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Abstract

In mobile radio communication systems, channel fading caused by multipath
propagation influences the reliability of information transmission. To provide higher
transmission quality and spectral efficiency, MIMO greatly migrates the impact of the
channel impairment. However, the spatial correlation between the elements of antenna
array significantly affects transmission quality and spectral efficiency. Therefore, the
spatial correlation characteristics for different array geometries must be considered. For
modeling the spatial correlation properties, the spatial correlation functions under 2-D
spreading and 3-D spreading environments are derived in chapter 2. A optimization
method of array geometry is provided in chapter 3 to chapter 6, which searching the
optimal array geometry for maximizing channel capacity using particle swarm
optimization. The performance analyses of using uniform linear array (ULA), uniform
circular array (UCA), concentric ring array (CRA), and the optimal array are also
provided in chapter 3 to chapter 6, considering the effect of spatial correlation and
comparing the ergodic channel capacity and bit error rate between these different array

geometries.
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q%ﬂ' 2-9 Spatial Correlation between element 1 and 2 with Uniform distribution at

MAOA = 0’and ¢, = 90" for ULA
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q%[' 2-10 Spatial Correlation between element 1 and 3 with Uniform distribution at

MAOA = 0’and ¢, = 90" for ULA
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q%‘.' 2-11 Spatial Correlation between element 1 and 4 with Uniform distribution at

MAOA = 0’and ¢, = 90" for ULA
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q%[' 2-12 Spatial Correlation between element 1 and 2 with Uniform distribution at

MAOA = 80°and ¢, = 90° for ULA
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q%‘.' 2-13 Spatial Correlation between element 1 and 3 with Uniform distribution at

MAOA = 80"and ¢, = 90" for ULA
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q%[' 2-14 Spatial Correlation between element 1 and 4 with Uniform distribution at
MAOA = 80°and ¢, = 90° for ULA
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q%[' 2-16 Spatial Correlation between element 1 and 2 with Uniform distribution at

MAOA = 0’and ¢, = 90" for UCA
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q%‘.' 2-17 Spatial Correlation between element 1 and 3 with Uniform distribution at

MAOA = 0’and ¢, = 90" for UCA
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q%[' 2-18 Spatial Correlation between element 1 and 4 with Uniform distribution at

MAOA = 0’and ¢, = 90" for UCA
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q%‘.' 2-19 Spatial Correlation between element 1 and 2 with Uniform distribution at

MAOA = 80°and ¢, = 90" for UCA
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q%[' 2-20 Spatial Correlation between element 1 and 3 with Uniform distribution at

MAOA = 80°and ¢, = 90° for UCA
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q%‘.' 2-21 Spatial Correlation between element 1 and 4 with Uniform distribution at

MAOA = 80°and ¢, = 90" for UCA
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MAOA = 0’and ¢, = 90" for CRAL
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q%[' 2-24 Spatial Correlation between element 1 and 3 with Uniform distribution at

MAOA = 0’and ¢, = 90" for CRAL
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q%‘.' 2-25 Spatial Correlation between element 1 and 4 with Uniform distribution at

MAOA = 0’and ¢, = 90" for CRAL
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q%[' 2-26 Spatial Correlation between element 1 and 2 with Uniform distribution at

MAOA = 80°and ¢, = 90° for CRA1
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q%‘.' 2-27 Spatial Correlation between element 1 and 3 with Uniform distribution at

MAOA = 80°and ¢, = 90" for CRA1

25



0.8

Absolute of Spatial Correlation [Rs(m,n)|
e <] @ o o] o
[ £ h 2] -~ o]

Q
[N

e
X

(=]
[=]
[=]
[4,]
-
-
th
N
N
tn
[
[
th
IS
IS
th
th

q%[' 2-28 Spatial Correlation between element 1 and 4 with Uniform distribution at
MAOA = 80°and ¢, = 90° for CRA1
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q%[' 2-30 Spatial Correlation between element 1 and 2 with Uniform distribution at

MAOA = 0’and ¢, = 90" for CRA2

Absolute of Spatial Correlation |[Rs(m,n)|

q%‘.' 2-31 Spatial Correlation between element 1 and 3 with Uniform distribution at

MAOA = 0’and ¢, = 90" for CRA2
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q%[' 2-32 Spatial Correlation between element 1 and 4 with Uniform distribution at

MAOA = 0’and ¢, = 90" for CRA2
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q%‘.' 2-33 Spatial Correlation between element 1 and 2 with Uniform distribution at

MAOA = 80°and ¢, = 90" for CRA2
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q%[' 2-34 Spatial Correlation between element 1 and 3 with Uniform distribution at

MAOA = 80°and ¢, = 90° for CRA2
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q%‘.' 2-35 Spatial Correlation between element 1 and 4 with Uniform distribution at

MAOA = 80°and ¢, = 90" for CRA2
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Q%ﬂ 2-36 Spatial Correlation for varying MEOA with Uniform distribution at
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qaﬂ' 2-38 Spatial Correlation for varying antenna space with Uniform distribution at
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q%[' 2-39 Spatial Correlation between element 1 and 2 with Uniform distribution at

MEOA=90° and MAOA=90° for ULA
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q%‘.' 2-40 Spatial Correlation between element 1 and 3 with Uniform distribution at

MEOA=90° and MAOA=90° for ULA
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q%[' 2-41 Spatial Correlation between element 1 and 4 with Uniform distribution at

MEOA=90° and MAOA=90° for ULA
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q%‘.' 2-42 Spatial Correlation between element 1 and 2 with Uniform distribution at

MEOA=45° and MAOA=0° for ULA
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q%‘.' 2-44 Spatial Correlation between element 1 and 4 with Uniform distribution at

MEOA=45° and MAOA=0° for ULA
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q%[' 2-45 Spatial Correlation between element 1 and 2 with Uniform distribution at

MEOA=90° and MAOA=90° for UCA
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q%ﬂ 2-46 Spatial Correlation between element 1 and 3 with Uniform distribution at

MEOA=90° and MAOA=90° for UCA
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q%‘.' 2-48 Spatial Correlation between element 1 and 2 with Uniform distribution at

MEOA=45° and MAOA=0° for UCA
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MEOA=45° and MAOA=0° for UCA
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q%[' 2-51 Spatial Correlation between element 1 and 2 with Uniform distribution at

MEOA=90° and MAOA=90° for CRA1
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q%ﬂ 2-52 Spatial Correlation between element 1 and 3 with Uniform distribution at

MEOA=90° and MAOA=90° for CRA1
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q%[' 2-53 Spatial Correlation between element 1 and 4 with Uniform distribution at

MEOA=90° and MAOA=90° for CRA1
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q%‘.' 2-54 Spatial Correlation between element 1 and 2 with Uniform distribution at

MEOA=45° and MAOA=0° for CRA1
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MEOA=45° and MAOA=0° for CRA1
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q%[' 2-59 Spatial Correlation between element 1 and 4 with Uniform distribution at

MEOA=90° and MAOA=90° for CRA2
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q%‘.' 2-60 Spatial Correlation between element 1 and 2 with Uniform distribution at

MEOA=45° and MAOA=0° for CRA2
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q%‘.' 2-62 Spatial Correlation between element 1 and 4 with Uniform distribution at

MEOA=45° and MAOA=0° for CRA2
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E. P4 ipdfiv(tetrahedronal array, TA) :

I TR R AL e A TP B R
> PRI 0 PP 20 2 SRR R A AR
MR PIPSGRY SH AR ARV R ﬁaj@;{,gﬁg%, E'}’I‘EJ‘ |

PR [~ 2ErD

Z
1 (0,0,D)
[_QD,_ ED,_BJ
3 3 3 .y

3 / 2 i

/('\/5 2, Dj
« 4 S PP
$ou
3 3

[ 2-63 P47 [ TR

14

—k— AS=3,ES=10 |:
—#k— AS=10,ES=3
——— AS=15ES=25|"
——k—— AS=25ES=15|:

09r

0.8

0.7

OB e

0.5

0.4

0.3+

Absolute of Spatial Correlation |[Rs(m,n)|

0.2

0. e

q%ﬂ 2-64 Spatial Correlation between element 1 and 2 with Uniform distribution at

MEOA=90° and MAOA=90° for TA
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q%[' 2-65 Spatial Correlation between element 1 and 3 with Uniform distribution at

MEOA=90° and MAOA=90° for TA

—— AS=3,ES=10
—#— AS=10,ES=3
—— AS=15,ES=25
—F— AS=25,ES=15

09

PP N
0.7+
06
05+

0.4+

Absolute of Spatial Correlation |[Rs(m,n)|

02+

01

q%‘.' 2-66 Spatial Correlation between element 1 and 4 with Uniform distribution at

MEOA=90° and MAOA=90° for TA
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q%‘.' 2-68 Spatial Correlation between element 1 and 3 with Uniform distribution at

MEOA=45° and MAOA=0° for TA
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q%[, 2-69 Spatial Correlation between element 1 and 4 with Uniform distribution at

MEOA=45° and MAOA=0° for TA

[P BT S [ PERTEORE W DRI (e SRR
i DRt P = P 5T B P s ) ST P ULA
t MAOA £ 80 "L i » [ 2-39~[fl 2-41 » F1 R THIHRRIL 2 S E = T
BURAIN] » POERIFIR, ULA S R0 [ [l TR 5RFERE S [0 MAOA 13 0
B I 2-42~[p 2-44 > S SR R (YR TR » 2
MEOA £% 45 7% » Gy L ittt » = [ S fjeqn =5 “*Mﬁ'
GllAE T P ARG AT SRR o BT CRAL P PIEGREY
PRI X g > PSR R ULA «

{57 UCA » 7t MAOA 15, 90 % = MEOA £5, 90 " [Kf - J[1ffil 2-45~I[fil 2-47 »
IR AEL1-3 5 MAOA =T » NI SSRH]. Y AR TR 25 ] B 1 Y
B TR L2 E RS LA I B TS MAOA A1 45 7 [P s %ﬁ@g il

PFET R A RERERETE - E PO Sy el = ey 7 - (2 sl

53



@*’F'Eﬂﬁ'%%‘l‘gk%* AR =TI N Z s R E-lf;lfszéﬁﬁ‘ﬁff&‘l‘% Y
I MEOA £5, 90 7 » [ JF=f< Jffoiply s = [ 9855« [ 7 MAOA 15,0 7%
MEOA £7, 45 " [ > U[1[fil 2-48~ [l 2-50> ' fHf = A8L1-2 3L 1-4 1 ) i ]2 MAOA
155 45 7 5 20 D RSO (R ST MEOA AT [FIBRET 45 7 > 0 5 TSR
PR BT P A o S AR AR o P SR
1TSS P ORGP CRAZ - FURRHRR IS A3
[ 5T UCA -

T 3SPE = RER[ g T R R R AR AR Edtis
“ MAOA £5,90 % = MEOA £1 90 " i » J[1! 2-64~[jil 2-66 » 2{[ %= {Hfriiofy
BRI E AT P IR PSS I 15 (VB/3)D o i
HE= BB RVRR R TR S Y-Z T L PGS 12 R L3 Y
D (V22/3) D - iR 14 FERYHISEED (4/3) D - PRI g e
PR 0% MAOA £5 0 7% = MEOA F% 45 " #j » J[1ffl 2-67~[! 2-69 2{'&i=r i 4%
BB KRR % X-Z 7 b FIRGE 12 2 56 13 VLY RIFR L V2D
ik 1-4 }?EWE?JEE%(\//_ )D FURY IR0 2 PRI,
(EIPAI5E MEOA /T 38l 1-2 S 2380 1-8 S5 X-Z 7 Pl VIt ) o PP 8
BB [ [P SARL L-4  MEOA 5378 S5 X-Z 7 iy i
i > = MAOA B £ S PR B [+ R [ e B
AT i

SRR T IR O SRS TR 1 AR > )R]
HELET I VT SGEUER] 0 > T MAOA KL 0% AS K} 15 % > MEOA £ 45 %[
ES £ 25 "% VBT 1 BRI P SRR b T IR E g IS O
2-70 Frt. o AR AR O A T S R > AR YRS T SRR T ) )

54



%L“’F'EFJW%%‘IE&*’J‘ PITFHBR e Aems » RT oA i‘F'Eﬁ'FTJ R R %"F&FJ’[’E'%%‘I‘E&
(% F HRHRIRY Y S £ U*F'Eﬁ'l}J s CSAVEERC Y [p) o JIFEA] ) 140 B
F10 T o PRI VLIRS SRS (A )
%*1#”%*[“[@%_‘]‘@?[%% Usf‘ff el A I I (| e ]
i %ﬁijﬁi (£ {™(array geometry optimization) -

180 I

160

140

120

Azimuth

40 ‘

20

|
\
|
\
|
|
0 20 40 60 80 100 120 140 160 180
Elevation

&aﬂ 2-70 Spatial Correlation between two elements for varying elevation and azimuth

with MAOA = 0°,AS = 15" MEOA = 45’, ES = 25" and antenna spacing = 1A

55



51= i

= SRR SRR TR

T *l‘?i%*f}'“éiﬁ?l”;‘*JiE]?“‘EJW’%]EWﬁTﬁ*fﬂ Qe B PCT PEH R y
i H_ﬂﬂlﬁl H ISR [ S R flﬁ‘%%ﬁjﬁﬁiﬁgfﬁﬁg [ #f 2y (MIMO)
TR EEL ) E e MIMO sl e S e R puF|[H] IQE’F DER R E R R R
ST (fading) BT > SR SRR FueydRl o (IO0E A R g
(degrees of freedom) - fy (i fipsgh=f - I'[ i it (R 35 5 S RLAH 24T 55 &
(spatial diversity) [k (RS - I/ ) BT o )iy F,J/ MIMO [iufe FeigTRl o
I 258 SRR THR] 1 > NI MIMO R[Sz @ 0 £ [ i
AU (antenna array) i 2 il ﬁ'ﬁﬁ“’é(spaﬂa' correlation)zY/& - Z“’FE?WFTJ‘I‘%EJT?EE 1
PGSR iR S R A S (U LIFNE S I i Sl S
[ > PP A T ﬁ'FTJ‘;‘EFEIi—j [l ST fol FOHIRE -~ 1 B0 24 E?J’FE'%%‘I‘S&E@}
ol PRI Sk B R P "R I3 it - P (R e Rl B B il -
PRIP= RS2 [ AR ARV A OB STl

RS ATTHIRE B AHRR]F (semi-correlated channel) » i 5 -
Bl &t 7FE'F7;J B3 R IF“@%?%H LY A S ﬂ#‘F'Eﬁ'FTJ IS
e ]| B l'ﬁ” AL 2.3 AV T AE T o T T [l PR
I ULA~UCA -~ CRAL '] ¥ CRA2 ;'/‘lﬁj[ig%ﬁi'l (ergodic channel capacity) > i 5t

56



S (bit error rate, BER)A « 2 & Yﬁ:ﬁ’l?ﬁﬂk FI[H = e 4 (= (particle swarm

optimization, PSO)ithjTii T LRI S e ﬁ'#\ﬂﬁﬁ =
IS 7 b AT B [ RSO EE  H PR s g R P

%ﬁ'@ﬂ“mﬁ'wﬁjzfﬁ > W b b RS SR R A R
=R E L e (I o B

57



3.1 FAHE
T IPE FEE HTE (flat fading) fuzlgy » 525 [20]7 1 V-BLAST ¢
I ISV S N, o BRSSO N, o ISR A 1
y=Hs+n (3.0
y ELEE EE [’—EI%* S T [ES [/][:Iﬁ?a [ n BB Y[ES P ng%:;’?;z@%?%(additive white
Gaussian noise, AWGN) /57435 55 > 7% S B 2 1] 5 ) (independent and
identically distributed, i.i.d.). /?ﬂﬁ ZrffERSagijr(complex Gaussian random variables) >
T 15 fifi(mean) £ O g gy(variance) £ 1 - HEL Ny X Ny Vgt » £ 31
complex-normal random variables with zero-mean > 7+ F]’Eér%iﬂ P A L =R
LS E - %—_’;[/E“’Féﬂﬁl%%‘]‘% » 2 H[21]- 4%I'] N.N, x N,.N, V full correlation
matrix e =Ry 4 'Eﬂﬁ']iff%‘]‘_i » full correlation matrix it £
R, O E[vec(H)vec(H)q (3.2)
vec( )tr'r}ﬁ S AE e RS - RN BT 0 TP ] Kronecker model -
P R S R R - 4 2
H= Ri/fHW(RﬁZ) (3.3)
H, [l 7 i’ﬁﬁ i.i.d. complex-normal random variables with zero-mean ; R, %
Ne x Ny V31l £ 2k B [ ;f‘.}[iﬁl NIRRT F'Eﬁl]}ﬂ%(spatlal correlation) ; R,
Ny x Ny S SRS R R = [y R, % R, 5 H IV R
R

E[H'H'] _E[HH']

R,=———= and R_= 3.4
N rx ( )

tx
r t

e AT A LI (transpose) » gk * 3 15 4L §7(complex conjugate)i -

et A H @Fﬂ(complex conjugate transpose) = = =" P8 RV full correlation
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matrix [i' A £
R,=R,®R, (3.5)

ek ﬁuﬂjﬁﬁﬁﬁE(Kronecker product) » K= 7 £ Kronecker model - Jﬂ&“ﬁ’
flLl = ffE'l}cliEjig(fully correlated channel)!") = 4 ﬁljﬁiﬁ]iﬁ(semi-correlated channel)
HIE: ﬁ'Fﬁﬂ@l@%lﬁl I YARE I - 5l E R ﬁ'FTJ = ﬁ'%%xﬁ}
SELHIRL IS R Ty = SEdE ’fE'l}cl”ff °

Ty ﬁ'FTP U1 33l (semi-correlated flat-fading channel) » fHE 7|
s 4“F'E7F‘E'I}J % Bk CF TR P %EL EEfe = AR
H A ﬁ'ﬁjﬂ‘l‘ikﬂ/ SFEHY 2.3 AR
R, (m,n)=g" " [JO(ZQ’m,n)+2k§;ika(ZQ’m,n)sinc(kAg)cos(k(Hé —am]n))} (3.6)
A S AE T T‘E'I}J i#ﬂ%‘ﬂ*‘ 2.3 a7

o - R HY MIMO A o xfiﬁ[zzp&;%gq .JI{IAE_#LMI VREUEEY
74(perfect channel state information at the receiver, CSIR) » {E! [B‘ljjflﬁ.} 12 F ey

#4(no channel state information at the transmitter, no CSIT) » [[J{E5=H JH“E' 555

FF\WF« ’ l*ﬁfﬂjﬁﬁ £ (ergodic channel capacity)# = £}

E[C]= E[log(det(l +pHTH))} (3.7)

*H Hlpz » P EREE] ’?[“}J} , G EREE T ik o P '+[HE:IH Efg’iﬂﬁk

txn

(Monte Carlo method) |ﬁ,~f;ﬁ'j;ﬁ?~’£| .

