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Abstract: The next generation of wireless networks
demands for the massive and heterogeneous connectivity,
larger bandwidth, ultra-low latency, and ubiquitous
connectivity to facilitate higher data rate in new technologies
like self-driven vehicles, virtual reality and Internet of Things.
With prominence towards 5G and beyond technologies, new
research directions are to be explored to achieve the latency to
be less than one millisecond and data rate up to 1 Gbps. A
crucial challenge for 5G networks is to implement effective
radio access technique which can improve the spectral
efficiency to cope with the increasing network densification. In
order to meet these challenges, various fundamental
technologies have been proposed and examined such as massive
multiple-input multiple-output (mMIMO), M2M
communication, millimeter-wave (mmWave) communications,
beamforming and non-orthogonal multiple access (NOMA).
One of the key solution to increase the spectral efficiency is
Non-orthogonal Multiple Access (NOMA). NOMA has great
potential as it is able to serve multiple users simultaneously at
same frequency/code resource and going to outperform the
usual orthogonal Multiple Access (OMA) technique in future
cellular networks. As per the resource allocation scheme in
NOMA based system, it has to deal with the inter user
interference. In this paper we have focused on Power domain
NOMA and to alleviate interference among the users scheme of
Successive interference cancellation (SIC) is implemented and
simulated both for uplink and downlink channels. This article
shows the complete mathematical model for unordered and
ordered power domain NOMA and the system level simulation
results shown to compare the performance on the basis of
outage probability with different power allocation schemes. It
is identified that the capacity of the system increases with the
application of optimum power allocation. NOMA is proved to
improve the spectral efficiency and transmission latency, by
supporting massive users with enhancing user-fairness.

Keywords: Non-orthogonal Multiple Access (NOMA),
Massive MIMO, Successive Interference cancellation (SIC).

1. INTRODUCTION

As the fifth generation (5G) wireless networks has been
evolved which has to support three important fields of
applications, including enhanced mobile broadband
(eMBB), massive machine type communications (mMMTC)
and ultra-reliable and low-latency communications
(URLLC) [1]. In order to meet the demand of above
mentioned application, next generation wireless networks
has to cope with various challenges in order to support
extensive heterogeneous traffic and wusers, So new
modulation and multiple access (MA) schemes are need to
be developed. In next generation cellular communications,
the design of the radio access technology (RAT) is essential
factor for improving spectral efficiency and the system
capacity in a cost effective way. Radio access technologies

are mainly characterized by the radio frame design,
waveform design, multiple inputs and multiple output
(MIMO) transmission scheme, multiplexing and multiple
access scheme. Specifically the design of the multiple access
schemes is needed from a system performance
improvement, as it facilitates multiple users to access and
share the radio resources efficiently and simultaneously. In
literature we have various multiple access techniques like
frequency division multiple accesses (FDMA), time division
multiple access (TDMA), code division multiple Access
(CDMA). Multiple access techniques are broadly
categorized into two different approaches, that are
orthogonal multiple access (OMA) and non-orthogonal
multiple access (NOMA). In orthogonal technique of access
scheme, a perfect receiver is used to separate completely
unwanted signals from the desired signal using orthogonal
basis functions [2].

In 4G mobile communication systems such as Long Term
Evolution (LTE) and LTE-A, standardized by the 3rd
Generation Partnership Project (3GPP), orthogonal multiple
access based on orthogonal frequency division multiple
access (OFDMA) which is used in combination with
scheduled FDMA and TDMA techniques for downlink and
single carrier (SC) FDMA for uplink are acquired [3]. In
OFDM the spectrum can be divided into a large number of
orthogonal narrow-band sub-channels which avoids putting
guard-bands between adjacent subcarriers as a result it
achieved an increased spectral efficiency in comparison to
FDMA. To meet many new demands required for 5G
networks it may be very challenging to achieve a threefold
enhancement in the spectrum efficiency compared to the
LTE baseline. OMA is able to support restricted numbers of
users due to limitations in the numbers of orthogonal
resources blocks, which limits the spectral efficiency and the
capacity. Also it suffers from the high peak-to-average
power-ratio (PAPR). To overcome this drawback, it requires
highly linear power amplifier [4]. This increases the power
consumption of the user and degrades the power efficiency
and it shortens the battery life. Thus the gain in the total
capacity beyond 500 fold can be achieved if some new ways
of spectrum extension using new and higher frequency
bands and network densification can achieve a capacity gain
of 50 fold.

