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Abstract—A wireless network can utilize its entire resources
to serve users without any allocation and provide upgraded
performances such as enhanced throughput and high reliability
without interference among users. However, previous wireless
communication technologies could not bring the full utilization
of network resources and overcome the challenge of forgoing
scheduling among users. Therefore, to address these require-
ments, we propose and develop a novel design coined as Precoded
Universal MIMO Superposition Transmission (PU-MIMO-ST)
that can also be applicable for the most challenging and worst
case interference scenario where the number of antenna points
(APs) and the number of user equipment (UEs) is equal. In
the considered system model, the APs are linked to a central
processing unit (CPU) via backhaul and the UEs receive co-
operation from the network resulting in achieving the optimal
usage of network resources. The results obtained from computer
simulations proof and verify the effectiveness of the proposed
design called PU-MIMO-ST compared with other competitive
works in terms of reliability, throughput, reduced complexity on
the reception side, as well as power conservation.

Index Terms—Multi-user MIMO, massive MIMO, network
MIMO, distributed MIMO, distributed antenna system, cell-free
massive MIMO, pCell, 6G and Beyond.

I. INTRODUCTION

TO fulfill the communication needs of humans as well
as intelligent machines, 6G and beyond networks will

be the fundamental components for all parts of life, society,
and industry. These networks will pave the way towards
realizing the technological aspirations that include holographic
telepresence, e-Health, ubiquitous connectivity in smart en-
vironments, massive robotics, three-dimensional massive un-
manned mobility, augmented reality, virtual reality, and in-
ternet of everything [1]. To provide these applications with
an effective and efficient wireless communication network
than ever with an unparalleled increase in the data rates,
massive connectivity, high-reliability, and low latency, 6G
and beyond networks will implement promising technologies
with different paradigms relevant to massive multiple input
multiple output (MMIMO) networks such as network MIMO
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(netMIMO), distributed MIMO (D-MIMO), multi-cell MIMO
(MC-MIMO), distributed input distributed output (DIDO) and
joint transmission coordinated multi-point (JT-CoMP) [1]. The
conventional manifestation of the MMIMO system is the
collocated MMIMO (C-MMIMO) in which a minority of users
are served through a considerable majority of antennas via
beamforming. The antennas are located at the base stations
(BSs) and share the same temporal-frequency resources [2].

C-MMIMO systems can provide significantly high data
rates, high link reliability, coverage, and energy efficiency [3],
but suffer from performance degradation for cell-edge users
located at cell edges due to the lower channel gain from the
serving cell as well as the inter-cell interference. However,
unlike the C-MMIMO system, the MMIMO operation can be
employed in a distributed mode by arranging the majority of
single antenna access points with a central processing unit
(CPU). The CPU and access points are linked through a
backhaul [4] and the setup is identical to a distributed antenna
system (DAS) [5]. Distributed MMIMO (D-MMIMO) systems
provide superior data rates than C-MMIMO due to the high
diversity gain to each user and good quality-of-service (QoS)
to cell-edge users as an outcome of having more APs on the
edge users proximity.

A. Relevant D-MMIMO technologies

This subsection is dedicated to briefly overview and talk
about the D-MMIMO related technologies like netMIMO, D-
MIMO, MC-MIMO, DIDO, and JT-CoMP.

netMIMO: netMIMO can mitigate inter-cell interference
(ICI) by synchronizing the access points and sharing data
packets. The access points can transmit concurrently to in-
crease the downlink range. A reference signal is utilized to
synchronize the access points at the level of the carrier signal,
and data is shared among the access points through a wired
backhaul [6], [7], [8], [9], [10].

D-MIMO: A generalized DAS, also known as distributed
MIMO (D-MIMO), contains the features of point-to-point
MIMO and DAS while also achieving enhanced spatial diver-
sity. Besides C-MIMO, the D-MIMO system suffers from path
loss due to different distances from discretely scattered an-
tennas, resulting in increasing difficulty of spectral efficiency
analysis [11], [12].

MC-MIMO: Wyner presented a multi-cell system with inter-
cell cooperation [13], where BSs with multiple antennas can
form wireless networks around each other and each cell

BALKAN JOURNAL OF ELECTRICAL & COMPUTER ENGINEERING,     Vol. 11, No. 1, January 2023                                                
  

 

Copyright © BAJECE ISSN: 2147-284X https://dergipark.org.tr/bajece

Manuscript  received  Sep  20,  2022;  accepted  Dec  14,  2022.  
DOI: 10.17694/bajece.1177534

25

Precoded Universal MIMO Superposition
Transmission for Achieving Optimal Coverage and

High Throughput in 6G and Beyond Networks

https://orcid.org/0000-0002-6113-4649
https://orcid.org/0000-0002-6113-4649


contains within its range a single-antenna user equipment
(UE).