3.3 & AU (e
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(i S [k T@?l’i“éﬂ/ RIS = {x, - x T R LV & e iy ™ £
& N, BB PRI ED ARy o EJ[J%?LIW,F]}@EA FAERECAIEES Y I/] BT M

= L™ (e e R RTBRT RS SR — o P Y > SR R iR |
[ FEER (symbol error rate, SER).V T (detection rule) [TbhLE {8 b 152
Iy ]'%gp}{y > et f - 5 S 3 (maximum a posterior probability, MAP). B EFF[ﬂJE'I Sk
EX N

S =arg max P(s was sent|y is observed) (3.8)

Se;{NIx

P(y is observed|s was sent)P (s was sent) 39)

= arg max
glwtx P(y is observed)

(3.8) A1k A RS = (iTIE °F‘Jfﬁ§?ﬁ’ﬁ3@i§ﬂ/ R R B AT
71 P(s was sent) FL AR > P ieBlbgats (IR it R = £

s =argmax Py is observed|s was sent) (3.10)

(3.10)2 45t A1) (maximum likelihood, ML) i = = =~ 4870y 5 H5H 7 554
Ty Y Elﬁ{ hpeH (additive white Gaussian noise, AWGN) » EJ[JF{‘J‘)}I#]’@*?FE']’U
[RIRES LR e P o 3 B U S ﬁ%?* fﬁ?ﬁf??“éf’@% RN IEEFF y [ > WS BN
PE¥(squared Euclidean distance)fs /|- I/ I?} FTORTRIE! » A5 10

§= a rgmln [Hs—y]|’ (3.11)
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[ﬁjﬁf(&ll)ﬂf*»pi?’ﬁﬁzﬁ [ BFEEminimum distance, MD) ({1 -

3.4 it 7 BffELe
'*ﬂ%ﬁiﬂ}\(blt error rate, BER) 1~ FEp]FH AR #5 '/?F?fﬁ PRET T @ﬁiﬁ‘?ﬁﬁ[
SEFE S P f‘%w#ﬂbm EpEpEE - T @kl{ﬁ#ﬁ' 37 iﬁ’#%ﬂﬁﬂﬂ/ b
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,1—|~1J‘7t FEZJﬁlﬁlﬁj? %E:IH[ ) JEI%L[ JLI;TU [/FrTE
R E b j/%ﬁl‘\ [ PR B R 1k (Monte Carlo method) e fifif o

Ji
_\;ﬁ&;
ﬁ;g

N

TR 0 T V-BLAST S [ERAMGED RS BPSK > [ - sl
FTHRTFIE 2] Ny [ % PR 5 5 SR RV 3) % 5 — S i
% oA RS ijﬂﬁm s, M fﬁlﬁiﬁﬁ ot R .JIEU“ -
A TR Y RIS, - B A M R T

S o M) R TR S S R SRR B T

NS e

3.5 = e [ ET
2 Y[12] " FE5 £ [~ (particle swarm optimization, PSO) i fl- 7y
T 17 (heuristic algorithm) > ==3L[NYETERE (genetic algorithm, GA) o A5LEsaL |-k
(simulated annealing, SA)Ki{l] » =|I" [ RAEES" ZREAVE F | ﬁg IfH - PSO 3;&‘57& fY
=@ KT J. Kennedy 71 R. C. Eberhart 4+ 1995 & i 11[24] » T FIRSRLEG " [H07 (=
FOBRE LRI » [P RS T £ S0 o R R 1T e 7

&l

(il -
PSO (UM KL~ FEFLTE 359 AP0 K o b FIBRREp] I LIRS o )
I AP - B TR F1e O 0 8 R S S AP
WU ESES S % P T (R | (personal best) [ » 25 £ FLTER) i
Rl PRI et PP ST RS 14 2 afapy T = Iside ) (global best) 1 -
A LR o RO i R e T AR AP 2Pt -

PSO Jfi FTE% [FURLKGiF ™ EUIBHS B[l B (NS » ik RIS )
DR ORE =" AITRMSHERERS ) >[Iy T A3 e 1 e Sl s (fitness) a5 et (3 i
<ﬁ%ﬁ””*9>'H“*ﬂéﬁﬁﬁﬁ@’%ﬁ@wﬁa IR ESER ([
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I D) T fRl = P s stk (= i) lﬁ?ﬁ? PR elpo et O L o FR23R T
AFLHE FFfRse VBRIV S G o iy (ORI AL (W f= e > B s
— PR Ve s PR R R s o T A s R (fitness
function f :N—[ It o
PSO JFI T 5443 i F TR - Il @ﬂ%ﬁgw M e i Bk T
BRSO o fETRHIAF S N ORI - R R SRR ) ST IR 1
= I N M O

X=[% X, -+ Xy] (3.12)

V=[v, v, - vy] (3.13)
AR TR X IS, PR 80Tl =" VR RS ab fef o sl 8 SR v FlIps v TS 78
Tt E VRS o ST (R = R st (3 OF fEIHIES L p, o 0] Phest, HIJES
M, IR SRR > [ SR P AT £ BRI P

P=[p, P, = Pu] (3.14)
F R A S f(x;) ik Pbest, 45 > [I[LKj p, RIPrEL x, - Pbest, RIFrL f(X;) -
Il Phest, =~ FIE=FERIAE A i £ 3l Tl Gbest Pt - bl UL R T = el i
W g RIFELp, - i) Gbest I #rEL Phest, ©

9=[g. 0, - o] (3.15)
X~V-P #Al g cpﬁu PSO @gﬁ;%ﬁﬁlfﬁﬁ | A g AL B O
FIVRVPT il o Tt~ 2 R P gy [ Tt 6 el ) 0 =
ok (AR > O RERIE A ) L s > S TR P T 5 ] = dali
[ i > B J*il*ﬂﬁﬁ%ﬁ"rﬂaﬁf@$4f ek POk Rl o Tl SEIR v 1)
[ X Ropr s 0= [12] - 4

Vi =WV L+ GUy (5 =i )+ CU, X (85 =X, ) (3.16)
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Xom = Xom +Voim (3.17)

U, 72U, 57 (ORI 1445053 1V BBy 5 = SR 111 m o 5 =
Tl = SERERLEL R TR ARG AE TV BEES I - o AT, R [py eIt
fﬁﬁgfﬁ@ Sefifek (o (/72 P (acceleration) - i A [ 2518 I%EJ 20
FLFE LU S [ 2w PR ER R AR (inertial weight) — 27 [0,4] Ve »
52 PO PTA2TA T, WS R AT (LR T B~
= WA 'FA{ SR TE »FLI B i e £ B 2 IR PO
TEVTEF TR 5 1 1R W AL 562 ) Wg i PSO T~ Bl S0

BCOGa S - 5 R W | D BNk G R
B L o B R B R

wi=w,  ——start Tend o ¢ (3.18)

IV FAEEE PRV [ ELSEL R O] Woan (355 0.9 0 Wegg B4 0.4 « (418G

AR R S S P I - 5025, 26]
- AR CHRRE LY 10~ 20% » F RLIUE GV o FILE L RV, o

| gt |
v

| sEEnToEEE |
v

| EwmIoasuEaE |
!

N R R

&%

i 31 0 B [~ RLI A
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3.6 I Ut
PSO iR = 1 HIFE » SN UNTE 7 PSO ¥ s i 2[4k f et %g%gij‘:fi ik
TR - RSt RO B - ) PSO T3S AOlERL
Bt e Sy TR i > PPl e A IO E R AT
HORL B S o D BB - PIEL PSO RLEE FRAOMETYEE - ¥ Sy e
IH? Rl A =36 S UIH%EE%I Sh] E;AAJ[;;F,{ PRI | ] -
IP=FT T U | g AR [ IEJIF_FL[E, s A

max E[Iog(det(l +pHTH))} (3.19)

I » O HOERL.T) - [EIFAESS 2 S R ORI - 2
BT+ PR I 5 AT <SSR AR S e - )
P Y R -

3.6.1 Efvfij—ifﬁ,;;f
et PR R R TR R R0 R RSB IE] - Beiy
N A ST A B B9 N SR P (PSRl A B ORI -
gl Rl s R Rl e 0 O T 27 2 S S P R =™ |
(1R N 4T 5 (SRR E gl T AT BRI - [14]7%
FIIMI PSO FEFHE [ AR (FyfilF I (dipole array) i [RUEL™ 1P 1% % % 1000
%Eﬁm;ﬁ%ﬁ e o PFE T PSO PR 3 T~ SR
R T LR A Sk A [ VS (R Er s ﬁ—w@«f‘ﬁ] Il & H ﬁ‘?ﬁ‘[‘iﬁ
ﬂfﬁl » FOFR] 3.1 AL R - A AR R TR 3.2 A R
R FOTHIRN R - ARV R R 8 IV IS [REL PSO A
P12 e A sy s -
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362 St
B (27, 28]4EE T S ] £ Kronecker model uiﬁ‘ﬁﬁ}ﬁ'ﬁ%éj&iﬁijﬁ(closed
form expression) » 7 “f fHLRE " =B R27HERDY 27 2 2 HEN, =N =N - [

L B ATE A 1

> det(¥(1)
E[c]— L ; (3.20)
In(2)cet (V)T (1)
Hpl V== A (3.21)
(¥(K) = [‘In(1+py)y"e i’dy if i=k (3.22)
CAMr(N i) if 2k

R4 B = T e 2 TR A el T IR B - P =PRI y(3.22)f]1

R H5 2 H 2902 SR

J' In(1+ay)y" e ¥dy=T(n C/‘"‘Z (3.23)

G 3 A Ifﬁﬂﬁﬁ[?ﬂ}di B Y28 N, IIE;F%N =N, =N EIHAHAE‘_FLB

TR A £l

—N+1 (3.24)

E[C]=tr(A*(\)AY (V) _

AW, =, R (L—Vv-N+L-pi,,;) (3.25)

11....1 396
0,...,00v+N (3.26)

EUH A 2 Ay B RS R i 7 AT SRR & - el = 2 - [

1
{A(n) (V)}i’j _ n!(p/,ltlerxyj)wN lep& iArx 'G::lzﬂ(iZL ﬂ't 1}( 10
X, 177X, |

TU R ﬂ;ﬁ g ==y T VIS g1 AP FL ieprife(3.20)
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(3.24) » [LVEFBR FRHETA 53 WIS PIP=ph) L SRR RO [« F, PSO FlIF]]
RS~ AR L S o R P 5V R T

L GINTINE o ﬁ'FTJ ER RN R T ﬁ'@d ERIUINE ST e IR R

USSR b Fﬁglﬁﬂatﬁ@ (8% PSO FI A5 7 it L oy T -

363 A BN
ek e SR s A JF“«EJ«F—FUE':E' FEETEHE S F R

PR R E R o P I“ipaﬁﬁﬁﬂmfﬂr‘ » PRI [ ] R B
ﬂiﬁﬁﬁ[' LR I e i ﬂ«F—fLQF‘ ETER

E[Iog(det(l +pHTH))}z E[Iog(det(pH H))]

- E[Iog(det(pHT ))} log(det(R,,))+log(det(R,,)) (3.27)
(27U FIZFIFEIE - T B /U;g[—r;ﬁgasr*@“w@ PRI s qusrw
A1 e R - ﬂ£f“  FHIPSUE T o (3. 19) AR £

max det(R,) (3.28)

Qs PR A 3R AR Y e T e e T -
| AT o AR g B I o S AT I SR o
FIIE - A ffE'I}JI%EfDA BT 0 > MU FIEE TR 1> PP, P s
(=R B TIPS « [L5]7 3 B Rt [~ A Bl
ARG [P At > R | PR B R AR o F 1 o ¥ PSO
PRI FIR P3G R — S5 7 S Sl i - 1 o s B 2 s
TN G FTA 2 TR SE0 » 2 FF T2 A R SIIR 9=° f (
PSO 1 AU 71145 P A s -
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364  EANELER

2 H[30] » P AR AR 2SI PSS (logarithm) i ELI ! (concave)
FrE > POFSE A |0 S e S0 SRRV ) o ST TS
ffii = (upper bound)

E[c]:E[log(det(l+pHTH))}<|og(E[det(|+pH*H)]) (3.29)

I 1L - [BLI [ A SRy 1 2 2 1
det(1+A) kz; deet( a)) (3.30)
det(B(a,B))=yvyz:udet(B( v))det(B(v.B)) (3:31)

iBE L2 NI VK D 8 2 Jof (YR (o7 gl v 138
{12, NJFIFRE 20 o i =7 & 5 o i Aa,a) 27 FHFTHEA L o522 o SRS
= <9Il (principle submatrix) - il det (A (a, a))* BEA LI A V= 5" =% (principle

minor) » B(a,B) # [ B 1 @ 5[[52 p SAERS I S o JEEEAEYT B
N,=N,=N > F’[ —Lt}l%]’ %’F&?Jﬁlﬁja‘[\gkiﬂﬁﬁl fé.?fﬁj il 53 #(eigenvalue decomposition)
R,=U,A Ul and R, =U,_A U] (3.32)

ALY Ay ERSFEPI 2 S sk ER TR R R SRR B

il > JFTE@ZJ[EF,‘TIJ/E’!{E\(T’ MU, 1] U, 5% unitary matrix > PR

E[det(1+pHH) = [det(l L pALHI A A H A )} (3.33)
A A= AZHLAZ 2 2 (330) 1 (3:33)
E[ det(1+pH'A) | E{i > det([ pR'F (e, ))} (3.34)
k=0 alalk

U (3317 (3:39)
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Y Y S det( (a,B))det(FI(Ba))

k=0 a.ja[=k B,|B=k

3PS S E[det(F (a.B)F(pa))]

k=0 a,ja[=k B,[B|=k

=§;‘ " Zk Mzk det (A, (B.B))det(A, (o a))E[det(W,)] (3.35)
(3.35)F 1 W, =H!, (0, B)H,, (B, o) £V5if#* Wishart distributed /Sl » <7 7 Sk 20 4
o ol =[B] =k > B O W (1K) -
E[det(W,)]=k! (3.36)
PRI (3-36) 4 11(3.35)

—Zk'p >, det( salt u,a))z det(Arx(B,B))

@ o=k B.[B/=k
N
:Zklp z 21Xopl ﬂ'ixak Z /’erﬂl y rxﬂk (337)
=0 a,jal=k B.|B=k
rEE- [liﬁ‘;mqaﬁﬁ% R pug

Iog[iklpk Dy Ao A > Aoy ﬁJ (3.38)

k=0 a.ja[=k B.[B|=k
Ry
E;= > A, 4, and Sk:(—l)“i/l,k (3.39)
a,‘u‘:k i=
HI By T8 I ey et
E,=1 and E, = ZEk S, (3.40)

i=1

(3.39)(3.40)* ™ (3.38) » FULERA A Bl P i £
]<log (ik ! pkEtX’kErka] (3.41)
B [B0JfRr=n FUO R R LG 2 IR R [ SR R

(long-term power allocation scheme) » [fi| 2 [ =S4 {124 7 i e I%?rf [ P

68



b R T £ R RS 1) (B s i
ST R o F T PSO FIRIFIR I B FH T — AR P oy e
> A SRR BN R B TSRS 7 A 2 RO s > 2
e 2 LR SET ) B SRR B £ o Bl 2 50 PR
R PSR AR T (R PSO IR SRS AR et -

3.6.5 sy iR

BN P PR R 3.6.1 A% 3.6.4 A IS T (Rl S R e i (R
PUEG PSO BRI EIE B VR [ VAR ARTE 2 B P TR

B s e AR B ™ 7 100 SR (= 0 el R SR (T
PR > 53 B B (A S AT YT D ™ 1D T s e
[ =0 HRRRSHED 2 S0 ORBEIE T SR P e
[0 S S E SR SR A o 1R IS O A
%@m@ﬁgrﬂﬁ%vﬁﬁ@%é’rj SR [ T RIS IR PR
ST £ (o3t - FRETRRE RN % 2 10000 SR FRT S50 -

