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ABSTRACT

We derive and analyze a bit error rate(BER) expression of a Gray coded rectangular QAM(R-QAM) signal
with maximal ratio combining diversity(MRC) reception over Nakagami-n(Rician) fading channels. The derived
result is provided in terms of the Whittaker function and the confluent hypergeometric function. In addition, by
performance comparison with M-PSK, we see the Nakagami-n fading channel characteristics. Because the derived
expression is general, it can readily allow numerical evaluation for various cases of practical interest such as

line-of-sight (LOS) or satellite communication channel analysis.

I.MB £/ 583 A rd Fo dhelrh =3t
o] Ade AHY Wtel setele] mol Feoial
3% Whlelm e B Aselr|= s
UHZ -y B3 (n-distribution) & 1940'dth Zxlbel] 3
olAd S 2] 3l Wtz =9lekal

FA1719} A17] Aelel] ARyt EAfsta, 4]
g Axgie) As A7t & Afele ilE Ax
o} AL pdistributionS 7HAH, o]idt Ad2

Wbbsln sol Apdelekn 2eiA Sleb. vt
Saln sols ALE ANAZ AY, B BE
AY 227 B4 Ade mdsse | A

o, Ricer o9} A2 ZL A7l FAY A&
FAel B3 Ad mdld ARgslginh oepr o]
Ad 2l Wpphlakla 2R AR g

* FEAALEA AT, PN (limjs@etrire kr), ** FroFeidka AAHEAIAFE]F-E-F (skpark @hanyang ac.kr)

=M 3 KICS2005-04-147, Az} : 2005 49 9d

154



=+ 05-30-8C-03

ZLEA 85| =F =] "05-8 Vol.30 No.8C

o} ubd o2 Wrplvln 2] AR Wrie
-m 2ART) e og AR Bt

Wopiel selrd apdadelde] eiAleES &
TEE [3-7] SollA el vl Lindsey- 1964
Wol| o)AAE Y Nary AlZE dB5AdE A%
7S AxEe] A5 AN TellamburaS
SAkolE GO HHolHAEE 7IAE M-ary
PSKol| diste] =ojaiinl. Fmid 5-9] SlA
E Huou) 4L 7RKE WPElm Adel H%
4L ok =3 AaEd 9elAe Wbt
alm Holdd Aol kel e TEsle]
ou] 42 7Rl R-QAM 4139 BER A5
A A1steick

B =RMe FuEd 919 (1019 AHE &
g3to] oplaln #old AdAdel e A4
22 $4A15E R-QAM Al%9] A3t BERS ¥3
& 4 Qe A4S Ssly BAsic) w3 p-
9] tekgt Holy sefrlele)] gk EAM3 A
FAA- A4S AASTE 2l e Alad =
9 AWGN #dAte4] R-QAM 4139 BER %
Wptele Ade] BA-E s Adwsisick 3%
AME Wteln Hold Ardaleld Rl A4
to|HAE 2 $4lEE R-QAM Al39} M-PSK Al
Fol i3t ASI BER $41& AAEIATE 47
e 284 A9E Ao AAE v|wst
ook sREe g 5AeME B =T fE84E 8
ofgto 24 AEg Werh

I. AAH =Y

W2% R-QAM 2137} AWGN(Additive White
Gaussian Noise) #AEE A=ty sEAgc)
(UxV) R-QAM A3 A%, m=1log ,(U- N
njEe] 2" ARAbit stream)S L] F3I
(Gray code)S AHg3le] 2340 Al A4 el AP
A =k o714 UE in-phase() & AZAHL]
o], Vi quadrature(J) 5 A54G9 Folct. 1
o] H3E A%F oA b Alelel &A=
(Hamming distance)7} 10| HEFH AMIAFl= W
Alolt}, wheba z#le] ¥-53t U1w|E(Gray cod-
ing algorithm)& ©}&13k 37k 1elo] ¥-53
g7k Alele]l Al oige] Ha vy |3
gow gHA> M

A" (UxV) R-QAM A139] Bx& 2719 ¥
% PAM(Pulse Amplitude Modulation) 41& B3]

7} AbaEth oy|eile Bxo)diA ukbel F7)¢)
Al E7) ghEslA ol FeiRlch 7.

