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This thesis proposes an adaptive power technigue based on multilevel transmit
power control to exploit the channel state information (CSl) available at the transmitters
for multi-antenna transmissions over Rayleigh fading channels. This proposed multilevel
transmit power control technigue is applied to two well known multi-antenna systems:
eigenbeamforming and transmit antenna selection. The key issue in this technigue is to
determine an appropriate set of weighting factors for each transmit power level that
achieves optimal average BER performance. Therefore, we have formulated
mathematically the average BER as a function of the weighting factor, the number of
quantized signal power levels and the number of transmit antennas, so that the optimal
system performance can be obtained. Numerical results have shown that the proposed
multilevel transmit power control technique can provide substantial average BER
improvements. The improvement appears to be increased with the increasing in the
number of quantized signal power levels and the improvement is found to be significant
at higher values of SNR. At higher SNRs, it is also observed that a larger proportion of
power are transferred to the period of poor channel condition to maintain the maximum

average BER performance.
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P.(SNR) :%erfc(;/)

=)

gl

o o 1

mmummﬂu ArANUNaziduasANEANaIATALLL BPSK NRANMNANAUS LA

% o d
Jw uaz h pag Al

P (SNR, W, h) =%erfc(\/Wl hy)

P

LAZHAATUNNTILANLAIANUNA T UERIW AR ULLLTETAN AN
p, (h) = 2he™

‘LA’]ﬂ’W]\M@\TLLVlu@QSLN@Nﬂ%‘W (2.8) azlg

| .
P= j Eerfc(y\/Wl h)2he "dh (2.8)

Hasannisianisutitaareanafseenitlusr A9 AsiN1918U1A89N198UTANTA
= = 9 = L . oA o | : o =&

AN 0 D9 oo agsaaldsuAdureuianrestaiisiinsutialuuarszan Tunilzeuny

v = ) | Aa a I ' | [V o v o a

ANAE b DN h, WaTRINIeIINANaUnsaLAd TuLAas g Al Aeduannisi (2.8)

= Myo X
@WNW?GL%HMIMNi@@Qu

=

L1 M

P =Y [erfc(y\/w hyhe"dh (2.9)

1=0

=

P87 L a1 ussiaadaaa N InINITILN

o a a ¥ as a a A L7 [ dgj
NNsauNingaAleNaNsaunngaLuLLNewad laaaanldan u uay dv Aell

u =erfc(yy/wh) — du=—-—=e """y /wdh



15

AT

dv=he " dh - v= —%e“z

FatiiaNNaNNN9N (2.9) aglein

L-1

» J

1 -h? " hmy \NI —((T+yJw )*)h?
-5e erfc(y\/wlh)h —l \‘//_;e“ FO" gy

1=0
MnsBuAnsaLdounuAtraLaaa liaun1siuanAaNs 0L g9qA0an13l Fun 494
Aufunisueganuuy BPSK nldmalianisutiiamsaaniiy L svau aanu1fAeaunis

Y- |
WNAWNU

P=Y —%Jr%erf(y\/wlh)— 7w erf (J1+ (7w, )°h) (2.10)

241+ (rJw )’ h‘

2.5 uAMIAARLALAARANNITAIANTTOULEIAA

UNANNNIANANITOULAIGAT IFANAINANUE luann19 (2.10) lUnnsdaes

= [ dd‘ | :// a oI/ A 1= ] a o O o ¥ ' 1
L‘]_r‘;l‘ﬁl'i_lL‘VIEI‘]_Iﬂ‘]_Iﬂ?MVILﬂuﬁ‘z‘]_l‘]_lﬁﬂLﬁNuuﬂﬂiNNﬂ’]ﬁ‘u’]mﬂuﬂﬂ’]ﬁﬂﬁ‘ﬂﬂ’]@\‘]@\‘mﬁlﬂjLLL‘]@EI’NsLﬁ