DIDO: DIDO network consists of access points and remote
radio units (RRHs), which are utilized in human-type and
machine-type communications (MTC) systems. The RRHs are
relatively much nearer to UEs [14].

JT-CoMP: JT-CoMP consists of CoMP clusters that have
distinct coordinating nodes that broadcast data to a UE con-
sistently or non consistently, and phase information is utilized
so that the network can remove inter-user interference [15],
[16], [17], [18].

B. CF-MMIMO technologies

Recently, an updated practical version of the D-MMIMO
system has emerged and named as cell-free MMIMO (CF-
MMIMO) system. This system consists of a CPU connected
to all the access points, operating them as an MMIMO network
with no cell boundaries. By employing spatial multiplexing,
the users are served over the same resources [1]. Even
compared with the small-cell (SC) system, the CF-MMIMO
system outperforms the fully distributed SC system in terms
of the 95% likely per user throughput [19]. In the literature
so far, there are many works done on the CF-MMIMO system
such as, in [20], authors derive a closed-form expression, and
through this expression, an optimal max-min power control
scheme can be obtained which provides equivalent quality of
service to all users.

Authors in [21] propose a new configuration for scalable
CF-MMIMO systems by exploiting the dynamic cooperation
cluster concept of netMIMO to scale joint initial access,
allotment of pilots with the formation of clusters while having
a duality of the uplink and downlink. Concerning the pre-
coding and power optimization in CF-MMIMO, the authors
in [22] propose a near-optimal power control algorithm that
is considerably simpler than exact max-min power control.
Allotment of power method discussed in [23] can increase the
energy efficiency, and the authors also developed an access
point selection method so that users can select access point
subsets that reduce the backhaul link power consumption
[23]. In [24], authors present an analysis of CF-MMIMO
under distinct degrees of cooperation among the access points
and the uplink spectral efficiencies of four different cell-free
implementations, with spatially correlated fading and arbitrary
linear processing.

Scalability aspects of CF-MMIMO have been investigated
in [25]. In this study, the authors proposed a solution related
to data processing, network topology, and power control. This
framework achieves full scalability at the cost of a meager
performance loss compared to the standard form of CF-
MMIMO. In [26], authors assume how much downlink pilot
can improve the performance of CF-MMIMO and determine
that by exploiting downlink pilots in less dense networks, the
enhancement in performance can be obtained while staying
moderate in a high-density area.

Authors in [27] propose a beyond cell-free MIMO (CF-
MIMO) approach to surround the BSs and users with recon-
figurable intelligent surfaces (RISs). In this less costly way,

reconfigurable reflections can produce spreading conditions,
thus enhancing CF-MIMO communication. The study [28]
takes a new look at CF-MMIMO via the lens of the dy-
namic cooperation cluster framework from netMIMO while
providing distributed algorithms for merging, initial access,
precoding, cluster formation, and assignment of pilots to make
them expandable for multiple users.

Another important commercialized application relevant to
CF-MMIMO but better in terms of spectral efficiency and
presented under the umbrella of the Artemis network is pCell
[29] pCell is all about procuring SE multiple times of any other
technology by distributing both the transmitters and receivers.
The transmitters are scattered while the receivers are packed
in a small space. Taking advantage of the interference, coor-
dination between access points and UEs, and equipped with
peak spatially multiplexed yields acquired through numerous
transmissions. SE gains are reaped without any concept of
existing cells [29]. Authors in [29] also consider a unique
geometrical spreading channel model that is customized as a
merger of plane waves which is different from the one utilized
in [19].

So far, we have concisely discussed MMIMO with its
relevant distributed technologies, and then we talked about the
CF-MMIMO with its technical literature review and the pCell.
Given below are the demerits of D-MMIMO and CF-MMIMO
that highlight their drawbacks, and then we bring forth our
proposed model’s advantages that remedy these drawbacks.

C. Shortcomings of D-MMIMO

1) D-MMIMO utilize non-cell free approach that makes it
harder to achieve total coverage and geographical area
flexibility.

