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ABSTRACT

In this paper, a novel design of a Uniform Circular Array Massive-Multiple Input Multiple Output (UCA-
mMIMO) system based on Spherical Wave (SW) is proposed in Uplink (UL) transmission. A three-dimensional
(3-D) channel pattern is established and estimated, where channel orthogonality of multipolarized/unipolarized
UCA-mMIMO systems is analyzed. Multipolarized and unipolarized systems are evaluated to decrease channel
orthogonality. The Azimuth Angle of Arrival (AAoA) and Elevation Angle of Arrival (EA0A), as well as antenna
spacing and cross-polarization discrimination, are taken into consideration. Using Monte Carlo simulation
method, the results show that the multipolarized UCA-mMIMO system provides a better performance compared
to the unipolarized UCA-mMIMO system in different situations. The proposed design is homely to be realized in
real environment in conformance to the parameters analyzed; in order to confirm that it will be a very good
choice.
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1. INTRODUCTION

Massive MIMO system is one of the successful technologies for the new-generation 5G. High-quality
communication represented in features such as voice, audiovisual communication ...etc., is promoted
by using mMIMO systems, in addition to that the growing number of terminals requires a high
throughput [1]. Furthermore, several publications have appeared in recent years focusing on spectral
efficiency enhancement in wireless communication [2]-[4]; collecting mMIMO with Orthogonal
Frequency Division Multiplexing (OFDM) can support high spectrum efficiency [5]. In the same way,
the compromise between energy efficiency and spectral efficiency; measured in terms of (bits/j) and
(bits/channel use/terminal), respectively, is derived using the convex optimization theory [4], where
this trade-off is quantified in the case of a channel model that contains small-scale fading. Otherwise,
the classical MIMO (i.e., 4G) system has a tendency to use four or eight antennas, while in mMIMO
system, especially in a single cell, Base Station (BS) antennas are larger than several terminals [1]-[2],
[6]. Additionally, the channel between the transceiver is an important element in mMIMO system.
Due to various phenomena, such as diffraction, interference, reflection, ...etc., the system performance
is degraded. In the past decade, a lot of research has attracted attention to investigate perfect/imperfect
Channel State Information (CSI) [7]. In the same way, when the CSI is unfinished at the BS antennas,
the data detection contains erroneous bits and the system performance is deteriorated. Accordingly,
various works focused on investigating the channel estimation phenomenon, in which Least-Square
Channel Estimation (LSCE) is used for its simplicity and low complexity [1], [8], on the one hand. On
the other hand, linear detectors, such as Zero Forcing (ZF) and Minimum Mean-Square Error
(MMSE), are widely used to detect the stream data [1], [8]-[11]. Moreover, Ordered Successive
Interference Cancellation (OSIC) is generally better than simple linear detectors (i.e., ZF, MMSE) [1].
Therefore, OSIC is evaluated under various criteria, such as declining Signal-to-Noise-Ratio (SNR)
criterion [12] and greatest SNR criterion [13]. In addition to that, favorable propagation (i.e., channel
orthogonality) is one of leading properties in mMIMO system [1]. Moreover, low channel
orthogonality for different 3-D channel models has been investigated with Uniform Linear Array
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(ULA), Uniform Rectangular Array (URA) and UCA-mMIMO using Plane Wave (PW) in many
situations [14]. Similarly, PW and SW are discussed for 3-D ULA m-MIMO [15]. Furthermore, in this
work, our contributions are summarized as follows:

* A new geometrical conception is realized for multipolarized UCA-mMIMO system using SW;
* A 3-D channel pattern with various parameters is modeled and estimated.

The remainder of the paper is organized as follows. In Section 2, the mMIMO model is presented in
Uplink (UL) transmission, where single cell is considered. Section 3 describes the outlines of LSCE.
Channel modeling for UCA-mMIMO using SW is evaluated for both multipolarized/unipolarized
antennas in Section 4. In Section 5, the OSIC detector is discussed based on ZF and MMSE detectors.
Section 6 presents the simulation and analysis results. Section 7 summarizes the results of this paper
and draws conclusions.

2. MAssIVE MIMO MODEL

In this section, a Massive-MIMO-OFDM system is considered in Uplink transmission from N;
terminals with single antennas to a single BS with N,. antennas. The studied system is gived in Figure
1. The length of sub-carriers and the cyclic prefix (CP) are defined by K and v, respectively. The CP is
inserted on each transmitting antenna to achieve a full OFDM symbol. In this paper, the CP is superior
to the utmost multi-path delay [1], [8] and [16]-[17].
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Figure 1. System model.

