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ABSTRACT

In this paper, we analyzed the performance improvement of the SFH-CDMA/FSK signal with Truncated Type- [ Hybrid
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ARQ and MRC diversity techniques in mobile communications channel which is characterized by AWGN, MUI (Multi-User
Interference) and Nakagami fading. Using the derived equations, the error probability and throughput are evaluated and shown in
figures as a function of number of data bits per hop (¥,), number of hopping frequency (g), number of active user (K), number
of diversity branches (L), fading index (m), error detection code C,, error correction code C, and E/N, From the results, we
know that Truncated Type- I Hybrid ARQ scheme provides more efficient improvement over FEC (Forward Error Correction)
scheme and the degree of improvement is more increased when it is combined with MRC diversity technique. Since the reliability
of Truncated Type- II Hybrid ARQ is determined by both G, and C,, the C,, C, should be selected depending on the system per-
formance. As a result, Truncated Type- II Hybrid ARQ scheme provides lower transmission delay and higher throughput than
SR (Seletive Repeat) -ARQ scheme and it also provides a higher reliability than FEC scheme. Therefore, Truncated Type- II
Hybrid ARQ scheme is proper for the mobile and radio data communication systems that require high reliability and

delay-limited applications.

.M 8

32, o84 Fa9 FFo uet +88%e] FA
g FEs A% We s CDMA Walol gig A7t
g3 APdm . CDMA %42 FDMAY
TDMA %3 €8 oge ALgz7t 22 Fu4§
o] &3t FAle FEE HFY & Yomz MY F
E8%0] Eu A& AladeM AW} tasse
A4& 73 Y. CDMA W4e ~49EF i
(Spread Spectrum) 71€& 24 Waow Y &
At (Direct Sequence : DS) W43 Fy$ xof
(Frequency Hopping @ FH) 42 aA vg ¢+
9tk DS-CDMA #W4lo] #fide 2%t §& d77)
g3 AYPslo] gfow, QualcommAilE FALoZ ¥
YL T8 AW olFFA AMader ALHUY
vt ALE AMd o|FEA Aoz DS-
CDMA 4o #3so] @A e Folgh, a2y &
< 47 A B (2), (3)o] A A 34 olF
EA W4ew A& FH-CDMA ol Agtglzn gl
t}, 27l FH %42 F2 100 khops/sec 149
1% FH (Fast Frequency Hopping : FFH) %4
& 2N G Ak Nede BAAHol o
oy H2Eo] 500 hops/sec A& A& FH (Slow
Frequency Hopping @ SFH) ¥4 & zelsnza
Ngde) F8e] g =HA.

E =8dAde oFFA BAAAM SFH-
CDMA/FSK A 219 AJ%& Myt ofd] @& 7]
EEFRNE FAEY Q) ~(Tol geH, 53 HFn
Y (7)9 de) o33 SFH-CDMA/FSK Al2d
o] AEe FEold Holge AR o AHEAs
A e FHLE AREoEA SAste 2
(hit) o o3 AMAA FFE& wr] o Folf olo i
AEAA 7ol ¥e3dtrt, SFH-CDMA/FSK Al 2%
o fg dEMAfes xFHA F2 d¢sele Ny
< tholvAlE Y g £33 7] dR ol oF
EA 8734 A8 NPez ARQ MYE A4
AFe HITE AFEan G ARQ N1Ee =
€ throughput®} 2& &g A7 A3 F=
Hybrid ¥=2] ARQ 7I"§ (Type-1 Hybrid ARQ,
Type-1 Hybrid ARQ) °] ol&5n, F3] oJFFA
A3 22 @3N BEHoR AF € AAdn
S4EA TN EAANHE A4AD (transmission
delay) € 383%7] #8 Truncated Type-1
Hybrid ARQ 7)gel AR,

& =RdAde AWGN, 953434 (MUD 2 4
F}7tel (Nakagami) o9 8402 2dyYsE ol F
A sidelA SFH-CDMA/FSK A1&59 A&
#1831 Truncated Type-1 Hybrid ARQ 71§
MRC thelHAlg 71y & s488E& A SFH-
CDMA/FSK 4% A% AHAFES odq