2) To eliminate ICI, synchronization is needed among
access points which increases network’s complexity.

3) Due to multi-cell scenario, users at the cell edges experi-
ence severe degradation in performances and throughput.

4) Due to fixed inter-cell cooperation, the resources of the
network are divided among users.

D. Shortcomings of CF-MMIMO

1) There are no cells present in CF-MMIMO with access
points scattered around the perceivable serving area. The
number of access points, however, are much larger than
the users, leading to uneven sharing of network resources
among users.

2) Needs scheduling to accommodate users utilizing the
resources.

3) Super positioning of user data not implemented in CF-
MMIMO.

As can be noticed, the aforementioned state-of-the-art tech-
nologies do not provide capacity usage of the system with
unprecedented spectral efficiency, highest reliability, and
interference-free communication to each UE at the same time.
These challenges need to be addressed for the future 6G and
beyond networks. To meet these requirements and fulfill the
shortcomings of the D-MMIMO and CF-MMIMO, in this
work, we propose a new novel communication technique.
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Fig. 1. Representation of a conventional WiFi access points serving multiple
users.

E. Contributions of the proposed design

The contributions provided by the proposed design in this
work are summarized below:

1) The proposed work can directly serve each user with
all the resources of a cell in a network which includes
several antennas, time slots, spectrum bandwidth, etc.,
without causing any interference at all.

2) The number of APs is made equal to the number of UEs,
which results in dedicating the capacity of the network
to every UE simultaneously.

3) The method is enabled by superimposing the users’ data
in a very unique and special way to eliminate multiuser
interference.

4) Specially designed diagonal matrices are utilized along
with novel precoding and auxiliary signals that are a
function of both user data and the channel effects.

F. Differences & impact of the proposed method

To explain the differences between the proposed design and
the state-of-the-art techniques, we consider an example of a
WiFi access point as shown in Fig. 1. The access point is
installed in a room to initially serve just a single user, who is
assumed to be served with a data rate of 50 Mbps for instance.
However, when a new user gets connected to the same WiFi
access point, the system now communicates with two users
and splits the resources and thus the data rate in half so that
both users can get 25 Mbps each. The WiFi will split the data
according to the number of users associated with it. The WiFi
does the splitting of resources in the time domain due to the
WiFi spectrum being overly crowded and full of interference.

Scheduling is the same concerning 4G and 5G technologies,
but compared with WiFi is much better because cellular
systems utilize time and frequency to assign time slots and
carriers to a user based on their conditions and service
requirements such as text, voice, gaming, video streaming,
etc. In scheduling, the process of adjusting, adapting, fixing,
redistributing, and reallocating the resources continues to
happen as long as there are users trying to get access
simultaneously. Therefore, in wireless systems, gaining full
optimal capacity is the best-case scenario, which results in
allocating the full bandwidth of the access point, BS, or the

tower to every user in the whole network without sharing and
with no interference at the user location. One of the main
contributions of the proposed design is exactly that as the
users number increases, they get the full bandwidth with no
splitting or sharing of resources with other users. This makes
the proposed design clearly different from CF-MMIMO [19]
and pCell [29].

The rest of the paper is structured as follows. Section
II expounds the considered system model framework, the
channel representation, the proposed theorem that incorporates
the introduced superposition concept, and derives the closed-
form expressions of the superimposed auxiliary signals and
precoding matrices. Section III highlights the performance
inspection and measures of the proposed design. Section IV
illustrates the simulation results and explains them. Finally,
Section V presents the conclusion of the paper1.

II. SYSTEM LAYOUT

The layout of the proposed system is as shown in Fig. 2,
where we consider the number of UEs denoted by K equal to
the number of APs signified by M. The APs are connected
to a CPU via a backhaul, and both users and access points are
placed irregularly in a geographical cell-reprieved environment
as shown in Fig. 2, which depicts the general illustration of the
proposed scheme comprising three different scenarios ranging
from two UEs case to K UEs case and number of K UEs
is equal to number of M APs.

A. Transmission
The APs simultaneously transmit to all UEs for achieving

the spatial multiplexing property. The data of all UEs are
precoded, superimposed on top of each other, and then the
auxiliary signals are added to them. After this, the Inverse
Fast Fourier Transform (IFFT) is applied to the signals to be
transmitted.

