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ABSTRACT

Applying an appropriate received signal processing algorithm based on the channel characteristics is important
to improve the receiver performance. Wireless channels in general exhibit various time-delay characteristics
depending on their power delay profile. When the estimated channel power summation is used to determine the
amount of time delay, a channel adaptive receiver structure can be implemented. In this paper, we derive a
closed-form expression for the error probability of the channel classification when the estimated channel power
summation is used to classify channel groups having different time delay characteristics, and present the

performance gain utilizing multiple estimation results.

I.M2 Delay Line) ®dl2 st wf, 7} g]o] 2 |4
P2E wEe, olHd A4 BxE 2 A4y AR
A WAL ole §Al Axde] s o) gL slolaly T vl A o] 4

o

[e)
70 -
2 89l T shelu, A A 43

A= T HEE, AEE AleEle] FAAEA] (Co-Channel
_/l:}?_].7 _—llJ——gl AEZ“% ‘?’16}]/(:["5‘ ;‘(HLQQ] %ZHX_—]' —Efé Interference; CCI), MRC (Maximal Ratio Comb]'njng)
A g 38 7l gk A7t desieh Al A %) EGC (Equal Gain Combining) A% 3 54 &
A& Z= o] dold A<dS TDL (Tapped- A o 9d A7t AalEe] grom Ak Al

* A7d sk ARk CREASAT (wsung @sogang.ac.kr)
=3 D KICS2007-03-132, AU} 2007 39 28, FHFE=wAedA) 20074 74 16

681

www.dbpia.co.kr



ol

gH=5-41813]=%A] °07-8 Vol. 32 No. 8

3 AEES EAtel B A7 v A5l dil
e Ay gHitel] tigt A’ B SAdo] dviA]
Qe dele] WAk sHE AS FEusEe
el A9, vkl ool L F8Ae] o]
AF= o] ghrh Scheuer™= A|2Ele] QkxA]l HAlS
3 qlole] BAkS 2= A Euge] b &

SR

‘1’1 u

£% 37 vl% el AAsIslon, o] A5 9
Aokl Moy 99 SJ8 A i Y
AFE S40] Amariol 2J3) Ql7sIole). A% 8

EHGE dsdt Gamma FEHS
A U] slold Adelxle] EAE B4 2
AR 28, contour integral—‘l gsl= who)
AN R omB A vl wegs §
b 2l qle]e] ¥4k 2 Gamma 2
W 2k b REol vig cosedform AL
7] eghort, thdk el 77t Alasa gt

E =ddAde AZE AldS 2 deld Ao
¥ Aled EE (power delay profile)e] A 54
B4 1 7 g wkeks A =) RbellA
= Ag gl Ak 2 st Ak e
FEHFE T Soll BAG], s12]e] At el
o EH=g (probablhty

e
1
rn‘.
&
it
N
Y
>
)
=
J}L J&?&

el AE 2

fication) H}FA19] 98-8 A|Aghc) wak tigs o] A
H Ad Bx FH AAE o8 A wH 53
Al doix]= A5 ©]52 ROC (Receiver Operating
Characteristics) 3 e = UrE]JH ¥, 7]%°] RMS
(Root-Mean-Squared) %t 4 &3 A g 23}
oF nlargle}. A= =e] Aes deth

e ’ = x"E‘ X]_/l: '_I»E—I:LZ\,— M7H3]
e e x2 Aelstd, xof pdf= A ()
2l
M-1 -
felo)=—" e 7 1
v (M—1)1(2)™ @)

682

BAle] mF T A% RERS L) §E R
% vz Aelah, el paris

Lox -
fy(y):lZ —5e 7 )
10'[
o] =w, oJ7]of|A] 7>
n=11I n

2.2 X SBUSEO| gloje] B4 22 2 TR
Qele] Bake e HEUFEE § ohet 2
o] 2hg W4 z2 Aelae)

A7|A] L BATE BARS = A5 sEwS aF
52 Jlgolar M- A el E3HE A5 e
TEY Mo, X, w4t oS 2

]

e of|dt) 29 pdfs SR weiski
L M,
P, (jv) H(l—yan) ! 4)

9] ¥el7} a2, o= partial fraction expansion HFH
< AHgsled Aelshd

‘m 5
1(1 JUO’I) ©)

