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Abstract: In wireless communication systems, Massive-MIMO shows a potential method to provide enhanced spectral
proficiency, link reliability and present numerous users. Here, the most important objective is to resolve the pilot contagion
problem in massive-MIMO systems. Hence, this work uses two techniques to reduce contagion. The user grouping method is
presented based on the sparse FCM is presented that groups user parameters namely SINR, large-scale fading factor, and
user distance. Moreover, to the center users, a similar pilot series is allocated wherein the pilot contagion impact is
restricted when the technique allocates the orthogonal pilot series to edge users that undergo relentlessly from pilot
contagion. Hence, developed user grouping shuns from an unsuitable grouping of users, set up the effectual grouping still in
most awful circumstances of the channel. Then, pilot scheduling is carried out on basis of the Binary Particle Swarm
Optimization (BPSO). Finally, the pilot scheduling performance based on the grouping-based ESMO is calculated on the
basis of the attainable rate and SINR. The developed technique attains the maximum achievable rate and the maximum
SINR.
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Nomenclature

Massive Multiple-input Multiple-output
Mobile Station

Base Station

User Terminals

Multi-User

Additive White Gaussian Noise
Fractional Pilot Reuse

Legitimate User
Signal-to-Interference-Plus-Noise Ratios
Fuzzy C-Means Clustering

Key Disagreement Probability

Pilot Contamination Attack

Channel State Information
eavesdropper

1. Introduction

In MS, the massive MIMO system is operational in a huge number of antennas at the Base Station and a
single antenna. In a characteristic MIMO system, the massive MIMO system has a lot of benefits, such
as enhanced link reliability, spectral efficiency, and minimized interference among users [1].

In recent times, the center of attention has shifted to MU massive MIMO systems, wherein a Base
Station concurrently serves multiple mobile stations [2]. Subordinate equipment costs, and superior
multi-user diversity, are a number of benefits of MU massive MIMO systems. At the transmitter, CSI is
necessary to attain the benefits of massive MIMO. In general, CSI can be calculated by means of the aid
of pilot series in wireless networks. The channel estimation precise directly affects massive MIMO
performance [4].

In a multi-cell network, while users exploit similar or nonorthogonal pilots in diverse cells, the Base
Station will calculate an overlapped CSI from these users. Hence, the pilot contamination is referred to
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as the precoder based on the calculated CSI will produce interference to these users [1]. To enhance the
massive MIMO system performance the pilot contamination has to turn out to be a bottleneck.

For the massive MIMO, the conventional techniques for minimization of pilot contamination are
designed wherein the pilots acquire time-multiplexed with the data, henceforth it is called as time-
multiplexed pilots. Moreover, the data to channel vectors, the autocorrelation matrix has been seen in
eigenvectors are attained. For the channel estimation technique, the preferred users are proposed by
exploiting the observation. By means of channel vectors, the projecting contaminated channel estimate is
done by the pilot decontamination in an interference-free subspace spanned of preferred users, while the
asymptotic circumstances for the separability among subspaces of preferred and the interfering users.
For pilot allocation, the coordinated technique is proposed to separate interfering and preferred users in
correlated channels [11].

The most important objective of this work is to develop a user grouping method by exploiting the
developed sparse FCM. This technique groups the users based on the parameters namely SINR, large-
scale fading factor, and user distance to allocate the similar pilot series, in-center users. Hence, the
developed user grouping shuns from the unsuitable users grouping, set up the effectual grouping even in
the most awful circumstances of the channel.

2. Literature Survey

In 2020, Parisa Pasangi et al [1], developed a blind technique to estimate the downlink channel increase
in TDD-based multi-cell MU massive MIMO system in attendance of pilot contagion. For downlink
received signal the average energy was exhibited in the developed technique for every user which was a
function of the channel increase. Hence, this average energy was computed by exploiting the received
signal samples, and the gain of the channel was calculated.

