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Wireless Communication Systems
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Digital Communication System
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Year | Rate?2Code SNR Required
for BER < 10°
1948 | SHANNON 0dB
1967 | (255,123) BCH 5.4dB
1977 | Convolutional Code 4.5dB
1993 | Iterative Turbo Code 0.7dB
2001 | lterative LDPC Code 0.0245dB|
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Spectral Efficiency

Code Rater

Power Efficiency of Standard
Binary Channel Codes
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System model

Concatenation of

Space-Time Block Codes with Channel Codes



Concatenation of
STB Codes with Channel Codes

* Space-Times Codes ———) Increase channel Capacity
(Diversity Gain)

* Channel Codes > Improve error correction
(Coding Gain)



Block Diagram of STB codes Concatenated
with Channel codes
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Low Density Parity

Check Codes
LDPC



LDPC Encoder & Decoder




Minimum Distance Property of Codes

For linear codes, the number of
low weight codes is equal to the
number of occurrences of low
distance codes

We use Interleaver in Turbo
codes to avoid low weight codes

We use sparse H matrix
instead of using sparse G matrix
in LDPC

D (10001011101,11001011111) =2 Hamming Distance
W(01000000010) = 2 Hamming Weight

Higher minimum distance = Stronger code



LDPC Codes Presentation:
Tanner Graph
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LDPC Code Generation Solutions
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LDPC Decoding Approaches
(Belief Propagation Algorithm)

6"l  7(%
8 9( %

2 I 7(%
2 "™ 7(%
% 2.
0 :2' 7(%



Bit Flipping

gSuccessfuI Decoding 2

EDar Ok EMar Ok
Check equations
J ) Received bits
N2
a0 0 1 0 1 1
=>1

Bit Initialization

@ To check & verify the parity check equation
To update Bits



Bit Flipping

gUnsuccessfuI Decoding 2

Error Error Ok Ok

Check equations
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' ) ) Received bits
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Bit Initialization

@ To check & verify the parity check equations
To update Bits



Belief Propagation Decoding
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Message Passing (Odd Rounds)
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Message Passing (Even Rounds)




Space- Time Block Codes



Space-Time Codes



Space-Time Block Coding
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Performance Comparison of different
Space-Time Block Codes

BER against E/Ny
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MIMO systems capacity in Rayleigh
fading channels
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Alamouti’s Space-Time Block Codes
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Alamouti’s Transmitter
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Alamouti’s Space-time decoding

(HARD DECISION)
Foo = To(t) = NyoSy + NS + g
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Space-Time Decoder

Soft outputs
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Turbo Codes



Turbo Coder
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Turbo Code design parameters
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Interleaver Advantages

1. To decrease burst error effect
2. To avoid codewords with low weight

Input bits

Codeword
(Low weight)

RSC1

Inerleaver

Codeword
? (High weight)

RSC2




$ Without puncturing
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Turbo Decoding Algorithms
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In(e* +eY) = max(x, y) + fo(| y- x|)
X .y [0 if[y-x|>15 i
_____________ Constant-log-MAP In(e” +e”) = maX(-'_ﬁ[_{].S fly-xl<15 )
07=:C:07
In(e* +e¥) = max, y)
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Simulation Resuls
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New Structure
Fast Turbo Codes
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Multi Branch Turbo Codes
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Multli Branch Turbo Decoder Structure

INT(rd),rp2
S/P
Decll _’
S/P - e ’é? SP | PIS |

i +

INT(rd),rp2













Conclusion



Comparison of Turbo and LDPC
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Comparison of Turbo and LDPC
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Comparison of Turbo and LDPC
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Concatenation of LDPC &
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Further Studies
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