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ABSTRACT Future sixth-generation (6G) and new wireless communication systems are expected to
enable massive volumes of data transfer with utmost high reliability, low latency, and less reception com-
plexity to meet the needs of IoT-based wearable devices. To fulfill these requirements, we propose a novel
signal superposition-based dual transmission communication technique that is capable of simultaneously
improving data rates from one side and reducing data errors from another side. The proposed system
uses superimposed auxiliary signals (based on wireless channel characteristics) to eliminate interference
and the channel effects at the reception side. The superimposed auxiliary signals provide low complexity
and minimum processing at the receiver side, which results in reducing the power consumption and delay
in future communication systems and devices. The obtained simulation results unveil that the proposed
technique provides better throughput, improved reliability, less complexity, making it suitable for low power
consumption, limited processing applications such as IoT devices.

INDEX TERMS Conventional ARQ, Dual Transmission, 6G, IoT, Internet of Things, PHY layer, Signal
Superposition.

I. INTRODUCTION

E ach wireless system from the first to the fifth-generation
(5G) tries to meet the needs of service providers and

mobile users. However, the world is now more data-centric
and data-driven, which has led to exponential growth in the
automation industry, autonomous vehicular system mobility,
and millions of sensors and devices embedded and installed
in cities, homes, and production environments [1]. Wireless
communication networks have become the backbone of these
new systems, which increases the demand for large amounts
of data at much higher speeds. Wireless connections have
moved beyond the personalized communication towards the
Internet of Things (IoT) paradigm, connecting people and
computing resources, vehicles, devices, wearables, sensors,
and robotics [1]. Furthermore, 6G communications networks
will provide improved services like vast coverage, much
higher data rate, enable consumers to connect from every-
where, adopt unconventional communication networks, ac-

cess several types of data than transmit them through conven-
tional improved radio frequency (RF) networks, and allowing
new communication experience such as virtual-augmented
reality and involvement anywhere [2].

Such challenging new technologies will require massive
amounts of data with super-enhanced reliability, low latency,
and zero interference. Conventional wireless systems cannot
meet the requirements the future networks demand. For in-
stance, automatic repeat request (ARQ), which is used in
conventional telecommunication systems to provide reliable
wireless communication through sending multiple retrans-
missions of the same packet, occur at the expense of receiver
complexity, delay, and computation power resources exhaus-
tion, thus making conventional ARQ not suitable for future
Internet of Things (IoT) devices. In fact, Physical layer de-
sign techniques require simple signal processing techniques
that are beneficial for devices with limited processing and
low power requirements as in [3], [4]. To overcome these
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issues and achieve the required throughput, reliability, and
data detection simplicity, different types of communication
techniques should be invented.

Motivated by this, in this work, we propose a novel smart
ARQ method that can better meet the requirements of future
IoT devices and significantly outperform the performance
of conventional ARQ. The novelty of the proposed physical
layer design is listed below.

A. NOVELTY OF THE PROPOSED ALGORITHM
The novelty of the proposed concept is listed below:

1) It utilizes superimposed signal-based dual transmission
using a single RF chain connected with two antennas so
that each transmission round can experience a different
channel response by continuously alternating between
the two antennas.

2) Conventional ARQ systems use interference cancella-
tion technique as in [5] and re-transmission of the orig-
inal signal which increases complexity at the receiver
side as in [6] respectively. However, the proposed
algorithm uses specially designed auxiliary signals to
cancel the interference and remove the channel effect.
Hence, simplifying the transmission process and mak-
ing it good for IoT devices.

3) The computation done at the transmitter is minimal
because channel matrices are diagonal; therefore, the
inverse operation is simple. Consequently, through
simple computational methods, auxiliary signal matri-
ces can be designed.

The remainder of this paper is structured as follows: Sec-
tion 2 provides a literature review. Section 3 discusses the
proposed system model. The details of the algorithm are
presented in Section 4. Section 5 highlights and shows the
simulation results, and finally, Section 6 provides a conclu-
sion of the work done in this research study.

