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Dithanon Khrutmuang 2012: Antenna Selection for Multiantenna Wireless Channels
with Mutual Coupling. Master of Engineering (Electrical Engineering), Major Field:
Electrical Engineering, Department of Electrical Engineering. Thesis Advisor:

Assistant Professor Wiroonsak Santipach, Ph.D. 60 pages.

This thesis studies and presents antenna selection methods for wireless channels with
multiple transmit and/or receive antennas. Selecting antennas that best suits status of current
channel state increases the performance of communications, for example, increasing channel
capacity or decreasing outage probability. The proposed methods are based on and improved
upon the selection method by Gorokhov. The difference from previous work is the use of
mutual impedance in addition to channel information to select set of antennas. In this research,
model for fading channel includes spatial correlation and mutual coupling among antennas
installed close to one another. Antenna array is assumed to consist of side -by-side dipole
antennas and to have very limited space. The proposed selection has less computational
complexity than Gorokhov’s by reducing the number of potential selection of antennas with
thresholding on mutual impedance. Simulation results have shown that the proposed methods
perform close to the optimum, which is obtained by exhaustive search. In some cases, selection

complexity can be reduced by 100 folds from that of exhaustive search.

Student’s signature Thesis Advisor’s signature



paanssudsema

9 9 a o & o a <3 4 A (=
VINRIVDNITIUUVUDUNITEAM WA ATITUANA TUALWY T Usgsunssumsnysnm

[

Iniinut se.a3.A39031 wTyanunsad nssumsndTaviiw uazernsdmain

I

Aranssu lihmnnuin ldueuanuiungide

A Y3 a a o 9
VONINVUDUNIEANU TAAT.AUN ATNNDI wﬂuum 1Az WNA15199 anya Inied QL‘]JL!
a A v A y Y 9 dyy £ gy

WITAULEAE HNAANTID AN I‘(JL‘]JH“W‘D’WEJ mamﬁwmmwmm”lﬂemmamamwwmaaﬂm
[ d‘ o’/ 9 zﬂ' Y a a [
VDUAMUAITHINNUUAIVINWISL ‘llf]‘UGlﬁ]LW@ulm$u@\ﬂuﬂﬂl$’3ﬁ’3ﬂiiuqv‘lﬁ1 UM1Ineaey

o Aan a [
LﬂHG]ﬁﬁWﬁ@]iTﬂﬂLﬂWTSUWﬂﬂQH@]W P NEYNI9DT uﬁ@ﬂiifgmﬂlﬂﬂ LLﬁﬁi’!ﬂﬁ}Wﬂﬁ@uNﬁT}‘ﬁﬂJuﬁﬂ"l

UszamaTuva gilumdslwazussiuaalalddmdauoin

a

a a Jd 1 dydal 1 9 Y Qv 9 @
"rﬂﬂ’J‘V]EH‘L!‘WH‘HLEINUM"U@“LIﬂW‘iﬂ\‘lﬂi%fﬂii@ VIWRIIUATUUBDLTAUBDLLUSLIDZUYDDNYUN

v Y
A A
U Ny

a 4
ANDTUUN ﬂﬁ;“ﬂlﬁﬁ]\i

WHIYU 2555



7

aIuey

9

A5V

MINTINONAT
4 as
gilnsaiuazizms
J
9Un3al
Aad
DM
a 4
NaLaz ol
Ha
a 4
01501
ajtuazdoauonus
a31)
9
Horauouus
PNANTUAZTI91904
AAFUIN

1523amMsAnET Hazm Iy

(1

a3vsy

(1)
)
3)

18
18
18
32
32
51
52
52
53
54
55
60



=h.

a3UYMNIN

~ ~ o o 1 o 9y ad A
LﬂiEJ‘]JL‘V]ﬂﬂﬂ1u3uﬂ15ﬂ1u]mﬂﬂllﬂﬂfﬁ]ﬂﬁi}‘lmﬂmﬂ’JEJ’J‘ﬁG]N“’ﬂHﬂﬁLﬁBﬂ

CRCCRRGARGGE!

~ ~ o o 1 o Y ad A
LﬂiEJ‘]JL‘V]ﬂﬂﬂ1u3uﬂ15ﬂ1u]mﬂﬂllﬂﬂfﬁ]ﬂﬁi}‘lmﬂmﬂ’J‘c’J’J‘TJG]N“’]QluﬂﬁLaBﬂ

A1991MIAN AT
Y

nSeuisusnumsinunnuyyesdyanaaiedsaie lunsiaen

e IMAMATUIALTL

@

30

30

30



a
MNAN

10
11
12
13
14
15

16

17

AUy,

msdoas luuu T Touag Ty Ty

uerasms o ssesdyanaliae
ANBALMINANIIINAAIVIEHINTB0IMATUFD Ty I
v Y 1
udagae 1IN la Inagnivuamiuivesgad1gens
HAAIR M HINITIAB 89219V DIF 181N A
=) 1 (%3 li‘ a dg’ 1
asuemnswsesdyanuinatuluszu Ty
ad A Aad
HANIITNTADNE1981NIA 1A8I5UBI Gorokhov
e A 1 Yo A R
TuasUYeIMIAonaIeeIMaNaad Iagldsmsdaenaigemanud L
910 Gorokhov
HAAINMIAATIEDINADDNINMINITAINIITNTADNAI80INAN
Y
1A 1910 Gorokhov
Y
TUABUNTIADNTYDINANIATIAZ T VLN
Y
Tuaeumstaendeaimamadatazmaiulindounu
LAAIANNBRIT YU NUANA1TU TUYIINUSNRGIUAVDUIVAYD YA
D IMANVIALAY
HAAIANUYFRIT YU NUANA AU TUIINTSNRAMAZ VO LIUAUDIYA
e IMANVIALAL
] U d‘ ] [ 1 d’d o w 1
uaaannuresdyanaiuanaeiu Tl lugeniisdedegauazvouun
YDIYAT1BDINANI
AN TNARDIVDIN TN UAMTAULNATHAN UAUTTOULATUAII
S NITALY
HAAINANITNAADIVDINT S IHUAAIALUIN TNV AUTTOULAIUNAT
MIADNAEDINAT
UHEPIDIANNNA U IV LA YD IYAT BB INMIATIHAN LAY

[

BTy QY19

3

10
20

23

25

27

29

33

33

34

35

36

37



MNA
18
19
20
21
22
23
24
25
26

27

28

29

30

31

32

a3UYNIN (10)

9 [} o A = )=} [ A
paANEUTIOUZAUANNToIdyaNaenlFsusunums@eon
A1891NAD U

9 A A ~ ~ o
uaasaussouzauna lumsidenaeemaailsnlSesumeuiums
A A
R9NAYDINALUUDY
HEPANTTOUTATUANUTOITYYIVUIINMTAON T INANAIID
paasaussauzmunar lumsidenagemaaa luna1e UM NAAa

o J

meﬁmmuzﬁmmm@Gﬁmﬁmmmmmmmm

e

) ] 3 A a 4
uEAIaNI S UzAUANNEIZ T UNIzINA NN

LEAAIHANITNAADIVDINTMINUAAITALLNATHANUANTTOULATUAINY
BT YY1
UEAAIHANITNAADIVDIN TN UAMTALLNATHANUANTTOUL AU
MIADNA YD INIATY

