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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).
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• 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).

• Multi-tap Channel à ISI (Inter Symbol Interference)
• ℎ is varies with -à Frequency Selective Fading

• ! " = ℎ " ∗ ' " ⟺ ,(-). -
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Wide Band vs Narrow Band Channel
Wide band channel: 
• Multi-tap channel
• ! " = ℎ " ∗ & "

⟺ ((*), *

Narrow band channel: 
• Flat channel
• ! " = ℎ & "

⟺ ℎ , *



§ Solution: 
OFDM: Orthogonal Frequency Division Multiplexing

§ Idea: transmit symbols in frequency not time. 
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Transmit In Frequency Domain
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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).
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• 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
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Frequency domain Modulation 
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Orthogonality 
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Orthogonality 
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Orthogonality 
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Discrete Fourier Transform
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Orthogonal Frequency Divison Multiplexing
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OFDM Symbol
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OFDM Symbol Guard & DC Bins
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Channel Estimation



FFT Window Synchronization
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Cyclic Prefix
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Cyclic Prefix

20



Packet Detection: Sliding Window
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Packet Detection: Cross Correlation
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CFO: Carrier Frequency Offset
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CFO: Carrier Frequency Offset
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CFO: Carrier Frequency Offset
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CFO Estimation and Correction
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CFO Estimation and Correction
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Symbol Time T
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Sampling Frequency Offset
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Phase Tracking
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Phase Tracking
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Pilots
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How many subcarriers? 
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Putting It Together: OFDM
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Putting It Together: OFDM
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Today’s class in one slide
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