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O ABSTRACT O

Multiple antennas systems MIMO have proven their ability to improve the
performance of wireless communication in terms of increasing data rate and reducing bit
error rate, making it a key technique of existing and future communications systems. The
antenna selection algorithm in MIMO systems permits to select a subset of the antennas
available at the transmitter depending on a certain criteria. This has contributed to the
deployment of space time block code STBC in MIMO systems which have more than two
antennas at the transmitter.

The antenna selection algorithm performance is influenced by the model and
characteristics of the MIMO wireless communication channel. Therefore, this research
deals with the effect of channel correlation on the performance of the antenna selection
algorithm in MIMO STBC system assuming the Weibull-Gamma channel model recently
proposed in scientific researches. The results showed the efficiency of application of the
antenna selection algorithm in MIMO STBC system. It also showed that the antenna
selection algorithm could work well within a certain domain of the Weibull-Gamma
channel correlation factor.

Keywords: Multiple antenna systems¢< Antenna selection< Wireless channel
modeling« Channel correlation.

"Assistant Professor, Department of Communication and Electronics, Factually of Mechanical and
Electrical Engineering, Tishreen University, Lattakia, Syria.

65




2017 (6) 23 (39) alaall Lpusigh astell Aldes _ Agalal) ciluahally il ¢y i daaly Alaa

Tishreen University Journal for Research and Scientific Studies - Engineering Sciences Series Vol. (39) No. (6) 2017

Weibull-Gamma z3saill & 5U&l Loy 5l
MIMO STBC alaill & ciluilsgd) ,Lad) 4 led ¢lal o

*g..bl.nﬁi.:

(2017 [ 12 /26 A &l 4& 2017 / 10 / 15 glay) fati)
0 gedlaO

el awad e L, Multiple Input Multiple Output (MIMO) saxxiall <llsell dakal s
VL) Adal Al 5385 ledea Las (ladl) Jame (s Q) dare 5245 Cum e (SLDU Sl
B siall Clilsell (e Aia Ao sane JLaal MIMO dadal & cililsell SLia) daa lsd rand - Aaliially 4l
ey 0 STBC Jlejll JISal el Ay HLily anls o3 5aY) canna Hlead b @lldg Jussall
) 8 il e SST gt Aalal) o2
s Jsliy Gl aUaill AL Jlaiy) 5L jalliads zisal clilegd) losl 4y lss o by
3Ll 7353 Galjily MIMO STBC alaill culilsed) [lia) gaylsd elal o sl Lap ib allis caa)
DS Ay lsa ek Agled il Cpedl Akl GlaY) 3 Baa il Weibull-Gamma adl)
J<o cldlsell Jlaal duapla dae 481K (580 dga (a5 dden 0 MIMO STBC alail (yea ililsgl)
.Weibull-Gamma sl Loy Jalal Cpea Jlae (e 2a

Ll Jal i ASLI 3Ll dadad ccalilsedl HLial aaaxiall Culiilsell dakail A alidal) cilalst)

66




Tishreen University Journal. Eng. Sciences Series 2017 (6) 2321l (39) adaal) dsuxigh aslall @ 0350 dasla dlae

- -

14adda

VL) dle 4 Al alall o MIMO zjladly Jalad) saaie cldlsed) dalal Wla 2
(5G) Lualall Jially (4G) wl JaallS Eaall Llall VLAl julas (e 2all Cadie) Cum ASLOU
Spatial Multiplexing  \Sdl awaiill )5 <Diversity Gain sl zyy (e suall gl dalai¥ll 038
Seasill Al iy [1,2] didal) 50 Sy JluyY) iy Cpmendy cildanal) Ji5 Ve 5345 manst I Galin
W MIMO  aukail & 55, syl el e Space Time Block Code (STBC) iloill s\l
sl Tt Jame (dal gt W 5eY) (Jiinal) 8 ol Aalail & dassiy cabie] aagti ) (e iy
13,41 JLEial) 5y)a aiad aias