AWGN 37344 R-QAM A1&9] H]E2-E(BER)
o] AR F5L b} gho] FojAf,

Puel n=5( S Por Era)
A7V, pps PA)E RHA 1 wlde] PAM

slEst A g wlde] PAM ¥|=e] BERS 77t
olulska, o5& cheat o] vhehdick

1 1-2-Hu-1 .
PAR=7; )3 [6G, kD) 2
- erfe(V y- (i, U, V)]

(1-2-Hv-1

P,(l)=—1% 2 [6G.L» 3)
cerfe(V yea®- Q3 U, VDI
3714,
&a,b,9=(-1) P%:‘J(z”*‘— {J—Zcb—_iJr%J )

3(2a+1) 2 log (ko)
(bi=1D+a¥c? -1

2a, b, )=

otk A3 = 15 7 5 7+ Ha A
o wE YuEty, rel,2, -, log LU0 1el,2, -,
log ,V» | - | & floor &5 ovigich =l 1 &
= J 2= A5Ae At 2w, p=1019" AA)zF
QAM Al5¢] BERe| #rt.

Holel Aol AR Az SNRe] 4,4l t}
o|MAlE] 41 Alxgle] BF BER P& ot
7o) Akt

P,= fome(e| Nf, (ndy 4)

A7)A, pye| pE AWGN #dellxie] BER|Z,
7, e telEAEE Bl 4 Ald Alse
A1 % o) AH-84)(signal-to-noise ratio, SNR)2] #& =
X F<{probability density function, PDF)& 2|v]
g}

2
b
Mo My ez mAHT ol%e A% s 9}
2o) wE0FES el



L EA 83 =FA] 05-8 Vol.30 No.8C

—__L_L(l—z“)vﬂ .

- T LU (5)
L a-zhver
+ ,Zo [6G, 1L,V
R FERIAMN
o714,
TLL,U V= fomerfC(V - 2,0, V) (6)
< frndry

¥ (iU V= fom erfeV 7+ 2 QG U V) ()
< fe(Ndr

oltt. 4 (5= ¥ BER Pt v U n%
7 (i, U, el S8 53 X93L Belok

oJHFH.© 2 Nakagami-n 2¥= 1709 7 AA
S{7HA3}, Line-of-sight) A3 ofe &2 FHe
okl AlZAEEE FAIEch LA MRC tho|HA[E
SIS ENS 9lsle] 7 dlelwAle Ade =
Al Nakagami-n |98 A, FA7]exl=
gk Ad FAo) sbsdirtn PR elsidt
7SN, A felnAlg RARE 3k FA
H 4159 SNR ;2 #F %% = non-central
chi-square ¥XZ 7IAA Hz o] 3¢t ot
7o) E3H,

a Dexp(—22)
Folrd) = 8
Yi

: Io(zml ﬂ%ﬁh),yzo

71 4, 7, B 1, - )5S 72 Nakagami-n |
ole zetuie], ; WAl A= I SNR, 1F 0%
(1st-kind O-th order) modified Bessel &5 2|Vl
gl o] sol’ e nd 0%EH o 7HA19 F
S A3, o] el k=»222 A 9 kT
Rician F&uieigbz ¥v} Nakagami-n £E= 5
Wak A9l ddEol( k=0, ATt EAFA &
L A Exs) dHoldo] Gl A K=o, AHH
gk 25 APHE 25 sk, A e
B15S AXsh duiAl o= e REdes
WA 5 gt _

are] tho|ujAlE SleluES 23] o|AAA A
HaiA =HR 2 EUE 2dels AL S3)
A=A "ok o)W Nakagami-n AAdS 33 4l

756

35S Pk L ZAE MRC Hgle] oA
g 4471 &49 ¢4 SNR o HEUEFT
PDFE thest Zo] vehd < glck

. (=)
il

IL—X(Z\) 'K(“L;_;_K)' 7’), r=0

o714 &4 SNR 4= ZL,Y H$F 23 SNR

1ot (ng(?)(?z)

®

=B A°1E Rician se]® Fejule k= Sk,
ol wtl p=1ol” (9 @)Hlel Hrt

m. MRC =4 BER

3.1 R-QAM AlZ

B ZollE Al 234 A3 BF BERS 7
Aspr] 97 A el ekt 3 w6 unt
v G U e B e FelEF o el
apolz}h gleme 1 & A g u e T
e e Btk & g o wneld T WA
7 AYFeZHN v unE A FE
971 wiEelct.

