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Performance Analysis of MFSK-MDPSK/DS-CDMA System
Employing Diversity Techniques and Error Coding
Techniques in Nakagami Fading Environment
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Abstract

In this thesis, mobile communication channel with multi-path fading which is major factor of
performance degradation of DS-CDMA system has been considered. An MRC diversity and error
correcting coding technique have been used to improve performance of MFSK-MDPSK/DS-CDMA
system., The MFSK-MDPSK/DS-CDMA system performance has been obtained quantitatively by
the numerical analysis. The modulations under consideration are noncoherent M-ary frequency shift
keying{MFSK) and an MFSK based joint frequency phase modulation utilizing differential M-ary
shift keying(MDPSK), With the result, compared to the conventional MFSK/DS-CDMA and
MDPSK/DS-CDMA systems, the MFSK-MDPSK/DS-CDMA system obtain a better performance,
Also, the error performance of MFSK-MDPSK/DS-CDMA system in Nakagami fading environments
is improved by increasing the number of diversity branch and coding gain,
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Fig. 9. Error performance of MFSK, MDPSK, and
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m=1 in Nakagami fading Environment,

1,E+00 — -
f E g\i m=3, K=5, N=255, L-2, 1=0.5
1EO N p—
EET HEEEERL SRR AR
—o— MDPSK (Mp=8)
- MFSK (Mf=8)
1E0s | —a- COMBINED (Mf<4, Mp=2)
E —g- COMBINED (M=2, Mp=4)
P F B T
S 1E04 ECER £
a E INEAS H
oy
g 1.E-05
i}
1.E-06
1.E-07 - .
1.E-08 AL
HHHEHTEY ANGHEEGHE
1.E-09 i I
0 4 8 12 16 20 24 28
Eb/No [dB}

3810, Wriztel #eolg @AseM m=32 A4,

BCH ¥3%3} 71" & MRC tholHAE 7|9
AL RAE A+, MFSK, MDPSK, 18]
MFSK-MDPSK/DS-CDMAS] 2.& &

R o

ox

Fig. 10. Error performance of MFSK, MDPSK, and
MFSK-MDPSK/DS-CDMA ~ system  with
BCH code and MRC diversity techniques
for m=3 in Nakagami fading Environment.

& 6~13dB #E YoE A} T tholuA)
B9 7}R4E HW3) et AHEY B8 S
e & ¢ Ao

28 TINE st dely  @7stdA
MFSK-MDPSK/DS-CDMAA| 2H o] st o g
AR 233 1HS AL A A2y O

A5e deET Qo ALd ola 34 2Ee)
205 Holg AT A4E 39 o M, M,
735, AEFA 71yo] RS, BCH 71¥xd
NZoR & o o 6dBY ASEL HoT
ek

1% 8 Wsirbe) so)y #7384 MFSK-
MDPSK/DS-CDMAA 26o] o] AR 257
3 MRCTHIHAE 78S 87 ALade of 7
E94 3538 ALY A RS, BCH/IYo) 13
28 Aol FUT, v =1/2 k=T0|2, M, M,=4
A A4 10°2 71208 & o 4% AN 71He A
23814 & MFSK-MDPSK/DS-CDMAA| A€ &)
2% Aol vl ok 21 dB7 AMBS & % 9ok

561



WEBHFPRRAE B 115 B 4% 2000% 6A

a7 9, 10& vstrte #oig @7stalM MFSK,
MDPSK 18] MFSK-MDPSK/DS-CDMAAI 2|
o Mj, Mp=8231, HolgAF% m=1% m=3
174 BCH #3718 % MRC telHAE /<
A ALddE W FAE MFSK-MDPSK/DS-
CDMAAIZH S 28 A%ol FRL, 53] MFSK-
MDPSK/DS-CDMAAI2’o] M;=2, M,=4Z 3}
Ag o My=4, M,=2% 3%& 4 Br} ¢ 05dB
o] MHEE & & A

12 2

B =RdMe OgF54E #Holgo] EAse oF
A A BN AR JIEe E9E
MFSK-MDPSK/DS-CDMA Al2"9 A% 744
ACE ol2 Z FAHNE T3t FFHOE-EH
gk A5 NHeZ2E MRC telHAE 7]
W3 oy A F53 7Ee Ads