In contrast to OMA, NOMA introduces a new method of
multiplexing within one of the time/frequency/code
domains. NOMA allows allocating one frequency channel to
multiple users simultaneously within the same cell and helps
to improve spectral efficiency (SE), higher throughput, easy
channel feedback, support massive connectivity, enhanced
user fairness, minimal wireless network and low
transmission latency [5]. Generally, NOMA techniques can



be divided into two schemes, namely, power domain
NOMA and code domain NOMA. In this paper we proposed
power domain NOMA where multiple users of different
channel conditions are multiplexed in the power domain on
the transmitter side and multiuser signal separation on the
receiver side is conducted.

2. MOTIVATIONS AND FEATURES OF NOMA

Researchers are attracting towards NOMA to meet 5G
requirements and putting a lot of efforts in NOMA including
various performance analysis methods, fairness analysis,
energy efficiency, and user pairing. NOMA is the promising
technique as a cellular multiple access scheme according to
the following key features:

1) NOMA provides high spectral efficiency, which is
attributed to the fact that it allows time/frequency/code all
the resource block to be exploited by multiple users.

2) NOMA can support massive connectivity as it supports
multiple users within one resource block approximately for
billions of smart devices. This feature is most essential for
Internet of Things (10T) scenarios with users that need very
low data rates with massive number of end users.

3) As in NOMA only the received signal strength needs to
be estimated in the channel feedback. As a result perfect
uplink channel state information (CSI) is not required at the
base station.

4) In the uplink of NOMA, there is no need to schedule
requests from users to the BS, which is normally required in
OMA schemes. As a result, a grant-free uplink transmission
can be established in NOMA, which reduces the
transmission latency drastically [6]

5) To make NOMA promising, it should be used with
advanced transmission/reception techniques such as dirty
paper coding (DPC) or a SIC receiver [7-8], which is
different from the techniques used in 3G systems. NOMA
with a SIC receiver is the baseline scheme but it may be a
drawback in terms of receiver complexity [10].

6) Utilization of additional domain for user multiplexing

For FRA (Future radio Access), good properties of
3.9/4G, i.e., LTE/LTE-Advanced, should be maintained as
much as possible such as robustness against multipath
interference, good affinity to MIMO technologies, and
supportability for one-cell frequency reuse. Thus, we
assume alternative waveforms such as a filter bank
multicarrier (FBMC) [9] could be investigated especially for
the higher frequency bands. NOMA is a scheme that utilizes
an additional new domain, i.e., the power domain, which is
not sufficiently utilized in 3.9/4G systems. The performance
gain of NOMA compared to OFDMA increases when the
difference in channel gains, i.e., path loss between UEs, is
large [10].

7) In LTE/LTE-Advanced, many technologies are
adopted to enhance the system performance. It is preferable
for NOMA to take a receiver cancellation approach and to
specify the basic cancellation mechanism so that NOMA
with a SIC receiver can be a basic technology that provides
a robust performance gain in practical wide area
deployments [10].

3. SEQUENCING IN NOMA

A. Dynamic-ordered NOMA:

For the dynamic ordered scheme, the channel state
information (CSI) is perfectly known at the BS. Before
decoding, the receiver determines the decoding order based
on the instantaneous received signal power of each user. The
instant decoding order can be represented by a permutation
v. Following the decoding order v, the users are decoded in
the sequence of [vi,v2,- - -,vN] with the instantaneous
received signal power relation: pvl > - - -> pvN . When
decoding the message of the user vn, the SIC receiver
should decode all the prior (n—1) users’ message first, then
reconstruct and subtract regenerated multiuser interference
from the superimposed signal. Meanwhile, the rest (N — n)
users’ signals are regarded as the inter-user interference
[11].

B. Fixed-ordered NOMA:

For the fixed ordered scheme, it is assumed that the BS
determines the decoding order only by considering the
statistic CSI for each user, i.e. the average received power of
each user. Therefore, the users are decoded in the sequence
of 1, 2, - - -, N based on their distance to the BS, i.e., d1 <
d2 < dN.

4. WORKING PRINCIPLE for THE UPLINK AND
DOWNLINK NOMA

Existing NOMA schemes can be classified into three
categories: power-domain NOMA, code-domain NOMA,
and NOMA multiplexing in multiple domains. We will
introduce them subsequently with emphasis on power-
domain NOMA. Power-domain NOMA is considered as a
promising MA scheme for 5G networks [12]. Power-domain
NOMA supports multiple users within the same
time/frequency/code resource block by distinguishing them
with different power levels.