1263

www.dbpia.co.kr



120

R SERmICEE "95-5 Vol. 20 No.5

throughput® A%< (transmission delay)& ol
o2 qygux o}

2. N2 2

SFH—CDMA/FSK Al2®lo] Truncated Type-1
Hybrid ARQ 71¥ H 43 A28 2dE I¥ 1o
veRdT

1. 8547 2Y

A BYEx Hybrid #&7164 <8d2e 4% C,
T PP e A% C, ¥35FE RE3Eh Mg
€ Cy #3Ug AFsn C, 39 e ¥ E (par-
ity bit) & 49 S4dse] AGHAD. kA A&
o FHYE p(the T, BHE %e= 7EY~ o

o}

LS4

4. FSK F & Aol 249 1/2. oy

ol M2 NxE thgd B kdA 3YAE £,
g8l F34 Sopdnt,

W _ (k)
£ = f
‘&' fj(k) =

JTWS (G +1) T,

S RO F S P SR (2)

4 (2)dM T, & (hop) F712AM SFHQ A%

T, A< @& 7Ag. 233 N,CT/Toe &%

dlole HE4E veith, gty F34 £okg A%
s (t)e oh&F Aol

s = V2Pcos[ 2x fD + 6,(D],

(sequence) °|9}, FSK ¥zd A% () Gz B, () = fab() d+f,(D)o18), P AzAYol
o o}
FANNA FHAE AT r(t)e G553 2o XHE
ci(t) = cos(2n{f+b,(t) 4}¢], t}.
i i e
i |
1 )
I:RJ‘ Chlnna Frequency Hopper [(;hanﬁel }4_ AMV(,?N
i S Fading
Data _ ) o

{ ybria b0 FSK e[ g
h ‘I\Decode]' Demodulalorj

out

Band Pass 1 WX Band Pass 1
Flller J I Fmer »J

[ FrequencySyntheslzer]

i

Lo

Frequency Dehopper

a7 1 Alay 29

Fig 1.

System model.

www.dbpia.co.kr



#X/°18 %A AdA Truncated Type-1 Hybrid ARQ 713t MRC thol¥AE] 7ol |8 SFH-CDMA/FSK A28 4% 74 121

AN = ae sy () + (D + n(y). oy

4 {fellA ae™e ALENE Yehle Wy,
g n)e 244 MUI (Multi-User
Interference) & AWGN (Additive White
Gaussian Noise) & veldY

FANEE 8 9 B2A3e AR ¥ Hybrid
B30 Ad=e] oejdEol PN} oln FANE
AM ezt HEHA %ol o F£AMIE agE &
AU o87 HE2EHE I $ANEE 9T bR
AGe F AYAE (return channel) & & £
Fd AAEE 27T $AEJME $A v A
ZHe A" C, 3¢ weg WMEF A$@D. C, ¥
32Me E¥ %3 (block code) 9 HEEAR 2&
(convolution code) 7} A8 4 glei} £ &&oA
= By ¥3E meid. A4E e vEE olg,
WY (inversion) HF & AX FEATE E@},
HBHAE AN 4 HEME 3 ddEL 3
dei7t AE=A ¥od adz F£A%8g, a3y dg
7t A2 fE vEE FANH AP0 gld
A7t AT PR e AEsle] gy i A}
450 of 232 dFY B3PS AY ¥ £AE8Y,
£ sRdAMe #4e #HoRd Af/sLL o33
(error free) o2tz 7} @},

2. Hd =y

2 efdAMe AWGN# dFd%34 (MUD 9
Ust7tel (Nakagami) slold #7402 2dasE o
A Ade umEdd sddde K99 AHgAs}
A EAEE, 7 AHgAle AHEA nfe EPAE
[ ($)E AM&-3te] B,

slolg Bd2E Fug viddAd Usistel solg B
4¢ Al o] 29 Rayleigh, Lognormal ®
€ Rician #leolg 2dict A4 &3 dolgd 2 B
#EHv, 589 B $24 Rayleigh (m=1) € W7}%
Algt slold 249 (m=0.5) & E¥stn A’ =@
wstzte] sleld 2ol moly 24U me Rician %
ol mdel Ay AY o WAl AHY K3 e
% ZE #AA A,

K, = R e

L9 Jsirin) sfeld Ajdg maigw 2z spde
<A SNR 7,8 #g4=8se OGS0 g™,

1

- m®y § _mr,
P07y Ton = T exp( )
' (6)
(k=1,2,-, L)

@, I'(-) ; Zvl(gamma) 4,
m: Holgd Ax (m=2+4),

Y €A SNR(=¢’—§"”—- )

7 ¥ SNR

4 ()N a& Ads AEZHE dehle d9d
ole},

3. Truncated Type-I Hybrid ARQ 24}

FEC %4 & throughpute $4314 dage] &1
ARQ W42 throughpute FojaAlu ogge] g}
€ 3edE 7a ded, o F4e @3 ey
2ol Hybrid ARQ #4oith. Hybrid ARQ 4 &
Type-1 Hybrid ARQ W43 Type-I Hybrid
ARQ ¥4eo2 vdg 4 gt

