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Remember the sub-channels in frequency hopping example

000 001 010 011 100 101 110 111symbols

010100110111000011101100010000110010101011110101010001111

t

f

2405

2415
2425
2435

2445
2455

2465
2475

2405 2415 2425 2435 2445 2455 2465 2475

f (MHz)

fo

8-ary FSK

What if they are all used in parallel by the same single transmitter?
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each sub-symbol is transmitted using Tsi symbol rate to have a non-overlapping sub-spectrums 

(using M-PSK or M-QAM)
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If
nW 's are orthogonal and sTnx , then it is called OFDM's are constant for a symbol period

Orthogonality is maintained even when phase and/or amplitude changes

between symbol periods (M-PSK, M-QAM)



( )nW t 's are orthogonal when /n sf n T=( ) cos(2 )n nW t f t= and

Information is carried by the carriers' phase and amplitude : M-PSK or M-QAM
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right block is equivalent to

Interpolation

where yn's are samples of y(t)

Inverse DFT ( )y t
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Recall : Fourier …
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(Fourier Series Coefficients)
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infinite sum of sinusoidals whose magnitude and phase are given by
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if x(t) is periodic :
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infinite sum of sinusoidals with frequencies of integer multiples of fundamental frequency

if xn are samples of  periodic x(t) : (DFT Coefficients)

……
n

0 1 2

3

0 1

if x(t) is continuous arbitrary integrable function : (Fourier Transform)
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finite sum of sinusoidals with frequencies of integer multiples of fundamental frequency
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Recall : Discrete Fourier Transform (DFT)

Forward Transform
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* Cross correlation of waveform samples and complex sinusoids at frequencies k/N

* Discrete version of Fourier Series
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DFT is a unitary transform from a set of N complex numbers to another set of complex numbers
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There is no OFDM Without FFT/IFFT 

Of course, it is possible to have OFDM without FFT/IFFT.

But the actual benefits come from FFT/IFFT.

It would be so cumbersome/difficult otherwise, it would not be worth doing it. 
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reason : homework

Time spent for a symbol
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Real parts : samples of sums of I components of carriers

Imag parts : samples of sums of Q components of carriers
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312.5 kHz

IEEE 802.11a-1999

Pilot carriersnull carriers null carriersone of 48 data carriers

Ts = 3.2μs =1/312.5k

Physical Bit rate = 6x48/4x10-6 (if all sub-carriers use 64-QAM)

= 72 Mbps

TwithCP = 3.2μs +0.8μs =4μs

1/4th of Ts (required by 802.11a)

Actual Bit rate = ¾ x72 = 54 Mbps (channel coded)
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