Y [ o A = = [ A
HAAIANI IO UTAIUANUYYOITy Al o/TsumMsuNUNITIEeN
1001

) A o A = = o
paaIduIIaUzAUnA lumsfendivoIMAT N oFeumeun U
A A
1APNA YD INIAD

9 = o A = = as
paadusIauzauna lumsidendiso AT U oFeumMeuIsns
1A9NE 1w INANUA 1910 Gorokhov NUATMI@ONA G0N AL
Gorokhov

9 1 o A A o A

naaglvesanssouzmuUANNFoIdyaailonlasuiuauaiseInan
onlylumadaziy
nSeuiieunNuFesd Yy INTEHINMSRENT 180 INMANIATINOUN
@oNNIATUNDU

o

HAASENTTOULAIUANUTOITYRNUYBINITIONT I INATUA TN
<3| a { 4 1 = ' o

naanuiulyla 359 4) Wedenarlaulsnuanaiaiu

uaasaussouzduna lumsdend1vIMAveITMsaoNT 1w NN

3| A, { 4 ' VoA 1 Y
uf lvnrnnnanuduly1d G54 4) Wedenmautsiuanaiaiu

4)

37

38

39

40

41

42

43

43

44

44

45

46

47

48

48



a
MNAN

33

34
35

a3UYNIN (10)

Y
HEPNANTTOULATUANUFOIT Y QIVUVDINTIADNE1BDINIANINIAEN
uazsu Taelnasvsaninaanuanaany

[] 1Y d' Y 1 am A
ueraInNTFoIdya i lannuaaz 35 msdendioe1na

uaaaa lumsaena1eeInIAINIAAZ IS NSO NE1801A 1A

®)

49
50
50



mstaenmeamadiniuvesdyanalimevaemaoinea

AWNIIINGAIY

Antenna Selection for Multiantenna Wireless Channels

with Mutual Coupling
AN

as A 9 1 A 2 o 9 A o '
IDNITADAITAIYH AT YD INIATULS /MITDTU Ulﬂ‘g]f‘l‘lﬂ‘JJﬂG]fcluﬂ"lﬁﬁ”f)ﬁﬁﬁiJﬂﬂlﬁiJ

v
IS 1

] o s A A A I 9 Aav
w5y Insdnmnaoungan 3 uag 4 1evhe IEEE 802.11n uau Tuanidenmuuinums
A 1 [ 9 kY o A d? 09/' 1 @ ) Y a A
doas luvesdnana 1§medreswiuaeaimeaiuniunimadaaz sy mlddszansnm
1 Y
naalnasuinngeiuudanududmivryesdnyarugaund) madenldarsenialu
1 Y 1 [l [ 9
Sumeemanaans gauaasluauIdend i daussougvesszuudoasing sy
Tag'ldnmslSeumevuaussouzveaszuudeasnunsaen lsueaigeimeauaznis 19
Y
190 1IMANIMUANUTIANNUANA VBTN TOULDIVGINN 2 Whadeiaesaummnu ludes
=~ 1 A 9 v Y 0o R KX @ 9 ad = A A
A3l ueN5aen 1¥ae9 1N IATIRIR1H9DIANUFUFOUVBIITATADNHI BIIAT IUNITIADN
Y Aaw A ) as A 9 A v 9 9
meo1ma Tag lanauideniunnitauesIsmaden ldaeoimanianususoutioouas
MNANUITIT Yy uamsaendiee1maluauiseniuunlduuuiaesyesdnyaun
[] a [ @ 4 ] { [ Qa: 4 4
TuTanasandemansznuannanuduiussenIamesoimanaen 14 aaiune 197 1915 Toal
an A 9 [ Y Y A [ 9 a (%] d‘d 1 [
nmsmaaenldyosdyana i indinsanuanmmslsauai Tas 2dadenlinanednsves
] Y] 1 AAa 031’ [ [ @ 4 1
FoIFYIUTEUINT WO IMANAAAIINANUAD ANAUNUS (correlation) 5¥MINEDINIALDY
Y Y )
N13390AAIU(mutual coupling)3$HINAYINA 14 2 9389z HONTNAVINVUINDIZHZ S
: da avd g ye & o4 i 7, v o A Ay
senandwemAnaen I9nedIndnu deglnsaldemsituuaan wu Tnsanimdoudn T
= = [ 1 dy Y av d’ 1 U 1 1 1 o 9
prnanniiilitemarilld mnaudtenmuuaasimssiugnIusEnIdweIMai In

ANTIOULMITAOATVOIFRIT YW 1FU ANNYVOITOITYY VAN



U

Sagilsvasa

E4
Ay A o

nueihinauedsmsdenldaeomalumaduaz viomaiuluszsuumsdods
a v o 1 1 1 1
HAEE0INIA IAeHATINDIAHA NN UT I NA I INFIAZNTTINEAIUIHINA 180 1NA
A Y Y o 1 [ a o 14 A A A
e Inlnameanuanimyesdyaveie lagingilssasnvesmsiaenaigaimenaliiuni1ug
' 7 Y A v 9 o A A Y ax A
woadyaa IngangauazaannususeulumsmuiIumyacigeImanaenlyluisnisn
wnaue laldmsswgamiuserinaeemaswlumsinsadenyaaieena Tagaieenia
nogludwmislndnurumavesmssiugaiusziinaeoimalusosdyguiioninags
(L= 1 [ a A Y a a d’dy Yy 3 KR Y A Yy 1 as

nnamdaniieg igninsadenld Imedwusinaasdimiuddofuaz doidovouaaz i’

A 1 = = qul v 9 A
Tagmstaena1e) laanfSeumeuisanssousvesszuutazaususou lumsmonaiso1ma

1 ad
UBDUAASID



N13A3IVONAT

A A v
MIaemsHAYMLIMAYI0 1NN

TuTinFemsdeasvateaive1ns (MIMO or Multiple-input Multiple-output) 143
a oaj o 1 % { [ o I~ A a A 4
ﬂﬂﬁ\?ﬁ'lﬂ@Wﬂ']ﬁﬂWU']Uiﬂﬂﬂ?WﬁﬁQﬁﬂTﬂﬁQlLagﬂTﬂﬁﬂ !‘l]Llfnﬁ!WNﬂigﬁﬂ‘ﬁﬂ']wﬁluﬂWﬁﬁ@ﬁ"l3
4 A o us/’ [ @ I A a { 1
Lﬁﬂ\if’?{?ﬂﬂ'l'ilwu’1]11!'3‘11!‘1]’ENﬁ']fJ@'lﬂ’lﬁﬂ\iﬂ']ﬂﬁ\umg3ULﬂuﬂ1§LWNﬂ§N1ﬂ!%ﬂNﬁﬁﬁﬁﬁWTL!

