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A Study on Decoding Algorithm based on Space Time
Coding Method in Multipath MIMO Channel

Environments

Park Gun Yeol

Department of Radio Communication Engineering

Graduate School of Korea Maritime University

The excessive multipath encountered in underwater communications channel and
wireless communications channel is creating Inter-Symbol Interference (ISI), which
degrades data rate and bit error rate performance. A various different method to cope
with multipath situation has been developed to date. In addition to ISI, result from the
use of multiple transmitters in underwater channel. It is challenging work to remove
IST in complicated channel conditional. The channel estimation is one of important
roles. The way to cope with ISI, LMS algorithm and Zero-Forcing equalizer are used
which is placed in front of receiver.

Based on iterative turbo code technique for Single-Input-Single-Output (SISO)
channel, this thesis consider Multiple-Input-Multiple-Output (MIMO) channel for
increasing data rates and capacity gains. MIMO technique is being studied in
underwater communications because of increasing the data rates. MIMO
communication system employs multiple transmitters and receivers. They can yield
significantly increased data rates and improved link reliability without additional
bandwidth. Representative method is Space Time Trellis Code (STTC).

This thesis investigated comprehensive performance of Space Time Codes (STC)
techniques and receiver structure for underwater channel, in terms of BERs. This
thesis present turbo combining equalizer for MIMO base STTC techniques and it
show how much coding gain is improved by combining inner and outer codes. Thus,
this thesis proposed two codes, which are inner and outer codes are concatenated in

the serial fashion. The inner codes are turbo pi codes and outer codes are STTC codes



with optimal generator polynomial proposed by Blum.

To increase data rate and diversity gain using MIMO technique in underwater
channel environment, exact channel estimation is essential. After channel estimation
and symbol detection has been done, significant performance improvement iterative
turbo equalization Bahl, Cocke, Jelinek and Raviv (BCJR) algorithm for STTC
decoding, de-interleaving and turbo decoding are performed. In addition, the
performance can be severely affected by phase mismatch between two sensors, this

paper also proposed decision directed loop for compensating phase mismatch.
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Table 2.1 The optimal number of iteration according to code rates.

E]H -3 (E] K Pi) LDPC &
Performance Good Good
Complexity Decoder Encoder
Decoding Speed Up to 20Mbps Up to 200Mbps
Packet Size(bits) Up to 2000 Up to 64800
Rate-Compatible Easy Difficult
Equalization Combine Turbo Eq. Independent Eq.
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(a§+ai + ai + af — D|s;|°=d* (51, s) < (@f+ai + ai + ai — D|s|*—d? (51, sx)

d2(§1,5i) < d2(§1,sk) Vi+k (34)
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Table 3.1 Efficient Space-Time Trellis Code Design(Tarokh, Baro, Blum)

TAROKH BARO BLUM
q generator minimum generator minimum generator minimum
matrix distance matrix distance matrix distance
4 2100 4 1022 8 2012 8
(0021) (3102) (2221)
8 (22100) 12 (22120) 16 (02102) 16
20021 20021 21022
16 (022100) 20 (022102) 20 (021120) 32
200221 200221 221202
32 (2322100) 28 (0231202) 40
2302121 2012122

% 338 MIMO A 2AElo| A <] Blumol 9]a)] #|otE 32-statee] A]3-7+

Az H-3.347] 2o v 11].
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Fig 3.3 Structure of Space-Time trellis code based on 32-state
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7HEAIRE s YETh

Al Fasteo] AFEEoW 4 AlEE BCR HE7)o f=Hh
BCJR E357]oAE= BM(Branch Matrix), FSM(Forward State Matrix),
BSM(Backward State Matrix)S +3}7] 913t 4= kol W& &9 3 o
7l Wbl AHE dells AARE ol &5t HIeA HH Ha

& 2ol A AWe B HEo R g Fdsiri{12].
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