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Abstract — The ergodic sum-rate of downlink non-
orthogonal multiple access (NOMA) system with
static power allocation is investigated in this paper
over k—pu and n—pu fading environment.
Further, the analytical expression of the average
sum-rate is derived using the probability density
function (PDF) approach. In addition, the impact
of fading parameters and the rate of users on the
ergodic sum-rate are examined, and the
correctness of analytical results is validated
through Monte Carlo (MC) simulation.
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1. INTRODUCTION

The need for spectral efficiency, user
fairness, and massive connectivity is of soul
interest in 5G and beyond the wireless
system [1]. In par with this, non-orthogonal
multiple access (NOMA) has been identified
as a promising multiple access technique
[2], and many works have been reported in
[3] — [8] that analyse the sum-rate, and the
outage of the NOMA system over various
fading channels. To be precise, in [3]
multiuser  beam-forming technique is
proposed for the NOMA scheme over
Rayleigh distributed environment, and
simulation results show that the proposed
scheme shows a better sum-rate. In [4], a
novel power allocation technique is
proposed for the NOMA network under an
independent complex Gaussian channel. The
simulation results show that the proposed
technique improves the capacity when
compared with the orthogonal multiple
access (OMA) scheme. The outage
performance of NOMA is analyzed over
Rician fading channel in [5]. The simulation
results show that Rician fading channel
achieves a better outage performance
compared to Rayleigh distributed
environment. In [6], the downlink NOMA

system is analyzed with static power
allocation over Nakagami-m fading channel
in terms of an outage. In [7], the outage and
ergodic sum-rate of downlink NOMA are
analyzed over Rayleigh fading channel with
randomly deployed users, and simulation
results show that the proposed scheme
outperforms the OMA scheme. The NOMA
network is analyzed over n —pu fading
channel in terms of outage in [8]. Then — u
and x — u distributions are known to be
more generalized models for practical fading
environments in [9] due to their capability to
model various fading environments by
varying the parameter values.

So far, the downlink NOMA network is
analyzed over Rayleigh, Rician, Nakagami-
m, Kk — u, and n — pu fading distribution in
terms of the outage. In this paper, the
ergodic sum rate of the downlink NOMA
system is analyzed overn—pu and Kk —
u fading distribution.

To the best of the author’s
knowledge, the analysis of ergodic sum-rate
in downlink NOMA system over k — u and
n — u distribution with the PDF method has
not been reported in the literature. The major
contributions of this paper are listed below.

1) A pair of users i.e., near and far users
are chosen for analysis. The ergodic
sum-rate expressions are derived
over n—p and k— pfading
channels. The analytical results are
compared with the MC simulation.

2) The average sum-rate and rate of
users analysis is carried out by
varying n and x values.

The remaining part of the paper is
organized as follows. Section 2 describes the
system model with its signal-to-interference-
noise-ratio  (SINR)  equations.  The
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mathematical expressions of the average
sum-rate for the considered system model
are derived in Section 3. Simulation results
with discussion are presented in Section 4.
The conclusion and future scope are
provided in Section 5

2. SYSTEM MODEL

Consider a downlink NOMA system
in which base station (BS) communicates
the information to users as illustrated in
Fig.1, wherein the channel gains of the two
users are arranged as |h|?> = |h,|%. From
the NOMA principle, the power allocation
factor for users are arranged as a? < a?.
Further, it is assumed that BS has the
knowledge of the channel state information
(CSI) of users.

()

Fig. 1. System Model for downlink NOMA
network.

The message signal of both the users
is superimposed at the BS with a different
power level and transmitted to the
destination (D). It is mathematically
expressed as

2

XBS = z ame, (1\

m=1
where w,, is the message signal intended
for m* user and «a,, is the corresponding
power allocation coefficient. Therefore, the
received signal at D is expressed as,

Ym = \/Fshm Xps + Ny, (2)

where h,, is m*" user channel coefficient
from BS to destination, P; is the transmit

C =log,(1+ x,a?p) + log, (

(l0ogs (1 + Cx)) = f
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power by BS, and n,,~(0,6%) is the
additive white Gaussian noise (AWGN) at
mt user. Thus, the SINR of user2 at D is
mathematically expressed as,

|h|?asp
SINR, = ———, 3
* 7 hPaip+1 ®
where p = % represents the transmit SNR

and |h,|? is the channel gain of user2. If
SIC is perfect, the received SINR at userl
for decoding its own signal at the destination
[10] as,

SINR, = |hy|2a?p, *

The channels between BS and users are
assumed to be independent and identically
distributed (i.i.d.). In this paper, two fading
scenarios are considered to analyze the
system under consideration. In case 1, the
channel coefficients are n — u distributed,
and in case 2, the channel coefficients are
Kk — p distributed. In the next section,
Ergodic Sum-Rate for the considered
system is been analyzed.

