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Single-hop Interference Network [Carleial '78]

@ K transmitters, N receivers, single-hop
@ Possible message from each transmitter to each subset of receivers

K(2V — 1) possible messages
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Single-hop interference networks: Two special cases

[K x N Interference network]

Nl T
[Interference channel (IC)] [X channel (XC)]
K-user IC K x N XC
@ K distinct Tx-Rx pairs, K @ Message for each link
messages

@ KN messages

o K(K — 1) interfering links

Wi1 Wiy Wiy, Way, Way Wi, Wi, Wis
Wi Wy
Wi3 Wis

3-user IC 3 x 3XC
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Gaussian interference channel: Some known results

2-user |1C
o Capacity
Strong interference [Carleial7s, HanKobs1, Sato81]
@ Sum capacity

Mixed interference [Motkhao9]
Noisy interference [AnnVee09, Motkha09, ShaKraChe0g]

K-user IC
@ Sum capacity: Noisy interference [shakrache0o, Annvesoo]

o Capacity region: Symmetric very strong interference [siisatvisJafos]

K-user Many-to-one IC
@ Sum capacity: Noisy interference [cadiafoo, Annveeoo]
o Capacity region: Symmetric very strong interference [zhucass)
@ Special case (K = 2): One-sided IC / Z-1C (sasonos]
e This talk (Sum capacity)
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Gaussian X channel: Some known results

2 x 2 XC

@ Sum capacity: Noisy interference [Huacadiafiz]

K x K Many-to-one XC
@ Special case (K = 2): ZC
Sum capacity: Weak interference [Liuuiuos]

Sum capacity: Strong interference [choMotGar07]
Capacity region: Moderately strong interference [choMotGaro7]

e This talk (Sum capacity)
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Many-to-one Channels: Motivation

o Captures some essential features (interference), easier for analysis
@ Results can be used to find bounds for more general topologies

» Bounds for 2-user IC using one-sided IC

@ Approximation to a possible real scenario

BS 2 and BS 3 communicate

with their respective users.

N
G

User 1 is at cell edge and
can hear transmissions from nearby

base—stations (BS) along with BS 1
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3 x 3 Gaussian many-to-one X channel

h11
X1 O Y1 = h11 X1 + hioXo + hi3 Xz + Ny
Wiy hp

13
X p O Yo = hoo Xo + N
22

hs3

X3 O Y3 = h33 X3 + N3

Capacity region (5-dimensional) not easy to characterize

@ One flow on each link (Rjj: Rate from Tx j to Rx i)
@ C = Set of all achievable R = (Rlla R>, Ri2, Rs3, R13)

@ This talk: sum capacity
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Channel in standard form

Reduce the number of parameters required

Yi=Xi+aXo +bXz + Z;

Wi, Wip, Wi3

b
; O Yo=Xo+ 2>

° C(Pla h’ N) = Cstandard(Pa a, b)
e Z IID ~ N(0,1), P, P’: power constraints, N: noise variance vector
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Result for the 3 X 3 many-to-one XC

7 \' ,’
l’ !
Strategy, !

M3 I'I

5k

Strategy
M2

Strategy M2
Il
4 5 6 7

Py = P, = P; = 0dB
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Many-to-one I1C

A special case of the many-to-one XC

Yi=Xi+aXo+bX3+ 24
b

X> O Yo=Xo+ 2
X3 1 O Y3=X3+ 23

@ Sum capacity: Noisy interference annapureddy & Veeravalli 2000, Cadambe & Jafar 2009

1

o Capacity: Symmetric very strong interference zn & Gastpar 2015
@ Capacity within a constant gap Bresler, Parekh & Tse 2010, Jovicic, Wang, & Viswanath 2010
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Result for the 3 x 3 many-to-one IC

6
51
4
Strategy
Mi2
2 3F

2 /
Strateg
MI1

Strategy MI3

Strategy MI3

Strategy MI2

0 I I I I
0 1 2 3 4 5
lal
P1= P, = P3 = 3dB
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Rest of this talk

3 x 3 Many-to-one XC
@ Transmission strategies for the many-to-one XC

» Treat interference from a subset of transmitters as noise
» Use of Gaussian codebooks

@ Conditions for sum rate optimality

Extensions to K x K Many-to-one XC

K x K Many-to-one IC
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Strategy M1: Treating Interference as Noise (TIN)

) O————0 (W)

a.
P
-

b
-, 4
/, 4
’ ~
/’ W22
o001
4
7’
d

(W) F——O (W)

Achieved sum-rate

1 P 1 1
Rsum:§|0g2(1+ : )+_|Og2(1+P2)+§IOg2(1+P3)

a?Py + b2P3 +1 2
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Strategy M2

0 O——( ()

(W) ———O (s3)