II. LITERATURE REVIEW
In this section, we discuss conventional ARQ literary works.
Why they are not suitable for future IoT devices, and how our
proposed model is better than these.

In [7], authors ignore multiplexing and diversity gains
to allocate power resources. By doing so, the performance
decreases, and the complexity increases at the receiver, which
is not suitable for IoT devices. In [8], the authors inves-
tigate the performance of a downlink channel considering
the 5G new radio (NR). Using minimum mean square error-
interference rejection, combining interference is removed,
which increases the processing and complexity at the receiver
side, which is again highly undesirable for present and future
IoT devices.

In [9], the authors present permutation mapping for serial
concatenation of interleaved codes, comparing the obtained
results with the system using matrix-based block interleavers.
However, the use of interleavers increases the burden on the
receiver side, which consequently increases the unwanted

complexity and processing. In [6], the authors introduce a
new protocol for the delay-limited fading automatic retrans-
mission request (ARQ) single relay half-duplex channel. This
protocol can exploit two types of diversities like space diver-
sity available at the cooperative terminal, which re-transmits
the original signals. And an ARQ diversity is obtained by
managing the transmission delay to enhance reliability. Nev-
ertheless, when using the mentioned protocols, several trans-
missions are carried out to be processed at the receiver, which
increases the complexity and power consumption which is
highly undesirable for low power consumption devices.

In [10], the authors introduce a spatial modulation tech-
nique to improve BER by using a maximum likelihood
detector to recover the bits. That increases processing at
the receiver, which in turn increases the complexity of the
system. In [11], the authors introduce a full-duplex system
that removes self-interference from the received signal. Us-
ing the active cancellation technique self-interfering signal
is removed. That interferes with the orthogonal frequency
division multiplexing (OFDM) modulated transmitted signal.
Also, this approach uses techniques that increase computa-
tional resources at the receiver, which is highly unwanted for
devices that require low power and less processing. In [12],
the authors tackle the problem of cross-band interference
reduction in OFDM-based cognitive systems. They propose a
substructure that will help in studying the trade-offs between
the two techniques. This method reduces the interference in
multi-antenna cognitive systems. But the solution increases
the processing and complexity at the receiver side, which is
unfavorable for devices that require less complexity.

Authors in [13], talk about a novel ARQ scheme to exploit
knowledge of the previously overheard packets by unin-
tended users and perform wise selection and joint encoding
of any retransmitted information. Intended users may de-
code the jointly encoded packet by exploiting the previously
overheard packets. This encoding and decoding severely
degrade system performance in terms of latency and increase
complexity at the receiver side. In [14], authors propose an
adaptive ARQ/diversity (AD) system, in which the transmit-
ter adaptively switches between a single antenna and dual
antenna mode using the implicit channel state information
(CSI) contained in the number of consecutive ACKs and
NACKs. The antenna switching based on the CSI obtained
from ACKs and NACKs increases delay and complexity at
the receiver side.

From the above discussion, we can conclude that the
conventional techniques proposed in the literature are unsuit-
able for future IoT tailored wireless communication systems
and low complexity devices. These techniques increase the
processing complexity at the reception side and introduce
delay and latency in the system. In fact, such techniques
can cause critical problems for IoT devices, which require
low latency, less complexity, low power consumption, and
minimal processing.
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FIGURE 1. System model of the proposed technique.

III. PROPOSED SYSTEM MODEL
The proposed method consists of a signal superposition-
based dual transmission SISO system design for a single
user, which includes a single transmitter with two antennas
and a receiver with one antenna. The transmitter sends the
user data from two antennas in two transmission rounds
through different channels, as illustrated in Fig. 1. Hkm

is the diagonal channel frequency response of user k and
m antenna during the transmissions. It is supposed that
the transmitter knows the channels between the transmitter
and the receiver that are rapidly decaying, regularly altering
multi-path Rayleigh fading channels. Moreover, we employ
channel-sounding techniques to derive the channels from the
transmitter to the receiver in a time division duplex (TDD)
system. The proposed paradigm transmits the signals from
antenna-1 (TA1) in round 1 and antenna-2 (TA2) in round
2.

