considered
protocol across different SNR values. All plots are
shown under optimal power allocation for meeting
far user’s minimum data rate, % =1. This is why
Ry, remains same irrespective of the ICI values,

i.e., It shows unit data rate at normalized d;, , = oo,

dsy 5 =325, and d;, , =1.25. On the other hand, data
rates of Ry,, and R, increase with the less

interference from Cell2. Hence, it is clear from
figure that the ICI has a negative impact on the
performance of the NOMA system; the capacity
becomes better for less ICI and the best throughput
has been achieved by total cancellation of ICI.
Fig. 3. also refers to both of the individual user’s
capacity and the sum capacity of the considered
protocol across different SNR values but under the
optimal allocated power to meet the near user’s

R...=1. So, Ry, exhibits

mnin

minimum data rate,
same value irrespective of the distance between
NU1 and BS2, i.e., It achieves unit data rate at
d, 5 = 0,d,, , =3.75,

normalized  distances and

d,, , =1.75. On the contrary, data rates of R, and

n

—p—Perl.ICLR,,,
— B8 —Perl.ICLR,
12| —@—ret ol
= B —mp.iCld, =375 R,
0 lmp. ICL 0 =325, R,
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—we— . IC], d =125, Ry,

—-@-—lmp. iCl,d =175,4, ,=15R

Average data rate (bit/s/Hz)

o 5 10 15 20 25 30
SNR [dB]

Fig. 2. Average data rate versus SNR of Celll under the
optimal power allocation for meeting minimum far user
data rate

—-8—Perl. ICL Ry,
—8—Pert. ICL R,
—g—Pert ICLR,,
=-9-~Imp.[Cl,d,, =375, R,
=@n=Imp. [C1, d,, =325, R,
—-g-=Imp.1CL, d, =375, d, =325 R
----- Imp.ICLd, =175,R, |
- @ =Imp.ICL, d,,=125 Ry,
- 4 -mp.iCld =175, =125R

Average data rate (bit/s/Hz)
o

o 5 10 15 20 25 30
SNR [dB]

Fig. 3. Average data rate versus SNR of Celll under the
optimal power allocation for meeting minimum near user
data rate

R,,, increase with the increase of distances of d;, ,
and d,,,. The adverse effect of ICI on the
performance of the proposed protocol is identified
for this case too. One more finding is that the sum
throughput of the system here is less than the sum
capacity of Fig. 1. So, it has been concluded that the
specific data rate of the proposed system is less

under the optimal power allocation targeting
R . =1 than optimal power allocation targeting
R =1. In Fig. 3., it results so because of

interruption by ICI as well as interference from near
user data during the calculation of sum throughput.

Fig. 4. shows the sum capacity across different
SNR values of Celll in considered protocol under
optimal power allocation to meet &, =1 and under
fixed power allocation. In this plot, two cases are
shown, i.e., one is for no ICI and another one is for
a certain value of ICI. Two values (e.g., 6=0.3 and
6=0.5) of fixed power allocation for the near user
are used to investigate the performance and
compared with the performance under the optimal
power value. In both cases of ICI values, the sum
the

allocation strategy is superior over fixed power

capacity under proposed optimal power
allocation strategy.

Fig. 5. compares the sum capacity vs SNR
performance under optimal power allocation for
meeting minimum near user data rate and under
fixed power allocation. Perfect ICI has been

considered for all plots. It is clear from the figure
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Fig. 4. Sum capacity versus SNR of Celll under optimal
power for minimum far user data rate and fixed power
allocation strategy

Sum Capacity (bit'siHz)

o

SNR [dB]

Fig. 5. Sum capacity versus SNR of Celll for different
minimum near user data rate under optimal power and
fixed power allocation strategy

that the throughput under 6y, is not superior over
fixed power allocation (e.g., d=0.3) at every case;
different as shown in previous figure under o,,. If

R,,, =2 is set, then R, under &, is less than

Sum

R, under 6=0.3 for whole of the considered SNR
range. If R, =5 is set, then R

Sum

under 6=0.3 at low SNR but

under §,, is
higher than R,
lower at high SNR. Lastly, R, under oy, attains
under §=0.3 at all SNR by

setting up R, ;, =10. So, for the considered SNR

higher value than R

wm

range, R ;, =10 is the trade-off of the minimum
near user data rate to achieve better capacity by

using optimal power allocation 4.
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VI. Conclusion

In this study, a new power allocation strategy for
two-cell downlink NOMA scenario has been
investigated to maximize the sum capacity of the
system under a total transmit power constraint and
the minimum data rate demands of both far and near
users of a specific cell. Two closed-form solutions
of the optimal power allocation have been derived,
one is based on meeting the minimum data rate
requirement of far user and the remaining one is
based on fulfilling the minimum data rate
requirement of near user. Simulation results have
proved the superiority of the proposed optimal
power allocation strategy over fixed power
allocation strategy. The adverse effect of ICI on the
capacity performance of NOMA scheme in a
two-cell network also has been investigated. Hence,
finding out the perfect ICI cancellation method in
NOMA multi-cell protocol and power optimization
for multi-user instead of two users in each cell is

kept for the future research.
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