1 o

T ldsruuninisusssaumafstastasdyyrneaniiu 4 svau wianiadTauieuny

1
= =

NTORAANTEUUN M AN DA91U

o 1 o

nliundynyrunazgndseenliilasuiumamnes

o

1 v
o I~ Y1 ' °

1 % 1 1 1
dasdrypaslidinnnzanfgadeguiaanaunn wudnszuun At miniimanzaniga
Vo1

= = PR o A o = T
FIUNRINANNIIN (2.10) Iwﬂmmmu:wmmgm WanBFaueuiunsiiaasszuun A tag

|
o A =

Wvdnaw] Aeuanalugiin 2.4



16

For 4 quantization levels caze

T T T T e

[——uo wenzhit (111 1)

S ot weiglit
+—weiglit (1.3 1.1 0907}
| —=—weight (1.751 25075 0.25)
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Average BER

3
1 =

ElvNO (dB)

519 2.4 dnatianaindnesssuuninIsulsszAuwnRsaestesdnyayneaniu 4 sziy

Tae 1 AN tagsinInALAN AU

717 2.5 LAANA AN UINTINEZANTIGR TINIAINANNNTAIANITOUTEIQN T
mInduATy sty tuILNAUTAAIWE 0 D19 20 dB Taaldimeliannsdfuniasdeniy

sruuNTNsuLsszAUWARvIastasd oy nuenntiiy 8 926U Wudn td SRInda Uty

sladtyrynusLNIulANNAN ArdestiwinTinzanngadssngAsaiu channel inversion

o

A QI o 49{ dl { a ! o ISP o o dl ' a
AR LNNNIRAIANUU mew\lmmmmm@mmmﬁmummq LAZAANIAYANAY LUAANNARITAY

a ' o ] o = dl 1

Tedny ey 1UNAR Wil dnandaudaaynsednyisuniuiAntias A1uie Adag

AR~

1 '
o

dl P 1 a o o . . = ' a a o ]
M ﬂ‘V]LMN%@NW@@@Z1NU?$WQMWQMH channel inversion 'ﬂﬂ[ﬂ'ﬂ1ﬂ WRNTUINBATIAVU

Zov

v
1 a A T o

A ATy U UTLNAURATNANT WUANHINERA AT NN AN g A 1899 AL

R
B
22D
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' £ a

a ] o aid ! o a o o d’f all [
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b

NARLDITEIATYEYIDIIINEY) (SEALT 2, 3, 4, 5, 6, 7, 8) AN9ananAddaas winiiluiguil
INIIZINN AR DTN ATY Y IUNLANNGA (3¥ALN 1) HHANTzNUALIZULRANT8ENNIN

v

waznsulanaRsastesdyynnludai 1 dulianuaziden lduinne wananniidaians
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Ifiudnnndsdegnonalauainszdumafsaesdasdnynynuniaalildissdumnabaes
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norml (1 level)
"l w1 levels
S e d levels
w8 levels
16 levels

4
10 "E:::d 32 levels

Average BER

e Rl | level:

128 levels

1 I L 1 i L 1 1 1
L1} 2 4 i & 10 1z 14 i 18 0
Eb/NO (B}
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a o a a dl k%4 ! dl ! 1 1 o a
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PlFFumntianlunistianldauetnaunnlun Ui nanpedin1sinfaaaInIAd
AvFudednyrunnuunnnaniiesiu nesruulansainiAdedy i umanafudas lin a5y
anunsnfudtynrudeyainsaiuainuaiadunis uazsieunnisaenudnynaecusas
9 = a o v dl o Y o dld = 1 £
Eun1eilaonafudaszainiuudalaniaiiniafuarlddynruninuninanestinatiay
zﬁl 9 [~3 ¢=I é{ % 1 e [ ac tilj F N~
uiadunnafaziinunnaudag IsnaunnunLaneUuzn1sfud iy uaeaanisiean i
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dnusialyl



19

2.6.1 lawasaaneL3gfiuuy selection diversity

|
L%

o ) ) . aalal A &
1@L0ﬂ?6ﬁMLLUU selection diversity Lﬂu’]ﬁcl’l\ﬂﬂLL@:?[;]?QT]JW?QN']W@@ A 1 le

1
o o =

WUUINITLLAZNNIRDNATYYIUANAAFUATY Y IUNRAT SNR g99140

° | A X ) o = a X v = %

duNTaATI IR s NN laz e I sruuTansrousiinaunn e e la 14

pasia il annAddyyruniulfannqafudyunmuusasuiaiugassreiuuas iy
HaNIzNUaunaplunnsdesnutesdty i e suansdynndiinnanszanauuuy

peiaLazdAefLnIAIaId YN o

p(ﬁ)=%exp(— r] (2.11)

