
In terms of performance and security, 4G and 5G wire-
less connections must be adjusted. Average cell input,
data ratio, energy and spectral efficiency (EE and SE)
must be improved in the 5G network ( Fig 1).A num-
ber of research projects have been launched to find the

Fig. 1 General KPI’s of the Massive MIMO system.

best options for adjusting the given parameters. Mas-

sive multiple-input massive-output technology is one
of these studies’ significant inventions (MIMO). This
method adjusts network traffic and reliability by plac-

ing many antennas at base stations, ( [1–4]). A faster
5G network would speed up service delivery and oper-
ations in the military, entertainment, health, and edu-
cation sectors. For speedier communication, the radio

spectrum must be more efficient and faster. This is cru-
cial since 5G wireless communications rely on radio fre-
quency. Other tools and qualities include strong culmi-

nating output and stubby dormancy. Spectral efficiency
intensification must be a top concern while construct-
ing an effective 5G network. A considerable portion of
the 5G network’s critical spectrum is stolen from ear-
lier wireless networks. 5G network success requires ad-
vances in baseband radio frequency structures, radio
frequency domain handling, and network design, struc-
tures, ( [5–9]).

Spectral Efficiency Performance of Multi Cell MIMO 

Systems in Impulsive Noise Channels 
 

H. Abu Hilal 

Higher Colleges of Technology, UAE

Received: August 19, 2022. Revised: January 20, 2023. Accepted: February 22, 2023. Published: March 6, 2023.

 

 

Abstract: This research report details how impulsive 

noise affects communication systems. This research eval- 

uates the differences and similarities among impulse 

models in communication systems. After comparing and 

contrasting the impulse noise models' similarities and 

differences, the models' service execution will be com- 

pared. Spectral efficiency is the fundamental criterion for 

comparing models' service execution. Comparing models 

under different impulse noise levels and inter- cell and 

intra-cell intercession will also be done. The 5G mm Wave 

multiple input/output system's service execution will be 

researched. The study will use IN. First, the Gaussian 

noise scenario will be deduced for the stated device's 

performance, followed by the non- Gaussian noise 

scenario derivation. The latter deriva- tion also involves 

averaging Gaussian noise in terms of impulsive noise's 

spread. Monte Carlo simulations are used to show and 

support derivations.  

 

Keywords: MultiCell, Impulsive Noise, Massive MIMO, 

mmWave, 5G 

I. INTRODUCTION 

INTERNATIONAL JOURNAL OF CIRCUITS, SYSTEMS AND SIGNAL PROCESSING 
DOI: 10.46300/9106.2023.17.11 Volume 17, 2023

E-ISSN: 1998-4464 92



Many research have shown the availability of impulsive
noise (IN) in different environmental ranges, but this
venture has never received the priority it deserves dur-
ing communication system evaluation. When a transceiver
strategy is developed without Gaussian noise, service
execution degrades. This performance decrease is preva-
lent in impulsive, intrusive settings. Just-released tech-
nology intended to improve 5G network dormancy, con-
nection difficulties, and spectrum efficiency. It’s been
shown that impulsive networks can degrade service ex-
ecution. NOMA technology is used. Spectral efficiency
(SE) is vital to mobile communications, thus it’s con-
stantly improved. 5G networks must also prioritize spec-
tral efficiency for accreditation. Validating 3 5G spec-
tral efficiency modifications requires improvement. Novel
multiple access technology uses sparse code for multi-
plexing, filtered orthogonal frequency distribution for
waveform, and polar codes for channel coding. Multi-

ple inputs and outputs (MIMO) systems are also ex-
amined for their dimensional modification strategy. An
approach using order statistics and linear techniques is

given for MIMO multicell multiuser systems. In the in-
vestigation, EE and SE are analyzed. Impulsive noise
(IN) is utilized to evaluate NOMA’s power domain so

that IN issues can be understood and mitigated. In nu-
merous communication systems practical applications,
such as smart grid communications, IN is present, [12],
[10] and [11].