Oe S asag Jla iy Sl (b b ol alasinls ¥) ALl Whall STBC sl Giny Y ¢ Jiially
iy Japl Guilss Juadl jLsaY Antenna Selection cililsell HLidl dayla Gubai JlusY) 3 uls
Gilaglae o aldie Vs saae Jlaal s JLad cptlsn el LAl duaylsall o34 agii [5] STBC ol
Laga Dsd lpuailiady JLai¥) 3U8 ~3gai 13 aaly .Channel State Information (CSI) Jlaiy) sld dlls
Gy Al Sl e I a5 s Geg (MIMO STBC  dalal) cililsedl [Lia) dei o olal apii
Elaf) s caa il ([6,7,8,9] sl Lial duahylen Gakt g Aalail) oda il e Jlai sl il
DS Lyl Al S ey JlalV) slE dsdal Rayleigh cusia ey Jlasl 318 dalul) Slady) Ly
zisi alyil Channel Correlation slall lay S duhy Sl e vl i LS il
adail ool Gl gam ) lal) pe 3L Jagl i Jiay Cam L lilsell Lol A lsa oo e Rayleigh
[10,11,12,13] ple J23 MIMO

fos ahatiuly gl dade o adey JhaV) slEl Whie ladse Dage Glad) (ae clils

cagybh s I S Weibull-Gamma fading channel 3L o il cuwy (Weibull-Gamma
Shadowing caall salls il licy) cpen 34l WS leayla o s J20s olen 3L ddiall Lany)
cclgilsed) Ll Ayl eldl e JuaiV) sl8 zagan il o WUl [14,15,16] Rayleigh sl Wia
Aalatl sl Ll daeyylen elal dilas 8 Jlai¥) slEl Gl z3saill (alal cluball e el Cald
dia J5 Y il dga e [17,18] MIMO ksl 51Skaal 73 sall 130 dpenl geilial) ity saneiall il sgl
DLl Ay lea el e sl Lals ol Al giay JolS OS85 G al Jladl 138 3 dfind) Jilsall iany
Q) lisy Hma 5o 1ay Weibull-Gamma fading channel sl )8l <uli) sell

:4d)m g ) dsanl

b asull myy Bl JlY) 4 @liled) s i) e MIMO STBC dakl adis
Juadl liial o Ay lsal) 3y sl LAldiad) )Ly 8 Bit Error Rate (BER) <l s Jare asias
[8,12] 5Ll Ly 3sa ol AaLaYly cadinal) 2 3sailly Juai¥) 518 (ailiady 2i€aall culilsel

67



ol MIMO STBC Uaill & culilsell Hladl dueylsa ¢ldf le Weibull-Gamma z3saill  sll) Las 5k

MIMO kil & culilsedl Lol dpayplsd ol o slall Jadp 50 Ay ) Candl 138 Caagy <l
Weibull-Gamma fading channel slll s alpily (BER) <l La Jae &n e STBC
Aalall Gluhall 8 hasa addiu)

10dlgag Ciadl (3ik

:MIMO 7 lially Jalaal) aaaia ciluilged) allai —1

Upate Juia¥ls JuoY) & lilp e pagm MIMO sasidl clilsel ol o Jsmanl) 2
¢l Space Diversity JlSall aygiill Je Jgmad) 4 (1) JSEIL (e 58 WS lpiany (e 3a3n0 Dliliay
(SISO) amgll zyaalls il el cllsel) Aadaily djlie el Ale clial) & ) Uad Jane (e (puany
Ml DA e clbdaradl J&5 Jare 3355 MIMO dalai i WS .[1] Single Input Single Output
oty L) oS Al Gllaeall Gl ae 30l) 4dey cJaiaally Juapell g Aldial) 3a0atall C))lisal)
LTE  Jie @oal) 4SLOU VL) plee abiedd Wl MIMO dakal Jici Gl .[19] ddaall
.[20,21] IEEE 802.11ac, Advanced, 5G

a0 Juaty) 58 Jaliia
H

Tx Rx

MIMO (Sdl) Jlasy allss (1) Jsi

Gl 2ey M Jdlay) clilsa ae o Cua A8V dpalyll dbladl MIMO alaill (i
(1] N Juay)

Y=HX+n (1)

sl T 5l ey Cum Algid) 5Ly glad Y = [Yy,Y,, ... Yy

Ayl 5laY) gl X = [X, Xy, .. Xp]”

