
일반화된 지연 디버시티 Space-Time Code의

트렐리스 구조 및 성능 분석

박성은,신민호,양하영,송홍엽,강창언

July. 6. 2001

Coding & Information Theory Laboratory
Dept. of Electrical and Electronic Engineering,  Yonsei University



Coding and Information Theory Lab. July. 6. 2001- 2/26 -

IntroductionIntroduction
 MIMO System
 Design Criteria
 Design Rules
 Delay Diversity
GDDC using Opt. PDCGDDC using Opt. PDC
 Product Distance Code
 Generalized Delay Diversity Code
 Trellis Structure of Opt. PDC
 Search Results of Opt. PDC
System DescriptionSystem Description
Simulation ResultsSimulation Results
ConclusionConclusion

ContentsContents



Coding and Information Theory Lab. July. 6. 2001- 3/26 -

IntroductionIntroduction

System beyond IMTSystem beyond IMT--2000(4G)2000(4G)
 Information data transmission rate : 2M - 150Mbps
 BER: data 10-6 ,  video 10-9

SpaceSpace--time Code is attractive for high data time Code is attractive for high data 
transmission.transmission.
 Jointly combing multiple antenna and channel coding without 

sacrificing the BW.
 improve data rate and reliability in wireless channel
 diversity gain using higher temporal and spatial dimensions 
 achieve coding gain
 Increase channel capacity
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MIMO SystemMIMO System

MIMO SystemMIMO System
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Design CriteriaDesign Criteria
Fundamental Bound (Fundamental Bound (TarokhTarokh et. Al)et. Al)
- Quasi-static channel (frame: l symbols)

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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Design RulesDesign Rules

TarokhTarokh’’ss Simple Design Rule (Simple Design Rule (nn = 2)= 2)
 Rule1: Transitions departing from the same state differ in the 

second symbol
 Rule2: Transitions merging into the same state differ in the first 

symbol
 Satisfying full rank for the case of n = 2

Example : Delay Diversity

00  01  02  03

10  11  12  13

30  31  32  33

20  21  22  23

Input 0 1 3   2   1   0   3   1
Tx 1 0   0 1 3 2 1 0 3 
Tx 2 0 1   3   2   1   0   3   1
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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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Delay DiversityDelay Diversity (Baseline Performance)(Baseline Performance)
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Product Distance CodeProduct Distance Code

More Efficient Block Code than Repetition Code?More Efficient Block Code than Repetition Code?
→→ Opt. Product Distance CodeOpt. Product Distance Code

(Originally best in case of TCM, Divsalar1988)(Originally best in case of TCM, Divsalar1988)

Definition : Product DistanceDefinition : Product Distance

MM--ary ary Delay Diversity(Delay Diversity(Tx Tx Ant: n)   MAnt: n)   M--ary ary Opt. PDC (Opt. PDC (Tx Tx Ant: n)    Ant: n)    
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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}

8      8 8 

64   64

8 

Minimum Dist. = 8

# of Minimum = 4

Avg. Dist. = 26.67

Opt. PDC

{000, 112, 231, 323}

16    16    16 

16   16
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# of Minimum = 6

Avg. Dist. = 16.00
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Generalized Delay Diversity CodeGeneralized Delay Diversity Code

Transmitted Signal with Opt. PDCTransmitted Signal with Opt. PDC
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Example  : QPSK,Example  : QPSK, TxTx Ant. = 3Ant. = 3

InputInput 0   1   3 0   1   3 2 2 3 3 0 0 2   1   1 2   1   1 22
TxTx 1 1 0 0 0   0 0   0 1   3   2   3   0   2   11   3   2   3   0   2   1
TxTx 22 0   0 0   0 1   3   2   3   0   2   1   11   3   2   3   0   2   1   1
TxTx 33 0   1   3   2   3   0   2   1   1   20   1   3   2   3   0   2   1   1   2

