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ABSTRACT

We present power(in frequency domain) and rate adaptation(in time domain) schemes in multicarrier (MC)
direct-sequence code-division multiple-access(DS/CDMA) communications. Utilizing channel state information from
the receiver, the adaptation schemes allocate power the user’s sub-band with the largest channel gain. In the
time domain, the transmission data rate is adapted for a desired transmission quality. In the case of single-user
channels, a closed-form expression is derived for an optimal time domain power adaptation that minimizes the
average bit error rate(BER). Channel inversion power adaptation is found to provide nearly optimal performance
in this case, as the number of sub-bands or available average transmission power increase. Analysis and
simulation results show the BER performance of the proposed power and rate adaptations with fixed average
transmission power significantly improves the performance over the power allocation in the frequency domain
only. Also, we compare the performance of the proposed power and rate adaptation schemes in MC-DS/CDMA

systems with that of power and rate adapted single carrier DS/CDMA systems with RAKE receiver.

* A& Ao Ao AISE 83 (heejune @snut.ac kr), ** APHA}L F3H71E4 (yhiee @iece.org)
=R E  KICS2005-05-188, H4=UA}: 20059 5€ 9

423

Copyright(c) 2005 NuriMedia Co.,Ltd
www.dbpia.co.kr



FEEA B :=FA] "05-6 Vol.30 No.6C

I. ME

F3 71¥2] CDMA 541200l U5 RESD} (multi-
carrier, MC) ZE7|HE AME3 A7E0] t &
EHATH1]-[5]. MC-CDMAHHS 71&9] vl wF
43} W) (single carrier, SC)oll H3te] =& do]
H AEE U9 ol a8y T g AL

2E
Wae] Aeet WadR, 3] ARE Sk i MC
WalS AMES W4, 519 F HRE RS 5
AUtk 53], Kondo 4] A= o8-S AHESH
SCHA T Fa TS ARSIIMCHEA 9] vl
AT, Fake ddF 2 Adexe 7 i
o] th53%F BER(bit error rate) 542 Ho|Xul g
e el e Agedxe MCHi2lo] 453 =
< A5S Bty #Ex3sIT

durro g tA" T4l AlZ=EelA A7)0
Agel & el v AR7E FolAY 417

o] ARE o]g3ty FHHA WAooz HEE
Eo] 1S-95 CDMA A2 [6]& A
gAlolE B3l A7 Hagh
g USSR E HEA|0lE 43St Abeta T
[7]2 DS/CDMA®WAolA HEEF A5 (pro-
cessing gain)g Z-SHOZ AlgstE WS Ao
39tk Kim 5{8, 9] DS/CDMA A]Z=Elox] 2
23 oy £xel AYAAE AMESE AlREHS
Aersta EAEFATE Chen S&[10] MC DS/
CDMA AlZHlolA 98-8y dag|5s AHES #
FIg AJE2 dEgtel] st A3 Kim
[11]2 MC DS/CDMAOA <=Wrek HFoA ZHe
A BAd g9 wete] tiste AT g
Kim 52 [24] &7 B4 F359 Mg Aojo A%
Walel]  #a] AFSIHNIL Leew [25]914] MC-
CDMAIA 9] AIZE-Fah Gooxe] 8 Ao
W2l ATt 28y giAFeR HA AFE
& T2 BAFSE A AdEES 1IN
ARRE ZuRleA T2 M= g dALE Alo] WA
dsteire Fw38] AdTEA ZAAT
E =F9S MC DS/CDMA E4 A|ZHlo)x Fu}
T B AR FFelA WY B HEE Aol
sl B4t A7-ehe AlzEle 5207 3
o] 2E7eE Bt 42 A AGHEIHR
(CSI: channel state information)2 Al&3}e] Hu)

oI

%2121 ;l: fr

mmi_@

r 2

_l —

i;gm{m
2

oo
v

424

Copyright(c) 2005 NuriMedia Co.,Ltd

o Adelse e Wt )

gt o7|A AREL 24" A
BT BERS HA3sle AgA|o] HE =539
a1, o] Aol EFade] 7t F83] Atka 7}
by, Al AW HEAo] W] HAH AE
S 48 F USS FISIG T3, MC DS/
CDMAWoA &g Ay e H4E WS

EAslg e 9 49 AREL TR
MC DS/CDMAAIZElo|A] Z55 Tujol =g A
AR Q) AS A5E WAl F1Ee) ThE A