Additive White (AWGN) zeall ol sl mawall gled = [ng,n,,..nx]"
Ciiaa Sl S die Caliadl) Gaussian Noise

68



Tishreen University Journal. Eng. Sciences Series 2017 (6) 2321l (39) adaal) dsuxigh aslall @ 0350 dasla dlae

o sLall Impulse Response Zuzaall ciblain) (gsais MIMO aUaill Jlaiy) 318 ddghins H Jia
(1] A1 Ol 3aly Jeiasally Juyal)
h}l hP“I

H= 2)

hy; - hyy

J I Jlsas | oY) Jlsa G JuaV) 38 e Dy ey

s Jlai¥) BL8 g igal -

= Juy) @bl z9) IS g Juai SISO cilsi 30 gaad (e MIMO alaill & Jlaiy) sl J<s
Lualyy 7 .Wireless Multipath Channel <l )il saxie 2SLY 38 lgie JS s Ally o Jofiasse
Glste hiie Jiay ¥ By; Dol W) 3en 5 Impulse Response  dianll dlaiu) aseda aladiuly
a2 Rice distribution uly &) 5 Rayliegh distribution 4l a6 lme Wldial by ady
3sag aae e Aaledl Alally Ll Jitadly Jusyall (g Line of sight il jk Jad agag Alla 3 Guly z3sa
dalail & V) 5l dadadl hage deatidl gAY Glagiall e [1] 4l z3sel addid il lai el
dada o 43)m Ll Luan z3sall 1 @il (Weibull-Gamma a5 sa ddbiae 4SLY clal
HLay) Ao caall sl il dalayl Jlady) sl DA L Lieale Sadl caggdll cilayy calisg
L14,18] dald) z3aill we USan o5 ol (531 ) syl

:[18] AV Al Weibull-Gamma <géa <y Jlaiy) 3Ll Jlaay) 85 ol axy

b
pao—t [142]2 giam 2 2p(142/b))*
(x): x B| @ a+d, o ([x /b)] 3
f rim) | o 5 _:[""5‘_1 0, ati odA o ( )
T =

=l &t Meijer-G function ew G(.) «gdl)l dellainl laugia ) clle i o T Cus
Gay Laaplia) oy gliage glagsaa ghiae 5 (22] (& dalyll Jolaall Wy Jany e JalSS Glual
il dxglay ey Gl B M (il bl 2ms rsadl 13 Spm 2= 2 AU Ll (i
Bl iy gial) Anpd (pun Lagiad ol LSy Wiy Jaall (ge ST D 5 m o5 Ll b sad s 3l al)
18] s Sl A6 Aall g

:Channel Correlation 3Lal) Ly —

sl Gl JlLialy JlyY) clilp o A 5L sl chluall MIMO dakl Jaius
Lo Gaial [1] ) Uad Jame (i s Al 5)LaY) o cogiad) 50 e QI 0)50 ablo o3 2]
e QL) Loy e ledelii Cum o QIRY) 53 Leany e Adlide ZaLA) Shluall (58 O g G
A e (sl Lo L dgliie e H 3L dshiad 4S5 By dpmall Uil 0585 o cag AT
[12] 3Ll 48 shnd A dpadl) llaia) Gp bl laie MIMO sl 8 sUall T Guiy Us g

69



ol MIMO STBC Uaill & culilsell Hladl dueylsa ¢ldf le Weibull-Gamma z3saill  sll) Las 5k

GBS ale JSdy (Sayy B)LBY) 4 00 (oA) Jawgl) dagadayy Clilsgd) (G Alaldll Adlually 3Ll Ly (Blay
laball s lilsel) G (pastiual) 23 Aage Jsh 2 A) 0.5 oo ST Aflae UL Cama L
Je Jpmanll degiiall uplailly e L) Jass 06 of duady LS ([23] Jlaall 138 b dpplaills dyleal)
s (e IS ALl gyl Gaias Wil (Sa Y ckaall el Llgin b dilise pailiady Ll )l
o5l Ay i s MIMO ol (pan dtindaig 5Ll Jal s Ay ay Al ¢ Al S OS 1agase Jaol il
el e
oyl 8 Ll Ashias Rp S (JLEY) L)) (4 Ll ddiae DA e Lyl Capay
JSL 3Ll Laylp agas MIMO allaill z30as (505 Jhl) apla (8 il ddghias Ry Jia Lain JLdin)