[] [ A ] A () A A ¢ A ~ [ A
“HE]\1ﬁ'ﬂluﬂlu'lmlL'ﬁ3LWll“]fﬂ\“lﬂ'l\“lﬂ]@ﬁﬂ'lﬁﬁ@ﬁ'lijﬂﬂllﬂ@@QLWNLLUH@?@‘WLN@ULEEJ‘]JWIEl‘llﬂllﬂ'lﬁﬁ@ﬁ'li
9 A A 1 . . . A [V u’.: (=}
ﬂ’J‘c’J’mEJ@”Imﬂl,ﬂfJ’J?iilel“]fI‘ﬂ)’(SISO or Single-input Single output)UNINN 1 aariu lu Tas

a A o 3 [ a 1 1 Ia 4 yw A
‘]J33ﬁ”ﬂ‘ﬁﬂ']‘Wﬂ?ﬂﬁlﬂﬂ@]ﬁiﬂﬂﬂ‘ﬁhﬂﬂﬂﬂ@SWUﬂﬁﬂﬂ@LLUuﬂﬂﬂ‘VIQQ u@ﬂiﬂ']ﬂﬁ‘(’NLW'JJﬂ'J"I‘JJ
] 1 Y [
UUFONDVDINITAI FUNADINANUNAINUAWN NN UN (spatial diversity) INAUANLA

[ 1 2K o Y 1 3 1 o w A o @ 1
aanandeild luTudludiwdvgluunasgrumsdeas luilvgiiunas Tuewnasu IEEE
802.11n (Wifi), 4G, 3GPP Long Term Evolution, WiMAX ttag HSPA+ (HDIIANTNENT 195U

o v 1

4 I 1 o w o 1 Yy 1 ] o =2 A
NIANAN F1TALITUDYNIINGA ﬂ'li‘]JTLIﬂ'lfl'ﬁ'\ﬂ?illﬂ?'lﬂlﬂiﬂgﬁllG]E]“]f@\‘lﬁﬂluiy'lm"l]\nlﬂ’ﬂll
o & 9 [ 1 ) Yy o ax Y @ :’ o o o w A
%']LTJ‘L!GI’EN‘]JTUﬂ"liﬁ\‘]ﬂ”l%ﬂ”lblﬂﬂ?ﬂﬂ1§ﬂi‘ﬂ'3‘ﬁﬂ?ﬁﬁﬂiﬁﬁﬂ?iﬂa"lﬁﬂulﬂﬁm N1IAATIINIAN UID
A 1 A o Y a a o’dy = A A A
ﬂ"l3La’f)ﬂﬁ'"lﬂﬂ"lfnﬁﬁﬂlla$/ﬁi€li‘U(l‘ViL‘WJJ"I% Gl‘l!')‘ﬂfJTLl‘WU‘ﬁ‘LH]ZﬁﬂB']ﬂTiLa@ﬂﬁTﬂ@TﬂTﬁLWﬂLWM

Uszansnmunailnasuveinmsdeas 13ae

al50 Tx Rx

MIMO | Tx _@ T_ Rx

i 1 msdeans luuuules Tauay Ty Ty

131: Benbaum (2011)



agidonnazvordavodlula

1

)

e
oY
De

9
9 a a @ 1 A Y =
1. Iilsg@nimmmianlnasuganinmsdeasaltsaise niaifg)

4 Y] ] [ o a A ] I a °
2. Welimathsiaresdyanudasiafanaravionuinziuvesnnuranaind
U A Y ~
NINITADAITAAYT1YDINIALAYD

@

Y A Y Y A Y =
3. ﬁ"]il"liﬂLLﬂHlEUGl‘L!Lﬁ'E)\‘IGU@Qﬂﬂﬁ]‘ﬂ“ll@ﬂﬁﬂ]ﬂnﬂ!ul@lLiJi’)i‘Ifﬁ'"lfJﬂ']ﬂWﬂWa']fJG]ﬂ"lfJ nInu

O 9

v o < A

o melameniiedlugasudygiu ndliaeemadudsdyanunsosudyaiula
doide TAun

1. Wmsnsaresdyasuesmsdos luhinazmsaeasiasesdygiaiiai

o 9 o Y 4 P 1 v A v Y A d?
FUFOU Vnelﬁ?J']ﬁﬂllﬂﬁ‘ﬂﬂ']ﬂﬁ\ulagﬂ']ﬂillilﬂUWNWU“BQULWNGUH

4 ] v A <3 o 1
2. M3dAeensnatleEeeIMAdI01delinsiaAmansaiedoya(data stream) NOU
AN UFIIDINAT

o ' o £

1 a IS [
3. mydsdygrariumeeimadeuldsudygramssuiudygrauaugiu
{ 4 @ s ' TR T4 t 4
(baseband signal) NANUNIH TaelFa15aus 14015109 (RF Chain) $uilumsdeaisaie
o 2 o Ve § A sy 2 < /A o
WaneaeoINenseunugides g uau Taersieuniu #elegersiewiuglnsaindudou

Yo o 1 A dgj
Llazi%ﬂ1aiﬁﬁtwuﬂlu
aa A
IENMIaOAIIviagae91NIa

Tussunssudsems ldaeemaluszuudoars luTinuanaaiulae 2 33udn

Taun



v

1. m3hsiaaInth (precoding) 150 SaRMANTIFeiuR (spatial multiplexing) Ao
mssmdamaesinan Tnsudazdnauazgnunedsedulse@ns imnzaufuynazsasvens
Foadayana U8 a meemeasy sz Tenivesmsswdmarednaunsomainsiavess
AauzmuA LT 06195 AanAEnsTinnds ApaidoyaanuzyoToIdy N

(channel state information(CSI))

& 4 . . . I A 1 1o &
2. masaieas1enNuraInvane(diversity coding) Wuismsaelusuiludesls
] o Y % 1 a v A <3 o
Joyadouzvesresdyann Taedsiadoyannnszuaiae) Fuana 1991035 nsTaAImwa nd
a & Ao Y o Ay Y 9y o A A
FIN U degumsinsiaiioas wanurainvae laun mstnsanisiuntagial (space-
. 4 I ax glcudlalugjaa aad A a VoA A A A
time coding) WUATMINTH AN JNelAna wazIANUN 1T a8 MAT SN OINNANUU TN D
yoamsaeriudoyaluszuudoas I¥amemadnsiaedisiie wu msldameenadara
1 v Y 1 1
meoinaNuFanvesas lilduniessumeedsioousdundeyarzieninsunas

dwnsoneasiateya laveelioadananainandia
o ) w % 1
msdraesvesdeyanaliaelula

\ v k4
Yosdayaallime

'
o v A

d‘ o w [y d‘w 9/2/] =\ d' 1 d‘ a

iosniniasesdyaansu laiuiinmsdsunlasseunundehasiinaninnms
VNMIBVDINAUT Y MINHAVDITNINIIAADN 15U AU 11T Ao AN HTD AINAVINMS

] [ 4 [
aunvesnauiildinamsazion @enuu uaznizing Inasomanlasunlasvesszay
o { o ! ! @ < 1 4 1KY
doyanunsuldamunind 2 msnlasunlasdgyanuezidulledied quazivegiu
32z Tagiasdyaraailinsaanan Iuoas MANAUADITZIL NI (INNI1TRMIBHDY
[ J { 1 1 1 1 I
aananinanudeduimsvemeainalvg) (large scale fading) #2UMsMIBEINAEAN
(small scale fading) AA9INMSIAUNIVBIFY Y IUHAI0IEUNI (multipath) YR BN
naedunesmiuinIATueimsTmiuuEs uiunsernantuih Innansdouves
o a A v o ' < 3 y
dyana Teanansn)asunlasvesszaudygiaediesiaiiluszeznaidu qvioile
A o A A 3/[ Aa 1 Y o d? 1
inFoasunaouiluszezdaus Tasytiavesnisaramentisesn lMilluraisanyuzIueg
nugaanyue luresdyn I 15U MINNIITNDIVLIAY0IIAIMTIF0N Toa(coherence time)
] 1< 1 ' < a

uaie1diTu 391918961997 (Slow fading) HAZNITIIINIEE IS A (fast fading) HINWTAT
= Ja . ' 9 ~ .
DNUUIAVOIUUAIAT (coherence bandwidth) t1ie IATI U MIDMIBHDUIG 8 (flat fading Hitaz

