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Block DiagramBlock Diagram

Received SignalReceived Signal

ML Decoding (SpaceML Decoding (Space--Time Time Viterbi Viterbi Decoding)Decoding)

MIMO System with STTCMIMO System with STTC
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Design Criteria for STTCDesign Criteria for STTC

Fundamental Bound (Fundamental Bound (Tarokh Tarokh et. al)et. al)

Rank CriterionRank Criterion

Maximize the diversity advantage

over all pairs of distinct codewords c, e ∈ C

Determinant CriterionDeterminant Criterion

Maximize the coding advantage

over all pairs of distinct codewords c, e ∈ C

Where      is the geometric mean of nonzero eigenvalues of
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STTC Design (So far)STTC Design (So far)

Tarokh Tarokh et.alet.al
Geometrically Uniform Code

Reduced complexity in computing the coding gain

4PSK : 4,8,16,32 state, 8PSK : 8,16,32 state

Search Optimal STTCSearch Optimal STTC
Based on Exhaustive Search

Baro: With Generator Matrix (2Tx, QPSK, 4, 8,16states)
Grimm: Within Zero-Symmetry Domain
Blum: With Coding gain Algorithm

Mostly on the case of the number of Tx Antenna is 2
BPSK, QPSK

Systematic ConstructionSystematic Construction
Hammons: From optimum dfree convolutional code
BPSK only
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Delay DiversityDelay Diversity

Delay Diversity = Repetition code + Delay element Delay Diversity = Repetition code + Delay element 
between multiplebetween multiple TxTx AntennasAntennas
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STTC using Opt. PDCSTTC using Opt. PDC

Transmitted Signal with Opt. PDCTransmitted Signal with Opt. PDC
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Product Distance CodeProduct Distance Code

Consider a block Code Consider a block Code CC

M codewords (with length N)
i-th codeword

Product DistanceProduct Distance

With M-ary Modulation
f maps the symbol element to signal constellation
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Product Distance CodeProduct Distance Code

Example(QPSK,Example(QPSK, TxTx Ant.: 3)Ant.: 3)

Opt. Product Distance Code {000, 112, 231, 323}  

Delay Diversity

{000, 111, 222, 333}
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8 
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# of Minimum = 4

Avg. Dist. = 26.67

Opt. PDC

{000, 112, 231, 323}
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STTC using Opt. PDCSTTC using Opt. PDC
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STTC Using Opt. PDCSTTC Using Opt. PDC

Example(QPSK,Example(QPSK, TxTx Ant.: 2)Ant.: 2)

Opt. PDC A

{00,   11,   22, 33}
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Design CriterionDesign Criterion

DefinitionsDefinitions
To Maximize the coding gain

Nmin: the number of distinct codeword pairs (ci, cj) with 

Davg: the average product distance between pairs of 
distinct codewords

CriterionCriterion

Opt. PDC with Nmin minimized
Opt. PDC with Davg maximized
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Search Results Search Results (QPSK Opt. PDC)(QPSK Opt. PDC)
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Search Results Search Results (8PSK, 16QAM)(8PSK, 16QAM)

8PSK8PSK

16QAM16QAM

8.285718.285711818
0  1  2  3  4  5  6  70  1  2  3  4  5  6  7
0  2  4  7  1  6  3  50  2  4  7  1  6  3  5
0  3  6  2  5  7  1  40  3  6  2  5  7  1  4

6.285716.285711212
44

0  1  2  3  4  5  6  70  1  2  3  4  5  6  7
0  2  5  7  3  1  6  40  2  5  7  3  1  6  4
0  3  7  4  1  6  2  50  3  7  4  1  6  2  5

33

17.285717.28571616
0  1  2  3  4  5  6  70  1  2  3  4  5  6  7
0  1  2  3  4  5  6  70  1  2  3  4  5  6  7
0  3  6  1  5  2  7  4 0  3  6  1  5  2  7  4 
0  3  7  4  1  6  2  50  3  7  4  1  6  2  5

25.571425.571422
44

0  1  2  3  4  5  6  70  1  2  3  4  5  6  7
0  1  5  3  7  2  6  4  0  1  5  3  7  2  6  4  
0  3  2  5  1  7  6  40  3  2  5  1  7  6  4
0  3  7  5  4  2  6  10  3  7  5  4  2  6  1

44

4.571434.571431616220  1  2  3  4  5  6  70  1  2  3  4  5  6  7
0  3  6  1  4  7  2  50  3  6  1  4  7  2  522

DDavgavgNNminminDDoptoptPDCPDCTxTx

494.933494.9333333

426.667426.66744
646422 55338814141212101011772244151599111113136600

15151414131312121111101099887766554433221100

15151313111199775533111414121210108866442200
15151414131312121111101099887766554433221100



Coding and Information Theory Lab. Nov. 2. 2001- 15/23 -

Trellis Structure of Opt. PDCTrellis Structure of Opt. PDC

Given Opt. PDC (MGiven Opt. PDC (M--aryary, n , n Tx Tx Ant)Ant)

Trellis StructureTrellis Structure

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

−−− 1M1M1M

111
000

L

MOMM

L

L

⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜

⎝

⎛

−−−
N
MMM

N

N

ccc

ccc
ccc

1
2

1
1

1

1
2
1

1
1

0
2
0

1
0

L

MOMM

L

L

Next state

1S 2S 3S 1−NSL 2S 3S IL

S S′
Current state

Current Input: I

⎟⎟
⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜
⎜
⎜

⎝

⎛

−

−

)(
)(

)(
)(

1

2

1

1

2

1

I

S

N
S

N
S

cf
cf

cf
cf

N

M

Transition  Output



Coding and Information Theory Lab. Nov. 2. 2001- 16/23 -

System DescriptionSystem Description

Channel Model Channel Model 
Quasi-static flat fading channel + AWGN Channel
1 frame = 130 symbols (l=130, IS-54)

Ideal channel estimation

System modelSystem model

Modulation: QPSK, 8PSK, 16QAM 
Space-Time Viterbi Decoder (ML)
Unquantized Soft Decision
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Delay VS Opt. PDC Delay VS Opt. PDC [QPSK, 2Tx][QPSK, 2Tx]
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Delay VS Opt. PDC Delay VS Opt. PDC [QPSK, 3Tx][QPSK, 3Tx]
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Delay VS Opt. PDC Delay VS Opt. PDC [QPSK, 4Tx][QPSK, 4Tx]
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Delay VS Opt. PDC Delay VS Opt. PDC [8PSK, 3Tx][8PSK, 3Tx]
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Delay VS Opt. PDC Delay VS Opt. PDC [16QAM, 2Tx][16QAM, 2Tx]
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STTC from Opt. PDCSTTC from Opt. PDC

From the Optimum Product Distance Codes

Modified Design Criterion by Product Distance Profile

Applicable to the case of the number of Tx Ant. is 2,3,4…

Search Optimal Product Distance CodeSearch Optimal Product Distance Code

4PSK, 8PSK, 16QAM

Set up Trellis structure from Opt. PDC

Performance SimulationPerformance Simulation

Comparison with Delay Diversity (←Baseline Performance)

Concluding RemarksConcluding Remarks