3} o] TRk ofw), Fael A 2o AG
) E Al

) @

= Ql,u(jv)hl,n(jv)

www.dbpia.co.kr



o
N

N
e
é
°
ol
2

<
1o
N
)
>

o
s
H
i
o
s
2
N2
ek
ofo

A E Rk} g, (o) recursions ]85}
thaat o] A wiR ey} obd gk} 42le
R
a1
9in (]U) = =190 (jv)h[_g (]U) (8)
djv'
nol/ L M2t
1 . Doy
=2 (n )gz,n—p—l(ﬂ’) YT
p=0\ P =1 (1*]1)01')
U=l

= hy,(jv)

n—1
n—1 . .
:PZ::()( p )g“””l (ot ()

90— m (JU)‘

a.ﬂl = : Vi *I’IVL (9)
M (=) (o ?)

o} #Zow, A @) 95 AYst o, &

C!l,m = (10)
(70.}2)'”7AVIAU,*m*l{(ﬂ/[l_m_l)
(ﬂj;_m)' p=0 p
X G v m - 71(i)hl (i) )
,My—m —p 0']? D 0_12
forl<m=<M-1
1
91,11(72)7 for m= 4
99
s} o] Al % sk o7
1
gzﬂw,f,wfl(g—%) (11)

_ Y +p+1 (]‘/[l_m_p_l)'

(70_2)m+p+1*411,
1

olER, olF b, ()¢ I A (10l Hste] A

1

2lsPH factorial 5] 1=l vheel AkRE
= [e]
2

Qo = (12)
M al.m +p+1 ]‘/11'0-12'([)+ ! )
(*U%)pH (1*0%/0%)p+1
(M—m) ’
forl<=m<M-1

U'=1
=1

webx] A (5)E AREEE olele] EAb SRl o’k &)
ukslEl FlolAlF 29 closed-form pdf=

13)

al,m
M Yo +p+1 XL: Aﬁ’arlz’(ﬁl)
p=0 (*0,2)“1%::(1*0%/0?)"“
(3 —m) ’

forl<m<M-1

)3
H (1 — 012' 012)7 M/V, for m= M

o
w, Amar®7h A BE 543 FAg Aol
e Rl =

B
o,
N2
bk
ok
o
=
o
>
_>|J_1‘
it
p

ae

=
Ju
o
>
mjo

i
Mo
N
E
o ofm
odl
=2
2o
i
°
00
e
2
)
X

( rO

4 o w
o
o
N
>
2
2
i
lo
=N
.
).
o
)
oX
o
w,
o,
ot

fr e
N
= N

[>

o
Lo

= At

oX,

Mo

2

@ ol

-Q

[

oX

ol

rlu

of

oot

fijo

=)

)

i)

¥
5

>

w7} Wsks Hert glom, Ad
4] Z shtel Wiener filtering B
gy A AA= Ho AAzk
(maximum delay spread)e] 8ol 7 16 QoF
%] SUI (Stanford University Interim) 38 m=li4le
IEEE802.16e Mobile WiMax %2 A% H7l& <
gk A mdelw, F 671]¢] TDL ®de] &gk
of 7 2eld ikl A of, o, oe 2 Al
Ne] A Qeom FAE] glrk Ad AH-3AQl 5
Al 5 AA A, AN Adzke] Al 2717}
Fo3lER, AR A7IR|AFAbe] 2R ] 7}
2 A md (G UAzA| QA=) SUL, SUL2,
SUI3S ®5 1 o3}, SUI4+ 43 1§ AR, A
o2 Az dggAate] & F 7] A 2 (F
AZ¥A|Ag4ko] SUI-5+ 10pusec, SUI-6-2 20usec) S
T BE WRste] bk nikle] sbsdicl B
Ao Ae 28 Ad dWPsH= Sul2 gy 1E B

g K
o,
It

X
Lo
EZi i

o
ofo
>,

683

www.dbpia.co.kr



L o]l Al o]x|o|ale] Al AT o]gd)
LS (Least-Squares) H}A]S o] 85k Alo] dz] &
3l
o

¥ 1. SuUl XHL% U'E“

Tap 1 Tap 2 Tap 3
Channel Delay | Power | Delay | Power | Delay | Power
Models
[us] | [aB] | [ws] | [dB] | [us] | [dB]
SUI-1 0 0 0.4 -15 0.8 -20
SUI-2 0 0 0.5 -12 1.0 -15
SUI-3 0 0 0.5 -5 1.0 -10
SUI-4 0 0 2.0 -4 4.0 -8
SUI-5 0 0 5.0 -5 10.0 | -10
SUI-6 0 0 140 | -10 | 20.0 | -14