B. Channel composition
The complex channel coefficient is styled as the superimpo-

sition of plane waves across AP antenna m=1,...,M and UE
antenna k=1,...,K

hkm =
∑

p∈Skm

dpe
−iwv̂p.rk (1)

In Eq. (1), every path is included in the set Skm, such
as propagation and cluster scattering through AP antenna m
to UE antenna k. Wavenumber w = 2π/λ, λ denotes the
wavelength. As shown in Fig. 4, the placement vector of UE
k is rk relative to an origin O, while the unit vector is v̂p
which is in the direction of the incident path p which points
out from the position of UE k. dp on the other hand, is
the complex coefficient with specifically designed path loss,
shadowing, and phase terms that are unassociated to rk for
path p.

1Notations: Vectors are expressed and denoted by bold-small letters,
whereas matrices are expressed by bold-large letters. The transpose, conjugate
transpose, and inverse are symbolized by ( · )T , ( · )H and ( · )−1, respec-
tively. I is the N ×N identity matrix and O is the N ×N Zero matrix.
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Fig. 2. General system model of the proposed method.
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Fig. 3. System model of the proposed method with tow access points and
two users.

If we exclude dp path loss from Eq. 1, we are left with the
exponent component, which houses the small scale fading. The
average SNR consists of the path loss effect that is received
by the UE and the remaining channel components boil down
to a Rayleigh fading phenomenon as in [30], [31], [32].

C. Reception

As illustrated in Fig. 3, each of the APm and UEk has a
single antenna. The channel matrix detailing the propagation
between the transceiver antennas is denoted by Hkm. The
total number of modulated symbols in one OFDM block
at each AP for each UE is Nf , thus the frequency re-
sponse of every OFDM block for each UE is given by

Ԧ𝑟

𝑘

𝑜

Ƹ𝑟

𝑟𝑘

ො𝑣𝑝𝛾𝑝

Fig. 4. Design parameters of the channels with angle γp ∈ [0, π] across
directional path v̂p and direction of displacement r̂.

xk = [x0,x1, ...,xNf−1] ∈ C [Nf×1]. The auxiliary signal
[33] is denoted by aq, q = m and precoding matrix [34]
indicated by Bt, t = 12, 22, ..., k2 both of which are based
on the wireless channel propagation properties. The three case
studies will be discussed and the corresponding conditions are
illustrated that can be used to find the values of precoders and
auxiliary signals.

1) In case of UEk with k = 1, 2: As we have presumed
earlier UEk = APm, AP1 and AP2 concurrently transmit
the intended superimposed signals s1 and s2 to UE1 and
UE2. The superimposed signals are as follows:

s1 = B1x1 +B2x2 + a1, (2)
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s2 = B3x1 +B4x2 + a2, (3)

where B1,B2,B3 and B4 are precoding matrices, while a1
and a2 are the superimposed auxiliary signals as shown in
(2) and (3).

Signals received at UE1:

y11 = H11s1, (4)

y12 = H12s2, (5)

ŷr1 = y11 + y12 + z1, (6)

ŷr1 = H11s1 +H12s2 + z1, (7)

ŷr1 = H11(B1x1 +B2x2 + a1)

+H12(B3x1 +B4x2 + a2) + z1, (8)

ŷr1 = (B1H11 +B3H12)x1 + (B2H11 +B4H12)x2

+H11a1 +H12a2 + z1. (9)

where y11 and y12 are the intended signals for UE1, ŷr1 is
the combined received signal at UE1. H11 and H12 are the
channel impulse responses between UE1 and both AP1 and
AP2, while z1 is the additive white Gaussian noise present
at UE1 antenna.

Signals received at UE2:

y21 = H21s1, (10)

y22 = H22s2, (11)

ŷr2 = y21 + y22 + z2, (12)

ŷr2 = H21s1 +H22s2 + z2, (13)

ŷr2 = H21(B1x1 +B2x2 + a1)

+H22(B3x1 +B4x2 + a2) + z2, (14)

ŷr2 = (B1H21 +B3H22)x1 + (B2H21 +B4H22)x2

+H21a1 +H22a2 + z2. (15)

where y21 and y22 are the intended signals for UE2, ŷr2 is
the combined received signal at UE2. H21 and H22 are the
channel impulse responses between UE2 and both AP1 and
AP2, while z2 is the additive white Gaussian noise available
at UE2 antenna.

