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Energy Efficiency in Massive MIMO 



Massive MISO Downlink 

      
          



Massive MISO Downlink 

      
          



Linear Precoding Performance 
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Linear Precoding Requires Large M/K 



Non-Linear MSE Precoding 
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Alternative for PSK Symbols: Minimum BER Precoding 

      
          



Safety Margin for D-PSK Signals  
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Motivation for Reduced Dimension Algorithm 



Reduced Dimension Algorithm 



Example 1: One-Bit DACs 
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Example 2: Constant Modulus Signals 
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Conclusions 
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