YL AR AzEe] Hlse Be A%

IO, AIAR D&

a9 12 B =R 1188= MC-DS/CDMA
FAAEES] $pARY] FEREE HAFH MC-
DS/CDMA SAIA 28l AA] ARSES AR A
R M FLF g Fe] R Hsubband) &2
o] AREETE 4 ARE 2z M) Saeg
Z JHlzEe 247 M RFFuEg Fh A$HT
I 1 99 oKE 4.(- )9 ed
(- )5 ARESlE ARSA kS F4l AlzHle] F

ZEo|t}k oW, FAVE HAHAFHAY 5,02 m

M
WA B el AFelS ay,, (& ELY) ap,]

m=1
—DeE AFIL F kT mWA Fudd
akmST‘O’l %agi %\%é—l’q [L]—E}—/\i /\]—_g_;(]_ k_O,]

AENs =

Bt = 3 VIS ) "

* cos (27Tfmt + ek:,m )

o2 8" AVIA £, mHAR W Fuap

S R E R ER I E EE
W98 AASAL 2ka 7 FEus e F

www.dbpia.co.kr



=i/ gl Hold Aol thF HHeAl DSICDMA 41 Alz=~8le] Ag-HEg 28 e

=AY
»(5) »Ex__: ;w—\
s /' \
I A
A,
\"K cos(2af 1+8,, ) \'\\
5 . xln
(1) ——D)—— - o
. ."‘”
a /
piln) ' /
et i
= r /
x I
’Lf) e =
I

\.".'-_‘ S, ms-[.'!,!f.,x +8,. }

{a)

T,
N : “, e
? i (B>
| L \
T L Zyy L~ Y

2 \

AGES yeos(2af,r +¢,,) \

\7. 1
(1) — \E-g\.i*

[a
|2

V7

Pt =Ty 5 veos(2af, 1+ 8, )

)]

s vlde ol 2 kst e B
o= Ad 540l HRHe AL AP ol

o) =3 [e) Zo =] - =
g 548 TESke A

==
5
rlo

Fade] FMs AHAE
1o 24 7lsstttal=Kondo 5o 2Js}e]
ot [4]. &3 o A2 gl o3k A
9 dlolel M 3hel Blste] FE3)
shsitar 7pgeith B = Ae Alxky
7o) Ako g @9 A HdF 3 3%
©1} Gilhousen [6]9] €% A 7H3 Al (out-of-
cell interference coefficient) ©]8<S AlEsHH U
Ao X A=z e = Uok

e, Z1AFAA AREA k] FA7I(ZH1(b)
A FAEHE 2E y(t)=

)
ook

T ml ok
0
T

& |
& rlo

A

;0
B

(o5

o
1o
or
ol

< M
y(t) = ,\2:11 E Vv 2ak,mC;.mET

m=1
)
. d (t— Tkm )Pk (t— Trym )

* COS (27rfmt+¢k,m) +n (t)

pu 7]*1 KQ:I— Tk,m}‘f 1&‘?/] /%]oﬂ t‘ﬂO]E1
SF A AAgA] o AR m

Fi el S5 AD ADAES ¢, =

fu
SO
o
N
i
X, 2

2
),

Copyright(c) 2005 NuriMedia Co.,Ltd

U= 2y Y QTAE EABC o)),
S8 WF T, B oS AR SYH0I 4]
a9 4R wE TR0, 715 02N T
X% weta YL G, AR kel

d&
mA FApde] dYol5S yehle ZskEE o
EA5EA FEUEFS
P, (g) =t o/ 3)
G o0
0 = B[G,,,] ©

oft
N
iy
o
N
i
>
oo

2 T4 Tim
Zy = T/ y(t)p; (t—7)

- cos (2nf,,t+ 1, )dt ®
Qo G S Td; + Ly +m

2 T8 F g 74 TE HE Frlolx oY
tole] ¢ = RE AREAl] et +17} -13kS 1)2
o gEE zieta 7Pggt 2G)dx A WA
o FalstuAshs Asoly F HA

2 K—1 AR Aol o3 14 ne 3
, B2 N2 WA ZEeARE E-S UERd

oo
o

[e)
} ]JIAI -

Y-

A

o

o+ 0
E}‘- %_L [JJAI—\?—_
- i
E[IZVH] = 2; ak,mGk,mSTTp/g (6)
k=Tk=1i
2 38 5 Y o7 Te ke 99
F7)olt}

