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Schedule (1st half)Schedule (1st half)

Date Text Contents

#1 Oct 6 A-1 B-1 Introduction#1 Oct. 6 A 1, B 1 Introduction

#2 Oct. 13 B-5, B-6 Fundamentals of wireless commun.

#3 Oct. 20 B-12 OFDM for wireless broadband

#4 Nov. 10 B-7 Array signal processing

#5 Nov. 17 A-3, B-10 MIMO channel capacity

#6 Nov 24 B-2 3 Spatial channel model#6 Nov. 24 B 2, 3 Spatial channel model
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AgendaAgenda
 Aim of todayAim of today

Derive SNR and BER performance of
maximal ratio diversity combining

 Contents

maximal ratio diversity combining

• Plane wave signal model
B f i & i t f ll ti– Beamforming & interference cancellation

• Multi-path signal model
– Diversity combining
– Spatial correlation & its effect
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Warming UpWarming Up
 Question

Illustrate eigen vectors of correlation matrix HHHRIllustrate eigen-vectors of correlation matrix HHR 

  13 C1hH   23
2

 ChhH 1(A) (B)

y

z

y

z

 Eigen value decomposition

x
y

x
y

1h 1h

2h
 Eigen-value decomposition

 321 eeeE HChannel matrix: Eigen vectors:

HEΛER  









 2

1

00
00




Λ

HHHR Correlation matrix:

Eigen-decomposition:
Eigen values:

Nov. 10, 2010

EΛER   300 
Eigen-decomposition:



Classification of Array ProcessingClassification of Array Processing
• Static or Mobile corresponds to Fixed or Adaptive• Static or Mobile corresponds to Fixed or Adaptive
• RF control or BB control
• Beamforming, diversity, or Interference cancellationg y
• Average SNR, outage SNR, or SIR
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Plane Wave Signal ModelPlane Wave Signal Model
Plane wave signal model
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BeamformingBeamforming
)()()()( ttst nay  

Received signal
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BeamformingBeamforming
Incident angle

Beamwidth Side lobe level

Main lobe Side lobes
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Interference CancellationInterference Cancellation
Subspace decomposition
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Interference cancellationInterference cancellation
Incident angle
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Multi-path Signal ModelMulti-path Signal Model
Multi-path signal model
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Diversity CombiningDiversity Combining
Multi-path signal model
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Diversity CombiningDiversity Combining
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Characteristic FunctionCharacteristic Function
PDF of sum of independent random variablesp
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PDF of diversity combiningPDF of diversity combining
Output SNR of MRC
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CDF of Diversity CombiningCDF of Diversity Combining
Array gain on average SNR
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Normalized SNR [dB]
Diversity gain on outage SNR



BER of diversity combiningBER of diversity combining
Average BER Average BER performance
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Beam Pattern Interpretation of Diversity
M = 4, L = 1 M = 4, L = 2

M = 4, L = 3 M = 4, L = 4

Nov. 10, 2010



Diversity with Non-Identical Elementsy
Non-identical elements
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Spatial CorrelationSpatial Correlation
Correlation matrix of received signals
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Diversity Combining with CorrelationDiversity Combining with Correlation
Eigen decomposition of correlation matrix
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Angular Profile & Spatial CorrelationAngular Profile & Spatial Correlation
Correlation matrix
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Angular Profile & Spatial Correlationg p
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Diversity with Interference Cancellationy
Received signal with interference #1 #N
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Diversity combining (M-Nth order)



SummarySummary
• Array signal processingArray signal processing

– Beamforming & interference cancellation for plane wave signal
– Diversity combining for multi-path signal
– Diversity combining with interference cancellation

Improvement on SNR, SIR, and outage SNR

What happen if array antennas are employed both at Tx and Rx

• Further revolution

MIMO communication system

pp y p y
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