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Abstract—We consider the interference channel in which w X1 (Wp) Y1 4""1,

ENCODER 1

messages sent at one encoder are known to the other encoder, PECODER L

but not vice versa. Such channel model allows for unidirectinal
node cooperation: the encoder that knows both messages can
exploit that information to improve the achievable rates. We
derive conditions under which the capacity region of this clannel

p(y1,y2|x1,x2)

coincides with the capacity region of the channel in which

both messages are decoded at both receivers. We compare the Xy (W, W)

obtained conditions with the strong interference conditims in the 2| encoper2
interference channel with independent messages, as well iasthe

interference channel with both private and common messages
Fig. 1. Interference channel with unidirectional cooperat

I. INTRODUCTION

A discrete memoryless interference channel [1] consists
of two input alphabetsY;, X,, two output alphabetd;, Vs I(X2; Y| X1) < I(X2; Y1|X4) (2)
and the conditional probability distributiop(ys, y2|z1, 22). o . i
This channel model assumes that the two channel inputs‘{%%a" product distributions on the inpuf, andX». The ca

independent. precluding anv form of cooperation between acity region in this case coincides with the capacity regib
indep » preciuding any perat W e two-sender, two-receiver channel in which both message

codgrs. However, cooperation among encod_ers can |mpre\_/eélpe decoded at both receivers, as determined by Ahlswedle [11
achievable rates. For a Gaussian network with two transrgitt In this paper, we derive conditions equivalent to (1)-(2)

and two receivers, improvements in the achievable rates due . . ; :
) . under which there is no penalty in decoding both messages at
to node cooperation were shown in [2]—[6].

i . . both decoders in the interference channel with unidireetio
In a discrete memoryless channel, a problem in whic . . -
encoders partially cooperate was proposed by Willems for_cooperauon. we compare the o_btam_ed conditions to thegtro
: ... interference conditions determined in [10] and [12].

multiple access channel (MAC) [7]. To model the transmitter
cooperation, two communication links with finite capaatie
are introduced between the two encoders. When cooperating
over links with finite capacities, encoders obtain partial i We consider a memoryless interference channel [1] that con-
formation about each other’'s messages. This informationsists of finite setst:, A5, V1, V> and a conditional probability
referred to as acommon message as it is known to bothdistributionp(y:, y2|z1, x2). Symbols(zy, z2) € X1 x X are
encoders after cooperation. In addition, each encoderstilll channel inputs andy:,y2) € )1 x )» are the corresponding
have independent information referred to giaate message, channel outputs. Each encodert = 1,2, wishes to send a
unknown to the other encoder. messagdV; € {1,..., M,} to decoder in N channel uses.

In this paper, we consider the interference channel indexesV; andiV;, are independently generated. It is assumed
which full information about messages sent at one encodBAt messagéV; is also known at encode?, thus allowing
is available to the other encoder, but not vice versa. Sufi unidirectional cooperation. The channel is memorybrss
channel model allows the encoder that knows both messagjge-invariant in the sense that
to exploit that information to improve the achievable rafdse I R
achievable rates for this channel model have been detedmin@(¥1.n: Y2, /X1: X3, ¥1 ™, ¥2 ") = (Y10, Y2.0|21,0, T2:0)
in [8]. The communication system is shown in Figure 1. (3)
Without cooperation, this channel reduces to the intenfege Were xi' = [z1, .., @ia]. Here we follow the con-

channel [1], [9] for which the capacity region is known in thé(ention of dropping subscripts of probability distributi if
case ofstrong interference [10] satisfying the arguments of the distributions are lower case versiéns o

the corresponding random variables. To simplify notativa,
I1(X1; 1| Xe) < I(X3; Y2 X2) (1) drop the superscript whem = N.

II. CHANNEL MODEL



An (M, M», N, P,) code for the channel consists of twoassumes two receivers. When each receiver wishes to decode
encoding functions generating codewords both private and common messages, the resulting channel be-
comes a compound MAC with common information. We wish
x1 = f1(Wh) ) {0 determine the conditions under which the capacity region
Xo = fo(W1, W) (5) of the interference channel with unidirectional cooperati
coincides with the capacity region of the compound MAC with

two decoding functions common information, denote@mac, and given by [14]

Wy =gi(Ye) t=1,2 6 Cemac = U{(an 1 RY)
and a maximum error probability R} <minI(X1;Y:| X2, U)
i t b )
Pe :maX{Pe,lape,Q} (7) R/g SmtlnI(XQ,}/Xm,U)
where, fort = 1,2 R + R, gmtinI(Xth;YtlU)
1
Pe,t = Z WP [gt(Yt) 75 (wt)|(w1,w2) Senl. (8) R6 + Rll + RI2 < IntlnI Xl,XQ;}/t)} (13)

(wll"MQ) . ) ) _ where the union is over ap(u, z1, z2, y1,y2) that factor as
A rate pair(R1, R») is achievable if, for any > 0, there is p(w)p(z1|uw)p(z2w)p(yr, yo| 71, T2).
an (My, Ma, N, P.) code such that For the interference channel with unidirectional coogenat

