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lterative Joint Demodulation and Decodng of Turbo
Coded DPSK Sgnds over Unknown Phase Channes
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2. Department d Hectronic Peking University , Beijing 100871, China)

Abstract . Inthispaper ,iterative joint demodulation and decoding of coded DPSK (differental phase shift keying) sgndsover an
AW channd with unknown phase is presented. Firdly ,the symbol- by- symbol maximum a pesteriori probahility (MAP) agorithmfor
an unknown phase channel is derived and it is shown that the MAP dgorithm can be implemented dficiently usng forward and back-
ward recurgons through the trdllis. Secondy ,the equivalent channe modd gpproach is adopted and highlighted for subsequent sysems
to further process the channd MAP soutput. Findly ,the principle of iterative joint demodulation and decoding isintroduced. The dfi-
ciency o the proposed dgorithm is gpproved by many smulations.

Key words: iterative decoding;MAP dgorithm; differentia phase shift keying ;unknown phase channd's; Turbo codes

10°°,
1993  C.Berrou Turbo M
. Turbo 10°° 0.7cB
Shanron . Turbo
,Turbo (MAP . , [6]
) ,
(2 (LLR).
C. Berrou (AWQN) MDPSK
, Turbo (MAP) ; MAP
. , Turbo ;
. 1. D. Marshand : : DPSK  QDPSK
S
14 , ,
(sl , (pilot symbxols)
AW , Turbo 0.7cB

:2000-07-21; :2001-05-16
: (No. 60002010)



98 2002
2 (2 (sc-1,8) = (nl,m) k-L Kk
1. Turbo ao L= a(m ,m). ) p(s-1
{b}, Turto RC =nl,sc=m,r) (nl , m)
(). 2, , b=+1
(%, y0) , Xi (m ,m) Markov
vi . BWI (bit- [8] BCGR
wise interl eaver) : Mapper
BPSK  QPSK(Gay mapping) . BWI plsc-1=nf,sc=m, ) =p(sc1=nl ,s=m,r)
, . , pyY Real sca=nl sc=m, ) xplsca=nl .Y,
, wlnesc=mlser=m 5 Hxplii] sc=m. )
MDPSK k =y 1 () -y (md , m)-B(m) (4
T o G () Yol m) By(m)
e = JZ_Pake'e + Wy (1) 3
i rac (ep(@m M| m=0.1, M- a(m) = S nf  mity o (nf) By a(n)
. (-1,
02 =2No/ T T = ZVk(mf,m)Bk(m) (5

12 ttﬁ R AENH
iﬁﬂ friEE

1
3 MAP
Markov MAP
Turbo MAP
) . MAP
(SISD: St Input St Output) SISO
(1 MAP
L
6 (L+1)
[5] ( [5] 0
). k-1 Se- 1 :
sc-1= (a1, a-2, & L) (2
: S-1 Slse= (&, &1,
a-L+1)) M a = ag- 1 Ok, dk Sk-1
S8 . MDPSK , o logM  { b, j
=0,1, ,logM - 1}
BWI ( 1).
b k b.
MAP .
— N
A (b =Iogﬂ(%:_iﬁ)l |OgnZ" p(sc-1=m ,sc=m,n)
/"Z“p(sk 1=l 8= mrl) ©)
P(-) () (pd) , A

1 N (N ).

Yl ,m =p(rd sc=m,scci=nl, DT (sc=m sc.i=m)  (6)
(6)

|ogzM-1
P(dy = P bi ,'f =TS n‘{'d
T(sk=m| s.1=nl) = (do iD (b ,if m ( ) (7)
0, othewi s
P(dd) (TS(n, dd)
o m ),

f "lf[- lL) = p( rk| 5115- L

=adm,m D) = [p(w0 .30 p@l L. D & @

p(rd sc=m,sc1=n

(l'k || §1f<l e)f(e)
J’p(rm a1 e)fe) e

p@| &t k) =

(Zr[) 1(21-Uw) Lexp( (mw) 12' Me-i - ak |el |2)

L

J’_n(m’l(zwzw)*exp(- @D 3 rei- a1 @

= Aep(- 07| LZ e 13| cos® - o) 1510 32| _irk. A

(9
L ~ %
D * o =a (ot ach) 2 e idk-
i lo(+) . A
k-1 k , (3

(9 (8
p(rd sc=m,si.1=nf i)
_[ (202) - laqo{ @2) Y re- a- )}

“Aep{ -0y, | Zrk i k- .|005(9 a)}igtoy | Zrk i k- .|)@

=Bdg 1Oy, | Zrk (A .|)I

L
+1 | @s® - a,)}} 8 =805 107 2.0 &

ep{0 % | Z M- i Ak- .|oos(9 -a)

L

: |0(°Jv2| Z M- iAk- i |) (10)