Mean Variance Avg. Time Spent (s)
Fitness 1 16.9063 0.0040 258.2570
Fitness 2 17.1168 0.0011 706.8549
Fitness 3 16.6143 0.0393 73.7426
Fitness 4 17.1187 0.0006 75.4573

#. 3-1 Performance comparison of using different fitness function in PSO for

N, = N,, = 8, MAOA = 90°,AS = 30", and Dmax = 1.54
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Mean Variance Avg. Time Spent (s)

Fitness 1 21.7736 1.7552e-004 262.8688
Fitness 2 21.7720 1.3730e-004 805.4043
Fitness 3 21.7757 1.5811e-004 94.6929
Fitness 4 21.7744 1.8762e-004 95.0085

#. 3-2 Performance comparison of using different fitness function in PSO for
N, = N,, = 8, MAOA = 90°,AS = 60°, and Dmax = 51

F 31 EL I P VER T rodst (o il B e 7 PR AP B
*E'F’ﬁ?i*— AIT3.7 AR v VRIS fFE'FTRJﬂAa’ RS 'E?Jﬁ‘l?éfai‘l‘ik :
]’ﬁ%ﬁ%ﬁﬁr’:@ﬂ#: P L:Jjﬂ%ﬁ@r’ MAOA 1390 % > AS £330 % > [ﬁlﬁ*lﬁ.ﬁi%fl{’iﬁf‘%}:\i’&i
E\WFEIWF“E“ PET o [ARFGEEESEL 10dB 0 2 S TR A S EE LSA VB R [T T AE
SSREH I (g o ke 3-1 I LI ™ | Fitness 2 9 Fitness 4 {=5:f e ffipr &
-=IE N T ﬂuxﬁﬂﬁﬁqﬁ@?'iﬁ?ﬁé? > ¥ =i | Fitness 4 PURBRE < F{H |
Fitness 2 O (s » [ 5 L R A s = I e

o 3-2 pURUf e MAOA 15 90 & > AS 15 60 & > ﬁlﬁ’fﬁj_ Ee BB .F\q&@wﬁl
FTE P [55% 1 » ATYEE 100B - 0 £ i o 2K Sh I P R [ KR
Hradtg o frd 2 pled fi?%ﬁi’?ﬁ*é' Rl S T N (R
PRSI > S (ORI T S E AR N 2 SRR R L
it fL:iTUa?'Eﬁ [l Fitness 2 {44 % > |1 Fitness 3 == Fitness 4 ’:’l”rfb"a{&ﬁ'lﬂﬁ\ﬂj‘ by
HA - o

SEI R (A R R Sy B R e
i > H[] Fitness2 » fEI7k [F=ELFS Fitness 4 li?%ﬁrkb%ﬁwj‘ﬂdfﬁ%’ N IS ’FT gl
73437 Fitness 2 » 7 5" & ff [ F LAY JEﬂJ‘FEI AR e i = o P R J Fitness 4

R TR TERL
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N
Fitness Function = log (Zk! P EtxkErxkj (3.42)

IR AR T S B TS Y g
I TR igum,ﬁrrgm@nw Al
Fitness Functionzlog( ) I rxkj (3.43)

AR S Bl R B S A B Y R -

3.7 SIS i Ao et 1

F R ﬁ'wﬂ"g_ » BB BR Wl FE ﬁlr‘éﬂ]\i&?@% R
SIS TR © [, - IR RO 5 BRI R
Pl PSR (071 23 BB IRER - 2 BN, =N =N - R A7 35
A PSO T - St Jﬁﬁﬁm@w: RSB+ OIS P 57
F - TR RSB O R P I A AR A A e R
T Oy PRI A R IR o POEE PSO L1 — A2 AR
SRR - (RO - 7 85 AL R S I X -
ARSI S g [N I PSO AR KT (AR
ﬁﬁ??%W%iﬁﬁwiﬁ@W£mﬁ%om:%iﬁ@wﬂﬁiﬁ@www
(i 3

(%Yo 2 13 7 < Dmax,z,, =0 (3.44)

BT AT = A ) Dmax TR #3485 SRS e ad
1 > Dmex BRI P IR BT RG0S (A) « 27 5 R PSO A
B2 D 16  SE NG 300 0 54 (A3 KL LV S R o 0y [10] 45
FOE [V ULA B UCA 55 I $85fe ] = 3l - FOBURL it ki U 3y g
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B R (USRI > 02 [ U RG  f HU%’E" P Hpd ULA
W UCA - [ H 8 14 bt~ [I3 SBbs 5 v sk Rl 1~ R HRRAVEL
P ek (1™ A -

1@%}[%5;’(:

N B R L ] AT FJ@%ﬁ(f Dmax [{i5][~ Jﬂfiﬁjﬂ ~ X
FET Vo SRIE  VEE%  P I R QB S T ()
VRSO~ Pbest, TR £ 4 T~ Gest FEHARS SN - 4, IR P50

step 1: I%J@N 0.~ A, ~ Dmax > f(x)=(3.43)~fF="§=16> t , =300 W, =09 >

W,,q =04 > [V, = Dmax/5 -

end

step 2: FUE (Rt =T T X Rl v (Il S T Pest 1) i 5 S s
I'El Gbest ° ¥FIif [ﬁ‘% b I‘FI X SR BT 2Dmax '/F 5“5 F[J ULA > PJX F%H,:{‘ e
Dmax -7 UCA =SS - £ ffx, ~ x,q $5 SfOREES 53 1)) P sk T 00 HE
W% v=0 - [ijPbest; =0 > Ghest=0 » = iFfC Rt =1

step 3: ;JrgTFI;{mu VEm f(x) o JH;JHET Hob o s f (X )O—F’[:r_p[ﬁg'@
MG SRR T FF AR 2 AR R 2.3 AT = RE ARG 2 3 T
ALY 2 IR b i ™ (3 A3 2 I Rt Frp st i [Eb =
Vil i=1~16 ©

step 4: FEARept " U il f (X, ) S a4 5 gl i Phest, o ) f (x; ) 5k Phest,

o 4] Phest, RIFH f (%) PRI X 0 i=1~16 °

72



step 5: =40 {15 o 5t i Ploest, S8t £ 31 Gbest <, Pbest, % Gbest * -

7] Gbest RI#7H% Pbest; » [ijg RIFTELp, » i=1~16

step 6: RIFr i il (X ATl v oo [P ](3.16)RIFTY o Eiw Fjﬁ(&l& :

SRV, JOSHEV e PIEATIRIETX o 4 R U

(3.44) & vy 2 Al I 3 il

step 70 t=t+1 o Fit<t o [llptstep 35 F =t o JAHN o Ty RER R
EeHIVEIENS = RNET AN

3.8 ML N
7 I T HIMURIPEY- i 1Y ULA ~ UCA ~ CRALI'| W CRAZ [Ffii b
SRS (Y SRR AR B S SR 2SS PR R PSO R [
AP D = AESASHIGIT B - SRy B ARG+ 3000 [WEFGY SEE -
FUEET)Y 2 G A R R D 8 5 o SRR AT 3.4 A
ELi% 5000 {lwFEES Y spiap » 2 (AR EGE 100 (RS D ;—ﬁj[Jﬁlfj'%%(Binary
Phase Shift Keying, BPSK) f\j5> 48t 3.3 i Vs AT [ERRE 4 [l e
(8 o BASRTRUT I ISR (I (B 2 BIIRT BT A0 SR« 15
PFE T 10dB o [l AR R VAR TS L R R Dmax IR
ULAGHES DV~ 4 ~UCA V4 I CRAL & CRA2 I 9f gl i » &[]~ A= 5yl

/”JF- f* it l'ﬁ’\ A ZEL Dmax V[EH -
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3.8.1 A IEAT T GTE
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%137 e : =
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© ’
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i oy
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2 4
A e ]
=y 4
i} S
s
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9—}ﬁ' ***** CRAA1 H
CRAZ2
PSOC 2DA
& I I i i i I I
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Mean Azimuth of Arrival (degrees)

Eaﬂ 3-2 Ergodic Channel Capacity for varying MAOA with N;, = N, = 6,

AS = 20°, and Dmax = 51
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[ : : G- ULA N
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fffff CRA1
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\\ : : : 2DA PSO
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B 4
AN
2 e
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g .
107 1 I i i i I 1 i
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Mean Azimuth of Arrival (degrees)

q%\' 3-3 Bit Error Rate for varying MAOA with Ny, = N, = 6,
AS = 20°, and Dmax = 51
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Ergodic Channel Capacity (bps/Hz)
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Mean Azimuth of Arrival (degrees)

Eaﬂ 3-4 Ergodic Channel Capacity for varying MAOA with N;, = N, = 6,

AS = 10°, and Dmax = 51
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AS = 60°, and Dmax = 51
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3.8.2

Bit Error Rate

Ergodic Channel Capacity (bps/Hz)

17 T T T T

2DA PSO

s i i i i i i
o] 20 40 60 80 100 120

Azimuth Spread (degrees)

140

160

180

Q%ﬂ 3-6 Ergodic Channel Capacity for varying AS with N, = N,., = 6,

MAOA = 90° and Dmax = 31

107 ¢ T ; :
i : . ULA
UCA
————— CRA1
CRA2
2DA PSO|]
107}
107 I i i i I I i i
0 20 40 60 80 100 120 140 160 180
Dmax(A)
q%\' 3-7 Bit Error Rate for varying AS with Ny, = N, = 6,

MAOA = 90" and Dmax = 31
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AS =20° El E2 E3 E4 E5 E6
x (M) 3.0000 1.8746 0.6309 -0.6311 -1.8746 -3.0000
y (D) -0.0003 -0.0020 -0.0036 -0.0037 -0.0028 -0.0002
z(M) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
AS =120 El E2 E3 E4 E5 E6
x (M) 2.9990 1.3976 1.2984 -0.7166 -1.9945 -2.8187
y (D) 0.0784 -1.8390 2.7041 -2.9132 1.9898 -0.8498
z(M) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

% 3-3 Optimization Results of 2DA PSO with N, = N,,, = 6,

MAOA = 90° and Dmax = 31

Ergodic Channel Capacity (bps/Hz)

g%ﬂ 3-8 Ergodic Channel Capacity for varying AS with N, = N,., =

60

i 1
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MAOA = 90° and Dmax = 51
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2DA PSO||

Bit Error Rate

1 1 | i 1
0 20 40 60 80 100 120 140 160 180
Azimuth Spread (degrees)

[fil 3-9 Bit Error Rate for varying AS with Ny, = N = 6,

MAOA = 90° and Dmax = 51

AS =20° E1 E2 E3 E4 ES5 E6
x (1) 49999 35822 07064  -0.7362  -2.1770  -5.0000
y (%) 00357  0.0343 01339 01364 01391  0.0151
z(V) 0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
AS = 120° E1 E2 E3 E4 ES E6
x (A) 3.8060 27931 20660  -14215  -3.0546  -4.0928
y (L) 32369  -3.4256 07315 43322  -3.9554  -0.8563
z(V) 0.0000  0.0000  0.0000  0.0000  0.0000  0.0000

. 3-4 Optimization Results of 2DA PSO with N, = N,., = 6,

MAOA = 90° and Dmax = 52
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Q%ﬂ 3-10 Ergodic Channel Capacity for varying Dmax
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Q%ﬂ 3-11 Bit Error Rate for varying Dmax with Ny, = N, = 6,

MAOA = 90" and AS = 20’
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Ergodic Channel Capacity (bps/Hz)
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Eaﬂ 3-12 Ergodic Channel Capacity for varying Dmax with Ny, = N,., = 6,

MAOA = 90° and AS = 60°
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2DA PSO |4

Bit Error Rate

10 | i i i i I i i
0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

Dmax(A)

q%ﬂ' 3-13 Bit Error Rate for varying Dmax with N, = N,., = 6,

MAOA = 90° and AS = 60°
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3.8.4

Ergodic Channel Capacity (bps/Hz)

Bit Error Rate
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Eaﬂ 3-14 Ergodic Channel Capacity for varying Antenna Number with

MAOA = 90°, AS = 20° and Dmax = 51
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Q%ﬂ 3-15 Bit Error Rate for varying Antenna Number with
MAOA = 90°, AS = 20° and Dmax = 51
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Ergodic Channel Capacity (bps/Hz)

Bit Error Rate
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Q%ﬂ 3-16 Ergodic Channel Capacity for varying Antenna Number with
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MAOA = 90°, AS = 60° and Dmax = 51
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g%ﬂ 3-17 Bit Error Rate for varying Antenna Number with

MAOA = 90°, AS = 60° and Dmax = 51
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YTffuf SR J%%‘-T%“ﬁl%ﬁi@iﬁ(semi-correlated channel) » & 3[|{& %
- BT frﬁ'rﬁ e+ T I THRE ISR TV SRS R © 0

SHAII, - o 2 l'{’??”F" fﬁﬁﬁﬁ 2.4 GV = REPITN o T IR P
ULA ~ UCA ~ CRAL I'}’> CRAZ V[ i B 1 R SR8 (M50 = gl VA
[k =" HE4s (3 [ (particle swarm optimization, PSO)iFﬁET e HE R = 1 Jﬁ*zﬂjxﬁﬁi‘ N
R AR TR SRR R S RSB (P R M

FE [l = e = RS SR ssgs W HR s T g PR S
F’J‘:I’W o ElE[fﬁiif?[i,ﬁ?t?’K;ﬁiﬁﬁ]ﬁ”é‘f‘fﬁﬁ@%%ﬁg [ iz Bl [)ul%gi\gwﬁf[?/lj
VISFEAGUEARRUA S e G T A S RESG e 2 B 2 S P R

SO

85



4.1 F5 E'T)r
EL RS A EIWES S SRR TSl iV N o R e
«w#%*’y % o+ 0 2 6 SRR ISR (U DB A
{0 AR T SRR AT R -

411 AT

EX (s ﬁ'FTP IS SRR (semi-correlated flat-fading channel) » %732 ¥
[20]Frs2 7 V-BLAST 235t o U8RV SGBeth N o IS8R =G8Eeth N,
WLFQEE’E@?J [

y=Hs+n (4.1)
(0 [ P R £ Kronecker model » [P 1 22 =41,
H=R¥H, (R¥?) (4.2)
H,, I 5% Sk BB S AL S L iyl > 51 S50 EG O [t 15 R,
EL Ne X Ne Vg B b EsE -}Fﬁl\r’/ﬂj\?ﬁ'ﬂﬂ;'fZJ?'FEFJT‘E‘F—JT%‘[?; R,y N, XN, V
Gal IR Jh o .Jliﬁ] AL %’F&?J?FE'E%J‘I‘% ° F%Jifé‘ Kronecker model Féf,%Elprﬁ “ﬂﬁﬁ
3.1y E'T‘HF“I@F%IE' F EHT“’E'“ ‘ET‘E‘TJ[* B ul [5’?“”‘ FE e P
lﬁiln%f b= AEERE Ty ALY = AR ﬁ'ﬁﬁ“éd/ S FERY 2.4 AR EL

R, (m,n)~ T ;SinC(A 057 00) + F00) +-0+ 1(,.) +051 (1]
2 i cos(k(@ —a))sinc(kA,) (43)
Nsm(& )SInC(A =i [0 50, (%) + 9, (%) +--+ g, (Xy_;) + 0.5, (X )]
f (x) = g2 )W gin(x) 3, (27t sin(B, ) sin(x
A { (x) s _() 2z, _(ﬂ,) _(» wa
gk (X) =€ " e Sln(x)‘]k (Zﬂ-rm,n Sln(ﬁm,n)SIn(X))

FERFI = A TR M4 2.4 B -
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4.1.2 {mfﬂ]ﬁ{

P R RO 2 (2] [ IS SR RS
(perfect channel state information at the receiver, CSIR) - {f! {Hi3= 15 PR
(no channel state information at the transmitter, no CSIT) » E]J@i%ﬂrﬁ‘:g.ﬁ‘ =P iE

ﬁ:\ﬁﬁ > I ﬂfﬁﬁ,ﬁl (ergodic channel capacity)#.=- %,

E[C]= E[log(det(l +pH*H))] (4.5)

P = —  z (Ve !
;o PRV o EREID T o T Il B

tx~'n

(Monte Carlo method) |ﬁ,§+ﬂfﬁh£{ o

Hilip=

4.1.3 AR ]
LH[23] U MIMO L1 B 53 TN, | ﬁ%ﬂﬂumﬁﬁﬂﬁ?u

IR P (SR FORN 7= K} ST L R 2 Ty 2 R
N, F5 [—JE’F[F[ ’ flﬁiﬁ’ﬁtﬁf\ > FIIIEE 5 JIEIfQI_“‘ FIT:*L}%&L[S“T” [/] 5’%?'[;(

Fli= L (2 R BBl g~ PR IR - REE AL ]
[~ ﬁﬁ %ﬁ?@«(symbol error rate, SER).7 ¥&{[| (criterion) {1 LE%{%@}% eS| [ﬁ%‘?
y & B s sl (maximum a posterior probability, MAP). EFF[H » FeA
B

s =argmax P (s was sent]y is observed) (4.6)

se M

P(y is observed|s was sent)P (s was sent)

= arg max
sgeZNtx P(y is observed)