A A . . Y
MIVNMGUVVIANANND (frequency-selective fading) 1T UAU



Non
Line-of-Sight
Connectivity

qR

‘i#%lé

R LA
°

~

3x3 MiMo

MnA 2 uagasmsdeasvosdnanaliae
3: Proxim Wireless Corporation (2010)

v v d 1 d‘ Y
anduiusszrIemaeImaioglndnu

v o . ' < v o J ' @ ' @
ANTAUNUT (correlation) izmnmﬂmmmﬂummauwuﬁszmnemwmwmﬁmﬂgm

1 1 { [ [ [ @ a’y Ty A o Y]
5zmn@,mammﬁﬁaglné’ﬂuiﬂsmamzmwuﬁuagﬂumﬁmaminizmammﬁtynﬂnmuazﬁu
[ ~ @ 4 v o J 1 = o o ] a
aagagmimmammw%é’m gﬁaﬁwanwuﬁizmnmﬂmmﬁm1qmﬂﬁmmu%mmmmz
. 1 o 9 A A < ' Y
(independent channels)mawmatyﬂunm”limﬂaﬂmmmmﬂmﬂmmﬁmmmmaﬂuazag"lﬂa
% Yo @ d’ 9 [ v @ =W A 9 [l Y o [] o '8 d’ ~
ﬂu%”lﬂmammmmmanuawauwuﬁumqqmmammﬁﬁmagiﬂanu wu Insannnaoui

ao v o J 1

(Kermoal et al., 2002) 31NHA289UD (Dai, 2006) ANFUNUTIZH N 1DINADIILAANTD
v 9 v v
NANNYYeITeIdyamIusgiuan Uz sesdyanuinndelunsaiinadei voyaaniuz

] o < o 1 4 o 1 o A [ o {
ﬂjawmatytymnﬁmﬁaﬂwmimgﬁaiﬁmmzmJ615@qmgnunmuazmummwmﬁngmumﬁ
A v W 9 1 T 9 9 4 ] o ~A =
mavduiug 18 Tﬂﬂmﬂmmmiammaga%gn@mﬁmamimmawmamumuwmmﬂaauuﬂm

¥ o d 1
HAagaVauNUDITEHINT1991INIA (Santipach and Honig, 2009)
PIFIINANIVITHINALINA

] 1 . 1 3 = o 1 3
M13591gA1 (mutual coupling) 5z 3dwo M unstenimmaiman Tidh
~ 1 Y o . £ a d?’ J o 1% o 4 1
Yoaa1weINanod Indnu (Balanis, 1997)F0zinntiuadug livanduiusszninaiwena
iWemeoimaeglndnundsnunnmesimanilazmilenildinandsauludnaieenis

I Y [
M3NAMSITINANIVITEHINTWOMAE aN30eT1Ne lamunInn 3(n) Aal dietiaeeme



7

9 v
d9m uag n naanslndnu drldunasdutiandsnunaigeinia n wasauazgnariuly

Fadwia (0) neuaszums nszae lilmuoimandwmya (1) wazdwmua 2) Taglindanuaiu

=3

d‘ ! 3 1 = 3 | 4! | £Y =) U

wilaignds ldedeeimeds m szlindsnudiunilegndsosn liuiinszaeeonlid
Ao VoA 1 o ~ A g () a @ 1
2IMANA MU (3) drunasnuimasiugrass uilandelumeeimada m Ty
Auniia @) Tura AINGsuRENT NI 20189 10@01MA m 1edIuzgndnay ld
9 1

A1801MATI n Tud i (5) Tuapumsmemnasnuszadionu hiiwegn/asuaeemade m
[ 1 o A @ 1 o A 1 z '
Wlunvasduiandsnu nioewmaisuiaeonndeeImad n 3o lANId18e1MAds m

Y
1AL n VUAAY MEIANGIN U UITIA

U

Anterna m Anterna n f

@ Incident
wave Tront

bntenna m bntenna n U

MUN 3 ANBAULMIAANITIINANIUIZHINA B IMA IUToIdR )

31 Balanis (2005)



9 ]
AIUMIINANMITINGAIVTTHINT B INATY dunsnesuie ldaail 9nnwi 3(u)
] 9 [
Wetheee1MATy m uaz n waaaslndnu Weaee1Masy m lasundsnunndyna
Lﬂ' o 1 = U 1 d! % 3 3 o ]
dos (Rwmis (0) sziindsnudiuniligngaduldsaeerimeaiy m Tudwmia (1)
Tuvmghiindsnuudiugnagiounaveenly (@ wmus (2) wauuNaILY0IE Y
[ d' Y [ d‘ ) 1 d‘ o 1 Y] d! Yo
91INATY m Adziouoon lUdiormandumis 3) AduwuaaeoI1MaAsy n ¥99z 145
wasnunnurasdanasauludwmia 0) de Tuvazhaieenasy m e lasundenu

Y o Y A 9 1 o a 1 o o o '
ua3%3%1ﬁu1ﬂﬂ618uﬁaﬂﬂMUQﬁQWﬁQQTu@BﬂqﬂﬂﬂﬂﬁﬂﬁiHWWHWuﬂ(4)

Allen and Diamond (1996); Mckay and Murch (2010) la@nznanizyesdaanaiiiangan

g o

feanduiussyninaweImanazMsTINgaIusEnINaeo N lusesdynia (spatial
correlation and mutual coupling)IﬂEJ‘V]ﬂﬁ@ﬂuﬁ1&lﬁ)1ﬂ1mmﬂ1ﬂ1wa(dipole) A21UY1IVDIYA
891N A(antenna length arrays) gnivuaaer 3imnilalassad sensumuiulummms
(ground plane)ﬁamwﬁ 4 yaz Twdsnumsdedyaauniiu Wiy uIu e
Glﬁ’ﬁwmﬂmagﬂﬂé'ﬁumwﬁu danalfanduiussenieaeen ey nIsaugal
'iw3'1amﬂmmﬁclwﬁmé’f'ﬂgﬂujwmﬁmqﬂﬁuuazﬁwaﬁUﬂwiS’uw%dq%’ayjaMﬂfu loszezing
szuinangeimaeg Indfmunnnuhanudyaaisanawd$aumeeimaziivn
ot ﬁﬂf?ﬂﬁmmhmi%’ﬂGmmwmmﬂmmmmwumﬁaNizwiNmﬂmmﬁﬁﬂﬁwaﬁumﬁ

AANIIIVYAIVILHINA WD INATUFDITYYIUAINAINA 5

7 —d |z 7
- — . . . -
bntenra m Antenra n fintenna z

Artenras Length Arravs (1)

v v Y H
a4 naasgameo1nialaInafignimuamiiuivesgaaieeIna



1]
T e

! !

