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Motives

Turbo Codes
O Qutstanding error-correcting capability
O High decoding latency
O Parallel architecture
= Memory collision-free
Interleavers for parallel architecture
O 2D interleaver, ARP (almost regular permutation)
=» Complex optimizing process
=»Hard to optimize over various block size

=>Need new collision-free interleaver which can be easily
optimized over various block size
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%:* Parallel Architecture of Turbo Codes (&}
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Parallel Architecture

<——— L subblocks(K = M - L symbols) ——

O L subblocks

—> L-parallelism
O Tail-biting encoding
—> No tail-bits

O Roughly L times
reduction of delay

parityl

Parallel architecture
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* Parallel Architecture of Turbo Codes (@}

Collision Problem

O When more than one module try to access the same memory
bank - Additional delay

Collision

SISO modules
Memory collision
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25 ] Collision-free Interleavers

2D Interleaver

2-dimensional array structure

k=s-M+t
se{0,1,---,[—1}
te{0,1,---,M—1}

2D interleaver
Information Information Information

o II(k) =1I(t,s) = ls(t,s) - M + I (t, s)
O Easy construction using any kind of IIg(¢,s) and II7(t, s)
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e Collision-free Interleavers

ARP (almost regular permutation)

7 P : Relative prime with K

a(k), B(k): Integer sequence
RER of period C

Fluctuation patterns

~ . Initial offset

OIl(k)=(P-k+C - (a(k)- P+ B(k)) + ) (mod K)
O Complex optimizing process

O 0.55dB improvement against 3GPP at FER 10-°, block size 640
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“' Proposed Collision-free Interleavers

Latin square structure
OIl(k) =1I(s- M +t) = uys - M + Iy (t) —| 2D structure
O Example) K =27, L =3, M =9, Il =(7,3,5,0,4,1,8,2,6)

( 0 1 24
2 0 1| | — Column-wise repetition
27by3) U= | L _2 0 of the Latin square
0 1 2 (Latin square structure)
|| N N |
O Colu ect : i ithi ub-block
o pass o~ . .

Dk 93FsPA0 =0 1020V9IBEIB0B=9 2 xB+F=-PBO =18
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=%  Proposed Collision-free Interleavers

Optimizing process (4-parallelism)
O II7(t): 3GPP standard interleaver (defined for 40-5114)

O U = {uys}: 576 cases > 24 cases > 12 cases
= Let the first row of the Latin square by (0, 1, 2, 3)
m Pick out good candidates among 24 cases

12@ ‘1.3
3 2
32@ 3 ’

(a) Bad Spreading (b) Good Spreading
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Proposed Coll

640, L=4, Max.lter.=8, maxLogMAP, Good and Bad Cases

K=

Distingushed definitely

o

Bad Grou

aley Joug

Eb/NO

Comparison between good and bad group
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Error Rate

0 K=320, L=4, Max.lter.=8, maxLogMAP ]
10 @i;;;;;;;;;;;;;;;%;;;;;;;;;;;;;;;;g;;;;;;;;;;;;;;;;;E;;;;;;;;;;;;;;zz Latln Square StrUCture
(012 3)
1 0 3 2
U =
3 2 0 1
3 1 0

\2

e Pttt ettt = |
10'8 77777777777777777 T 7777777777777777 41 77777777777777777 i 7777777777777777 |
0.5

1 15 2 25
3GPP TSG RAN WGI1-43. “Enhancement of Rel. 6 Turbo Code.” Nov. 2005
Comparison of BER, FER at block size 320
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Error Rate

K=640, L=4, Max.lter.=8, maxLogMAP

-7
w0 P%
10'8 77777777777777777777777 i 77777777777777777777777 T 777777777777777777777 |

0.5 1 1.5 2

Eb/NO
Comparison of BER, FER at block size 640
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Proposed Collision-free Interleavers

Latin square structure

Semi-Latin square structure
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. Concluding Remarks

Conventional collision-free interleavers
-> complex optimizing process

The proposed collision-free interleavers
-> easy to optimize at various block size

Any kind interleaver can be apply to the parallel
architecture of turbo code using Latin square
Interleaver.
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