1] Y
Y: RR.H.RT.X+H (4)
t N IS Jusall A M =2 Jal (e Ll ddgias 22l
1 Plz]
R =[ 5
T Py 1 (5)

oo sl Apanll Gllaiu) o bl Al e Guids Al Correlation Factor Ll pll Jule p Jiay
Loie gabaall dal) a Ll dlayy posalyy 1S clasane Ll (S p = 0 laxic &um 1 50 o 4ied
[23]p=1

ae ol dal e @l JSEN aant (S LS ¢ N = 2 Lavie JSAl1 i Ry ddsiuadll 326 0 daadla
il S Jasall 3 Sllsgl

: MIMO STBC 4akii -2

58 e adiad MIMO olas e cilaglead) Jlyy A8l sy [24] A Alamouti &ald) L8
Cie) A X, X5 Aupall sl Jley) &3 Cusy Space Time block Code bl ASall eyl

) dgaadl b LS Jl) il ey ol
Alamouti code & jsall Jlu) 4T :(1) Jgand)

Tx Antennal Antenna?
Time t, —X5 x;

JSall Comeill Adghiae o u aday (sl e X5, X1 e JS gl Giba) x5, X7 il

Y
X1 X2
€= [—x; x;] (6)
:MIMO sl dalase (5855
Y=HC+n (7)

70



Tishreen University Journal. Eng. Sciences Series 2017 (6) 2321l (39) adaal) dsuxigh aslall @ 0350 dasla dlae

MIMO L)l & abie¥) aysiill gy Alamouti Code ise¥T jaesi blassal) Zilull 4kl (3ias
((SISO) aasll zyaally Jarall cld il se) Aakasl e 405lhe Jagale ISy ) Ut Jame iy aals Lee
e adied Adbde ASLY eVl dakl 3 JlepdU 35S deadiudl @il e sV Gmep dra b
Ja b M =2 Juoyl b hid il gead MIMO dalail b Jeny 53T e of W) L[1,3] clilsel)
Antenna Selection JLyY) @il o Hlis) daeyld Gl M > 2 Jug) il g0 ST asag
[3,5] 4lipe Phaiads S5a¥T a5 Guld (ge oSaill Algorithm
Glaa o dlly IS 081 (L) @il e Ssdie s Jal e Jsa¥T ey 5,56 Ciaae :Alada
Al ai)Say JsaYT pe i @A L[3] Oy JlyY) 8wl als lbaeall Ji Jane (aliss)
MIMO STBC kil 3 Lalasial iy
:MIMO STBC alaill culuilggd) jLid) 4aa)lsa -3
Om o (s L=2) Jemdl) cililsel) Ao sane oliil clilogl) LAl duaj sl (b Al BSH (S
AV sl iy e e el T llyg on M > L e B35S JLgY) Slilon e sane
sda maui «Estimation Algorithms uedsll Sl jlsd Gk oo Ll Als aedty Juitiadl a8
OSan (il Juzmdl Jarg g3 leal) Gada Gl amy 2y ofT dnedd) sl dghas o Jpaally dyleal)
Jiiall (e dpuSe daal) 3 e Gplaall Gadledl diy Je Naie Jupadl deasy < e MG (s
AL Jead) 4401 (2) JS) o [5] Feedback channel

esIommTIEp
Transmitter Nl S Receiver
sy kLS
| <{--~:7‘-—:¢ L d l
| 3 } N s’ i Rx R} ST
STBC | | TXRF | | Sy NP e "1 decoder
encoder chain ,’<¥A\ - . | ¢ amn Gocodier
2N l
CJ T i
R4 N\ y
‘ & N /
S B 1 Antenna Channcl
sclection [ estimaton
T

Feedback channel

cliilggl JLEA) L) g gy MIMO STBC alii :(2) Jea

t ) QU (ampating «QLEAY) jlma Gadad 4S5 lilsel) LA A lsd Jee agdl
ae Q Jiai . sl il Wy Jlupdd Jlss L= 25U cag cdupall & cililn M = 3 (sl
:[5] 4Dl (e oy JLsY) lilsn e llis) Sadl #1553V el
M M{M-1) 3(3-1)
Q= (L) — = -3 (8)