Impulsive noise interferes with 5G network perfor-
mance. Impulsive noise is harmful since ordinary re-

ceivers can’t detect it. The two-state Markov-Gaussian
process discusses the deterioration of service execution
efficiency by object-oriented impulsive noise and ap-
proaches to ameliorate it. ( [13–24]). Maximum a poste-
riori (MAP) receivers with sequential intercession re-
pealing were suggested to reduce impulsive noise on
users’ detectors. The performance of 5G mm Wave un-
der impulsive noise raises many research questions. When
constructing a high-efficiency 5G network, spectral ef-
ficiency must be prioritized. More of the 5G network’s

critical spectrum is borrowed from previous wireless net-
works. This study’s main accomplishment so far is ex-
amining spectral efficiency variables in impulsive noise
conditions. Enhancing spectral efficiency under the Gaus-
sian noise model for 5G network development is some-
times considered a normal problem. However, it is of
great interest to find out if spectral efficiency is impor-
tant in impulsive, Gaussian, and non-Gaussian noise
models. We will examine non-Gaussian and Gaussian

noise models to highlight spectral efficiency performance
in the current model and lay a foundation for future

work on 5G spectral efficiency in diverse noise models.
This work aims to verify spectral simulations.

The paper is organized as follows: The multicell
MIMO signals are presented in Section II, which ex-
plains the other signal components as well as calculat-
ing the signals and noise components for massive MIMO
systems. Section III gives numerical evaluations and
analysis. Conclusions are stated out in the last Section.

The transpose of a matrix A is symbolized by At, and
the Hermitian is indicated by AH . The bold case sig-
nifies matrix or vectors. The mathematical operator ∥∥
is meaning the norm of the matrix. The [A]k stances
for the kth row of the matrix A. Ai,j is the (i, j)th
element of the matrix A. The operation E[x] is the ex-
pected value or the average of the random variable x. ∗
denotes for the complex conjugant.

This section describes a multicell-based huge MIMO
system. First, a general multicell system and impulsive

noise type description is given. After the system expla-
nation, we’ll discuss simulation findings. Multicell sys-
tems let users connect to multiple cells at once. In this

study, we’ll examine a MIMO multicell with L cells and
K users. Assume that the cell base station has more an-
tennas than users (M > K). This analysis assumes mo-
bile terminals have one antenna and the channel model

has two portions. Path loss and shadowing effects are
symbolised by βjk, where βljk is the channel gain of the
kth user from the jth to the lth cell. For the models sec-
ond section, fading assumption is used to determine the
channel gain coefficient from the j-th cell to the m-th
antenna at the l-th cell by the kth user. In the equation

above, U denotes the SNR, yl is the complex vector of
length M in the l-th base station.

yl =
√
ρu

L∑
i=1

Gl,ixi +Wl, (1)

where yl is the established complex vector of length
M for the lth base station. ρu is the traditional SNR.
xi is a K dimensional vector, holding the transferred
signals for the users in cell i. Gl,i = (glimk)M×K , is a
matrix that has a size of M × K and designates the
channel elements between the lth base station and the
K users in the ith cell. l, i = 1, 2, ..., L.

So that the (m, k)th element of (glimk) is the chan-
nel figure between the mth antenna of the lth cell, and
the kth user of the ith cell. Lastly, we can characterize

(glimk) as below:

II. LITERATURE REVIEW 

A. Notations 

III. SYSTEM MODEL 
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glimk = hlimk

√
βlik, (2)

Gli = Hliβli, l, i = 1, 2, ..., L, (3)

βli = diag(
√
βli1,

√
βli2, ...,

√
βliK), (4)

where Hl,i = (hlimk)M×K . Finally, we describe the
noise model in the system. In this research, we put for-
ward the assumption that the noise term Wl is non
Gaussian noise.

For the impulsive noise model,the complex valued noise
probability function is stated as follows:

p(wp) = 2e−Z
∞∑

m=0

Zmwpe
(− |wp|2

2σ2
m

)

m!σ2
m

, (5)

where σ2
m = (m/Z + X)/(X + 1), and σ2 = var(wp).