AR Z 25l MFSK-MDPSK/DS-CDMA
A28 MFSK/DS-CDMA 2% 2 MDPSK/
DS-CDMA Al2" BT}t Aukal 2.8 Aol ¢
3 o 4 sl ®8 MFSK-MDPSK/DS-CDMA
AN2"HONA M=2, M,=4Z Q& 9 M;=4, M,=
22 319€ 9 2 % 05dBo] MAES ¢+
. £/ 2 MFSK-MDPSK/DS-CDMAAI "ot
o|HAE] 7|Y& ALt Tl AJE] 7] Fof w
2 089 Aeg gorrgton, of Ao oM
£ 7MW #7 $HEFE U 2 th BEx 7t
A7k 270 ASt M E RO AT e
o FAh ANZE dg AF 133 /Y HE
6}%15}. o] AL FYF RI&(r=05M AYF

A R37 2o Ad 304 M & £
28 A% MRS BAY wA O R Tho|HAlE
718 g AR B3 71Ee A ALEAALS
o) 2&o MM AEE Bton o] A AWF
A 258 NHE oSS AT W%Elovl Ad
A T E 7199 vs) & A5 & Eo'
A=A

A719] AFZHY E =FdA F3d MFSK-
MDPSK/DS-CDMA A2d& ¥ & B3¢ 3t
o] £ZE e "ol Jou 7)1ES MFSK X

a9

f

562

MDPSK/DS CDMA Al2¥igt 958 2§ A%

2308, MRC GelHAE 78 L $355 714
& AEA9E 23 EHIOE UFAE AolFel
9 4% ASE BT £ YOHE PR oF
£ A290 A8 7s¥ RO AU,

il

t

HO
e

[1] E. A. Geraniotis, “Performance of noncoherent
direct sequence multiple-access communi-
cations,” IEEE J. Select. Area Commun., vol.
SAC-3, pp. 687-694, Sep., 1985,

[2] B. Sklar, “Defining, designing, and evaluating
digital communication systems,” IFEE Commun,,
Magazine, Nov., 1993,

[3] J. Wang and A. Yongacoglu, “MFSK mo-
dulated PSK direct sequence CDMA,” 16th
Biennial Symposium on Communications,
Kingston, Canada, May, 27-29, 1992,

(4] J. Wang and A. Yongacoglu, “Direct se-
quence CDMA employing combined modulation
schemes,” I[EEE, GLOBECOM 93 pp.
1729-1733, Nov., 1993.

[5] R. W. Lucky, J. Salz and E. J. Weldon,
Principles of Data Communications, New
York : McGraw-Hill, 1968.

[6] S. Stein, Communication System and Tech-
niques, Part I, New York @ McGraw-Hill,
1966.

{71 M. B. Pursley, “Performance evaluation for
phase coded spread-spectrum multiple-access
communication-Part 1: system analysis,”
IEEE Trans, Commum,, vol. COM-25, no. 8,
pp. 795-799, Aug., 1977

[8] R. K. Morrow, Jr. and J. S. Lehnert, “Bit-
to-bit error dependence in slotted DS/SSMA
packet systems with random signature
sequences,” I[EEE Trans, Commun, vol.
COM-37, no. 10, pp. 1052-1061, Oct., 1989,

[9] J. G. Proakis, Digital Communications,
McGraw-Hill : New York, 1989,



h7ke) dolq §AstlA cholMA e/ A o8 AR F53 /1Y E 448 MFSK-MDPSK/DS-CDMA N9 A% £4

[10] Arnold M. Michelson, Allen H. Levesque,
Error-Control Techniques for Digital Com-
munication, Wiley-interscience, 1984,

{111 D. J. Torrieri, “The information bit error rate
for block code”, IEFE Trans, Commun., vol,
COM-32, no. 4, pp. 474-479, Apr., 1984,

(12] Carlson, A. B. Communication System.
McGraw-Hill, 1986.

[131 S. H. Jamali and T. Le-Ngoc, Coded
Modulation Techniques for Fading Channels,
Norwell, MA : Kluwer, 1994.