L 2
(Gl ae SE) (B ae JSY)) (BB pe dY) Sel)) VIS ASedl 2l JS
t AT i Ag = {Py . P} WS AL #1331 a3 e sanall Capas
Ag = {P1.P,, P} = {(1,2),(1,3),(2,3)} p lilsed) e ASadl) £153Y)

71



ol MIMO STBC Uaill & culilsell Hladl dueylsa ¢ldf le Weibull-Gamma z3saill  sll) Las 5k

Oe Kae zs) IS Jeany elligg el EDE Jaal oy 2 1 zliag Cua WS 2L #155Y) ded S
Juadl any 53 loaal) Gulay Sivie Gaa)ylal) ol . Jafiaally Jupall (8 Cagpme Sl A e cillsel
s MIMO STBC alaill & culglsed) LY deaiiodl uleall aal o cdildl cililsedl e oSas 755
Signal to Noise Ratio (SNR) gl delainl ) 5LaY) deUain daust 51 (3iay mransy g2l) lanal
cll e Jaee Gim o lll Juadl leddl 13 3iay LS .Max-SNR ey il Jiae e
(7] V) JSAIL Lualyy Max=SNR Ll 3aday Wiy (8 podiidd) jladd) 545 [7,8,10,12]

Hope = argmass, e ||y, | ©)

@V Slilsed) =93 Hypy Jiis 5 Frobenius Norme  oalyll (using f ulde ||| S0l sud
G Ag Aeseaall el bl z530 S Qo Jl) S SNR L 5T Biay Cusy o)lidl)
plasiuly Claglaall Jl)¥ dalall 13gd @8lsall Clilsell 795 alastinly Sxie Juyall o 58l dxalll 3Ll e Juyal)
.MIMO STBC Uil

Z AR gkl

sl Loy 556 asa5 MIMO STBC alaill culilsed) Hlia) daahplsd slaf by canll 1aa 8 L
aatinl e o) a4 Lace) .Weibull-Gamma Fading isia <y 4L Jual 38 )il
SNR sl de il ) 8)LaY) Ao Uaiind Gl 1S BER ) Uad Jaes

B slaal) u-°' PRESIVIRY 533.4.'\3\ <lalae) -1

222l STBC JlSal lill Jpasill 4 aciny lilsgd) aawia SLaY el s dadai cuds
1clua ill Wy (Matlab Bl el y

Alamouti code seYT s ainy MIMO STBC alai—

-Max=SNR jladll e cililsell HLaA) 4aa) ylsa—

sast pad s ) Gaps Weibull-Gamma Fading 1 G, daiae 4SLDU) slall-
AWGN Cilias

4-QAM i) Jaaeill -

Ase 10000 z3sadl b doriisal) dluyell gal 23e =

A58l =
:@ms

3 Lial) 533.43 Cra 38l 1
o= Weibull-Gamma Fading 1 la, Liufyy 8 deadieal) sUdl 2adei daa (o Boaill 4y L
Opehlll Adlise o (aljilys MIMO Alamouti 2 x 2 (M = N = 2) alail ) Uad Joee 5lSlae Pla

72



Tishreen University Journal. Eng. Sciences Series 2017 (6) 2321l (39) adaal) dsuxigh aslall @ 0350 dasla dlae

o ST Laag sl Jaly cogial) dagday leSaty ufiold) cpia of e USY b s zisall (s
b sm 3ASY) Al Jal e Galad) alaill o) Uad Jans (3) JSEN (Wil jaual)
(b=m=2)(b=m=15)(b=m=1) (b=m=0.5)

10 :
b=m=05]
—e—b=m=1 |]
—B—b=m=15]]
—k—b=m=2 ||
q
0B e
NG
-
NN
lx
m N
10 \\ =
\’4.\ \\ S
\\\ AN \
\‘i 14d8 L\
A S
N X AN
N N\ N
0 5 10 15 20 25 30
SNR dB

b sm J dilisa a5 Weibull-Gamma 5L Jai ¢« MIMO Alamouti 2 x 2 alaill el Uad Jana (3) Joi)