d
A) Side by side

¢TH——

B) Colinear C) Parallel in echelon

MNA S LAAIRIHUINTIATE9I1VIT 10 1NA

9

a d' ) A U 1 d' Aa K U [ dy
Iﬂﬂﬁ"a:‘]J‘]J'iiJTf,L!fﬂﬁmuﬂ’)uTﬁﬁﬂﬂﬁﬁ’Juﬂﬂﬂﬂﬂlﬂﬂﬂluiflﬁnﬂ‘ﬂ%ﬁ]ﬂﬂ\iu
Y] A A a =3 9 ] 4
L. anHUSMILAAAUVDITIYDINIANTDFUAVDIF1YDINIA TINDIUTUNITUINA

SANMIUAATUUBI IR INMALNANDNITIVGAIUTZHINE IO INIA

1 1 ] 1 A Yo A =~ =
2. JEYTUNWILHINTUINA IﬂﬁligﬂgﬁNigﬁ'31\‘1@'1861ﬂ1ﬁ1/]1ﬂaﬂuliJ’E]LﬂifJ“lefJ“LI
] 4 o Y 1 1 1 v LY
Glu‘ﬂu’wﬂ’ﬂllEﬂ’mﬁu%gﬁNﬁ%ﬂ‘l’iﬂTﬁi'ﬂMﬁ]ﬂ’J“}J§$W31Qﬁ1801ﬂ1ﬁﬁWﬁﬂ‘]JﬂWifT\iﬁiyﬂlﬂmiﬂﬂ
3. 151!,!,14‘1!'\1ﬂ15%ﬂﬁﬁ]\1’JNGUﬂﬁﬁ18®1ﬂ1ﬁua83}mﬂﬁ’JNi314’513ﬁ18®1ﬂ1ﬁf|Nﬁﬁﬂﬂ1ﬂlﬁiﬂi$ﬁ]1ﬂ

YBINTIINGAIVIENINA1GINA

a d o a & 1 1 A a
518'&13!,%‘(’Jﬂ"llf]\iﬂ'li’)l,ﬂi'l$°ﬂﬁll‘]J‘iZﬁ‘ﬂ‘ﬁﬂ155'JﬂJﬂﬂ')ﬂfﬂu1§ﬂf%|}UW1LW3JmiJU]J$]}(BalaniS

1997)
o a d 1 [ v
gmumammaﬂmﬂmaﬂﬁmawmatyq’nm"luiu

o Y ¥ 1 o o 1 ' (Y o @
ﬂ”l‘l/iuﬂcl‘ﬁ Ni imnudivauaigeimads Ne imnuanuivaige1nmasy ﬂ”l'iﬁﬂ‘lel”l
) a 4 A o 1
LL“]J‘]JmaE]WINﬂmGlmﬁﬁ‘iﬂlﬂ\ﬁ&mﬂ]’liﬂmmﬁnﬂmim‘ﬂ‘uﬂﬂﬁ%N‘Ifﬂﬂiz?‘f’JNﬁ‘W’mmﬁ
1 v 9 v @ X (BNl A o 1 A .
mﬂmuazimaammmmuﬁcluiﬂmunmhlmamaﬂ@aﬂﬁuﬂmﬁmutmmﬁmum(contmuous
. . v o v A . . . A ¥ <
time 51gnal)GlTiLﬂuﬁﬂlumu1mUlNGlfJLu’t]\1(dlscrete time mgnal)ﬂ‘i’é)ﬂﬁu,ﬂaﬁmﬂﬁﬂlumu1ml,l,’é]u$a€)ﬂ

< [ aa o v 1 %
Tdnaedudynrunidsia ld Taen155nA10619(sampling) 118 151119171 (quantization) Y09

9
[ 1 v A

d @ 3 v o J @ 1 o
ﬂmﬂﬁmﬁ@!ﬁ@\i @QHM’G’HMTiﬂﬁlflu’ﬁllﬂﬁ!,Lﬁﬂ\‘iﬂ’313Jﬁ3JW1J‘ﬁ‘i$W’J1\1ﬁﬂJuﬂlu1mﬁﬂllﬂgiﬂqﬁﬂﬂu



10

y=Hx+n 1

v A v W t4

Jd [ 7 4 1
Tag v 1N NNAOS T4 YYIUIVNUVUIA Nex1 sununnmesdaanbalasdiuuin

Nt w1
4 o o Y o I o
n UNUNNWEIVOITYIUIUNIU Tasimualddyaasuniuilulssnndyaia
= @ 3 a J o Y A ] o
TUNIUFU ﬂ\iuuﬁ'iJ'lﬂfﬂGluL'Jﬂm@iLﬂuG]'JLUJT@I?J‘VI?Jfﬂiﬂi%ﬁ]'lfJ'V]'Nﬂ’J'liJu'li]%nJuaniJ
d A v o 1 I 1 o = [ ¥ a a 4
NN A9NIDYNN LA H Lﬂu%mﬁmumummmﬂmmu Ny x N, IﬂﬂﬁNVHﬂﬁlulﬂJ‘ﬂﬁﬂcﬁ
HNUBATIVIFDIT YA TEHINAIOIMATIAL A 100 INATY T UIIa0IveIdy I
v
ﬁi]'lﬁmWﬁﬂﬁ‘Viﬁlﬂﬁuﬁ'ﬁ'gﬂ'ﬂﬂﬁ']ﬂﬂ']ﬂ'lﬁuagﬂ'lii'Jilﬂﬂ'J‘Uigﬂ'J'l\?ﬁWﬂﬂWﬂ'lﬁ ﬁaﬁumm?ﬂcﬁ
] @ o tiyd 4 [ dy
Gﬁﬂﬂﬁﬂluﬂlu”lminﬂllﬂllﬂ?ﬁﬂﬂuﬂﬂﬂﬂﬂﬁgﬂﬁ]ﬂﬂ\‘iu
1 1
_ C,RZH,S2C
PeFy @)

~ a Jdi o ad ¥ [
Tasn Hw unumsnsresdynugavadiiving Ne xNe Tagdasives
l @ 1 [ [ Jda g
FOIFUUIUITHINTWYDINIAN J LUASTIYDINIATY 1 ﬁﬂ'liﬂi3fl]'lfJLL“l.I“].ILﬂ"If’fL“]N“]J”E]HW%?JfIﬂ15

L
WMLV VISIA (Rayleigh fading) aziNMIVNMIBLVVITOY (flat fading)

hy, h1Nt
H,=| : =~ 3)
hy,a o hyew

[ eﬂj a ]l'- =\ ] I da 9 1 A
aaiuam¥n i Inisnszareneanuinvzduuumasise uaunag laganae

Y 4 J A 1w &
L'i/nﬂ‘UflfufJLLﬁ3ﬂ1!£ﬂﬁﬂ3’31&(varlance) IMNUHUN

LI

multiple multiple propagation multiple multiple
TX antennas inputs channel outputs RX antennas

' ]
A a

a6 o5 en s IuTosdyaainaduluszuyluli



11

a J [ 1 o { a v o oA o
Tag R uaz S Aommandwansznuiuyesdyanainannannmanuduiusinnsy
pazmadenuday Taeliduuagiuliudazaroomainsunsnssnodayuaiuduo
4
(uniformly distributed angular spread) ﬁqﬁumﬂg Juvums Jakes(Wallace et al. 2004)
J .. a 4 o o J 1A
99A1/32n01 (i, )) VOUUNINFANTUNUTAINTIND

ani' L.
Si,jzjo( A”),lSl,]SNt 4)

d o w { 1w 1 v . .
Tao Ja() fio HantuBessel 81AVN 0 1AL IMAVTLOLHNTEHINAWOINA § 1AL |