X characterizes the power relation of the background
Gaussian noise and the impulsive one. Z is the impul-

sive index. It consequences in an impulsive wi for mi-
nor values of Z, and a near-Gaussian when Z is large.
Afterward we will set αm = Zm

m! exp(−Z) for ease. Con-
sequently, wp , when conditioned on a Poisson random

variable Yp with parameter Z, is Gaussian with zero
mean and variance given by:

vp = var(wp/Yp) = σ2

(
Yp

Z(X + 1)
+

X

X + 1

)
, (6)

We undertake v1 = v2 = ...vNR
, and v is connected

to a single poisson random variable P as in eq(6). This
is true when the dissimilar diversity branches are sub-
jectively influenced by the same physical process, mak-
ing the conditional variance vpof each division the same
(independent of p). This could be a model for a multi-
antenna system with close-packed antennas. Noise sam-
ple distribution w = [w1, ..., wM ] is:

p(w) =

∞∑
m=0

αm

(πσ2
m)M

e

(
−

∑M
p=1

|wp|2

σ2
m

)
, (7)

Class A’s noise model parameters are: Z is the overlap
index, which is determined from the average number
of impinging emission events per second and the aver-
age duration of each. X is the power ratio of the inde-
pendent Gaussian portion and impulsive non-Gaussian

element, in the range [10−6, 1].

This study addresses a two-cell network where each
UE and BS have the same average channel gain. This
tractable model has few parameters and was utilized
in [26]. Consider cells 0 and 1. Uplink (UL). Cell 0 UEs
broadcast to their serving BS, while cell 1 UEs leak into
cell 0. The typical fading channel element from cell 0
UE to its assisting BS is β0

0 while cell 1 UE intrusive
signals haveβ0

1 .

The average fading channel element from a UE in
cell 1 to its serving BS is β1

1 , while interfering waveforms
from UEs in cell 0 have β1

0 .

Superscript denotes the receiving BS cell and sub-
script shows the sending user equipment cell. When cal-
culating SE, interference strength is most important.

β̂ =
β0
1

β0
0

=
β1
0

β0
0

=
β0
1

β1
1

=
β1
0

β1
1

(8)

It is conjoint to have 0 < β̂ < 1 where β̂ ≈= 0 stances
for feeble inter cell interference, and β̂ ≈= 1 means that
the intercell inteference is as strong as the desired signal

(cell edge scenario). The received Signal to Noise Ratio
(SNR) can be written as SNR= P

σ2 β
0
0

P is the UE’s transmitted power and σ2is noise. We

start with a single antenna, single user per cell approach
to explain our technology. Assuming a flat fading chan-
nel, the symbol sampled complex baseband signal (
y0 ∈ C )at cell 0 BS is:

y0 = h00s0 + h01s1 + n0, (9)

where the relations in eq(9) are the desired signal, inter-
fering signal and noise sample, therefore. h0i ∼ NC(0, β

0
i )

is the well known Rayleigh model with E{∥h0i ∥2}
=β0

i and h0i =
√
β0
i . When the BS in cell 0 knows the

channel response of the system UE SE can be found for
both line of sight (LOS) and none LON (NLOS) cases.
To start the derivation easily. Consider simple input
output system given by y = hx + n, assuming for now
the noise n ∼ NC(0, σ

2), the input distribution is power
limited as E{|x|2} ≤ P . If h is deterministic then the

channel capacity C = log2(1 + p|h|2
σ2 ) and achieved by

the input distribution X ∼ NC(0, σ
2
p) , if H is a realiza-

tion of a random variable H independent of the signal

and noise then, C = E{log2(1 + P |h|2
σ2 }, then we can

write the UL SE LOS as (using the Identity (1) in the
appendix):

SELOS
0 = log2(1 +

1

β̂ + 1
SNR0

), (10)

and the NLOS with β̂ ̸= 1 the achievable UL SE is

A. Impulsive Noise Model 
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SE = E{log2(1 +
P |h00|2

P |h01|2 + σ2
)}

= E{log2(1 +
1∑

i=0

P |h0i |2

|h01|2 + σ2
)} − E{log2(1 +

P |h01|2

σ2
)}

= E{log2(1 +
P |h00|2

P |h01|2 + σ2
)}

SENLOS
0 =

e
1

SNR0E1(
1

SNR0
)− e

1

SNR0β̂E1(
1

SNR0β̂
)

loge(2)(1− β̂)
, (11)

where E1 =
∫∞
1
e−Xu du

u . Now, assuming the UE has
an array of antennas and maximal ratio combining is
adopted, we can the write the following vector equa-
tions (for SIMO):

y0 = h0
0S0 + h0

1S1 + n0, (12)

h0
i =

√
β0
i

[
1 e2πjdHsin(ϕ0

i ) ... e2πjdH(M−1)sin(ϕ0
i )
]T
,

(13)

where λ is the wavelength of the carrier frequency

ϕ0i ∈ [0 2π) is the azimuth angle to the UE. For MRC
where we multiply the received vector in eq(13) by v0 =

h0
0 hence this maximizes the ratio

|vH
0 h0

0|
2

∥v0∥2 . For LOS we

can write:

