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Example of a geometrical description of M-ary QAM: 
(QAM – OFDM – MIMO) 
 
“From signal waveforms to signal points” 
•  The signal space concept is general and powerful. 
•  Increased insight and understanding. 
•  Improved analysis and implementations. 
•  We can understand more complicated systems. 
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After the correlators we obtain a received noisy signalpoint  r! 
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The distance between the received noisy signal point r and  
the signal point zj is:   
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ML decision rule = minimum distance decision rule: 

MAP decision rule: 
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This is referred to as ”waterfilling”! 
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Assume that each message is sent in N dimensions (time/frequency/space etc) 

”Dont put all eggs in the same basket” 

Assume independent attenuations in each dimension: 

Note: It can be very ”dangerous” to use only one (i.e. N=1) dimension! 
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Observe that the channel attenuations are used as multipliers in the receiver  
according to the receiver structure in figure 5.8a on page 341!  
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Assume, e.g., that: Nt=1 and data symbol d1 is binary:+A or –A  
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This complex signal contains the information! 
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3 assumptions: 



Digital communications - Advanced course: 
week 1 

30 

 However, attenuation and rotation compared with the input!  
 Compare with the input x(t) in (3.106)!  

Hence, a QAM-signal at the output in this time interval! 
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A COMPACT MODEL WITH A COMPLEX CHANNEL PARAMETER!! 
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So, the n:th QAM signal constellation in a sent OFDM 
signal is attenuated and rotated by H(fn) which is the  
value of the channel transfer function H(f) at the  
carrier frequency fn.  
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So, H(fc) is easy to find! 
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64-QAM+Nt=8  (48bits): ML symbol decision rule ..............? 
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Typically, the bandwidth W is fixed and given but: 
 the rate of  the encoder 
 the number of signal alternatives 
 and the bit rate can be  ADAPTIVE, see (8.5)-(8.6)! 
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We have memory in the sequence of 
sent signal alternatives! 

 

Some sequences are impossible, see problem! 

 

Only ”good” sequences are sent! 
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OFDM - INTRO 
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DIVERSITY IS NEEDED! 
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Fig. 7.8: 

”0”: po 
”1”: po+p(t) 

q=charge of  
an electron. 
id(t)=”dark  
current”. 

Received optical power. 
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Bit error probability: 

Exact expressions! 

We need the averages! 
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