(A) Hlustration of the basic NOMA scheme applying SIC
for UE receivers in the cellular downlink

This scheme considers a single-cell downlink scenario
where there is a single base station (BS), and N users U; ,
with ie N={1,2,3,....N} , and all terminals are equipped with
a single antenna. Note that a similar uplink scenario can also
be described and a NOMA scheme can equally be utilized
there. The BS always sends data to all users simultaneously,
subject to the constraint of total power P. It is assumed that
the wireless links experience independent and identically
distributed (i.i.d.) block Rayleigh fading and additive white
Gaussian noise (AWGN).

The NOMA scheme allows simultaneous serving of all users
by using the entire system Bandwidth (BW) to transmit data
with the help of SC (Superposition coding) at the BS and
SIC decoding techniques at the wusers. Here, user
multiplexing is executed in the power domain. The BS
transmits a linear superposition of N users’ data by
allocating a fraction of p; , the total power to each Uj, i.e.,
the power allocated for the ith user is Pi= piP, to satisfy the



total power constraint such that 2pi =1. On the
receiving end, each user decodes the signals of the weaker
users, i.e., U; can decode the signals for each user.
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User 2 Signal from User1 s“"!l nal
O D Received Signal &
Q)) .
., User1
Decoding of
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Decoding of
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Figure 1: Decoding of user data in 2 user scenario
In downlink, the BS transmits the superimposed signal

X= 21?}:1 '1.."|'p_z'xi
where Xi is the unit power message signal intended for user
i, pi denotes the power allocated for user i, and N denotes
the total number of users in a NOMA cluster. The power
allocated to a user depends on the powers of other users due
to the BS total power constraint,

P= E:‘z'.u=1 m’fp_i

where P is the BS total power.
NOMA allocates less power for the users with better
downlink CSI, to guarantee overall fairness and to utilize
diversity in time/frequency/code domains. SIC is used for
signal detection at the receiver. The user with higher
transmit power, that is, the one with smaller downlink
channel gain, is first decoded while treating another user’s
signal as noise. In practice, for a particular system setting, P;
is predefined and is thus divided among UEs according to
the adopted power allocation (PA) scheme.
The user with higher transmit power, that is, the one with
smaller downlink channel gain, is first decoded while
treating another user’s signal as noise. Once the signal
corresponding to the user with higher transmit power is
detected and decoded, its signal component will be
subtracted from the received signal to facilitate the detection
of subsequent users. It should be noted that the first detected
user suffers from the highest inter-user interference and also
the detection error in the first user will pass to the other
users, which is why we have to allocate sufficient power to
the first user to be detected.

The received signal at the i-th user is given by
yi = hj X + wi, where h; represents the channel gain between
the BS and user i, and w; denotes the Gaussian noise (with

power spectral density No; zero mean and variance®=) at
the receiver for user i.

If signal superposition at the BS, and SIC at U; , are carried
out perfectly, the corrponding SNR for user U; for 1 Hz
system BW is given by
TI[ — .IG:' F | h‘i |2

H F|h5|22i=i+1pi+ gnz

............. ©)

2 J.'II- -
Where Plh|* Zi=i+1 P interference is power and 7 is
noise.

The data rate achievable for user U; for 1 Hz system BW is
given by:
piPlh;|®

x5 -
Ri=logz (1+ Tﬂi ) =log . (1+ Plh[|zz‘;{':[+,_ pit l"7-‘?) 4

Note that the data rate of user is Ry, as this user successively
decodes and cancels all other users’ signals prior to
decoding its own signal. Also note that a strong user
experiences a better channel condition, but that does not
mean the signal strength is stronger. In fact, a lower transmit
power is assigned to a strong user, and a weak user is
assigned more power. Thus, the weak user’s signal is the
strongest one. Therefore, NOMA does not contradict the
basic concept of SIC, that decoding of the strongest signal
should be performed first.

The optimal order for decoding is in the order of the
increasing channel gain normalized by the noise and inter-
cell interference power, |hi[*/No;. Based on this order, any
user can correctly decode the signals of other users whose
decoding order comes before that user for interference
cancellation. Thus, UE-i can remove the inter-user
interference from the j-th user whose |h;j|*/No; is lower than
[hi|?/No,i.

