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Abstract

M-ary differential phase shift keying(DPSK) is a bandwidth efficient digital modulation
technique and recently has attracted increased attention in mobile satellite communication
application where the available radio bandwidth is limited. Coherent detection offers good BER
performance in AWGN channel. However, it requires long acquisition times in fading
environment.

In this paper, we analyze the BER performance of M-ary DPSK signal using the Multiple
Differential Feedback Detection{MDFD) technique in Rician fading and shadowed Rician fading
channel. MDFD is an efficient scheme to decrease the performance gap between differential and
coherent reception by increasing the complexity of the conventional differential receiver to some
extent. Compared to the multiple symbol maximum likelihood detection technique, the multiple
differential feedback detection technique has a much simpler structure for hardware
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implementation. Especially, this technique has application to land mobile satellite channel which

can vary in time and space between AWGN and rapidly fading channel.
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[Fig. 1] Rician probability density function.
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[Fig. 5] Bit error probability of MDFD Quaternary
DPSK signal corresponding to average
signal to noise power ratio in AWGN
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(Fig. 6] Average bit error probability of MDFD
Binary DPSK signal corresponding
to average signal to noise power
ratio in  Rayleigh fading channel
(L=1,2,3).

QDPSK

10 '3
10 7?4

10 7'

BER

1074

o
4 !
311 I 1|

T v1 T T T
5 10 JO 25 30 35 40

Eb/No (dB)

(3 7] el mold #HolM "W MF
O E3Hie| wisjol wWE MDFD
Quaternary DPSK 4l52| & H|
E 27 (L=1,2,3)

[Fig. 7] Average bit error probability of MDFD
Quaternary DPSK signal corresponding
to average signal to noise power ratio
in Rayleigh fading channel (L=1,2,3).

Azl oF Aol AT L=3¢ @Y
Holgd zAdelM BER=107% 47| YaiM=
Binary DPSK41 %, Quaternary DPSK413 &%
HeF 5 [dBl A=rt 2ede & & ok
(2" 8] [2" 9]& golAgt Hold )
SK=7A B 25t #ALulel A5 4§
13718 4 L] Ws}o] W2 Binary/Quaternary
DPSK 415 9] Hi HE 0HE ag=z e
Witk #de Holg (28 6]F (1Y 7)



HES ghojalet Holg AHdolA Mary DPSK 4350 o1& 2% Ag A

BOPSK

. Rician Fading Channel (K=7)

o
L
m

10";

10"—;

10_— T LALLM L T

G 10 1% 20 25 30 33 40
Eb/No (dB)

(28 8] 2folAlet HolY =L K=7)0llM H

o Ao FSdlel #Halo| utE
MDFD Binary DPSK A&l H7
HE 2F (L=1,2,3)

(Fig. 8] Average bit error probability of MDFD
Binary DPSK signal corresponding to
average signal to noise power ratio in
K=7 Rician fading channel (L=1,2,3).

'y
L QDPSK
10 'y
3 Ricion Fading Channel (K=7)
10 3
"y
0:10 E
LJ ]
m -
10 g
10 4
10 °4
107 T 7 RN T
[} 5] 10 1_: 25 30 335 40
Eb/l\u (dB)

(22l 9] 2fojrlet mold =HK=7)oiM &
o Ay gsjol wpE
MDFD Quatemary DPSK
HO HE 27/ (L=1,2.3)

EaHle

(Fig. 91 Average bit error probability of MDFD
Quaternary DPSK signal corresponding
to average signal to noise power ratio
in  K=10 Rician fading channel
(L=1,2,3).

0% ATUI B A9, L-1-2 Aol
NE9) o8 4%l 24 AN T 4 Uk

L=30]aL K=7%1 o)At ol e
BER= 107%& €7] 9J8fX+= Binary DPSKA &
+ 33 [dB], Quaternary DPSK 413+ 34[dB]7}
288 & Utk

(28 10]7 (2’ 11]2 gojAgt Hlo|g
HIK=10+ B 2zt 09 25 7

BOPSK

N Rician Fading Channel (K=10)

L N S e S

Eb/No (dB)

(& 10] 2lolAlet Zlold L (K=10)0ll o =
o s Esdl|el Wi wE
MDFD Binary DPSK 2Al5eof o
T HE 27/ (L=1,2,3)

[Fig. 10] Average bit error probability of MDFD
Binary DPSK signal corresponding
to average signal to noise power
ratio in K=10 Rician fading channel
(L=1,2,3).