4.7)
(4.6) sk~ iR = ]« [N S = S [T & ﬁlﬁﬁ%ﬁfﬁﬁ'fﬁb%:[

' P(s was sent) 3 F Bl PR i RS R e ) R
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s =argmax P (y is observed|s was sent) (4.8)

(4.8)M1 k%A% (maximum likelihood, ML)YEF] « 2 =~ 4f 7 5 g I H
Ty F.'J'El’?i"é?*(Additive White Gaussian Noise, AWGN) - JI[[fi' I i A1)
(FTR BT i 2 ). o R R W R U Sy ) S B
FHEH(squared Euclidean distance)fs | 12 [T & » A5

§= a rgmln [Hs— y|| (4.9)

se;(

[pJE\JJf (4.9)7fi' A Kl e - BEEE(minimum distance, MD)¥&[|

414 0GR

7+ V-BLAST -ﬁ{&’a%frg fli o @;F%[—m 2V L BPSK >[5 - SR SR FTBET|
BT N [0 7 o [P 0 7 SR AR 2) % — SV S - 0%
& G BV TR s, SSHRGEEEIE R R B R (4.9) 1 v

FITEORRCT P00 PSRRI S, Jo o LI R BTty o st -
FrHIL TR FTOAE S SRR (8 R s S R

SffeeLsh -

4.2 “SEYI P A g R  (
4 AR AEI A SRR £ (RS - ek B (RS
wwa#ﬁﬂvﬁ%@mﬁfﬁi¢ﬁﬁ%%5%%W?%ﬁ”wa:$%ﬁﬁ’
7= REERUNL N = AL SRS A E R L R T - PR AR
SR T AESGSPHIIT ) = AR
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421 B RERE T
IE%FE‘E‘E'HIE M b= T 0 R R R 2 VB B A g 51 flif N AE
F”ﬁL R > B[ ey [mLng[ RS TSI (N M S

X=[x, X, - Xy] (4.10)

V=[v, v, - vy] (4.11)
AP XCPIpS x PO 37T [t =" EVRRS R el [0 508 Hl v S v, BT 275
Tt E VRS o ST (R~ (WA Rt (O T EAEL p, o 0] Pbest; HIJES
N, R R [y IR p A £ RRIERD P

P=[p, p, - Pu] (4.12)
FIH T O L F (%) € Pbest, - FIRf p, RIFTED X, » Phest, RIFHT f(x,) -
Filf} Pbest, 4 P A M i Gbest L » ¥ Wl PILK R 72 okl
P g RIFrELp, o Iy Gbest RI#rEL Phest;

g=[o, o - o] (4.13)
X VP Al g &7 PSO Y FFiuine (v » B Sl [ORL e 50 1
F[Iﬁlﬁiﬁﬁfﬂﬁl * Fi £ Mt =g 2 TR P2 I e RS o e ek (5 el | =
(o i PR > R AR A e S PR R B el ] = da
A B T R AR R 2 T P e R VAN RS
[ X R s 203 [12] » g

Vo =WV L+ GUy (5 = Xe )+ CU, X (88 =X ) (4.14)

Xim = Xom Vo (4.15)

U, IR, 85 [O,1) b RETFl s =055 iy BB Aalle > 0 = S gl 1 n ity 5 g
T T YRS R R AR OB o AT, KRR IR
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P e

=
R BRI E Y o IS hew HPE ELE A (inertial weight) » AN 26]E B U181

[ = 3k 5 5 P2 gl P (acceleration) o i VP [25] 86 %t 2.0

TR B (O PR W AU [RE 20 1 W BRSBTS VA

t _ Wetart ~ Weng xt
t

max

(4.16)
Uty BRSSP R 20 S AR R o 555 0.9 > Wy 7E 0.4 < 1N
FRUR T2 301032 F IS 195 5 PRIV o IS > 14525, 26]
AR AR T 10 ~ 20% o FRUHIUE GHEV o Y FHV,,, o

7 U PRI R PR 5 > PSR TR TR RS
u@%ﬁ%%&SQO

| e |
v

| SEENTIEEE |
v

| sERTzREMRAE |

41 10 R [ PTBL

422 R
EIAREN I R e

max E [Iog(det(l +,0HTH))}

(4.17)
T e AR (ISR RTIR ( B Bl ORI iy Bl
Pl o RERP ORI | TR RS PR TS - SRR R
T
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E[C]= E[log(det(l +pH*H))} < |og(E[det(| +pH*H)])

(4.18)
R E R T A
|og£Zk'p D P P, D Ao ﬂJ
Jal=x B.Jpl=k (4.19)
U A= e WSS A TR L B e P P

P R I R e T 2SR S f’F'E?J’FE'Ef;A‘I‘%E@‘IﬁiEJ I R R

(= £%

Fitness Function = log P Aoy ...;erlk]

g(N—k)!B;k S (4.20)

%%FIETI,% Z ﬂ,al---ﬂak j/gfﬂ’ AF"[—’:LWAJ

a,|aj=k
E = 4,4, and S (O Y 4 (4.21)
a,‘u‘:k i=
P PO 1

E,=1 and E = ZEk S, (4.22)

i=1

423 "] PSO i YRy [t

R RCE ARRRERE - IR R TS A RARRRE 1 RGSERRE. - B
R ?Eﬁwﬂi?ﬁbf ALY [NIER, [0R] 2.4 AR VAERL > I’E%r%
N, =N, =N o ¥ PR F[7 4.2.1 Ayt PSO JE I i (= A8 fie i
f 0 [N = REPEATRU Y = AL SRS E EUR PR A TR 1 o PP R
ﬁﬁzﬁ&@$¢EV“¢<ﬁ@m’d BRI 5 ﬁ%ﬁﬁ&@iﬁEV
= RESTEI o TR T 5V e BRI (AR A )
P R E AR AR e A (e PR LS PSS A e R
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[P o I PSO 1> = AL AR SRR = i [P Efoft i o 0 4G 4.2,
ATATE Y XA e GBI > PSO Tt 15 lﬁz\%ﬁq[@wk
HIFT ISR B LV 108 7 AR o S = SEEIIT ) 0 = el - sk

I 57 B

—.E

{xm, Yo Zoy | z/xi +y? <Dmax,z, :O} (4.23)

X, ¥, 2, | 2[%° + _2+z_2§Dmax}
Dol ey (4.24)

AT 6 Dmax I TR P TERE] ) s S s
[P - DM KR | B #1108 ERR (2) -0 2 B PN, =N =N
[ PSO T Tk [0~ B 16 2 3F FOOVEHE 500 ¢ » = S5pifi Akl Hpi (3.43)13
Sy 1 [L01% T UCAT: = SR8 o e78 pfierl =) #p Upwfiosse
PRI PR ([ R [t g A el o 5 Dmax 7 UCA »

Iy R A fE IR 1) - R RO S -

Elfol®g:
N G 0, T TG A T SRR 0, 5 [ ) A

i E[j?ﬁg‘ Dmax [ﬁﬁ] ”—’\ J B«Lﬁ‘“ X ;In‘f‘—J r‘f‘ Vmax ﬁ@ B\Lﬁ:” \V/ 7In‘f‘—5 (‘Eﬁﬁ P Iﬁ]ﬂ“

FHEE S~ QISR (R~ (RIS Pbest (I ifyiEeil - Gbest B2
R BT~ G S PO

step 1: F%EN ~0.~ A, ~0,~ A, > Dmax - f(x)=(4.20) - §=16> t, =500 -

=09 > w,, =04 [V, =Dmax/5 -

start
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step 20 KU [T X~ RS v~ (L Sl Phest I e e et Al
Tl Gbest  FIiRE " B fEf x, x B 1 Dmax 7 UCA =i ELER X, ~ Xy

$ SRR 53 ] AR T RIS vi=0 o [N Pbest; =0 > Gbest=0 > =

EFRRt =1 -

step 3: %ﬂﬁ*‘f;"ﬂfiﬁl’%@ F (%) o Frropioph = o RIS RS 7 g > =

FrdAg i) 2.4 a0 = %é@‘ﬁﬂﬁ‘@ﬁ[i x‘“ﬁﬁ:\%&f‘ﬁl [ &R ’FE'FTJ[i ]

(4.20)f! [*F‘Eﬁ‘w[*ﬁﬁ!ﬁjﬁﬁ_ﬁﬁ P [ ﬂ%““ VilEf o i=1~16 -

step 4: PRt =" sl f () 22 R o Tl Poest, - o ¥ f () ¥ Pbest,

- EJ[J:?J Pbest, R1#r% f (x,) > jﬁ p, RIFHELX, > i=1~16 °

step 5: FEofed {falf [ (5 s (i Pbest, Eﬁﬁ*ﬁ?ﬁﬁﬁq%%@ Gbest ¥ Pbest; §i Gbest - >

FlJ- Gbestﬁlﬁl%‘?1E Pbest, > [ijg RIFrEhp, » i=1~16 °

step 6: R ib LgT (X WAl v oo [ ](414)R1FY o EFw Fff,(4.16) ,

S AE IR IV, o BI@IB)RIFTX > 245 H LG sk [ X

(4.23)F% (4.24) & [ e dmlg! V35 b -

step 7: t=t+1 o Ft<ty, o Hlllflstep 35 F =t o FHN o D R

ARl g AL F =1 Adf -
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MAOA = 90°,AS = 3" ,ES = 5" and Dmax = 51
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&aﬂ 4-7 Bit Error Rate for varying MEOA with N¢,, = N,.,, = 6,
MAOA = 90°,AS = 3’,ES = 5 and Dmax = 51
2DAPSO El E2 E3 E4 E5 E6
X () 4.6594 4.6593 0.0000 0.0000 -4.6593 -4.6594
y (D) 1.8139 -1.8140 5.0000 -5.0000 -1.8140 1.8140
z(\) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
3DAPSO El E2 E3 E4 E5 E6
x (L) 4.6597 4.6565 0.0046 0.0034 -4.6559 -4.6594
y (D) -1.6982 1.7049 4.6907 -4.6909 -1.7065 1.6947
z(\) 0.6352 -0.6404 -1.7314 1.7307 0.6409 -0.6467

%< 4-1 Optimization Results of 2DA PSO and 3DA PSO with Ny, = N,, =

MAOA = 90°,AS = 3°, MEOA = 20°,ES = 5 and Dmax = 52
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2DAPSO El E2 E3 E4 ES E6

x (L) 4.5270 3.8605 0.8299 -0.8302  -3.8605 -4.5274

y (A -2.1228 3.1775 -4.9307 4.9306 -3.1775 2.1220

z(M) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
3DAPSO El E2 E3 E4 ES E6

x (L) 4.8806 3.9683 1.5448 -1.5214  -3.9600  -4.8825

y () -0.5523 1.5084 -2.3961 2.3736 -1.5216 0.5936

z(M) 0.9352 -2.6415 4.1076 -4.1293 2.6464 -0.8995

. 4-2 Optimization Results of 2DA PSO and 3DA PSO with N, = N,, = 6,

MAOA = 90°,AS = 3°, MEOA = 60°,ES = 5° and Dmax = 52
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[fil 4-8 Ergodic Channel Capacity for varying MEOA with N, = Ny, = 6,

MEOA = 90°,AS = 10°,ES = 20° and Dmax = 51
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Mean Elevation of Arrival (degrees)
Q%ﬂ 4-9 Bit Error Rate for varying MEOA with N¢,, = N,.,, = 6,
MEOA = 90°,AS = 10", ES = 20° and Dmax = 51

2DAPSO El E2 E3 E4 E5 E6

X () 4.9997 3.3986 2.1917 -1.1964 -3.4211 -4.9945

y (D) -0.0537 -3.6674 4.4940 2.5101 -3.6463 0.2341

z(\) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
3DAPSO El E2 E3 E4 E5 E6

x (L) 4.9593 2.2685 -0.0548 -0.8078 -1.2257 -4.9885

y (D) -0.0967 3.0615 -3.0059 4.1698 -3.2911 -0.3250

z(\) 0.6288 -0.6748 -0.1133 -2.6383 3.5587 -0.0964

%< 4-3 Optimization Results of 2DA PSO and 3DA PSO with N, = N, = 6,

MAOA = 90°,AS = 10", MEOA = 20°,ES = 20" and Dmax = 51
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2DAPSO El E2 E3 E4 ES E6
x (L) 4.9990 2.4681 0.3916 -0.3917 -2.4681 -4.9990
y (A -0.1024 -4.3484 4.9846 -4.9846 4.3484 0.1021
z(M) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
3DAPSO El E2 E3 E4 ES E6
x (L) 3.9220 3.8696 1.0449 0.4930 -2.0088 -4.0156
y () -0.2384 -0.0927 -0.3528 -0.4000 -0.3485 -0.3643
z(M) 3.0823 -1.3117 -4.2691 1.5727 -1.2709 0.1458

# 4-4 Optimization Results of 2DA PSO and 3DA PSO with N, = N,., = 6,

4.3.3

MAOA = 90°,AS = 10°, MEOA = 90", ES = 20" and Dmax = 51
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q%\' 4-10 Ergodic Channel Capacity for varying AS with N;, = N,., = 6,

MAOA = 90°, MEOA = 90°,ES = 5  and Dmax = 51
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q%\' 4-12 Ergodic Channel Capacity for varying AS with N;,, = N,, = 6,

MAOA = 90°, MEOA = 60°,ES = 20" and Dmax = 51
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[ 4-13 Bit Error Rate for varying AS with Ni,e = Ny, = 6,

MAOA = 90°, MEOA = 60°,ES = 20" and Dmax = 51

434 SRR

17

16

15

14

Capacity
o

12

11+

A0 T

3DA PSO
T

50 60 70 80
Elevation Spread (degrees)

i i I i
o] 10 20 30 40

90

q%\' 4-14 Ergodic Channel Capacity for varying ES with N;, = N,., = 6,

MAOA = 90°, AS = 3°,MEOA = 90" and Dmax = 51
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[fil 4-16 Ergodic Channel Capacity for varying ES with N, = Ny, = 6,

MAOA = 90°,AS = 10°, MEOA = 60° and Dmax = 51
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4.3.5
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Q%ﬂ 4-17 Bit Error Rate for varying ES with N, = N, =

MAOA = 90°, AS = 10°, MEOA

7]

6,

= 60" and Dmax = 51
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Q%ﬂ 4-18 Ergodic Channel Capacity for varying Dmax with Ny, = N, = 6,

MAOA = 90°,4S = 3°,MEOA = 90" and ES = 5’

104



10 T T T T T
10" ESEs ::;;:;;_7 :
© — e "-M\::::gﬁ\¥
o e
o
5 107} ]
fim} 3
& 1
107 F——— L:JLA ............................................................................................................................................ =
UCA
————— CRA1
CRA2 T
2DA PSSO
3DA PSSO H
10"‘ T i 1 i i 1 i 1
0.5 1 1.5 2 25 3 3.5 4 4.5 5
Dmax(A)
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4.3.6

Q%ﬂ 4-22 Ergodic Channel Capacity for varying Antenna Number with MAOA = 90°,

10

Bit Error Rate

107}

n T T T T
) e ULA
P UCA
:\\ N CRA1 |
IR [ CRAZ
N =0 2DA PSO
e \.\,..\\.. 3DA PSO |
" R
~ ~_
FR T
1072 N i T [V .
L < 1
o s
e i
g R J
| 1 1 1 1 | 1 I
5 1 1.5 2 2.5 3 3.5 4 4.5 5
Dmax(A)

q%[' 4-21 Bit Error Rate for varying Dmax with N;, = N,., = 6,

MAOA = 90°,AS = 10°, MEOA = 60° and ES = 20°
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Bit Error Rate
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Q%ﬂ 4-24 Ergodic Channel Capacity for varying Antenna Number with MAOA = 90’,
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AS = 10°,MEOA = 60°,ES = 20" and Dmax = 51
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IR R NI (R CRaE #ﬁ'wﬁﬁjﬁﬂ (TR RIS i S
* 'E?JT‘E'ET%‘I‘? gRkgen il a1 "fé‘éff%n‘ﬁfﬁ}f‘@‘ﬂiiﬁ’?‘/ﬁﬁé’f o NI RIE- HE = T‘E'E@
SfEE(fully correlated channel) » i S| [E“llifﬁ?%’ uf‘ﬁfl ’g‘f’"‘ %k Wﬁ%l* i F
B R R H'Jlﬁiﬁ%ﬁ 2.3 AR Y AER RN o [Hﬁér%ﬁli/ru&“\@
Bl o 5 2 0.5 A UCA » 0 S it s 78 Pl AS =180 » ¢
FRU N A ULA - UCA ~ CRAL T 12 CRAZ VSR i i 7 SfELE - 7157
= A VR R R [ (particle swarm optimization, PSO)F RN s 5 #F |
J\iﬁ;[i‘a?&l’ﬁ%ﬂ/: AT I A A R B [ el RS AR
ST TR S 2 Ll R L RIS R - IR SR
G A o I DR VPSSR S - AR AT R N B
&2 AES R Y 2 B T SR R MR AR A T

