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5G-4G=1G
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What is exactly 5G?

 Tons of Plenary Talks and Overview Articles
 Fulfilling dream of ubiquitous wireless connectivity

 Expectation: Many Metrics Should Be Improved in 5G
 Higher user data rates 

 Higher area throughput

 Great scalability in number of connected devices

 Higher reliability and lower latency

 Better coverage with more uniform user rates

 Improved energy efficiency

 These are Conflicting Metrics!
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1948: Cybernetics and Theory of 
Communications

• ”A Mathematical Theory of Communication”, Bell System Technical
Journal, 1948, C. E. Shannon

• ”Cybernetics, or Control and Communication in the Animal and the 
Machine”, Herman et Cie/The Technology Press, 1948, N. Wiener 
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60 years later...  MIMO Flexible Networks

We must learn and control the black box

• within a fraction of time
• with finite energy.

In many cases, the number of inputs/outputs (the dimensionality of the system) is of 
the same order as the time scale changes of the box. 
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Huawei Mathematical and Algorithmic Sciences Lab: 
20 Advanced Mathematical Tools for  Engineering
 Discipline of Random Matrix Theory
 Discipline of Free Probability Theory
 Discipline of Stochastic Geometry
 Discipline of Discrete Mathematics
 Discipline  of Statistics
 Discipline  of Game Theory
 Discipline of Mean Field Theory
 Discipline of Information Theory
 Discipline of Signal Processing
 Discipline of Queuing Theory
 Discipline  of Estimation Theory
 Discipline of Decision theory
 Discipline of Probability Theory
 Discipline of Optimization Theory
 Discipline of Statistical Mechanics
 Discipline of Factor Graphs
 Discipline of Control Theory
 Discipline of Learning theory
 Discipline on Partial Differential Equations Theory
 Discipline of Optimal Transport Theory 
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The clean slate approach
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What if we are only interested in the average throughput per UT?
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How to optimally deploy your antennas?
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What if we are only interested in the average throughput per UT?