IV. PROPOSED ALGORITHMS
This work utilizes a dual-round transmission process which
can jointly enhance reliability and throughput. The super-
imposed user signals include auxiliary signals that eliminate
inter-antenna interference and channel effects during recep-
tion without any extra processing, which reduces complexity,
power usage and is highly beneficial for future applications
with limited processing abilities [15], [16], [17], and [18].
The designed system involves two transmission rounds from
two antennas TA1 and TA2, and one antenna is active
during each transmission round. During each transmission
round auxiliary signals (a1 and a2) are added on top of the
user signals. The downlink transmission from two antennas
is made this way to ensure that each transmission round ex-
periences a different channel response. The design of the dual
transmission system model with two superimposed auxiliary
signals is to ensure interference-free, reliable, multiplexed
communication with minimal usage of resources and reduc-
tion of power. The designed superimposed auxiliary signals
are the function of the receiver’s channels.

The proposed model consists of a dual multi-carrier down-
link OFDM system which consists of one transmitter with a
single RF chain and one receiver, as shown in Fig. 2. More-
over, Fig. 2 consists of two parts. The upper part contains a
conventional ARQ SISO system, and the lower part shows
the proposed model with a dual transmission transceiver
structure. The proposed model consists of two antennas at
the transmitter (denoted by TA1 and TA2) and one antenna
(Rx) at the receiver side for a single user. The dual trans-
mission process consists of two transmission rounds (i.e., in
round-1 TA1 is active and TA2 is inactive, while in round-
2 TA2 is active and TA1 is inactive) as shown in Fig. 2.
The transmitter transmits the signal from TA1 in the first
round, followed by the transmission from TA2 in the second
round. The two transmission rounds are assumed to occur in
the coherence time of the channel. The frequency response
of each OFDM symbol for the single user at both TA1 and
TA2 can be represented as x1 = [x0,x1, ...,xNf−1], and
x2 = [x0,x1, ...,xNf−1] respectively. Where Nf is the total
number of modulated symbols in one OFDM block, and both
x1 and x2 ∈ C [Nf×1].

Afterward, x1 and x2 change from serial to parallel, and
the specially designed auxiliary matrices add to their sum be-
fore each transmission. The subsequent discussions explain
the derivation of the received signals by using maximum ratio
combining (MRC) and the design of auxiliary matrices.

The transmitted superimposed signal from TA1 is given
as

u1 = x1+x2 + a1, (1)

Similarly, the transmitted superimposed signal from TA2

can be given as

u2 = x1 + x2 + a2, (2)

where, x1 and x2 are the vector data in the frequency domain
intended for receiver Rx. Moreover, a1 and a2 are the
auxiliary matrices expressly designed using the receiver’s
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FIGURE 2. Comprehensive Block Diagram of Proposed SISO Transmission Scheme with auxiliary signal super positioning having Single RF chain.

channel. a1 and a2 will ensure that the Rx will get high-
quality signals which are free from interference and channel
effects. In the following subsections, the details of the re-
ceived signals at Rx and the design of the auxiliary signals
are explained.

A. TRANSMITTED SIGNAL FROM TA1 DURING
ROUND-1 AND FROM TA2 DURING ROUND-2
The transmitted signal in the frequency domain during round-
1 from transmission through antenna TA1 can be given as

y1 = H1u1 + z1, (3)

where H1 is the frequency response of the channel and z1
is the additive white gaussian noise (AWGN) between Rx
and TA1 during round-1. Similarly, the transmitted signal
intended for Rx during round-2 from transmission using
TA2 is written as

y2 = H2u2 + z2, (4)

where H2 is the frequency response of the channel, and z2 is
the AWGN between Rx and TA2 during round-1.