MIMO Ul sk ¢ JBall disas e cpiibiad) o sialll Aad 305 oo ) Uad Jans sl oDl
Ljlie 14 dB Jsay J8F SNR 4egy  BER = 1072 laa Jase i3 (b =m = 1) Jal o« STBC
LS (1) a2l & Weibull-Gamma z3sall (gylaill =il daia il o2 S55 ((h = m = 2) Vs ae
L14] b il e Gilsn

lueas MIMO Alamouti aUaill e culilged) HLaa) Zaa) )l Badail LI ~3gad e B8l 2ay Jiins
(b = m = 1.5) xe Weibull-Gamma 5l alaiiul 5 laclaay (N1 e 4l alal) oo 5Ll Ly 5l 4yl
14,157 481U Jlaiy) 3l & canally csial) 3180 Lo g Ladpad Allad) o0 Jiad Cam

JUeuy) b cliilggd JLEA) Lpajsled (ki 2

dal ey clilsedl Sl 4yl Gudaiy MIMO Alamouti aUaill el Uad Jaes (4) S0 el
LS L Jhimay) 4 Sl N =2 o Ll ddadladll pe M =2,3,4,5 L)Y & calide @il s
Gllsell Hlas) a3ts ¥ A MIMO Alamouti 2 X 2 dlud) Alall el Uad Jaee IS8 ek
O e Max=SNR jlall iy Jlu D i€es cpilsn Jumdl HLaaly Lils dpa) lsad) o .45all addiodiug
(4) JSall g sy JS & JluyY) clilss axe 5al) ae call Ul ohal sty zrany Lae basmsall il gl
1Y) 138 ety Laiy BER = 1072 las Jare a3 Jal 0w SNR % 18 dB ) 2 X 2 alaill zlay
Dlie 4 X 2 Uil e culglsel) Uil dw) )i Guls e SNR & 14 dB

73



ol MIMO STBC Uaill & culilsell Hladl dueylsa ¢ldf le Weibull-Gamma z3saill  sll) Las 5k

10
2X2 |
—e— 3x2 | |
—8— 4x2 | |
—%k— 5X2
10"
o O
| N
m
107 X\
\\\ N
\G ‘}\ i
T
% 1
\
N\
|
. \ Ne
10 N W
N ‘
N g |
N N\ N\
N\ \\?\ PN
0 2 4 6 8§ 10 12 14 16 18 20 22

SNR dB

ailailsgd) JLad) dsajlsd (gaukaly Weibull-Gamma 58 Jai ¢« MIMO Alamouti allaill et i Jaa (4) st

LAY Jays ks A 3

3sa5 i MIMO Alamouti aUaill ¢1af s e llsell HLas) dae) s 508 Alull mibull ]
Weibull-Gamma Fading z3saill & sl Lals of (alil) olS cum JlayY) & e M =2 e S
Glaal) 3l Jaf il Aila] 3 A Ll UKD LS Lgiiat ol (e ) A0 AMA) (38000 Lo s Lasies
4% 2 Uil Lagie) (1) syall & bl zisall @y Juaayly Jupyl & il Jddeas P
S (5% 203%x2) @AY Al e ol alde) (Ko 4l lde afgl) dila) aey sSlaall ehay JUS
Oe Adlide clayy 6 38las ol e 150 o Correlation Factor (p) Jaall Jelel ddlide ad ¢ Uac)
Ll il calzal) Gadl) il p = T Lagana Ui Giloa p = 0 of Wle cola¥1 o a5l

MIMO Alamouti Uaill cililsel) Hlid) duejlss 3 <l as Jawe 36 44S (5) JSA
Correlation Factor ) asaall Ll Alla silas .Weibull-Gamma Fading z3sall sLall a4 x 2
el o Bl A A o Gl S Gus (4) JSall 8 4 X 2 alad) Alls (5) IS e (=0
BER = 1073 de Jspanll Jal cpad .all) Alall e d3jlie 5Ll Lal 55 5005 pe sl Ll ) lsa
Vall po djlie Jull Je p=0.7 5p =04 Lyl xic 2dB 51 dB laia; SNR duall 524 sy
ceoadaal) Alall e tan cuji e sasp = 0.9 Lulp xic 4 dB ) laiadl 13 alay Lei caullid)