1
=

Toad r Ae seavvesdtyn uniulanandudyonn i

[

nuald 7 1w SNR - aasdyoynnd r ol auglaanieuils way N Ae NNARAET99

ATy USLINAUINANN A R AW fuuinduiudyanamiuldusiazan

g (2.12)
TN
AaAe SNR NiulAusazqadanily
r=2_ (2.13)
2N
wazazlfdnan y, azilan pdf il
1 %/r
p(7i)=Fe‘ (2.14)

AatiuA1IANYNAzLIUN SNR  983dnyny nianusiazanarlauafInd uzainfiuan

o J dl A
NMMUUA ¥y ATVLNAD
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7, 4 1 -
P(rv,<7)=[p(» )7, =Ife” dy,

0

=1-e" (2.15)

[ %

mwmiwufluﬂ ELUEUNE muimmnmﬂmesﬁ\uﬂuﬂmvmﬂumum M uid @‘“mmmm
%
1Ak

SNR 71511031y w¥ane| AudAwinAy

P37y <7]=(1-€"")" =P, () (2.16)

ArANUNazlussnaifAeANEnazlui SNR 5U18 aannisld selection diversity &

‘IJu’]ﬂﬁlqﬂ"J'Wﬂ’] V4 ‘Vllﬂ'ﬂ\iﬂ’]ﬁ‘ muummuw Lﬂuw@mm’]mmﬂmmmmm SNR ﬁ

[

NN ¥ AAWINAY

1-P, (7)=1-P[y. 7,y S7]=1-(1-"")" (2.17)

WINABINNTAZANUIIIANLRAE 289 SNR Tuszuuninis i selection diversity f@1319097
e a = ﬂl z’/ @ ©° 1 dl
Iilnanishvinesudien P, () Weud pdf 284  wazaIntiuAniInIsAafeed

foununnufildannnisvinlane A

(1-e7")" e (2.18)
y = f}/pM dy FIMX 1 e ) “edx (2.19)

g x = 7/T wisanildinnisauiinsmudnasle

7= FZ% (2.20)



21

2.6.2 lawasaaneL3gfiuuy feedback or scanning diversity

Ianesfnuuy feedback or scanning diversity {uagn1sAAdaiuiuLLLLN

1 o dl dl A o dldd o ada o
ANNUATINNUNAZLABNATYTYIUNANGAAN M @t oudlada 28UTTUUAZNINTALNY

o 1 1 o o dl dl o dld 1 1 1 dl [ P2~
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1
a

. < : ax ) . . A o oy 9y
ANANN AU TALLANFINNATNIE selection  diversity AINNICALNTTLaAAN LiAzFiasinig

o :
wWasullasegnaaninan

2.6.3 lawasasn1eu3giuuy maximal ratio combining

1 v
o o '

lanasimauuL maximal ratio combining dryeynnuiniuldannynqaiudnyniams
M uwisazgninunganiu Ingliiiminiunnsdaiuninau areedty ynifaensse

v 13 ¥ ¥
ANa918edty LN BielinsruaunissandytunnsiuasAasuiladndyunoaumvan il

[

1
% |

o v a addgjd 1 ¥ o dl Vo aal
wansaiu danueaisinadialiniasuiilaniAnazauisnldsudyynuniAi SNR 111m

v o

1 b3
[ al

a{' 1 v Ao o Ny o \ a N o o . ,
Nnnjaundnen SNR Nangeaasdyryuniulduwsasus matiatdanududaueeinndd
2 ARUINUIN INFILARINNITANUI NI AT UN NN A AN Z AN

'
%4 !