B. RECEIVED SIGNALS AT RX DURING ROUND-1 AND
ROUND-2
Using MRC the received signals from round-1 and round-2
at Rx can be written as

ŷr = HH
1 y1 +HH

2 y2, (5)

where y1 is the received signal at the Rx during round-1
through TA1 and y2 is the received signal at Rx during
round-2 through TA2. (·)H denotes the Hermitian transpo-
sition. After substituting the values of y1 and y2 in (5), the
combined signal is written as follows

ŷr = |H1|2u1 +HH
1 z1 + |H2|2u2 +HH

2 z2, (6)

where u1 and u2 are the superimposed transmitted signals
during the first and second round, respectively. After substi-
tuting the values of u1 and u2 in (6), we get the signal as

ŷr = |H1|2(x1 + x2 + a1) +HH
1 z1

+ |H2|2(x1 + x2 + a2) +HH
2 z2. (7)

Rearranging (7) and collecting the like terms, we get

ŷr = (|H1|2 + |H2|2)(x1 + x2)

+ |H1|2a1 + |H2|2a2 +HH
1 z1 +HH

2 z2. (8)
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The first term in (8) is the desired term concerning Rx,
while the remaining expressions are undesired. At Rx, the
superimposed auxiliary signals cancel the interference and
the channel effects.

C. DESIGNING THE SUPERIMPOSED AUXILIARY
SIGNALS
In this section, we design the auxiliary signals a1 and a2.
During round-1 and round-2, Rx receives the signals with-
out any extra computation. The auxiliary signals provide
interference-free, power-efficient, and much higher quality
communication. The design of auxiliary signals is motivated
by the works in [16] and [18] .

Auxiliary signals a1 and a2 are designed as follows, from
the equation (8), auxiliary signals a1 and a2 are derived. The
designed auxiliary signals are a function of user’s channel
power (|H1|2, |H2|2) and the uniform phase distribution as
in [18]. The values of auxiliary signals a1 and a2 are as
follows:

a1 =
g

|H1|2
, (9)

a2 =
−g
|H2|2

, (10)

In (9) and (10) g = [g1,g2, ...,gN]
T ∈ C [N×1], is de-

signed in an intelligent way to have an unvarying phase dis-
tribution with a continuous envelope. Therefore, to calculate
the value of g, we can derive the formula (11) as

g =

√
(
ϕ

2
)((2u− 1) + =(j)(2q− 1)), (11)

From (11), the Bernoulli-distributed random variable sam-
ples of u and q vectors have values of ones and zeros and ϕ is
the power variant. Hence, in this way, the design of g ensures
that the problem of high PAPR is avoided due to constant
envelope uniform phase distribution as in [18].

In this way, the auxiliary signals a1 and a2 guarantee
complete reliability against channel effects, eliminate inter-
ference, and conserve power.

V. SIMULATION RESULTS
In this section, the performance metrics of the proposed
model and the simulation results are presented. The proposed
algorithm uses the bit error rate (BER), throughput error rate
(TER), packet error rate (PER), and more as performance
analyzers. Table 1 shows the parameters used in this work.

The designed system uses OFDM transmitter with two
antennas (TA1) and (TA2) with 64 sub-carries for the
receiver as shown in Fig. 2. Additionally, a cyclic prefix (CP)
of length 9 is used to prevent inter-symbol interference (ISI).
The channel between the antennas (TA1) and (TA2), and
receiver antennas (Rx), is assumed to be multi-path Rayleigh
fading channel with an equal number of taps (L = 9) as

TABLE 1. Simulation Parameters

Channel Rayleigh Fading Channel
Channel Length 9
Cyclic Prefix (CP) 9
FFT/IFFT Size 64
Modulation Type BPSK

shown in Table 1. During the signal reception, the user data
subcarrier size increases to 128, which as a result, doubles
the throughput for the single use