In 2019, Awais Ahmed et al [2], presented a new secret key generation technique in attendance of an
active Eve from general arbitrariness of frequency selective channel among legal nodes. From Eve, the
PCA relentlessly impedes secret key generation from the estimation of the reciprocal channel among
lawful nodes. The two-step channel estimation model was presented to alleviate the PCA impact in the
pilot stage whereas decoded data was exploited as a reference to estimation of the channel. In the
attendance of signal contagion, the developed technique attains minimum KDP.

In 2020, Muhammad Hassan et al [3], proposed a minimum-complexity PCA detector to a multi-cell
MU-MIMO system. In the reference cell, an active Eve transfers synchronized training series of the LU
in attack to change the precoder to steal information in the downlink data stage. The binary hypotheses
were formulated to detect the active Eve from the contagion estimation of the channel.

In 2018, Jiancun Fan et al [4], developed an FPR model to alleviate pilot contagion in a MIMO
system. Users were classified in FPR into cell-center and cell-edge ones based on their SINRs during the
receiver side. Subsequently, to evade strong interference from neighboring cells cell-edge users by means
of minimum SINRs in diverse cells exploit orthogonal pilots or diverse pilots.

In 2020, Satyasen Panda [5], investigated the downlink and uplink single-cell Massive MIMO system
performance in channel deviating circumstances because of speedy user mobility. For CSI estimation the
mobile users transfer orthogonal pilot series to the BS prior to transmission of data during uplink. By
exploiting appropriate numerical analysis the SINR and mean spectral efficiency were estimated in both
scenarios.

3. System Model

The system model of massive MIMO is explained in this section. The massive MIMO model is described
in Fig 1 that consists of antenna arrays, BS and the number of user terminals. The data streams are
transmitted by BS from the diverse antenna into several terminals at a similar frequency.
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Fig. 1. System model of MIMO

In order to deliver the enhanced coverage, the massive MIMO is used and maximum rates, energy
effectual and the link reliability however the massive MIMO occurs numerous confronts in terms of the
pilot design and channel estimation that minimizes massive MIMO system performances.

Therefore, an effective method is developed in order to alleviate the pilot contagion to resolve the
pilots’ problem. The central BS is exploited by each hexagonal cell and it is linked with B antennas for

Vuser’s (V >>B)single-antenna users. Moreover, channel vector a,, € G”"indicates link straddling

from v™ user of ¢ cell to BS of b™ cell that is indicated by,

abcv = gbcv ‘\’ Bbc\, (1)

whereas, g, indicates the small fading vector whereasg,, € G®", the shadow fading, and path loss,
is indicated by o, and it is stated below,

[

Uhcv (2)

Boew = hbcvé

whereas, shadow fading is indicated by U

bev» and h,  denotes distance calculated among v user in

c¢™cell and BS in b™cell. The cell radius is denoted asR. Hence, matrix id produced to represent

channel among all V usersin c¢™ cell, and Base Station in c¢™ cell is defined as,
1

Ny = chchd 3)
whereas, the coefficient matrix of fast fading is denoted as J,, e G®"Vthat is situated among
B antennas of Base Station present in the d™cell, and V users in c¢™ cell, and D, € G"*V denotes the

diagonal matrix by means of diagonal elements [Dcd]w =B At coherence time, the channel vector is

cdv *
constant and changes autonomously in several coherence intervals. The downlink channel is generated
by BS based on the uplink pilot series in coherence time in massive MIMO systems. During the data

transmission, each and every user transfers uplink data to Base Stations and received in BS at b™ cell is
stated as,

C V
ky = A, Y Ya,,p, +1) )

c=lv=1

whereas, the variable broadcast from v™user in c™ cell is stated as p], with e ﬂ b, IZ}: 1, and the
uplink transmitter is stated as A, and the expectation operator is stated ase(-),n} e GP states the
AWGN vector with e {n}a(n}a)H}z n2Hy, ndenotes the covariance, and Hy denotes identity matrix of size

BxB. In BS, the pilot series matrix received at b cell is stated as,
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c
kj, :\/Ar(szceb)-i_nrh %)
c=1