Achieved sum-rate

1

Rsum = = log, (1 +

Py + a%P 1
5 ¥> + — log, (1 + P3)

b2P3 +1 2
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Strategy M2

Achieved sum-rate

1 Pi+ b°P3\ 1
Rsum = § |og2 (1 + m) + 5 |og2 (]. + P2)
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Strategy M3

(W) O——

Achieved sum-rate
1

5 log, (14 Py + a°P> + b?P3)

Rsum =
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Sum-rate optimality of Strategy M1 (TIN)

1 7
O 0O
’/’I,
a.-

. /b
o 7
P 4
7’ ~
O————0O
o001
4
4

7’

(W) F——O ()

Strategy M1 achieves sum capacity if a®> + b> < 1 J
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Sum-rate optimality of Strategy M2

Wa) F——0O ()

(1-|—b2 P3)2
S

. . - 2 2
Strategy M2 achieves sum capacity if b= <1 and a° > “——
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Approximate sum-rate optimality of Strategy M3

(W) O——

Strategy M3 achieves rates within

1 1—(1+ b?P3)~1p3
Z log, ( (L+5°Ps)"p ) bits

2 1- 2

of sum capacity if b> > 1 and a° > M
o

v
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Sum-rate optimality proofs: Outline

Need an upper bound that matches achievable sum-rate

Upper bound using
@ Fano's inequality
@ Degraded receivers
e Worst-case additive noise result, Entropy-Power inequality (EPI)
@ Genie-aided channel/Channel with side information (M2 & M3)
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Degraded receivers

(") O——

b
—O ()

(755, 5) (O ——O ()

o If a2 <1, Rx 1 is a degraded version of Rx 2 w.r.t. Wi

H(Wi2ly3) < H(WazlyT) < ne,

e If2<1, Rx1lisa degraded version of Rx 3 w.r.t. W3
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Worst-case additive noise

Xn

2 (v

o Z" ~ N(0,%7) IID
@ X": average covariance constraint X x
Worst case noise result (Diggavi & Cover 01, Annapureddy & Veeravalli 09)
h(X") — h(X" + Z") < nh(Xg) — nh(X¢ + Z),
where X¢ ~ N(0,Xx).
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Another result?

K K
Y (X +20) - h(z ¢ X' + Zl")
i=1 ’221 p
< nzh(XiG+Zi)—nh(ZCiXiG+Zl)a
i=1 i=1

K
3 <o
i=1

X with power constraint 3 7_; E[(Xuz] < nP;
ZJ vector with 11D N(0,02) components

Z"", i # 1 vector with [ID N(0,1) components
X" are independent of Z

Xic ~ N(0,P;)

Lemma 5 from Annapureddy & Veeravalli 2009 in different form

v © © 0 O
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Proof of sum-rate optimality of Strategy M1 (1)

Let S denote any achievable sum-rate. Want to show
S < I(xi6iy16) + 1(x26: y26) + 1(x36: ¥36)- J

nS < H(Wi)+ H(Wiap, Wao) + H(Wis, Wss)

3
= I(War; y]) + > 1(Waj, Wi; y7)
i=2
3
—|—H(W11\yf)+ZH(W1i, VVII‘YIH)
i=2
3
< Iy + D Iy
i=2
3
+H(WAL [y]) + > H(Wai, Wy | y7)
i=2
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Proof of sum-rate optimality of Strategy M1 (2)

3 3
nS < I(x7iyD) 4+ > (=P yf) + H(War |yD) + > H(WA;, Wi | y])

i=2 i=2
< h(y7) —h(axz + bx3 + n{) + h(x3 +n3) — h(n3) + h(x3 + n3)
—h(n3) + Be,
< nh(y16) —nh(axac + bxzg + n1) + nh(xag + n2) + nh(xzg + n3)

—nh(ny) — nh(n3) + 5¢,
= nl(xi6; y16) + nl(x26; yo6) + nl(x36; y36) + 5en,

(a): Fano's inequality, a> < 1 and b*> < 1
(b): Generalized form of worst-case noise result, a> + b? < 1

Srikrishna Bhashyam (IIT Madras) Sum capacity of many-to-one channels January 1, 2016 27 / 44



Proof of sum-rate optimality of Strategy M2 (1)

Want to show S < I(x16, %26 ¥v16) + 1 (X36; ¥36)-

(51 = X1+ aXo + 77/V1J

Y1 = X1 +aXo + bXs+ 244

X3 Q Y3=X3+ 23

® Show S < I(x16,X6; y16,516) + (x36: ¥36)
e E[N1Z1] = p, n > 0 chosen later
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Proof of sum-rate optimality of Strategy M2 (2)

nS < H(Wip, Wip, Wap) + H(W3, Was)
= (Wi, Wio, Wao; y7, s7) + H(Wa1 | y7, s7) + H(Waz2 | y7, s7,x7)
+ H(Waz |y7, s, x7, Wag) + I(Wis, Was; y3)+ H(Waslys)
+H(Wsslys, Wis)

< I(x{, x3; 7, s7) + H(Wi1 |y7) + H(Wi2 | y7)