Al @9E Ayl AL g U, e
e 0|3 AR FulE 2dE 5 otk

i = J) [ ool )

N

e o

I,- 1(2\1 _KKL;-YtKL 7)dyd7

A7 =V7- 00, U, woltk A (100§ 7PE3] &
Hapy] s8]l Arde v UuvE T QG U
o= sl A3t Al (10)904 g=(L+K)/
By=12/2. n=V2K=t R g o5 2] Zb
3 Fel2 vepd 4 9l

E3 L-1
v=75 b f ) an
__L-M ke Zzﬂ
‘e 2 I y(h- Ddvdt

(i

U

AEEAS WL ARk WA AaDe



¥/ Wkela deld AdelA Mtz QaM3} MPSK 4138 o] 3 Al A5 wla

vl e

f@ TR w

I, (k- Dat

o] We} (1249 olhE(LE®) Are
Q B uPe] Easi

r-gli-l 5 L ey @)e‘”y]

Marcum

=Q,(a,b)— [I-HI -Q+2B] " (13).

o[ 512 )’
S '*e‘%h(h@)dy]

3714

1
a=\/7<[ 201+¢ ¥ Tf?] 2
1
b=VE 21 +0 TV TJE_C] g

__Q
c=Tp

ok & Qe QuanE LA 9 12
Marcum Q 52 thea} 7o) Ae) =t 2

_xl+a?
Quan= [ %] 7T 1w (14
_xlte®
—oi@re t (L) e
o]_’l

2

=) 7_1’4111
Quap=[ xe * Iyaa (19
A (13)8] AEE o3 2ol p(nE A3

= [t --245857 g
e

R(yZE E7] #8 okg A& o] &3ktH12].

1
© 4t ptv+
Jo " Fermeelhd=—rg ey

£ 2
. E‘le Zwa)_uM,”‘,<_E_>

]

714 (. )& AR Pl M, (z)5 Whittaker
ezt

u+é‘
M, ()= =
e 2 9Bt a4, u—a+T)

1 -1 -1 1,
e T a0 e e

o} zbo] Aoy}t 97)X B(x, )= 15 Euler A
v‘i’-(Beta @-{F)_Oi B(x,y)=2f01tzx—1(l_t2) =gy

Re(»>01°1th wbA AL (16)9]  R(y)
ol &3l ohgd

[Re(x)>0,
+© Whittaker 37 », (2T
o) Al + ack

Ry =% [Tx' P xlzy(h@)dx
1 2
(18)

A7V, r=2x=2u x=3y2 w=(28+2/(29),
e=nV2p/2V @ oltk I EZR A (18)% 4] (13)
o tidshd ¢ v oheat el ARl

¥ =Q,(ab)- 2[1+\/ .Q+2,9] )

_27]27@_K§1 I‘(krl) (‘/TJV%XY (19)
o 250) e )

'M—ﬁ.g( 201 G)

"ol  Whittaker t"sj-ﬁr— M,,,,,( . )9,}. E]—%jl]- 7o
File, 72 2705} F4mele] Faia

il =
M_;, (=2 B 1F,(u+/1+—;‘,2u+l;z) (20

£ o]&3hd A (18)>

k 28
R(y) = 2[‘(Ij+1 ( 20 (2(2/9+2.Q))
(2 3%) F (k+—L B+ —h—ﬂ—28+9)

1
2

=2rern VAR B "223+ o) -fe
- lFl(k+~2L,k+1;3§f§)
(21)

51



EA)183] =52 '05-8 Vol.30 No.3C

2 39% % H3 A 199 v =

W=Ql(a,b)—12‘[1+\/5f§§]e_ub-

., _kxd Y
-1 (ab)— 2112 2 _(Zk:l)_!_!_g T gl K (22)

pre W3 R (k45 k1

_L _2KB__)
2’ 28+ 2
o7)A4,

(k—Dt1=1-3-5+ -+ (2k—1)

>

I(k+—;“)= \/_2112253:])11
NE+1)=kI(E)=kk—-1)! =k,

p=L
Y

olc}.