2) In case of UEk and APm: The generalized closed
form expressions of the transmitted and received signals are
as follows.

sm =

K∑
k=1

Btxk + aq, (16)

ŷrk =

M∑
m=1

Hkmsm + zk. (17)

Eqs. (16) and (17) represent the transmitted sm and and
received ŷrk signals for the kth user. In Eq. (16), the Bt is
the designed precoder, xk denotes the user data of the kth
user, and aq is the auxiliary signal. Eq. (17) includes Hkm,
sm and zk that are the channel impulse response between
the kth user and mth AP, mth signal and the additive white
Gaussian noise at the kth UE.

3) Designing the conditional system of equations for pre-
coders and auxiliary signals: For a user (UEk) to receive its
data, the interference from other UEs and the channel effects
on this user must be removed. This outcome can be obtained
by the system of equations given below.

In the case of two users, the precoding conditions for each
user are to equate the required data expression to the identity
matrix and the unwanted terms to the null matrix. From Eq.
(9), the term associated with x1 is equated to the identity
matrix and the term linked to x2 is equated to a null matrix
such as:

B1H11 +B3H12 = I, (18)

B2H11 +B4H12 = O, (19)

From Eq. (15), the term multiplying x1 is equated to the
null matrix and the expression multiplying x2 is equated to
an identity matrix like:

B1H21 +B3H22 = O, (20)

B2H21 +B4H22 = I, (21)

Therefore, by following Eqs. (18), (19), (20), and (20),
the conditions for deriving the precoders for two users with
k = 1, 2 can be written. Eqs. (18) and (20) can be combined
to form a system of equations (22) and by solving this system
the values of precoders B1 and B3 can be determined.{

B1H11 +B3H12 = I,
B1H21 +B3H22 = O,

(22)

Similar to Eqs. (18) and (20), by combining Eqs. (21) and
(19) to form a system of equations (23), the values of precoders
B2 and B4 can be calculated.{

B2H21 +B4H22 = I,
B2H11 +B4H12 = O.

(23)

The above precoder conditions illustrate systems of equa-
tions that represent the pattern of increase in equations in the
system and the increase of the system as a whole. For k = 1, 2,
there are two systems of equations with a pair of equations

Copyright © BAJECE ISSN: 2147-284X https://dergipark.org.tr/bajece

BALKAN JOURNAL OF ELECTRICAL & COMPUTER ENGINEERING,     Vol. 11, No. 1, January 2023                                                
  

 

29

https://dergipark.org.tr/bajece


in each system, this leads to a generalization of the system of
equations for kth user such as:

n = 2, 3, ..., N →

{∑M
m=1 BtHkm = I,∑M
m=1 BtHkm = O.

(24)

where n = 2, 3, ..., N is the increase in number of equations
inside the system of equations starting from two and N ≡ kth
user.

Now the conditional system of equations for auxiliary
signals will be derived for two users with k = 1, 2. From Eq.
(9), for the first user the first term is the required one, the
second, third, and fourth terms are equated to the null matrix,
like:

(B2H11 +B4H12)x2 +H11a1 +H12a2 = O, (25)

From Eq. (15), for the second user, the second term is the
desired term, thus the first, third, and fourth terms are equated
to the null matrix as shown below:

(B1H21 +B3H22)x1 +H21a1 +H22a2 = O. (26)

Now for calculating the auxiliary signals the conditional
system of equations can be derived by combining the Eqs.
(25) and (26) as:{

(B2H11 +B4H12)x2 +H11a1 +H12a2 = O.
(B1H21 +B3H22)x1 +H21a1 +H22a2 = O.

(27)

Eq. (27) represents the conditional system of equations for
finding the values of auxiliary signals for two users case. By
following these assumptions, we can formalize the general
form of a system of equations as follows:

n

{∑K
c=n−k((

∑M
m=1 BtHkm)xk) +

∑M
m=1 Hkmaq = O,∑K

c=n−k((
∑M

m=1 BtHkm)xk) +
∑M

m=1 Hkmaq = O.
(28)

The null matrix O is equated to every equation in the system of
equations to fulfill the conditions required for the calculation
of auxiliary signals.

Designing precoders for the proposed method:
From Eq. (22) the values of precoders B1 and B3 can be

derived by using the mathematical substitution method.

