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Presentation Structure

• Properties of Turbo Product Codes
• Performance of TPC’s in AWGN Channel
• Performance of TPC’s in Rayleigh Fading Channels
• Availability of TPC’s
• Conclusion



Properties of TPCs
• Turbo Product Codes (TPCs) are very flexible

• Can support any data block size, resolution 1 bit

• TPCs can support a very wide range of code rates with a single,
unified encoder/decoder strategy

• From below rate 1/3 to as high as rate 0.98

• Multiple vendor support exists

• Product Codes were described in 1948 by Elias



Properties (continued)
• Codes described here are the same type that are included in the
802.16.1 specification

•Data rates are lower, hence decoder is potentially less complex/lower
cost than 802.16.1 codes

•Depending on codes chosen, the decoder can be implemented with
< 150 Kgates (includes memory)



Large Block Code AWGN
Performance

• Large Block can provide significant code rate and coding gain
advantages

•Code rates as high as R = 0.98 for higher bandwidth efficiency

•Optimal efficiency for large bursts or continuous downstream
transmission

•A single unified decoder design will also support any small block
code

•Will also support codes specified in 802.16.1

•Enhanced burst error performance without interleaving



Representative Large Block AWGN Performance



Rayleigh Fading Simulation Model

Data
Source

16 QAM
Modulate

BPSK
Modulate

TPC
Encoder

Rayleigh
Fading

I

Q

I

Q

I Q

16 QAM
Demod

BPSK
Demod

I

Q

I

Q

I Q

AWGN

I QTPC
Decoder

Data
Estimate



BPSK Performance in a Rayleigh Channel
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BPSK Modulation on Rayleigh Channel (with perfect CSI)

TPC(106 Data Bytes) R=.67 

TPC(106 Data Bytes) R=.79 

TPC(1800 Data Bytes) R=.88
RS(255,223,16) R=.87      

RS(204,188,8) R=.92       
Uncoded Rayleigh bpsk     

Eb/No



16 QAM Performance in a Rayleigh Channel
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16 QAM Modulation on Rayleigh Channel (with perfect CSI)

Uncoded Rayleigh 16 QAM                 
Reed Solomon (204,188,t=8) R=0.92 
Reed Solomon (255,223,t=16) R=0.874 
Code1 (rate .668, 106 byte data block)  
Code2 (rate .785, 106 byte data block)  
Code3 (rate .8789, 16384 bit data block)

Eb/No



Availability and Time to Market

• TPC hardware is available and fielded for almost 2 years

•Two different TPC evaluation systems are available

•TPC cores available for ASIC integration

•VHDL or Verilog targeted to any foundry

•Simulation tools available

•Includes high order modulation support

•Includes C/C++ and/or Matlab support

•Facilitates system level simulations for channel models, phase jitter,
burst noise and other impairments



Conclusions

• TPCs provide excellent performance at high code rates and can offer
a very wide range of block sizes and code rates with no change in
coding strategy

•TPCs provide excellent performance in fading channels

•TPCs are easily implemented in either single carrier or multiple
carrier (OFDM) systems

•TPC’s are ideally suited to continuous or burst data transmission
modes

•Recommend to perform further simulations based on selected
modulation and channel models



Rayleigh Fading Channel
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TPC In OFDM Symbol Example

4 Pilot
Subcarriers

48 Coded Subcarriers

One OFDM Symbol Example

Coded Subcarrier modulation = 64QAM

Coded bits per symbol = 288 Bits

Rate 2/3 puncture convolutional code = 192 Info Bits

Almost identical TPC Code (288,187) R=0.64


