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ABSTRACT

This paper proposes a Truncated Type-II Hybrid ARQ scheme using an adaptive modulation system to
achieve high throughput data transmission systems for DS-CDMA cellular mobile communication systems.
In this paper, the adaptive modulation system analyzed in Nakagami ( m-distribution) fading channel
environment. The adaptive modulation system controls the modulation level and symbol rate according to
the Nakagami fading parameter( m). When the received E./N, is high or the Nakagami fading parameter
m is high, the propose system selects higher modulation level and higher symbol rate to increase
throughput. On the other hand, this system selects lower modulation level and lower symbol rate to prevent
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throughput performance degradation when the received E,/N; is low. The modulation method have been

adopted QPSK, 16QAM, 64QAM, 256QAM. Therefore, adaptive modulation systems with Truncated Type-
O Hybrid ARQ Scheme is proper for mobile and radio data communication system that require high

reliability and delay-limited applications.
1. M8

2 S4 ol FEAY BT - @A Futata] U]
g &4 ol5FAld UAME M2 w9 x9lo

FHolgtn AYZtslojRitt K4 o]FFAIY] Al ¥
gl BHAE o]Fo] ZF o] FFA AMul29 T3t
508 wAs= Aol A=, ISDN (Integrated
Service Digital Network) 59 53§ 41939 Hs
S 28 Yart it o] Ad HFxe FHPME
AukH o2 S FAGAMEE doly, HALY, 9
4 T OgEEL A olde o] & mtie] Bl
S st 59 142 2 Gug ojgste ey
o] FAe tig 277t wobA 7ta QAuH1l.

4 ol TA A o] ¢ T nEs} £
A Auj2& AE3)7] A8 FFE FHFEUE o] &%
UAd 74 d$9 143 9 nFAste E715314
o B4 A4 vled 4L 283 A9 shiEgn
g &tk ool the AFE A3 £AHY MES
238t 3o H&dte 71FE HE 288 U3
3, =3 Hd g9 g9 " WA A4 £58
Ho 2 st ¥z X5 4288S WX geirge
MEste A$Hz Wao] Aetsn gitH2l

B =29 ME DS-CDMA AE o554 A|2Y
AN FH & o] EAY uf }7prty] Helgel A
= A5 makel g wase Ad #4& nes
o Hgwz WAL HEIHE Z$o Truncated
Type-T Hybrid ARQ 4] MRC tho]HAJE] 9] 7}
A g AHgARp e} #gss 28 54 %
throughput ¥ A& vja A3t

i, siMzy
2.1 =42
7Z1A o] Y Aol BE ALEAA 2L AY
02 A35E FAGA PHANIE 7|F A 39 22

Bxo A7Ig B2 48 Zed 08 AR 9

662

# TERSMHL Gaussian Y Whz AFTEe
S MULE

MUI = BPLNEI,A?) (1)

2 vEh) R3],
Y Al 71%E ALgA fo k—19 AMga}

zqactn 714 £ Aol 14 L g

3} 7,

h=&—Dﬁ%Eﬁ§ @)

EE QM A2RHE k9 AgAe o8l ol
Hgsez Q4 Azyee B4 LE B3 29,
I = k 2 g Bu? ®

2 Mol AL i NATe2RY wud &
REERSE EEAE BEES L,

o7l A Aol me 2o A71E T A7
de 29 19 2ol A FEOZ FEY & AH4l

a3 1, oHSESY 29,
Fig. 1. Multi-user interference model.

2822 DS-CDMA Ajzdle A% o FHSu
SNRE o533 2.



i/ DS-CDMA A& o] 554 Al&dolA AgHzdAE o] &% Truncated Type-II

__EA] _ _ EAf
SNR = Jor+n, ~ 4L, +N,
T 2k=1) _EbAg
2(k—1 2, 2k 2,
KL E AL+ SRS ELAS - 2.467+ N,

(4)
@, Ng: AWGNe d8 AHEY Yx,

2.2 HSHX Y4

A B4L Usirie solgd Ad #7002 A
33, 7+ Wz WAL AMEste] QPSK Wz W9
BER (41:107%) & 71202 Ztzhe] Wiz 4o Wz
Hg-& A3 a2ln § 12 Yiple #Helqd A
d 4d0M 71F 288 107%e= 83, 7t vz 4
Aol yotzta] sejgd o] Y= AF (mE ZAT 2#
£ vehddt

