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Motivation

Motivation for studying the cognitive channel

Models an ideal cognitive radio
Compatible for efficient spectrum utilization

Helps understand and analyze cognitive relay networks

Fundamental limits by themselves
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This Talk

© Introduction
@ New inner bound

- Superposition coding
© New outer bound

- More capable idea

@ Capacity for the Gaussian CZIC
- Very strong interference
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Channel model

The DMS cognitive interference channel (DMS-CIC)

M X{ Y! N
‘Source 1 L. Encoder 1 }—1> L My

p(y1, yalx1, x2)

M X Yy N
‘Source 2’—2+ Encoder 2 }—2> 2 Mo

@ Encoder 2 non-causally knows X" and M
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More capable channels

More capable BC

1(X; Y1) > 1(X; Y2) forall p(x)
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More capable channels

More capable BC

1(X; Y1) > 1(X; Y2) forall p(x)

RIS More capable CIC

I(Xl,Xg; Yl) Z /(Xl,XQ; Yz) for aII p(Xl,Xg)
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Strong cognitive interference
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Cogpnitive user creates strong interference

/(XQ; Y1|X1) Z I(X2; Yg‘Xl) for aII p(Xl,Xg)
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Superposition coding-based inner bound

For the DM-CIC, any rate pair (Ry, R>) that satisfies

Ry < I(X1; Ya|U)
Ry < I(U; Y>)
R1 + R < I(X1, X2; Y1) (1)

for some joint distribution that factors as p(u)p(x1)
p(x2|x1, u)p(y1, y2|x1, x2) is achievable.

Achievability

@ Superposition coding at the cognitive transmitter
@ Joint typicality decoding

@ Y, can only decode M, (the cloud center) while Y7 can
decode the satellite codewords as well
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More-capable BC capacity inspired outer bound

The union of all rate pairs (R1, R») such that

Ry < I(U; Y?)
Ry + Ry < I(X1; Y1|U) + I(U; Y2)
Ri + Ry < I(X1, X2; Y1) (2)

for some joint distribution p(u, x1,x2)p(y1, y2|x1, x2) provides an
outer bound on the capacity region of the more capable DM-CIC.

Proof.
@ Similar to the converse of the more capable BC

| A

@ This theorem also applies for the DM-CIC with strong
cognitive interference

Ol
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Channel model

Additive white Gaussian noise (AWGN) cognitive channel

Z; ~ N(0,1)

! J\
primary transmitter X3 + Yy
cognitive transmitter  Xj + Y,
1 \(

Z ~ N(0,1)

Y1 = Xi(my) + aXo(my, ma) + 21
Y, = le(m1) + Xz(ml, m2) + 2
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Channel model

The Gaussian cognitive Z-channel (GCZIC)

Z ~ N(0,1)

1 J‘\
X1 + Yl

a

cognitive user  Xa Q Ya

1 jj

Practical situations for one-way interference

Zy ~ N(0,1)

@ Tx2 is close to Rx2
@ Unbalanced power

@ Blockage (close to primary user)
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Inner bound for the GCZIC

Lemma

Any rate pair (Ry, R) satisfying
Rl S C <(\/ Pl + av/ C¥P2)2)

aP»
R, < —
2=C <1+05P2>

Ri+ Ry < C(Pl + 2P+ 2a\/aP1P2> (3)

with « € [0, 1] is achievable for the GCZIC.

| A\

Achievability
o X1 =+P1V(m), Xo = VaP,V(mi) + VaP,U(m:)

@ The cognitive receiver: treat other codeword as interference

@ The primary receiver: uses successive cancelation
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An outer bound for the GCZIC with a2 > 1

Denoting a = 1—p3, 32 1—p?, and X = 1 — x for any x € [0, 1],
we obtain

Corollary

An outer bound on the capacity region of the GCZIC with |a| > 1
is the set of all rate pairs (R1, Ry) satisfying

Re<C(5 j_-d:sz) ?
Ri+ R < C<( BP1 + |a|\/OTDz)2> +C(1 —CZI(DJ?P)

R+ Ry <C(Py+ 2Py +2lal(V/aB + \/575)\/P1P2)

for a, 5 € [0, 1].
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Capacity of the GCZIC at very strong interference

Converse: Corollary 1

@ If the second bound is not redundant, on the boundary of this
outer bound, we must have

R, < %Iog (1 + (VBP1 + |3|M)2)

@ Comparing this inequality with the first inequality of Lemma
2, = [J = 1 (since otherwise the outer bound becomes less
that the inner bound!)

@ For |a| > /1 + P; the second inequality cannot be redundant

@ Thus, for |a| > /14 P, f =1 is optimum and capacity
region is established
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