In the same way, at the reception side, the CP is removed on each receiving antenna. Taking-for
example-the g™ receiving antenna, the received signal vector y9(n) is Kx1 and can be expressed as
follows:

yUn) = X%, HYFEXT (n) +29(n) (1)
From Equation 1, the circulant matrix Hf{.': has a first column defined by [E;q-‘“T,le{K_L}]T, in
addition to that L is the length of the channel impulse response and %" represents the Lx1 vector.
The OFDM vector that is transmitted on each transmitting antenna is defined by X" (n) with Kx1
dimensions, r and n are indices of number of transmitting antenna and time, respectively. z9(n) is the
additive Gaussian noise at Time Index (T1) n with zero mean and a variance of @2. Moreover, the
unitary DFT matrix with dimensions KxK is presented by F. From the eigenvalue decomposition, the

circulant matrix becomes H9" = FHdiag{VKF[5?"", 01xk—1)]"3F [1], [8] and [17]. Finally, the

cir

FFT of the received signal y9(n) is given as follows:
¥(n) = Eyt, diag{VEF[H?"", 0y (x-1]")
X X" (n) + E9n) (2)

where, E9(n) = Fz9(n).
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3. LEAST SQUARE MASsSIVE MIMO

Based on the same system presented in Figure 1, the LSCE scheme is presented. Then, Equation 2 can
be written as:

Ye(n) = Tt, diag{X" (n)}FHI" + E(n)
=¥, (diag{D"(n)} + diag{B" (n)})FH?" + E%(n) 3)

From Equation 3, F is VK x[ of F, where [ is the 1% column of F, noting that
Dgiag(n) = diag{D"(n)} and Bg;qy(n) = diag{B"(n)}, where Dg;q,(n) and Bg;q,(n) are
K x 1 data vector and K X 1 pilot sequence vector, respectively. Hence, Equation 3 becomes:

Y9(n) = XVE Dyiag(MFHIT + XNE ) B (W) FHTT + E9(n) (4)

Furthermore, in this work, the training of all OFDM symbols is done at maximum value of g and Tl is
n € {0,---, g — 1} [1], [8]. We consider the data model:

Y9 = THT + Ap? + E9 (5)
where, Y2 = [Y4' (0),-+, Y7 (g — 1)]7, 22 = [E7 (0),+,Z7 (g — D],

Bjiag(0)F  Barag(0)F Dgiag(0)F -+ Diiag(0)F
A — . . T _ . . (6)
Béiqg(g —LF - Bz?;fzg(g — 1F Démg(g —LF - Dc?;gxg(g — 1F

and 7 = [hq-lT'..._hq-NtT]T.

The LSCE technigue minimizes the noise defined in Equation 5 [1], [8], based on the cost function
(Equation 7), to obtain the estimated channel noted by Sq

J() = [|¥? —Aﬁqlli ()
= (Y9 — ApDH (Y9 — A7)
= ya'yd —ya" ART — {97 AHYT + 59" AHARA
Next, we take the derivation of Equation 7 relative to Eq variable,

2759 _ s
=20 (Z(AFYT) + (445D = 0 ®)
Finally, we have A¥AR? = A®Y9 and the solution of the LSCE is given by the following
expression:

b7 = A*ya 9)

where, AT is the pseudo-inverse that is equal to (A¥A)"*A¥ if gK > LN,. Because
rank(A) = min(gK, LN;), the necessary and sufficient condition to have unique LSCE is
gK = LN;. This LS method presents low complexity and high simplicity. In addition, taking the
information about the channel and the noise is not necessary [1], [8] and [17]-[19]. From Equation 5,
we then find that:

h1 = hT + ATTHT + ATET (10)
Further, to suppress the interference due to the data, the following condition is imposed:
AT = C'Lwt % LN¢ (11)

Furthermore, satisfying this condition requires choosing disjoint sets of pilot tones for training and
data in each OFDM symbol (i.e., zeros in B"(n), where D"(n) contains non-zeros and inversely).
Equation 10 then becomes:
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B = 7 + ATE9 (12)
Equation 12 is an association of two parts; the first is the true channel h9 and the second is the noise in
the system. Thus, for zero-mean noise, £{h?} = h7 + A* {29} =11, (i.e., Bq forms an unbiased

estimate of §7). Furthermore, the estimated channel matrix H € CVr*Nt which includes all terminal
antennas N; and all BS antennas N,. is given by:

Ll El.Nt .

