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ABSTRACT

In the next generation wireless communication system, the beamforming technique based on a massive antenna is one of

core technologies for transmitting and receiving huge amounts of data, efficiently and accurately. For highly performed and
highly reliable beamforming, it is required to accurately estimate the Angle of Arrival (AOA) for the desired signal incident to
an antenna. Employing the massive antenna with a large number of elements, although the accuracy of the AOA estimation

is enhanced, its computational complexity is dramatically increased so much that real-time communication is difficult.

In order to improve this problem, AOA estimation algorithms based on the massive antenna with the low computational

complexity have been actively studied. In this paper, we compute and analyze the computational complexity of the cascade

AOA estimation algorithm based on the Flexible Massive Concentric Circular Array (FMCCA). In addition, its computational
complexity is compared to conventional AOA estimation techniques such as the Multiple Signal Classification (MUSIC)
algorithm with the high resolution and the Only Beamspace MUSIC (OBM) algorithm.

Keywords: AOA estimation, cascade estimation, flexible massive concentric circular array antenna, computational

complexity

1. INTRODUCTION

5G New Radio (NR), © 1}o}7} Beyond 5G9} 2+ mmWave
£ 0| 835}= 2t FAAEAloA] 4K/8K Ultra High Definition
(UHD) 934}, Virtual/Augmented Reality (VR/AR), #¥ 3 o]A}
o] 28338 2]- Tk Internet of Things (IoT) AlA|e] 1182 ¢
olg] A4-E ¢35l Uniform Circular Array (UCA) QHILFE o]
2351 Orbital Angular Momentum (OAM) 7|&o] &= Q)
o} (Jung et al. 2019). T3}, 3185F dlojElo] 284 H5-S Hsh
Massive Concentric Circular Array (MCCA) QFE[UFS Z 8-5}0]
OAMEEE A/dsh= A4 E &ls] X3 Fo|t} (Cheng et al.
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2017), Chen et al. 2018, Saito et al. 2019). UCA QI UE 7]Hto
£ 3 OAM 7]& 948 mmWaveg o]-83F G4l A AR Hlo
1% 4EE G408 7 4 AT, B F4E
AMESRE THE B 7F B4 ARl ok 44t §ic (Shaikh
& Kaur 2019). 0|23t A s 2-& $15l, mmWave 7443412 1
B4 71&ol] B olu] (Ahmed et al. 2018), AL41=]/317%H <]
W3 71ES o 4159 HE3t EaliZt (Angle of Arrival,
AOA) A B 7} mfetE]ofof gitt
A5 elo] E7LL el QhEUbE o] 84k thake ezt 24
=l 4~ ¢l o (Famoriji & Shongwe 2022),
£ AFE5H= Massive Array (MA) QFE|UE
ol gshs A% 4 AEEE H 55 =Y 4 Ut slAgh o]
= g

2 o) AUE B AT 24

ol

o3

ol ol & A== AA3] FoMAA ot 2, MA e 714t

Qelze] BRI B BAES s2sl] 919

017, Kim & Hwang 2020).
H =720 71835|%9] Multiple Signal Classification (MUSIC)
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Fig. 1. Structure of FMCCA antenna with antenna element On/Off
function.
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2. DATA MODEL
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FMCCA QHeflLbs sl o] F4lo] S2a Nolo) 213 ui
Bluke A 1 724 Fig 19} ek EMCCA Qheubs
uido] ZhAl QHEL R o] ThR A TR 7HA 3 glo]
I} Hoio] Hig) glo] A HFzhe AMTE 4= Q= 2 o]
Massive Rectangular Array (MRA) QFe]|Ltof H|3] T 2 ]
ol EUT QHELE R A2 AFETH 4 9lo] B7H Aloko] g 44

7o E8F o2 H2= 4 9lc} (Mangoud et al. 2014, Hamdi et
al. 2016).
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Fig. 2. Basic architecture of cascade AOA estimation algorithm based on
FMCCA antenna.

o714, MCCA QFEJLHE FMCCA Qhelbe] E Stefit 247}
F4sisl Agolch
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ot

% of| A= FMCCA oFel|Uo] A& 7153t 424141
Z 2elg AAJgict 2150 Tajde 3517 Y
ElUboll M= M, + M, +...+ M7l 2] QFEllLF @ A2 AIE FMCCA
oElubr} A 4w 31, Additive White Gaussian Noise (AWGN)Z:
o3} o] A5 7} QAR 7hdshH, AME (sample) S1EA
koll thgt 41415 WE] = Eq. ()2 Zro] Fo]3Ict.

r(k)=As(k)+n(k) (1)

71 r(le Mx137]9] 41415 HEjo|3L, A= MxL 37|
i S5 Y, s(he Lx1327]9] ASHE|0|A, n(k)= Mx13
7]19] AWGN Hefolct. Eq. (DollA] ZHA| Qelvt 24 F 123k vl
4 S FHo 7+ 4L ZH s vl S WEE YEh L,

Eq. (2)9} o] Holgi}.

