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BPSK 1

Number of bits 
per symbol

Transmission 
bandwidth

Modulation 
format

QPSK 2

16 QAM 4
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Time

Frequenc
y

Amplitude
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BW = Symbol Rate *(1+αααα)

BW = #carriers x spacing
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• Closely spaced carriers overlap
• Nulls in each carrier’s spectrum land at the 

center of all other carriers for Zero Inter-
Carrier Interference
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IFFT

The constellation shows the magnitude and
phase of the carrier.

Each FFT bin corresponds to a single carrier

Symbol Duration

1+j1
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Single Carrier Example

IFFT

t= (n+1)T

IFFT

t= nT
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Delay Spread

Tu

Transmitter

Receiver
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The guard interval is often referred to as 
a “cyclic extension” .  

Tg=Tu/4
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Region of
ISI

Region where
Symbol Interferes
Only With Itself

Tu Tg
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1 Carrier Multiple Carriers

BW = 
Sym(1+αααα)

BW = 
#carriers x spacing

Adj Chan =
Distortion

Adj Chan =
Normal Rolloff

Carrier #0  
always null
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1 carrier Multiple Sub-carriers

BW = 
Sym(1+αααα)

BW = 
#carriers x spacing

Pilot Carriers
• Typically BPSK
• same amplitude, phase
• used as reference for

vector demod.
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1 symbol = one point in time
1 point in time = 1 symbol

SCM: OFDM:

1 symbol = 1 point in frequency and time
1 point in time = ~meaningless

1 Sym interval = .083 usec 1 Sym = 1/∆∆∆∆F + T guard int
4.0 usec (WLAN)
100.8 us (802.16e)

This is a sample;
FFT( 2n samples) gives
2n freq bins (carriers
+ pilots + zeros)

This is a symbol
= 6 bits
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Short Training …Data NSIGNAL Data 1 Data 2Chan. Estimation
8 4 4 4 4 usec

. . .
8
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Short Training …Data NSIGNAL Data 1 Data 2Chan. Estimation

Short Training Seq.
• 8 uSec length
• Every 4th carrier,
equal amplitude/phase
• Signal detect, AGC,
timing synchronization,
coarse freq. estimation.

. . .
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Short Training …Data NSIGNAL Data 1 Data 2Chan. Estimation

Channel Estimation
• 8 uSec length
• Every carrier, equal
amplitude and phase.
• Channel equalization,
fine freq. estimation.

. . .
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Short Training …Data NSIGNAL Data 1 Data 2Chan. Estimation

SIGNAL Symbol
• 4 uSec length
• Always BPSK.
• Describes this 
frame’s rate, length.

These parameters
are read from signal
under test. 
(IEEE802.11a only)

. . .
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Short Training …Data NSIGNAL Data 1 Data 2Chan. Estimation

Data Symbols
• 1 symbol =

4 uSec length
1 FFT
52 carriers (48 + 4)
52 constellation dots

• Format varies
• Coding varies
• Max 4096 bytes per frame.
• MAC layer starts here.

3/4

2/3
3/4
1/2

3/4
1/2
3/4

1/2

Coding 
Rate

216

192
144
96

72
48
36

24

Bits per 
Symbol

Mod. 
Format

Data 
Rate

64QAM54

64QAM48
16QAM36
16QAM24

QPSK18
QPSK12
BPSK9

BPSK6 Mbits/sec

. . .

Also:  54-108 – Atheros chipset“Turbo Mode”
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Final standard  
added even 

more BW's than 
shown here.

Final standard  
added even 

more BW's than 
shown here.
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