TR E [ B
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5.1 k[ /i

TR F R Y E AR T HEESE L S R
R BI GRS TR B D e £
AT AR SR 7Y R AR R

511 AR

FHYRE ﬁIFTP HIFeT% 3p]3E (fully correlated flat-fading channel) » #7524
[20]7Fws  V-BLAST -k il > @GR V=Gt N > B S8t N,
PR A £

y=Hs+n (5.1)
(0 [ P R £ Kronecker model » [P 1 22 =41,
H=R¥H, (R¥?) (5.2)
H,, Fli 7 Sk B R 2 AR ﬁ.]i%ﬁﬁ%’@(f » B ISl EE O AR E RS 1
£ N X Ny V3l Ev A LS -}ﬁﬁlﬁle\iﬁLFé?J;'f%“’Féﬂﬁ‘%%‘[\gt; R, % N, XN, I
Gal IR Jh o .Jliﬁ] AL %’F&?J?FE'ET%‘I"_% ° F%f;%‘é‘ Kronecker model Féf,%Elprﬁ “ﬂﬁﬁ
H 3L Ay IHE@%@;@*@ -J’f ST TJ A E R fﬁg’? PP E S P

[Eil%ﬁ B LN LI e g é??FE'F%f;J“’_fﬂ/ ST 2.3 AR

R, (m,n)=g" [Jo(zqm)+2iik3k(zqm,n)sin c(kAi)cos(k(eé —am,n))} (5.3)
AL = AR TR TSR g Y 2.3 A -

5.2  SEEHAE

o - ﬁiﬁﬁ’ﬁﬁfj‘[ﬁﬂ}JT , *XJEZ[ZZ]]@%}?%LIT’F‘.JM ISR YR
(perfect channel state information at the receiver, CSIR) - {f! {fiz= s‘é EIRREUT R
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(no channel state information at the transmitter, no CSIT) - E]J@i%ﬁfr’j:g.ﬁ‘ =P iE
ﬁ:\ﬁﬁ > I ﬂfﬁﬁ,ﬁl (ergodic channel capacity)#=- %,

E[C]:E[mg@mq|+prﬂH)ﬂ (5.4)

Hilip= PRSI 5 o ERFED T o iy R P R i

N o2

tx~'n

(Monte Carlo method) |ﬁ,§+@¢jh£% o

513 AR g

%Y [28]ELAHEY MIMO 1 JF Yt 4 I N, (B2 (ORI,
W20 9 R FORRT 7 =g, X} ST L VLA iy 2™ 82
N, ERY FRRIRIED o R ST o HHE SRR PSS ELD (RBEE 2™
Fli= L (i 22 PSR! B~ PO 1 RV iR ]

[ 774 &7 (symbol error rate, SER). ¥ [1[|(criterion) [7ifLy2 45 VAJL}%VT”; FF'F

y & FEE S RS SR (maximum a posterior probability, MAP) 1/ —JEFF[P » FeA

s =argmax P (s was sent]y is observed) (5.5)

se M

P(y is observed|s was sent)P (s was sent)

= arg max

5.6
oe o P(y is observed) 6

(5.5):01 3 by R » 1y IR i G2 FTURTFI R H OSBRI
¥ P(s wes sent) KB+ FIlet - sBRepot I 1)1

s =argmax P(y is observed|s was sent) (5.7)

(5.7 ANEL AT (maximum likelihood, ML)¥EF] o & &' — '&ﬁuj% ;%,%ﬁfﬁ;r%ﬂ
Py [ lﬁ,ﬁiﬁé@g%(Additive White Gaussian Noise, AWGN) - [I[] J‘J}I@]’iﬁ*ﬁ']’l‘}
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TR BB i R U ELY 4 PR (RIS R IS (B T S
"EFH(squared Euclidean distance)fs /|- I/ F' i FTERIpIE - AT

§= a rgmln [Hs—y]|’ (5.8)

SE;{

[ﬁjEﬁ(SB)ﬂf’-ﬁ‘?ﬁ?%ﬁ | BEEE(minimum distance, MD)¥[] -

514 7Rk

ﬁm%ﬁ} (bit error rate, BER) £~ FEpJRH FRf #5HE I,?F'I;fgj [ 7 VR

R iR (SRR TR UL LSRR - SES R
ﬁfiﬁ?’i PRI R (A I?ET T I IR o SRS Bt
b5 E | 2 PPV L - [y P M 5 F R 3 (Monte Carlo method) Iﬁ'“f =
G T V-BLAST S YA 1 BRI FTHE BPSK » FI&— MRy
FPEIIE ] Juﬁ@ﬁ%lrﬂ“@ﬂ%ﬁ%@%ﬁﬁ%@@@%~%ﬁyﬁi,
i YRR R (TVRIRS s, RS ER T P T M1 (5.8)
VEFEARCR RV FSRIRELS, R AU IS R TR o 7 R
s o VR FRE R PR BV SRR G R T g S ] R
S

5.2 AR fr aidihey et 1 1
it'iﬁ’fﬁﬂfJf\?ﬁkﬁﬁlﬁlJ‘”ﬂFﬁ*F o (AR O - WCRE R B R
B A L S T R R R S A SRR - IS AT
T 7 AERBCRUA = R SRR A R R e e
SR T AESGSPHIIT ) = AR
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521 RHEREF MR
lg@i&?ﬂf]“ M it = IR R e 2 T RS 0 L S5 A
FOTHIRE > BB BRI A T )R 1 T £ N M FOSER

X=[x, X, - Xy] (5.9)

V=[v, v, - vy] (5.10)
AP XCPIpS x PO 37T [t =" EVRRS R el [0 508 Hl v S v, BT 275
Tt E VRS o ST (R~ (WA Rt (O T EAEL p, o 0] Pbest; HIJES
N, R R [y IR p A £ RRIERD P

P=[p, p, = Py] (5.11)
FIR T O L F (%) € Pbest, - FIDRf p, RIFTED X, » Phest, RIFHT f(x,) -
[Fil IR Pbest, <~ == FERRAS st (Sl 1B Gbest Pt » ' Sl JIDKY R Pr = delifed
P g RIFrELp, o Iy Gbest RI#rEL Phest;

g=[0, 9, - o] (5.12)
X~V P AL g 85 PSOJHETEATHAVATE R > FAY AR [ORLS: B3I 1
FIR PRt o e~ 2 R P2 b ey [ s I DI £ el ) 2 =
ek (R ARy > o TR B L L Sl e o o TR P [ A | = el
A B T R AR R 2 T P e R VAN RS
IR X Ropror s [12] - g

Vo =WV L+ GUy (5 = Xe )+ CU, X (88 =X ) (5.13)

Xom = Xom +Vorm (5.14)

U, IR, 85 [O,1) b RETFl s =055 iy BB Aalle > 0 = S gl 1 n ity 5 g
T T YRS R R AR OB o AT, KRR IR
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P e

=
R BRI E Y o IS hew HPE ELE A (inertial weight) » AN 26]E B U181

[ = 3k 5 5 P2 gl P (acceleration) o i VP [25] 86 %t 2.0

AR B O PR W AU [RE 20 1 W BTSN R TN VA

t _ Wetart ~ Weng xt
t

max

(5.15)
Uty BRSSP R 20 S AR R o 555 0.9 > Wy 7E 0.4 < 1N
FRUR T2 301032 F IS 195 5 PRIV o IS > 14525, 26]
- AERCELR AR R 10 ~ 20% o FRUHIUE GHEV o Y FHV

7 U PRI R PR 5 > PSR TR TR RS
u@%ﬁ%%&SQO

| e |
v

| SEENTIEEE |
v

| sERTzREMRAE |

i 51 0 e T BL

522 I
EIAREN I R e

max E [Iog(det(l +,0HTH))}

(5.16)
T e AR (ISR RTIR ( B Bl ORI iy Bl
Pl o RERP ORI | TR RS PR TS - SRR R
T
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E[C]= E[log(det(l +pH*H))} < |og(E[det(| +pH*H)])

(5.17)
DT PRt e L
IOg[Zklp Z Atxal Atxak z X“ rxﬂkJ
Jo b (5.18)
FUH1, 2 A FR GRS H 0 ﬁ‘jﬁ[ﬂﬁﬁﬁl VR B ?,“{‘a}ﬁ% E
P LR e R Y A, A, SRR 1R
a,|aj=k
k-1 N Kk
E;= > A4, and S,=(-1)" > 4 (5.19)
a,‘u‘:k i
W Ey T8 Ty e
1 k
E, =1 and EKTZEHSi (5.20)
i=1

523  F|| PSO fit i [~ AU adig

RS AR - SR RS S AT - e Es
ISR IRSE e £ A (U7 2.3 AR VA E%F =N
TIPSR F] 5.2.0 ALY PSO BT - S st e i R FLE /R
I YPIEES P B3 :ﬁ[ﬁ’i_ PRI T AR B R I = A f =
PP AR AR R [T PRI AR A RO o P
7 PSO 1> — R AAIERRY 1= (B0 S 4507 48 5.2.0 AR X Ik
[l 5 > PP W] > PSO TR 152 (= A WEr R R i
PRI e Aifgg o [0y~ AE I fR e abi G R £

{Xm' Y1 Zm |'\2’X: + y: < Dmax1 Z, =O} (521)

BT Ml A P 4 0 Dmax 2 T EIE | el (25 ok i 1 = Ss Uil i o

_Ell

ff5 » Dmax EBII GGG A IR (2) 2R PSO TR 1
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P HEE 16 0 S [ OVEEL 300 o 5 (S.18) L A 1Y I R o 0y [10] R
”‘F; |7 ULA & UCA Jj H[J#??ﬁm bjﬂ?ﬁr&ﬂ Fﬁi?'iF [;r;a fief 3 I/;;Fb s Rl

BT Hﬁﬁl RG> T2 kT UFJ&H@;J HU%k B8 ULA
UCA » iy Hl i 14 flbpt = FfI 55 S8 55 [ pf e Rl ) — R RO
Bl -

E[%}[‘ifgfr:

N ARG g, T AT T AEE] A AT E PR Dmax S T Xk
TD > Vi R I~ VRS0~ P L~ g BEfRE T~ f (X) f
TAEY - Pest, B EE ST ~ Gbest TEAER FE SR ~ by, B3 PO -

step 1: F%J&_N 0.~ A, ~ Dmax - f (x)=(5.18)-}~"§=16> t =300 W, =09 >

W,,q =04 > [V, = Dmax/5 e

end
step 2: FUE (Rt =T AT X Rl v (Il 5 S T Pest I') - i 5 o s
i Gbest = et O ff x, & i Rh= " B 2Dmax I i ] ULA (1] x, F%m |,
Dmax ./ UCA =8I » £k x, ~ x,o 359 S/ 0BaH 53 ) e R [l ¥9% ,ﬁ
g v =0 - [ Pbest; =0 > Gbest=0 > =" 3 [*TVEt=1

step 3: ;JrgTH;Ha VoliEim £ (x) o JH;JHET Fr T SRR £ (%) o B
M LRSI 5% f A 0 p k7] 2.8 BT = R R 2 25 T
]I éﬂﬁ'%%‘l‘iﬁ e i ](5.18) 1% éFJ’FE'%%‘I‘%?fE.T FLE', TP BRI
Vil i=1~16 ©

step 4: Fdokt VSl () 198 (Sl Tl Pbest, - o E| f(x;) i€ Pbest,
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o Fll) Pbest RIFTLL f (%) TP RIFHL X > i=1~16

step 5: =ik i ] et [ 3y (i Pbest, Eﬁ*ﬁfggﬁﬁ|$ﬁ%@ Gbest ¥ Pbest, i Gbest ™ >

HII-7} Gbest RI#E% Pbest; > [fijg RIFrELp; > i=1~16 ©

step 6: RIFTRE =" 0PI X W RS TUE voo fIRI(.A3)RIFTY Fliw! Fjﬁ‘,(S.lS) ;

SV [OEHEV, o PIBAARIETX o R A

(5.20)H i e Aula 34 Bl

step 71 t=t+1 ° F U<ty > [l step 3+ Ft=ty, o HlAdG o e se iR
EeHIVEIENS = RNET AN

5.3 ML N

I T IHENET- i Y ULA - UCA ~ CRAL T CRA2 PHE[HIEY
AT AT SRR AR S SR IS PR {07 PSO R [
I D = AESASFGI R« Sy R PR+ 3000 [k
PUSE.4) D 2 5 TR PR Ay Rl 20 SR 5L SRR SR A, 14@{?”1
&% 2 5000 [ FES L ppiE - - [FIp]iE EGE 100 [EEEES Y ;—ﬁj[Jﬁlfj'%%(Binary
Phase Shift Keying, BPSK) i\ » = A38E5.1.3 afyrim I ek AR [ R s
J IR AR (R AR (S 2 IR I O SR o SR
ARFFEE T 10dB - [ ARt IASRET Y RIS o R R Dmax [ o
T ULAGER - F S UCA V4 =1 ]7% CRAL & CRA2 V9t sl @ » #i )= FE =

ST B 4 2 £ Dmax VB -
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5.3.1°7T I 7 BFE

16

15

- - - -
- N w ~

Ergodic Channel Capacity (bps/Hz)

-
[=]

Al 5-

10

107

Bit Error Rate

107 |

10

/ ————— ULA
S UCA
[ CRA1 7
” CRA2
. ‘ . : ‘ . ‘ 2DA PSO
10 20 30 40 50 60 70 80 90
Mean Azimuth of Arrival (degrees)
2 Ergodic Channel Capacity for varying MAOA with Ny, = N,., = 6,
AS = 20°, and Dmax = 51
i I ; s R p— ULA
H UCA
[ CRA1 i
S CRAZ2
RN 2DA PSO||
10 20 30 20 50 50 70 80 90
Mean Azimuth of Arrival (degrees)
q%\' 5-3 Bit Error Rate for varying MAOA with N¢,, = N,,, = 6,

AS = 20°, and Dmax = 51
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15.9 . ! T T
158 = : ; : . ; =
157 1 : : : : B §

: : P :

ﬁ e

I 156 : : : g : .

= : ; :

O F

E=R H 7 :

2155+ : /. : |

[ : H s

(5] e R T

j=3 L e T STl - T

% 15.4 1= _ : \\\.// P \;/ . : o

5 . : / H

S 153 : VA : 7

2 " : // :

3 N : ‘ :

B 4521 ~ : S : 7

L Ay H / H

\ 7
N PN // :
151 \: S ~ P R ULA —
\ S/ : ~ '
N K Y : UcA
151 “ S : )| m = CRA1 |
. i CRAZ2
pel 2DA PSO
14.9 L | L L L L T T
0 10 20 30 40 50 60 70 80 90

Mean Azimuth of Arrival (degrees)

Eaﬂ 5-4 Ergodic Channel Capacity for varying MAOA with N, = N, = 6,

AS = 10°, and Dmax = 51

x 10
T . T T T T
F S - ULA
S N UcA
/ S CRA1
I N . : CRA2
e
10 b ’/.. [ERTTRTUOOI Fo .\\.. Tt RTINS R 2DA PSO |/
A Sl b
& 3
/ H W
; \
/ N
/ g
J A
/ A\
= e Y -
i s b
& I |
L * -
= ~ //’\\\ N d
Toglh g e S g ST
R - \ R
PR — A
5
Ay
iy
Ay
\\ H
7 \\;kfﬁ -
[53 I 1 1 L ) I L 1
0 10 20 30 40 50 60 70 80 20

Mean Azimuth of Arrival (degrees)

q%ﬂ' 5-5 Bit Error Rate for varying MAOA with N, = N,., = 6,

AS = 60°, and Dmax = 51
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5.3.271 ¥

Bit Error Rate

Ergodic Channel Capacity (bps/Hz)
R

16

15

-
~

=y
w

-
-

10

K&
o=
P
ﬁq\

2DA PSO

o] 20 40 60

80 100 120
Azimuth Spread (degrees)

140

160

180

Q%ﬂ 5-6 Ergodic Channel Capacity for varying AS with N, = N,., = 6,

10

10°

107

10°

MAOA = 90° and Dmax = 31

2DA PSO|]

1 1 |
0 20 40 60 80 100 120
Azimuth Spread (degrees)

i
140

i
160

q%\' 5-7 Bit Error Rate for varying AS with Ny, = N, =

MAOA = 90" and Dmax = 31
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AS =20° El E2 E3 E4 E5 E6
x (M) 3.0000 1.8766 0.6320 -0.6319 -1.8765 -3.0000
y (D) -0.0002 -0.0018 -0.0027 -0.0023 -0.0017 0.0001
z(M) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

AS =120 El E2 E3 E4 E5 E6
x (M) 1.8297 1.3629 0.7317 -0.4085 -2.0577 -2.8726
y (D) 2.1675 -1.4380 -2.9094 -2.0531 2.1831 -0.4737
z(M) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

% 5-1 Optimization Results of 2DA PSO with N, = N,,, = 6,

MAOA = 90° and Dmax = 31

16

15

-
=

13

-
N

Ergodic Channel Capacity (bps/Hz)

-
a

10

9 | 1 1 | | |
o} 20 40 60 80 100 120 140 160 180
Azimuth Spread (degrees)

g%ﬂ 5-8 Ergodic Channel Capacity for varying AS with N, = N,., = 6,

MAOA = 90° and Dmax = 51
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10 I
————— ULA
UCA
————— CRA1
CRA2 1
2DAPSO]|
107 =
107 b S e e - s
1 O740 2I0 46 8I0 Bb 1 60 1 2IO 1 )10 1 tiSO 180
Azimuth Spread (degrees)
q%[' 5-9 Bit Error Rate for varying AS with Ny, = N,, = 6,
MAOA = 90° and Dmax = 52
AS =20° El E2 E3 E4 E5 E6
x (A) 5.0000 3.5819 0.7049 -0.7367 -2.1773 -5.0000
y (L) -0.0139 -0.0201 -0.0731 -0.0782 -0.0816 -0.0114
z(\) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
AS = 120° El E2 E3 E4 E5 E6
x (A) 2.3698 2.2385 0.2675 -0.5019 -2.3021 -4.6376
y (N -3.1242 4.0431 1.0714 -3.7815 -4.4385 -0.9124
z(\) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