FAs e A dAA AREAL i o] miR
Aol AeolE Bx AnE FPe FAAol
S VB2 wetddnh B =RddMe o] 4 A
qolS Asghes AlRel ted Agel A%
%EH?—]- 7;1*9‘3:"— %qlz]% 61‘,,m:ai7mei7m% /\]—%
A HFAoE AgAid e Sl =

2
)

o
N

Il

425

www.dbpia.co.kr



54183 =54 "05-6 Vol.30 No.6C

M
ST]Z[ az,m@.mj
E{’/M Y, K I”Z:l
E az,.mGi.m( Z; 20, G, wSrTL0/3 + jvoj
k=TE=i

(@)

I A AlZE ZIE ALSSH EafE t ME U

3.1 MEN CiE EESAL ®E 2HA(Multicarrier
Selective Transmission Scheme:
MC-ST)

HAHA ZHgHo g 71 Ajdo)So] & 3 B
Ll iH%OﬂfIP AFE st YA Afdeds A
FE A e d9A El—g W2 Aol of
sho] e E} o] At AFIE o W}

; Epaley
ain={p ¥ Gm=C ®)

0 ow.

E Fon o7 deYse Ade 7P Adol
5ol 2 & =,

G = max (G, 1. Gy . G yy) ©)

oltt.

o] AdME RE AL&Ae] bojE HLge
/T, & T,=T% 13=Jcka 783t o] 43
T B AR G ZHgEY MCST 4]
;ﬁ]o 4_1 agr} H]—/\]O 740 U}——JJ- ZELO] f%‘?—__}
Atk A, ADE FH 9D AREA 2
< Azd e E/N, &

o -Wi‘&

M

ﬂ‘ ' _ STT,”Z:1 ai,mG’i,m (10)
]vf: =t N[)
M "
_ T e
B No
Foiek o, 4 8 diAsE el 5
E% nES e g H Ao iAot}
Pz, & oM 1EE A8y Fi &
QlofjAute] A&7 AH IS w1yt Al &
delolnel Aeg AEE Aols TR 3471
etk

o714, 2Nl 2(8)S thUstA =W MC-ST ¥
2ol Mol 2zt FH] B/N, =

426

Copyright(c) 2005 NuriMedia Co.,Ltd

2 S, TG
¥ - F — (12)

Y 28, 1.6 BN,
k=1

= AU 4 A 14 K A8 5
# Pojgel AES I JE Y AR FE
Kb ndl ot e vE Ao

2 a7 pE e AFEATE AREA
o} e B LS AgeA 2 sEold 7
AHgAPY BloH Aol HIB/1ER] o] ey =

_ 1 . 1

=7 (1—A(M)) 2+—]L[/1(]W (14)
1 (5_

—W(Q A(M))

MCSTHAS] A58 o A48 24

71 9Isled Ha2e e ER 3]

25, T.G"V 35 Kol Wt Hagow JA}i}d
ok o] 24 tFY HAweak law of large
numbers)ol] &J3}e], AMEALY] 47} 2 Ao F
o Bed), A4 AlxEe] 2Lwee] sdels
FA|AA o] ZARAo] F dX|el= RS AWTelA
35 AlEdo)(Monte Carlo simulation)ol] 2]}
A s
Gl o) 38 Ryt Furd13]d wel

Py (g) =Me 9 (1—e )" (15)

Z FoRAY webA Jakese] AF [4, p. 316, eq.
(52-8)1% AHE3lH

E[ka}: E

£ AEn odl, 24 gE AREAe] S
A2 FApglshd A=

www.dbpia.co.kr



=i/ ULl Held Al the wh

o}-}
Ry
g
«£
(@)
:
of
[
l
I
ol
o
=
JSE
F?.i
ofy
o
£
oo
o%
i

B _ )
. =vG; (17)
2 A7 =Hed o714
M -1
2, (5 1m)
_ m=1 0
Y= 3N tST (18)

oty N& Fol5ow
N=T/T, (19)

2 FHATE Leed] 2T [15 p. 993, eq. (OB.A)]=
A28 H MC-ST HW2lolAe] o BERS 2] (20)

£ AMgElE 9ol Fol1 T W% A AW

o
rﬂ
4

QE
ra
X
o,
=t
o]
™
=

(23)

]|
I
o\

8
)
A~
[V
ENg
N
S
~
o
=
NS}

it
Y
B>
ot
e
4
X9,
rr

£ T3k Aol 53t
HEH(Calculus of variations) [16]9] ZF1A]
FAZ] A ARSSte] HE o E WS HE