74



Tishreen University Journal. Eng. Sciences Series 2017 (6) 2321l (39) adaal) dsuxigh aslall @ 0350 dasla dlae

0

10 e
Correlation Factor = 0 (No correlation) |
—©— Correlation Factor = 0.4 [ ]
—&— Correlation Factor = 0.7 [ ]
10°S —3%— Correlation Factor = 0.9 |

~—
S ~
1
N -
x
& N
AN RS
.
NG N
\X SN
10° :s\
\\ N \\
NN NG
N = N
AN AN
AN N
N

0 2 4 6 8 10 12 14 16 18 20 22
SNR dB

L8] e lsd (gaalalyg LAY Lol 35350 Weibull-Gamma 5L Jai ¢a MIMO Alamouti alaill el Uad Jana (5) Joi)
il ggd)

tGlbuagilly clalitiuy)

MIMO STBC .Uaill cililsell Hlodl dujlsa elal e sball g ,ih Al il 138 Jsls
Llall all bhag b el (Say Weibull-Gamma Fading chsea cld Sy Jlad) sld ) il
Ay

AL Jlay) 3l slSlaad Weibull-Gamma 3 saill adlay 434 50 (3) &l & i) -
JAdliae Cisid il LSLY Jlall g slSlaay Dy M Gpasiall (jiahlll dsas ey Cua

cliiul Cus MIMO STBC il L lgiuk die clilsell Laal Gyl Alad mibill cuasi-
e 5 Y1 e riSan il Juail LEaY JlpY) & Gl sac dsas (e JS) (Diversity) el
54X 2 on 4 dB) U8 SNR e e oS5 (clilsedl Hlaa) ¢sn) SaudlS) alall Uadll Jane (i Giaty
iiny Lo 135 JlayY) & delainY) oDigiu) b Laliss) dagally ¢lld ey ((BER = 1073 Jal 00 2 % 2
ASLOU L) alle b sady L pall Jila) (e

bl iy Cua llsed) sl dae Al ) Uad daae e sl L il (sae Al cupelil-
oo oSl L dadll 3045 ae Weibull-Gamma slill (e culilsell HLas) daylea olal 8 Laalisl Hle J<5
Vsida oY) (mlasd) oS (L 0.7 Sa 0) Ll Jelad e Jlae an 4 i) oS (oAl dea
(Gov W Gy (Ll pae dlla) Alial) Dlall ae )l (BER = 1072 2ie 2. dB a1 ldiey 35lus)
ol Jalad ALl 2gaall e dan S8 Jiany of plail oSy

75



ol MIMO STBC Uaill & culilsell Hladl dueylsa ¢ldf le Weibull-Gamma z3saill  sll) Las 5k

F YN

[1] Clerckx, B, Oestges, C. MIMO Wireless Networks: Channels, Techniques and
Standards for Multi-Antenna, Multi-User and Multi-Cell Systems. Academic Press
(Elsevier), Oxford, UK, 2013, 752.

[2] VASHI, R. CHOKSI, A. SEVAK, M. M. A Performance Comparison of
Spatial Multiplexing MIMO. International Journal of Computer Applications, Vol. 125,
No. 3, 2015, 6-9.

[3] SHARMA, N. Space Time Block Code for Next Generation Multi-user MIMO
Systems, 9th International Conference on Future Networks and Communications, 2014,
172 —179.

[4] ALQAHTANI, A, SULYMAN, A, ALSANIE, A. Rateless Space Time Block
Code for Massive MIMO Systems, International Journal of Antennas and Propagation,
2014.

[5] GHRAYEB A. A Survey on Antenna Selection for MIMO Communication
Systems, 2nd International Conference on Information & Communication Technologies,
Damascus, 2006, 2104-2109.

[6] CHEN, Z, YUAN, J, VUCETIC, B. Analysis of Transmit Antenna Selection
/Maximal-Ratio Combining in Rayleigh Fading Channels, in IEEE Transactions on
Vehicular Technology, vol. 54, no. 4, 2005, 1312-1321.

[7] CHEN, Z, Collings, I, ZHOU, Z, VUCETIC, B. Transmit Antenna Selection
Schemes with Reduced Feedback Rate, in IEEE Transactions on Transmission On Wireless
Communication, VOL. 8, NO. 2, 2009.

