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Thus, for narrow band, convolving with the wireless channel reduces to multiplying by a single
complex number h and we can now write the received signal y(t) as:

y(t) = hx(t) + n(t).

• Wide Band Channel: For wide band we can approximate the wireless channel h(t) by a
multi-tap channel i.e. multiple delayed impulses as shown in Figure 5. For a k tap channel
the received signal y(t) can be written as:

y(t) =
i=k
∑

i=0

h(i)s(t− iτ)
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Figure 5: Time Domain Wide Band Channel h(t) (≈11 taps)

• Frequency Selective Fading: Convolution with h(t) in the time domain results multipli-
cation with H(f) in the frequency domain. For narrow band, h(t) is an impulse and H(f) is
flat. For wide band, H(f) results in different attenuation for different frequencies as shown
in Figure 6. The figure also shows that for narrow bands the channel can be approximated as
flat.

y(t) = h(t) ∗ s(t) + n(t) ⇔ Y (f) = H(f)S(f) +N
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Figure 6: Frequency Selective Fading for 100 MHz channel

• Inter-Symbol-Interference: Multi-path results in inter-symbol-interference i.e. delayed
symbols interfere with the symbol being decoding. The effect is sever and results in decoding
errors for wide band since the symbol length is short and of the order of the delayed taps. The
next lecture will discuss how we deal with this problem using OFDM (Orthogonal Frequency
Division Multiplexing).

à OFDM symbol



N-Point DFT:

Discrete Fourier Transform

&[(] = +
!"#

$%&
,[-].%'

()*!
$

,[-] = 1
#+
*"#

$%&
&[(].'

()*!
$N-Point IDFT:

! " = ℎ " ⨂! & " ⟺ ( ) = * ) +[)]

(Circular) Convolution property

+[)] =
([)]
*[)]

Channel effect can be neutralized 
by a simple freqeucny domain equalizer
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In reality, ℎ["] is a LTI discrete-time system
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(Linear) Convolution property
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(Circular) Convolution property

Discrete Fourier Transform
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(Circular) Convolution property

In reality, ℎ["] is a LTI discrete-time system
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(Linear) Convolution property

OFDM Cyclic Prefix

S1 CP1

Cyclic prefix will trick the channel 
to perform circular convolution 

Append last n symbols 
to beginning
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delay spread

Linear convolution and Circular convolution does not yield same results
à Cannot use Frequency EQ

circular conv

linear conv

OFDM symbol without CP Multi-tap channel
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Cyclic Prefix
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Trick the channel to perform circular convolution
by adding Cyclic Prefix 

OFDM symbol with CP Multi-tap channel

min CP length 2 = length of h[n] -1
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OFDM Cyclic Prefix

Cyclic Prefix:

• Preserves Circular Convolution property, 1 2 = 4 2 5[2]

• Deals with Inter-Symbol-Interference

ISI ISI ISI
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OFDM Cyclic Prefix

Cyclic Prefix:

• Preserves Circular Convolution property, 1 2 = 4 2 5[2]

• Deals with Inter-Symbol-Interference

ISI ISI ISI

S1 S2 S3CP1 CP2 CP3
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Discarding Cyclic Prefix will remove ISI
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OFDM Coarse CFO Estimation & Correction

• Use Preamble to estimate CFO
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OFDM Coarse CFO Estimation & Correction

• Use Preamble to estimate CFO

• Compute: = =>
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• Correct CFO: ! " ×S>7?@A!BC"



OFDM Channel Estimation

• Use Preamble to estimate the channel

• Estimate: U* ) =
( )
+ ) , ) = 0,1, … , 9 − 1

• Use two preambles to average noise: U*[)] =
(9[)] + (7[)]
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Case study: 802.11a WiFi

• Carrier frequency = 5GHz
• Channel bandwidth B (1/symbol rate)= 20MHz
• # subcarriers N = 64
• # null tones = 16
• Length of CP = 16 symbols

F
What is subcarrier bandwidth F*?

F* =
20G4H

64
= 312.524H



Case study: 802.11a WiFi

• Carrier frequency = 5GHz
• Channel bandwidth B (1/symbol rate)= 20MHz
• # subcarriers N = 64
• # null tones = 16
• Length of CP = 16 symbols

What is the maximum delay spread 
for which ISI is removed?

E3&4567 <

à time duration of a single CP

16
1

20G4H
= 800,P

Max delay in a typical large building ≈ 300ns



Case study: 802.11a WiFi

• Carrier frequency = 5GHz
• Channel bandwidth B (1/symbol rate)= 20MHz
• # subcarriers N = 64
• # null tones = 16
• Length of CP = 16 symbols

What is the data rate if 4-QAM is used?

16 + 64
)
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= 24GQYP


