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1948: Cybernetics and Theory of
Communications

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

e "Cybernetics, or Control and Communication in the Animal and the
Machine”, Herman et Cie/The Technology Press, 1948, N. Wiener



60 years later...
MIMO Flexible Networks

We must learn and control the black box

within a fraction of time
with nite 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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C, and C,, which Is better?

C,=log(1+P/ 2) v.s. C,=2log(1+P/2 ?)

 Lesson learned:
— High SNR regime
— No need for transmit and receive cooperation



Nature
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Recelver cooperation
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Transmitter cooperation
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Transmitter cooperation
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“We build too many walls and not enough bridges.”
Isaac Newton
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» For large SNR, the sum rate scales as R, ,,,~ Mlog SNRwith
perfect channel state information at Tx and Rx (CSIT/R)

» The capacity is achieved by a combination of MMSE beamforming
and interference pre-cancelation encoding, Dirty-paper coding



*Recent results show that a naive ZF with training and analog/digital
feedback can indeed achieve the full multiplexing.
*The number of feedback bits should scale as log(SNR).



What about beyond LTE schemes
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The 400-Antenna Base Station

e 400 antenna base station serves 40 active
users via multi-user MIMO
























Our Goal: Self-Learning Base
Station
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Our Goal: Self-Learning Base
Station
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Our Goal: Self-Learning Base
Station
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Y@ = p X2+ d X

YW = g X0+ ¢ X@



Shannon’'s Small Self-Learning
Mouse






























