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Optimum Detection and Error Probability 
for Bandlimited Signaling
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Amplitude-Shift Keying (ASK) or PAM
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(M-2) such points

4

2 such points

Amplitude-Shift Keying (ASK) or PAM
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(M-2) inner points 2 outer points

(Substituting dmin 
in terms of Ebavg)

Amplitude-Shift Keying (ASK) or PAM
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Efficiency of PAM
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~ 6 dB (for large M)

~ 4 dB (for small M)

PAM Performance
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Phase-Shift Keying (PSK) Signaling

s0
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For PSK, the Decision region can be more conveniently described using 
polar coordinates

Phase-Shift Keying (PSK) Signaling
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Marginal PDF of phase of r

Phase-Shift Keying (PSK) Signaling

s0
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Marginal PDF of phase of r

PDF of received vector r (amplitude, phase)

SNR per symbol or Symbol SNR

Phase-Shift Keying (PSK) Signaling
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Phase-Shift Keying (PSK) Signaling
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Phase-Shift Keying (PSK) Signaling
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Phase-Shift Keying (PSK) Signaling

for large values of M, and large SNR
This is a good approximation
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Efficiency of PSK



16

PSK Performance

~ 6 dB (for large M)
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M-ary (rectangular) QAM Signaling
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Recall from Slide 5 on PAM



19

Efficiency of QAM
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Performance of QAM
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Optimal Detection and Error Probability
for Power Limited Signaling
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Orthogonal (FSK) Signaling



23



24

Condition on n1, and average

n2, n3, .... are all i.i.d.
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Prob of error =  1 - Prob. of correct decision

Change of variable
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(good approximation for large k)
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Performance of Orthogonal Signaling
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Error Probability Upper Bound
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Conclusions

•We have seen the probability of error calculations and performance of 
bandlimited and power limited schemes 

• Bandlimited schemes (such as ASK, PSK, QAM) need more power (or 
energy per bit) to guarantee the same error probability as M (rate) increases

• For same energy per bit, the performance of B-L schemes degrades as M 
increases

• On the contrary, for power limited (orthogonal) signaling schemes, the 
performance improves as M increases, but this comes at the cost of higher 
bandwidth