4. ERGODIC SUM-RATE ANALYSIS

In this section, closed-form
expressions of the ergodic sum-rate are
derived over a generalized fading

environment for the considered system
model. Mathematically, the sum rate is
defined as

C =log,(1+ SINR;) + log,(1 + SINR,)
From (3) and (4), (5) can be written as

1 +pr
x,aip + 1

where x,, = |h,,|> . The ergodic sum rate
can be expressed as

(C) = (log,(1 + x,a7p)) + {log, (1 + x,p))

—(log,(xaip + 1))
where (.) represent the ensemble average
which can be written as in (8)

[oe)

log, (1 + CO)fy,, (V)
0

(5

(6)

(7.

(8)



3 Engineering and Technology Journal for Research and Innovation (ETJRI)
ISSN 2581-8678, Volume 1V, Issue 11, Jun 2022

where the values of C are calculated
depending upon (7) and f, (x) is the
probability density function (PDF) of x,,,
and written as [11]

fre, () = 2[Fz(0)]fz (%), fr, ()

= 2[1 = F ()] fz(x)
where Xis the unordered variable and
Fz(x)is the cumulative distribution
function (CDF) of X. From (7) and (8)

Ellog,(1+ Cx;)] =
2| “logs (14 Cx) [F (0] f () dx
E[logz(l + Cx,)] =
2 j “log, (1+ CO = F(O1fe () da
0

(10)

(11)

4.1 Ergodic Sum-Rate for n —u Fading
Channel:

If h,, follows the n — pu distribution, then
the PDF of X is given as [9]

fz(®) =
2\/5,11‘”0'5 hH —2uht
-0.5
F(M)Hu—O.SE;HO.S et th IM—O.S

The CDF of % isY,i <% #) where

Y,(x,y) is Yacoub’s integral [9]. Fj(x) is
further simplified as

r(2u 2
Ff(t)=1—(r%u)t) forn -1 (14)
and

I (w1 -2 2
Fp(t) =1-— ( [F(ur)l] t) forn (15)

-0

where T(a,z) = fzooe‘t t*1dt is the
incomplete gamma  function  [12].
Substituting fz(t) and Fg(t) in (7), the
average sum-rate of the considered system
model is numerically evaluated

—_
o

—_

Average Rate

4.2 Ergodic Sum-Rate evaluated for k — u
fading Channel:

If h,, follows the x — u distribution, the
PDF of X is given as [9]

(9) fz(t) =
u+1 .
u(l+k)z -pa+or p-1 k( (16,
e e ¢t otz D2 —
t 2z etk 2
The CDF of X isF(t)=1-
Qulru 2(k+1utt, where Qury is the
generalized Marcum Q-function [9].
Substituting the values of fz(x)and

Fz(x) into (7), the ergodic sum-rate of the
considered system model is numerically
evaluated.

5. RESULTS AND DISCUSSION

The derived analytical expressions
and MC simulation of considered system
model are validated in MATLAB R2021a

(13) Wwith 10° iterations. In our system model,

two users are considered i.e., userl and
user2 with the power allocation factors
(a?,a%) = (0.75,0.25) for userl and
user2, respectively.

T T 10 T T
Sum-Rate Sum-Rate ot
2
©
14
o
n Simulation, p=0. n Simulation, p=0.5
—:nalylti::al,p:(jss g1 *:f‘a'yl‘iﬁ"‘"ﬁf
Simulaltion, WS> A:::;taicl;";,:
* :::Lyl:;zhp;l < * Simula!iory\, p=2
— Analytical, }pz — Analytical, p=2
0 5 10 15 20 25 30 0 5 10 15 20 25 30
SNR in dB @) SNRiin dB(b)

Fig. 2. Average Rate with n — u fading
distribution at (a) n — 1 and (b)n — 0.

The average sum-rate of the system over
n — u fading distribution is depicted in
Fig. 1 at different fading values. It is
observed that as transmit SNR increases,
the sum-rate increases for both n — 1 and
n — 0 value. Further, it is observed that as
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u value is increases, the number of clusters
also increases which leads less severity of
fading. This in turn, the sum-rate gets
increases at lower SNR  range.
Furthermore, the impact of another fading
parameter i.e., n can be observed from Fig.
2 (a) and 2(b), respectively. As n values
increases, the sum-rate and rate of both
users is increased. Finally, it is inferred
that user2 shows a less average rate when
compared with userl. This is due to the
fact that user2 is assigned with less
channel gain and more power.
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Fig. 3. Average Rate with k — u fading
distribution at (a) x —» 1 and (b) k — 0.

The sum-rate and rate of each users in the
considered system model is shown in Fig.3
with k — p fading distribution at different
fading values p=1, 2, 3; and x=0 and x=1.
It is observed from the figure that, as SNR
increases, the rate of users and sum-rate
are also increasing. Further, it is observed
that user2 increases with SNR and then
becomes saturated at a higher value of
SNR. The impact of fading parameters can
be concluded that as the value of fading
parameters increases, the sum-rate and
each user rate also gets increased.

6. CONCLUSION

In this paper, the ergodic sum-rate for the
downlink NOMA system overn—u
and k — u fading distribution is analyzed.
The analytical expressions of ergodic sum-
rate is derived and validated with MC
simulation. Further, it is observed that as
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SNR increases, sum-rate and rate of the
userl also increases. However, at high
SNR, the average rate of user2 becomes
saturated. Finally it is concluded that if
fading parameters are increased, the sum-
rate and rate of individual users increases.
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