]

2GS TNy _ )
oz 2 @AFE ANE AL 5 A o =RETSIAN, 28
5> _ (K— 1\ K1 _ o NE—1-K | ¢
7 = z[\ =) [ () Py (9)dg .
[Lf SlrE—1 « K-1-K, A[ N1
= 7 1_ I
0[\ K P (1-p) ,,Z()I: m m+1 1/+m+1
01 S o W § 9tk o] WEe sl Fa £9
a1 [17]9] e}
W 2GS T/N,)?)
ﬁ K =30 = (1) (25)
ry =Sl 2GS, T/N,
E 20
) 2 78 & ok AT (- )= A
W(z)e"e) =2 (26)
STTMe 98] = WSt Lambert W §H= [18]°]th
T8 2. MC-ST 33 Wldlde] S, 7/N, Wl w2 3 JA
i BER; N=64, M=4, {,T=10"? e AT
MN, 299
a9 28 ol ¥ W BERES S,T/N;9) - OT/ W( ( 957 D
T
H3lol| we} At ol AlEE o)A ZAe v @7

waAE w, K7F FrkehE 2 gEwrt Sk
10 ool QX %%7}5TT/N001] /\1—31]—0401 o3

32 MC-STHMo| /& M2i =S 7|g
&8

¥ Aol 3189 FAE Fgste) A A
7 =del A A" el wake] dwng
% A5 A%

a,=a ifG,=G"Y
{ 1 m _ 0 O-w-l m 2 (21)

Copyright(c) 2005 NuriMedia Co.,Ltd

) -9 1—6 g)[l[ 1dg
=1
o A A% AY AFxPE wEs|orditt
a9 3% O 4e A M=13% M=4% B
A @259 AHel a8 T otk FuT e

A4e] o gol ¥ Ade] & m: FFAEHY
Spel & A9l glolA, A elsel Sule @t
t Aotk o A¥E URA olgel M w:
S, T/NelN AdGS HE Hgwae] T 4%
& RABIE AL W@ o AuE Hgom
427

www.dbpia.co.kr



ok
Hi
off
23
1ok
10_1'
r-1n

A] *05-6 Vol.30 No.6C

8 - . T
S{T/Ng = 0 [dB
7k ST/N, % 10 [dB! E
STT/NG = 20 [dB!
|
|
5 f 1
s |l
z4 1
5
al |
- J
L |
o 4 ' 1 1
05 1 1.5 2

9

8 r r v
S¢T/Ng = 0 [dE]
L sT'FNo“. 10 |dE] ]
STTNG = 20 [dE
el J
51l |
=
El
=l i
£
o | J
2k
K ~ J
o i i i
0 1 2 a3 4

223 M=1, K= 104 ALol5 9o B A B4lS o T2 4 M=4, K= 161 ADo]5 g0 e A BolS a

se) Afn Ak

3.3 MC-ST 2AofM xid i

MCSTHAA Ad 9% A% A Pae A5
ol oA, $471E AY AHE wEeE 4
el dRe 54 W DG G, S HANES
299} 2, Hol5e

fomzga/al’. Gn=6 o

M
O]U:H, Téﬁ_ %(ja H]QJ': E[Z ai,,m]zqu' %]l—vﬂ

m=1

M—-1 (29)
_ [M (=) D (- k-)] ,
(

M=2 )

2 7% dd wEA A (), 28), 29F AH
ate] gejshd 2ls of eHl BN =

o2

E}) _ STTG]?
N, 28,;T.GrK;/3+ N,

e

(30)

oz FaA & A oW TEAEA AL

428

Copyright(c) 2005 NuriMedia Co.,Ltd

£ AMgAES) 7o) JFoz 4pojel BN,

7} 4= gko] ohlth webd, olu) - BERS T+
=il

K—1

r= 3 (g ra-prs
K N TV
Q[[3_N+ZSTTGR] ]

T Atk

(€2Y)

z2d

mlo

3.4 Rate Adaptation in MC-ST Scheme

npxulo 7 MC-STHRIo|A] HS AEE wale
AFEEE ASE AmnA o] w, AL AYe
2 ®H FoI @ AHgshaA] Hdshe wlo]
B FEE 2 pAde) $41 s o e
E/N,7} 938h= BERS WEale2 34 9
Ful4 gy AlZF Jde] AL A AL E A
of ARl Bk 4 () §)=HH, Eixshs Al
= o Zenl (B/N,), 5 47 93 A5EL

