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Multilevel NRZ
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In general, for the case of  a multilevel polar NRZ signal with 
rectangular pulse shape
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Multilevel signaling is used to reduce the bandwidth of a digital 
signal compared with the bandwidth required for binary signaling.
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Spectral Efficiency
The spectral efficiency of a digital signal is given by the number 
of bits per second of data that can be supported by each hertz of 
bandwidth. That is,

(bits/s)/HzR
B

η =
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Intersymbol Interference
The absolute bandwidth of rectangular pulses is infinity. If these 
pulses are filtered improperly as they pass through a communication 
system, they will spread in time, and the pulse for each symbol may 
be smeared into adjacent time slots and cause intersymbol 
interference (ISI).
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Baseband Pulse Transmission System
Consider a digital signaling system as shown below, in which the 
flat-topped signal at the input is
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The output of the system is

system overall  theof response impulse equivalent:)(
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The equivalent system transfer function is
)()()()()( fHfHfHfHfH RCTe =

When the equivalent system transfer function is chosen to 
minimize the ISI, the receiver filter is called an equalizing filter.
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Adaptive filter and Preambles
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Nyquist’s First Method
, 0

( )
0, 0

: interger
: symbol interval

: the offset in the receiver sampling clock times compared with 
the clock times of the input symbols
C: is nonzero constant

: sampling times
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The sinc function satisfies Nyquist's first criterion for zero ISI
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Practical Difficulties of Sa()
The overall amplitude transfer characteristic He(f) has 
to be flat over –B<f<B and zero elsewhere. This is 
physically unrealizable. He(f) is difficult to approximate 
because of the steep skirts in the filter transfer 
function at f=±B
The synchronization of the clock in the decoding 
sampling circuit has to be almost perfect, since the 
sa(x) pulse decays only as 1/x and is zero in adjacent 
time slots only when t is at the exactly correct 
sampling time. Thus, inaccurate synchronization will 
cause ISI.
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Raised Cosine-Rolloff filter
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Raised Cosine-Rolloff Filter
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Frequency and Time Response
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Theorem
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A filter is said to be a Nyquist filter if the effective transfer function is
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Matched Filter
The filter that minimizes the effect of channel noise is the 
matched filter.
Unfortunately, if a matched filter is used for HR(f) at the receiver, 
the overall filter characteristic, He(f), will usually not satisfy the 
Nyquist characteristic for minimum ISI.
For the case of Gaussian noise into the receiver, effects of both 
ISI and channel noise are minimized if the transmitter and 
receiver filters are designed so that
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Homework
LC 3-41, 3-44, 3-48, 3-50
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