. 5-2 Optimization Results of 2DA PSO with N, = N,., =

MAOA = 90° and Dmax = 52
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5.3 35~ 7|

16 | | |
151 7
14 B
13+ // ///// : |
& //
2 //
= ) B
z y /
57 O L |
8 o H e
P Lo
P o
1} ’ ¥ |
# -
4 e
/ e
/ s
e
10} ’ |
4 ra
7 7 S S R R R -
,/ // e
T R S S i CRA1 i
P L
/ | 2DA PSO
8 i ; | | | |
0-5 1 o 2 25 3 35 4 4.5 5
Dmax

Q%ﬂ 5-10 Ergodic Channel Capacity for varying Dmax

MAOA = 90° and AS = 20°

With Ntx == er = 6,

107" | ! | . .
r : : R o IR ULA
UCA
————— CcrRA1 ]
RN e CRA2 4
LR 2DA PSO
\\ \\\\ ]
kS ~_ :
107 L \?.\ . \\.\. . -
] \\\\ : \\\\\‘ ]
@ s P
o H \\\
s} : . ..‘f‘..\i«h&;;.. . 4
& < R S
& o e i
107}
107 1 i i i I 1 i i
0.5 1 15 2 25 3 35 4 45 5
Dmax(A)
Q%ﬂ 5-11 Bit Error Rate for varying Dmax with Ny, = N, = 6,

MAOA = 90" and AS = 20’
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A I L T
155+ s B B -
v I ERE e .
£ e
& e e
151 @ s i
rd
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e
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14.5- fri s i
! d
J v
[
14 - i
i I
> [
5 LA
S 135 I B
I3 /‘ /f
© ! i
1344 i
L
[
L
o7
12,5 i
[yl
Lo
For H
P e ——— LA i
! UCA
CC 1152 O S S B CRA1 i
CRA2
: 2DA PSO
11 | I 1 | | | T T
0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Dmax

Eaﬂ 5-12 Ergodic Channel Capacity for varying Dmax

MAOA = 90° and AS = 60°

With Ntx = er = 6,

10° T T T T
L. : . O B B ULA i
P UCA
ISP AUV SUS 0 SNV SNSRI NAUSTRAENE USRI [ CRA1
b CRA2
SV 2DA PSO ||
&
5 107+
i
E
10*1 1 i i i i 1 i i
0.5 1 1.5 2 2.5 3 3.5 4 a5 5
Dmax{A)
q%ﬂ' 5-13 Bit Error Rate for varying Dmax with N, = N,., = 6,

MAOA = 90° and AS = 60°
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5.3.47 S5

Ergodic Channel Capacity (bps/Hz)

Bit Error Rate

26 T T T T

24 -

N
N
T

\S]
[=]
T

=y
oz}
T

-
o
T

-
~
T

2DA PSO
T

1 0 1 1 1 I 1 1
4 5 6 7 8 9 10 11
AntennaNum

12

Eaﬂ 5-14 Ergodic Channel Capacity for varying Antenna Number with

MAOA = 90°, AS = 20° and Dmax = 51

2DA PSSO ||

AntennaNum

Q%ﬂ 5-15 Bit Error Rate for varying Antenna Number with
MAOA = 90°, AS = 20° and Dmax = 51
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Ergodic Channel Capacity (bps/Hz)

Bit Error Rate

28
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N
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N
N

N
Q

-
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-
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S

12

10

2DA PSO

5 6 7 8 9 10 11
AntennaNum

12

Q%ﬂ 5-16 Ergodic Channel Capacity for varying Antenna Number with

107 ¢

107}

10™ |

10

60° and Dmax = 51

MAOA = 90°, AS

fffff ULA N
UCA
fffff CRA1
CRA2 |
2DA PSO
| 1 1 1 1 | 1
5 6 7 8 9 10 11
AntennaNum

g%ﬂ 5-17 Bit Error Rate for varying Antenna Number with

MAOA = 90°, AS = 60° and Dmax = 51
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EPFE MAOA [IURYEY » 71 AS I [ - il 5-2 M 5-3 - MAOA S 3sifij#s
Fe BRI > B[ TULA S5 MAOA Fdsaghfst EL ALY » = ol RLP BRI 2.3 afyirt >
SRR PRI S T SRR MAOA T F LV B > Ik 14 90 7
SEI ffE'F-TA [T AT O PR AR AR [ EE [0 ULA 22 sl
T EPFTTEL > PP ULA 55 MAOA [ ALY « AL ULA - = St
B MAOA [USAREYZEMFIE | > = PNRLSERIFIIIF sl o &8 AR -
P2 MAOA [IUEYZ5d - = 17 AS mﬂkﬁ\ﬂj : [ﬁl 5-4 Bu%ﬁl 5-5 f' '] 5225 MAOA ¥f
RIS PR I BUT o PR S R (A
B FJ.[’H{:EI FIIBLRLY ) ULA S5 MAOA [IUe il E At - (1t il = feb {5133

'

PRI I F] 1bps/Hz o SRR RN VIR0 o HT 0 MAOA Uil Ly
B 2 PIRLPEL T PIRIAST L — ) MAOA [Uesighits @555 PSO i i 5
FUp [0 B EISH SRR -
BT AS FURYA o (1 5-6 = [l 5-9 [ I SEIHEISE IS, AS A
S I 2RO AL R I 2 TR SO 5 S O Sp - 2
525 ULA 7t MAOA 7,90 H » 2 =" AS /[ 90 Ay [H » HIISHEA STV [~ %
VARG AT ULA > S0k = 787 AESGRYT e AS ] 90 R > SRR EE [Tl
ABUARE B« T AS T Q0 MR » T AERDIIUISHER] (B ULA - i1 UCA
e VTR (R VAR > ) CRAZ2 PE B CRAL » iyflik 5-1 W% 5-2 47 '
11 2DAPSO Vi it AS £5 20 % [ STSEII] - 1] AS £ 120 BRI T
SR -
ST T PR - R IGI T A ISR ] S RLEN R TR
T 7 R AR R D HN BEOBISERT) 2 BT oy -
PSP RIS AR ARG i1 SRRy B RE SARET o ] [T UCA
CRAL ~ CRAZ [l » | A8ty @i bl S MAOA Ukl » [N AS it

T Ef q\?ﬁ' 5-14 bq\?ﬁ' 5- 15’ﬂﬁgfk£' R RO - 1T AS ﬁ*ﬁffﬁi‘lﬁ?lﬁ’[ﬁ‘ 5-16
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l"f‘ Juf %ﬁﬁ} F'F' ﬂﬁ+ F[ J}NS’:’ »

[ﬂj’;{ | I/T\CM]E:[ gl
RGN BB T e

g@ i 5 R T A

™,

uEﬁ f% > = MAOA 1 fpj;'
B ULA BUSSHE G T R (= D AG » ThyE p = A g IR i
PUHERE ;7 P e Uﬁlwﬁwi“ﬁ@mﬁFﬁ&E#ﬁﬁl
VG I UCA VIS s b (A ISge o NI AS 1 IR S
OB ULA > B ULA 7 PSR £ BT s -
B AT O -

I_W'IJT} AS “\Ef FlEL UCA & E|
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51+ Hi

: ﬁﬁs_ AR BT TR R

“

5y ﬁﬁi‘w“‘ﬁﬁ%& (g AL (BRI i s
fr‘E'l}J B fr AR IS ARG © PR YT AR R 2 fr‘E'l}Jﬂ
SEi(fully correlated channel) AR Y HRIrg T 5! F & ﬁ@%li il f Rt
BT L AR fﬁil%’?" 2.4 Al = REFRREIFN - 1 ISR RS D =
JUBIE > BRF & 0.5 .1 UCA » =7 2 e B -sF £ P AS =180 > =il ]
@Pﬁﬁ'@rES =90 » j“’f&#’t"%ﬂfﬁ_‘\ Ffif ULA ~ UCA ~ CRAL '] ¥ CRA2 j/@ﬁ%ﬁﬁ_}
14 r’ﬂjﬁéfﬁ?fiak » Fl|B R = s (F [ (particle swarm optimization, PSO)iFﬁEﬁ?%}’S%
| iﬁ*iﬁjiﬁ?ﬁé%;[/: AR = AERAEHI S [ “ﬁ% e = ARSI
ﬂ%%»ﬂﬁfiWW%W%Rﬁ@Wﬁ%ﬁ%ﬁoPW&%%TRﬁ@W%F

;ﬁ%ﬁ@ (= e b pbl%fi\;gsqiﬁ] Tl I U%Lfflﬁ'?ﬁ' %*?‘ﬂ b= 1E 3 i
2 SEEGSI S 2 B T S R R R :xffl N 'EFPFE'%%‘I‘Z& % o EET

TR E [ B
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6.1 %5 E'T)r
EL RS A EIWES S SRR TSl iV N o R e
«w#%*’y % o+ 0 2 6 SRR ISR (U DB A
{0 AR T SRR AT R -

6.11  ARLE

FHYRE 7FE'F7¢P HIF% 3p]iF1(fully correlated flat-fading channel) » %52
[20]7m 7 V-BLAST sl g - [OSH S8t N o 500~ it Ny
[“L“ﬂ'ﬁ AR e

y=Hs+n (6.1)
(0 [ P R £ Kronecker model » [P 1 22 =41,
H=R¥H, (R¥?) (6.2)
H,, Fl1 7 Sk B R = AR f*ﬁjd/ﬁ.ﬁ’?ﬁrfﬂii}ﬁ@%(ﬂ L 0 AR BT 1 R,
B Ny X Ny Vil A S s .}Fﬁ]z’}[]:\;ﬁ'ﬂﬂj/Zli"FEﬂT‘E[F—JTERJ‘[‘ik; R, & N, XN, I
Gal IR Jh o .Jliﬁ] AL %’F&?J?FE'E%J‘I‘% ° Ef%if? Kronecker model F?E,%Elpfm “ﬂﬁﬁ
3.1 A7 7 IH@?@ "“ﬁ’ Hs"fﬁ}’fL AT TE‘TJ[* L [':IE’F_‘ FE e P
[E;F%t e i N S N e ﬁlﬁﬁ'\_i‘j/ SBY 2.4 R

R, (m.n)~ o ;SinC(A 057 00) 100 +--+ 1(4,) +051 (1)
2 i cos(k(e —a))sinc(kA,) (63)
NSIn(H )SInC(A )ia [O 50, (%) + 9, (%) +---+ 0, (Xy_,) +0.59, (X )]
f (x) = @272 gin(x) 3 (27t sin(3, ,)sin(x
A { (x) e _() (2zr, _(ﬂ,) _(» 60
gk (X) =€ e e Sln(x)‘]k (27Z.rm,n Sln(ﬁm,n)SIn(X))

FERFI = A TR M4 2.4 B -
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6.1.2 {mfﬂ]ﬁ{

P R RO 2 (2] [ IS SR RS
(perfect channel state information at the receiver, CSIR) - {f! {Hi3= 15 PR
(no channel state information at the transmitter, no CSIT) » E]J@i%ﬂrﬁ‘:g.ﬁ‘ =P iE

ﬁ:\ﬁﬁ > I ﬂfﬁﬁ,ﬁl (ergodic channel capacity)#.=- %,

E[C]= E[log(det(l +pH*H))] (6.5)

P
7 0 PEVEGE VRS o2 SLEERD sk o T PR B R i

tx~'n

(Monte Carlo method) |ﬁ,§+ﬂfﬁh£{ o

Hilip=

6.1.3 E TR YEN]
LH[23] U MIMO L1 B 53 TN, | ﬁ%ﬂﬂumﬁﬁﬂﬁ?u

FIOSEY Y+ IR0 [T 7 =% 0} T LV o Ty 2
B N, EB FBRTED > H T SRS g R ISR RO A A S B ™

- H L™ (6 f= S SRR R TR - [NPGRS » R R L -
7 %ﬁ;lflj« (symbol error rate, SER) .V || (criterion) {f L%j%:’?ﬁt}% I N [’“;, PRy
fz o BEE RS @S S (maximum a posterior probability, MAP). ﬁ%’ﬁ [EIS > F
B

s =argmax P (s was sent]y is observed) (6.6)

se M

P(y is observed|s was sent)P (s was sent)

= arg max
sgeZNtx P(y is observed)

(6.7)
(6.6)A1 s~ RS YE o lﬂil%f CEGED PR RN I'Ei‘“ali%fé%*ﬁﬁ'fﬁb%:[

' P(s was sent) 3 F Bl PR i RS R e ) R
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s =argmax P (y is observed|s was sent) (6.8)

(6.8)J[]£% 4= A AE{T ] (maximum likelihood, ML)¥EF!] & &' — '&ﬁlj?,?ﬁ%ﬁfﬁi?ﬂ
R TS 1 F.fjiz;%’g%(Additive White Gaussian Noise, AWGN) - f[[fi* I i it A1
(TR R £ 15 Y = 12 [/%i”“?@lﬁﬁ'ﬁ??[@%llfﬂ [’lﬁfFFyFJ W ASE R
PEEH(squared Euclidean distance)$s /|- F‘ TR A £,

§= argmln [Hs— y|| (6.9)

se;(

[pJE\JJf (6.9)7 fi' A Kl et -] FELEE(minimum distance, MD)¥&[] o

614 7 g
% % 7L (bit error rate, BER) H~ A7 AR BF fi7ie » [NER T iR
W’TW%%%ﬁvﬂﬂﬁ%%\jﬁw%%ﬁaswg,ﬁwgwﬂy@

7L Wl*@ﬁésﬁ?@ﬁﬁ%?'?’f A B DR - BRI e

b7 E ) 2Pl sl o [y I 150 B0k ik (Monte Carlo method) I’FFI;;[—@

TSR > T V-BLAST Sk g @%,ﬁ{ 20 FHES BPSK » fE - Rl

FTHRIFLEN ] N, {56 5 o PPy 1=t 7 SR MR A6 2) % 2 — S Spi

i S YRR R VRIRS s, BURREE R T ST T B 1(6.9)

ASETIRCK IO FUTFR S, » O IR R TR 1 S
o o UYL R B S R sfi s s S W R
B -

6.2 S 1A (AR [
ié’*ﬁ%ﬁ‘?\?ﬂﬁf/lJ"}‘fFﬁﬁ*ﬁﬁ'z&| F~“E"L A o AR R (RN
B ST 75 2 S R S 1Y A

T %%#%ﬁ@rfﬁitﬁi = R SIS PR SR R 1 b T
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SR D A R = RS

621 YRR [T
Ig%’ﬁ)f?ﬂf P M [T g [Eﬂ"i%?Fi‘ I PR 1 o8 e g > S5 i N
%EJFHEE HIFE B S g 1S e )03 A B it N x M ossifgigp™

X=[x, X, - Xy] (6.10)

V=[v, v, - vy] (6.11)
AP XCPIpS x PO 37T b= EVRRS R el [0 5R08 Hl v L v, BT 275
i {E0RE =" E TRV, o Eﬁuﬁﬁﬁlﬁwwﬁaﬁﬁﬁ*ﬁﬁwiéﬁ' » [] Pbest, FI[I%%
M, ORI [y IR pAE £ ERSEID P

P=[p. P, - Pu] (6.12)
R O R SR F (%) B Pbest, 4 > FILKY p, RIFTET X, - Phest, RIFTHE f(x,) -
[FllF} Phest, 4 FTE=FEias M et (o I Gbest P2t » el IR R PT = Jafifad ff

WIE g RIFTELD, [N Gbest RIFHT Phest; ©

g=[0, 9, -~ O] (6.13)
X~V P AL g &7 PSOFRTATuRTe 2 H A SR IRl B WE
FITRUPRg I > S it 2R PRIl P sty 0 et o el ) o =
IR AR OREETH RS O Sl R PR R ) 2 g
A B~ WL PO RS AR R TR R O fe [ SR T
[T X R 235 [12] > g

Vi =W 46U x( Pl =X )+ 60U, (0 =X, ) (6.14)
Xom = Xom +Vim (6.15)
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U IR U, 57 [O,1] B Ul Fl i85 =55 1y . @l 7 = S [yt pl oo fib 55 ] e

Tl = SRR R TR RO BRI o ¢ AT, B (et 0 e

ETER:S e R fﬁf sV U (acceleration) » i TP [25] I%EZ 2.0 filif

FRRVRPEE S o hy SR w PP R AR ED (inertial weight) » 345261 5 28 ffl et {448
S T PO RS W RSN [ 200 ) w0 TR [ L F A

t W

_ _ Wstart
W = Wstart t

— Weng

xt (6.16)

Iy ST AR P 20 S AR R R Wi 705 0.9 0 Wopg 745 04 - [l
tr,ﬁﬁx’r E[;E% AR, [pﬂ gt ﬁ{ﬁ»‘ﬂ@ﬁﬁ F[Ljffwg\q— M[P%Elvmaxj\ﬂiﬁrﬂﬁ% TE‘L?%Z[25 26]
- R R LY 10~ 20% » F RIS Y o HI 4V FTV,,, ¢

