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Motivation

Data communication system provide the
ability of changing code rates with
communication environment

— Various rate codes are needed

—> Only rate 1/n turbo codes are known

— Make turbo codes of various rates to
provide general trend of performance




Turboe Code Structure

e Characteristic
= Encoder : Parallel Concatenation Scheme
= Decoder : Soft Output decoding + Iterative decoding

® Encoder
= Rate 1/3 encoder

= Two component
encoder

= One Interleaver Convolutiona

Encoder?2




Decoder

Viterb1 Algorithm

* Optimal decoding method to minimize
sequence error

* But cannot produce information about each
bit

- MAP(Maximum A Posteriori) Algorithm
Produce soft information about each bits




Soft Input and Output Decoding

X, . systematic information added by noise
v . parity information added by noise
L,(d;) : a prior1 information of d,
L,(d,) : extrinsic information produced by decoder

L(dy )= Lexp+ L,(dy)+ L,(dy)

Xy —*
v, — MAP Decoder
L(d,)—




+ [terative Decoding

— Use extrinsic information Z.(d;) of previous decoder
as an priori information of next decoder

Interleav Delnterleayv

Delnterlea%ﬁ C}k




Concept of Puncturing

Definition

Systematic deleting of encoded bits using specific
rules

- Higher/change the code rate

Advantage
One encoder/decoder pair can produce code

of various rates




Turbo Encoder using Puncturing

Puncturing
Tables

11111111 r=1/3
ITIT1111 r=1/2

[

7

JI1111111 r=1/3
Interleaver 10101010 r=1/2

f Puncturing
+ Period = 8

>*11111111 r=1/3
01010101 r=1/2




Application of Puncturing to Turbo Code

The effect of on
punctured turbo code performance

Various rate turbo code generation using
puncturing method




Puncturing Pattern

The performance of Punctured turbo code vary
with puncturing patterns

- Provide general rule to choose good puncturing

pattern
Puncturing Pattern of Turbo Code

Number of Puncturing bits from each encoder
output

Distance of puncturing bit

Puncturing systematic bit or not




Various Rates Turbo Codes

Generate puncturing pattern by proposed rule

- Make the generated code by this puncturing
pattern have the best performance in that code
rate

Suggest the performance of codes from rate 1/3 to
rate 2/3 with best puncturing pattern

- Predict the trend of performance variation with
code rates




Experimental Results

System description

Constraint Length (K) 4

Interleaver Type Random Interleaver

Interleaver Length (N) 1024

Decoder Iteration Number 3

Modulation BPSK, Baseband

Channel AWGN

Programmed by C

Simulated in Linux Environment
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At B,=10" , the required Eb/No increase almost
linearly with code rate

1/6 1/3

Code rate




Conclusion

Results

Suggest puncturing pattern choice guide by experiment
Provide the performance of various rate turbo codes

Future Research
Suggested as a channel code 1n IMT-2000
— Fading channel performance research
— Performance bound prediction by theoretically
- Hardware Implementation
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