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Abstract— Non-orthogonal multiple access (NOMA) enables the
next generation mobile communication systems to achieve
extremely high data rate with better connectivity and higher
spectral efficiency. In downlink NOM A, multiple user -equipments
(UEs) are grouped in a single cluster so that a single composite
power signal can betransmitted from the evolved nodeB (eNB) for
all UEsbelongtothat cluster. Each UE in thecluster then retrieves
its own signal from the composite power signal while
implementing successive interference cancellation (SIC).
However, in NOMA uplink transmission, each UE is unaware
about the transmission of other UEsin the cell. Hence each UE is
considered as a unique individual entity in uplink and therefore
transmitspower independently. Thereforein uplink, multiple UEs
cannot be grouped into a single cluster so as to transmit a single
composite power signal to the eNB. In order to achieve spectral
efficiency in uplink NOMA,, in this paper we exploit the concept of
Heter ogeneous network (HetNet) model and propose a two-step
power allocation scheme. UEs belong to a specific geographical
area are grouped in a small cell alike cluster and a cluster-eNB
(ceNB) isdefined for each cluster. UEsinsidethe cluster transmits
individually and independently to the ceNB during the first step
and afterwards the ceNB multiplex multiple UEs in a single
superimposed composite power signal while allocating distinct
power levelsto different usersin the second step. Finally, the ceNB
then transmits the superimposed composite power signal to the
eNB. The numerical results demonstrate that the proposed
technique outperforms the conventional orthogonal multiple
access (OMA) technique.

Keywords— NOMA, HetNet, Power Allocation, User Clustering,
User pairing, 5G communication systems

I. INTRODUCTION

During the recent past, a tremendous growth in the number
of data-hungry smart devices has been witnessed due to the
increased demand in user mediatraffic [1]. To meet the need of
extreme high data requirements, the fifth generation (5G)
mobile communication system, aims to offer extremely high
datarate, enhanced connectivity, and higher spectral efficiency
[1]. To provide these services, the third generation partnership
project (3GPP) has proposed non-orthogonal multiple access
(NOMA) asradio accesstechnique for the upcoming 5G mobile
networks [2]. NOMA has attracted much attention of the
academic and researchers community due to its ability to
achieve extremely higher aggregate data rate by exploiting
multi-user diversity [2]. In contrast to conventional orthogonal
multiple access (OMA) techniques, NOMA transmission
allows multiple users to be scheduled on the same
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time/frequency physical resource block (PRB) [3]. At the
transmitter, the power domain NOMA, exploits the
multiplexing gain, multiplexes multiple users on the same PRB
while assigning distinct power levels to different users in a
single superimposed composite signal. At the receiver,
individual user extracts message from the composite signal that
is intended for that specific user in the multi user group while
implementing successive interference cancellation (SIC) [3].

Recently, several researches have been conducted to explore
the potential of NOMA transmission. The authors in [4]
recommended dynamic user clustering for NOMA transmission
and demonstrated that maximum throughput can be achieved
by clustering users with distinct channel gainsin a group. The
work in [5] compared selective pairing and random pairing for
outage probability and user average throughput and revealed
that selective pairing can outperform random pairing if signal
is transmitted with high power. For low transmit power, the
authors have suggested the random pairing scheme. In [6] the
authors have proposed dynamic power allocation in contrast to
fixed power allocation for NOMA and investigated the impact
of dynamic power allocation scheme on outage performance
and average throughput while ensuring user fairness. Authors
in[5] suggested the power back-off technique in order to obtain
distinct and diverse arrived powers. The revised power back-
off control method is considered in [5] and the user average
data-rate and outage probability is assessed for NOMA uplink
transmission. To further enhance sum datarate, the research in
[7] suggested a collaborative MIMO scheme in combination
with NOMA transmission accommodating two usersin asingle
stream. To exploit the spectral efficiency, NOMA together with
HetNet was first proposed by Zeng et . [8] and indicated that
the collaborative deployment of HetNet with NOMA could
enhance the average throughput. NOMA in combination with
HetNet is considered in [9] where NOMA transmission is
adopted in both macro-cell and small cells. Power alocation
problem has been formulated for the users in the densely
deployed HetNet environment at a desired quality of service.
The authors have shown the significance of HetNet over single
tier NOMA deployment.