FIGURE 3. BER Vs SNR performance measure for the proposed algorithm

Fig. 3 displays the BER versus SNR graph for Rx utiliz-
ing the proposed algorithm with maximum ratio combining
(MRC), proposed algorithm without MRC and auxiliary sig-
nals, conventional SISO, selection diversity, equal gain com-
bining (EGC) diversity, MRC diversity, spatial multiplexing
and transmit diversity. From Fig. 3, it is clear that the BER
for receiver labeled as USER-BER with MRC is much better
than the conventional SISO and diversity systems, which
shows the effectiveness of the proposed model. Moreover,
the figure also shows the BER performance of the proposed
model that exhibits partial performance related to Conv.
transmit diversity when utilizing dual round transmission.
This further shows us that the proposed algorithm can pro-
vide efficient and reliable communication due to (9) and (10).

Fig. 4 shows the throughput analysis for user using the
proposed algorithm USER-TER with MRC and auxiliary
signals, USER-TER without MRC and auxiliary signals and
conventional SISO. From Fig. 4, we can observe that the
throughput performance of USER-TER with MRC and Aux.
Signal is twice that of the conventional SISO system due
to sending x1 and x2 for the single receiver. Moreover,
this result clearly shows that the throughput for the user is
doubled while retaining the BER performance from the Fig.
3 without completely degrading the signal quality.

Fig. 5 shows the packet error rate (PER) of the proposed
algorithm USER-PER with MRC and USER-PER without
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FIGURE 4. Throughput error rate of the proposed algorithm

FIGURE 5. Packet error rate of the proposed algorithm.

MRC and auxiliary signals. From the figure, the PER per-
formances for USER-PER with MRC are much better than
the USER-PER without MRC and auxiliary signals. The user
receives the signal that has twice the throughput with better
BER, which demonstrates the reliability and quality of ser-
vice, the proposed system can attain by using superimposed
auxiliary signals that are the function of the characteristics of
the channel as shown in (9) and (10)

Fig. 6 illustrates the peak to average power ratio (PAPR)
of the proposed design using the proposed algorithm with-
out auxiliary signals, the proposed algorithm with auxil-
iary signals, conventional OFDM, and SISO systems. Pro-
posed Models without auxiliary signals, conv. OFDM1, conv.
OFDM2 and conv. SISO systems have more PAPR than the
proposed model utilizing auxiliary signals. From Fig. 6, we
can also see the smooth and uniform transition of the green
and pink lines representing the Proposed Model with aux-
iliary signals. This is due to the uniform phase distribution

FIGURE 6. Peak to Average Power Ratio (PAPR) of the proposed algorithm.

and constant envelope, which is better than the conventional
methods as shown in Fig. 6. Thus, the proposed model solves
a critical problem experienced by OFDM systems [18], [19],
by reducing the PAPR leading to better spectral and energy
efficiency.

VI. CONCLUSION
In this work, a novel SISO dual transmission communication
technique is proposed. This technique offers better spectral
efficiency, reliability, low complexity, and reduced PAPR
without having the receiver do any complex processing. The
scheme is designed using the dual antennas at the transmitter
that send the superimposed user data x1 and x2 in two
rounds. The two unique channel-dependent auxiliary signals
are added (superimposed) to the sum of user data, a single
auxiliary signal during each transmission round. The auxil-
iary signals a1 and a2 ensure that the PAPR of the proposed
model is less than the conventional systems PAPR, which is
highly desirable for IoT devices. The paradigm is confirmed
using extensive mathematical calculation and simulation.
The acquired solutions indicate that the proposed model
is reliable, has high throughput, provides highly efficient
communication with minimum complexity than conventional
communication techniques, and has low PAPR. Hence, mak-
ing the proposed model suitable for IoT applications with low
complexity and low power requirements. For future work, the
proposed model can apply to more than one user.
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