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Date	
 Text	
 Contents	


#9	
 July 10	
 4.6 Error correction coding	


#10	
 July 13	
 Adaptive modulation coding	


July 17	
 No class	


#11	
 July 20	
 4.3	
 Inter symbol interference and adaptive equalizer	


#12	
 July 24	
 3.6, 4.5 Spread spectrum and code division multiple access 
(CDMA)	


#13	
 July 27	
 3.5 Orthogonal frequency division multiplexing (OFDM)	


#14	
 July 31	
 Collaborative exercise for better understanding 2	


#15	
 Aug 7	
 All Final examination @ S421	




From Previous Lecture	
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n  Throughput against modulation order	


n  Adaptive modulation	


n  Throughput performance of AMC	


TP γ,M( ) = log2M 1− peb γ( )( )
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Contents	


•  Delay spread & inter symbol interference	


•  Classification of equalizer	

– Time domain equalizer (ＺＦ) 
– Frequency domain equalizer (FDE)	

– Maximum likelihood sequence estimation (ＭＬＳＥ)	


•  Demonstration	
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Multi-path Channel with Delay Spread	


Multi-path channel with delay spread	


Receive signal model	
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Convolution with channel coefficients	
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Delay Spread & Frequency Response	
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Inter Symbol Interference (ISI)	

2-path model	


)()()()()0()( tntshtshtx +−+= ττ

Constellation of QPSK	


BER performance	


Signal to Interference plus Noise 
Ratio (ＳＩＮＲ)	
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Classification of Equalizer	


Pulse 
shaping	


)(ts )(tyMatched 
filter	
 Equalizer	


)(tn

)(τh

)(tx

Algorithm	
 Main features	


Linear	

Zero Forcing (ＺＦ)	


Minimum Mean Square Error  (ＭＭＳＥ)	

Frequency Domain Equalizer (FDE)	


Inverse frequency response 
Iterative algorithm (ＬＭＳ)	


Frame transmission	


Nonlinear	

Decision Feedback Equalizer (ＤＦＥ)	


Maximum Likelihood Sequence 
Estimation (ＭＬＳＥ)	


Infinite Impulse Response (ＩＩＲ)	

Viterbi algorithm	




Time Domain Equalizer 
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FIR filter	
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Time domain	
 Frequency (Z) domain	


Y (z) =W *(z)H (z)S(z)+W *(z)N(z)
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Channel inversion requires IIR filter	
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Transversal Filter (FIR Filter)	
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Linear FIR Equalizer (ZF) 
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Transversal 
filter	
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Frequency Domain Equalizer (FDE)	


s y
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FDE IFFT 

Frame transmission with guard interval 	
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Frequency Domain Equalizer (FDE) 
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F
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Frequency Domain Equalizer (FDE)	
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Maximum Likelihood Estimation	

Receive signal	


Likelihood function	


x(k) = his(k − i)
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Replica signal	

Maximum likelihood estimation	
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Complexity	
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Maximum Likelihood  
Sequence Estimation (ＭＬＳＥ)	
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Receive signal	


Branch metric	


Survived path	
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Summary	


n  Frequency domain equalizer（FDE）	


n  Maximum likelihood sequence estimation （MLSE）	


n  Linear equalizer（ZF, MMSE）	


n  Multi-path channel with delay spread	
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Demo	
Modulator＋Training sequence	


Demodulator	


LMS equalizer	


Rayleigh fading 
with delay spread	
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Demo	


Tap coefficients	

After 
equalizer	


Before equalizer	
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Linear Equalizer (ＭＭＳＥ)	
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Least Mean Square (LMS)	

Derivative of MSE	
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Iterative MMSE Optimization (LMS)	
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FDE (MMSE)	
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ZF equalizer	


Output of FDE	
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