In most of existing research on NOMA [10-12], the
techniques for cluster formation in downlink are discussed. In
downlink NOMA, the eNB has information about the users to
whomi it will transmit signal, and therefore it schedules multiple
users on same PRBs for which it intends to transmit signal.
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Conversely, a few authors [13-14], have considered cluster
formation in uplink NOMA while assuming only two usersina
cluster in an ambiguous manner. The cluster formation in
NOMA uplink is fairly different from NOMA downlink. In
uplink NOMA, cluster formation is more complicated because
individual users does not have information about the
simultaneous transmission of other users and hence cannot be
grouped into a cluster in straightforward manner. Therefore
each user is considered as a unique individual entity in uplink
and thus transmits power independently which deters the
performance of NOMA transmission. Therefore, cluster
formation in uplink still needs to be investigated. Further, the
cell-edge users often experience the worst channel gain and
hence transmit at maximum power. Users transmitting at
maximum power are the source of interference which
deteriorates the performance of NOMA. So, this maximum
power alocation problem need consideration to get effective
performance of NOMA in uplink. In this article, we have
proposed aHetNet model inspired cluster formation scheme for
uplink NOMA. In the proposed scheme, users are grouped in a
small cell alike cluster based on channel gain and geographical
location and a cluster eNB (ceNB) is defined for each cluster.
The users belong to a specific cluster transmit individually to
the ceNB preventing cell-edge users to transmit at maximum
power. The ceNB while implementing NOMA technique
multiplexes the individual signals of all users in a power
domain composite power signal and transmitsit to the eNB.

Rest of the paper is organized as follows. Section Il presents
the system model. Section Il discusses the proposed cluster
formation and power alocation schemes. Analysis on outage
probability and sum data-rateisdiscussed in section |V, Section
V evaluates the performance of the proposed scheme. Finally
section VI concludes the article.

Il. SYSTEM M ODEL

We consider uplink NOMA transmission in which N users
are randomly deployed in a single-cell scenario with eNB
located at the centre of the cell. Considering UE; being nearest
to eNB, we assume that the users are deployed in decreasing
channel gain order from eNB such that |h;|? > |h,|? >
|h3|? ... |h, |*where h; isthe Rayleigh fading channel gain. The
proposed clustering technique can be generalized to group
multiple users based on channel gain and geographical location
into a single cluster for performing uplink NOMA.. There can
be N;jpq, Usersgrouped in acluster i where Ny, iSasubset of
N. Each cluster is assumed to have cluster eNB, denoted by
ceNB. A UE with maximum power resources and best signal to
interference plus noise ratio (SINR) is elected as ceNB. For
simplicity, in thiswork we have assumed single cluster. All the
UEs are considered to be equipped with single antenna whereas
eNB is considered to be equipped with three 120° apart
directional antennas.

The focus of this work is to study the effect of selective
clustering and fixed power allocation for NOMA uplink
transmission, which will provide significant understandings for
optimal power allocation and effective clustering in NOMA
uplink transmission.
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Cluster A3

Fig O1. Proposed cluster formation in uplink NOMA

I11. UPLINK CLUSTER FORMATION AND POWER
ALLOCATION

In this section we discuss the proposed method of
Heterogeneous network model inspired cluster formation and
power allocation scheme for uplink NOMA in detail.

A. Cluster formation

In proposed cluster formation procedure for uplink, NOMA
selects users based on actual channel gains and geographical
location. During the first step, the users are categorized into
different zones based on their geographical location inside the
cell. In order to demonstrate the procedure of defining a zone,
in this work, we have assumed that eNB is equipped with 120°
directional antennas. The direction in which the antenna
transmits the signal is considered as one zone. The distribution
of different users into zones are demonstrated in Fig 01. The
red dotted lines divides the entire cell into three 120° apart
zones (i.e. Zone A, B, and C) depending upon three directional
antennas on the eNB. In the next step, usersinside the cell are
distributed based on pre-determined threshold value of channel
gains hyy,. Findly, all the usersinside the cell are clustered into
different groups based on aforementioned two classifications.
To demonstrate the cluster formation procedure, let assume
there are two channel gain thresholds, h;,, and h;;,,, such
that hy,, > hyy, and there are three zones in the cell that are
zone A, zone B, and zone C as shown in Fig 01. The UEs,
belong to zone A, whose channel gain is above the threshold
value hyy, (i.e. UE;,UE,,...,UE, such that h; > h, = .=
h, > h;,,) are grouped into a cluster Al. TheUEs, (i.e
UE, ;1,UE,,, ..., UE,) belong to zone A, whose channel gain
is such that hyyq > hpeq = hyyy =-.2 hy > by, ae
grouped into cluster A2. And the users belong to zone A and
having channel gain below h,,, are grouped into cluster A3.
Following the same procedure as for zone A, other usersin the
cell belong to zone B and zone C are grouped into clusters B1,
B2, B3, C1, C2 and C3 respectively. The cluster formation
procedure ensure that al the users inside a cell are clustered
into groups and no user isremained un-clustered. Inspired from
HetNet model, the user in a specific cluster having high power
resources and best channel gain inside the specific cluster is
selected as ceNB highlighted by green colour in Fig O1 . After
defining ceNB, all UEs in a cluster transmit their individual
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signals to the ceNB using OMA transmission. The ceNB then
multiplexes all the signalsin a power domain composite signal
on same PRBs while alocating distinct power levels to
different users and transmits the composite signal to eNB using
NOMA transmission. The power allocation scheme is
discussed in subsequent sub-section.