R =1/T,
_ 1
(B/N,)
32)
G(l)
K,
Z 26T, 3+ N,/S;
2 FolZt} ol HiF HWEE R &
M
3 E —_
o m=11 . l
= srtea o7 33)

www.dbpia.co.kr



=i/ ULl g AN oz

W47 DSICDMA §41 Al2de] A-A58 23 34

2 Fefizlth o714

I= kE G 25T (34)
RE FEUE GUE0l =YL FY RE
(id)E zZeta 71ggern=

Sl )
/ " (w)e TV duwdz

o] "t 71X

AS)
T
Il
S~
8
iu
s
5
%
§
IS8
=

= M (71)kfﬁl+l (37)
) (Mf 1) 1
k' J(M—k—jw)
Z Fojxitk
2l (13), (33), 35) A shd

R

i

M
3 7”2;1 1/m

T I T.(E/N,),

K-l g ; -
- S (g )
=0

. / /mLtpl‘i(w)eﬁ”(""*"’)dwdx ]
a — 00 m

o] "tk A(33)¢ 1/ olgE EE23 Fgolm
2, 343X R, Jensen F-S220]0] o]5}ed

(3%

Copyright(c) 2005 NuriMedia Co.,Ltd

(30

R = St E
-1
Vi) >
1
QP(K;I)TC-F va(]
Sr(3) 1/m)

m=1

AE ITZ Fshy

B [2p(x-1) Ny B
’ SpT(Y) 1/m)
m=1
© 2, ¥ BER 9| AIA&=
p(K—1) N
P= Qb=+ i @1
25,7(Y) 1/m)
m=1
2 7% F

V. X212}

ok FojM thE MC DS/CDMA €3 H4&
= %

-2l A45S Rake FAINAS ARgstn A
Hyl AL ES A ojslE SC DS/CDMAY B3]
B 4 vlwe] FEAAS Hste] do 2ol

N
-~
o2l

ofr
20
2
T

*SC A28z MC A"l FI3 HA gy
IS AR S, 0= T,/Molth o714
7%= SC-RAKE Al2#le] 8k o] e
F7]e|tk

SC Al="e] £3) 7Fsg AE LS MC A
2dlo] wkEnl 4= M3 Atk

SC AlZ=Hlol|A A& [ of thgt AHgA} ko] A
YolE G iid 7|5k EXE ga2g
=, SC-RAKEOIA 44 v 4= = 5
(multipath intensity profile: MIP)S 7}7g3}

ATk

olgf sC o] ANt A3} = Kim F8]9] &4
AHNE AHEEFATH Kim5-2 o] FaLiEdelx] sC

429

www.dbpia.co.kr



52188 =4 A] *05-6 Vol.30 No.6C

DS/CDMA A]2Elol|x] 13l BERS 9&538le

T RS RS A99 AE5g A oA &

3Tk AT = /T2 A3hd
BER A5S 7& &

a9 55 MC-STHe] ZAF7|dA Adol59]
XS5 HAFET ¥nE $I5te] SC-RAKES] ZF
A o]5L o] EAEITE SC AlZHlolA,
MRC (maximum rake combiner)®] RAKE Z417]
o] FE71e] 8 AR o AEHUAT S

1% o

e
ol
[l

R =
o}
o)

at

|
i

L
G,'SEE G,‘/S(I 42
3 G #2)

A7 G AREAL i o] Tk SC-RAKE AlZ=Hl
9] MRC ©|%¢] B3 Ad o]5olth F¥g vl
£ 93t o] e ElG] =12 A7t 3k o
714 DS 2l&7t 7bg AdelSo] & she] Koy
dE Tkt MEE7] i) MC-ST lelA
o] MRCE F2ldola] A€z Agtel] g3t
£ 4= 9tk SC-RAKE oA A3 wo|ge] &
& B3 7l A= Ly 71w SolEte
A A Ad ol59 WE Lo] AR uwet
Zoletes AL 1T § gt Lo] F-3he) 2
ul, SC-RAKE ¥2]9] FEE¥= ddxdd HI
Holgo] glol, at= AS ¢
ST Waolx At mo|de] &2 T3 M kol
7Fehd EoEAY 1 BXE MY Fotel &
2 et =13, Ad
Mol 7t wet F7FekARE SC-RAKEONA]
Greo] B A= Lol F-@aitk