1 : Turbo DPSK 99
o, =0 (re,a) nax B, A« Le( by)
(3 (11). (12) :
, MAP BGIR Le(b) =Bbe =B b +P ny (14
(3-7 (10) . MAP B ) (14)
: me= E{ Le(b) b} = E[Bbdr} =P
4 Ote= E{Le(b)%} - [ E{Le(b) B} 1°= E{ Bnd?) =p70%,
. (15)
o Be=Sgn( L (b)) (15)
VAP ' Turbo 02 =02t = YU S, 1)
: ‘o] T T T L E{ Le(b) B ]2
(1) Turto _ ’ AV,VCN MAP . L (le) ( Le(hd)) ,
Turbo (12 (19
4.3
41 4.2 [9]
5 7 MAP Turbo
Turbo [9] '
b, , Turbo MAP LLR,
o, (BWD)) BWI LLR. MPSK(M #2) , MAP
, BWDI P(dy) (7) .
4.4 Tur bo DPSK
gﬁtz;ﬁ SMER Turbo
] i v |
Lt o s y A urbo
o] R ' VAP AweN DR
—c SK MAP DPSK 1
, 11 MAP BCIR
4.2 5
[1] Rephaeli
[9] IS Turbo ’
172  Turbo Turbo
, Turbo
RSC(37,21)
Turbo
(1) BDPSK BDPSK
' -5 .
. AWGN (NR) 10 (B.ER) :
® BWDI (LLR 9) 2 L
© (©) Ni ;
MAP (4 Turbo DPSK ( 17
)
{bg. : (1)
By = b+ ne (11) BWI
B o 0 o2 12, BWI
N = 2Ni
a2 3 4, 3
=" Le(bd) (12) BDPSK L=5, 4 QDP
‘Le(b) =L () - La(ho) MAP K (L=3. 6
(extringc irformation) | MAP LLR 2048(N; =2048) : 3 4
_ BER=10"° ,BDPSK 32
L(b) =3B + La(b) (13)
o5 3.2B, QDPSK 64
La(b) bx (LLR) 3.40B.



100

2002

45 BDPSK L =5 Turbo
DPSK 0.5dB , QDPSK L=3
0.7cB.
1E-0
1E-1
4 1E-2
R A
13,15.17
1E4
1E-5
2 22 24 26 28 3 32
EbINOIAB
3 BER (BDPSK ,L =5, N; =2048)
1E-0
1E-1
o 1E-2
'
% o [\ BEERE
BRI 13,1517
1E4
1E-5
22 24 26 28 3 3.2 34
EhINOIAB
4 BER (QDPSK L =3, N; =2048)
5. , ,
MAP ,
1E0
i
£
K
13 2 4 6 8 10 12 14 16 18
BRY
5 (BER)
(BDPSK , Ni =2048)
AWGN Trubo , N;
, 6 Ni ,
BER=10"%, N, =409 hit NR=
3.0B N; = 2048 0.2B.
, MAP MAP
MAP

Turbo

1E0Q

i Kk &
1.3.6 7,0, 11
13.15. 17

1E-4

1E-5
128

256 512 1024

SR BACE N,

2048 4096

6 (BER) ,
(BDPSK ,L =5, B/ NO=3.0dB)

MDPSK BDPSK

Turbo DPSK

0.5, )

[1]

[2]

[3]

[4]

[5]

[6]

[7]

(2]

1999 , [11]

). ,
[11] O () Bi(m)
ne(m , m) ,

, [11],

Btrrou C ,et d. Near Suanron limit error-correcting coding and decod
ing: Turbo-codes [A]. ICC 93 [C] , Geneva, Swithzerland ,May ,1993:
1064 - 1070.

IEEE J. SHect. Areas commun. Secia issue on: concatenated ooding
techniques and iterative decoding: Saling towards channe capacity
[C] ,Feb. ,1998.

Mardand | D ,Mathiopoulos P T. Multipoe differential detection of par-
dld ooncatenated conwolutional ( Turbo) codes in corrdated fag
Rayleigh fading [J]. IEEE J. Sdect. Areas Commun. Feb. ,1998 ,16
(2) :265- 275.

Mardand | D ,Mathiopoulos P T. Differentia detection of turbo codes
for Rayleigh fastfading channels [J]. IEEE Gonmun. Lett. , Feb. ,
1998 ,2(2) :42 - 44.

Kam P Y. Maximunrlikdihood digtd data sequence edinmetion over
Gausdan channd with unkrnown carrier phase [J]. |IEEE Trans. Gomr
mun. ,1987 ,35(5) :764 - 767.

) ) . DPSK
Viterbi [371. ,19099 ,25(11A) :116 - 118.

Hagenauer J et d . Iterative decoding of binary block and convol utiona
codes [J]. |IEEE Trans. Irform. ,Mar ,1995 ,1T-42:429 - 445.



1 : Turbo

DPSK

101

[8]

[9]

[10]

[11]

[12]

Bahl L R ,et a.Optimdl decoding of linear codesfor minimizing symbol
error rate [J]. |IEEE Trans. Inform. Theory ,Mar ,1974 ,1T-20:284 -

287.

Rephadi D ,Zara Y. Gombined Turbo equaization and turbo tecoding
[J]. IEEE Qommun. Letters Apr. ,1998 ,2(4) :107 - 109.

Hoeher P LodgeJ! Turbo DPSK” :iterative differentid PSK demodu-
lation and channel Decoding [J]. IEEE Trans. Gommun. ,June 1999 ,
47(6) :837 - 843.

lawlpe G,e d. Nonoherent Iterative (Turbo) Decoding [J]. IEEE
Trans. Commun. ,Sept. ,2000 ,48(9) :1488 - 1498.

Mardand | D ,Mathiopoulos P T. On the performance of iterative nonco-
herent detection of coded MPSK sgnds [J]. IEEE Trans. Gommun.
Apr. ,2000 ,48(2) :588 - 596.

. 1975

.1974

. 1965

,2001

. 1997

. 1988