=)
Il

gq-l lgq-i\': (13)

hwr-l vas Bwr-Nt

. . . . - ._ P =g 5T -~ T
where the estimated channel vector at terminal position i is given by H; = [B1*, -, ¥ T,

4. CHANNEL MODELING

In this section, the UCA-mMIMO system based on SW is investigated as shown in Figure 2. Form this
configuration, the horizontally polarized antenna A4, is considered as a reference. In addition to that,
all the odd ciphered antennas are horizontally polarized antennas and all the even ciphered antennas
are vertically polarized antennas. Note that d is the distance between two adjacent antennas. From

Figure 2, @ = i—ﬁ 0, =0, 0; =20, -, 0, =(m—1)8 and the radius r is equal to

Zsin{z}.
Similarly, the signals arrive from the 5§ location; also, §4, 55, **+, S,;, are successive projections of § on
the horizontal planes x —A4; —yv,x — A4, — v, =+, x — A, — v, respectively. Each projection has a
distance from the source S noted by h = hy, hy, -+, hy, respectively. d, ,d, , -, d, are the

projections on the x axis of S, S;,-++, S, respectively, while d,, denotes their projections on the y
axis.
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Figure 2. Multipolarized uniform circular array Massive-MIMO configuration.
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Otherwise, the distance between each antenna and the source S can be defined by:

dsa, = J dZ +dZ+ hi (14)

dsa, = J(dxl +r*sin(0))? + dz + h3 (15)
dss, = J(dxl +r = sin((m — 1)8))% + di + h}, (16)
dsay, = J (dy, +7 * sin((N, — 1)8))? +d} + hy_ (17)

Depending on the geometrical relationship presented in Figure (2), for an arbitrary antenna, we have:

dy, =dy = tan(a,) (18)

hy = tan(By) */d} + d} = tan(ay,)? (19)

In addition to that, the antenna A; is considered as a reference antenna. The estimated path of
multipath channels at terminal position i and at BS antennas A; and A4,,, using SW can be expressed
by:

j{cp;-+21?\‘|'d§1l1.+d:2}..!-+hi.!-,r'ﬂ}

Buca =/ Pue (20)
i [(Pi+2m [(dy, +resin((m—1)8))2+d3, +h3, /2
h?ﬂlﬂ _ \/P—Vej(fi’ TT\‘|( L Tresin((m—1)8)) = +d;, i) (21)

where, Py and P, are the horizontally polarized power and vertically polarized power in this path,
respectively. A is the wavelength and ¢ is the uniform random phase as assumed by 11D on [, 1)
[14].

Otherwise, the uniform distribution of AAS and EAS is used to describe the AAOA and EA0A

distribution. In this paper, @ and £ represent AAS and EAS, respectively; several authors [14], [20]
have established the Power Azimuth Spread (PAS) to explain the AAOA/EAOA as follows:

p(T):ﬁ, —AY 4+ Y, Y SAY 4 Y, (22)
where, Yy and AY are the mean of AAOA/EAOA and AAS/EAS, respectively.

Moreover, in real environment and thanks to the multipath phenomenon, polarization can be changed
between the terminal and the BS antennas. Thereby, to characterize this phenomenon, cross-
polarization discrimination (XPD) is expressed as [14], [25]:

E{loyy|®} _ E{lbgm|®} 1-a
XPD = _ _ Ll ’3
E(lbval®}  E{bav[®} a (23)

where, E{} describes the expectation operator, by /byy and byy /by are the channels between
transceivers with the same polarization and with different polarizations, respectively. Then, Equations
20 and 21 can be written as:

j{cp!-+2rr\‘|' a3, +d3+hi; /)

BE}EZA.XPD = JPVQ + Py(1 —a)e (24)

_}'[cpi-+2H\||{dxll!.+rﬂ=sm[[m—1}9]]2+d§..!-+h?n.!-,t'ﬂ}

E:Té{q.xpn = \/’P?Li“fI +Py(1—a)e (25)

Furthermore, in this paper and in related references [14], [21]-[24], a(0 < a < 1) represents the
power that is seeped in the UL transmission from the vertically/horizontally polarized terminal to the
horizontally/vertically polarized BS antenna; in the case where there is no seepage, a is equal to 0. In
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addition to that, Py (1 — @) is the power kept in similar transmission and reception polarization states,
where Pya is the power seepage to transmission in one polarization state and to reception in the
orthogonal polarization state (X € V, H).