Type-1 Hybrid ARQ ¥4 & H$RE2 o33y
2% dHPFol M5 FEE AgHed vy
Type-1 Hybrid ARQ B4 & H$R32 S/ A
YFEE ALY & HANdE dHHBAT o
H¥ high-rate (n. k) C, 358 A$dtn A2
A A7t AeE] A4 aTFHd JqHPeS ¥
d ol#%+¥ half-rate (2k, k) C, ¥ &9 sz 2
g A48 olsi@eo] Type-1 Hybrid ARQ
4 dPP L AP Ae HEE £4380] Yas
g W Agste o] BAolnk o] e nEgd 3
HYEe 191 dedAd denz Q9 32 »
I e wERRE W$ (inversion) HF L Fl
474 B3€cd. oy 44& UY M5 (invert-
ible) A& elet ¥}, iy Type-I Hybrid ARQ
7= ARQ 713t 2ol B3 HE@AdMe A4
A$AA 9 throughput 4371 44 dcb, 2 A
2 AFA Ade elzgol Yow MEA$ A5 F

1265

www.dbpia.co.kr



122 WEHE S ARoCEE '95-5 Vol.20 No.5
olgo} ¥ throughput® ¥& + 2vt Ad9 o 1. Fo {8y dUatzta] Hold 2 45
HA&ol god NEAF %’\-’57} %7¥8t throughput AWGN3} MUI 38teiX SFH-CDMA/FSK 4139
ol wj§ ZAsA Hx . olEFA AN EAA L&He AnFY (5)d oA g&H 2o,

HEx Aol %7}5}711 %C} ol WHE B

5]
& "ol Truncated Type-1 Hybrid ARQ %40l
T} o] WL AR o|FFAl AlA®dAM 8FEhe oY
€% doly A A% error free (1x10™)7t
obd 1x10° Fxehed 718 AdE FaUdoe
Truncated Type-1 Hybrid ARQ W4le]. C
324 A ZAT ol #=E (n, k) FITE A8de
A Type-1 Hybrid ARQ ¥4 2oy C1 #%
2ZME, 98 Type-1 Hybrid ARQ W2lelA Atgs}
€ dud e AP o= (2k, k) & di4l o
B ot ol g5le £ o ZHE $35A (2n. n) ¥
ETE AT EY AYSE dd YRA$ Y
8 5358 gzix Agde Ao ohe A4 ArE
A& (truncated) ok B =FdMe 3 AAH3}
¥ A%% 2% Truncated Type-I Hybrid
ARQ ¥4le 99l Type-I Hybrid ARQ ¥4l
Blgl C, ®39 oAy wHE AuHeE Y +
el el AAFozE A4 dr FAlol g
. ¥< throughput€ €2 % v Truncated
Type-1 Hybrid ARQ 71H< AI4#8E o A2=Hg]
AL Cp FEe oeidE: s MY A
€ Ao} ot Cp #3539 C, £3 25 o3 ARH
o ddEdE FTHo ¥ C) FIE ALEH
Truncated Type-1 Hybrid ARQ 71l 2l& A4
A9zt Ao, o] H& FHol ¥& Gy ¥IE A
&3 BE &4l HuiEo] HFE &l FolAd
AT AAFInE C, RIEE Alagle AAed &
2 4%E naAg. gy Aage] RF e ol &l
Agsn Aol Hart He C, ¥3% C, ¥E2E
A soF e},

A
[=]

3. 28

Jm

FH-CDMA Al2=d9 o8] gdde 27Fx7F 3ot
AR, Addel FAFely soldo]l EAA Yriztz
A8 ALEAZE Ze A e FHFE AR
X 2Ase 8 (hit) o 2T F%A} 4. F5ol
U dolgef @ o o},

1266

P = P(1-p)+% (F+P,) (K-1)p(1-p)*?, @
@ 2= c(+40) 3% vane,
p = 1-(1-p)™":( K—1>rs4 AR ZRE Y] 28 3

A (DX P 380 2A4HA d%g 4 $4 4
E7 AR $44 238 284 02A ¥¥r] FSK A
39 Poe G4 2o,

Y

Po = exp(—az—z—). (8)

N‘v—t

4 (8)& VRS o7t YHY W F Wl & A
Fo 2% &4y, a7l HolHd o WET o
g 284 4 (8)8 4 (6)9 p.d.f& nedld AT
= HF T