T 1< P I BE POSEE 5  PIPERE Tl f I PT PORERE

WYY 35 A -
| e |
v
SEENTIEEE |
v
| sERTzREMRAE |

[ 6-1 gL T pAT AR
6.2.2 ﬁ%@ﬁﬁ?ﬁ
RO E g RS

max E[MgﬁmW'+PH”*»} (6.17)
Ty RO B (9o g B - SRR (SR A B ORI X S B
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lﬂ'

i SRR | RIS PR TS R Rk

E[C]= E[log(det(l +pH*H))} < |og(E[det(| +pH*H)])

B U N b i E R

(6.18)

|Og(2k'p Z ﬂtxa 'ﬂtx,ak Z ﬁ’rx,ﬂl"'irx,ﬁk} (6.19)

@ fo=k B.[B=k

[
[

Jfmpm

A Hm‘%ié’? lmﬁ'[ J:;JFF@]%H ﬁ[jﬁ[ﬂ:%ﬁ@ '/Fﬁ f'%ﬂ';il > T P '&J”_%ﬂlﬁ?‘[
L FEA Y A, A, VRIS R

a,|aj=k
N
E = Y 4,4, and S=(-1)7 YA (6.20)

[l E B T 1 L

1 k
E, =1 and EkzngHsi (6.21)
i=1

6.23  F["] PSO st [ A5 7 i

iﬁ’[%fﬁ fully correlated Kronecker channel model » & ' f@%@}étﬁ.}iﬁﬁ[ﬁﬁﬁu
i 45 45 0.5 UCA > = (i ISt (S i 4 s = i
ﬁ'?’ [NIFER, » RrxﬁfE'E'J 2.4 AL VAR T S IF“IE;F%@L_,F-J[H?”LE" e
il AS =180° » = F B ES =90 - [y L S £ I 2 MI(62) 2 R
N, =N,=N - T‘iLF*fEii?T\ 171 6.5 a7 PSO ﬁET?i TR S 'Jzﬁ'ﬁﬁ'&:E =]
«EJ«H"E D RER = RESGEUHI]] o B RERIT R = AESGEGE] o R 2 ]
Hﬂ[ FFTH r?ﬁf—“?\'b

{xi, Y, Z, |,2[xi2 +y? < Dmax, z, :O} (6.22)
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{wai’zi |W3Dmax} (6.23)

2153 Bl 4 2 6 Dmax U TR 1 CERE ) ol e S SR

(PAdiE o Dmax SR | SR 5 e b R (1) o Y firL% PSO Jiifn

S B 16 - S5 545 500 4 » < 4 (6.19)K5 4 1. AR - 0y LL015

7 UCA .= FEfE @J’?ﬁﬁ 157 O P (2

HREET (RIS F 45 DmaX .V UCA » [y BRIV S bR -
- R RRPVEIE A

fiEi
N =Gses o, 15T 2 58]~ A AT PR Pl 6, T IR FHE s A =
F1E Fffe~ Dmax gl T I~ XHE=TRE R~ Vo SRR I VST - P
I A fE1 g BRI C R~ () SERFYSE - Pest, [l £ iy - Ghest
PRt CE I~ b, W NE VR

step 1: F%tN ~0, A~ 0, A, ~ Dmax - f(x)=(6.19)~#¥~ B=16~1t, =500 -

=09 - w,,=04 -V, =Dmax/5 -

Wtart

step 2: FUIE (TR REE X~ BT v [l 5 i Pbest I B
&l Gbest © %thlﬁa b FF' x e 4 7 Dmax 2 UCA Kﬁﬁﬁﬁﬁﬂ%ﬁﬁ EER X, ~ Xy

Fa Sl o3 ) AR AR AT R vi=0 o [N Poest; =0 > Gbest=0 > =

Rt =1

step 3: *hETHﬁ% Vi f () o Frek st R LA T N e 3

MR AR ] 2.4 AL = REd éﬂﬁ[%ﬁ[‘i&? R I éﬂﬁ[%ﬁ[‘i& g =2
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H(6.19) 1% éﬂﬁ'%%‘[‘%%ﬂiﬁﬁﬂ?ﬁﬁi R féﬁﬁﬁ%fg'ﬂfﬁ’f%@ ' i=1~16

step 4: Pkt S sl f (%) =2 e (3 Sl s Pbest, - o | f (x;) fk Phest,
o I Phest RIFTEL £(x;) > 2050 RIPTELX 0 i=1~16 ©

step 5: ok {[al [ £ o sl Pbest. @ﬁiﬁgﬁﬁﬁ’%@ Gbest ¥ P& | §if Gbest * »
AlIE GbestElﬁE*?t Pbest, > iijg RIFELD, > i=1~16 °

step 6: RIFrft = r*fp'xbﬁd WE v e fiH](6.14)R1#FrV > Hfliw ﬁ‘“ﬁ(G.lG) ’
IOV JOSHV, © PIBASVRIFTX » 41 [ s sk AT
(6.22) 715 (6.23) e v Sy sk Tl I/ 34 il =

step 7: t=t+1-° Ft<t, > EJ[JLHI step 3 ; ¥ t=t E[J{EFHJ ﬁ.aJ/ﬁfpﬁgﬁﬁ

ol g TR (A

6.3 fRLfEAh N
IR T HIMURINEY - i A AL ULA ~ UCA ~ CRAL | CRAZ [Fefii Y
SRR P PSRRI T SR > TSRS D 7] PSO R
MR D ek = SESGEUINI R o I R T SRR 2DAPSO B
3DAPSO - ﬂjaﬁ UL F 3000 S pE o O AE(6.5) ) A E BT
PREA BT IS RV A 6.4 A 0 KL% % 5000 DS
PR - (FSEEE SR 100 [HFEES D BPSK symbols » ™ 1345<4.3 aijirt b X Al
PP ER e (RIS Y TR3E > J AR I (R (I (R 2 IRt fret
N SR o RO SNR £ 10dB - [T e SRR IS =
H Dmax [Flf 25" ULA @RV~ 4 ~UCA IV ]| %> CRAL > CRA2 V9t [§!*f

o W ARSI R - 4 2 1 Dmax S

—
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6.3.1

Ergodic Channel Capacity (bps/Hz)

Bit Error Rate
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Ergodic Channel Capacity (bps/Hz)

Bit Error Rate
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Ergodic Channel Capacity (bps/Hz)
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Ergodic Channel Capacity (bps/Hz)

Q%ﬂ 6-10 Ergodic Channel Capacity for varying MAOA with N, = N, = 6,

Bit Error Rate
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Ergodic Channel Capacity (bps/Hz)

Eaﬂ 6-12 Ergodic Channel Capacity for varying MAOA with N;,, = N,.,, =

Bit Error Rate

21 T

T T T
205 E
20 -
19.5 - 1
19} .
185 - —
18 h -
17.5 - -
e N e S R Ju— ULA
TE e o Dea 1
- ] CRA1
16.5 - CRA2
2DA PSO
3DA PSO
16 1 1 1 1 1 1 1 T
0 10 20 30 40 50 60 70 80 90

Mean Azimuth of Arrival (degrees)

8,

AS =10°, MEOA = 60°,ES = 20° and Dmax = 52

107 T

10°

107

10

q%ﬂ' 6-13 Bit Error Rate for varying MAOA with N,

20

1 1 1 |
30 40 50 60
Mean Azimuth of Arrival (degrees)

70

NT’X

20

8,

AS =10°,MEOA = 60°,ES = 20° and Dmax = 52

145



25 T T T T

24 -

23| : .
)
<
w
o
2 ool |
=
=]
[13]
j=5
[
O 211 E
©
=
c
[
(&}
Q 20F -
=
(=]
=
w

19+

o e ULA
T B N UCA
I ' T | CRA1
18- ‘ ; ‘ CRA2
2DA PSO
3DA PSO
17 | I 1 | | | I |
0 10 20 30 40 50 60 70 80 90

Mean Azimuth of Arrival (degrees)

QE[' 6-14 Ergodic Channel Capacity for varying MAOA with N, = N,, = 10,

AS =10°, MEOA = 60°,ES = 20° and Dmax = 52

10° r T T T T T T ]
=
& : :
5 107 [T T L L L T e T T T
& ] : ; : - ]
E
————— ULA I
Uca
fffff CRA1
CRA2
2DA PSO
3DA PSO
107 1 i i i i 1 i I
0 10 20 30 40 50 60 70 80 20

Mean Azimuth of Arrival (degrees)

g%ﬂ 6-15 Bit Error Rate for varying MAOA with N, = N,., = 10,

AS =10°,MEOA = 60°,ES = 20° and Dmax = 52

146



Ergodic Channel Capacity (bps/Hz)
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6.3.2

Q%ﬂ 6-18 Ergodic Channel Capacity for varying MEOA with Ny, = N,.,, =

Bit Error Rate

Ergodic Channel Capacity (bps/Hz)
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2DAPSO El E2 E3 E4 E5 E6

X (A) 4.6626 4.6626 0.0000 0.0000 -4.6626 -4.6626

y (A) 1.8055 -1.8055 -5.0000 5.0000 1.8055 -1.8055

z(MN) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
3DAPSO El E2 E3 E4 ES E6

x (A) 4.6606 4.6603 -0.0002 -0.0002 -4.6601 -4.6608

y (D) 1.6967 -1.6968 -4.6917 4.6921 1.6980 -1.6950

z(M\) -0.6322 0.6345 1.7285 -1.7275 -0.6327 0.6354

. 6-1 Optimization Results of 2DA PSO and 3DA PSO with N, = N,, = 6,

MAOA = 90°,AS = 3°,MEOA = 20,ES = 5 and Dmax = 51

2DAPSO El E2 E3 E4 E5 E6
x (V) 49902  2.8367 24536  -2.4525  -2.8368  -4.9898
y (V) -0.3135  4.1175  -4.3566 43572  -4.1174  0.3186
z (L) 0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
3DAPSO El E2 E3 E4 E5 E6
x (V) 49245 38113 17937  -1.8039  -3.8176  -4.9227
y (V) -0.4735 15829  -2.3351  2.3427  -1.5968  0.5093
z (L) 0.7247  -2.8229  4.0410  -4.0327  2.8065  -0.7127

%< 6-2 Optimization Results of 2DA PSO and 3DA PSO with N, = N, = 6,

MAOA = 90°,AS = 3°, MEOA = 60°,ES = 5" and Dmax = 51
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Ergodic Channel Capacity (bps/Hz)
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Ergodic Channel Capacity (bps/Hz)
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2DAPSO El E2 E3 E4 ES E6
X (A) 4.9998 34001 2.1889 -1.2036 -3.4224 -4.9942
y (A) -0.0497 -3.6659  4.4954 2.5119 -3.6452 0.2402
z(MN) 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000
3DAPSO El E2 E3 E4 ES E6
x (A) 4.7098 0.5672 0.3408 -0.3813 -3.8783 -4.0324
y () 1.6378 4.2354 4.2009 -3.5192 -2.0182 -1.9654
z(M\) 0.3673 -2.5961 1.5922 3.5312 2.4260 -1.7098

. 6-3 Optimization Results of 2DA PSO and 3DA PSO with N, = N, = 6,

MAOA = 90°,AS = 10°, MEOA = 20°,ES = 20" and Dmax = 51

2DAPSO E1 E2 E3 E4 E5 E6
x (1) 49987 25341 03047  -0.3047 -25341  -4.9987
y (V) 0.1126  4.3102  -4.9907  4.9907  -43102  -0.1126
z (\) 0.0000  0.0000  0.0000  0.0000  0.0000  0.0000

3DAPSO E1 E2 E3 E4 E5 E6
x (1) 31699 07229  -1.3644  -1.5445 -2.7034  -3.6071
y (V) 04882 05086 04817 04761 04864  0.4852
z (\) 03672  -4.0189 18050 47311  0.3567  -2.5644

%< 6-4 Optimization Results of 2DA PSO and 3DA PSO with N, = N, = 6,

MAOA = 90°,AS = 10", MEOA = 90°,ES = 20" and Dmax = 51
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Ergodic Channel Capacity (bps/Hz)

Bit Error Rate
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6.3.3

Ergodic Channel Capacity (bps/Hz)
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2DAPSO El E2 E3 E4 E5 E6

X (A) 4.9758 2.4965 0.8726 -0.8642 -2.4925 -4.7837

y (A) 0.4915 -4.3322 4.3779 -4.3498 4.3217 1.4546

z(MN) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
3DAPSO El E2 E3 E4 ES E6

x (A) 2.0056 0.7177 0.5328 0.7177 -0.7777 -1.6965

y () 3.1898 -0.3516 -0.3344 -0.3516 0.1464 -2.4992

z(M\) -3.0356 3.3520 1.6702 3.3520 0.2561 3.7661

. 6-5 Optimization Results of 2DA PSO and 3DA PSO with N, = N, = 6,

MAOA = 90°,AS = 10", MEOA = 90°,ES = 5 and Dmax = 51

2DAPSO El E2 E3 E4 E5 E6
x (V) 49735 32674 09642  -1.3415  -3.0563  -4.7658
y (V) -0.1041  -0.1041  -0.1041  -0.1040  -0.1040  -0.1040
z (L) 0.0000  0.0000  0.0000  0.0000  0.0000  0.0000

3DAPSO El E2 E3 E4 E5 E6
X (V) 49336 20656 03114  -0.7977  -1.9674  -4.8342
y (V) 00275 00227  0.0424 00451  0.0275  0.0346
z (L) 0.8050  0.9610  -4.9901  -2.9372 29522  -0.8780

%< 6-6 Optimization Results of 2DA PSO and 3DA PSO with N, = N, = 6,

MAOA = 90°,AS = 60°, MEOA = 90°,ES = 5" and Dmax = 51

159



Ergodic Channel Capacity (bps/Hz)

22

10

3DA PSO

1 1 | 1
80 100 120 140 180
Azimuth Spread (degrees)

40 60

[fil 6-36 Ergodic Channel Capacity for varying AS with N, = Ny, = 8,

Bit Error Rate

107 ¢

107}

107}

MAOA = 90°, MEOA = 90°,ES = 5° and Dmax = 51

3DA PSO |

i
a0 100 180

Azimuth Spread (degrees)

120 140

N, = 8§,

g%ﬂ 6-37 Bit Error Rate for varying AS with N,

MAOA = 90°, MEOA = 90°,ES = 5" and Dmax = 51

160



25

Ergodic Channel Capacity (bps/Hz)

————— ULA
UcA
————— CRA1
CRA2
2DA PSO
3DA PSO

10

1 1 | 1 I
80 100 120 140 160 180
Azimuth Spread (degrees)

40 60

Q%ﬂ 6-38 Ergodic Channel Capacity for varying AS with N, = N,., = 10,

MAOA = 90°, MEOA = 90°,ES = 5° and Dmax = 51

10" r T T T T
' EEESE RIS LU M SRR HE R IE T uLA
: UCA
————— cRA1 ]
CRAZ2
2DA PSO
3DA PSO|H
107 .
2
5 il
i
E LT -
107} - e S ot W W— — \\‘\ff‘“:***
107 | i i i i | i i
4] 20 40 60 80 100 120 140 160 180
Azimuth Spread (degrees)
q%ﬂ' 6-39 Bit Error Rate for varying AS with N, = N,, = 10,

MAOA = 90°, MEOA = 90°,ES = 5" and Dmax = 51

161



28

26 ! T T S =
24 _
~N
==
B 22 .
a
=
=]
8 20 E
[}
[&]
©
£ 18 _
o
=
[&]
2
B 18 _
=
w
L L S N E ULA H
UCA
5 N S S SR ] Mttt CRA1
121 CRA2 H
2DA PSO
: 3DA PSO
10 L | L L L L | T
0 20 40 50 80 100 120 140 160 180

Azimuth Spread (degrees)

Q%ﬂ 6-40 Ergodic Channel Capacity for varying AS with Ny, = N,., = 12,

107 ¢

10" 4

Bit Error Rate

107}

MAOA = 90°, MEOA = 90°,ES = 5° and Dmax = 51

i
20 40 60 a0 100 120 140 180

Azimuth Spread (degrees)

q%ﬂ' 6-41 Bit Error Rate for varying AS with N, = N,., = 12,

MAOA = 90°, MEOA = 90°,ES = 5" and Dmax = 51

162



17 T | T I
16 /// //': -
’ s
7 i
i /
A5y —
=N s
L !
%] !
o !
S 14 E
= i
=] 1
(1] |
o 1
o J
O 31 E
@ !
I<3 i
[ !
o i
6 r
o 12| |
'-5 ]
S I
E‘) J
wm /
11 Bk
L e B ULA
! uca
1 CRA1
10y CRA2
! 2DA PSO
: 3DA PSO
g | I 1 | | | I |
0 20 40 60 80 100 120 140 160

[fil 6-42 Ergodic Channel Capacity for varying AS with N, = Ny, = 6,

107 ¢

10°

Bit Error Rate

107}

107

Azimuth Spread (degrees)

MAOA = 90°, MEOA = 60°,ES = 20" and Dmax = 51

180

3DA PSO |

i
80

100

120

20

40

60

Azimuth Spread (degrees)