_I])J

9, OIN

fr

[t ol o
[N
-

==
EX]

pdf

g

g (Channel Gain)

8! 5. MC-ST$} SC-RAKE®] that &5 £¥ 34 nluw

430

Copyright(c) 2005 NuriMedia Co.,Ltd

10 - T T
102 | 4
10° | 4
1
w
@
& 104 | 1
-
g o ™
m N
10% | . \ — 4
'.\‘*\
o
Y MC-ST scheme B, B
107 F channel inver, in MC-S5T b |
rate adap, in MC-ST
power adap. in SC-RAKE
rate adap. in SC-RAKE
1 0-? 1 1 1
o 5 10 15 20
ST/N, [dB]

32l 6. S;T/N, ¥t w2 e w}% 34 BER H] i
K=30, N=64, M=L=4, f,T=10""2

" 62 M(=L)=49X S, T/N,9| ¥zt o
£ ¥ BERS TAIS Aotk MC % é]/] 75,
o= A vy ;]0 Az vhale
FA0] AMgSHE A§7F 284 o
AL MCSTEA W3 852 4 olsel 9

>~

15 ]
=

N

44%& ol7] Wiolt &
Ay, o]yt HEEo WE
HollAe Aol & ‘ﬂz.}} o}
Tolle 2949 +7F 9
&l AMEo] AAHY ‘}F At} T3 MC-ST
WAl A SrT/Nyol S71sel weEy ¥ BERS
F43] ade 2AS B 5 A o3 HdEe
ARERLS] 7 FTbsHA =Y Ad o WAE AF
£33 MC-STHRAA A9E SC-RAKEHHHE
gde] dshth= As #ERIE & Aok AR Hit
BERS S, T/Ny7v 2 & 33530
olMe IA Fise ASE B F Ay o3
Q e HA K9 st Haste] 7317
ol

a9y 7 S;T/Ny=20 [dB]12) A5l o]
M(=1L1)9 Wsle w2 W BERS HoFrh 1
g 67 198 7S MC-STOlA g HAEE w2o]
M3} SpT/N,. kel 73gle] b %%101] ] 3}od
45% BER 455 EYES YR ot o]Re

&
=
fru
dlo
oX,
ol
>
>
N,

www.dbpia.co.kr



=i/ gl Hold Aol thF HHeAl DSICDMA 41 Alz=~8le] Ag-HEg 28 e

10° A ol 9lofM, 71 A ol5e] & shte] Frert
MC-ST scheme L =)
0" R o 1 HiolH & Mgshe Was AREskalt T AREA

102 |- Pofate adap. In SCRAKE o o] Ao oA A7k =HQleA] HAe M &
_ "

g PAS FESDR BB Pl o)
- o] 57k Z7heel we} Y 44 wae] HAo
Aol

§ 1 Fol FEPte RS Bt B A =d
: 1 s 52 gellA ZgEhs Aol UE HES
o : — she e A% e AgIQoh 1 A AR
: 1 el Fen APzt Hg HA5E P
] o] BE Fuiy ool Hg WAL A1E
R A she R vlslel 959 452 BYS FAsd
: w3k A] 2~H o] AL A=
38l 7. M= L Wste] w2 o] we 7 BER Bl iy o{ M ODS/CDMA F=RelA o o
S,T/N,=20dB, K=30, N=64, f,T=10"> A& WS SCRAKE gAoA A3 138
£ AL AMEE Z9sk via S9inh MC-STH
MC-STolM 2 A58 Mol A% AP Z7p oA AH8E 2 A48 P /189 e o
A7NE A BEES 2 £4 vl BE e wEle £ A%S RS st
BERE ¥HEA1717) giolth 9, 4 (33)7
A (8, eq. (15014 ¥ 5 Uxo|, Ve P ARE
AgEo] o] Fagel IPHoz AR W
A% A4 o5 FFAE A AEE WA A4 Al A tolM G (1) = max (G, (1),
ol 2 9FE Fu AL ¢ 5 o M Gya(t), -, GL w (@) (= GV @) Aty
grol ARl wel A9 A o5 HFAEA7E AM)E 3719 2a3yoldn). A7 f(-, - )&=
Ao g & MCST WAe] SCRAKE 44, G, ()2 Gk,m<t+ 7)o 2% g8 E¥oly 3
13} =al= e _
%OE.@' “[‘J’]'\— k‘lHEOﬂ/H 24 7(-] 0] A]’%Q _'1—7_5_3‘:]_ [21, p. 469] oﬂ Edfa'
o moh &9479l 54 tehls ol
1 ()
vz flz.y) = (1_p)10(2wwy1—p)e Ve (44)
E =Fo)|AE MC-DS/CDMA 541 WaoA 2zt 2 Foldd oM L) 9T oz W%
sl A Aes A5Eel 497 wae  Besel BB pE Gu0F G0+ 1))
gl BAsigT o mudlelge] A A4 AW AFE dolE /)7, $49 5 v, 17
A(M) = Pri Gt 1) =G+ DIG() = G ()
_ PG+ D=6+ 1) (G () = GU ()
Pr{G,.(t)=G"(t )} 43)
=" [T PG+ D= G+ D) (Gl) = G
0 0
|Gir(t) =, Gt + 1) =y} () dady
A= [ PriGat) <o Gualt+ 1) <) (Glt) <2, Guslt+ T <)
(Gru(t) <z, Gy (t+ T) <y)l fa,y)dzdy
43)
—uf [ [HPer(><wm(t+ T)<y]f(:v y)ddy
m=2
=M U P (a,y) f (@ y)dad
[ fo (@.y)f (2, y)dady
431