From our proposed configuration, Equations 24 and 25 can be generalized for all multipaths at
terminal position e with single horizontally polarized antenna side and f with single vertically
polarized antenna side, over all BS antennas (i.e., {1,+-, N,.}) basing on SW by:

_ P, (1 a)ej{d’g+2H\'|dﬁiﬂ"'d:zr-e"'hi-em} |
(1 —
_—"-\lle -
bycaxep J(@et2m [(dy, etresin(8))2+d3 o+h2 /A)
bucaxep :
_ o J($e+2m |(dx, etresin((m=1)8))% +d3,e+hire/A)
g ueaxep _jgme | =|/Pa(@)e © NS peme . (26)
rmt+l.e
Byea e JPd—a J(@e+2m [(dyy o+T+sin((m)8))24d3 o+ hi sy o/ )
Jvea Py(1 —a)e v ' '
“N,.e :
Ducaxpp . (a)gj@,e+2rr\|'{dxl.gﬂ’*sm{{”r_l}g]]2+d32*'-€+”2“'r-9'u]
H
_mej{¢f+21r\‘||df(l.f+d§..f+h§ffﬂ} ]
_ﬁllf —_
UCAXPD J(@f+2m [(dy, fresin(8))*+d3, +h3 r/2)
JBr(1 —a)e v !
~2.f v
UCAXPD :
FUcAxED _ o _|/mas a)gj’[¢f+2rr“||[dxllf+ra=sm[[m—1}9}}2+d§..f+h?nffﬂ} @
7 = |Yvcaxen | =
~mA1,f . | o Zi22 4132
J(@FH2m (A, pHresin((m)8)) 2+a2, p+hZ,; +/A)
JucAXPD /P, (a)e v y
Ny f :
ucaxpp- g a)eiifi’fﬂff\f[dxl.f”“’“”[[”r_l}g]]2+d32»'-f+h2Nr-fM]

From Equations 26 and 27, Py and P}, are the horizontally and vertically polarized power of terminals
e and f, respectively. In this paper, after getting the estimated channel vectors of terminal e with
single horizontally polarized antenna and f with vertically polarized antenna for UCA-mMIMO

systems in Equations 26 and 27, the channel orthogonality between ﬁfc‘q'xmand
FHAETP s defined by [14], [26]-[27]:
|{3TFGUCA-XPD}H5TUCAXPD|
ef = |A: LI I (28)
where, ||.|| represents the Euclidean norm. Similarly, the estimated channel matrix (13) can be

, T _ rqpUCAXPD _ 7UCAXPD _ 4pUCAXPD _ g7UCAXPD
rewritten as H = [H o H, e He e Hy

]; where, the estimated

; TS FFUCAXPD _ rf1il ZNp il 7
vector at terminal position i is noted by H; = [Bycaxpp "+ Bucaxepl - In the same way,

according to literature, the authors of [14] and [28] supposed that a half of the terminals are
horizontally polarized antennas and the other half of the terminals are vertically polarized antennas at
a short time due to arbitrary location.
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5. OSIC SIGNAL DETECTION

In this part of the paper, we present an important class of nonlinear signal detection, specifically the
OSIC [1], [8]-[9]. Hence, according to Figure 3, we illustrate the OSIC signal detection for an example
of three spatial streams. Furthermore, for symbol detection, the Linear Transformation Matrix (LTM),
defined as Tyr = (H¥H) 1HH [9]-[11], [29], is taken into account. Moreover, the first data is
detected with the first row vector of LTM (i.e., Tzz); after the slicing process is carried out, x4 is
created. The interference due to the detected stream in the first stage is subtracted from the received
signal; that is y; =y — H“***Px,, where y = [V2, -, V9, -, ¥¥r]T. Hence, the interference

from the first stage is canceled; in addition to that, another stream is detected and sliced in the second

stage x- and the interference is canceled by y, = y; — H,““*Px,. In the same way, detection and

slicing of the stream as well as the interference cancellation steps are carried out in each stage [1], [8]
and [29]-[32].

y First stream X1
*1 detection

> _ 47 UCAXPD Y1 Second stream X2

Y=y —H Xy ( ,
detection
Y - x:
r = . _ P UCAXPD Y2 Third :stream 3
2= 2 detection

Figure 3. Explanation of OSIC signal detection, an example of three transmitting antennas.

