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Non-orthogonal multiple access (NOMA) is a compelling strategy that helps wireless
networks of the fifth-generation (5G) to fulfill the diverse demands of increased fairness,
high reliability, extensive connectivity, low delay and superior performance. Traditionally,
NOMA network presumes perfect transmitter-side channel state information (CSI), which
is almost impossible for a number of communication scenarios. Furthermore, this paper
contemplates the realistic NOMA downlink method in the Rayleigh fading networks, where
the statistical CSI linked with each user is known to the transmitter. We evaluate the outage
probability of the proposed model and obtain a closed-form framework of the probability

of outage for each user. Besides, the source can optimize the network’s achievable sum-rate
for different users based on statistical CSI. The precision of our outage probability analysis
and the optimum power allocation algorithm proposed are both verified by the analytical
and simulation results.

1. INTRODUCTION

In the fifth-generation (5G) mobile networks, NOMA has
been a promising candidate for multiuser scheduling [1, 2].
NOMA enables many users to share the same frequency-time
resource by separating multiple users through distinct
transmission capacity. Therefore, successive interference
cancellation (SIC) on the destination side is necessary [3-5].
NOMA is capable of providing low outage probability and
high sum rate as compared to traditional orthogonal multiple
access (OMA), along with better user fairness [6]. NOMA uses
superposition coding to exploit the power domain and
successive interference cancellation (SIC) for multiuser
detection. Numerous prevailing works about NOMA have
presumed perfect CSI [7-9]. However, this supposition is
almost unworkable in certain communication situations, such
as high-speed railway [10] and underwater acoustic [11]
communications, due to significant feedback delay and
quickly changing channel. Newly, NOMA network with
statistical CSI have been considered in few literature [12, 13].
A power-efficient resource sharing scheme with statistical CSlI
for multicarrier downlink NOMA network is suggested. In the
meantime, NOMA for underwater acoustic multiplexing
orthogonal frequency-division (OFDM) network was
examined in the Ref. [14]. In precise, Shankar et al. [15]
suggested that NOMA significantly outperforms traditional
frequency division multiple access (FDMA) systems in terms
of ergodic data rate and outage probability taking into account
the fading channel of Nakagami-m. But Shankar et al. [15]
emphasizes only on the situation of two users and lacks a
closed-form study of the likelihood of each and every user
outage. Many beneficial features, for example range extension,
capability enhancement, and diversity benefit in wireless
network, cooperative network has gained considerable
attention [16]. This enhancement in efficiency of the
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cooperative network is due to virtual multiple-input multiple-
output (MIMO) network generated between the source and the
destination employing spatially separated relay nodes [17].
Multiuser scheduling allows the scheduler to provide limited
resources to these users while properly picking a group of
users who match a set of criteria [18]. Proportional fairness
(PF) scheduling is a good trade-off between system throughput
and fairness for NOMA scheduling and power allocation. PF
also has a high level of complexity and is unable to limit the
amount of resources available since it allocates the majority of
resources to users with poor channel conditions [19, 20].

In AF-based cooperation [21], the relay magnifies the signal
upon receipt of the signal communicated by the source and
then transmits it to the receiver. On the other side, the relay
decodes the signal in a DF network and retransmits to the
receiver the message thus received [22-24]. In this paper, we
use statistical CSI to evaluate the downlink NOMA system's
outage performance. The device's ergodic data rate region is
calculated using the Monte Carlo (MC) technique considering
the Rayleigh fading channel model. Furthermore, the closed
form expression for each user's outage probability is calculated.

The remainder of this article is structured as follows. A
system model is defined in section 2. Section 3 analyses the
Outage Probability of the system. Optimum power allocation
is discussed in Section 4. The simulation outcomes are given
in Section 5 to validate the outage study. Finally, the
conclusion of paper is discussed in Section 6.