Copyright(c) 2005 NuriMedia Co.,Ltd
www.dbpia.co.kr



52188 =4 A] *05-6 Vol.30 No.6C

3 AHole] sHg e B = (2nf, ) 2 B

g 4 Ak A7)A (- )L IF 0%} Bessel
ol fu=vAe AU =&Y Fi¢ ¥ 01
ot [14]. 28 A 43)2 4‘1 @45z Z4%
Pk A7 F(-, - )E G, () S G, (E+ T)
o] A3 ¥4 X éz.*?i %li T3 21, p. 470]°]
F(z,y)
—1_,"z 2 1
=1l—c¢ Q[ 1/ 46)
o [ /_]
2 FoFt

Al 714 Q(a.b) = DA Marcum Q &
Q(a,b) = /OQ e WCHOLL (at ) tdt 7
b

otk 53, 4 ()N A =R p0

), & "7 =%

=
&lH

- 1
duy & PﬁM( -

gl 4+ Aoh(22,23].

r[.IO

(memoryless hopping) 4=

S

to

i}
Ao
rot

[1] S. Hara and R. Prasad, “Overview of multi-
carrier CDMA,” IEEE Commun. Mag., pp.
126- 133, Dec. 1997.

[2] N. Yee, J. P. Linnartz, and G. Fettweis,
“Multicarrier CDMA in indoor wireless ra-
dio networks,” in Proc. IEEE PIMRC, pp.
D1.3.1- D1.3.5, Sep. 1993.

[3] K. Fazel and L. Papke, “On the perform-
ance of convolutionally-coded CDMA/OFDM
for mobile communication system,” in Proc.
IEEE PIMRC, pp. D3.2.1-D3.2.5, Sep. 1993.

[4] S. Kondo and L. B. Milstein, “Performance
of multicarrier DS CDMA systems,” IEEE
Trans. Commun., vol. 44, pp. 238-246, Feb.
1996.

[5] E. A. Sourour and M. Nakagawa, “Perfor-
mance of orthogonal multicarrier CDMA in
a multipath fading channel,” IEEE Trans.
Commun., vol. 44, pp. 356-367, Mar. 1996.

432

Copyright(c) 2005 NuriMedia Co.,Ltd

[6] K. S. Gilhousen et al., “On the capacity of
a cellular CDMA system,” IEEE Trans.
Veh. Technol., vol. 40, pp. 303-312, May
1991.

[7] S. Abeta, S. Sampei, and N. Morinaga,
“Channel activation with adaptive coding
rate and processing gain control for cellular
DS/CDMA systems,” in Proc. IEEE VTC,
pp. 1115-1119, May 1996.

[8] S. W. Kim, “Adaptive rate and power
DS/CDMA communications in fading chan-
nels,” IEEE Commun. Lett., pp. 85-87, Apr.
1999.

[9] S. W. Kim and Y. H. Lee, “Combined rate
and power adaptation in DS/CDMA commu-
nications over Nakagami fading channels,”
IEEE Trans. Commun., pp. 162-168, Jan.
2000.

[10] Q. Chen, E. S. Sousa, and S. Pasupathy,
“Multicarrier CDMA with adaptive fre-
quency hopping for mobile radio systems,”
IEEE J. Select. Areas Commun., vol. 14,
pp. 1852-1858, Dec. 1996.