SE = {log2(1 +
P∥h0

0∥4

P |(h0
0)

Hh0
1|2 + σ2∥h0∥2

)}

= {log2(1 +
P∥h0

0∥2
P |(h0

0)
Hh0

1|2
∥h0∥2 + σ2

)},

SE = {log2(1 +
P∥h0

0∥2
P |(h0

0)
Hh0

1|2
∥h0∥2 + σ2

)} (14)

where ∥h0∥2 = β0
0M for M antenna system.

h0
0h

0
1 =

√
β0
0β

0
1

M−1∑
m=0

(
ej2πdH(sinϕ0

1−sinϕ0
0)
)m

=
√
β0
0β

0
1M , (sinϕ01 = sinϕ00) ,

=
√
β0
0β

0
1

1− e2πjdHM(sinϕ0
1−sinϕ0

0))

1− e2πjdH(sinϕ0
1−sinϕ0

0))
, (sinϕ01 ̸= sinϕ00)

(15)

Utilizing the geometrical series formula
∑M−1

m=0 x
m =

1−xM

1−x for x ̸= 1, and
∑M−1

m=0 x
m = M,x = 1 and the

below fact

∣∣∣∣∣1− e2πjdHM(sinϕ0
1−sinϕ0

0))

1− e2πjdH(sinϕ0
1−sinϕ0

0))

∣∣∣∣∣
2

=
sin2(πdHM(sinϕ01 − sinϕ00))

sin2(πdH(sinϕ01 − sinϕ00))
,

|h0
0h

0
1|2

∥h0
0∥2

= β0
1g(ϕ

0
0, ϕ

0
1) (16)

g(ϕ, ψ) =
sin2(πdHM(sinϕ− sinψ))

Msin2(πdH(sinϕ− sinψ))
if (sinϕ ̸= sinψ)

(17)

g(ϕ, ψ) =M if (sinϕ = sinψ) (18)

For the NLOS we can write the following equation:

SENLOS = Eh{log2(1 +
P∥h0

0∥4

P |(h0
0)

Hh0
1|2 + σ2∥h0∥2

)}

= Eh{log2(1 +
P∥h0

0∥2
P |(h0

0)
Hh0

1|2
∥h0∥2 + σ2

)}

= Eh{log2(1 +
P∥h0

0∥2

σ2
+
P

σ2

∣∣∣∣ (h0
0)

Hh0
1

∥h0
0∥

∣∣∣∣2)}−

Eh{log2(1 +
P

σ2

∣∣∣∣ (h0
0)

Hh0
1

∥h0
0∥

∣∣∣∣2)} (19)

where
√

P
σ2

(h0
0)

Hh0
1

∥h0
0∥

∼ NC(0,SNR0β̂). To find an expres-

sion for the second expected value term in eq(19), we
use Identity (1) in the appendix. So:

Eh{log2(1 +
P

σ2

∣∣∣∣ (h0
0)

Hh0
1

∥h0
0∥

∣∣∣∣2)} =
e

1

SNR0β̂E( 1

SNR0β̂
)

log2 e
,

(20)

Using Identity (1) in the appendix, wedetermine the
first expected value word in eq(19):
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Eh{log2(1 +
P∥h0

0∥2

σ2
+
P

σ2

∣∣∣∣ (h0
0)

Hh0
1

∥h0
0∥

∣∣∣∣2)} =

=
M∑

m=1

M−m∑
l=0

(−1)M−L+1

( 1
SNR0β

− 1
SNR0

)m
×

e
1

SNR0E1(
1

SNR0
) +

∑L
n=1

1
n

∑n−1
j=0

1

n!SNRj
0

(M −m− l)!SNRM−l
0 β̂ loge 2

+

e1/SNR0(
1

SNR0
− 1

SNR0β̂
)M

E1(1/SNR0)