A A o ya o yvq ¥ "o 1 @ ~
A ADANUININAUVYDIT YU Ej’li]ﬂllﬂgl‘ﬂﬁm’mﬂiﬂﬂg‘ﬂNLVI'IC]ﬂuIﬂEJVISU’EHJLsUG]GU’ENG]gﬂ

4
%

AWDINMANAUNINY D Ad1TY

__ D¢li—jl
df R | (5)

TAg32eeHI9TTHINE 100 INIADTUIIAINANINT 4 LAAINITIAINE18DINIA I

{ a 4 v o d @ a o ] - T W
VULNUNTAFANTUNUTNMATY R Faun¥nlud s Gj)miny

211d; T
Rij=Jo (1) 1<ij< N, ©
Dyli=jl
dij = ﬁ ()

< a d ' U ' [
C lag C, LﬂumﬂiﬂGﬁWﬁﬂﬁgﬂﬂﬂ15ﬁ'Jllﬂﬂ'J‘]J5851’7'J'NﬁTﬂ@TﬂTﬁiu%ﬂﬁ’]ﬂ@’]ﬂTﬁﬁﬂ
[ o w o Y I a = LY ' S [ =
wazdam a1y Mriuald R iumnsnsivuamny Ne x Ne ipasuuas S Jvuamn

Sndffiy Nex Nefimnde € fivuna Ne xNp yag Ce flyuna Nex N,
C=ZrZt + Zs)" ®)

Cr=Z (Zp+Zp)? )



12

<3| a da A J o a a J 1 . . [
Tag Z1 HJUQJTHﬂ“]f@iJWllﬂucﬁﬂﬂlﬂﬂllﬁgﬂuwuﬂu“ﬁi'JiJ( impedance matrlx)ﬁluﬂmﬁ\i

=
HUHIA

o ] T Aa A d o

N, x N, Tﬂsflu@1umuuér'ummwu(diagonal elements) UTTINNOUNUAULAUD (self-
. o 1 a Aa A A my ) ] 9 .
impedance) uazﬂ1l,!,wmmmml,1nniﬂmamn"1u‘lﬂagiummmmumwmu (diagonal elements)
I a Aa o 1 [ 1 $ [ [ o
L‘]J‘L!@N‘WLLﬂu“’lfellfN331’?'3'Nﬁ"]fJ@'lﬂ']ﬁﬁ?f]ﬂWﬁi'nJﬂﬂ'J‘U(mutual impedance) “dl);\i ZT ﬁﬂ']ilﬂﬂﬂ”l\?ﬂli
4
ﬁu@gﬁu%uﬂﬂlmmﬂmmﬁ ﬁ']ﬂ@al}fonﬁw%']3ﬂ!'lﬂﬂlﬁllﬁﬂﬂ”lﬁi'JiJﬂﬂ')‘U’f)fﬂ\NWfJ ﬂ'lﬁlﬁﬂﬂcl%}

oo la Inantvinasat(a)anuvend) lunileanueninauta a6 8921991901 (side-

2
=

by-side)a@nnsalowiuaumsduiinuaudanes(Z,,) Iavlinszua liihgegaiion1dq

(Balanis, 2005)
Zm = Ry +jXp (10)

Zm Usznoudieiuiueie Bm vewduinaudaueslaslinszua lihgega uas
uIuanm Xm vesduninaudanedlaoldnszualiihgega

R, {0.577 + In(2mtl) — C;(27l) + %Sin(ZTED [S;(4ml) — 2S;(2mD)] +
12cos2ml[0.577+Hn2nl 2+ CAnl —2Cik21 ] (11)

a U
2T

Xm = 2={28;(2ml) + cos(2ml) [25;(2m) — S;(4m])] — sin(2m]) [2; (2nl) —
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1:Qg={}and Q, ={e;y...ey,}
2:L=0
3: While (L<L,)
4: Find
e, =arg maXe]'EQS logz det (INr + NﬂtHeJe]THT)
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5: Q5 < Q5 U {eg}
6: Qn e O\ (e}
7: L-L+1

8:End while
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25 2: Modified Gorokhov Selection Algorithm (MG) on Transmit Selection

1: Qs ={}and Q, ={e;...en,}
2:L=0
3:While (L<L;)
4. IfL=0 then
5.  Find
es = arg maxeeq, log, det (Iy, + L%He]-e]-JfHJf)

6: Q5«05 U{eg}
7: Qp < Qp\{eg}
8

: LeL+1

9: Elseif
10:  Q.={}
11:  For all e, € Qg do

£

12 Q. <0 Ufey enn:b;s(‘(’;t—z(tli;”; <u}
13:  End for
14:  If Q.={} then

15: Q. < Qy

16:  Endif

17: Find

p
es=arg maxe o log, det (Iy, 7 H(Xecq, €i€i" + e;e;HHT)

18: Qg <« O, U{eg}
19:  Qp <« Qp\{es}
20: Le<L+1

21: Endif

22:End while
23:Return (g
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1:Qg={}and Q, ={eg...en,}
2:L=0

3:While (L<L,)

4: 1fL=0 then
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5:  Find
e; = arg maxq, log, det (Iy, + LBte]-e]-JfHHer]-e]-Jf)

6: Qs « QU {es}
7: Qp < Qp\ {eg}
8

:  LeL+1
9: Elseif
10: Q.=
11: For all e, € Qg do

¢

12 0.« 0. U{e, eQn% <u}
13:  End for
14:  If Q.={} then
15: Q. < Q,
16:  Endif
17: Find

e;=arg maxe cq, 10g; det (Iy, £ (Zeen, eiei’ +
eiei/)HH 7 (eielseiei /+ eieif))
18: Qg « Qg U{es}
19: Q< Qp )\ {eg}
20: LeL+1
21: Endif
22:End while
23:Return (g
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C = E [log, det (Iy, + = F,HFH'F,)| (30)
t

A 1 o 9 o a c?/’ F & J
msdendigomamadaza1niy lndeudusziinsanis Fe nag F, duily
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95N 5: Modified Exhaustive Search Selection Algorithm (ME)

1: Start with F and F;.

2:Find

F.={F; € F|all nonzero off — diagonal entries of RZ,F,.< € Z 1 }
3: Find

F.={F. € F.|all nonzero off — diagonal entries of F,Z,F,< € Z.; 1 }
4:Find

F.",F." =argmaxg,cp, .cr, (1og, det (Iy, + N% F.HF.H'F.))

S:return F," and F.”
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Abstract—In this work, we propose antenna selection schemes
for a point-to-point multiantenna channel. The schemes select

bsets of either tr and/or receive antennas to activate
to increase ergodic capacity. The channel model considered
includes spatial correlation and mutual coupling among adjacent
antennas, which can have significant impact on the channel
performance. Our proposed schemes are shown to perform
close to the optimal exhaustive search with less computational
complexity.

1. INTRODUCTION

A capacity of a multiple-input and multiple-output (MIMO)
wireless channel has been shown to increase linearly with the
minimum number of transmit and receive antennas [1], [2].
However, the linear capacity growth is applied only to a fading
channel model with ideal scattering and no mutual coupling
among transmitting or receiving antennas. If the scattering
in the environment is not sufficiently rich, then there exists
spatial correlation among channel gains between transmit and
receive antenna pair. Mutual coupling is an electromagnetic
phenomenon, which intrinsically exists in an antenna array,
and its effect is detrimental to the capacity when antenna
is placed sufficiently close to one another [3], [4]. These
practical factors could affect the performance of a MIMO
channel significantly and should be taken into account in any
reasonable channel model.