[8] GANGWAR, V, CHANDRA, D. Capacity and BER improvement through
antenna selection in MIMO systems, 2013 International Conference on Optical Imaging
Sensor and Security (ICOSS), Coimbatore, 2013, 1-5

[9] ALMMARI, M, FORTIER, P. Physical Layer Security of MIMO Wiretap
Systems with Antenna Selection in Rayleigh Fading with Imperfect Feedback, IEEE 82nd
Vehicular Technology Conference (VTC2015-Fall), Boston, 2015,1-5.

[10] CHEN, Q, ZHUANG, M. Performance analysis of QSTBC systems based on
transmit antenna selection in correlation channel, 2010 International Conference on Anti-
Counterfeiting, Security and Identification, Chengdu, 2010, 351-354.

[11] SHYAMALA, S, BHASKAR, V. Capacity of multiuser multiple input multiple
output-orthogonal frequency division multiplexing systems with doubly correlated
channels for various fading distributions, in IET Communications, vol. 5, no. 9, 2011
1230-1236.

[12] CHAKRAVARTI, J. M, TRIVEDI, Y. N. Performance analysis of MISO
systems with antenna selection over correlated channels, Twenty First National
Conference on Communications (NCC), Mumbai, 2015, 1-5.

[13] KIM, S. Performance of decremental antenna selection algorithms for spatial
multiplexing MIMO systems with linear receiver over correlated fading channels, in IET
Communications, vol. 11, no. 6, 2017, 855-863.

[14] ANSARI, I. S, ALOUINI, M. S, On the Performance Analysis of Digital
Communications over Weibull-Gamma Channels, IEEE 81st Vehicular Technology
Conference (VTC Spring), Glasgow, 2015, 1-7.

[15] TIWARI, K, SAINI, D. S, SER improvisation of MIMO-MRC system over
Weibull-Gamma fading channel, International Conference on Signal Processing and
Communication (ICSC), Noida, 2015, 70-73.

76



Tishreen University Journal. Eng. Sciences Series 2017 (6) 2321l (39) adaal) dsuxigh aslall @ 0350 dasla dlae

[16] TIWARI, K, DAVINDER, S, BHOOSHAN, V. On the Capacity of MIMO
Weibull-Gamma Fading Channels in Low SNR Regime, Journal of Electrical and Computer
Engineering, 2016.

[17] CHAAYRA, T, BOUANANI, F. BENAZZA, H. Performance analysis of
TAS/MRC based MIMO systems over Weibull fading channels, International Conference
on Advanced Communication Systems and Information Security, 2016, 1-6.

[18] TIWARI, K, DAVINDER, S, BHOOSHAN, V. Antenna selection for MIMO
systems over Weibull-Gamma fading channel, In Perspectives in Science, Vol. 8, 2016.

[19] NGO, Q; BERDER, O; SCALAR, P. General minimum Euclidean distance-
based precoder for MIMO wireless systems, EURASIP Journal on Advances in Signal
Processing, Springer International Publishing, 2013, 1-12.

[20] BEJARANO, O; KNIGHTLY, E. . IEEE 802.11ac: From Channelization to
Multi-User MIMO. IEEE Communications Magazine, Vol. 51, NO. 10, 2013, 84-90.

[21] SHARMA\V. “MIMO Techniques in Downlink LTE Networks: A Review.
International Journal of Advanced Research in Electronics and Communication
Engineering, Vol. 4, No. 2, 2015, 325-327.

[22] GRADSHTEYN, 1. S, RYZHIK, I. M. Table of Integrals, Series and Products.
New York: Academic Press, 2000.

[23] NAKABAYASHI, H, IGARASHI, S, HAMASHIMA, T. MIMO Channel
Model and Correlation between Channel Matrix Elements in Multipath Channel. IEEE
75th Vehicular Technology Conference (VTC Spring), Yokohama, 2012, 1-5.

[24] ALAMOUTI, S. M. A simple transmitter diversity scheme for wireless
communications. IEEE Journal on Selected Areas in Communications, VOL. 16, No. 8,
1998, 1451-1458.

77