B1 = −H22(H12H21 −H11H22)
−1, (29)

B3 = H21(H12H21 −H11H22)
−1, (30)

For precoders B2 and B4, the system of equations in (23)
can be solved to get the precoder values such as:

B2 = −H12(H11H22 −H12H21)
−1, (31)

B4 = H11(H11H22 −H12H21)
−1. (32)

Designing auxiliary signals for the proposed method:
For finding the values of auxiliary signals in the case of two

UEs, the conditional system of equations such as (27) will

be concurrently solved by substitution method to obtain the
required solutions for a1 and a2 as:

a2 = (H11(B1H21 +B3H22)x1 −H21(B2H11+

B4H12)x2)(H12H21 −H11H22)
−1,

(33)

a1 = (−(B1H21 +B3H22)x1 −H22a2)(H21)
−1. (34)

III. PERFORMANCE INSPECTION

This section is dedicated to the inspection of the per-
formance analysis of the proposed technique. The proposed
method’s SNR is the function of the instantaneous power of the
effective corresponding channel. Therefore, we are required to
calculate the distributions associated with this quantity to find
the distribution related to Pγb

.

Fig. 5. Amplitude (Power) distribution of the effective fading channel of
UE1.

Fig. 6. Amplitude (Power) distribution of the effective fading channel of
UE2.

A. Bit error rate (BER) analysis
To analyze the BER performance of the proposed scheme,

since BPSK is used as a modulation in the scheme, the BER
can be expressed in terms of [35] as

BERUEk
=

1

2

∫ ∞

0

erfc(
√
γb)Pγb

(γb), dγb (35)
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where erfc(·) denotes the complementary error function,
Pγb

(γb) is concerned with instantaneous SNR of the appro-
priate user as well as fading distribution and is termed as
probability distribution function (PDF) as in [36].

Pγb
(γb) =

Pα(
√

Ωγb

γb
)

2
√

γbγb

Ω

(36)

In Eq. (36), α denotes the effective channel of the concerned
UE. For user 1 the effective channel is shown below:

B1H11 +B3H12, (37)

Similarly, for user 2, the effective is given below:

B2H21 +B4H22. (38)

In Eq. (36), Ω is the mean square of the channel fading
amplitude Ω = E{α2} while γb is the average SNR. Figs. 5
and 6 illustrate the distributions of effective fading channels of
the two users, different distributions are fitted by using data
fitting methods. From Figs. 5 and 6, Gamma distribution is
the best fit due to the effective channels of the both users with
shape and scale parameters a and b. The fading distribution
can be described by the following, (Dα).

(Dα)


Pα(α) =

1
baΓ(a)α

(a−1)exp(−α
b )

(a1, b1) = (2.9849, 1.0069)

(a2, b2) = (2.9876, 1.0035)

(39)

Eq. (39) represents the expression for the fading profile of
the effective channel of one user (denoted by shape and scale
parameters a1 and b1 and a2 and b2), now the effective SNR
PDF can be written as:

Pγb
(γb) = G

√
γb

(a−2)exp(−(
√
Ω

b
√
γbγb

)γb)

G = 1
2baΓ(a)

√
Ωa

γb
a

(40)

where Γ(.) is the gamma function.
To calculate the BER including erfc(·) for the required user
PDF profile, we substitute (40) in the BER erfc(·) expression
(35), then we get the following BER integral form as

BERγb
= G

1

2

∫ ∞

0

erfc(
√
γb)

√
γb

(a−2)

exp(−(

√
Ω

b
√
γbγb

)γb), dγb

(41)

The integral in Eq. (41) is of the same format presented in
[37] and is given as:

∫ ∞

0

erfc(
√
x)
√
x exp(−βx)dx =

1

2
√
π

(
arctan

(√
β
)

(β)3/2
− 1

2β(1 + β)

)
, β > 0.

(42)

In Eq. (42) arctan (·) denotes the inverse tangent function.
To write the BER equation in (41) in the form of this integral
by associating a− 2 = 1 and appointing

β = −(

√
Ω

b
√
γbγb

)γb. (43)

It is possible to solve the concerning integration which leads
to an approximate expression for the BER given as

BERγb
≈ G

4
√
π

(
arctan

(√
β
)

(β)3/2
− 1

2β(1 + β)

)
(44)

Under change of parameters Eq. (44) gives an approximate
expression for BER of UE1 (and the same for UE2).

