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Course Schedule (1)	
Date	 Text	 Contents	

#1	 June 17	 1, 7 Introduction to wireless communication systems 

#2	 June 17	 2, 5, etc	 Link budget design of wireless access 	

#3	 June 24	 Up/down conversion and equivalent baseband 
system	

#4	 June 24	 3.3, 3.4 Digital modulation and pulse shaping	

July 1	 No class	

#5	 July 8	 3.5 Demodulation and detection error due to noise	

#6	 July 8	 4.4 Channel fading and diversity combining	
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From Previous Lecture	
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n  IQ analog modulation	

)2sin()()2cos()()( cBQcBI tftstftsts ππ −=

n  Pulse shaping (band limitation) 	

τττ d)()()( DB ∫ −= tsgts
•  Rectangular 
•  Nyquist 
•  Gaussian	

( ))()()()( DQDID tmftjststs =+=

n  Digital modulation	
•  Amplitude 
•  Phase 
•  Frequency	

Data rate, power efficiency, complexity, error rate	

Bandwidth, error rate	

Carrier frequency	



Contents	

•  Structure of receiver	
•  Analog demodulation	

•  Matched filter	
•  Coherent detection	

•  Error rate of BPSK signal	
•  Error rate of QAM signal	
•  Demonstration	
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Matched 
filter	

Analog 
demod.	

Receiver	

Coh. 
det.	

Channel 
est.	

Digital 
demod.	
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2cos(2π f0t)

A/D 
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Analog demodulation	

Matched filter	

Coherent detection	

Digital demodulation	

Bandpass fileter	

Additive white noise	

Thermal noise generated in receiver	

Inter system interference cancellation	

Convert signal from RF to BB 	

Maximization of SNR	

Compensation of channel response	

Convert complex signal to message	
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RF & BB	
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Analog Demodulation	
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Analog 
demod.	

A/D 

2cos(2π f0t)

A/D y(t)
yB(t)

π2
y(t)

yBI (t)

yBQ(t)

)()()( BQBIB tjytyty +=

yR (t) = yB(t)e
j2π f0t

tftytfty 0BQ0BI 2sin)(2cos)( ππ −=

y(t) = Re yR (t)[ ]

ttftyty d2cos)(2)( 0BI π∫=

ttftyty d2sin)(2)( 0BQ π∫−=

Analog demodulation	

BB receive signal	

Low pass filter 



Narrow Band System	
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Equivalent BB system	
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Noise	
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Property of Noise	
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Matched 
filter	

Analog 
demod.	

Matched Filter (1)	
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Matched Filter (2)	

Receive filter output SNR 
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Frequency domain analysis	
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Signal power	 Noise power	

Combined pulse of transmitter & receiver 
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Matched Filter (3)	

Matched filter (SNR maximization)	
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Schwarz inequality	
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Detection Schemes	
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Matched 
filter	
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Coherent Detection	
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ŝD(kT )

)(ˆB kTh

y(t) yB(t) yD(kT )

)(r tg

Output of matched filter	
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Coherent detection	

Digital demodulation	
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Channel Estimation	
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Channel estimation	 Frame structure of transmit signal	
Training signal	

Matched 
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Error Rate of BPSK Signal	
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Output of coherent detection	
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Error Rate of QPSK Signal	
Output of coherent detection	

Bit error rate	

Transmit power	

Proportional to SNR per bit 
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Error Rate of QAM Signal	
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Error Rate Performance	
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Summary	
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n  Analog demodulation & matched fileter	

n  Channel estimation & coherent detection	

n  Error rate of BPSK signal	

( )γ
σ

erfc
2
1erfc

2
1

2

2
B

eb =
⎟⎟
⎟

⎠

⎞

⎜⎜
⎜

⎝

⎛
=

hP
P

BB )()()()(ˆ hknkshkyks +==∑
=

=
K

k
ks

ky
K

h
1 TR

B )(
)(1ˆ

)]2exp()(Re[)( 0B tfjthsty π= )()()( BBBB tntshty +=

)()()()()( BrDBD tntgtshtgty ⊗+⊗=

)()()()()( sssr tgtgtgtgtg ⊗−=⊗=

1d)()0( == ∫ ffGg 1d)(
2

r =∫ ffG

Nyquist matched fileter	

⎟⎟
⎟

⎠

⎞

⎜⎜
⎜

⎝

⎛
⎟
⎠

⎞
⎜
⎝

⎛
−≅ 2

2
B0

2
eb erfc11

log
2

σ

hE
MM

P

n  Error rate of QAM signal	



Demo	
Transmitter	 Training signal	

Channel estimation	

Coherent detect.	 Digital demod.	
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Error Rate of MSK	
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