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Important considerations 
� bandwidth efficiency, spectrum efficiency 
� noise interference tolerance 
� nonlinear amplification tolerance 
� implementation factors 
Reference receiver error performance in AWGN-channel, assumptions: 
� additive white zero-mean Gaussian noise 
� the receiver filter is matched to the noiseless received digital pulse shape or 

correlation is performed with the noiseless received digital pulse shape 
� single symbol or ISI-free transmission 
Problems when applying reference receiver performance in radio systems 
� multipath propagation - ISI present 
� dynamic channel - channel estimation needed for matched filtering 
� AWGN-model not valid for radio interference 
� carrier and symbol timing recovery methods impact performance 
� received power variations - average BER, BER-statistics important 
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The phasor concept 
A general modulated signal can be represented in different ways: 
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where z(t) is a complex low-pass equivalent of the modulated band-pass 
signal, which is also called a phasor. The phasor shows the instantaneous 
amplitude and phase of the modulated carrier. 
The phasor diagram describes the path of the phasors end in the complex 
plane so that each point on the path corresponds to the running time. 
Large variation of the magnitude of the phasor implies more problems with 
non-linear power amplifiers 
 
 



 

 

Phasor and constellation diagram 
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Example: QAM-methods (Quadrature Amplitude Modulation) 
 
 QAM is a linear modulation where the expression for the modulated 
signal is: 
 

         2( ) Re ( ) ( ) cj f t
k k

k
s t a jb x t kT e ��������
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where 
 
- , 1, 3, ... ( 1), ( ) ( ) 1/k k k ka b M where P a P b M� � � � � � �� � � � � � �� � � � � � �� � � � � � �  
  ���� ���� ���� ���� ���� ���� ���� ���� ���� ����0,k k k k k l k l klE a b E a E b E a a E b b ����� � � �� � � �� � � �� � � �  
 
- x(t) is the base-band pulse. 
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Phasor diagram of 16QAM with raised cosine filtering, ���� = 0.25
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Constellation diagram of 16QAM with ideal decision sampling, ���� = 0.25
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Constellation diagram of 16QAM with 0.1 symbol period 
decision sampling offset, ���� = 0.25
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Constellation diagram of 16QAM with ideal decision
sampling offset, RRC filtering, ���� = 0.25
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The filter after the multiplier is required for removing the signal 
in the sideband. 
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The filter before the multiplier is required for removing the 
signals in the mirror frequencies.
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Transceiver functional blocks

Source
encoder

Diff. en-
coder
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filter
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noise
amp.

Duplex
filter

freq.
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ed 
filter
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nel equ-
alizer

Radio
chan-
nel

rx-
signal
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rx-
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gain
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na
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noise
amp.

Duplex
filter

Diver-
sity 
comb.

Freq.
synth.

Symbol
clock
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