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INTRODUCTION
Forward Error Coding — FEC

Source coding
Channel coding

Block codes (Hamming, Hadamard, cyclic)
Convolutional codes

Non-systematic convolutional codes NSC

Recursive systematic covolutional codes RSC
Turbo codes

Systematic codes used in a pseudo-random manner

All codes are good, except the ones we can think of
(Jacob Wolfowitz)
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TURBO CODES

o Turbo coding principle

Systematic bits

: ——»
Input bits RSC Encoder 1 Parity bits 1
——»
Parity bits 2
Interleaver | RSC Encoder 2 —»
o Coding rate R =—
o [1] C. Berrou, A. Glavieux, and P. Thitimajshima, Near Shannon limit error-correcting coding and decoding: Turbo

Codes, IEEE Proceedings of the Int. Conf. on Communications, Geneva, Switzerland, May 1993, pp. 1064-1070.

o [2] C. Berrou and A. Glavieux, Near optimum error correcting coding and decoding: Turbo-Codes, IEEE Trans.
Communications, vol. 44, no. 10, pp. 1261-1271, Oct. 1996.

o [3] C. Berrou and M. Jézéquel, Non binary convolutional codes for turbo coding, Electronics Letters, vol. 35, no. 1, pp. 9-
40, Jan. 1999.
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TURBO CODES
UMTS/ WiMAX/ LTE RSC turbo encoder
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TURBO CODES
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TURBO DECODER
o UMTS/ LTE RSC turbo decoder
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TURBO DECODER
WiMAX RSC turbo decoder
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TURBO DECODER

Decoding algorithm

Trellis based

estimation algorithms

Hard output

A 4

Viterbi Algorithm

Y

MAP Algorithm

Soft output

A 4

Improved SOVA

Sequence
Estimation
Algorithms

Log MAP

Symbol by symbol
estimation
algorithms

max* (x,y)=In(e* +e’) =

max(x, ) + In(1+ e ” ™) » max(x, y).
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TURBO DECODER
Max-Log MAP — WiMAX

P(A =a.B, = b)

Ay (4-By )= logP(Ak “0.8,-0)

iz (S/Ic - S/{+1) =Ny o (4, B )+ wA (W, )+ yA(Y,)

§1;+1(S1{+1) = max {ak (Sllc)-'— 7k+l(Sli _>Slg+l)}

1 J
Sk>Si

Oy yy (SI{H) = §1L+1 (SZH) - &ILH (SI?H)

ﬂ/;(S/lc) = max {/_}k+1(S/{+l)+77k+l(S/i - S/{+l )}

N
S8

Z, (Sllc - Sl{+1) =a, (Sllc ) + Vi (Sllc - Sl{+1) + Ekﬂ (SI{H)

t,(a,b)= max {Z}

S;—>S{.,(a.b)

AY,(4,.B,)=t,(a,b)-1,(0,0)

A(4,)=max{A},(4,.B,).A} (4,.B,)} -
max {Aj, (4,.B,).A¢,(4,.B,)}

A(B,)=max{A;, (4,.B,).A7,(4,.B,)} -
max {A{,(4,.B,),A7,(4,.B,)}
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TURBO DECODER
Max-Log MAP — WiMAX

7 (St = St ) = Ao (4, B ) + AY) + AP,
= Ay, (4,,B, )+ AT+ AW),)

A,

)+ Zia

)+ 7

R
)+ Zia

)

(0B (S0).BE(SE)) @n(Sia) = max{@? (S0 )@l (SEa)- @5 (S0 ) @ (SR, )]

RSy

7 (st ) = max {7 (51,
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TURBO DECODER
Max-Log MAP — WiMAX

)

)=a.(s;
Z°(S7 = Sia ) =@ (S7)+ 7o (57 = St )+ Bea (i)
Z(S: = Si) = T (S0 )+ 70 (S5 = St ) + B (S21)
Z¢(S¢ = S0 ) =@ (S )+ 7 (S8 = S5 ) + B (SE)
Z/ (S} > S00) =@ (S)+ 7 (S5 = 87 ) + B (S
Z5(S¢ = S0 ) =@ (S7) + 7ea (S¢ = ST )+ B (SL)
Z!(S{ > 80) =@ (S]) + 7iea (ST = 81 ) + B (S
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TURBO DECODER
Max-Log MAP — LTE

