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Abstract— The optimality of separable encoding and decoding channel. Since the conditions for the strong channel ireclud
over parallel channels (fading states) for ergodic fading two- those for the very strong channel, in [13], the authors do not
user interference channels (IFCs) is studied using a one-sided explicitly distinguish between the very strong channel and

IFC as a model. For an ergodic fading one-sided IFC with non- . .
fading direct links and a fading cross-channel link, it is shown channel that is strong but not very strong. In this paper, we

that separability can be strictly suboptimal except for the cases argue that such a distinction is essential and to this erssifya
where all the parallel channels are of the same type, i.e., all of them as two mutually exclusive channels referred tetamg

them are either strong but not very strong or very strong channels. put not very strong andvery strong. Using this distinction, we
A recent result on the sum-capacities of the classes of ergodlcShOW that the results in [13] are tight only if the parallehoh

strong and very strong IFCs is used to show that encoding and -
decoding jointly over all parallel channels is optimal when either nels are all either strong but not very strong or all veryragro

the strong or very strong interference conditions hold on averag 1N [14], Sunget al. present an achievable scheme for a class of
over all channels. one-sided parallel Gaussian IFCs, where in each indepénden
parallel channel, the interference is either viewed asenors
completely decoded depending on whether the cross-channel
The two-user interference channel (IFC) is a network witjain models a weak or strong (includes very strong) one-
two sources (senders or transmitters) and two destinati®ided IFC, respectively. Further, they also present the-isien
(receivers) where each source transmits to its intended desaximizing power policies for this achievable scheme with
tination. Determining the capacity region of both the disndependent encoding and decoding in each parallel channel
crete memoryless (d.m.) and the Gaussian IFC remain opathile [14] suggests that separability is optimal, i.e., sum-
problems; however, for certain classes of time-invari&@d capacity-achieving for the one-sided parallel IFC, here we
satisfying specific well-defined constraints the capa@tion prove otherwise. More recently in [15] the conditions foe th
is known. Specifically, the capacity region is known for thelasses of ergodic strong and ergodic very strong IFCs are
class of strong Gaussian IFCs [1], [2], [3] and for the clastefined and their sum-capacity is shown to be achieved by the
of strong d.m. IFCs [4]. Note that the class of strong IFCsum-capacity of the compound multiaccess channel thaltsesu
includes the sub-class of very strong IFCs. For a specighen both receivers decode messages from both transmitters
class of one-sided IFCs where only one of the two crosshus, in contrast to the model in [13], [15] studies the case
channel links from the transmitters to the unintended wetsi where the channel is strong or very strong when averaged over
is non-zero, the sum-capacity is known for the cases alfl fading states. More recently, [16] develops the sumacip
both strong and weak interference [5]. Recently, the surand optimal power policies for a class of parallel two-sided
capacity of a class of noisy or very weak Gaussian IFCGmisy IFCs under the requirement of independent encoding
has been determined independently in [6], [7], and [8]. Thend decoding in each parallel channel.
sum-capacity for a class of mixed IFCs is developed in [7],
[9]. Outer bounds for the IFC are developed in [10], [11] In this paper, we study an ergodic fading one-sided IFC
while several achievable rate regions for the Gaussian Im@th non-fading direct links and present achievable styiate
are studied in [12]. and, where possible, the sum-capacity achieving schemes by
dissecting the problem into three mutually exclusive catle
Relatively fewer results are known for parallel or fadinghree cases correspond to channels where the cross-limgfad
IFCs. In [13], the authors develop the sum-capacity of asclastates (parallel channels) are a) all weak, b) a mixturerohgt
of parallel Gaussian IFCs where each parallel channelasgtr but not very strong and very strong, and c¢) a mixture of all
using independent encoding and decoding in each paratlalee, i.e., weak, strong but not very strong, and very gtron
Using the sum-capacity results from [15], we show that,kenli
OThis research is supported in part by the Nation_al Scienamd’ati(_)n the point-to-point, the multiaccess, and the broadcasm(wt
under Grants ANI-03-38807 and CNS-06-25637 and in part bgllaviship . . :
from the Princeton University Council on Science and Tebtbgyw This common message) channels, the ergodic fading One'S'deq IFC
research was conducted when E. Erkip was visiting Princtliversity. does not always simplify to a collection of parallel IFCswit

I. INTRODUCTION



N transmissions are constrained in power according to
S W - X,

DI Xeal* <nPr, k=1,2 €)

=1
where X ; denotes the transmitted signal from sourke
in the i** channel use. Since the sources know the fading
states of the links on which they transmit, they can allocate
their transmitted signal power according to the channdésta
information. We writeP,(H) to denote the power allocated
S W, - X > D,: at the k' transmitter as a function of the channel statés

H,,=1 For an ergodic fading channel, (3) then simplifies to

E[Py(H)] < Pg, k=1,2 4)

NE)

Fig. 1. A one-sided interference channel.
where the expectation in (4) is over the distribution /&t
We write P (H) to denote a vector of power allocations with
entries P, (H), for all k, and defineP to be the set of all

independent encoding and decoding; in fact, with the exoept |§1H) whose entries satisfy (4).