Otherwise, if the process of canceling the interference is done with an erroneous decision in any stage,
error propagation will spread in the following stage by order of detection. Hence, next in this section,
we describe two methods for reducing error propagation.

+ SINR-Based Ordering (SINR-BO): in this case, the stream with big post detection Signal-
to-Interference-plus-Noise-Ratio (SINR) is detected first [1]. Based on the transformation matrix

Tomss = (HEH + 2020 10" the post detector with SINR is defined as:

~UCAXFD

SINR —_ El'lTi-.MMSEH{ |2
| S A UCAXFPD o

Ey ZI:!’W!’.MMSEH; |

(29)

+a3 |IT; mmsell?

where, i = 1,2, -+, N, and E, transmitted signal energy. T;nmse is the i row of Tyusp and

FHUCA¥PD s the i™ column vector of the estimated channel matrix H. In fact, once the N, of SINR

are calculated based on Tynssg, We extract the equivalent stage with the maximum SINR. In addition
to that, the procedure discussed above is applied for symbol detection. Furthermore, Typsg IS

modified by suppression of the channel gain vector equivalent to the data detected. Otherwise, the
computational complexity of all numbers of SINR is given by Z?‘r:*l i= w

» SNR-Based Ordering (SNR-BO): in this method, higher Signal-to-Noise-Ratio (SNR) is
detected first [1]. Similarly based on the transformation matrix Tz, SNR is defined as:

SNR; = =

=% 30

a3 ||T; zr|1? (30)
where, i = 1,2, +++, N;. Similarly, the procedure discussed in the first method can be used. Otherwise,
the computational complexity of all numbers of SNR is giving by Ef‘rz‘“‘l 1= w [1].



238

"3-D Polarized Channel Modeling for Multipolarized UCA-Massive MIMO Systems in Uplink Transmission", A. Riadi, M. Boulouird and

M. M. Hassani.

6. SIMULATION RESULTS

In the next part of this paper, a set of performance results is discussed. According to Figure 1, the
length of OFDM subcarriers is equal to 512 and the CP is 128; the higher order modulation QAM is
taken equal to 64, the g consecutive OFDM symbol is set to 100 and the number of taps is supposed
equal to 1. Furthermore, based on LSCE method (Section 3), the estimated channel is evaluated. Our
proposed UCA-mMIMO system is analyzed for 10000 samples of the channel based on Monte Carlo
simulation and the power is normalized. Moreover, Figure 4 depicts channel orthogonality (i.e.,
favorable propagation) for the UCA-mMIMO system on the one hand. On the other hand, the XPD is
set to be 8 dB and the mean of AAOA/EAOA is equal to 0A°; the distance between the terminal and the
BS antenna is set to be 200A4. Similarly to some reports in the literature [5], [33]-[35], the antenna

spacing is equal
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Figure 4. Channel orthogonality vs. number of antennas with different AAS.
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From Figure 4, it has been found that channel orthogonality of multipolarized/unipolarized systems
decreases when the number of antennas increases. In the case when AAS=5A° (i.e., poor scattering)
and N,. = 20, channel orthogonality is nearly 0.2 for unipolarized systems; while it’s nearly 0.12 for
multipolarized systems; in the same way, when AAS=20A° (i.e., rich scattering) and N, = 200,
channel orthogonality is nearly 0.06 for unipolarized systems, while it’s nearly 0.03 for multipolarized
ones. Consequently, channel orthogonality is affected by AAS, while the effect of EAS is negligible.
In addition to that, using multipolarized UCA-mMIMO can decrease more channel orthogonality (i.e.,
favorable propagation) compared to unipolarized UCA-mMIMO. Hence, employing multipolarized
UCA-mMIMO system in real environment can decline the necessity of rich scattering.

In the next part of this paper, AAS is equal to 5A° and EAS is equal to 10A°. Also, XPD is set to be 8
dB. Figure 5 shows that channel orthogonality declines as the BS antenna spacing (i.e., N,.) increases.
In the case with N,. = 20 and d = 0.24 (i.e., small antenna spacing), channel orthogonality is nearly
0.33 with unipolarized antennas, while it’s nearly 0.21 for multipolarized antennas. Moreover, when
N, = 200, channel orthogonality is nearly 0.29 with unipolarized antennas and it’s about 0.18 with
multipolarized antennas. Otherwise, when d = 54 (i.e., large antenna spacing) the multipolarized
antennas decline more channel orthogonality compared to unipolarized antennas. Hence, using small
antenna spacing and multipolarized UCA-mMIMO can help decrease channel orthogonality between
terminals and reduce the need of a large antenna spacing.