e 2l 5 Al U R (a0 -
et \Fi(y—ar—2% °183d A @2)& = £
=

T=Q,(a b)— [1+\/ Q+23] 3 I(ab)

S ] Lo
T oon Zl (k+1) V) ~'2p+2) @3)

K+

s
7} o] el 4= 9lth 4] (23)2 FEd 319
Ao}l deeels o223 fARE 73-‘%—3‘ i‘ﬂ &
& 4 3ich

#deo] #Hold-& Nakagami-n o] Egt
ofjo}r} wiEel iﬂ"é%ﬂc‘\ Hojxd AdellA MRC ©}
ol AEle] g = Nakagami-n ¥o]d Z}=E& vle}
e deblEs ,-o@EE k=02 3514 44 &
£ 4 9}l =g f+° BlAE] Al<e(diversity order)
L=1¢]x ¥z #do] zkzt y=2, V=24 A% A
19E A (5o disishd ce|HAE ARE A}
2312 o= A$ dde] sold Adolx QPSK
Al%ol] digk BERQ] the A7 A Hch

A-GE e

3.2 M-PSK A&
K=1log .4 N9l ¥WIERZ 7AR AMS A3
M-PSK A% 7z} AlHe] o] g4 y0] Sk

°

158

AlZE Nakagami-n A'd-S E3s|wr] $4 23t
7 uhAsk, o] 93 $t g o Wi’ A EE
4 (cumulative distribution function, CDF)+& th&
3} zro] Atgci,

F psl @, da) = Pri—a<6<g), —a<<0 25)
_ _2]_ "/2+¢2~aysin psec 10,49
T J -2

A7 ok Heldd AdE Bl 41 Az
Al X']a—i a—s,—i—s o], 71_. SNREoEZ 7=
E N E Uik met] A 25)9) 14k el
g 384 BT Tk oheat 2k

x2+¢

Fpsg(¢.7) = “‘1‘ m[ ysin 2gsec 201d (26)
A7NA gl - 12 EWE PSS (moment generat-
ing function, MGF)Z Nakagami-n #'dellA sflo|g]
Ad o)5 el dig CDF7l Fo)=1- @ (V2LK,
V2(1+Ra) °1EE o2 MGF=

pte1= (TS ol ) @

2 A7)
wahd], A8 MPSKALES] A (it DM
I (2i—Da/m Aelel EAEA =z, ol 3

7 ujEse
-_— M2
Pb(7)=—§{‘ SdMPr-0<0<—0,,] (28

ol Aok A =1, mpp-101 g¥E A
Aldal Ueix] AME 7t H3d S ol
g} ze|BE A (28)% CDF P42 ZHsd o}
&3} o] ERMY,

Pun="2 EaF-0,_ . D-F-0,9] @9
V. X 24 2t

B A kgl R-QAM Alze] Ag=
M-PSK AlZ9}e] A5-& ulm A3 of7]ofA
AMgshe gellel &2 i SNR, Wz A, tio]
wAE]l 2 g, deld = dleEele] g Selch
FFE (1419 (151904 AEE B3 SAE o]
9 7% sRjE g 249 sAE s AT




ET /W Hold AdelA 2Alz QAMI} MPSK A1Z9] Fdju] 34 ¢4l A% vl

¥ 6~12dBel] E£EHe & & itk

13 13} 2= 7ZF4 Nakagami-n o] Adell4]
16, 32-QAM AlE2] BERY <332 wixE Foldd
sejofle] Ko} telB]AE] A Lo] oA tfsio
T AE BQl Zloleth it nie} o, K
9} L9 3ol I F9E v L2 Ass BYe
ok 4 gt} o224 16-QAM A1Ee] A% 29 1
A L=3 zEli K=10dBa! 7-$%-9] BERS 1Y 2
oA L=5 and K=6dB3] 72 BERT A 72
A5g Bola S ¥ & itk =3 v &
28] QAM A7I7F FUE el Fdd
BER A5 97| fslMe 42 259 QAM ¢
A7 a78HE Axcl o] B8 SNRS "o 3}
Ak, afelAe FHo|d deHle] e tlolwAlE
e} 5=¢] Wisle]| wle} sl Ao FAgt 4
Fo| Al A5 ARE Hels A g+
=t