1.2 T T T T
1 -
o
=
[=]
@ pat
i}
=
=
o
5 051
e
s}
B
E 04r
[=3
z
0.2+
0
o
(a) SUI-2
1.2 T T T T
o
=
[=]
il
@
=
=
o
=
(]
e
s}
i)
Kal
£
[=3
z
02t T —————— b R i
ToWoTn@n T??¢T°n% m@? ??a¢?;.n??r.?n
30 35 40

=]
o

20 25
Sample Index

(b) SULS
a7 1. Y A 2 3 A (EYNe=15dB)

0.5puseco]|al, A&7} EAllsh= Al el A3 ke
o+ 0 =102 AFEkEe] g E} ol SuL2
2 SUIS Ad mde] A sfe] Fo | oA 2 A
Y BEE T 4 gloed, 1 99 Hele
Eg/No=15dBel| 3&sl= H4b (02=10""=0.0316) 2+
= oA B4 7ReAIRE AR A Sk glck
AEZ Ul ~Z 5 ZF A7F AZelAe] Ad AH F
s plnjelet s, 21 2@°] SUI2 mde| 7

-, A A A Hape
E{p[1]} = 0913 + o2,
E{p[2]} = 0058 + o2,
E{p[3]} = 0029 + o2

oln, 78 2(b)¢] SUI5 wele] 7%
E{p[1]} = 0.706 + o2,
E{p[11]} = 0223 + o2,
E{p[21]} = 0071 + o2

ofe F S B Al ] Fo 9 Qusg Als)

Probability Density Function

Probability Density Function

Ui
(b) k=7
agl 2. shd W59 pdf (EfNo=15dB)

www.dbpia.co.kr



= A7k A

P
o
N
e
)
o,
oft,
=
[y
lo,
N
4B
N,
49
s
H
i
o,
s
2
NE
et
ofo

gk AZollMe] Ad ZH H-2 Efpln]}=o; 22A
A2 Ao Habell <3k A ur Ea3ich

Ay =26 Exzo] AL 53 A shde] 7t
A= Sl W, B4 AR FEkellA 9] A

z= Z pln] (14)
o gy W slo], LEI) vlwS Ea o2y 9
g she Hielolel' A gt ko] At Q1w
2 p, D R QlUAs g = AZE S Y
=Z7] 2 b i ATl Aol Bxel| o8 A

A "o} weshs Sul2 2 SULS Ad mdle] A
9 4usecollA] 11psecel] 5“‘%]‘3]—‘E(n1 =9, n,=23) Ay
A TR ARSSle], ghd W) EEghEc 2
749 SUI5 mdlg FEgtuc) 2k 739 SUul-2 A

g walg gAsicl e 8 A#Ee shlels A
Ak Ads A 2L TlelAlt RES 9=
= EHgr) Hug, A 13)dA e pdfs 2

3lo] i wise] Akl —“;r % & 49l
20A15= b o] pdfE
(e Ao} A (13)—a l?‘f& Azt (e
A7 DA AT F slek adeld k= 2
43 A A B FAAE $F 2, ke
7}l w2t zﬂ% 2l Sgsh= pdf

P

BN

7F AA= o] 7harxs sk

3.2 #lig B 280l RE

SUL2 Al sk wEEse] g 7, (e),
SULS Al sl shase] prs £, (),
Sghe rekn A o, A4 P 5 A @

o] o BHE2 vEat Rtk

n= [t (19

= SUI2 zﬂ”ol SUL5 @& =% 7t
Sl g g8
Tab the-

714 P, (
= ﬂ»gOlv% Py(D)E 2 u) 4
olch A FAINE Eos}c’% #?—@‘A

3} e,

) % & (_l)k'nlznfk
1) f ne8% dy =
=e i a k;o (n*k)'ak

hal 'J!fl -3

B /0 (= 1)(02)" ¢ &
_
(M—1)1g2M
e—a’?z Mo (=) (=1 )1
—o 2, =0 (M—1—m)! (=" 2)"
B 1

(M—1)10*M
e 7 % M—1 (O_Z)m (A/Iil)!zﬂfflfm
(M—1—m)!