I 1. L3boto] Holgel Mz Xf= (m) BE.
Tabie 1. Nakagami fading parameter (m).

o = Eb/Nowisle] @hg 7)132& 10738 ¢7)
g g | A Aelge) IS A
Eb/No=25dB | Eb/No=27dB | Eb/No=40dB
QPSK 11 | 1 | 066
16QAM 14 .13 | 07
64QAM 25 | 2 o 099
B6QAM| 157 | 54 | 129

e B 19 19 29149 Zo] B =FME m=1
QA (e Holg #7)9] QPSKE 7|F2o2 3
o] 16QAM, 64QAM, 256QAMS] 7}t7lm| o] g <]
AT AT (m) & AR L, HLEx $4S P

2.3 MRC C}O|HAIE] J|¥
EE JHX N m3 y7} 23 Mz F#o] glnta 7t
Asa, 2 7HRl JtEAE 0y 9 Yoz w5
o] #4M NEE MRC tho|HAE| 2 4-21A] SNR
vl ¥ FEUESFE &3 2o THAG5]

_ m™ymtl __my
Pu(?) T(mL) 7~ exp( > ) (5)

R —
DII I ITITIIiIiiigiTieomm
R st

____________ —a— 256~QAM
1E-03 M"""‘M

4 S EE

[

a

€ TN e

I

£

w

104 }
1.6-05

1 12 14 16 18 2 22 24 4 5155.355.555.75595
m

38 2. 47ioin] Holgel ME X|(m) Hajol ute 24 ¥
x M2 28 54 (E,/Ny=27[dB]).

Fig. 2. Error probability of every modulation with a variation
of the Nakagami fading parameter(m).

@, I(-) AR, 7 0 €A SNR (=RP/2N),
7 BF SNR, m: Ho|g9 Ax AF
L : BB AE 7|4

2.4 HEWXE WAE 0|88t Truncated Type-

Il Hybrid ARQ 4]
39 32 HE&Wz WS o] 43 Truncated Type
-0 Hybrid ARQ %29 Al2d F2& JedrHe]

Iostantaneous |
. channel -
chaieteristics

Modatution
: PATSIENET
 controlier

ACK/NACK

Dat.
j:——mdecoder

ML
Wadalation
parumeter
| setmator

ML : modulation level

08 3 HSH= WAZ 0|88t Truncated Type-!l Hybrid
ARQ Ao AJAR] FY

Fig. 3. System composition of Truncated Type-Il Hybrid ARQ
method with Adaptive Modulation method.

663



R FPUEN G =EA) A5H A4z

£ WA= Truncated Type- I Hybrid ARQ
A& FaE7] gid & - Falvld e o F A
Hzo B3s7} oty £A% Hivjoae
AHE BR g8 o A% F33tE Ystn A
Bo disfA FHAL HEE Rl 4& Berle
FARL RO @ {FHALE 39 L 77T ¢fle 5
& ACK(ACKnowledgement)& ¥gslil, =41 FH
o ef7t Y H$oe= NACKS w3t B =
FollAe @ AMAFste A48 2o

of

ofr

. HSHX WAE 0[&8t Truncated
Type- Il Hybrid ARQ¥4{2] M& 34

3.1 2t HX W9 28 §Y
HeHx oz A3 Wz U4 QPSK
Fh7kel Ao & A4 Q&AL thEFt Zo] ek
A,

Porsx = [ Parsc'BR)R  (6)
71X, P qesk = erfc(Vy),
_ 2mPR¥! _mp2 . o

g, Q=R-

T gz wraog AMLElE WE e M
7 QAMY Y7trtn) sjojgd g A8 98L& 4 (7)
ola, o7]A ALg3le WAL 16QAM, 64QAM,
B6QAME T EE M=-16, 64, 256¢1 A4S0l 3
s A et

Prygam = fo P .moam - P(R)dR (7

500

71, P omoam =

@, M M-ary <.