2. SYSTEM MODEL

Consider implementing the hybrid multiple access schemes
[5] as a single-cell downlink multi-user single-input multiple-
output (SIMO) system. Users are split into multiple groups in
this scheme and each group comprises users L, indicated by


https://crossmark.crossref.org/dialog/?doi=10.18280/isi.260410&domain=pdf

UE—-L@<I<L). In each group, the NOMA downlink is

executed, while OMA is used to prevent inter-group
interference. The SIC complexity can be minimized by this
scheme thus improving the efficiency of the system [5]. In
addition, each user is having fixed data rate requirement in our
considered scenario, dictated by his targeted service quality
(QoS). We concentrate on one category in this paper adopting
NOMA within two users. Figure 1 indicate base station (BS)
and two users for downlink NOMA system.
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Figure 1. BS and two users for downlink NOMA system
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Figure 2. Different power levels of two users in same
frequency range

The BS transmits the superimposed signal having the data
of all the two users u, and u, in the case of NOMA, and the

signal being superimposed is given as z,:

Zgp =P L+, P, 2,

The superimposed signal that user | receives is given as:

(1)
Y, :h|ZR+Wi 2)

The superimposed signal obtained by the user | can be
expressed as Eq. (3), after substituting the Eq. (1) in Eq. (2):

Y, =h (’\/a:l(ps 2, + 43,0, Zz)+V\/| 3)
where, h ~CN(0,p%) represents the faded channel

coefficient of Rayleigh. a, and a, are fraction of power given
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to users u, and u, respectively. For power constraint

P

5 where

a, +a, =1. Here, ¢, is total transmit SNR. ¢, =

P, is total transmit power. Figure 2 indicates the division of
total power between two users in the same frequency band. z,
and z, are symbols of the two users. Additive white Gaussian
noise with mean 0 and variance 1 is represented by

w, ~ N(0,2) .
The signal received at User 1 is:

Y, = hl<\/a1¢75 2+ 0, Zz)+W1 4)

The signal to interference noise ratio (SINR), for decoding
z, atuser 1 can be expressed as:

2

u aph 0.7, 2

G = Slzl = = (5)
a,0, |hl| +1 e+l
The achievable rate for the first user is S},

St =log, (1+ &% ) = log, | 1+ P71 6
i oo (1443 gz( 2,0, +1 ©

The received signal y, at the second user is,
Y, = hz (\/ P2 +\8Q0, 2, ) +W, 7

The SINR at the second user, for decoding z, is given as

8P |h2|2 _ Aoy,
az(ps |hz|2 +1 a2¢s7/2 +1

Sy = (8)

The Eq. (7) can be reduced, after decoding the signal of first
user and successfully eliminating its interference.

Y, = 3,02, + W, )

Atsecond user SINR, for decoding z, signal is expressed as:

& =ap [ =207, (10)

The total sum-rate for the NOMA downlink is expressed as:

Sp =S; +Sg = Iogz(1+ §ujl>+log2(1+§j;)

o7, (11)
=log, |1+ ——~=— |+log, (1+a
gz[ 0,07, :J gz( 2¢s7z)

3. OUTAGE PROBABILITY ANALYSIS
The probability that a certain data rate will not be supported

owing to fluctuating channel conditions is known as the outage
probability of a transmission channel in Information Theory.



The outage probability is based on the possibility that the data
rate will be lower than the required threshold data rate.

Let the required threshold be Ef%l. For outage to occur, the
required data rate must be less than the threshold %, . From Eq.
(11), we can easily see that, S; < R, . In this paper we will
calculate the outage probability for unordered (fixed) and
ordered NOMA Downlink.

3.1 Outage probability analysis for unordered Downlink
NOMA

An outage is a condition in which the user data rate is
smaller than the required data rate [3]. Let us suppose ‘ﬁl and

i, be the required data rate for first user UE —1 and second
user UE-2.

3.1.1 For first user UE -1
The sum-rate must be less than the required data rate %, ,
for outage to occurs. Using Eq. (11), we have,

Sz = Iogz(1+§u211)<‘5{1 (12)

Putting Eq. (5) in above equation and solving we have,

z a1(/7571 R
S =———<2"-1=% 13
a,p.7, +1 ' (13)
y SN S 14
' (a'l_azml)(os (14)

Here, 7, is demarcated as 7, =|h|* and is distributed as:

n

1
f,(n)=—5e%.7n>0and E{y} =4

1

The probability of outage first user UE —1.

R,

R (a-3,%% ),
d e R

—l—exp[—Lj
;(]_z(ps (al _aZS‘Rl)

The probability of outage at second userUE —2 .
At second userUE —2 decoding of message fails if either
decoding of z, or z, fails.