A WFtzte] el ad dtelA wiE7] FSK A
39 284 vaH 2

Poys = J: Pop (rpdr,

- 1

Y k\m
2(l+7;7‘)

2. MRC (Maximal Ratio Combining) Cto|H{AlE]|
7ol ofst A
L9 7kAl (branch) o =j# MRC theljAlg] «=
AAM &8¥de SNR re tda 2o,

y = S, )
k=]

BE 7HAAA m*t 7ot 2 A2 AEel gokn v}
88 MRC thelHAE] +41A9] SNR ydll di@ &8
Aesre g go] FojAg™,

A yml a
7

mlL
p,{r) = —1;(';11—)—(

www.dbpia.co.kr



/01584 AN Truncated Type-1 Hybrid ARQ 7Y% MRC del#Ae} 7o) &% SFH-CDMA/FSK 419 4% 744 123

gepd Usiztel seld steld MRC woluAlg 7]
We ALPE 9o HEs) FSK A5 244e g
3} 2o} PR,

Poja = _L Pop,(7r)dr,

1
2 ymL
20+ 55)

3. Truncated Type-1 Hybrid ARQ Z|®joll 2|3t
HEu
Truncated Type-1 Hybrid ARQ 71§ A&Al,
M4 A& (transmission efficiency) #& 2@ Y
Ft7bal wlelgd seAg ¥ F7) FSK 439 2&4&
o3 2o

Por = T—l_f:}_
201+ =)

g 7y, = L5
u

:

A4EAE pe ez FoHY, oo A7}
throughput& Wepde}’®,

u = L[ P.4+201-P.~P)P). 0

4 (1098 & 2z, Pe 204z o2t
d€ 88 Py ¢ HIE 4T ¥ e 5@
Jdeig 713 48, P A HEE FUT F WY
#3& B4 o] 122 £z stvd §Eod. P,
P, P 27 ot Zo] Fojzn?.

Pe= (1-P". 19
Pis [ 1-(1-P)" 27¥, (t6)
Pi = Pet(1-P.~P)-1=, )
@ ¢ = ,g':o(zj”) PO-P),

y=(1-P"[ 2 g’n(’;) P(a-p!

-(1-p".

Truncated Type-I Hybrid ARQ 71§ 829
F4 o3y &€ P (B2 & o ¥ =FoMe @l
AA$eE F4E n2lsnE 284 dgy gol &
C}(IN.

PAE) = PAAN+P(ASED
= PAAD+P(ADP.(EF | AD). (s

4 (18)e4 Ap Aje 27 $ANB0 HE Bt
¥ olelg 7t A dE JHed dE 2 BvE
detgel, Ere AA4E HE vEE FA8 F 3
3 Ebed & M Afoln. A9 Fdq =
o

Lis

P.(A}) = P,. 19
P.(A)) = Py =1-P-P,. (20
ol

A4 Cp ¥ dia] A ES P ot 4
A% AT E vind AR} ol AA+E slHE W
ES 37 o83t YA E E3HY $E ¢ IS
3} go] FoAh?,

— G0y

Q= 1—-y° (21)

e HEE FUT ¥ 49 JRE BI3HA R
¥ HEL FAAT0 AE B dEgEd sHE

@3 33 b dded Hd #Ee ¥l 5
B

PAEf | AD = P,+PA1-q,). @

ol €r}.
ez Az F4+& 4 (18)d dddd AT o
&8 &3 ol FejAn}.

1267

www.dbpia.co.kr



124

HELR {2 SaRCE '95-5 Vol 20 No.5
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Fig 2. Error probability of SFH-CDMA/FSK signal
adopting BCH coding and MRC diversity
techniques in Nakagami fading channel (m=1,3,
L72).
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Fig 3. Error probability of SFH-CDMA/FSK signal
adopting Truncated Type-1 Hybrid ARQ tech-
nique in Nakagami fading channel (m=1,3).
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Fig 4. Error probability of SFH-CDMA/FSK signal
adopting Truncated Type-I Hybrid ARQ
and MRC diversity techniques in Nakagami
fading channel (m=1, L=2).
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Fig 5. Error probability of SFH-CDMA/FSK signal adopting
Truncated Type-1 Hybrid ARQ and MRC diversity
techniques as a function of error correction capabil-
ity in Nakagami fading channel (m=1, L-2).
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Fig 7. Transmission delay comparison of FEC, SR-ARQ
and Truncated Type-I  Hybrid ARQ
techniques (R;=4800bps, n=127. T,=50ms,
T,=20ms).
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