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Date	 Text	 Contents	

#1	 June 12	 1, 7 Introduction to wireless communication systems 

#2	 June 15	 2, 5, etc	 Link budget design of wireless access 	

#3	 June 19	 Up/down conversion and equivalent baseband 
system	

#4	 June 22	 3.3, 3.4 Digital modulation and pulse shaping	

#5	 June 26	 3.5 Demodulation and matched filter	

#6	 June 29	 Collaborative exercise for better understanding 1	

#7	 July 3	 3.5 Detection and error due to noise	

#8	 July 6	 4.4 Channel fading and diversity combining	



From Previous Lecture 
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n  Analog demodulation	
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n  Matched filter	
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Contents	

•  Coherent detection	

•  Error rate of BPSK signal	
•  Error rate of QPSK signal 
•  Error rate of QAM signal 
•  Demonstration	
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Transmitter & Receiver 
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QAM Modulation 
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Gray Coding (Mapping) 
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Average Power with Fixed E0 
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Power Normalization 
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Output of Matched Filter	

Output of matched filter	

Gr ( f )
2 d f∫ =1
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Matched 
filter	
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Detection Schemes	

Detection	 Modulation	 Demodulation	

Envelope	 ASK 

Correlation	 FSK 

Differential	

Coherent	 PSK, QAM, MSK 

Differential mod.	
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Coherent Detection	
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Channel Estimation	
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Channel estimation	 Frame structure of transmit signal	
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Output of Coherent Detection 
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Error Rate of BPSK Signal	
Pairwise error rate	
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Error rate of BPSK signal	
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Error Rate of QPSK Signal	
Output of coherent detection	

Bit error rate	

Proportional to SNR per bit 
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Error Rate of QAM Signal	

16QAM 
Symbol error rate	

0E

⎟⎟
⎟

⎠

⎞

⎜⎜
⎜

⎝

⎛
⎟
⎠

⎞
⎜
⎝

⎛
−= 2

2
B0erfc11

σ

hE
M

pes =1− 1− pesI( ) 1− pesQ( ) ≅ 2pesI = 2pesQ

17 July 3, 2017 Wireless Communication Engineering 

pesI =
M − 2
M

"

#
$

%

&
'×2ppw +

2
M

"

#
$

%

&
'× ppw

Two edges Center 
Center Edge Edge 



Error Rate of QAM Signal 
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Error Rate Performance	
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Summary	
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n  Channel estimation & coherent detection	

n  Error rate of BPSK signal	

peb =
1
2
erfc

Ps hB
2

σ 2

!

"

#
#

$

%

&
&
=
1
2
erfc γ( )

BB )()()()(ˆ hknkshkyks +==∑
=

=
K

k
ks

ky
K

h
1 TR

B )(
)(1ˆ

n  Error rate of QAM signal	

peb =
2

log2M
1− 1

M
"

#
$

%

&
'erfc

3γ
2 M −1( )

"

#
$$

%

&
''



Demo	
Transmitter	 Training signal	

Channel estimation	

Coherent detect.	 Digital demod.	
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Error Rate of MSK	
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