B when the time period of pilot series is stated as &, and 0, = (61,92,...,6V )Y signifies

whereas, k; € G

transmitted pilot series at power constraint 6,0} = H,, and pilot transmit power is stated as A,, and

uplink channel noise vector which fits in to G®® is denoted as nj . In this scenario, the Base Station of

b™ cell calculates the channel matrix N, by exploiting convolutional channel,

. 1. 1,
Ny, =—=kj6; =M,, + >N, +—=—=n}6}' (6)

whereas, the linear integration of the channel a, for 1<c<Cis stated asa,,,, that facades the
channel users in the another cell linked by means of pilot series. This event is referred to as pilot
contagion. Subsequently, from the v'* user the identified variable attained in b™ which is devised as,

f)LV = abNva{) (7)
Al & M N &Y 1 1
Doy =| 2 apey + My, | YA 2 2 by, ey +1, 8
c=1 c=lv=1
C C V
p%av = zalljcv .VAI z zahcvpiv + YL,V (9)
c=1 a=lv=l
IA)%JV = ) Al (alljhvabbvplbv + zagcvabcvpiv j + 'Y%J,V (10)
c#b
f)lbv = BVAI (thvptv + Z%)thvpiv j + 'Y%J,V (11)
n;0y

whereas, the variable m, indicates v column of

\/K_ , and the variable YL,V indicates orthogonality
q
among the channels of numerous users. While the BS antennas number attains the infinity
subsequently, the recognized variable is stated as,

p{)v ~ B\/A_I(Bbbvp{)v + szcvpivj (12)

c#]

3.1. Parameters of User Computing

In a massive MIMO system, the calculating parameters utilized are SINR, large-scale fading factor, and
the distance of user [6]. To model user grouping technique, these parameters are crucial to enhance the
system capacity, and the explanations of the user calculating parameters, are stated as follows,

User SINR: in the cell, the uplink SINR of the user is stated as,

N 2
ay,,a
SINRy, = L ll 7 (13)
|acha cv |2 + b.b
C;J bev @b A,
Suppose the BS number tends to «, subsequently uplink SINR is stated as
2
SINR! = P ‘ (14)
" B

c#b

Hence, user SINR is stated asf, .

User large scale fading factor:

In eq. (2), a large scaling factor of v® user of ¢ cell to Base Station of b™ cell is derived. The large scale
fading factor is stated as fz.

User distance: Among the position of v®user and the center of the cell the distance of user is
calculated. Therefore, the distance of user is calculated as,

B= i(wffc,zcen) (15)

v=1

loc
v 2

Where as, the position of the v®user is stated as w and the cell center is stated as z°". The

distance of the user is stated as f, . Therefore, the parameters of user grouping are stated as,
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T=1f,f,1, 16)

4. Developed User Grouping to Reduce Pilot Contamination

The developed user grouping approach on the basis of the sparse FCM [7] is stated in this section.
Moreover, the grouping of the user is on the basis of 3 parameters and it is most important to
comprehend that the grouping of the user contains impacts on pilot scheduling. Hence, the adopted
grouping of users shuns from the unsuitable grouping of users, set up the effectual grouping in most
awful circumstances of the channel.

4.1 Massive MIMO System

It represents a communication system in that Base Station with a small amount of antenna array serves
numerous 10’s of UTs, every antenna comprising of the single antenna in similar time-frequency
resource [8]. The time-frequency resources need downlink pilots scale by means of antennas, hence a
massive-MIMO system comprises numerous resources than the existing system [9].

4.2 Sparse FCM for User Grouping

The user grouping is performed exploiting sparse FCM that group users on basis of the parameters,
namely SINR, large-scale fading factor, and the distance of the user. The sparse FCM steps are stated as
follows,

i) Initialization: The initialization is the first step of the feature weights which is stated as,

wzm‘f=m§=...=w°=L 17

" Va

whereas, qindicates the features, and the [ attribute weights, signifies q™ feature is stated as @, .

ii) Partition matrix updation: Let the cluster centers are fixed and attribute weights as, candw,
correspondingly. The constraint is indicated as, G(Z) that must be reduced if and only if,

UL ; if s; =0andU, = cardinality {e: s; =0}
1
W, =40 ; if s; #0 buts;, =0 for some y, y #1 18)
1 ; Otherwise

