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Quantum Computers and Cellular
Phones

This talk explores the connection between quantum error
correction and wireless svstems that employ multiple
antennas at the base station and the mobile terminal. The
two topics have a common mathematical foundation.
mvolving orthogonal geometrv - the combinatorics of
binarv quadratic forms. We explain these connections. and
describe how the wireless industryv 1s making use of a
mathematical framework developed by Radon and Hurwitz
about a hundred vears ago.




Wireless Channels
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Cdluar Specnum Fetsse — Codanrd Intafaence




Space-Time Fading
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Space-Time Fading
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What is Space-Time Coding?
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Correlate symbols across time and space. Use the
svmbols when the channel 1s good to recover the
svmbols when the channel 1s bad.




Fundamental Limits: Qutage Capacity

Achievable Data Rates with Multiple Antennas
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We are here now

10
SNR per Rx Antenna (dB)
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“It is dangerous to put limits on wireless”
Guglielmo Marconi (1932)




STC: The Model ...

e Transmitted Code Vector:
e, =[ (). () == , e (D)

e Channel Matrix: ,transmit
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* Recerved Signal Vector:

r(/)=H-c,+n(/)
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“It is dangerous to put limits on wireless”
Guglielmo Marconi (1932)




STC: The Model ...

« Transmitted Code Vector:
e; =] (1), e, (1), <~ "5'};[11]']?

e Channel Matrix: , transmit
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» Recerved Signal Vector:

r(/)=H-c,+n(/)



STC: Probability of Error Analysis ....

* The matrix B 1s the error matrix between the transmitted
code vector sequence C and the decoded code vector
sequence C .
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c{l) —¢/(D)
c(l)—c, (1) ,(2)-¢c,(2) - e, (L)—c,(L)

c (1) —cy(l) ex(2)—cp(2) - ep(L)—cy(L)