To increase the performance of multiantenna link, we
propose antenna selection schemes that incorporate mutual
coupling consideration. Selecting subset of antennas has been
shown to increase channel capacity. Furthermore, using only
the selected set of antennas also reduces hardware complexity,
e.g., a number of installed radio-frequency (RF) chains needed
on either ends of communication link. Antenna selection has
been long considered in the literature [5]-[ 10]. References [6]—
[9] proposed fast suboptimal selection algorithms, which per-
form close to the exhaustive search over all possible antenna
subsets. Assuming MIMO channel with spatial correlations
between antennas, [10] proposed the scheme to select receive
antennas based on correlations.

All of the work previously mentioned do not consider
mutual coupling among antennas, which is shown to greatly
affect capacity when antennas are placed very close to one

This work was supported by Kasetsart University Research and Devel-
opment Institute (KURDI) under the FY2012 Kasetsart University research
grant,

978-1-4673-2025-2/12/$31.00 ©2012 IEEE

another [3], [4]. In this work, we propose suboptimal antenna
selection schemes for MIMO channel model with both spatial
correlation and mutual coupling. The objective of the proposed
schemes is to maximize the capacity over potential antenna
subsets whose mutual impedance is not to exceed a given
threshold. From numerical examples shown, our schemes
perform close to the exhaustive search, but require less com-
putation time.

1I. CHANNEL MODEL

We consider a point-to-point MIMO channel with N, trans-
mit and N, receive antennas. For a discrete-time channel
model, the N, x 1 received vector is given by

y=Hzx+n (1)

where H is an N, x N; channel matrix whose element k; ; is
the channel gain between the jth transmit and the ith receive
antennas, @ is an N; x 1 transmitted vector with zero mean
and covariance I, which is the identity matrix. The transmitted
signal is corrupted by additive white Gaussian noise (AWGN)
vector n, whose mean and covariance are zero and a';’; .
respectively.

Channel gain k; ; depends on channel model, antenna type,
and antenna-array arrangement. Placing antennas close to one
another induces a mutual coupling between them. Taking into
account both effects of spatial correlation and mutual coupling,
the channel matrix is given by

1

CiCr

H- —C,R*H,5:C, 2)

where, for an ideal Rayleigh fading channel, H,, is an N x N;
matrix of independent zero-mean unit-variance complex Gaus-
sian random variables, S is the N; x N, transmit correlation
matrix, R is the N, x N, receive correlation matrix, the
N; x N; matrix € and N, x N, matrix C,. reflect mutual
coupling effect at the transmit-antenna and receive-antenna
arrays, respectively, and ¢; and ¢, are normalizing constants.
We assume that each antenna has a uniformly distributed
angular spread. Thus, from Jakes’ model [11], the (i, )
element of the transmit correlation matrix is given by

27
Sij = 2 ( wa

where Jo(-) is the zeroth-order Bessel function, and d; ; is
the distance between the ith and jth transmit antennas, and

): 1<ij< N (3)
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A is the transmission wavelength. We assume that antennas
are placed uniformly and the length of the antenna array is L.
Hence,

@

The receive correlation matrix I? is similarly defined as the
transmit correlation matrix S in (3).

According to [12], the two matrices reflecting mutual cou-
pling effect at the transmit and receive arrays are given by

C,=Z(Z, +Z,)" 5)
Co=(Z.+2Z))" (6)

where Z; is an Ny x N; transmit impedance matrix whose
diagonal elements are self impedance and whose off-diagonal
elements are mutual impedance, and Z. denotes a diagonal
matrix whose diagonal elements are the conjugate of the
diagonal entries of Z,. For a dipole array, Z; is well known
from standard antenna theory (e.g., see [12, Ch. 8]). Similarly,
Z, is the N, x N, receive impedance matrix and Z; is a
diagonal matrix whose diagonal entries are the conjugate of the
diagonal entries of Z,.. Finally, the two normalizing constants
are defined as follows

(zt)ll
y = — i
VAN AT y
e -4 A ®)

(Zr)ll S (Zr),fl
where (-)* denotes complex conjugate.
Assuming that the channel matrix is known perfectly at
the transmitter and receiver, we would like to maximize the
performance of the channel by selectively activating subsets
of transmit and/or receive antennas. For a transmit-antenna
selection, we let F; denote an V; x Ny diagonal matrix whose
ith diagonal entry is 1 if the ith transmit antenna is chosen or 0,
otherwise. Similarly, we let F,. denote the N, x N, receive-
antenna selection matrix. Let L; be the number of selected
or activated transmit antennas, and L, be the number of
selected receive antennas. Thus, after the transmit and receive
selections, the effective channel matrix is given by F,. HF;
and the associated ergodic capacity is given by
€ = E |logdet(I + LiF,HFtHTFT) @
t
where the expectation is over channel distribution and FtFJ s
Fj. We note that antennas that are not selected still induce
coupling with adjacent antennas, However, we assume that
this mutual coupling from passive antennas is small and can
be discarded. Thus, (9) is also a capacity of the link equipped
with selected antennas only and all other antennas removed.
In this work, we propose algorithms to determine F; and/or
F that maximize channel capacity for the channel model with
mutual coupling.

1II. SELECTION ALGORITHMS

In this section, we describe the proposed algorithms to
select a set of transmit antennas, a set of receive antennas,
or a set of both transmit and receive antennas. The optimal

selection scheme that maximizes the channel capacity employs
exhaustive search over all possible subsets of antennas. How-
ever, search complexity can be tremendous when the number
of antenna is large. Here we propose the selection schemes
that take into account mutual coupling, reduce the search
complexity, and perform close to the optimum.

A. Selection Ar Either Transmit or Receive Antenna Arrays

We start with selection for a single antenna array at either
end of a communication link. This selection algorithm is based
on that proposed by [9], [13] in which a single antenna is cho-
sen at each step sequentially. To select L; transmit antennas,
we assume that all receive antennas are active (L, = N,. and
thus, F. = I). Let e; be an Ny x 1 vector whose jth entry
is one and all other entries are zero and e; also indicates
selecting the jth antenna, For example, ez = [0010 --- 0],
We also let ©, and €, be the sets of e;'s that correspond to
selected antennas and the remaining antennas, respectively.

The proposed algorithm starts with empty Q. and a full
Q, = {e1,....en,}. Given channel matrix H, we select
the single transmit antenna that maximizes an instantaneous
capacity. If jth antenna is selected, we move the correspond-
ing e; from Q, to £,. To select subsequent antennas, we
determine first if a ratio between mutual impedance between
a potential antenna in £2,, and all selected antennas in £, and
the self impedance exceeds a threshold e, where 0 < ¢ < 1.
If the ratio exceeds e, we will not consider that antenna as a
candidate. From a set of candidate antennas denoted by £,
we again find the antenna that maximizes the instantancous
capacity and add it to €. If €. is empty, we set (2. to equal
Q,,. We iterate until L, antennas are chosen. Detailed steps are
shown in Algorithm 1. We note that ¢ limits the number of
candidate antennas in .. If € is set too low, £). may contain
too few antennas. If € is set too high, Q. will be similar to
Q. In this work, we obtain € from numerical experiments.