0  0  00  0  0
1  1  11  1  1
2  2  22  2  2
3  3  33  3  3

Delay DiversityDelay DiversityBlock CodeBlock Code

InputInput 0   1   3 0   1   3 2 2 3 3 0 0 2   1   1 2   1   1 22
TxTx 1 1 0 0 0   0 0   0 2   3   1   3   0   1 2   3   1   3   0   1 22
TxTx 22 0   0 0   0 1   2   3   2   0   3 1   2   3   2   0   3 1   11   1
TxTx 33 0   1   3   2   3   0   2   1   1   20   1   3   2   3   0   2   1   1   2

0  0  00  0  0
1  1  21  1  2
2  3  12  3  1
3  2  33  2  3

Delay DiversityDelay DiversityBlock CodeBlock Code

Generalized Delay Diversity CodeGeneralized Delay Diversity Code
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Work ProcedureWork Procedure

STTC ParametersSTTC Parameters

Find Opt. PDCFind Opt. PDC

Set Up Trellis 
Structure

Set Up Trellis 
Structure

Performance 
Simulation

Performance 
Simulation

Search Algorithm

Tx Ant: 2,3,4, …
Modulation: PSK, QAM

General Rule

130 symbol frame (IS-54)
Delay Diversity vs Opt. PDC
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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
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Opt. PDCOpt. PDC

Definition :  Definition :  NNpdpd
 The number of minimum product distance of a given product 

distance code.

Example(QPSK,Example(QPSK, TxTx Ant.: 2)Ant.: 2)
 3! Cases: all such codes have  Dmin=4.

NNpdpd = 2= 2NNpdpd = 4= 4

0 0  0 0  0 0  0 0  0 0   0 0   0 00 0
1 1    1 1    1 2     1 2     1 2   1 2   1 31 3
2 3     2 3     2 1    2 1    2 3   2 3   2 22 2
3 2     3 2     3 3     3 3     3 1   3 1   3 13 1

0 0  0 0  0 00 0
1 1  1 1  1 31 3
2 2  2 2  2 22 2
3 3  3 3  3 13 1
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PdtPdt. Distance of Delay Diversity. Distance of Delay Diversity

Minimum Product Distance of Delay DiversityMinimum Product Distance of Delay Diversity

QPSKQPSK
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NNpdpdDDminminTxTx
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55
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NNpdpdDDminminTxTx

2424442222
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16QAM16QAM

2424445555
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Search Results Search Results (QPSK Opt. PDC)(QPSK Opt. PDC)

QPSKQPSK

12812844
0  1  2  30  1  2  3
0  1  2  30  1  2  3
0  1  2  30  1  2  3
0  1  3  20  1  3  2
0  2  1  30  2  1  3

88440  1  2  30  1  2  3
0  1  2  30  1  2  3

6.6676.66722
44

0  1  2  30  1  2  3
0  1  3  20  1  3  2

22

106.667106.66722

6464

0  1  2  30  1  2  3
0  1  2  30  1  2  3
0  1  3  20  1  3  2
0  1  3  20  1  3  2
0  2  1  30  2  1  3

55

42.66742.667443232
0  1  2  30  1  2  3
0  1  2  30  1  2  3
0  1  3  20  1  3  2
0  2  1  30  2  1  3

44

1616661616
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0  1  3  20  1  3  2
0  2  1  30  2  1  333
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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

DDavgavgNNpdpdDDoptoptPDCPDCTxTx

494.933494.9333333

426.667426.66744
646422 55338814141212101011772244151599111113136600

15151414131312121111101099887766554433221100

15151313111199775533111414121210108866442200
15151414131312121111101099887766554433221100
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System DescriptionSystem Description

Channel Model Channel Model 
 Quasi-static flat fading channel
 1 frame = 130 symbols (l=130)
 No delay spread (No multipath)
 Complex multiplicative channel

 Ideal channel estimation

System modelSystem model
 Modulation: QPSK, 8PSK, 16QAM 
 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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Systematic Design(Construction)Systematic Design(Construction)
 From the Optimum Product Distance Codes

Originally known to best in case of TCM

 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. PDCSet up Trellis structure from Opt. PDC
 For ML decoding

Performance SimulationPerformance Simulation
 Comparison with Delay Diversity (←Baseline Performance)

 Analysis

ConclusionConclusion
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