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R. Ahlswede, “Multi-way communication channels,” in Proc. IEEE Int. Symp. Inf. Theory, March 1973, pp. 23-52.
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Capacity: ¢ =limueo (UPX?ngpX?pXQ{ 0< Ry <

o) 1)

R. Ahlswede, “Multi-way communication channels,” in Proc. IEEE Int. Symp. Inf. Theory, March 1973, pp. 23-52.
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0< Ry <

Treat Interference as Noise Inner Bound:

RENTS —co(Uprr { 022 1w }) With Time Sharing

RIMNnOTS  _ | | 0 <R <I(X1;11)
in Px, x,=Px, Px, 0< Ry < ](}(27 YQ)

No Time Sharing
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R. Ahlswede, “Multi-way communication channels,” in Proc. IEEE Int. Symp. Inf. Theory, March 1973, pp. 23-52.

Treat Interference as Noise Inner Bound:

RENTS —co(Uprr { 022 1w }) With Time Sharing

No Time Sharing

RIMNnOTS  _ | | 0 <Ry <I(X1; Y1)
in - YPx,x,=Px, Px, 0< Ry < ]()(27 YQ)

How far away is TINnoTS from the Capacﬂz
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* Definitions and relevant past work
» Useful tools:
- Mutual information lower bounds
- Minimum Distance lower bounds

e Main result
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X=vV1-6Xp+Vé Xga,
6 € (0,1],
Xp ~PAM(N),
X ~ N(0,1)
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Capacity Strong Interference

2 2 2 2 | Sato, H., "The capacity of the Gaussian interference channel under strong
|h‘11 | S |h21 | and |h22 | S |h12 | interference," IEEE Trans. Inf. Theory, vol. 27, no. 6, pp. 786,788, Nov 1981.

Sum-Capacity in Very Weak Interference

S 1 X. Shang, G. Kramer, and B. Chen, “A new outer bound and the noisy-interference sum rate capacity for
(1 _|_ I) < Gaussian interference channels,” IEEE Trans. Inf. Theory, vol. 55, no. 2, pp. 689—-699, 2009.

|

2 Motahari, A.S.; Khandani, A.K., "Capacity Bounds for the Gaussian Interference Channel," IEEE Trans. Inf.
Theory, vol.55, no.2, pp.620,643, Feb. 2009

Annapureddy, V.S.; Veeravalli, V.V., "Gaussian Interference Networks: Sum Capacity in the Low-
Interference Regime and New Outer Bounds on the Capacity Region," IEEE Trans. Inf. Theory, vol.55, no.
7, pp-3032,3050, July 2009
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R. Etkin, D. Tse, and H. Wang, “Gaussian interference
channel capacity to within one bit,” IEEE Trans. Inf.
Theory, vol. 54, no. 12, pp. 5534-5562, Dec. 2008.
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Wy 2 2 (W2, Wie A. Dytso, D. Tuninetti, and N. Devroye, “On the two-user
Encoder 2 ' Decoder 2 =9 interference channel with lack of knowledge of the interference
codebook at one receiver,” IEEE Trans. Inf. Theory, vol. 61, no.
3, pp. 1257-1276, March 2015. "
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TINNnoTS with mixed inputs is to within
O(loglog(SNR)) of the sum-capacity

A. Dytso, D. Tuninetti, and N. Devroye, “On Gaussian interference channels with mixed
Gaussian and discrete inputs,” in Proc. IEEE Int. Symp. Inf. Theory, June 2014, pp. 261-265.
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X, =+/1-6 Xip + V6 Xic,

. 52 c [0 1]
TINnoTS __ 0< Ry <I(X1;Y7) . , 1],
i N U { 0 < Ry < I(X2;Y2) Wlth Xip ~ PAM(Ny),
R Xiq ~N(0,1),
i=1,2.
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X; = 1_5iXiD‘|‘\/57in'Ga

52' c [0 1]
TINnoTS __ 0 < R I(Xl,Yl) o » L]
Hin B U { 0 < Ry < I(X2;Ya2) Wlth Xip ~ PAM(V;),
o Xig ~ N(0,1),
i=1.2.

Analytical rate expressions not trivial
I(X2;Ya) = I(X2; h21 X1 + hoe Xo + Zg)
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Ozarow-Wyner-A

I(Xp;VSXp +Z) > H(Xp) — gap,

1 1
gap = §logg +(1 =& log 5 ¢ + {log(N — 1),
\/gdmin(XD)
§ =20
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Ozarow-Wyner-A Ozarow-Wyner-B
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Example: h2=1, N1=N2=10

I(Xp;VSXp + Z) > H(Xp) — gap,

gzaup:%log(%e)-I—%log(l-l—Salg12 >
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dmin(h1X1D+h2X2D) — min(hldmin(XlD)7 h2dmin(X2D))
if either hgdmin(XQD)NZ < hldmin(le)

or hldmin(le)Nl < h2dmin(X2D)
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Very Weak' Weak | 'Weak Il : Strong  VeryStrong

gap = 1/2 gap —3.79 gap = O(ldg log(min(S, 1)) ¢, — 1.95
- up to an qutage :

. ' of Controll:able measure

: >
0 o 1/2 .. 2/3 . 1 . 2 . G
Gaussian / Mixed / Mixed Discrete Discrete

X, =+/1-06; X;p +/6; Xicc, i € [1:2],

log1

o= log S
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Very Weak' Weak | 'Weak Il : Strong  VeryStrong

gap = 1/2 gap —3.79 gap = O(ldg log(min(S, 1)) ¢, — 1.95
- up to an qutage :
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0 o 1/2 .. 2/3 . 1 . 2 . G
Gaussian / Mixed / Mixed Discrete Discrete

X, =+/1-06; X;p +/6; Xicc, i € [1:2],

log1

o = Closed-form expressions

log S
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Main result ISIT" 15:

TINNnoTS is gDoF optimal up to
a set of zero measure.
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* Key idea: use non-Gaussian inputs

* Developed very general tools of use
beyond 2-1C

* Applicable to Block Asynchronous
Interference Channel and Codebook
Oblivious Interference Channel
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Theorem: TINnoTS is within a gap of the capacity given by:

e Very Weak Interference: S > I(1+1I): gap < 1 bits,

_S_
e Moderately Weak Interference Type2: S < I(1 4 1), % 11{%:
TF+1 11
gap < £ log (295-7¢) ~ 3.79bits
. 1+S LI+ 757
e Moderately Weak Interference Typel: I <8, 2 < =
11 11

l6me) 4 L]og (1 L 45 . (041/2Im(14min(1.8)))”

2 ) bits, except for

gap < 3 log (
a set of measure vy for any v € (0, 1],

e Strong Interference: S <1< S(1+S):

gap < < 1 log (27re) i %log <1 + 8. (1+1/21n(1’y—|;min(1,8)))2) bits7

except for a set of measure « for any v € (0, 1],

e Very Strong Interference: I > S(1 + S):
gap < 3 log (22¢) =~ 1.25 bits.

UIC Department of Electrical g‘ \|
HEeT oo and Computer Engineering h
COLLEGE OF ENGINEERING

HONG KONG 2015