In a 2-UE case, assuming that |hi?/No1 < |hz/#/No2, (and
hence P;>P,;), UE-1 does not perform interference
cancellation since it comes first in the decoding order. UE-1
first decodes x; and subtracts its component from received
signal yl. Therefore, UE-2 can decode Xx» without

interference from x1. Assuming the error-free detection of x;
hd?

at UE-1, the throughput of UE—iCu-_ , IS represented as
N a,Pla,|?
[

2 —_— %
2= logs (1+ Y22) =log, (1+ Plrl®azt af) (5)
After decoding first user and cancelling interference

—
Y, = hzﬁll"l P2 P Xz/crn

...................... (6)
SNR for decoding user 2 at source 2 is:
i 2
: T, 7)
And

z

cx il
iz _log 2 (1+ T ) e (8)

it can be seen that power allocation for each UE greatly
affects the user throughput performance and thus the
modulation and coding scheme (MCS) used for data
transmission of each UE. By adjusting the power allocation
ratio, P1/P2, the BS can flexibly control the throughput of
each UE. Clearly, the overall cell throughput, cell-edge
throughput, and user fairness are closely related to the
power allocation scheme; therefore, a flexible radio
interface needed to utilize the potential gain of the NOMA
[13].

3.1. Probability of Outage Analysis for fixed NOMA in
Downlink:



In this section, we present an exact analysis of the outage
probability for user-1 under the considered network setting.

Let w1 and EI represent the target SINR, and the rate for
user 1, respectively, where wi= 2 1.

For given quality of service (QoS) constraints:

log (1+ ¥,%) <R,
a,Blh,|*

_aPlnl® _or g
Plr, P, + lF,?{ <2 1 =R1 i 9)

Yu, =

P .
ps=_T ,where P= Total transmit power
n

a1 ps = Fraction of total power allotted to user 1.

a2 ps = Fraction of total power allotted to user 2.

|'IT'1|2 =54
Ex) — E.ipBE._ R?__ —
Tu-_ 512|:|5=E._+1<2 1=R

Ri1 (a2 ps B1 +1) > a1 ps 1
Ri a2 ps f1 +R1 > a1 ps P2
R1> a1 ps B1- R1 a2 ps P1

(a1- R1 a2 )ps P1 <R:

For Probability of outage user 1 <1

a;- Ry a; >0

s |
Ri<—
Gy

Probability of outage for User 1 is:
Pr{(a1- Ry a2 )ps P1 <R:}

Ry

=Pr {1 < I:al: Rlaljps

Let B = |h1|‘

E {B}=067

PDF of B is
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(si—Raezjps 1 Tg%

= 7 e %t dp1
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Probability of outage for User 2 is:
Pr{C;* < R; U C;*R;}

Cit < R, =log (1+yi) <Ry

al ps By
alpsf, +1
= (a1~ Ry a2 )ps B2 <R1

$B2<

<21 =R,
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Therefore, outage occurs if

R, R,
< max 2 ,

B2 {lr.z —agR, o aEqpg

Let B2 = |h2|

E {2} = 63

PDF of B2 is

B
1 e
fr@)=5 e 2 = 0
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The probability of outage for decoding at user-2 is given as
follows:
R, R,

Pr«{[32<max{rI _E'R }p s
s Tgfg

Ry
_J" “ra, —ﬂzR 1P ﬂzﬂ'.s fBE (szdﬁz
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z
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3.2. Probability of Outage Analysis for Ordered NOMA
in Downlink:

In ordered NOMA the weaker channel is decoded first and
stronger channel is decoded later.. Let the channel gain of
user-1 is:

E: = |h~1|‘ = min {|h41%, [R5 1%}

System model for Ordered NOMA is given as:
Yi = h’z (_"\-'l a’lps E‘I—I_ *\.'l a’ﬂps E‘;) + ﬂ'i
PDF of Bi is

:lhil2

E {pi} =57
_Bi
f iz e L i={L2)
CDF of_grdered NOMA: foLEser—l:
FB, (By) =Pr(B; < By)
=1-pr(B; = B,)
=1- Pr(mln{Bl, B} > ;[_?:]
=1-Pr(By> ,[?1,32 = JBl)
=1- Pr(B> ﬁ‘l) Pr(B2 = ,81)

Remember,
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Similarly, Pr (B2 = E;) —e %
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BB

FBy (B1) =Pr(B; < B) =1-e % xe %
To get PDF we have to differentiate



the expression of CDF:
d/dfS (CDF) = PDf

1 1 st
fo: (B)=(z+ )€ S
i1 1
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It indicates that if J5 is smaller than the probability of

outage increases.
Channel Gain of User 2
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(B) Hlustration of the Uplink ordered NOMA scheme

NOMA can equally be applied in an uplink scenario. In
the uplink, SIC is performed at the BS. For a two-user
NOMA, the received signal at the BS is represented as