+ H(Waz |s7, x1) +1(x3; y3) + H(Wizly3) + H(Wss]y3),
(a)
< I(x{,x3; y7, s7) + 1(x3; y3) + 5ne, (1)

(a): ”?<a?and B2 <1
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Proof of sum-rate optimality of Strategy M2 (3)

nS < I(x{,x3; y1, s1) + I(x3; y3) + 5ney
= I(x{,x3;s7)+ /(x],x3; y1 [ s7)+ /(x3; y3) + 5nen
= h(s7) — h(sy | x{,x3) + h(y7 |s7)
— h(y? |s1,x1,x3) + h(y3) — h(y3 | x3) + 5ne,
nh(si) — nh(nz1) + nh(yic | sic)
— h(bx3 + A7) + h(x3 +n3) — nh(n3) + 5ne,

IN

< nh(sig) — nh(n z1) + nh(yic | s16)
— nh(bxsg + f1) + nh(xzg + n3) — nh(n3) + 5ne,

= nl(xig,x6; 16, s16) + nl(x36; y3G) + 5nenp,
(b): b2 < 1—p?
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Proof of sum-rate optimality of Strategy M2 (4)

Choose
np=1+ b?Ps
to get
I(x16, %6 ; 16, s16) = l(x16, %6 ; y16)

Then, choose

,02 -1 b2
to get the final result
1+ b2 P3 2
1-b
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Back to the numerical result

7 = ;
1 0] ---A=0.5Dbits
| Strategy, ---A=1bit
6 M3
| 1
] )t
b
1
5r 1 i 7
i
Strategy|) ) ,
4 M2 : ) !
|
1
i
|
1
r
v

0 1 2 3 4 5 6 7
lal

OP1=P2:P3:0dB
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Gaussian K x K many-to-one XC
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Strategy M1 for the K x K many-to-one XC

(Wa) O———0 (]
mQ L0
m@ 1 @

K :
1 N (G
) CF O ()
Strategy M1 achieves sum capacity if Zszz hf <1 J
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Strategy M2 for the K x K many-to-one XC

) O——0 (i)

() O (e

Strategy M2 achieves sum capacity if

K K 12py2
1+> ", heP;

Ejh}<1andhiz( Z;(—z“)
e 1Y%, h?
J=2j#k j=2.j#k "j

v

Srikrishna Bhashyam (IIT Madras) Sum capacity of many-to-one channels January 1, 2016 35/ 44



Srikrishna Bhashyam (IIT Madras)

Gaussian K-user many-to-one IC

Sum capacity of many-to-one channels



K x K many-to-one IC

//I
//I
- v

I

i s 7
A ~
(>’—*—ﬁ—<,,, D (W
,’// :

-HW
@—@

Strategies Mlk for k =1,2,... K
@ Decode interference from transmitters 2 to k (for k > 2)

@ Treat interference from transmitters k -1 to K as noise
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Strategy MI2 for the 3 x 3 many-to-one IC (1)

W) O————O (i)

a

-
-
-
-

7 b
o 7
ld 7
2 W2
s 1
’
’
7’

(W) F——O ()

Achieved sum-rate

1 P 1 1
Rsyum = = | 1+ — 1+ P — 1+P
2og2< +b2P3+1>+2 og, (1 + 2)+2og2( + P3)
Required condition: a®> > 1+ P; + b?P;3 J
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Strategy MI2 for the 3 x 3 many-to-one IC (2)

Want to show S < I(x16; y16|x26) + 1 (x26; y26) + 1(x36; y36)-

Yi=Xi+aXo+bX3+ 244

b
; Q Yo=Xo+ 2

1
X3 O Y3=X3+ 273
y
o Need b < 1
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Summary of conditions for 3 x 3 many-to-one IC

Strategy Channel conditions
MI1 a?+bp<1
MTI2 (i) a> > 1+ Py + b?P3, b° <1

(ii) b221—|—P1—|-32P2, 3231
M1I3 (I) 8221—|—P1+b2p3, b221+P1
(i b>>1+ P +a°Py, > >1+ P
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Result for the 3 x 3 many-to-one IC

6
51
4
Strategy
Mi2
2 3F
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Summary

Many-to-one XC
@ Strategies where a subset of interfering signals are treated as noise
e Conditions for sum-rate optimality
@ 3 x 3 case
o K x K case

Many-to-one |C

@ Strategies Mlk and conditions for sum-rate optimality
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Summary

Many-to-one XC
@ Strategies where a subset of interfering signals are treated as noise
e Conditions for sum-rate optimality
@ 3 x 3 case
o K x K case

Many-to-one IC
@ Strategies Mlk and conditions for sum-rate optimality

Possible Extensions

@ More general topologies

Bounds using many-to-one results
Approximate sum-rate optimality
Recent results for strategy M1 (TIN) by Geng, Sun & Jafar 2014
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Thank you

http://www.ee.iitm.ac.in/~skrishna/
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