—

(15)

3.1.2 For second user UE —2
Outage probability at second userUE -2 is:

P{st <, USy <,) (16)
S2 <®, = log, (1+£) <R, (17)
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After solving the above equation and using Eq. (8), we have:

= 521 _ a1¢57/2 < 2‘531 _1: m

1

" 8,07, +1 18
_ <“R—1 (18)
72 (al_azml)(/)s
Also,
52 <®, = log, (1+&72 ) <R, (19)

Solving the above equation and using Eq. (10), we have:

2

= &2 =a,py, <2 —1=R, = 7, < (20)

27's
Outage probability at second user UE—2 is given as
P{Sjlz <R USE < Ef&’z} , relating the two inequalities outage

occurs if

7, <Mmax % : %, (21)
(al_a2m1)¢s aZ(DS

PDF of above Eq. (21), py, is given as

f, ()/2) = %e"g ,7, 2 0. The outage probability for decoding
2
message at second user UE —2 is given as:

Piy <max{ R, %, }
’ (&, —a,R )0, 2,0,

R, R, }
max ,
(ar-2,% ) 3,0

= J f}/(}/Z)d}/Z

0

=1-exp —imax{ % R, }
;(22 (al_aZRl)qu ’a-Z(DS

3.2 Outage probability analysis for ordered NOMA
Downlink

(22)

In ordered NOMA, the weaker user is decoded first, who
has channel gain

~ |2 R .
oo < et e
The stronger user is decoded next, with channel gain
~ |2
=il =maxiif I =maxinr) 24

The channel gain for first user UE —1

7= || =min{ln " [n, ") (25)



The Received signal for the ordered NOMA,

% = (Va2 + a0, 2, ) +w 26)
3.2.1 For first user UE -1
The outage probability for ordered first user UE —1is:
Z = 2 31(057;1 R
P,=P(St<®)=P|&s =250 2% _1-R
out ( i 1) ["ful a2¢57;1+1 1}
27)

)
_ p[ﬁ Lj
o, (a, —a,R,)

The probability density function of y, and y,is given as
_n

f. () :ize # and f,(r.)= ize ] respectively.
X X2

_r

The cumulative distribution function for first userUE -1,
F. (7)=P(C <7)=1-P(C,>7)=1-P(min{C,.C,}) (28)
The above Eq. (28) can be simplified as:

Fe (71)=1-P(min{C,,C,}>7,)

A A
P(C,>7)=¢ % andP(C,>7,)=¢e * (30)
The above Eq. (29) can be simplified using Eq. (30),
_le _le —,&1[%+%]
Fél(?l)=1—e Axp X2 =]1_p A X (31)

We can find easily find pdf after differentiating the above
Eq. (31),

1 1) s 1

fé1 (yl)z[_f+l_22je uon zl_aze 7 (32)
Here %:iz+i2.

X3 X X2
Outage probability will be:

R, _n R
P, =|n@ah e ’fgd;? =l-exp| ~———————— (33)
' '[0 )(32 ' )532%(31—329{1)

3.2.2 For second user UE -2
The outage probability for ordered second user UE -2 is

. . . . (29 2
=1-P(C,>#,C, >7,)=1-P(C,>7)P(C, > 7,) 7, = =max{|hl|2,|h2|2}=max{;/1,72} (34)
F, (7,)=P(C, <7, )= P(max{|hl|2,|h2|2}§ AZ): P(C,<7,)P(C,<7,)
A (35)

1 1
Here — :—2+—2 .
Xs X X

The outage probability for ordered second user UE —2 is:

2

ai(”s ﬁz ~ 12 ”
out:P Wzmluaz% hZ‘ ZERZ :P(}/2<l//)
+a
2¢5 2 (36)
g
) 7?2<max{ R ,%Z}ZFc (v)
o (a —a,R,) a0 ’
S
where, y/:max{ A ’ 2z }
@ (31 _azSR1) 2,9
P =1—exp(—izj—exp(—lz}rexlo[‘lzj (37)
n X X3

4. OPTIMUM POWER ALLOCATION

The Sum Capacity of downlink NOMA is given as:
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2 z algos}/l

S& +S”2 =log, | 1+ ——— [+log, (1+a

o gz( azwl+1] 9% (L+anr:)
1+,

=lo +log, (1+a
2£1+az¢’571j gZ( ZCDS%) (38)

(14—&2%72]
1+a,p0,
The above sum capacity can be maximizing only if

1+a,0.7,

1+a,0.,
allocation.