1 T T T T T T T T

= = Multipolarized, AAS=5", EAS=10", XPD= 0 dB
0.9 Il — —Multipolarized, AAS=5°, EAS=10", XPD=5dB | |
: | = = Multipolarized, AAS=5", EAS=10°, XPD= 8 dB
1 Multipolarized, AAS=5", EAS=10", XPD= 15 dB
0.8 A B
|
|
0.7 1, b
1
= |
T o6 .
5
=l 1
g |
T 0.5 m B
E n
804 M .
O |}
n\
0.3 Py ]
W
A\ ~
0.2 N N ]
) =~ -
"-u.‘ bl . e - —
D e I
[} | | | | | | | | |
0 20 40 60 80 100 120 140 160 180 200

Number of antennas
Figure 6. Channel orthogonality vs. number of antennas with different XPD.

Otherwise, in the case of poor scattering (i.e., AAS=5A°) and an antenna spacing kept at the same
value (0.54), the Figure 6 shows channel orthogonality of multipolarized UCA-mMIMO system; it
has been found that when N,. = 20, channel orthogonality is nearly 0.22 with XPD = 0 dB and it’s
nearly 0.1 with XPD = 15 dB. When the BS antenna N, = 200, channel orthogonality with
XPD = 0 is nearly 0.12, while it’s lower than 0.05 with XPD = 15 dB. Furthermore, an increase of
XPD declines more channel orthogonality, thus more power is kept in the similar transmitting and
receiving polarization states. Similarly, a large BS antenna number can help decrease channel
orthogonality, specifically in a small XPD (i.e., more power seepage).
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Figure 7 shows the performance results of OSIC detector using multipolarized/unipolarized UCA-
mMIMO system. AAS is equal to 5A° and EAS is equal to 10A°; XPD is set to 8 dB. In addition to

that, d = 0.54 and d,, = 2004; according to estimated matrix (25), the number of terminals (N;) is
equal to 50 and the BS antenna number (&,.) is equal to 200. From this Figure the BER decreases over
the range of SNR. Furthermore, in high-SNR region, multipolarized UCA-mMIMO systems perform
better than unipolarized UCA-mMIMO systems; at SNR equal to 20 dB and using OSIC_SINR based
ordering, BER is equal to 21.78 X 1072 and 20.55 x 10™* for unipolarized and multipolarized
antennas, respectively, while when OSIC_SNR Dbased ordering is used, BER is equal to
78.98 X 107* and 70.94 x 10™° for unipolarized and multipolarized antennas, respectively. Hence,
multipolarized antennas outperform unipolarized antennas; in addition to that, the gaps between the
true channel and multipolarized antennas using OSIC_SINR based ordering and OSIC_SNR based
ordering are equal to 2 dB and 0.8 dB, respectively at BER = 18.7 X 10™*, Consequently,
OSIC_SNR based ordering with multipolarized UCA-mMIMO system provides a better performance.

10°
107" 1
i
w D
o =—8— Unipolarized, using OSIC_SINR Based Ordering
% 102 b - ¥ - Multipolarized, OSIC_SINR Based Ordering
£
= Unipolarized, OSIC_SNR Based Ordering
E - ¥ = Multipolarized, OSIC_SNR Based Ordering
E —&— True Channel
K
10° £ 1
%
]
107 | I I I
5 0 5 10 15 20

SNR [dB]

Figure 7. Bit error rate vs. signal to noise ratio for unipolarized/multipolarized UCA-mMIMO system
with two OSIC detectors.

7. CONCLUSIONS

In this paper, UCA-mMIMO system design is proposed. A 3-D channel pattern of UCA-mMIMO is
estimated using LSCE method. The presented pattern can be adjusted based on parameters analyzed.
From the simulation results, it can be concluded that multipolarized UCA-mMIMO in each time
declines more channel orthogonality in many situations compared to unipolarized UCA-mMIMO.
Using OSIC_SNR based ordering with multipolarized UCA-mMIMO system provided a better
performance compared to 0SIC_SINR/OSIC_SNR based ordering with unipolarized UCA-mMIMO
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system. Summing up the results, it can be concluded that our proposed pattern using multipolarized
antennas can be implemented and adapted if miniaturization of electronic elements is indispensable
and would be the first candidate for Massive-MIMO systems.
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