Y=hy/Pa,x1+hy /Pa, x2+w
Here, user U; transmits the signal xi , with Pi= f’Fal

being the transmission power. Also, w is the AWGN with
zero mean and variance. With the help of SIC, the BS
decodes the signals of U; and U, in two stages. In the first
stage, the signal of U; is decoded, treating the signal U; as
noise. In the next stage, the receiver subtracts the decoded
signal x2 from the received signal and then decodes the
signal of U; [14].
Corresponding SINR of user-1 for decoding x: at
BS is written as:

al ps B,
Yas — alpsfy +1

Where, B1 = |41, B2 = |h;|*
Achievable rate for user 1:

Ha\— alpsf,
logz (1 +y,2)=logz (1 +a:p;ﬁ) .............. (14)
After decoding and removing the signal

component corresponding to x: , the resulting
signal is:

Y2=hz ja,p, x2+ ngg

And the SINR for user-2 is:

Yol = a2 ps B,

3.3. Probability of outage for Uplink NOMA:

Outage condition for user-1 can be written as

follows:

If the maximum achievable rate is less than the

desired rate, than outage occurs.

logz (1 +y5¢) <Ry

Yo = a:lizu:;f:+ ;< 2% —1=R,

R,(1ta,p.8.)
&3Pz

The probability of outage can be evaluated as
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It implies that, B;<

) fa, (B)dB,

Outage does not occur for user 2 when
logz 1+y.2) = R4 and
l0g2 @y = Rz
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Therefore , probability of outage for user-2 is
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This is the requ_ire_:d expression for Probability of
outage in Uplink ordered NOMA.
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Figure 2: NOMA in Uplink Scenario
5. SIMULATION RESULTS

In this section, to achieve more insights of the analytical
results, we provide the theoretical evaluations for a 2-user
NOMA system. with the increase of SNR, the theoretical
curves match better with the simulation ones, which
corroborates the validity of the theoretical analysis. The
outage probabilities of the dynamic-ordered and fixed
ordered SIC receivers are presented in Fig.3. It can be
observed that the dynamic ordered scheme outperforms the
fixed one in terms of the outage probability.

To illustrate the performance gains, this section provides
numerical results for Fixed and ordered NOMA setups both
for downlink and uplink. The primary performance matrix
outage probability is considered for this purpose. The above
mentioned system is simulated in MATLAB with the
following parameters:

Simulation Table

Parameter Value
Desired Data rate for user | B. = 1
land?2 EI =1
Power ratio a1=0.9,a=0.1
Channel property 5% =152 =
Algorithm SIC
NOMA Techniques Ordered and Fixed NOMA

| Power Allocation

| Random Vs Optimum

Probability of outage

Probability of outage

Probability of outage

100 ¢

1072

o

1072

Pout Vs SNR for fixed NOMA

Outage User 1(Sim.)
Outage uer 2(Sim.)

O  Outage User 1(Theory)
O  Outage User 2(Theory)

10 12 14
SNR(dB)
Figure 3: Fixed NOMA in Downlink Scenario
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Pout Vs SNR for Ordered DL NOMA

Outage User 1(Sim.)
Outage uer 2(Sim.)

O  Outage User 1(Theory)
©  Outage User 2(Theory)

10
SNR(dB)
Figure 4: Ordered NOMA in Downlink Scenario

Pout Vs SNR for UL fixed NOMA

Outage User 1(Sim.)
Outage uer 2(Sim.)

O  Outage User 1(Theory)
O  Outage User 2(Theory)

15 20 25
SNR(dB)
Figure 5: NOMA in Uplink Scenario
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10 Capacity vs SNR
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Figure 6: Capacity for NOMA with random and optimum power allocation

6. CONCLUSION

In this paper, we propose and investigate the performance of
NOMA for Fixed as well as ordered users in Downlink and
Uplink. The technique of Successive interference
cancellation is proved to be very efficient and it has been
concluded that the probability of outage decreases with
increasing SNR. The dynamic ordered scheme outperforms
the fixed NOMA scheme because the dynamic strategy
could guarantee the smallest multiuser interference for each
user by adjusting the decoding order based on the
instantaneous receiving power dynamically. Also we have
applied this dynamic ordered NOMA approach in Uplink.
The mathematical outage probability expressions are
derived for each wuser under the Rayleigh fading
environment for both types of SIC receivers. The numerical
results show that the dynamic ordered scheme can achieve
better outage performance than the fixed one. Also the
capacity for NOMA can be improved with optimum power
allocation.

For future work, we plan to investigate power and rate
allocation strategies to further enhance NOMA performance
in next generation wireless Networks.
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