A=[a, a, - a, - aN]T

n
e—jarn sing, cosg;
efjar” sing cos(¢—27/M,,)

a = : 2

e Jar, sing, cos(#—27(M,-1)/M,,)

A71A a, > 1A LAY i o] A Al 5ol ek v S H
B, a=21/0= TAFE 8 niA L8 vid o] HiA &, 9,3} ¢,
HA Al 5o gt n=zbal ukelzh M- niHal 93 vjde
et /i vreRdich

L -
flo
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3. CASCADE ALGORITHM BASED ON
FMCCA ANTENNA
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4. COMPUTATIONAL COMPLEXITY
MATHEMATICAL MODEL

= 3gollx] A7H% FMCCA Qb 7]4ke] s A7)
I ekl MUSIC ¢ar2|E W OBM ¥aE|&

o= ¢e]
o] AL BFEe] thet 45k B A o] F ol galed,

AuHQl malzt 2% aelEa} EMCCA Qe 7]ube] 7

Alo|= el Ee] BT Wl TR BAfRit,

Table 1. FMCCA antenna based cascade algorithm computational
complexity.

Ind Operation
x Additional/Subtraction Multiply/Divide
R, M (K-1) MK
R %Mé+%Mé—§MC %M2+Mé+§Mc
P.(6.4) MZ-1 M}+M,
Br(k) BK (K -1) BKM
R, B*(K-1) B’K
EVD(R;) §B3+%BZ—%B+1 §B3—§BZ—%B+2
a,(0,9) B(M-1) BM
m, B*(B-L-1) B*(B-L)
P, (6.4) B -1 B*+B
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(EVDRY), #5787 BE ) H5 B33t 322 2
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i=1 B
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Table 2. MCCA antenna based MUSIC algorithm computational
complexity.

Index Operation
Additional/Subtraction Multiply/Divide
R, M?(K-1) MK
EVD(R,,) 2wt 2 2 Py
3 2 2 3 3 6
m, M*(M-L-1) M*(M-L)
P, (0.9) M* -1 M*+M

MUSIC k32|52 4159 sz 242 9lo) T2 32
R,), FEAL PHY 17 re R332 9
(BT S 257 B8 2

A 23l (EVDR,), 3

4] (BN ENH) ©] 35 (I, =EEY)
AT E™ (By(6,9)) ofl TRt Altte] Hasict. 2 6FEOﬂ o
gk 74]&%’&5% Table 20f RoF=|of Qltt. Table 29F A8 F7]
= °PE1M 71RF MUSIC h318] 5o ARt ==
Egs. (73} (8)
& Algslofor o]—EE, FMCCAE MCCASL} Te 25 gtk
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|
2
M —1)+3

360 ( M +(1< L+;jMZ—EM 1 (@)
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’ll

MUSIC,...(Mul/Div) = — (K L—E]M% M +2(8)

M
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[ Ry SRogs
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Table 3. MCCA antenna based Only Baeamspace MUSIC algorithm
computational complexity.

Ind Operation
" T Additional/Subtraction _ Multiply/Divide
Br (k) BK(K-1) BKM
R, B*(K-1) BK
EVD(R,) 2piiplpa 2pZp Yy
3 2 2 3 3 6
a,(6.¢) B(M-1) BM
1, B*(B-L-1) B*(B-L)
P,(0.4) B -1 B +B
Table 4. Signal parameters for scenario A.
Sional Elevation Azimuth Normalized Modulation
g angle(9°) angle(¢°)  Centerfrequency index
AM -69, -74 22,19 0.08, 0.45 0.03
Ccw -54, -62 25,17 0.2,0.4 -
WB -45 19 0.1 -
Table5. Signal parameters for scenario B.
Sienal Elevation Azimuth Normalized Modulation
s angle(6°) angle(¢°)  centerfrequency index
AM -120 120 0.1 0.03
Cw -112,72 114,-15 0.2,0.3 -
FM -95, 85 100, -5 0.42,0.37
WB 94 3 0.35
®] 57]2 Uehin, s e A4S UERAL, L AE
o] 415 7|42 Lhehiict,

5. COMPUTER SIMULATION
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w101 The computational complexity for scenario A
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Fig. 8. Addition/subtraction and multiplication/division computational

complexity of cascade, MUSIC, and OBM algorithms according to the
number of antenna elements employed in scenario A.

«1012 The computational complexity for scenario B
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Fig.9. Addition/subtraction and multiplication/division computational
complexity of cascade, MUSIC, and OBM algorithms according to the
number of antenna elements employed in scenario B.
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6. CONCLUSIONS
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