B. Evaluation of signal to interference plus noise ratio (SINR)
for the proposed method

Due to the proposed system model, the interference caused
by the data super-position and the channel effects experienced
by the concerned user data are removed by the precoder
matrices and auxiliary signals. The signals that are received at
UE1 and UE2 expressed by the equations (9) and (15) after
removing interference and elimination of channel effects can
be further simplified as:

yr1 = x1 + z1 (45)

yr2 = x2 + z2 (46)

Eqs. (45) and (46) give the intended data symbols for the
related UEs. Now, the following derivations will be related to
the SINR for the proposed framework. The metrics imposing
for the UE1 and UE2’s SINRs are as follows:

SINRUEk
=

Spm

Ipk
+ σ2

z

(47)

where Spm
,Ipk

and σ2
z denote the signal power, the interfer-

ence power and the noise variance for the concerned UE.
SINR for UE1 and UE2 can be derived from the equations
(45) and (46) and written as:

SINRUE1 =
∥I1∥2

σ2
z1

(48)

SINRUE2 =
∥I2∥2

σ2
z2

(49)

where I1 and I2 denoted the identity matrices.

IV. SIMULATED RESULTS

Simulation results showing the proposed method’s perfor-
mance in terms of BER, throughput error rate (TER), and peak
to average power ratio (PAPR) are displayed and discussed in
this section. The inspection of the system performance is based
on the Rayleigh fading channel model as depicted in Table 1.

In Fig. 7, the BER performances of the proposed de-
sign, conventional MIMO systems, and proposed system
utilizing auxiliary signals (AS) and precoding (PR) meth-
ods independently are presented. The BER performances
BER1 − (AP = 2) and BER2 − (AP = 2) with APs
equal to two are higher than MIMO (nTx=2 and nRx=2) with
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TABLE I
PARAMETERS UTILIZED.

Type of Modulation BPSK
IFFT / FFT size 64
Channel model Rayleigh

Channel delay samples [0 3 5 6 8]
Channel tap profile (dBm) [0 -8 -17 -21 -25]

Guard interval length 16
Number of iterations 20000

Symbols per frame 1
Number of bits per second 1

Modulation order 2

Fig. 7. Bit error rate: Showing the performances of proposed and conventional
MIMO systems.

zero-forcing (ZF), maximum likelihood (ML), minimum mean
square error (MMSE), and ZF with successive interference
cancellation (ZF-SIC) methods. This comparison illustrates the
effectiveness of the proposed design.

We can also see the comparison of the illustrations of the
BER performances BER1 −AS, BER2 −AS representing
the system using AS superposition method and BER1 − PR,
BER2 − PR representing system utilizing PR method with
conventional MIMO systems mentioned above. The AS
method has the identical BER performance to ZF, MMSE¡,
and ZF-SIC methods but is less than ML. However, due to its
unique design, the PR technique has higher BER performance
than all the conventional methods. Therefore, the proposed
method’s BER performance is the culmination of both AS
and PR methods evolving into overall higher performance as
depicted in Fig. 7.

Fig. 8 illustrates the TER performances of the proposed de-
sign TER1 − (AP = 2), TER2 − (AP = 2), total TER −
(AP = 2), and conventional MIMO ZF, ML, MMSE, and ZF-
SIC systems. The proposed scheme has a higher TER than all
the MIMO methods portrayed in Fig. 8. The total TER gain
result is shown, which is double that of the individual TER1,
TER2, and conventional MIMO TER performances generated
by the super-positioned method of the proposed technique.

Moreover, Fig. 9 displays the PAPR gain of the proposed
technique compared to the Conv. OFDM, system. The findings
show that the proposed design can save power and is less
complex than the conventional wireless systems.

Fig. 8. Throughput error rate: Showing the TER performances for proposed
and conventional MIMO systems.

Fig. 9. Peak to Average Power Ratio: Illustrates the performances of proposed
model (PAPR1 and PAPR2) and conventional OFDM system.

V. CONCLUSION

In this paper, we introduced and demonstrated a novel
transmission scheme called PU-MIMO-ST that allows the
optimal full utilization of network resources by each user,
thus resulting in achieving high throughput gain thanks to
the specially designed method of super-positioning the users
data before transmission. The AS and PR matrices cancel
the inter-antenna, inter-user interference, and channel effects
before reaching the receiver, thus producing outcomes such
as less complexity and processing at each UE. The obtained
computer simulation results prove that the performance of the
proposed system is better than the individual systems utilizing
AS, PR, and conventional MIMO based systems. We also
intend to extend the proposed technique to existing papers
[36], [38], [39], [34], [40], [41], [42], [43], [44], [45], [46],
[47], [48], [49], [50], [51], [52] that are related to signal
superposition, auxiliary signals, and precoding methods.
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