3.2 HSHX W9l o RBY

vl slolg g7 A ZF Wz e disf ¥
Z v &g AAEH, 99 E 194 mat st <fF
gz Wale 0842 g o] yepdth
P.=W P sk + W2P1s0am + W3Pgigam + WP aseoan

(8
o) ded

dm

A71M, Wy, -, Wy = AEE

664

= 2 Wz Pl Wz gl

3.3 HBHX YAZ 0[88t MRC CHOIHAIE]
Jlgel o8 BY
Usi7be) BX slog Aol MRC theluAle]
A A UE FAY] L& E Thext go] Tof
AIEHI

PeM = j;)mpc ’ pm( 7) dr 9)

3.4 HSWXE WA|E 0|88 Truncated Type-
IlHybrid ARQ #4{9| 28 84
Truncated Type-1I Hybrid ARQ 7] A &A] A
4+ 2% pE uE¥ HEHx P 2848 OS5
7} o] F3]AcH8L9]
P.= W Pgpsk + WP 150am + W3Pegam + W Posoa
(10)

Pasx = [, erfcV7.) - p(R) R,

Puoam = fow-‘z—(M—l\;—Lﬁ)— erfc(\/ ﬁ{sé‘—l) -p(R)dR
o, 7c=%;7.
AEEE pt e Ho2 F9H, old gt
throughput-2 e},
= R[P+2(1~P.~PyP] (1)
714, k/n: #3538,
c=01-P)": FN Azd 277} Y& &,
P,<[1-(1-P)*27 0¥ :
3 A% Bibsd LFE Hd &8,
Po=P.+(1-P.~Py-{= @ #2E HES
FAR F AT F4S B9 AU NI2 BE b
g

=
.

@ = E(B)Pa-Pom,

y=-Po2 Z(1)Pla-Po'-1-Py7]
Truncated Type-II Hybrid ARQ 71% s{-&A19

A 0F FELS P(E)E & 4, B =FdME @

Wk QASsE A4S ndsing 284 L i



#/ DS-CDMA A&z} o] 5%

Al Al 2glol A A &i 24 S o8-8 Truncated Type-1I

o] "}

P.(E) =P.(A})+P,(AJED)
= P(A)+PLADPLET | AD

g9l Aol AS, Al 247 FUNEA AF ¥
Fo® 078 M A 1E F5H 058 R
$8 Yehie, BfE AR%E AE vES 54
@ ¥ A% BAsE 0RE 4 Aotk 44 3
oo mew

(12)

P(A5) =P, ,
P(AD=P,=1-P.—P,
ojt}.

A58 C, $30 ol 0F AEL B3 077
P N5E o] AT, o8 AVEE HAe
B HEE ojgald YUBE H3ad BE g, T
&3} Zo] Fojan,

QoY
q; = 1—y
AelE vEE £ F A9 FEE B3R
28 FE2 FUNSI HE B E o F dAEe
71 &7 34 Brted oF HdS /M g8
o] HE®

P(EF|AY) =P, +P(1—q;)
o] fitt. 2¥RE 2tzte] ALE A (199 WYsta
AT 284L tg3 o] 7HZTHEI

P(E) = P.,+Pd(Pb+Pd(1* T ))

(13)

V.M A HE

E =FdME DS-CDMA A& oj55A Al2d
EAste BHNAN HgAzA
< ENsgen, Adsiidez

Truncated Type-II Hybrid ARQ%23 MRC tholn]
ANE 7PEE A3t Z AR Fo BE H5E v
A - AR FAHE Og a9 4~3% 7 JeRisich
1y 4= DS-CDMA Aget A|2dld] Fguz
A3 Truncated Type- 1 Hybrid ARQ%4], MRC th
oHAE] 7|H& AHEEAL B+ L &5 S Ye
Udh E,/Ny=20[dB]o) oA 2&o] A9 A
Ha g&e ¢ F Jdoy gy B =Edée

of o

Eu/No=20[dB]& 7|22 39 sXsqr}

Error Prob.

6 8 10 12 14 16 18 20 2 24 26 28 0 2 34 36 B 0
Eb/MNo [dB]

38 4. ALEXof 2 DS-CDMA M E2t A|A’le] 28
EAM( PN=511).
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