Vi =V(X,) X (i, ))+ N (Z,)Z(i, ),

V, (X,)=A'(X,)+W(X,),forSISO1
V, (X, ) =IL{A] (X, ) - W(X,)}.forSISO2

V(Xk)={

A(z A'(Z,).forSISO1
(2.)= A'(2,).forSISO2

70=0 00 =7Yo>Yos =73
n=V(X;) 10 =7V3s714 =70
y2 =N (Zy) 0 = V15 Vs =0

4
4
4
Va1 =72 Vs =N
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S4):max{(ak 1(S0) +704)s (21 (S, "‘7/14)}
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B (So) = max{(By,1 (So) + 700> Bewr (S4) + 704}
B (81) = max {(B1 (So) + 7100 (Bt (S4) +710)}
B (Sy) = max{(By (S))+ 720 Bt (S5) +725)}
:Bk (85)= max{(ﬁk+l 1)+ 731 B (S5)+;/35)}
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{
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——
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TURBO DECODER

Max-Log MAP — LTE

TARIA -

/1]?(0 0) = a1 (So) + 700 + B (So)
20 (1.4) =y (S))+ 714+ B (S)
22(2.5) = oy (Sy) + 725 + B (S5)
A (31) = oy (S5)+ 731+ B (S1)
22(4.2) =y (Sy)+ a0 + B (S,)
(5.6) =t (Ss)+ 756+ B (Se)
(6,7) =,y (Se )+ 767 + B (S7)
(7 ) )

k
2°(7,3) = (S7) + 725 + Be (S

A(0,4) =, (Sp)+ 704 + By (S4)
A (L0) =5 (81)+ 710 + B (So)
A1) =a (Sy)+ 721+ B ()
AL (3.5) = a1 (S5)+ 735 + By (S5)
2,: (4.6) =1 (S4)+ 746+ B (Ss)
ﬂl (5.2) =4, (S5) + 750 + B (S5)
2.1 (6.3) =y (Sg )+ 763 + B (S3)
A7) = a4 (S7)+ 727 + B (S7)

A%(X;)=  max

1,. . _ 0/. .
(S-S, ):X,=1{/1k (l’])} max {4, (l: J)}:

(S,—S,):X,=0
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TURBO DECODER

LTE - Quadratic Permutation Polynomial (QPP)
interleaver

x(@)=(f,-i+f,-i’) mod K

sump)

(4

sum, (0) = f;,sum,(0) = 0,sum,(0) =0
72'(0) =0
o fori=1:K-1

1 ™ sum, (7) = sum, (i —1)+ £,
n sumq g L ¥ St N (7 sum, () = sum, (i~ 1) + £,
T sum, (i) = sum, (i —1) + sum, (i — 1)+ sum, (i = 1) + f,
D (0)

D (f1)

A

D (0) 7(i) = sum, (i) mod K

A
A

) end
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TURBO DECODER

LTE - Quadratic Permutation Polynomial (QPP)
interleaver "
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TURBO DECODER

LTE - Quadratic Permutation Polynomial (QPP)
interleaver
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TURBO DECODER

o LTE - Quadratic Permutation Polynomial (QPP)

Interleaver
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TURBO DECODER

LTE - Quadratic Permutation Polynomial (QPP)
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TURBO DECODER

LTE - Quadratic Permutation Polynomial (QPP)
interleaver

N positions per
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WA = mod(i, KIN) —»
RA = WA + 1 —

write in Vo(Xy) ILM content

~

KIN locations

WA = write address
RA = read address hea Re-ordering
WP = write position

2 $ o) S e » 3 \
58%58° 9880 %6e° o0ee®
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PC = position content o 9 2 Y 0 e 5
IL = interleaver —/ Re-ordering 5\506\‘50 5\505\505\505\50 9,\50 5\‘50
T 3 8 13 18 23 28 33 38
write in V(X’)

WP = floor(i, KIN)
PC=IL(j)
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TURBO DECODER

LTE — reordering unit: even-odd merge sorting

Sort separately Sort separately the odd-  Sort adjacent
the 2 halves indexed and even-indexed  elements
elements
R - L [ I —

SRR A,

A min(A,B)
B max(A,B)
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TURBO DECODER

o LTE — split with overlap
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TURBO DECODER

WiMAX — proposed architecture
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TURBO DECODER

o LTE — proposed architecture
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TURBO DECODER

o LTE — SISO proposed architecture
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TURBO DECODER

LTE — timing diagram: serial vs. parallel
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TURBO DECODER
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OBTAINED RESULTS
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OBTAINED RESULTS
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OBTAINED RESULTS
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OBTAINED RESULTS

LTE
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CONCLUSIONS

Efficient Max-Log MAP implementation
Only one SISO

All latency-reduction procedures can be applied
over the proposed decoding scheme

Turbo decoding serial architecture adapted for
parallel decoding

Only one interleaver used in the proposed parallel
decoding architecture

Efficient implementation for the interleaver

Almost 1dentical decoding performances for serial
vs. parallel decoding when small overlap accepted
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