I% 37 4= 3709 ME e Ad S AWGN A
Y p=0), el 2 ,=(), 223 Nakagami-n
=29 (K=6dB)°llM 77t 128-QAM3} 256-QAM Al
32] SNR, tjo|HAle] A< Lol @2 BER %8
2] A7 aolrl ¢AEA Ax), tiolu|AlE
A7t 1904 22 STl we) Abde BER Al
g wola glont Lte) 26 v =2 o
2 ke Afede 3 AEr) o] JE B
oli glth ¥ 3, 42 o8] Ae FAEE FH
gldeo] AdoHe] o] AJE] ol5(diversity gain)
o] Nakagami-n FdellA] 2o} o] & & 5 SiA
3o} =3 & SNR 33elM Brkes & SNR
A o & telHAlY o558 dE + S
= & itk F voAlE A L=2F A3}
o] BER®] {10-3, 10-5} <l 7% clo]ujA|g] o]
58 #Hdeo] Adelrs (9dB, 21dB}e] tlelH
AE o]5E 9L 4 9121}, Nakagami-n AdellA]
= {3dB, 13dB} A= tolHAlE] o]5& <&
4 )& Polrk =3 a7 3, 425E] Nakagami-n
Holg adell4] R-QAMY] A5~ AWGN Ado]
A9} At ddHe] s ApdeiMe) e AL
o] F7kol| dgs o 5 Slvk

a8 59 62 wHold zl2tule] K=0(Rayleigh)}t
K=8.7dB2l 73-%- 8-PSK*9} 8-QAM Al5:59] MRC
A58 vk Aol af SolA B 4 %] #
dee] ol FAH QAMI PSK+= 2t &
tlo|#AlE] o5& 7[A]A = A4k, 8-PSK7} 8-QAM

o izl o B2 o158 A8 5 U ¢ F 9l

tf. a¥ 6ol AL o AR EAlsle A
$-2] 8-PSK9} 8-QAMS- H]WEF ARolr}l. Az}
EAFN wel GE& 5 de temAE o5
QAM #H4ge] A3~} PSK AlGe] Alswc) d=js}
A BAAA " & + Yok oAE st &
A3l Nakagami-n o] -5 Zxjzie] A
717} F95 dold-s AT AsE Hr} 213
W3R QAMel & el F7] wEe]n, PSK9
3ol AZHc} el Wisl] el PSK
Ade] 237} QAM AGY Al3d) vl teimA]
] o]5o] HA|A == Aok

& 1 Nakagami-n o™ Adeld] 32-QAM,
128-QAM 2|1 256-QAM 4lEE MRC tle|d]
AE)E o]&sle] $AlY W], BER®] 22+ 103 7
10-5 <l 7% tleAE o]5E B]l Aotk X 1
23U dold ddepel Kk} clowAlE 2}
4 LS AMS3lE ASels QAM A& Wz 3}
7} th2r} srjEle clo|HAjE] o]Fe] Ao &
A4S & & 9k =3 Heold sleler} sl
7ol teolHAlE o]50] ZhAagE o 4 9lck

V.48

B =Tk Nakagami-n(Rician) Adel*) R-QAM
AZE LA AR delmAle] Alske A,
BER $412 fEslgom 7 A8 M-PSK A3
2] A5 vl BAjsisich

fr=dl FAE o]83te] A sNgE A} Ho)
9 gt k7 & AS B 3 As o &
tlelHAlE ©]5-g U&= IS & F Utk
w3k Holy =ejrie]] ol IAgle] U2 SNR
#HAoA Hrhk= B2 SNR #0A o B& tlo]
HAE ol5% 9S4 LS o & 9k =3,
Y3 BER A5& 7] A3l ¥IF &2 29
QAM A7|7F B& A2] QAM 4417 R} o
F2 SNRE 873", Al A5 ate] A
EE deld deiE m=x clolAlY akEl) S
9] Wizl vl Jle) e Axz wHFEe & 4
glth. =3k R-QAMI} M-PSK2| 74 Sz #
Adeo] AdollA clo]HAlE] x5ee] wWislel we}
Z o5& 9% ¢ 312} Nakagami-n Adellid=
71 = 9l R-QAMS| tlo|aiAle] o158 M-PSKell
Hlsl] A ez At b, Nakagami-n g 3739
A R-QAM A% 418 913 MRC tie]AlE] 24lel]
gt 3= M-PSKol vis] Holaks & 4 glrk