AuNA s suR s lA LA Az A RAUN AN T U

v v I

o/ 1 dgl Yo
T TR b Rt T

ee

nsdiuaueseanalinssiuinlfsaiunsatirdyniainia M qaaunsuiuldlaense
lunemuiuduazfasinistfuAidastiuin G aasdyoniusazuvislfmunzaniinald

IFdtyrynnusanniA SNR gaign

r=>Gr (2.21)

i=1

%

ANNA TTARAaNAvTa9dTyfIusunaw N anqafudynnusazuiadauiawintu

mIzaziAeaLnIAsedTy o usLnaueN N Aaunsnun laauaunissialil

N, =N> G’ (2.22)
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AN SNR A lgasdiAvingy

Yu =72 (2.23)

a1Ae Chebychev's inequality wudnRawlanaginliléen y, qenganipaiiie G =r /N

q

o ?:/
AN

7M=%+=—_M IN= (2.24)

funadaAn SNR 1angaannnisinlane faIsUNAYNTUNATINI8IA1 SNR AN

o

AT

1
o

N DUF ALY iagann

o

1%

q
» d
r A dyny asisznastuannsususunen iy
=
X

v 1
Baszsiani 2 6o e T uaz T, iegdnisnszarailuuwuuinng (Gaussian distribution)

! A o - P ~ e 1 o )
ﬂqLﬂ@ﬁlLﬂuﬁuuﬂLL@tNﬂqLLQLﬁ‘ﬂusﬁW}’]ﬂU o
2 1 2 2
= e = e (T4 2.25)

o @ o a a - .
PWTITRSUU 7, NAD WQLLﬂ?LL?uﬁ@NWNﬂ’]?ﬂﬁ‘zqqﬂLﬂuLLUULLﬂ’&LLﬁ’J? (Chl—square

distribution) AAAAINNNTTINAULLLENNNAIFAIUBIFAI WU FUIUABNA NN TN ZALILLILLANE

1
o

AU 2M  F1 1uAe

M-1 fm/r

Y €

p(r.)=

InediAuGEaudvindy T/2=0°/(2N)
ezl SNR azfndnAntmug y Amil A
k-1
Plr. <7]=]p(r.)d7, =1—e””2(y/ )

0 & (k-1)!

(2.27)

AN1aaE18d SNR Algarnniavnlanesss Ae



23

(2.28)
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2.6.4 lawasasniel3giiuuy equal gain combining
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2

5 I+t

h;
* 2|
hz/ I + [+, | ) n
S —»X 2 r=yJws+n
' o » Detector
W,
\/T . 2 2 2 1
hMT/ [ty +|h| +...+‘hMT‘
A 4
7'y . Channel
estimator
Feedb?lck . |
controller [*
hlthv---thT perfect CSI

1% 3.1 unudnasslassaivreamatianisdiuindadesoniunisldis loinuinneniialu

FEUUNITAINIWNAYALRINA

1 %

3.2 mMsdsumAtdasdanasaNnuns bR s latnudaWaniedusunisuanian
wuu BPSK

TUADULIN LI1ABIVINIATUNITRANLAIAININ UL (Probability density
. o 1 o . dl v
function; pdf) UANAUIAVBIBATVVENLTAIATYTYIUIIN (Total channel gains) WWalias

Tawnuiuraniis Tnelddn 7 wnuawinaesdnmaenadasdyoyiun dunldann

‘2 (3.1)

2 2
P [
Tned H uwnnimafidefauaesdnmaenadasdyyinain 1x M. uaaasaunisi (3.2)
H=[h h .. hy] (3.2)

WaIINATUNENNIN (3.1)  WUIY y NEIUIBIHATINTEIANNNAIADIURIBRNINTENE

! % ' 1 dl | o ! = o dl % o
yiN E‘Llwﬂo_ll’]mmﬂﬂﬂim‘ﬂ\‘isﬁ\‘iLﬂu[ﬂ’lLLﬂ?@NLLUULﬂ’]Z{LGﬁﬂu@’]u"Ju ZMT AN GIARIENUNITLAN

q

[

wasuuulagwaas (Chi-square) NAN1A9B4AsY (Degree of freedom) LW r=2M_ LEAN
Wertdunisuanuasandiaziduaes y ldlddefdunisuanuasaainunaziduang
lpawnafaser TelA1vessniaesuazinndsdassiy r=2M, luwiazinenaes y HA1

ANHLLTUTUWINL 0.5 131azENn NS U Tun1suanasANUazituaaglagupn s
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v
o [ %