L M1 pom M-1-m

I

>< ‘
0

I

X

-2
-0 m=0

1
— e
az(M—l)

0
I

_ 1 2(M—1)
=1- 2001 {‘7 (7
ZFJI— 1 0_2771,1111* 1-m }

o (M=1—m)!
— 2 1 f— 1 —
e 0 T M=l j2mpM—1-m

P21 4 (A[—l—m)

—e ¢

r
PB(F): . fB(Z)dZ

M, - =

« r 5
:E Z lm 5 / mele U/dz
=1 (m=Dlei™ J
aL,m
1 (m—l)!al?m
e*ﬂf"z Ml (=) (= 1)1 Lk r
-0 =0 (m—1—k)(—o; 2
al.,m

1=1m = (m 1)'0‘2"7

0

3 .
" e -0 ~m—10—12k(,rn71)!2m 1—k
=2 1
—o; 2= (m—1-k) .
L M Sm—1 y2k,m—1—k 0
B 3D N R i
2(m—1 —
& g2 = (m—1=k)!|

My a
1,m 2(m —
= E Z 2(m—1) {0-]2( Y (18)
m— 2kym—1—k
76*0;7211’” ]Ul Vs ]
’ = (m—1—k)!

3.3 &4 duje| £& B Alo| M5 olS
AL WY A AT S, o e
4 A9 Asl] FEzh vl Bed 5 9o,

A AxE aokslw g 2Tk

685

www.dbpia.co.kr



2 4% A4 2F B 21

a8 3@ollAs B8z o] wisle) o2 sy
L5 (Py(D), Py(D))E FH3E3H Aol ROC =

w5t

an=t 18+

oo 0000
sovss
o,
V‘\N‘ m
Y-
2 i Ty
S 4l v
;10 r S
E e - %
Ko 0.
8 E |
<} o d v gé
o &
S B ; ™
8 B \ b\.\
=10
2
K ¥ Y
F o K=1 ¥ b 5&
= v K=3
o K=5 N o
s K=7
| [ Anaiytical ° :x\

-2 1 10°

1
Misclassification Probability for SUI-2
@ A Tk

Misclassification Probability for SUI-5

10" oo w = —
!y o 00,
VE o V:h:\
DDV
o
E._. 7
A
"
3
E
b
o K=1
v K=3
o K=5
v K=7 ;
N 107 10" 10°
Misclassification Probability for SUI-2
() RMS W4

. Ko Wi3tel] whE 3 A5 (EJNo=15dB)

2) plk,n]=n# A7 A

686

=2 A A Ay

o] &3k o] Egtel AlER FAIE e woAl
oleh ko] Z7kell M (K = 1, 3,5, 7) I
F 7142 skolsl 4= glr) o] uwl, 23 x|e] RE
K > 19l o5 o] A7) 74 A)7E 5ok Bl
Aew 7Hgslgick. Al wbd Aol wluE ¢
A3 A4l H£° RMS (Root Mean Squared) %#ke]
AL 17, ch. 21 2 EEg wES pfse WA

[}
(RMS WA)el Ass 13 3ol =A8Kdch
RMS M2 Zhd W24
2k = 19)

& AHgsied, o] w) ne

ofeh RMS el AW W A b WeE
S S e A 15k
4 3@st 2] HaE B, A P WS EE
A S S ole Aol ARE

@ Ae g 70 9 FER 5ol Ay A4

=1
=
A ehee] A B W F0E sk S gle
W, 7 ASeE feE of o] B4 4 ik
V. 232

A AL A7 AL FE B F SRl 5
Al ARk el A AR $Eg s}
7] 918, dusEl ol pdrg fEskgla (4]
(3], o1 Fsjel HHPE 53 A2 B
A g 2] AHY 0F S AN [
a7 (18). e AT EEE 2 Ax) WFE
Aol o= AeojE= Tl e A vl
& EY hIRE Aol A
22 AAE Ay o 7 Hee s A
gl 28 o sle Ao e
#ues

(1) 1. G. Proakis, Digital Communications, Fourth
Edition. New York: McGraw-Hill, 2001.

www.dbpia.co.kr



A ARE 2 sleld Ade] AY A RE 54 24 2 B

(2] W. C. Y. Lee, Mobile Communications gamma interarrival times,” Statist. Probability
Engineering. New York: McGraw-Hill, 1982. Lett., vol. 15, pp. 135 - 141, 1992.

(3) E. M. Scheuer, “Reliability of an m-out-of-n (13) P. Hoeher, S. Kaiser, and P. Robertson,
systems when component failure induces higher “Two-dimensional pilot-symbol-aided channel
failure rates in survivors, IEEE Trans. estimation by Wiener filtering,” in Proc.
Reliability, vol. 37, no. 1, Apr. 1988. ICASSP’97, vol. 3, Apr. 1997, pp. 1845-1848.

