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Mutual Information
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Expression of the Mutual Information

Fundamental system of equations

T(o?) = {o‘z (|r + S(UZ)D) +A (h + 5(02)6) 71AH] B
T(02) = {02 (h + 5(02)5) + AH (l, + S(UZ)D) - A] B
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@ First step : This system has an unique positive solution (§(c2), §(c2))

@ Second step : tr(0?) = %Tr [T(c?)] coincides with the Stieltjes transform of a
probability mesure.

@ Final step (aim of our paper) :
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Bai-Silverstein’s Assumptions, Complex Gaussian Case
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Loubaton’s Assumptions : Conjecture (known t.t. Moustakas et al. for
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Expression of the Mutual Information

1(02) = log det (Ir +6(c?)D + % Al + 5(02)5]71AH)

+ log det (|t T 5(02)5) — Lo25(52)3(0?)

—— Montecarlo simulations
A Theoretical predictions, 4x4, K=1, p=0.2
v Theoretical predictions, 4x4, K=5, p=0.8
* Theoretical predictions, 4x4, K=0.2, p=0.5

Capacity (bps/Hz)

SNR (dB) 10 1
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Reminder : the Ergodic Capacity Problem
Find the positive definite and normalized matrix Q, solution of

HQH"
max  [Ey |logdet [ I + Qiz
Q>0,1Tr(Q)<1 o
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Find the positive definite and normalized matrix Q, solution of
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Q Our previous problem was the case Q = Iy, known to be the optimal covariance
for low noise systems.

e When A = 0, Q is diagonal, and numerical schemes allow to find the diagonal
entries.

e When D = I; and D = Iy, the eigenvectors of Q are the eigenvectors of AMA, and
numerical schemes ...

= Asymptotical methods are not useful for all these cases,
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Reminder : the Ergodic Capacity Problem
Find the positive definite and normalized matrix Q, solution of

HQH"
max Ey (logdet | I} + Qiz
Q>0,1Tr(Q)<1 o

Q Our previous problem was the case Q = |;, known to be the optimal covariance
for low noise systems.

e When A = 0, Q is diagonal, and numerical schemes allow to find the diagonal
entries.

Q When D = I; and D = Iy, the eigenvectors of Q are the eigenvectors of AHA, and
numerical schemes ...

= Asymptotical methods are not useful for all these cases,
but we use them to solve the original case D = |;
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H=A+ —tD%X = Mutual Information
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Optimal Transmit Covariance

1 :
H=A+ —tD%X = Mutual Information

N

HVQ =AVQ + %D%X\fQ = Ergodic Capacity

|Qo=h n=1|

-

dn = f(dp, Sn- Qp1)
gn = ?{fjn. l:j,']- Qn_‘]}

l an=n+1

| Q, (6. dp) ( through Waterfilling ) }—

(88
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Optimal Transmit Covariance

7 T T T T T T
: 0 Covariance algorithm : theoretical capacity i
* Covariance algorithm : simulated capacity : :
—— Exhaustiv search
[:] SRR P T R R EEEE PR A —
5 |
T
3 ¢ 7
o
=2
=
[
o m
e T —
=20 =15 =10 -5 Q 5 a0 15 20

SNR (dB)
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Summary

We have addressed the Mutual Information Evaluation of Ricean Correlated Channel
using Large Random Matrix Theory Tools, and proposed an algorithm to solve the
problem of the optimal transmit covariance in original conditions.
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Optimal Transmit Covariance Algorithm

Summary

We have addressed the Mutual Information Evaluation of Ricean Correlated Channel
using Large Random Matrix Theory Tools, and proposed an algorithm to solve the
problem of the optimal transmit covariance in original conditions.

@ The ergodic mutual information has a simple approximation.

@ The approximation is relevant for quite moderate values of the number of
antennas.

@ This theory proposed practical applications.

For the time being, we are obtaining new results about the outage capacity, by studying
the variance of the error I(0?) — 1(o?).
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