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Topics to be covered

•Bandlimited channels and Intersymbol Interference

•Signal design for bandilimited channels
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Transmission over a bandlimited channel

❑The filtering effect of the bandlimitedchannel will cause a spreading of 

individual data symbols passing through

❑For consecutive symbols, this spreading causes part of the symbol energy to 

overlap with neighbouring symbols, causing intersymbol interference (ISI)
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Baseband Pulse Transmission

Intersymbol Interference

Example: wireless channel

Multipath phenomena

Due to multipath, if one pulse is transmitted, the received signal is a train of pulses

which corresponds to the direct componenet (if present) and the replicas of the pulse

reflected by single scatterers or by cluster of scatterers.
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Note: cluster of scatterers are reflectors that produce replicas of the signal with delays that are similar and 

hence, they are not resolvible. 

The two multipath components with  t1 and t2 are resolvable if the difference between the delays is 

significantly higher than the inverse of the RX bandwidth. 

Not resolvable components sum incoerently and give rise to multipath fading. 
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Baseband Pulse Transmission

Intersymbol Interference

Example: wireless channel

Multipath phenomena
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Time variant impulse response of a multipath wireless channel
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Transmission over a bandlimited channel
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ISI
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ISI

EYE DIAGRAM
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ISI Minimization

Nyquist problem

(condition for a digital transmission without ISI)
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Baseband Pulse Transmission

Nyquist Condition for Zero ISI

A necessary and sufficient condition for p(t) to satisfy:

Is that the Fourier Transform of p(t) must satisfy:

Proof in the following
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Baseband Pulse Transmission

Nyquist Condition for Zero ISI
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f = v+m/T
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Baseband Pulse Transmission

Nyquist Condition for Zero ISI




−=

+=
m T

m
fPfZ )()(

Which is periodic with period 1/T so it can be expanded in terms of its Fourier 

series coefficients as
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Baseband Pulse Transmission

Nyquist problem: IDEAL SOLUTION
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Baseband Pulse Transmission

Nyquist problem: PRACTICAL SOLUTIONS

RAISED COSINE SPECTRUM
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Baseband Pulse Transmission

Nyquist problem: PRACTICAL SOLUTIONS

RAISED COSINE SPECTRUM