(4) S. V. Amari and R. B. Misra, “Closed-form ex- (14) IEEE 802.16 Broadband Wireless Access
pressions for distribution of sum of exponential Working Group: Channel Models for Fixed
random variables,” IEEE Trans. Reliability, vol. Wireless Applications, 23 Feb. 2001.

46, no. 4, pp. 519 -522, Dec. 1997. (15) Marc Engels, Ed., Wireless OFDM Systems:

(5] M. Nakagami, “The m-distribution, a general How to Make Them Work. Kluwer, 2002.
formula of intensity distribution of rapid fad- (16) B} 9] 591, “Frid 454l Al2~wlef| 4]
ing,” in Statistical Methods in Radio Wave g Az edS FAs)7] SIgk A 2 vl o)
Propagation, W. G. Hoffman, Ed. Oxford, =t 53] SUHE 10-2005-0073566.
U.K.: Pergamon, 1960, pp. 3-36 (17] A. Paulraj, R. Nabar, and D. Gore, Introduction

(6] V. A. Aalo, T. Piboongungon, and G. P. to Space-Time Wireless Communications,
Efthymoglou, “Another look at the performance Cambridge, U.K.: Cambridge Univ. Press,
of MRC schemes in Nakagami-m fading chan- 2003.
nels with arbitrary parameters,” IEEE Trans.

Commun., vol. 53, no. 12, pp. 2002-2005, Dec.
2005.

(7)  M.-S. Alouini, A. Abdi, and M. Kaveh, “Sum
of Gamma variates and performance of wireless
communication systems over Nakagami fading
channels,” IEEE Trans. Veh. Technol., vol. 50,
no. 6, pp. 1471 - 1480, Nov. 2001.

(8] G. K. Karagiannidis and N. C. Sagias, Ht = & (Jonghyun Park) 31

“Closed-form statistics for the sum of squared
Nakagami-m variates and its applications,”
IEEE Trans. Commun., vol. 54, no. 8, pp.
1353-1359, Aug. 2006.

R. M. Radaydeh and M. M. Matalgah, “Closed
form expression for the error performance of
noncoherent M-ary orthogonal signals over
multi-branch Rayleigh fading channels with ar-
bitrary average fading powers,” IEEE Commun.
Lett., vol 10, no. 9, pp. 661-663, Sept. 2006.
A. M. Mathai, “Storage capacity of a dam with
gamma type inputs,” Ann. Inst. Statist. Math.
(Part A), vol. 34, no. 3, pp. 591-597, 1982.
P. G. Moschopoulos, “The distribution of the
sum of independent gamma random variables,”
Ann. Inst. Statist. Math. (Part A), vol. 37, pp.
541 - 544, 1985.

(12) C. H. Sim, “Point processes with correlated

(10)

(11]

2004 84 : A
z-5ta) shat
2006% 84 : A7ttt

F3tat AAb
2006 8U~& A : A 7Fl st
ARzt Al

<FAlEel tAE-54l, MIMO,

= B

o L7
Z T ¢l (Jaewon Kim) 319
20079 29 : A7FdEn 2z}

1 FEkE et

2007 24~& A A7k
HARgEt Aty

<¥HA]Hol> Transmission Channel,
B4 Al~El A wA

il

687

www.dbpia.co.kr



54183 =A] °07-8 Vol. 32 No. 8

2007 24~&A] - A7 E
Axpgstat Ak

<Fok OFDM-MIMO,
DPC, t]#d 541

20079 244 A7 Ek L Az)
38tz shat
NS

& 9| M (Euisok Song) ZF3|d

688

M & Xl (Wonjin Sung) A4l

e S0 19909 24 AeEta A

' 33} shat

1992 549 : University of Michigan
(EECS) AJA}

. 19951 1249 : University of

~ Michigan (EECS) ¥4}

199611 14~2000%1 84 : Hughes
Network SystemsA} 2] o174

20004 9L~ Al : A7l St A Algstat

<FHlRol> o5 ARl A EAl]E, MIMO,
FARFUA] A BI(DAS), $14 24

X, o

g

www.dbpia.co.kr



	시간 지연을 갖는 페이딩 채널의 전력 지연 분포 특성 분석 및 활용
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 독립적인 지수 확률변수들의 합산 분포
	Ⅲ. 전력 지연 분포 추정치를 활용한 채널 판별
	Ⅵ. 결론
	참고문헌


