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i Introduction

s CSI available at both TX and RX

CTRSI: Ssup I(X,Y|S)
p(x|S)eN

= CSI available at RX only

Crgr = sup I(X;Y|S)
p(x)€

= CSI not available at either side
Bounds and Many Results available

= CSI| available at TX only



i Channel Model

= MIMO fading:

Y1 | [ s11 s12 o osim | [z ] | 21
y2 | _ | s21 S22 0 Som z2 | 4 | %
YN | | SN1 SN2 - sym | Lrm ] L AN

Tm, Yn, Snm € R zn ~ N(0, 1)

y=98x+z E[x|?]<P

S(i)  Non-causal: {S(k)|—oco <k < oo}
Causal: {S(k)|—oo <k <i}




Existing Results

Non-causal:

p(ulS), FUxS—X, E[|F(U,S)|?]<P

p(S,u,x,y) = { p(S)P(u|SO)p(y|X,S) if it?e]r-“v\(/il;,eS),
Causal:
Ce= sup I(U;Y)

p(u), FUxS—X, E[|F(US)|?]1<P

—{ p(S)p(wp(ylx,8) if x =F(u,S),

p(S,u,%,y) 0 otherwise

Che = sup {I(U;Y)-I(U;S)}



i Lower Bounds

Non-causal:
pr(x|S) = arg {SUDP(X|S)€Q I(X; YIS)}

d(u—gg(x,S)) ifSesS,
pLluS)= {0 ) ifSes  B=P/N

S =A{S[I(X;Y[S) #0,X ~pr(x[S)}
S =A{S|I(X;Y|S) =0,X ~pr(x[S)}

Causal: ».(w) ~ Gaussian



i Upper Bounds

Non-causal:
C’I’LCSCTRS]: sup I(X;Y|S)
p(x]|S)eN
Causal:

Lemma:I(U;Y) <) p(u)D(wg(-|lu)lg())
N S p(y|F(u, 8, 8")p(S")

D(wz(-lw)]lg(-)) => > p(y|F(u,S),S)p(S) In
Yy 'S q(y)

Ce(P) < inf supsup { D(W(1w)[Q() +7 (P~ [ F2(u.5)dP(s)) |



i Application Example

Parallel fading channel: degraded MIMO
N=WN=VK
S =diag(sy,...,s5)

On/Off fading channel:

K =2
P(si=1)=1—P(s1y =0) = a3
Pr(so=1)=1— P.(s5 =0) = as



Lower Bounds

Non-causal:

N

5(331)5(:1322) s1=0,80=0

fxlS) = ﬁexp(—%)é(wg) s1=1,s0 =
L(x[S) =

X/Q}T—PbeXD(—Qx—J%)cs(ibl) s1=0,s0=1

L exp(—ZL22)

s1=1,s0 =1

— — P — 2P
Pr=F= a1+as P = altaz

fr(ulx,8) = fr(ui|ey,s1) fruz|ro, 52)
o(uy — x1) s1=1

Sr(uilzy, s1) = 1 ug _
Vorngn? P o) 1 =0
d(up — x9) so =1

fr(ualzo, so) = 1 w5 _
/27TN17D22 eXp( 2N’l7b22) 82 - O




L ower Bounds
Non-causal:

Cnc Z I(U;Y) _[(U;S>
g p(S)p(u|S)p(ylu, S")

= [ RSOSSN e Sp i, St
Causal: () = fu(w) = fu () )
ul) — 1 B uy
) = s o) 2P (ay + 02
’LL2
fiuz) = = 2 )

\/QWP/(ozl + as) eXIO(_213/(041 + as)

Ce > I(U;Y)
- //ZP(S)p(u)p(ylu,S)ln > g p(SHp(y|u, S)
S

> g p(8")p(u)p(y|u’, S”)du’

dydu



Upper Bounds

Non-causal:

P
R n{1+ N(aq + 042))

Che < CTRSI —

Causal:

xl




i Numerical Results

E“‘ Cnc > Cc
EE.E—

High SNR:

Cne — CTRSI

R T T e RCICTTITRI PPy

A

1
-1

L]

/M [dE]

Pfr(Sl — 1) :PT(SQ — 1) = 0.1




i Numerical Results

=05

3
K
2

Mid-High SNR:
CTLC > C(C

R [natisymbal]

High SNR:

Cne — CTRSI

PiM [dE]

Pfr(Sl — 1) — Pr(SQ — 1) = 0.5



i Some Useful Strategies

Channel Inversion: [Goldsmith 1997]
s Pp(dy <P P(y)/P=oa/y
Jo/vp(y) =1

o =1/E[1/9]

C(P) = Blog[l 4+ ¢] = Blog[l +

.
E[1/~]

Rayleigh & On/Off fading:
Fll1/4] =00 —-C =0



i Some Useful Strategies

Log-DPC: ¥:i = siz; + 2z; {=¥| —00 < ¢ < oo}
E[X?]<P C—TR [Shamai 2004]
P/N — oo Iny; — Ins; + Inx;

Y=54+4X X=Inx; S=lIns

U c[-1,1] desired signal

X =[U-S]_1.1] [—1,1] modulo
r; = exp(X)
Y =Ilny;

Y'=[Y]j_11) = [X + 8] = (U~ 5) + 5] = [U]



i Conclusion

= Scalar to MIMO: Exponential Complexity
= Tradeoff: Rate & Complexity

m Basic: “Crrsr = Cne 2 Cc”

= CSl at TX only Is also very helpful!

Thank you!
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