[11] Y. H. Kim, I Song, S. Yoon, and S. R.
Park, “A multicarrier CDMA system with
adaptive subchannel allocation for forward
links,” IEEE Trans. Veh. Technol., vol. 48,
pp. 1428-1436, Sep. 1999.

[12] D. G. Brennan, “Linear diversity combining
technique,” Proc. IRE, vol. 47, pp. 1075-
1102, June 1959.

[13] H. A. David, Order Statistics. John Wiley
and Sons, 2nd ed., 1981.

[14] W. C. Jakes, Jr., Microwave Mobile Com-
munications. John Wiley and Sons, 1974.

[15] J. S. Lee and L. E. Miller, CDMA Systems
Engineering Handbook. Artech House, 1998.

[16] R. Courant and D. Hilbert, Methods of
Mathematical Physics. Vol. I, Interscience
Publishers, Inc., 1953.

[17] Y. H. Lee, Power and rate adaptation in
CDMA communications. PhD thesis, Inform.
Transmission Lab., Korea Adv. Inst. Science
and Technol. (KAIST), Daejeon, Korea, Feb.
2000.

www.dbpia.co.kr



=i/ g geo] Holg Adelx thF ¥R DSICDMA B4l AlZ=Flo] HE-HEs A8 12

[18] R. M. Corless, G. H. Gonnet, D. E. G.
Hare, D. J. Jeey, and D. E. Knuth, “On the
Lambert W function,” Adv. Computat.
Math., vol. 5, pp. 329-359, 1996.

[19] I. S. Gradshteyn and I. M. Ryzhik, Table of
Integrals, Series and Products. Academic
Press, corrected and enlarged ed., 1980.

[20] W. Feller, An Introduction to Probability
Theory and Its Applications. Vol. II, John
Wiley and Sons, 2nd ed., 1971.

[21] M. Schwartz, W. R. Bennett, and S. Stein,
Communication Systems and Techniques.
New-York: McGraw-Hill, 1966.

[22] ALY, "HF TR dojd  AdelA
Hybrid SC/MRC 7]'He] ZH&H MC/DS
CDMA A|2=8o] A5iA” d=548ts] =
EXA| A2T7HE, 1AZ =541813] 2004.

[23] E. A. Geraniotis and M. B. Pursley, “Error
probabilities for slow frequency-hopped
spread-spectrum multiple-access communica-
tions over fading channels,” IEEE Trans.
Commun., vol. 31, pp. 996-1009, May 1982.

[24] I. D. Kim, S. W. Kim, and Y. G. Kim,
“Combined power control and error-control
coding in multicarrier DS-CDMA systems,”
IEEE Trans. Commun., vol. 52, pp. 1282-
1287, Aug. 2004.

[25] Y. H. Lee and Y. Bar-Ness, “Transmission
power adaptations in MC-CDMA communi-
cations over Rayleigh fading channels,” in
Proc. IEEE WCNC, pp. 1589-1594, March
2004.

Copyright(c) 2005 NuriMedia Co.,Ltd

Ot &| Z (Heejune Ahn) 234

19954 3€~20001d 2 &=}
rled A7 9@ A= st
(F8HEkAD

20001 29~2002d 89 () LG
AR A EEATAE A
A

2002 9¥~2004d 129 (B
Tmax Soft 7]1&A74; J2EE WASZIY &3¢
AT

2004 28~ AR Mgt sta Al o) AIS- S

272

<gHRob F4 2Ege] 78 PElFto] ARy
LRNIE ISESIPARS JEX

0| of Z(Ye Hoon Lee) A3
1992'3~20001d 3H=r2}elr|&d
A7) @ ARF I F A
19943~1997'4  S=7AE4l A
F& A5ATH
20003~2001'd LGHA}F A
o s ATy
2001d~2002d  ®= FAA] F
It (NJIST) BRAL & 34
2003~@AA] AR FE7IEd A A7d
<ok A o]EEA] B4l ol B AA

433

www.dbpia.co.kr



	레일레이 패이딩 채널에서 다중 반송자 DS/CDMA 통신 시스템의 전력-전송율 적응 방식
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 시스템 모델
	Ⅲ. 임계 시간 준위를 사용한 트래픽 변수 선정 방법
	Ⅳ. 수치결과
	Ⅴ. 결론
	A. 부록
	참고문헌