B. Power Allocation

As previously discussed, in proposed method, signal
transmission is a 2-step process. In first step, transmit power is
allocated to all UEs inside a cluster transmitting to the ceNB
using the fractional power control schemeimplemented in LTE
[15]. Although power alocation in first step is not the focus of
this work, nevertheless, the proposed cluster formation,
discussed in previous sub-section, reduces this transmit power
by bringing the ceNB close to the UE, thereby achieving better
data-rate at low generated interference.

In second step, the ceNB multiplexes all signals that it has
received from clustered users on same PRBs by allocating
distinct power levels to the signals of different users and
consequently transmits the power domain composite signal to
eNB using NOMA transmission. In NOMA transmission, the
power alocation technique can be characterized into two
categories that is fixed power allocation and dynamic power
allocation. Thefixed power alocation procedure all ocatesfixed
incremented transmit power to multiple usersin a cluster based
on predefined increment. In contrast, the dynamic power
allocation procedure updates the allocated transmit power
based on channel state information. In our work, we have
adopted the fixed power allocation scheme due to the reason
that fixed power allocation can achieve near-to-optimal
performance without unnecessary signalling overhead. In the
proposed power allocation scheme, the ceNB is responsible to
alocate distinct power levels to the signals received from
different users for uplink NOMA transmission. The power
allocated by ceNB to thereceived signalsof ith user inacluster
can be expressed as P; = Py — (i — 1), where P, is the target
received power required for ceNB to transmit signal to eNB,
and ¢ is the back-off step of the target received power. The
proposed scheme illustrates that the power of clustered users
decremented by a fixed step size§. It means that the power
allocated to second user is 6dB lower than the first user, and
the power of the third user is again 6dB lower than the power
of the second user and so on. Since channel gain of theceNB is
highest among all the usersin cluster, the highest sum data-rate
can be achieved with the proposed power allocation scheme.
Furthermore, the ceNB has the leverage to alocate higher
power portion to certain user according to histarget data-rate.

IV.PERFORMANCE ANALYSIS

A. Sum Data-Rate

The NOMA composite signal transmitted from ceNB to eNB
containsthe individual signals of UE,, UE,, ..., UE,, expressed
as

n

x= ) P

i=1
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where P; is power alocated to the signal x; of ith user. The
received composite signal at eNB can be interpreted as

y=.hd%x+n

where h, is the Rayleigh fading channel gain between ceNB
and eNB, d represents the distance between ceNB and eNB, «a
isthe path-loss exponent, and n denotes additive noise. At eNB,
SIC is implemented and the signals of individual users are
decoded from the composite received signa y. We have
assumed perfect SIC implementation at eNB. The achievable
data-rate of ith user in uplink NOMA is expressed as

R, =1 (1 + hed "F >
. = ng —
l Toa(l; + hed=P;)

L#j

1; representsthe inter-cell interference received at eNB from all
ceNBs in the cell except the transmitting ceNB. Since we have
assumed only one cell, the inter-cell interference from ceNBs
connected with other cellsis neglected. The normalized channel
gain |¢;|? = Z’;Cd(l ) is obtained by normalizing the complete

j=1\"j
channel gain by interference from all ceNBs. Considering
normalized channel gain, achievable data-rate of ith user in
uplink NOMA is expressed as

R, =log <1+ lcil"P > i#j
. (1 + 1eil?R)

The sum data-rate of NOMA uplink transmission can be
calculated from the user data-rate using the following equation
n

Ryym = Z R;
i=1
B. Outage Probability

Consider that R; is the target data-rate of ith user. The user
i is considered in outage if the achievable data-rate of ith user
R; islessthan thetarget data-rate. The outage probability of ith
user is given as
Poutsi = P{R; < R;}

lci|?P; s
- > <Riti+#]j
(1 +1el?R)
The equation can be simplified as

P P{ lei|?P;
=
o (1 + 1cl?P)

