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#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 throughput performance of
OFDM based wide band system

 Contents

OFDM based wide band system

• Wide band system
– Frequency selective & time dispersive fading
– Inter-Symbol Interference (ISI) and SINR degradation
– Orthogonal Frequency Division Multiplexing (OFDM)
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Warming UpWarming Up
 Question

D ib N i t DFT i t i fDescribe N-point DFT in matrix form

 Discrete Fourier Transform (DFT)
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Wireless Communication ChannelWireless Communication Channel
Wireless is vulnerable!Wireless is vulnerable!

#1: Path loss due to distanceBasestation

#2: Multi path fading

#1: Path loss due to distance

Lower average SNR

#2: Multi-path fading

Deep SNR dip

#3: Time dispersive fading

Inter symbol interference

Terminal
#4: Multi-access interference

Co-channel interference
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Wide Band Signal ModelWide Band Signal Model
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Frequency Selective FadingFrequency Selective Fading
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Condition for narrow band signal
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Frequency Spectrum
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Received signal
Noise


Power spectrum of receive signal
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Time Dispersive Fading &
Inter Symbol Interference

Two path model T
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Channel CapacityChannel Capacity
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Orthogonal Frequency Division Multiplexing 
(OFDM)(OFDM)
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OFDM modulation OFDM demodulation

• Block transmission system using S/P & P/S converter

• Convert wide band signal to super position of narrow band 
fsignals satisfying  1f
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OFDM ModulationOFDM Modulation
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OFDM demodulation
Receive signal
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Frequency Spectrumeque cy Spec u
OFDM signal

fT  1

K 1 1

 ftkjks
K

ts
K

k

 


2exp)(~1)(
1

0

0
Frequency spectrum

Auto correlation

 )()(E)( *   tstsRs

10

-5 


fkj
TK

K

k









 



2exp11
0

-15

-10

Po
w

er
 [d

B
]

Power spectrum



Auto correlation function
of rectangular pulse

-25

-20

 





1

0

2 )(sinc1)(
K

n
S fnfT

K
fS

Oct. 20, 2010

-2 -1 0 1 2 3 4 5 6 7
-30

Frequency



Matrix representationa ep ese a o
ＯＦＤＭ modulation ss~ y y~1F F

Transmit signal block
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Receive signal block

Oct. 20, 2010

  11111 0 NNoLN nshhhy 
 Nyyy 110 y



Cyclic Prefixy
Block transmission Cyclic prefix
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Matrix representation of received signal block

Guard interval
Cyclic prefix

Matrix representation of received signal block
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Psudo-periodical transmission 
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OFDM TransmissionO a s ss o
Diagonalization of cyclic shift matrix
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BER PerformanceBER Performance
)(~ fky SNR per subcarrier
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Channel CapacityChannel Capacity
OFDM signal modelg
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SummarySummary
• In wide band signal

– Time dispersive fading causes inter-symbol interference
Frequency selective fading causes distortion in power spectrum– Frequency selective fading causes distortion in power spectrum

– OFDM converts wide band signal to multiple narrow band signals
– IFFT, FFT, and cyclic prefix creates parallel orthogonal channels, , y p p g
– Problem of Rayleigh fading still remains even by using OFDM

Some measure for Rayleigh fading

Array signal processing

y g g
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