[14] E. Al-Hussaini and A. Al-Bassiouni, “Per-
formance of MRC diversity systems for the
detection of signals with Nakagami fading,”

g 2]

1. & (14)2] 7=

Popr—ypsk = fompec - p.(yp) dyp
_ foozgl (=1 (M—l

= j+1 7
. mL _mL—1 myp
) Tomeee
_ S (= (Mﬂ) m

7= J+1 J HmL)R
-f:r#”exp(—ﬁ)exp<—ﬂ%2)dyo
= “A"

@, R= %3 S/N¥], yp= <A CNR,

- SERCIE R

) exp

A% TgY B4 Ae8R
fomX”‘lexp(—ﬂX’)aLX

=4 P (u/p)

IEEE Trans. Commun., vol. COM-33, no. 12,
pp. 1315-1319, Dec., 1985.

(151 P. J. Crepeau, “Uncoded and coded per-
formance of DPSK in Nakagami fading
channels,” I[EEE Trans. Commun., vol. 40, no.
3, pp. 483-487, Mar., 1992.

[16] Viterbi, A. J., “Error bounds for convolution
codes and asymptically optimum decoding
algorithm,” [EEE Trans. Inform. Theory, vol.
IT-13, no. 4, pp. 260-269, Apr., 1967.

[17] Viterbi, A. J., “Convolutional codes and their
performance in communication system,”
IEEE Trans, Commun. Technol, vol. COM-
19, pp. 751-772, Oct., 1971.

Porr_mrsk = f Py p:(rp) drp

- EGE )

=1 J+1 J

(B + 1> -

"2 1’“ _1__Rz} —m
1 J+1 j+1 m

& R=y,
2. Al (15)e] R

P orr— uppsk = fo Pu - p(rp) drp

(1) Pig= erfc(\/_n; . sin?}l-)

i A
(2) ﬁL(?’D):We

@ R = %@ SN, 7, = 4 ONR.
L= golRAe /A%

- 7
Porr- yprsk = fo %-erfc(\} 3“21‘%- )

mL_mlL—1 myn
m ¥p -

LA £ R R
IXmL)R™ ¢ dro

563



HEBESS®AIEE E 115 4% 2000 65
9 Aol erfe(x) = 1 — erfe(x)S ©) &34,
o sorse = {1~ 75 sing)
X m(%)myg"“lexp(—% 70)dyp
= [ () e~ 2 v
= [ e s - ey (B)”

- m
< y5" " lexp(— 5 ro)drp

A4 [Tpds=1 92, sinrz o
A oA Fejshd

=1~ fowerf(\/—% . Sin{]%i)

19494 59 1294

19728 29 zddgy A7F%
F(FsHh

19829 2¢: ZAUEE AH7)FT

" 4 EEELER)

1‘, 19989 39~RA: UYL 3

] NARAZ S A ASF

19839 39~84): ZNHSY AARPEEAT Y 2T

[(FEAEH BAANEH, olFFA, NS, EMY/
EMC.

564

ml
. I(rlnL) (%) y5* exp(— 2% yo)drp

Aot 2 S AAARLE A% 4& vheH
2

P k1 mpps = fo Py p:(rp) drp

X FmL+% .
=1-F —rn ()

2
(L e g B

"2 Tm+ RA?
1 4] (15)

1986 2¥: fFT HAxTE
FHFEAD

19833 8¥: FAUWSHY WMEAF
B3 AAD

| 19943 2% FFFUTY g
% AAF ST (F A}

A 19949 79~19959 129 A%

AF7Y AAFEFE ZWATY

19963 89 ~19973 8Y: QISR FER EAEE
7 Ahvs

1998 3¥~#A: §3dAnEE] SFAR 2 RFG

19983 3¥~1998d 89: AAFAGTHE FAolF
EAAN2E A3a 2NAFY

19974 109 ~8A: AFAYEFHIA 7|2 F

19903 3¥~&A: FAUSE A/AAFER Eug

[(Fa4 Eol] FAFA, 1584 2 484, &4
Ags, FA3%A, gevies, Apd3(Electro Lu-
minescence) HZ2=EH o]