R
52

whereas, s; =Y @, (Uei —ch) and Cardinality(A)indicates the cardinality of the set A . The distance
1=

1th

measure is indicated as, s; which denotes the distance among the i node regarding the 1" cluster center.

iii) Cluster centers formulation: In order to compute the cluster centers, it is very important to fix
attribute weight @ and a data matrix Z, and calculation of cluster center is stated as,

0 ; if w,=0
= iwﬁ Vg 19
A = ; if @, %0 (19)
> Wi
i=1

whereas 1=1,...,vand e=1,...,d. The index lindicates cluster center and e indicates data attribute. The
e feature response to the objective model is indicated as, w@,and constant Zindicates dissimilarity

measure.
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iv)Class derivation: On the basis of fixed clusters y= {yl,yz,...,yl,...,ym}the class is identifies with
membership W . The class Y, is decided by exploiting the objective model which is stated as,

d 2 *
max Y @,.Y, , so that ||m||2 <1, ||’ <& produces w".
T e=1

K

whereas, A indicates the tuning parameter and (O <k< 1); ||u)||z = zd: |me
e=1

v) Terminate: The iteration is sustained till iteration attains utmost number. The halting criteria is
decided as,

q % °
Z me - me
e=1

q

2

e=1

Hence, the number of central and edge users in every cell will be chosen in a dynamic way.

<10™ (20)

o

D

4.3 Pilot Scheduling

Here, the asymptotic orthogonality among 2 arbitrary vectors is modeled. Let the 2 self-governing
arbitrary vectors j,ie G™V'indicates the 2 self-governing arbitrary vectors with the distribution
function Q(0, vH}) and is stated as,

e s

lim22 5 0and lim32 5y @1)

Boo B Bow

whereas, the variable k indicates the approximately time convergence.

4.4 Optimal Pilot Scheduling Exploiting BPSO

The major contribution of this paper is to propose a technique in a massive-MIMO system to decrease
pilot contagion. By exploiting BPSO, the pilot scheduling method is carried out for pilot scheduling.

The PSO is on the basis of the swarm intelligence with real values [10]. In order to enable PSO to
search for optimal values in a given search space, there is necessitate of a modulation that assists in the
modulation of real values into binary form. Moreover, similar is stated in eq. (22).

Xjk(t + 1) = {Sifpjk (t) > m} (22)

In eq. (22), Pk (t) denotes determining the probability of node j

5. Result and Analysis

The performance evaluation of the adopted technique was presented in this section, and it was verified
by variation the users, transmission power, antennas in Base Station, and log-normal shadowing fading.
On basis of performance metrics, the analysis was performed.

The performance analysis of the proposed and conventional models regarding the SINR and
achievable rate parameters are summarized in Tables 1, 2, 3, and 4. The overall analysis states that the
maximum SINR and achievable rate is obtained by the proposed method than the conventional methods.

Table 1: Performance Analysis on The Basis of Number of Users

Table 2: Performance Analysis on The Basis of Number of Antenna In BS
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27.73 7.077
27.87 7.229
28.67 7.668

Table 3: Performance Analysis on the basis of Transmission Power

5. Conclusion

This work proposes the grouping of user techniques to reduce the pilot contagion. The developed
grouping of user method was developed to group users into the edge and a center user on the basis of the
three parameters and it was important to comprehend that grouping of user possess effects on pilot
scheduling. Therefore, it was important to model an effectual grouping of user techniques to enhance the
capacity of the system. Hence, the sparse FCM was developed for grouping of the user to allocating the
similar pilot series to center users. The developed clustering technique used SINR, large-scale fading
factor, and the distance of user as decision parameters rather than the standard distance measure in
sparse FCM, so that number of edge, and center users in each cell, was chosen in a dynamic way. Hence,
the developed grouping of users shuns from the unsuitable users grouping, set up the efficient grouping
in most awful circumstances of the channel. Next, pilot scheduling was carried out on the basis of the
BPSO. The BPSO was used to assign an optimal pilot series to the users which degrade from maximum
degradation.
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