=log, || @7, +1
—

constant

will have maximum value for optimal power

1+a,07, (72_71)

1+a,07

=1+ (39)
nt——
azq)s

The maximum sum-rate occurs for maximum value of a,,
However, this has to be in the feasible region,



S22 R, = log, (1+&2) 2 R,
S VS L P
Lo+l
=(1-8,)on > (1+a,07)R,
=orn—-R 2a2¢)s7/1(:l-"'9&’1)
2~ Ry
D11 (1+m1)

1

(40)

=a,<

Also, in feasible region,

Se > R, = log, (1+ & ) =log, (1+a,p.7,) >R,
2% 1 W, (41)

—a,> =
(29¢ 298

From Eq. (40) and (41), we can easily find the feasible
region of a,,

R o —R
2 <@, <L L (42)
P75 o7 (1+%R,))
) ) R S
:¢52&+£+& (43)

ooV e

The optimal value of a, can be obtained from Eq (42),

o —R,

5. SIMULATION RESULT

To validate our proposed outage study on the NOMA
systems using statistical CSI, we include many simulation
results in this section. We follow the traditional NOMA
schemes as equivalents, as we extracted in the section 3. The
number of users is two and channel variables
7, =2.0,7,=25, ¢, =10dB are set in our simulations as

well as the intended transmission rate of
R, =R, =1.0bits/s/ Hz, were set respectively. We have

compared the above simulation with other channel variable
7, =3.0,7, =3.5. The maximum signal power is given to the

user farthest from the base station and the lowest power is
given to the closest user.

Figure 3 indicates outage probability is less for the user
having more power, the user having less power is having more
outage probability at any SNR value in case of unordered
downlink NOMA.. We have compared the simulation result
with different channel gain. It is noticed that if we are
increasing the channel gain than also outage probability is
decreased. Simulation and analytical expression obtained is
evenly matched for both the users. The probability of an
outage is higher at a low SNR value and reduces gradually as
the SNR value increases.

Figure 4 indicates probability of outage is less for the user
having more power, the user having less power is having more
outage probability at low SNR in case of ordered NOMA. But
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at higher SNR user 1 outage probability is more in comparison
to user 2. We have compared the simulation result with
different channel gain. It is noticed that for particular user as
we are increasing the channel gain the outage probability is
decreased. We Simulation and analytical expression obtained
is evenly matched. Here, a user with the lowest signal power
is first decoded as well as the user with the highest signal
power is later decoded.

Probability of Outage vs SNR for Unordered NOMA
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[
<] [
e? =—Outage User 1 for Channel Gain Y =2.0 dB (Sim.)
= ==OQutage User 2 for Channel Gain Y =2.5 dB (Sim.)
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Figure 3. Probability of outage vs SNR performance for the
unordered downlink NOMA having a, =0.9 and a, =0.1

with equal required data rate R, =R, = 2bits/s/Hz

Probability of Outage vs SNR for Ordered DL NOMA
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Figure 4. Probability of outage vs SNR performance for the
ordered downlink NOMA having a, =0.9 and a, =0.1 with

equal required data rate R, =R, =1bits/s/ Hz
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Figure 5. Achievable sum-rate versus SNR performance in
case of downlink NOMA



Figure 5 indicates the achievable sum-rate is higher for the
random power allocation in comparison to optimum power
allocation. The optimum power is allocated to the users for
better performance and reliability. We have also compared the
simulation result with different channel gain. If we are
increasing the channel gain than the achievable sum-rate is
increased. Not only can the numerical evaluations validate the
theoretical findings, but they also display substantial changes
in terms of overall downlink NOMA system efficiency.

6. CONCLUSIONS

In this paper, we analyze the outage efficiency in the
Rayleigh fading channel models of NOMA systems with
statistical CSI. The probability of outage and the achievable
sum-rate for both the ordered and unordered NOMA downlink
schemes are derived. The results of the simulation confirm the
improvements in NOMA schemes and our suggested
algorithm for optimizing sum throughput. The expression for
outage probability was derived for each user in Rayleigh
Fading channel condition. Values derived from theoretical
terms nearly correspond to the outcomes simulated. The
probability of outage is less for the user having more power,
the user having less power has more outage probability at low
SNR in case of ordered NOMA. The outage probability is less
for the user having more power, the user having less power has
more outage probability at any SNR value in case of unordered
downlink NOMA. The achievable sum-rate is higher for
random power allocation in comparison to optimum power
allocation.
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NOMENCLATURE

L Number of users

Zq Superimposed signal at BS
a,a, Fraction of power to two user
h Fading channel coefficient

W, AWGN Noise

Y, Signal at user |

e Square of fading coefficient
S Achievable sum rate

R Required data rate

Greek symbols

2
4

Total transmit SNR
SINR
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