P.<eandM, >2NBi ;=12 encoder2 knows the entire messagéi, and thus we view
- - ’ R, as the common raté®, = R;. For the same reason, user
The capacity region of thmterference channel with unidirec- 1 in the compound MAC has private message rRfe= 0.
tional cooperation is the closure of the set of all achievablene can choos& = X, and the region (13) becomes
rate pairs(R1, Rs).
The next theorem is the main result of this paper. It gives Cuac = U{(RlvRQ) :

conditions under which the capacity region coincides wliih t Ry < minI(Xs; Y| X7)
capacity region of the channel in which both messages are t
required at both receivers. Ry + Ry < min [(Xy, Xo; Yt)} (14)

Theorem 1: For an interference channel (X; X

Xo, p(y1, yalr, @), V1 x V) with unidirectional cooperation where the union is over all(z1, z2, y1, y2). When conditions

(9)-(10) are satisfied, region (14) reduces to region (12)-(

satisfying in Theorem 1. Consider next the strong interference channel
I(X9; V2| X1) < I(X2; Y1 X1) (9) with unidirectional cooperation. The achievability of tretes
I(X1, X2: Y1) < I(X1, X2 Y2) (10) of Theorem 1 in the case in which both messages are required

S - ~at the receivers guarantees that these rates are also ethiev
for all joint input distributions onX; and X, the capacity when a weaker constraint of decoding of a single message

regionC is given by is imposed at the receivers. Hence the proof of achievabilit
c_ R - in Theorem 1 is immediate. We next prove the converse and
- U{( 1, ) determine the strong interference conditions.
Ry < I(X5;Y2|X1) (11) IV. CONVERSE STRONG INTEFERENCECONDITIONS
Ri + Ry < I(Xy, Xo; Yl)} (12) Consider a codéM,, M, N, P,) for the interference chan-
nel with unidirectional cooperation. Applying Fano’s inedq

where the union is over joint distributiongz, z2, y1, y2). ity results in

In the following section, we discuss how the achievability o

of the C rate region follows from the compound MAC with H(Wi[Y1) < Peylog(My — 1) + h(Pe1) = Néyn,  (15)
common information. In Section IV, we show the converse to H(W5|Y3) < P.olog(My — 1) + h(P.p) 2 Né2 . (16)

complete the proof of Theorem 1. whered; y — 0 as P,; — 0 (or asP. — 0). For notational

[1l. ACHIEVABILITY : THE COMPOUND MAC WITH convenience, we definky £ 6, y +d2,x andR, = Ry + Ry.
COMMON INFORMATION We now derive thek, bound (12) for receivet = 1.
The encoder cooperation results in a common messa é:rom independence 6¥, and V> and the Fano’s inequal-

known to both encoders, in addition to the private messagé%:’.‘S (15) and (16), we have

The capacity region of the interference channel with encode  NR, = H(W1) + H(W|Wh) a7
cocigeration is :]hen cllqselyhrlelr?te(_j tci the ((:japacity regfdhe = I(W1; Y1) + I(Wa; Yo |W1)

multi-access channel in which private and common messages v v

are transmitted, refered to as the MAC with common infor- + HWY) + H(Wa|Y2, W) (18)
mation [13]. Unlike the MAC, the interference channel model ST(Wi; Y0) + I(Wa; Yo [ W) + Noy. (19)



With the assumption that (4) defin@§; as a deterministic hold, wherep is a correlation coefficient forX;, X, and
one-to-one function of¥, it follows that a = /Py / P», the capacity region of the Gaussian interference
channel with unidirectional cooperation is given by

NRSSI(Wl,Xl;Yl)+I(X2;Y2|Wl)+N6N (20)
< I(W1,X1; Y1) + I(Xa; Yo X1, Wh) + Néy. (21) €= J{(R1, Ra) :
P
Therefore, if the condition Ry <C((1- p2)p2) (33)
I(X2; Yo Xy, W) < I(Xo; Y| Xy, W) (22) Ri+ Ry < C( Py +h3,Py+2p\/h3, PPy ) }.(34)
holds, then it follows from (21) that One can show that satisfying conditions (31)-(32) for all

possible values op is more demanding than the conditions
NRs < I(W1, X33 Y1) 4+ I(X2; Y1[|X1, W1) + Non  (23)  (1)-(2) which in Gaussian case reduceite > 1,hi > 1.

=1(X1,X2; Y1)+ Niy (24) still, we observe there will always be some set of values
N ha1, h12 that satisfy conditions (31)-(32), except whEn= 0.
< Z I(X 1y, Xon; Y1n) + Néy. (25) ForP; =0, the channel reduces to the broadcast channel from
n=1 encoder. As the channel is degraded, there can be no strong
And therefore, we obtain the sum-rate outer bound (12). péHerference conditions.
letter conditions follow from next Lemma. VI. FUTURE WORK

Lemma 1 If per-letter conditions It would be interesting to investigate if there are weaker

I(Xa; Ya|X1) < I(X2; V1| X1) (26) strong interference conditions for the considered channel
N The strong interference conditions for more general chlanne
are satisfied for joint distributiong(z1, z2), then models with cooperation are still an open problem.
I(XQ;Y2|X1,W1) < I(XQ;Y1|X1,W1). (27) REFERENCES
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