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Introduction Han-Kobayashi Main Background Outline

Wireless Channels

Two key features of wireless channels:

© Fading — well-established theory, such as MIMO
@ Interference — within or across systems, e.g.

e within adjacent cells in a cellular system
e among multiple WiFi networks

WD &

Basic Model: Two-User Interference Channel (IC)
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What do we know?

Background Outline

Two basic approaches to use the common spectrum:
@ Orthogonalization into different bands to avoid interference
@ Full sharing of the spectrum but treating interference as noise

The best known achievable region is due to Han-Kobayashi (HK),
but

@ general HK scheme is quite complex
@ basic HK region can be enlarged by time-sharing

o cardinality of the time-sharing parameter is rather high
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What do we know?

Background Outline

Two basic approaches to use the common spectrum:
@ Orthogonalization into different bands to avoid interference
@ Full sharing of the spectrum but treating interference as noise

The best known achievable region is due to Han-Kobayashi (HK),
but

@ general HK scheme is quite complex
@ basic HK region can be enlarged by time-sharing

o cardinality of the time-sharing parameter is rather high

© Is the HK scheme optimal encoding strategy?
@ Are Gaussian inputs optimal for the HK scheme?
© What is the cardinality of the time-sharing parameter?
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Outline

Background Outline

Introduction
@ Background
@ Outline

Han-Kobayashi Scheme
@ Problem Statement
@ Basic HK

@ Time-sharing

Main Results

@ One-Sided IC
@ Mixed IC

@ Summary
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Channel Model

Zy~N(0,1) 1HP2)

= TtaPy Strong

One-sided (a = 0)

I Degraded
~.ab=1

0 1 1+ P
One-sided (b = 0)

Yy =X + \/5)(2 + 71, average power constraint P;
E(|X|?) < P, i =1,2.
Ys = \/EX1 + Xo + 2o,
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HK Scheme - Key ldea

@ divide each user's message into private and common messages

@ decode and cancel part of interference (other user's common
message) before decoding own private message
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HK Scheme - Key ldea

@ divide each user's message into private and common messages

@ decode and cancel part of interference (other user's common
message) before decoding own private message

HK region without time-sharing (R%OI\)

The region RI%"K for the one-sided IC with b = 0 is given by the
union of the set of (R1, Rz) such that

Ry < ’)’(1;:15/_-,2)7

Ry < 7(P2)a
P1 + af3P;

R1+R2§7< 1+ 26P,

) +(BP2),

where 8 € [0, 1], B=1— 3, and y(x) £ 3 log,(1 + x).
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Weak One-Sided IC

Zy ~ N(0,1) " : R

Figure: Basic HK region (without time-sharing) for Py =1 and P, = 7.
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Time-sharing

Time—sharing: (Rlla R21) and (R12, R22) are achievable =
/\1(R11, R21) aF )\2(R12, R22) is achievable, for any A\; + Ao = 1. J
| )\1 >\2
(Ri1, Ro1) (Ri2, R22)

(R1, R2) = A1(R11, Ro1) + Ao(Ri2, R22)

in A1 interference might be treated as noise

in A2 user 2 may transmits alone

in A3 both users may decode both messages

in )\4
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Cardinality of Time-sharing

Let g be a time-sharing parameter with cardinality of |g| = Q.
Then, for Zq Ag = 1 the following rate pair is achievable:

| A1 A2 AQ

(R11, Ro1) (R12, R22) (Rig, R2q)

(Ri, Ro) = 321 Aq(Rug, Roq)

Cardinality of time-sharing

What is the optimum value (minimum) of Q7
@ Q <7 for full IC [Chong et al.’08]
@ @ < 3 for one-sided IC [Motahari-Kandani'09]
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Our Contribution

1+ Py

0g=21 Q=1 1+ 5

Q = 2 is optimal for
@ one-sided IC in the weak interference regime

o full IC in a large part of mixed interference regime
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R%K for One-Sided IC

The border of the HK region (R¥;) is characterized by

3
maximize Z Ag [uqu + R2q]

g=1
subject to
3 3 3
DAg=1 D APg <P, D AP < Py,
qg=1 q=1 q=1

Oéﬂqélu )\q207quZO7P2q207vqe{l7273}'

One needs to optimize 11 variables at the same time. J

P, BqP
IMqu + Rog = M’Y(ﬁ) +’Y<1H-@iqi73,252132q) + ’Y(ﬂqP2q)
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Sketch of Proof

© [tR1g + Raq is strictly increasing with Piq
= 23:1 AqP1g=P1

@ non-interfering user need not split its power
—Pi=Pi3=0, Py =%

© now, it can be check that 8, = 83 = 1 are optimal for a < 1
= MR + A3Raz = A2y(P22) + A3v(P23)

@ power splitting is not required in a single-user channel
= A3 = 0 (optimal solution needs two subbands only)

© assuming P, is used in subband A1, the leftover power must
be used in subband A\, to maximize Aoy (Pa22).

2 Py—\1P.
—> Y o1 AgP2q=Pa, or Py = B2p4Pa
We need to optimize only 3 variables, namely, A1, 51, Po1. J
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Simplified HK Inner Bound

The set of non-negative (R1, R) satisfying

Ry < AR,
Ro < AiRo1 + A2 Roo,

in which P,
R < #
1= 7<1 + 351/321)’
aB, P
R < 7( b1Par ) + v(B1P21),

1 + % aF 3,31P21
Roo < v(P22),

is achievable for the one-sided Gaussian interference channel where
AM+X=1 AP+ XPr=P,0<p; <1 and f1 =1- .
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Simplified HK - Intuitions

To achieve a rate pair (Ry, Rz) on the border of R%K

@ Time-sharing in two dimensions
o both users transmit for A\; fraction of channel uses
e only non-interfered-with user transmits during Az
A1 A2
| userl & user2 user2

(R117 R21) (Oa R22)

@ i.i.d inputs are not optimal, in general

2P, 0 P 1, 0
i LS and Cov(Xp) = 2Lim

0 0 0 Py,
where n; = A1n, np = Aan, and n is code (block) length.

Cov(X1) =
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Special Cases

Q@ )\ =0 (NO time-sharing) = basic HK region (R7Y)
@ P =0 = TDM/FDM region

Pl 15 i ) i - — |
= AI’V(—)’ e eine s
)\1 X |—T1D™/FDM
P>
R < (37, 1
.
0.5
0
0 0.1 0.2
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Ri: for Mixed 1C

For full I1C

@ we do not have an optimization problem similar to the
one-sided IC case (uRy + R> is not known)

° R%K is daunting as it needs time-sharing in 7 dimensions

However, we can use the same optimization problem to achieve the
HK border for a large part of mixed interference regime

@ The R%‘i{ is the same for a < 1, b > 11;’;22 and a<1 b=0

@ This immediately reduces Q to 2 (formerly it was 7)

@ The complexity of the HK region thus reduces significantly, in
the above case

M. Vaezi & H. V. Poor (Princeton) Simplified Han-Kobayashi Region ICC'16 18



Introduction Han-Kobayashi Main One-Sided IC Mixed IC Summary

Summary

e With Gaussian inputs time-sharing in two dimensions is
enough to achieve the border of HK region a <1 and b=10

1+P>
orb> {58

e use basic HK for \; fraction of channel uses
e single-user transmission for A\, fraction of channel uses

@ This is the best known inner bound with Gaussian inputs; it is
not however known whether

e Gaussian inputs are optimal for the HK region
e the HK region is optimal for the Gaussian IC

@ The cardinality of time-sharing parameter is still 7 for the
weak and part of mixed interference regimes
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