159



241843 =2 A "05-8 Vol.30 No.8C

10° 3
10" o
g - : z
g 107 { 16-QAM - o = A_E
- :::::U(Raylslgh) BN a
ug, 10+ J—a—K=6B E
ol T —e—K=10dB WD z
@ 32-QAM . ) AR - NN T
N e M AL VA « A
—a—K=EdB B N EARE
- —o—K=10dB . . < \6\\4\\:\\?\23‘
0 1 20 30
° (@8 SNR (dB)
T8 1. clelsjAe] A4 L J 73 el sleie] K a8 6. #dee] (K=0) FAIH ALzt 8QAM4Jr 8-PSK
ol W 16-, 32-QAMS] H|EL- w‘-ﬁr A5Ee| telAle] gt} Rle] mE MRC Al5 ®|L
10° 5

K=8.6dB
" 8-QAM, L=1

107 3 -
&é ' 1 H 107" o »

i - o
10 " -\;%8;&& i E: i
10" 16-0am

—+—AWGN, L=1

—=—Nakagami-n, L

=1
] —e— -3
1079 _u—Nakagami-n, L=5 .

¥ Y T e
10 iqAWGN"' \ \ .\ﬁ\O\Kq - 10*

—o— L L=1 o -
—o—Nakagami-n, L=3 \A : B
—a—Nakagamin, L=5 \ .

10°* -4 1

20 30

-

Bit Error Probability

/;‘F |
;:’f
F

Bit Eror Probability

Unified Approach to Performance Analysis,
John Wiley & Sons, 2000.

10  —*— AWGN
—u—Rayleigh, L=1
{ —*—Rayteigh, L=2
—a—Raylsigh, L=3

o 10 10-HO 5 10 15 2’0 25
SNR (dB) SNR (dB)
I8 2. Ho|d HAepE K = 6dB°7 75 ol Ag A 28 6. Nakagami-n (K=8.7dB) 7o) A2} 8-QaM=}
K o] 5 16-, 32-QAMS]| B|ELFE 8-PSK Al552] do|HAlE] ghal} g:ale] o MRC A%
) kvl
10"3 ; ; . .
£ o Lo : : E 1. Nakagami-n #o]d Adel4] MRC tlol¥AJE] =4
W . N 32-, 128-, 256-QAM 4139 BER 10-3 2} 10-5 ollA9] o}
o Ramel ‘ e oAl o| &
2 10? - My - - -
5 N i S ' K 32-QAM | 128-QAM | 256-QAM 5
g Vo T @) [1=3 [1-5 |1=3 [ L=5 |13 L5 | °
§ 10 AN et N e, ™ 97 | 11.5] 94 | 108 | 93 | 105 | 10°
- k: yleig N Y
@ —e— Rayleigh, L=2 : . WA :\Dunu 0 =
roe ] o Rayieigh L=3 _afRy e, 22 [255 (2211251 (218 25 | 10
e \_ 1 k\:};’m@:‘»‘ o |32 [39 [29 34 29 |36 | 107
R " 2 o o 13.8 | 16.1 | 135 | 158 | 132 | 162 | 10°
SNR (dB) } ) ) ) 4 | o. 103
281 3. sHo)) SpeholE K - 612 2%, Y A 10 (o> |08 193 |08 )04 08|10
olAJE] A= Lol W& 128-QAMS] B|E QB3 E 22 ) 31} 21 3 21 ] 29 | 10
10° 4 - =
" )M:m*,
10’ - X - 7
z 10 T P — (1) M. K. Simon, and M. Alouini, Digital
‘gmg 7 ' Communication over Fading Channels: A
o
3

103 o Nakagamin. Lot I7 (2] 1. G. Proakis, Digital Communications,
O el Fourth Edition, McGraw-Hill, 2001
10 20 40
’ SNR (dB) * (3] W. C. Lindsey, “Emor Probabilities for
118 4. slo]d sl K = 6dBa) A%, 37K Ad3 o} i : : .
olHAE] A% Lol W 256.QAMS] B]E 0 FEHE Rician Fading Multichannel Reception of

760



X/ WP Hold el Halzk QAMI M-PSK Al3e) HojW] 34 4

) 4% W)

(4]

(6]

(7]

(8]

(9]

(10)

(11)

(12)

[13)

Binary and N-ary Signals,” IEEE Trans.
Information Theory, vol. 10, no. 4, pp.339350,
October 1964.