Pout/i =P {logz (1 +

< zﬁi—l}i;tj

n
Poyesi = P{leil®Py = ]/iZICiIsz <yiti#]j
=1

wherey; = 2R — 1. The outage probability for ith user can be
written as

n
Pyl ..
Poyesi = P lcil? = vilel? E F]< FL i #]
i P; ;
j_
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The Z}Ll? term contains the joint pdf of allocated power to
1
the signals of multiple users in the cluster. Assuming perfect

SIC cancellation from the previous users at the eNB, the outage
probability for ith user in the cluster can be described as

n
T v/ +1

The above equation illustrates that the outage performance of
ith user is directly proportiona toR; and is inversely
proportional  toR;_;,R;_,,....,R;. Similarly the outage
probability of nth user can be expressed as

~Yi
/2;42Pi

Pout/izl_ i#]j

n
Pout/n =P |Cn|2Pn - VnZlCnlzpj < Vg l#FJ
=

n
n

B v
Pout/n =P |Cn|2_ ynlcnlzzp_j< P_
= n

L #]

Y

n-1

Pout/n = f n(l - F(xn)) f((xn))dxn

0

Nyn

Pout/n =1-e /ZMZ
This equation shows that the outage performance of the nth
user isdirectly proportional to R,, and isinversely proportional
toR,_1, Ry_5,...., R;.Similarly outage probability of first user
in the cluster can be expressed as

n
p; Ya ., .
Pouesr = P |Cl|2—V1|Cn|ZzP—]<P— i #]
= 1

The above equation explain that the outage probability of first
user isdirectly proportional to R;.

V. PERFORMANCE EVALUATION

In this section, we evaluate the performance of sum data-

rate and outage probability for the proposed HetNet model
inspired NOMA transmission. In order to validate the
effectiveness of our proposed scheme for NOMA transmission,
we have compared the analytical sum-rate and outage
probability with the random pairing given in [5] and OMA
transmission.
For NOMA transmission, we have assumed four users grouped
inasinglecluster. For OMA four usersare considered for signal
transmission. Target data-rate is fixed as R = 5. Moreover, we
have used two different sizes of power back-off parameter
6 (i.e. 2dB and 4dB) in order to demonstrate the effect of § on
achievable sum data-rate and outage probability.

Fig. 2 shows the sum data-rate comparison of OMA,
random pairing based NOMA, and HetNet inspired NOMA. It
is apparent that NOMA outperforms the OMA based
transmission. At the specified target data-rate, NOMA achieves
multi-fold data-rate at low signal to noiseratio (SNR) condition
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as compared to OMA. The figure aso illustrates that the
proposed scheme achieves higher sum data-rate as compared to
random pairing due to the reason that the transmitting node (i.e.
ceNB) in the cluster has best channel gain among all the
grouped users. Further, it is observed that with low value of §,
higher sum data-rateisachieved because with lower §, the users
are closely multiplexed which may result in imperfect SIC.

Fig 03 compares the outage probability between OMA,
random paring in NOMA, and HetNet inspired NOMA. First,
the curves demonstrate that at a given target data-rate NOMA
shows better outage performance as compared to OMA
schemes. Also, it is observed that HetNet inspired NOMA
outperforms the random pairing based NOMA. This is because
in the proposed scheme the transmitting node (i.e. ceNB) of the
cluster has the best channel gain and higher transmitting
capabilities as compared to the users in random pairing.
Secondly, it isalso shown that higher power offset value results
in better outage performance. It is due to the reason that larger
vaue of § helps in decreasing interference from the
multiplexed users which results in better interference
cancelation in the SIC procedure.

5

4.5 -

4+

35

Sum-Rate

—8—0OMA
—3— NOMA conventional pairing

& NOMA HetNet based clustering (5=2dB}|
—#—NOMA HetNet based clustering (5=4dB)

5 10 15 20 25
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Fig. 02: Sum data-rate comparison

Outage Probability
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Fig. 03: Outage probability comparison
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V1.CONCLUSION

In this paper, anovel HetNet inspired cluster formation and
power alocation scheme is proposed for uplink NOMA
transmission, in which usersin acell are grouped into different
clusters based on channel gain threshold and geographical
location, while defining single transmitting node for each
cluster. The sum datarate and outage probability has been
analytically analysed for the proposed scheme and the
performance is compared with traditional OMA schemes and
NOMA random pairing scheme. A single transmitting node
with highest channel gain and highest transmit power
capabilities results in achieving high sum-data rate and better
outage performance. Analytical results demonstrated that better
outage performance is achieved with higher power back-off
value, however, better sum data-rate is achieved with lower
power back-off value. Results validates the effectiveness of the
proposed scheme by achieving higher sum data-rate and lower
outage probability in all cases as compared to OMA schemes.
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