Tnenflsrfdunisuanuasaautaaslaanaafasmuninidsdase r=2M. uanslugaunisd

(3.3)

X° e X
px(x): B (rjzzmT(MT_l)! (33)

4 . o e A .

iHaganlunFazmanaed y HAAuulssauwiniy 0.5 Asdusasselasusaulsgs
[~ X o P2 1 v v 1 v

ann x il > Mlalaanisunuen x  doe 2x wazgossnAianTalden 2 19nagls

Werduntsuanuasantiaziiuaes y lulAazimanses y AAraouudsdsoumingy

0.5 AagNN9N (3.4)

C2(2)" et xMien

P (%)= (v 0y~ (1) (3.4)

waziasan y uAIINNae199IUIA98 I TR 8T ATY U UIINARE AITULINAY
Fasilaaudautlsguain x ldiflu Vx dldlaennsunudn x  foe x* uazgusoee

anTadau 2x 3agldietdunisuanuasanuiiaziluaes y fwaunnsi (3.5)

2}( ) ZZ(MT —1)e_;/ 2){2MT 71e—;/
(M= (M 1) 39
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ma‘ﬂi?uﬁqﬁ\imGmmﬁmwuﬁwzﬁuvalmﬁwmﬁﬁmﬁagtyﬁmmm v aandlu L

sviu Tnefl L=12,3,.... 1uLLﬁi@z@:ﬁum@qw\lmﬁqﬁuﬁmwuwuﬂuiumﬂﬁmwiﬂ”] 1
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III. NUMERICAL RESULTS AND DISCUSSIONS

In this section, we find the solution of the formmulated
optimization problem numerically using the optimization
toolbox of MATLAB. Then, we show the weighting factor
w and the average BER at the optimal point. which are the
obtamned cptimizer and objective function at the solution point
respectively. The demonstrated cases are I-transmit. 2-
transmit and 3-transmit antenna with a single receiver using
BPSK modulation.

Figure 2 depicts the average BER performance curve
obtamed from the proposed adaptive power allocation scheme
with 4 transmission power levels and 1 transmit antenna,
comparing to the system without adaptive power scheme. We
also compare with the adaptive power allocation scheme using
the non-optimal weighting factors which are chosen
hewristically. It can be observed that the adaptive power
allocation scheme wusing optimal weighting factor 1s
significantly superior to the others.

Figure 3 depicts the optimal weighting factors at various
SNRs. obtamned from the proposed adaptive power allocation
scheme with 8 transmission power levels and 1 transmit
antenna. We observe that at higher SNR, the weighting factor
performs like the channel inversion, fs increasing the
transmit power when the fading is destructive and decreasing
the transmt power when the fading is constructive. At lower
SNR. the weighting factor does not perform like the channel
MVErsion anymore.

Figure 4 depicts the average BER performance curves of
the propesed system for different numbers of fransmission
power levels for the 1-transmit antenna case, comparing to the
non-adaptive power allocation system. It can be observed that
better performance is obfained when the higher number of
transmission power levels 15 used. The performance gains are
significant at higher values of SNE. Figure 5 (a) and 3 (b)
show the obtained average BER performance curves for 2-
transiuit and 3-fransmit antenna cases. Similarly to the 1-
transmit antenna case, we observe that the performance
becomes better when the higher number of transmission power
levels are used.

I ¥ ] 1] (1] 1] [0 [T
e

Fizure 2. Average BER of the 1-transmit antennz for 4 quantized levels case
which wsing novmal weizht, optimurn weight, low weight and hish weizht
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IV. CONCLUSION

In this paper., we have presented an adaptive power
allocation scheme in which a different signal power level is
selected for transmussion based on the instantaneous channel
gain. Such a scheme has been applied to multi-antenna
transmissions uwsing  eigen-beamforming to  illustrate its
applicability over Rayleigh fading channels. To maximize BER
performance. an appropriate set of weights of different
transmitted power levels has been mathematically derrved and
optumized and later also validated through simulation. It is
found that significant BER performance improvement can be
achieved for multiple transmit antenna systems. Improvement
15 alwavs increased with the number of quantized signal power
levels used. It is apparent that performance gains are significant
at higher values of SNR where power allocation across time
domain 15 better exploited.
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