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Abstract 

Mul t ip le  an tenna sys tems can explo i t  
the spat ia l  resource to  mi t igate 
mul t ipath,  to  reduce mul t iuser  
in ter ference , and  t o  increase spectra l  
e f f ic iency.  
After  in t roducing  Random Matr ix  
Theory,  the  course  covers  the basic 
pr inc ip les and  appl ica t ions of  
mul t ip le  an tenna sys tems,  inc lud ing 
e igenbeamforming , space- t ime 
coding,  h igh- th roughput MIMO, 
d is tr ibuted MIMO, Mul t i -User MIMO, 
and massive MIMO. Appl ica t ions 
inc lude 5G wi re less  systems and  
h igh-speed  wi re less LAN.  

About the speaker 

Marco Chiani  ( IEEE Fel low) is  a  Ful l  

Professor  in  Telecommunicat ions at  
the Univers i ty  o f  Bologna .  
For  more in format ion ,  p lease v is i t   
www.unibo. i t /s i toweb /marco .ch ian i /en  

PhD Course 

MIMO Wireless 
Systems: a Random 
Matrix Theory Approach  

by Prof. Marco Chiani 

University of Bologna 

C O U R S E  O U T L I N E  

Part 1: Introduction to Random 
Matrices 

 Gaussian and Wishart random 
matrices 

 Statistical Inference for Gaussian and 
Wishart matrices 

 Eigenvalues distribution 

 Finite dimension results 

 Asymptotic results: Wigner, 
Marcenko-Pastur, and Tracy-
Widom laws 

 

Part 2: MIMO Systems for Diversity and 
Interference Mitigation 

 Advantages of Multiple Antennas 
Systems 

 Ergodic Capacity, Outage Capacity 

 MIMO Channel Models 

 Diversity Techniques  

 Receive Diversity 

 Eigenbeamforming  

 Diversity without CSIT: Alamouti’s 
Scheme, Space–Time Codes 

 SIMO with Interference: Optimum 
Combining, MMSE Receivers 

Part 3: High-Throughput MIMO Systems 

 Capacity of Fixed MIMO Channels 

 Diagonalized MIMO by SVD 

 Capacity of MIMO Fading Channels 

 MIMO Systems for Spatial 
Multiplexing 

 Closed-Loop MIMO  

 Open-Loop MIMO 

 Multiuser MIMO 

 Multiple-Access Channel 

 Broadcast Channel 

 Applications  

 Cooperative Communications 

 Virtual MIMO  

 Distributed Antenna Systems  

 Massive MIMO 

 

………………. 

 

Final assessment 

Written test 

(only for those requiring a test 
certification) 
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