140

g%ﬂ 6-43 Bit Error Rate for varying AS with N,,, = N,.,

6,

MAOA = 90°, MEOA = 60°,ES = 20" and Dmax = 51

163

180



2DAPSO El E2 E3 E4 E5 E6

x (1) 49978 42874 41643  -0.6853  -3.4696  -4.9598
y (A) 0.1473  -25726 27674  -4.9528  3.6002  0.6329
z (V) 0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
3DAPSO E1 E2 E3 E4 ES5 E6
x (1) 45267 25388 16742  -0.8415 -2.6169  -3.3883
y (L) -0.3908  0.2494  -0.8049 27119  -0.4511  -2.6632
z (V) 20748  -42993 -15338  4.1155  -3.0185  2.4626

. 6-7 Optimization Results of 2DA PSO and 3DA PSO with N, = N,,, = 6,

MAOA = 90°,AS = 3°,MEOA = 60°,ES = 20" and Dmax = 51

2DAPSO El E2 E3 E4 ES E6
X (A) 4.9998 3.0488 1.1026 -0.8522 -3.7058 -4.9998
y (X)) 0.0394 -0.0169 -0.0162 -0.0402 -0.0506 -0.0483
z(\) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
3DAPSO El E2 E3 E4 ES E6
X (A) 4.9073 2.9412 0.9733 -0.9970 -2.9666 -4.9348
y (D) -0.0325 -0.0471 0.0117 0.0043 -0.0025 0.0020
z(M\) -0.0020 -0.0009 -0.0145 -0.0162 -0.0140 -0.0218

. 6-8 Optimization Results of 2DA PSO and 3DA PSO with N, = N, = 6,

MAOA = 90°,AS = 60°, MEOA = 60°,ES = 20" and Dmax = 51
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2DAPSO El E2 E3 E4 E5 E6

X (A) 4.9999 2.8860 2.8409 -2.9796 -2.9921 -4.9943

y (A) -0.0293 4.0830 -4.1145 -4.0152 3.9753 0.2383

z(MN) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
3DAPSO El E2 E3 E4 ES E6

x (A) 1.7986 1.6856 1.4028 0.8488 0.2499 -1.4711

y () -0.7780 -0.7860 -0.7864 -0.7731 -0.7891 -0.7702

z(M\) -1.7957 2.5906 1.1286 -3.2569 4.0515 -4.7156

. 6-9 Optimization Results of 2DA PSO and 3DA PSO with N, = N, = 6,

MAOA = 90°,AS = 3°,MEOA = 90°,ES = 20" and Dmax = 51

2DAPSO El E2 E3 E4 ES E6
X (A) 49377 4.8637 1.7591 0.1562 -4.0921 -4.8628
y (X)) 0.7870 -1.1594 4.6803 -4.9976 2.8732 -1.1632
z(\) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
3DAPSO El E2 E3 E4 ES E6
X (A) 4.9055 1.2686 0.4384 -1.0904  -1.6692 -4.5430
y(A) 0.5336 0.5333 0.5148 0.5428 0.5160 0.5208
z(M\) -0.8062 -3.1155 4.9529 -4.8444 3.2219 0.9116

. 6-10 Optimization Results of 2DA PSO and 3DA PSO with N, = N,., = 6,

MAOA = 90°,AS = 3°, MEOA = 90°,ES = 60" and Dmax = 51
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2DAPSO El E2 E3 E4 E5 E6

X (A) 4.8918 1.7653 1.4771 -1.4787 -1.7664 -4.8928

y (A) -1.0345 4.6780 -4.7768 4.7763 -4.6776 1.0300

z(MN) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
3DAPSO El E2 E3 E4 ES E6

x (A) 4.9768 1.6760 1.6679 -1.6461 -1.6465 -4.9503

y () -0.0350 4.3454 -0.3556 -0.2039 4.4153 0.1735

z(M\) 0.4803 -1.8021 2.1244 2.3256 -1.6544 0.6786

. 6-11 Optimization Results of 2DA PSO and 3DA PSO with N, = N,, = 6,

MAOA = 90°,AS = 10", MEOA = 60°,ES = 5 and Dmax = 51

2DAPSO El E2 E3 E4 E5 E6
x (V) 49652 24004  0.4804  -05209  -2.4768  -4.9965
y (V) 05892 37013  -3.0424 49728  -4.3434  -0.1859
z (L) 0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
3DAPSO El E2 E3 E4 E5 E6
x (V) 46770 37878 16671  0.6260  -1.5359  -4.4795
y (V) 09741 07647 26247  -1.2148 -0.5628  1.3980
z (L) 14751 24374  -39156  4.8093 05128  -1.7253

. 6-12 Optimization Results of 2DA PSO and 3DA PSO with N, = N,., = 6,

MAOA = 90°,AS = 10°, MEOA = 60°,ES = 60" and Dmax = 51
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2DAPSO El E2 E3 E4 ES E6
X (A) 3.0000 3.0000 3.0000 -3.0000 -3.0000 -3.0000
y (A) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
z(MN) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

3DAPSO El E2 E3 E4 ES E6
x (A) 2.6989 2.6403 0.0761 -0.0740 -2.6423 -2.6981
y () -0.0003  0.0006 0.0022 -0.0005 -0.0030 0.0005
z(M\) -1.3100 1.4243 -2.9990 2.9991 -1.4206 1.3116

. 6-13 Optimization Results of 2DA PSO and 3DA PSO with N, = N,., = 6,

MAOA = 90°,AS = 3°,MEOA = 90 ,ES = 5 and Dmax = 31

2DAPSO E1 E2 E3 E4 E5 E6
x (1) 49853 32425 26160  -3.0146  -3.2536  -4.9979
y (V) 03831  3.0024  -4.1782  3.7000  -2.4743  0.1418
z (\) 0.0000  0.0000  0.0000  0.0000  0.0000  0.0000

3DAPSO E1 E2 E3 E4 E5 E6
x (1) 49983  3.0331 27312  -2.7019  -3.0249  -4.9980
y (V) 0.0012  0.0036 00045 -0.0073  0.0028  0.0104
z (\) -0.1297 39749  -4.1882 42071  -3.9812  0.1399

. 6-14 Optimization Results of 2DA PSO and 3DA PSO with N, = N,., = 6,

MAOA = 90°,AS = 3°, MEOA = 90°,ES = 5" and Dmax = 51
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2DAPSO El E2 E3 E4 ES E6
X (A) 3.0000 1.5101 1.5084 -1.5084  -1.5100 -3.0000
y (A) -0.0006 2.5922 -2.5932 2.5932 -2.5923 0.0005
z(MN) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

3DAPSO El E2 E3 E4 ES E6
x (A) 2.9338 2.1353 1.2326 -0.9227 -1.2638 -2.9562
y () 0.6086 0.8598 -0.2729 -1.5934  0.9408 0.1464
z(M\) -0.1502 -1.7016 1.0304 1.8816 -1.7261 -0.4893

. 6-15 Optimization Results of 2DA PSO and 3DA PSO with N, = N,., = 6,

MAOA = 90°,AS = 10°, MEOA = 60°,ES = 20" and Dmax = 31

2DAPSO E1 E2 E3 E4 E5 E6
x (1) 49595 25814 09554  -0.7772  -2.4116  -4.7535
y (V) 06351  -4.2821 44393  -4.2897 43800 15505
z (\) 0.0000  0.0000  0.0000  0.0000  0.0000  0.0000

3DAPSO E1 E2 E3 E4 E5 E6
x (1) 41462 009386  -0.2783  -16672 -2.6396  -3.7492
y (V) 26397  -1.2992  3.0564  -4.0941  -1.0475  -1.8976
z (\) -0.8722  2.0930  -3.9028  2.0325  -2.9739  -0.0865

. 6-16 Optimization Results of 2DA PSO and 3DA PSO with N, = N,., = 6,

MAOA = 90°,AS = 10°, MEOA = 60°,ES = 20" and Dmax = 51
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2DAPSO El E2 E3 E4 ES E6

x (L) 3.0000 1.2100 0.9795 -1.4634  -1.5264 -2.9996

y (A -0.0117 2.7310 -2.8356 2.6188 -2.5826 0.0471

z(M) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

. 6-19 Optimization Results of 2DA PSO with N,, = N,,, = 6, MAOA = 90’,

AS =3, MEOA =90°,ES = 5°,Dmax = 31 and total SNR = 50dB

3DAPSO El E2 E3 E4 E5 E6

X (N 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

y (D) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

z(\) 0.5000 0.5000 0.5000 -0.5000 -0.5000 -0.5000

. 6-20 Optimization Results of 3DA PSO with N,, = N,,, = 6, MAOA = 90°,

AS =3, MEOA =90°ES =5 ,Dmax = 0.51 and total SNR = 10dB

3DAPSO El E2 E3 E4 ES E6

x (L) 0.4957 0.3039 0.1871 -0.1894  -0.2972 -0.4950

y (N 0.0003 -0.0006 -0.0014 -0.0006 -0.0003 0.0008

z(MN) -0.0651 0.3970 -0.4637 0.4627 -0.4021 0.0707

Z. 6-21 Optimization Results of 3DA PSO with N,, = N,, = 6, MAOA = 90’,

AS =3°MEOA =90°,ES = 5°, Dmax = 0.51 and total SNR = 50dB

194



5 ~"‘ﬁ'|

S

R W ARG 7 AR A AR R PR T S A
PO e A5 7 Ay et B 1 RREY 2 = A R RIS 53 e iy
= PSR D RE S RER R 2 A 2 L S AR
= R b SR AR o VR AR E
Ol Ho BRI S > 2 2 MEOA 5T 90 "B [H - = Affg V=
A= 500t R S 2R TR

ST I R T AIPBURLIS R O A (g ek 2 TR - A
R FHEY R[5 7 AR o 1 bl S e e gl i
A - e 2 R (AR R LY s e B
ZAERBFCRGRT D ) AS P 90 7 o FIIHEFE [T A= pnE Y Y ULA
AERIT > 0] AS 0 90 7 [ UCA B0 THRL ([ S asUIg s » g 3 R A
PRI H AR SRR BT AS 0 90 P R R R T [
ULA > i AS i 90 BB =] UCA » 1[5 i 35 = e = Al Bl -
UCA [ 3Sfoif it i 1 = RERS g - [ ) pds 1 = R asdipo
TP T = AR e FR TR A A 1 o H T MEOA 37 90 R

195



S E{REAE OSSR o RS H AT R SR B - (IR
RIS~ LRI > PRSI I R R e [ ek

R - RS ST TS P R PSR
A o ,E[,e g o R AHL | fURET V-BLAST SE5f ] 1 3 i3

i i 7 g\rﬁ TRLAS: b o [Pt 7 S

m

JF 7 B o

Iy 52 i 2 T 2 AR ELASBU ™ [ RIS e o £ (e
%wfwﬁﬁﬂ#waw%w*rﬁ®w5%¢ww$@mmm
AR (T RSP e @ WWﬂ—ﬁKﬁ@W;q
R AE TR g RLTEL IS DL~ SRR [ [ e 15

B RV (S0 = 1 6 [0 PR T (S Ry

%%Lil_' |7 P =

?i“¢F5ﬁ TSRO s S AR IS OB 28 7 It i 7~'F§Jﬁl%ﬁ]\_&gfj
P T 2R (R A Y (RIS b gl ]
THRRIE S [ L A NN i i e TR %F[(mutual coupling)~5y,
B REERORUR N SRS A Y R 1 2 S R R A R

FY T I PR R

196



[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

T. Jiann-An and B. D. Woerner, "The fading correlation function of a
circular antenna array in mobile radio environment,” in Global
Telecommunications Conference, 2001. GLOBECOM '01. IEEE, 2001, pp.
3232-3236 vol.5.
J. Salz and J. H. Winters, "Effect of fading correlation on adaptive arrays in
digital mobile radio,” Vehicular Technology, IEEE Transactions on, vol. 43,
pp. 1049-1057, 1994.
K. Ishizawa, et al., "Spatial correlation of a circular array antenna and BER
performance investigation,” in Circuits and Systems, 2004. Proceedings.
The 2004 IEEE Asia-Pacific Conference on, 2004, pp. 385-388 vol.1.
X. Liand Z.-p. Nie, "Impact of array orientation on performance of MIMO
wireless channels,” in Communications, Circuits and Systems, 2004.
ICCCAS 2004. 2004 International Conference on, 2004, pp. 254-257 Vol.1.
W. Jun, et al., "On the Channel Capacity of MIMO Systems Under
Correlated Rayleigh Fading," in Wireless Communications, Networking and
Mobile Computing, 2007. WiCom 2007. International Conference on, 2007,
pp. 134-136.
L. Xia and M. E. Bialkowski, "Effective Degree of Freedom and Channel
Capacity of a MIMO System Employing Circular and Linear Array
Antennas," in Wireless Communications, Networking and Mobile
Computing, 2009. WiCom '09. 5th International Conference on, 2009, pp.
1-4.
P. Lusina, et al., "Antenna parameter effects on spatial channel models,"
Communications, IET, vol. 3, pp. 1463-1472, 2009.
% U2k, "Research of Performance of Wireless Communication Systems
Usmg Adaptive Antenna Arrays," [@lF 7 [?ﬁjﬂkﬁﬁ i (5 %@W‘dﬁ’?ﬁﬁﬂ I;F:%
, 2009.
J.-H. Lee and C.-C. Cheng, "The spatial correlation characteristics of 3-D
antenna array systems," to be presented in The 54th IEEE International
Midwest Symposium on Circuits and Systems, 2011.
Y. Su Khiong and J. S. Thompson, "Three-dimensional spatial fading
correlation models for compact MIMO receivers," Wireless

197



[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Communications, IEEE Transactions on, vol. 4, pp. 2856-2869, 2005.

V. Murino, et al., "Synthesis of unequally spaced arrays by simulated
annealing,” Signal Processing, IEEE Transactions on, vol. 44, pp. 119-122,
1996.

M. M. Khodier and C. G. Christodoulou, "Linear Array Geometry
Synthesis With Minimum Sidelobe Level and Null Control Using Particle
Swarm Optimization,” Antennas and Propagation, IEEE Transactions on,
vol. 53, pp. 2674-2679, 2005.

P. J. Bevelacqua and C. A. Balanis, "Geometry and Weight Optimization for
Minimizing Sidelobes in Wideband Planar Arrays," Antennas and
Propagation, IEEE Transactions on, vol. 57, pp. 1285-1289, 2009.

U. Olgun, et al., "Optimization of Linear Wire Antenna Arrays to Increase
MIMO Capacity using Swarm Intelligence," in Antennas and Propagation,
2007. EUCAP 2007. The Second European Conference on, 2007, pp. 1-6.

S. Zhi and 1. F. Akyildiz, "Optimal MIMO Antenna Geometry Analysis for
Wireless Networks in Underground Tunnels,” in Global
Telecommunications Conference, 2009. GLOBECOM 2009. IEEE, 2009, pp.
1-6.

M. A.-A. Mangoud, "Optimization of Channel Capacity for Indoor MIMO
Systems Using Genetic Algorithm," Progress In Electromagnetics Research
C, vol. 7, pp. 137-150, 2009.

A. Kuchar, et al., "Directional macro-cell channel characterization from
urban measurements," Antennas and Propagation, IEEE Transactions on,
vol. 48, pp. 137-146, 2000.

J. Fuhl, et al., "High-resolution 3-D direction-of-arrival determination for
urban mobile radio," Antennas and Propagation, IEEE Transactions on, vol.
45, pp. 672-682, 1997.

I. S. Gradshtein, et al., Table of integrals, series, and products. San Diego:
Academic Press, 2000.

D. Tse and P. Viswanath, Fundamentals of Wireless Communications:
Cambridge University Press, 2005.

W. Weichselberger, et al., "A stochastic MIMO channel model with joint
correlation of both link ends," Wireless Communications, IEEE
Transactions on, vol. 5, pp. 90-100, 2006.

A. Goldsmith, et al., "Capacity limits of MIMO channels," Selected Areas
in Communications, IEEE Journal on, vol. 21, pp. 684-702, 2003.

H. V. Poor, An introduction to signal detection and estimation:

198



Springer-Verlag New York, Inc. , 1994.

[24] J. Kennedy and R. Eberhart, "Particle swarm optimization,” in Neural
Networks, 1995. Proceedings., IEEE International Conference on, 1995, pp.
1942-1948 vol 4.

[25] Eberhart and S. Yuhui, "Particle swarm optimization: developments,
applications and resources,” in Evolutionary Computation, 2001.
Proceedings of the 2001 Congress on, 2001, pp. 81-86 vol. 1.

[26] J. Robinson and Y. Rahmat-Samii, "Particle swarm optimization in
electromagnetics,” Antennas and Propagation, IEEE Transactions on, vol.
52, pp. 397-407, 2004.

[27] M. Kangand M. S. Alouini, "Capacity of correlated MIMO Rayleigh
channels,” Wireless Communications, IEEE Transactions on, vol. 5, pp.
143-155, 2006.

[28] H. Shin, et al., "On the capacity of doubly correlated MIMO channels,"
Wireless Communications, IEEE Transactions on, vol. 5, pp. 2253-2265,
2006.

[29] K. Mingand M. S. Alouini, "Impact of correlation on the capacity of
MIMO channels,” in Communications, 2003. ICC '03. IEEE International
Conference on, 2003, pp. 2623-2627 vol.4.

[30] M. Kiessling, et al., "A closed-form bound on correlated MIMO channel
capacity," in Vehicular Technology Conference, 2002. Proceedings. VTC
2002-Fall. 2002 IEEE 56th, 2002, pp. 859-863 vol.2.

[31] R.A.Hornand C.R. Johnson, Matrix analysis. New York: Cambridge
University Press, 1985.

199