67



s F R G AL 5 7 B B 1B 19960 3

~ QDPSK

-3
0:10 ;
[}
m
10 ™1
- - = L=1 DFD
10 7F —— L=2 DFD
L=3 DFD

(e}
1 '
Py
soapenl ool ey
/

107

-

(2@ 11] 2to[Alet HolE HLDK=101M &
#F Alshy z2H|e] #ato]| ©E
MDFD Quaternary DPSK &l&2| &
B3 HE 2F (L=1,2,3)

(Fig. 11] Average bit error probability of MDFD
Quaternary DPSK signal correspon-
ding to average signal to noise power
ratio in K=10 Rician fading channel
(L=1,2,3).

3 Asrle] 4 Lo} ®Wsje] wE& MDFD Bi-
nary/Quaternary DPSK 2139 3¢ HE 27
2 =z Jeuith L=3¢]x K=10%! &
ol Al¢t Holg AMdelx BER=10"°& 47] §
A= Binary DPSK 213+ 23[dBl, Quaternary
DPSK A3+ 24[dBI7F Bags ¢ & Aok
go wre AsE QFHAAM F Aok YU
o1}, heavy #=$Ye AdFgFe v AE=
average, light AI=%49 JFE L2 A5l
Blay Q87 2A FHEE ¢ F ATk
(28 1294 [2¥ 13]& A= Zolrt
Hold AgaA Ha Az FAHe =5
o olo w2 o A5 A¥ ZAutd Binary/
Quaternary DPSKAlZ 9] H HIE /S 1
gz Jephddth o7lMe A A A7)

68

1  T~- BDPSK, L=2

— — : Loo's Heavey Shadowing

10 ﬂ% s~eess : Loo's Average Shadowing
E ——— : Loo's Light Shadowing

10 7T L0y L I
G 5 10 20 30 35 40

‘”\[5‘ 2:”)1
£5/No (dB)

(a2 12] flss 2fojAlet oY oM
A AMEY H3H| Az
Zlojof wE MDFD Binary DPSK
AZo HA HE 27/ (L=2)
[Fig. 12] Average bit error probability of MDFD
Binary DPSK signal corresponding
to average signal to noise power
ratio and shadowing depth in Shad-
owed-Rician fading channel (L=2).

T~ QDPSK, L=2

— — : Loo's Heavey Shadowing
: Loo's Average Sahdowing
—— : Loo's Light Shadowing

1U—Ox|1|||vvr|| T T T T T

o 15 20 .25 30 35 40
Eb/No (dB)

(a2 13] A= 2tolAlet ol oM
Ha Ashf FH3Het AxeY
ziolol w2 MDFD Quaternary
DPSK A2 B HIE 2F(L=2)



A9 glolalot Holy alde] ] Mary DPSK A3 9] tie % #3 Ax

[Fig. 13] Average bit error probabiliity of MD-
FD Quaternary DPSK signal cor-
responding 1o average signal to
noise power ratio and shadowing
depth in Shadoewd-Rician fading
channe! (L=2).

¢ £2 279 A% MY BERATE st
o L=2% 3Jrh A= olAIek Hold
de  Loool EdE HEEPow, heavy,
average, light®] 292 UrojM =Y 3
gFe wke AT E ME HusHA Ase A4
=9 Rt Average, light 415542

V.2 2

ghol At Hlold Ad ¥ A= ol et H)
olgd MdelM o 5 AY HyrE Hgst
of M-ary DPSK4159] 2% %<& #4849k

T2 AME ¢ e den 2.