SNR0
M loge 2

=
M∑

m=1

M−m∑
l=0

(−1)M−m−L+1

(1− 1

β̂
)m

×

e
1

SNR0E1(
1

SNR0
) +

∑L
n=1

1
n

∑n−1
j=0

1

n!SNRj
0

(M −m− l)!SNRM−m−l
0 β̂ loge 2

 , (21)

VAR(wl/Pl) = vis the same for l = 1, ..., NR.To calcu-
late SE, use Ev,h[SE(P/v, h)], where

SE(P/v, h)is the SE of combining h and v. In prior
discussions, the SE across a Rayleigh fading channel
and AWGN was shown. SE(P/v) = Eh(SE(P/v, h))is

the SE averaged over random channel realization h for
fixed noise variance v. The average SE for different noise
variances is:

Ev,h(SE(P/v, h)) =

Ev(SE(P/v)) =

∞∑
m=0

αmSE(P/v = σ2
m), (22)

This part confirms our system performance research
with Monte Carlo simulations. We choose two sets of
Z and X values to characterize a channel with near-
Gaussian noise and one with extremely impulsive noise.
10000 channel realizations in MATLAB. Fig 2 illustrates
SE Gaussian noise. Figure 3 through Figure 5demonstrate
SE versus SNR for different IN settings and the near
Gaussian situation when Z = 1. Then we show alter-
native SE curves for Z,X,and β̂ . Figures 6 to Figures
9illustrate the SE for widehatbeta.

Future research should explore the IN’s implications
in multiple MIMO scenarios, notably with diverse com-
bining strategies. Post-detection and selection combin-
ing. Future study should include investigate IN under
5G MIMO approaches like NOMA.
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ratio β̂ = [10−3 10−6]. Gaussian Noise Reference.
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Fig. 3 SE versus SNRdB for for two values of interference

power ratio β̂ = [10−3 10−6]. The Impulsive Index is Z =
10−4, the Gaussian to Non Gaussian power ratio is X = 0.1.
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Fig. 4 SE versus SNRdB for for two values of interference

power ratio β̂ = [10−3 10−6]. The Impulsive Index is Z =
10−2, the Gaussian to Non Gaussian power ratio is X = 0.1.

In conclusion, the noise models discussed in this re-
search study had no memory, that is the Middleton
Class A. The suitable values for the Middleton Class
A were then estimated in terms of the SE values for dif-
ferent model settings. It was also observed that when
the impulsive noise values were set at large values then

there was a similarity between the Middleton Class A

IV. SIMULATIONS 

V. CONCLUSIONS 
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Fig. 5 SE versus SNRdB for for two values of interference

power ratio β̂ = [10−3 10−6]. The Impulsive Index is Z =
1 (Near Gaussian scenario), the Gaussian to Non Gaussian
power ratio is X = 0.1.
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Fig. 6 SE versus SNRdB for for two values of interference

power ratio β̂ ≈ [1 0]. The Impulsive Index is Z = 10−4, the
Gaussian to Non Gaussian power ratio is X = 0.1.
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Fig. 7 SE versus SNRdB for for two values of interference

power ratio β̂ ≈ [1 0]. The Impulsive Index is Z = 10−2, the
Gaussian to Non Gaussian power ratio is X = 0.1.

and the Gaussian model. From the research study sim-
ulations, the SE mm Wave 5G systems execution effi-
ciency under various models was illustrated. However,
the main models illustrated were only two, that is the
Gaussian model and the impulsive noise (IN) model.

We conclude the conrtibutions as below points:
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Fig. 8 SE versus SNRdB for for two values of interference

power ratio β̂ ≈ [1 0]. The Impulsive Index is Z = 10−1, the
Gaussian to Non Gaussian power ratio is X = 0.1.
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Fig. 9 SE versus SNRdB for for two values of interference

power ratio β̂ ≈ [1 0]. The Impulsive Index is Z = 1, the
Gaussian to Non Gaussian power ratio is X = 0.1.

– The performance of SE mmWave 5G system under
two noise models is shown. Mainly, the impulsive
and Gaussian model.

– Fruitfull derivations were demonstrated and verified
though MATLAB simulation.

Identity (1)

E

{
log2(1 +

L∑
i=1

|bi|2)

}
=

L∑
i=1

e
1
uiE1(1/ui)

loge(2)
∏L

L=1,L̸=i(1− uL/ui)

,

VI. APPENDIX 
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