To select receive antennas, similar steps apply. We set L; =
N; and hence, ¥} = I. Similar to the transmit selection in
Algorithm 1, receive antennas are selected sequentially based
on instantaneous capacity and mutual impedance.

B. Selection At Both Transmit and Receive Antenna Arrays

We would also like to select borh transmit and receive
antennas that maximize the capacity. Employing exhaustive
search may not possible since the number of possible sets
of transmit and receive antennas, which equals (g:)(zr)
could be forbiddingly high. To lessen search complexity, we
can apply Algorithm 1 to select first the transmit antennas
and then the receive antennas or vice versa. In other words,
Algorithm 1 is used twice in sequence and the number of
possible capacity computations will be at most Q") + (Er)
However, the performance consequently suffers as later shown
by numerical examples in Section IV.

To improve upon the performance of Algorithm 1, we
propose Algorithm 2, which is based on the exhaustive search.
However, the number of the possible subsets of antennas
is reduced by a constraint on mutual impedance. For either
transmit or receive sides, we only consider the set of antennas
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Algorithm 1 Selection of transmit antennas
1: ., ={}and Q, = {e;,...,en, }.
2 L=0
3: while L < L; do
4:  if L =0 then
5: Find
e, = arg max logdet(I + LﬂFrHeje}HTF,,).
€j 1

6: Qs+ QU {es}
T Q, + .\ {es}
8: L+ L+1
9 else
10: Q. ={}
11: for all e; < (2, do .
12 QCFQEU{EUEQH%Se}
13 end for '
14: if Q. = {} then
15: Q.+ Q,
16: end if
17: Find
— 2 i
Eo— argerfleaé{’ log det(f + L_tFTH(e_EZQ e;e]
+ ej-e;)HTFr).
18: Q, + Q,U{e,}
19: Q, + Q. \{es}
20: L+ L+1
21:  end if
22: end while
23: return (2,

whose ratio between mutual impedance and self impedance
does not exceed the threshold «.

Let J; = {Ffm}, where 1 < i < (f") denote the set
of all possible transmit-antenna selection matrices and JF,. =
{F,(J:}. where 1 < j < (2), denote the set of all possible
receive-antenna selection métr_ices. We note that nonzero off-
diagonal entries of FimZ,Ft“) are mutual impedance of the
transmit antennas associated with thA Similarly, nonzero off-
diagonal entries of F,EJ)Z,-FT(J) are mutual impedance of the
receive antennas associated with FT(J). Steps of this proposed
algorithm is shown in Algorithm 2.

1V. NUMERICAL RESULTS

In all simulation results shown, we assume dipole antenna
whose radius is 0.001)\ and whose length is 0.25A. All
antennas in the array are uniformly placed side by side. In
Fig 1, an ergodic capacity of transmit selection scheme in
Algorithm 1 is shown with N; for p = 0 dB, L; = 2,
N, = L, = 3, and threshold ¢ = 0.8. Lengths of both arrays
and are set to L = A. When N; is large, transmit antennas are
placed very close together and hence, induce a large mutual
coupling. From the figure, our proposed scheme, exhaustive
search, and the scheme proposed by Gorokhov [8] performs

Algorithm 2 Selection of transmit antennas and receive an-
tennas

1: Start with F; and F,.
2: Find

Fi = {F; € F, | all nonzero off-diagonal entries
of FyZFy < €Zyq1}.
3: Find

F. = {F, € F, | all nonzero off-diagonal entries
of F,Z, F. <eZ.1,1}.
4: Find
FroF* = arg max logdet(T + 2 R HEH'E,).
FeF, Ly
F.eF,
5: return Fy and F}

similarly. Similar to [13], we modify the Gorokhov scheme by
starting with an empty set of selected antennas and adding one
antenna at each step to the set. However, based on simulation
results not shown here, our scheme is the least complex among
the three schemes' We also plot the capacity of selecting all
transmit antennas and see a significant performance loss.

3.2
E
2.8
)
Lo2s
k]
|
= 24
8
5 22
= = = Exhaustive search *.
2[| —e— Gorokhov A
.
s —— Algorithm 1 b
= # = Use all transmit anternas )
1
2 3 4 5 P‘J; 7 ] 9 10

t

Fig. 1. Capacity with transmit selection scheme in Algorithm 1 is shown

with Ny for p=0dB, L, =2, Ny =L, =3, L=A, and e = 0.8.

With N; = N, = 10, we would like to find the optimal
number of selected transmit and receive antennas. Fig. 2 shows
the capacity versus L; or L. For each plot, algorithm 1 was
applied to either transmit or receive arrays while all antennas in
the other array are active. With transmit selection, the optimal
Ly = 3 when p =5 dB and lengths of both arrays equal 0.5\,
Comparing to using all transmit antennas, we can gain almost
20% from activating only subset of antennas. For receive-
antenna selection, using all receive antennas gives the capacity
maximum. This is due to the fact that more energy is captured
by a larger number of receive antennas. However, more RF
chains also need to be installed with a larger cost.

IThe associated numerical result is not shown here due to limited space.

58



4.5

@
w o
.

[y

Capastty (bit/s/Hz)

¥
o
“

2 3 4 5 & 7 8 9 10
Lorl

Fig. 2. Capacity with either transmit or receive selection scheme is shown
with Ly or L for p=5dB, Ny = N, = 10, L, = 0.5\, and ¢ = 0.8,

In Fig. 3 and 4, both transmit and receive antennas are
selected with p = 0 dB, Ly = L, = 3, L = 0.5A,
and Ny = N,. We note that thresholds for Algorithms |
and 2 are 0.8 and 0.3, respectively. We apply Algorithm 2
to find the set of selected transmit and receive antennas,
which is then compared to the exhaustive search and also
Algorithm 1. All three schemes give similar rate performance
with the maximum attained when Ny = N, = 5. Complexity
of the three schemes is measured by the computation time
and is shown in Fig. 4, We note that computation time of
exhaustive search increases exponentially with the number of
available antennas while those of our proposed schemes are
less, especially computation time of Algorithm 1.

4
oy
5
2
2
Z
8
a
&
> 3
+ = %= Exhaustive search a
2|, _ AMlgorithm 1 applied to tx and x By,
in sequence L
‘== Algorithm 2 TN%,
15 >y
3 4 5 & 7 -] 9 10 1"
N=N
=HE
Fig. 3.  Capacity with selection of both transmit and receive antennas is

shown with Ny or N, for p=0dB, L; = L, =3, L = 0.5), ¢ = 0.8,
and ez = 0.3.

V. CONCLUSIONS

We proposed antenna selection algorithms for a single-user
MIMO channel, which takes into account mutual coupling
effect. The proposed schemes shown to perform close to an
exhaustive search with much less complexity. Search complex-
ity is a major issue since the selection of antennas happens in

Computation tima (sac)
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N=N,

Fig. 4. Computation time of the schemes whose achievable rates are shown
in Fig. 3 is plotted with the number of transmit and reccive antennas.

real time and cannot be done offline. Our search complexity
depends heavily on the threshold on mutual impedance, which
is currently obtained from numerical simulations. Also, perfor-
mance of the proposed schemes is shown via numerical results.
Thus, our future work includes analysis of the performance,
which should give us more insights, as well as investigation
on the optimal threshold for a given setup.
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