1) z2ks A Harie F(0E 7MY

*ligl LF Aee FHHAT L2394
N A=7t A5S 4 F Utk
2) a]ma Folgd &AM F Al F
SHIE 0[dBI7HA o= dHolg 41&
1% BER 107°8 9& & ¢S ¢ &
el=g
3) L=3 A=M 7] FA3dE Az A%
o Hags ¢ 4 AUk

4) Heavy Al=9949 dge gda] slo|do
FEED MEo oF Ao & JFL
T & T AUtk B =244 83 A=
T 2ol Algt Holgd =dQl Lood mdo
A& lighto} average =999 d3Fe 2
o|AIgt Ho|Fe R4+ k=59 K=6A}o]d]
=82S & 5= 9ok

5) T golrlgt Heold AidoAMe i

2z FLHlE WdBI7HA Hd % dlo|et

>

¥0% A% BERW) & €& F flem=
Az s MAEY] HF tdelwAg
7oyt 29 7IMS =% Aol E8
3.

il

PR 2 o

Mo

(1] H. Leib, S. Pasupathy, "The phase of a
vector perturbed by Gaussian noise and
differentially coherent receivers, "IEEE
Trans. Inf Theory, vol. 34, no. 6, pp.
1491-1500, 1983.

(2] D. Divsalar and M. K. Simon, "Multiple-
symbol differential detection of MPSK, "
IEEE Trans, Commun., vol. 38, pp.
300-308,

March 1990.

[3] F. Edbauer, "Bit error rate of binary and
quaternary DPSK signals with multiple
differential feedback detection,” IEEE
Trans., Commun., vol. 40, pp. 457-460,
March 1992.

[4] K. M. Mackenthun, "A fast algorithm for
multiple-symbol differential detection of
MPSK, "IEEE Trans., Commun., vol.
COM-~
42, pp. 1471-1474, Feb./Mar./Apr. 1994.

(6] J. Liu, S. C. Kwatra, J. Kim, "An
analysis of .decision feedback detection
of differentially encoded MPSK signals,”
IEEE  Trans, Vehic Technol, vol
VT-44, pp. 261-267, May 1995,

[6] S. G. Wilson, J. Freebersyser, C.
Marshall, "Multi-symbol detection of
MPSK,” Proc. IEEE GLOBECOM '89,
pp. 1692-1697, 1989.

[7) P. Ho, D. Fung, "Error performance of
multiple symbol differential detection of

69



TERTEMEIY S G Cik BT B B 1 8% 19965 3H

PSK signals transmitted over correlated
Rayleigh fading channels,” Proc IEEE
ICC "91, pp. 568-574, 1991.

[8] H. Leib "Data-aided noncoherent demodul-
ation of DPSK," IEEE Trans., Commun.,
vol. COM-43, pp. 722-725, Feh./Mar,/
Apr. 19%.

[0 F. Adachi M. Sawahashi, "Decision
feedback differential phase detection of
M-ary DPSK signals,” [EEE Trans,
Vehic. Technol., vol. VT-36, pp. 71-77,

May 1987.
[10] S. H Jamali and T. Le-Ngoc, Coded-
modulation  techniques  for  Fading

19493 29 119 A
19719 24 : Feoidtw
F-A523 (F8AD
198313 8¢ : A= dtw
A8t} (FE 4D
19929 39 ~3&A : 9%
ek st et
o v A S

1978 39~ &) A=

70

Channels, Kluwer Academic Publishers,
1994.

(11] J. G. Proakis, Digital communications,
McGraw Hill, 1989.

(121 W. C. Lindsey and M. K. Simon,
Telecommunications systems engineer-
ing, Englewood Cliffs, NJ:Prentice-Hall,
1973.

[13] J. Goldman, "Multiple error performance
of PSK systems with cochannel inter-
ference and noise,” IEEE Trans., Com~
mun., vol. COM-19, pp. 420-430, Aug.
1971.

1951 5¢ 119 A4
19739 29 : AxG W
71384 (384D
19783 29 : HEYstw
H712ska (EHAD
19841d 29 . HEIw
BTG (Y
19863 ~ 19873 : Canada
o Manitoba Univ. 749 w4~
19799 ~ WA YRS WABY
19961 39 ~ HA) : dFe TI7E AL o
T4 &%
(7 24 Eob] UAg FAA L™, A4Y, ATM