C. Tellambura, A. J, Mueller, and V. K.
“Analysis of M-ary Phase-Shift
Keying with Diversity Reception for Land-
Mobile Satellite Channels,” IEEE Trans.
Vech. Tech., vol. 46, no. 4, November 1997.
V. Aalo and S. Pattaramalai, “Average etror

Bhargave,

rate for coherent MPSK signals in Nakagami
fading channels,” Electron. Lett., vol. 32,
(17), pp. 1538-1539, 1996.

A. Annamalai, “Error Rates for Nakagami-m
Fading Multichannel Reception of Binary
and M-ary signals,” IEEE Trans. Commun.,
vol. 49, no. 1,pp. 58-68, January 200L.

V. Aalo,
Diversity Systems in a Correlated Nakagami-

“Performance of Maximal-Ratio

Fading Environment,” IEEE Trans. Commun.,
vol. 43, no. 8, pp. 2360-2369, August 1995.
Q.T. Zhang, Combining
over Nakagami Fading Channels with an
Arbitrary Branch Covariance Matrix,” IEEE
Trans. on Vehicular. Tech., vol. 48, no. 4,
pp.1141-1150, July 1999.

K. Hyun, D. Yoon, S. K. Park, “Perfor-
of MRC Diversity for
Arbitrary Rectangular QAM Signals over
Nakagami Fading Channels,” IEICE Trans.
Comm., vol. E87-B, no. 5, May 2004.

K. Cho and D. Yoon, “On the General BER
Expression of One and Two Dimensional
Amplitude Modulations,” IEEE Trans. Comm.,
vol. 50, no. 7, pp.1074-1080, July 2002.

W. Weber, Differential encoding for multi-

“Maximal-Ratio

mance Analysis

ple amplitude and phase shift keying sys-
tems, IEEE Trans. Comm., vol. 26, no. 3,
pp- 385391, March 1978.

I. S. Gradshteyn, and I. M. Ryzhik, Tables
of integral, series and product, Sixth Ed.,
Academic Press, 2000.

P. K. Vitthaladevuni and M. S. Alouini,
“BER Computation of 4/M-QAM Hierarchical
Constellations,” IEEE Trans Broadcast., vol.

47, no. 3, September 2001.

{14] T. S. Rappaport, “Indoor Radio Communi- cati-
on for Factories of the Future,” IEEE Trans.
Mag., vol. 27, no. 5, pp. 15-24, May 1989.

(15) R. 1. C. Bultitude and G. K. Bedal,
“Propagation Characteristics on Microcelluar
Urban Mobile Radio Channels at 910
MHz,” IEEE J. Select. Areas Commun., vol.
7, no. 1, pp. 31-39, Jan. 1989.

(16) €39, 59, H 5L A 4]
ZAFE Nakagami 1A 99 AApH
QAM 432 MRC tle|HAle] 41 A5

-E4I5}s]=A], Vol.29, No.3A, pp.257-
265, 2004.

(17) C. Tellambura, A.J. Mueller, and V.K.
Bhargava, “Analysis of M-ary phase-shift key-
ing with diversity reception for land mobile sat-
ellite channels,” IEEE Trans. on Veh. Tech.,
vol. 46, no. 4, pp. 910-922, Nov. 1997.

%I My (Jeongseok Lim) A&

: R 1987 29 skeFdiEw AAp

AT EED

80 1989 2% ks Azl

[ SEEEEap

L 20024 29 gekstw AHA
BAEFE i 8.

198913~20001]  =Hfsted o

20000~ FFAAFAGATY A F7EEeY]
ZA7a Aol

<Rl AdEH, AR, BAEA AlEAe

EI‘ A 1_1‘(Sang kyu Park) A3

cea) 19743 298 Aestwe AAE

&} Fetal

1980 59 Fadstw As1E

b FebAal

19874 19 mAAREE A7)
Fsta) gahabal

19873 3Y~A)
AN RAFE Y 25

<AlEel A" EA, 9§, MIMO

Aefoiat

61



