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Abstract

In this paper, we propose to combine the non-orthogonal multiple access (NOMA) and orthogonal frequency
division multiplexing—index modulation (OFDM-IM) by exploiting the constellation rotation to enhance the capacity with
low computational complexity SIC operations. We considered an uplink scenario with four users, where users transmit
information by applying IM to activate certain subcarriers and by QPSK-modulated symbols over the active subcarriers.
Additionally, a fixed constellation rotation is applied. SIC will be used by the base station (BS) to detect the signals
according to the decreasing order of power. The simulation result shows that the proposed system outperforms
conventional schemes, in terms of the sum rate.

1. Introduction

Generally, in uplink NOMA, every user’s signal is
decoded by utilizing the successive interference
cancellation (SIC) operation, which leads to higher
errors and thereby limits the number of users [1].

Recently, for beyond 5@G, the integration of NOMA,
orthogonal frequency division multiplexing (OFDM),
and index modulation (IM) has been receiving a lot of
attention to achieve higher spectral efficiency and
improved error performance [2], [3]. However, the
number of detection and cancellation operations is
proportional to the number of superimposed users on
the channel. On the other hand, to further improve the
error performance and reduce the complexity of
downlink IM —-NOMA constellation rotation is utilized in

[4].

In this paper, we propose to integrate NOMA-
OFDM-IM with constellation rotation for an uplink
scenario with four users, which will have better
spectral efficiency. Information will be transmitted by
applying IM to activate certain subcarriers and by
QPSK-modulated symbols over the active subcarriers.
Additionally, the QPSK will go through a fixed
constellation rotation. The transmitted signals of the
four users will be received at the BS with different
power levels. SIC will be used to decode the signals
according to the decreasing levels of power. The
rotation of constellations along with different power
levels eases up the signal detection process.

I1. Method

Let us consider an uplink (UL) NOMA system based
on OFDM operating under frequency-selective
Rayleigh fading channels. Users (u) independently
generate OFDM-IM signals to transmit to the base
station (BS) using the same frequency and time slots.
The BS receives signals from multiple users as a
composite signal. In this paper, a scenario with four
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users (u = 4) is considered, as shown in Fig. 1. The
UE1 — BS, UE2 — BS, UE3 — BS, UE4s — BS channel
gains are represented as |hq|?, [|hy|?, |h3l?, |hel?
respectively, such that |hq|? > |hy|? > |h3|? > |hy]?. The
users transmit their data with powers Py, P,,P;, and P,
respectively, and the powers of the received signal at
the BS are in the order of P{ > P, > P; > P,.

Each of the users transmits a total of B, bits, where
u € {UE:, UEs, UE3, UE4. The B, bits are divided into
g groups, each containing b, = B,/g bits. The &"
subblock z,(¢) of any user is considered as the
process of creating each subblock is the same. The b,
bits are charted into subblocks of size d, = N/g, where
N is the total number of subcarriers. Then, to create
OFDM-IM subblock, the bits are divided into two parts:
by, and b,,. The former is to determine k, active
subcarriers in a subblock employing a look-up table [5]
and producing the active subcarrier indices as I,(€) =

{iy108), o s luk,(8)} where iy(e) € A=1,.... ke
And the latter (log; M) is to determine the vector of
modulated symbols ¢, (€) = [cy,1(€), v e sCuk, (8)]. The

CSI between the particular users and the BS is obtained
by the users through overhearing the broadcast
downlink common reference signals [6], and it is
assumed that channel estimation is perfect. All the
users exploit QPSK modulation, and to enhance the
minimum distance between the constellation points
(Euclidean distance) of the composite multiuser signal
at the BS, UE2 and UE4 rotate the constellation by 45°
while UE1 and UE3 rotate the constellation by 0°. The
users create their OFDM-IM signal block based on the
I,(¢) and cu(e) . Eventually, the messages are
transmitted through frequency-selective Rayleigh
fading channels.

At the receiving side, the BS decodes the signals of
multiple users based on the decreasing order of their
received powers (P{>P;>P;>P,). The received
signal at the BS can be written as

y= leizl \/P_udiag(hu)xuejeu + Wy, (D
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Figure 1 System Model
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Figure 2 Sum capacity of proposed system compared to
NOMA-OFDM-IM and OFDM-IM

where diag(h,) = diag([h,(1) ..., A, (N)]T) and w, =
Wy (1) ...,wy (M)]T are the channel matrix and noise
vector for the four users in the frequency domain,
respectively. The BS can directly detect the UE1 signal
first by treating the other users signals as noise.
Rug, (¢) = arg min ||y(e) - /P'1diag(hy(e)xiem ||, (2)
X1€X
where y(e) and diag(h,(¢)) are the received signal
vector and the channel matrix for the &® subblock,
respectively. Once Ry, is decoded, the BS detracts its
effect from y as a step of SIC. We denote the signal
after SIC as yyg, sic. Then the BS tries to retrieve UE2’s
transmitted vector by executing a similar operation, as
done earlier for UE1, on yyg, sic while treating signals
from UE3 and UEs as noise. Similarly, the BS detects
UE3 and UE4 signals by performing SIC.

III. Result

Figure 2 shows the comparison of the proposed
scheme, NOMA-OFDM-IM, and OFDM-IM in terms of
the sum capacity. We considered activation of k =2
subcarriers out of n =4 in a subblock. As shown in Fig.
2, the proposed scheme outperforms the conventional
NOMA-OFDM-IM and OFDM-IM.

1V. Conclusion

We proposed an uplink NOMA-OFDM-IM scheme for
four users to enhance the capacity by utilizing
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constellation rotation. Moreover, the signal of each
user can be conveyed with additional index bits by
applying OFDM-IM. In terms of achievable data rates,
the simulation result depicts that the proposed scheme
outperforms conventional OFDM-IM and NOMA-
OFDM-IM.
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