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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	
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Contents	

•  OFDM system 
•  Orthogonal Frequency Division Multiplexing 

–  OFDM modulation 
–  Frequency domain equalizer (OFDM demodulation) 
–  Block (frame) transmission & cyclic prefix 
–  Coding over OFDM 
–  AMC over OFDM 

•  IEEE802.11a WLAN 
–  Transceiver architecture 
–  Channel & subcarrier allocation  
–  Frame format 

•  Demonstration 
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OFDM System	

Digital 
mod.	

)(ts

)(τh

)(tm

IFFT S/P FFT P/S Digital 
demod.	

)(~ fs)(~ fm )(ty )(~ fy )(~̂ fm )(ˆ tm

•  Block transmission using S/P at Tx and P/S at Rx 

•  Convert wide band signal to multiple narrow band signals (OFDM) 

•  Coding and AMC over OFDM subcarriers	

OFDM Tx spectrum	 OFDM Rx spectrum	Spectrum before S/P	 Spectrum after P/S	

OFDM modulation	 OFDM demodulation	
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Frequency Selective Fading	
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Orthogonal Frequency Division Multiplexing (OFDM)	

Digital 
mod.	
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Frequency Spectrum of OFDM	
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OFDM Demodulation (FDE)	
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Receive signal	
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Matrix Representation of OFDM	
ＯＦＤＭ mod. (block transmission)	
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Inverse DFT matrix	

Cyclic shift matrix	

Property of cyclic shift matrix	

OFDM demodulation	
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Block Transmission & Cyclic Prefix	

Block transmission	

Receiver signal vector	
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Coding over OFDM 	
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IEEE802.11 WLAN 

802.11b 802.11a 802.11g 802.11n 802.11ac 

Year of 
approval 

1999 1999 2003 2009 2014 

RF band 2.4GHz 5GHz 2.4GHz 2.4 & 5GHz 5GHz 

Channel 
bandwidth 

20MHz 20MHz 20MHz 20/40MHz 20/40/80/ 
160MHz 

Modulation DSSS, 
CCK 

OFDM, 
AMC 

OFDM, 
AMC, 
CCK 

MIMO-OFDM, 
AMC, CCK 

MIMO-OFDM, 
AMC256Q, 
MU-MIMO 

Max data 
rate 

11Mbps 54Mbps 54Mbps 600Mbps 6.93Gbps 

MAC CSMA/CA CSMA/CA CSMA/CA CSMA/CA CSMA/CA+ 
MU-MIMO 

WLAN standardized by IEEE 802 committee working group (WG) 11	

14 
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IEEE802.11a WLAN	
Transmitter	

Receiver	

① ② ③ ④ ⑤ ⑥ ⑦ ⑧ ⑨ 
Conv.	  
coding	

Interleaver	 Subcarrier	  
modula4on	

Add	  pilot	  
subcarriers	

IFFT	  
Add	  
cyclic	  prefix	

Pulse	  
shaping	 D-‐A	  

Mod	 ×	  

～	
～	

HPA	  

Transmit	  
data	

6~54	  
Mbit/s	  

D-‐A	  

ＯＦＤＭ mod.	AMC	
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cyclic	  prefix	  	  	

De	  
mod	
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decoder	

De-‐	  
interleaver	
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detec4on	
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tracking	

Channel	  
equalizer	

Channel	  
es4ma4on	

FFT	  

Timing	
recovery	

×	  

～	
～	

LNA	  AGC	  

Received	  data	

AFC	  
A-‐D	  

A-‐D	  

ＯＦＤＭ demod.	Demodulation & decoding	
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Specification of IEEE802.11a	
Modulation	 OFDM (Orthogonal Frequency Division Multiplexing)	

(Subcarrier modulation: BPSK, QPSK, 16QAM, 64QAM)	
# of subcarriers	 52 subcarriers (including 4 pilot subcarriers) 

64 point FFT is assumed	

Error Correction 
Coding	

Convolutional coding (K=7, R=1/2, 2/3, 3/4)	
Viterbi decoder	
Subcarrier interleaver	

Data rate	 6 Mbit/s (BPSK, R=1/2) mandatory	
9 Mbit/s (BPSK, R=3/4) option	
12 Mbit/s (QPSK, R=1/2) mandatory	
18 Mbit/s (QPSK, R=3/4) option	
24 Mbit/s (16QAM, R=1/2) mandatory	

36 Mbit/s (16QAM, R=3/4) option	
48 Mbit/s (64QAM, R=2/3) option	
54 Mbit/s (64QAM, R=3/4) option	

OFDM symbol	 4.0 µs 
Guard interval	 0.8 µs 
Occupied BW	 16.6 MHz 
# of channels	 4 (Frequency range: 5.15～5.25 GHz [Japan])	

Channel interval: 20MHz 

54
4
2.3

64
4820

4
36 =××××

bit rate code rate 

guard band GI BW 
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Frequency Spectrum of IEEE802.11a	
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Frame Format of IEEE802.11a	

PLCP preamble SIGNAL DATA 

BPSK, r=1/2 PHY header	

PLCP: PHY Layer Convergence Protocol 

Rate 
4bit 

Reserve 
1bit 

Length 
12bit 

Parity 
1bit 

Tail 
6bit 

Service 
16bit PSDU Tail 

6bit 

Reset Trellis graph	AMC	 Data length	

MAC header	
PSDU: PLCP Service Data Unit 

Message (adaptive rate)	

SIGNAL GI GI T1 T2 1 2 3 4 5 6 7 8 9 10 

s88.010 µ=× s822.36.1 µ=×+ s42.38.0 µ=+

Data1 GI Data2 GI 

Short preamble Long preamble Control bits	 Data 1	 Data 2	

Synchronization	 Channel estimation	
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Summary	
n  Orthogonal Frequency Division Multiplexing (OFDM)	

n  AMC over OFDM	

Digital 
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Coding: Error correction of subcarriers at fading dip 
Adaptive mod.: Adaptive data rate control per subcarrier	

OFDM mod.	 OFDM demod. (FDE)	
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Demo (IEEE802.11a)	

Adaptive mod.	

ＯＦＤＭ mod.	

ＯＦＤＭ demod.	FDE	Adaptive demod.	
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Demo (IEEE802.11a)	


