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Doppler effect/shift
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CFO in frequency domain

−6 −5 −4 −3 −2 −1 0 1 2 3 4 5

−0.2

0

0.2

0.4

0.6

0.8

1

Frequency (MHz)

A
m

p
lit

u
d

e

 

 

No CFO

100 kHz CFO

Ideal point

Shifted Point



<HY-330> Introduction to telecommunication systems theory

CSD.UoC                                                                  Stefanos Papadakis                                                                  fall 2021

CFO in constellation
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Multipath
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Inter Symbol Interference
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Cyclic Prefix
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I-Q imbalance2/4/2009   
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Fig. 3 – Spectral description of quadrature alias cancelation  

 
 
In Fig 3, step(a)-(b) shows the spectrum of the cos and sin signals, respectively.  This is 
easily verified using the Euler identities [1],[4]:   
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The frequencies in our “sample band” of [-Fs/2, Fs/2] are shown to be alias frequencies of 
(Fs-fo) and –(Fs-fo).  In other words, these are the frequencies we would “see” in the 
digital samples due to our aliasing.  If we chose to process the real-signals separately, we 
could not tell the true input frequency due to this aliasing.   
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IQ imbalance



<HY-330> Introduction to telecommunication systems theory

CSD.UoC                                                                  Stefanos Papadakis                                                                  fall 2021

IQ swap
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Problems in the Tx-Rx chain