of a few cases we show that encoding and decoding separax%
over each parallel channel is strictly sub-optimal. Regent . . . i
in [17], Cadambe and Jafar demonstrate the inseparabilziithS]ee i?g;crléy Orfeg;(:ﬁsict: (;)ff rztﬂﬁbﬁgr le:(; éicie?l'?:td

H 1 _ 1 2
22lZi:i?/IéeL;gﬁﬁgelrggczscgaggjrllst et:sg(%ri ;lhge%l: es e;um JQ% destinations can decode their intended messages with an
interference alignment schemes to show that separaba'iityair 't?”l‘}/ j_maIIIF%osmve erlic;r prob_a b_lllty;{hFor a od;e-sged
not optimal for fading IFCs with three or more users Whilgr%(.) Kt: ta 'Zg h ,w};e S%e oEnaX|m|ze € sum-rafer 12
leaving open the question for the two-user fading IFC. Is th?42/€Ct 1 (4) wheré Ry, y) € Circ.
paper, we address this question using the ergodic fading one,

sided IEC as an illustrative model. In general, the cross-channel fading paraméidn (1) can

take any value in the rangé, o). To demonstrate the range
of H for which separability holds, we consider the following

The paper is organized as follows. In Section Il, we presefiree mutually exclusive cases separately:
the ergodic fading one-sided IFC model. In Section Ill, we 1) Strong caseH € [1, o)

present achievable strategies and where possible sunsigapa 2) Weak caseH € [0,1)
results for the three cases described above. We presenr-nume3) General (mixed) éasd{ € [0, 00).

ical results in Section IV and conclude in Section V. Studying the three cases separately, for the strong case we

show that separability is optimal only if every parallel ohal
is of the same type, i.e., either strong but not very strong or

A two-sender (also called two-user) two-receiver Gaussi¥AY Strong. Note that we refer to the first case as strong in

one-sided IFC consists of two source (user) nofieand S, keeping with existing literature since it encompasses e t
and two destination nodeB; and D, as shown in Fig. 1. mutually exclusive cases afrong interference. For the general

SourceS,,, k = 1,2, uses the channel times to transmit its C2S€ We present a counter-example to illustrate the strlt
messages;, distributed uniformly in the sef1, 2, ..., 25}, optimality of separability. Finally, we briefly discuss theak
to its intended receiverDy, at a rateRy, = Bj,/n bits per CaSe: We remark that a more general model for the one-sided

channel use. In each use of the chanr®l, transmits the fading Gaussian IFC includes fading on all links such that

II. CHANNEL MODEL

signal X, while the destinationd); and D, receiveY; and Yy = Hi 1 Xy + Hy 2 Xo + 74 (5)
Y,, respectively, such that ’ ’
2 p y Yo =Hy X0+ 7o (6)
Yi=X1+HXo+ Z4 (1) whereHy ,, for all k,m, are realizations of a jointly stationary
Yy = Xo + Zo (2) and ergodic process. For ease of analysis and illustration,

throughout the sequel we focus on the model in (1) and
where Z; and Z, are independent circularly symmetric com{2). The analysis presented here can be generalized in a
plex Gaussian noise random variables with zero means atrhightforward manner to the model in (5) and (6).
unit variances and the cross-channel gdiims a realization for
a given channel use of a stationary and ergodic (not nedlgssar For ease of notation, we henceforth omit the functional
Gaussian) fading process. We assume that the fadin dependence aP on H. We write random variables (e.gl, ;)
is known instantaneously at all transmitters and receivewsith uppercase letters and their realizations (é.g,) with
We also assume that over uses of the channel, the sourcehe corresponding lowercase letters. We wite= {1,2} to



The conditions in (7) and (8) also apply for the strong but
not very strong and very strong d.m. IFC (for a constant
R +R,  H), respectively [4]. For the non-fading one-sided IFC, the
conditions in (7) and (8) simplify to just one condition faadh
type as now the capacity region is simply the intersectioa of
pentagon and a line as shown by the two possible intersaction
in Fig 2. The first intersection in the figure corresponds to a
very strong one-sided IFC while the second corresponds to a
» Strong but not very strong one-sided IFC. From (7) and (8) we

Very Strong Cas R Strong Cas R thus obtain the conditions for the strong but not very strong
- channel as
Fig. 2. Intersection of the ergodic rate planes for the twerwery strong
and strong one-sided IFCs. I(Xo; V1| X1 H) > I(Xo; Yo | X1 H) > I(Xo; Y3[H) 9)

and that for the very strong channel as

denote the set of transmitters, the notatiofx) = log(1+ ) I(X2;Y1|H) > 1(Xo; Yo| X1 H) = I(Xo; Yo|H).  (10)

where the logarithm is to the base 2, apd™ = max(z,0). . ,

Throughout the sequel, we use the terms fading state and papally, we obtain a class of weak one-sided IFCs when the

allel channel interchangeably. Finally, throughout thques, conditions in both (9) and (10) are not satisfied.

we write IFC to denote the general two-sided channel and,

in keeping with the common use, we write a strong IFC to For the ergodic IFC, in [15, Theorems 2 and 3] it is shown

denote a channel that is either strong but not very strong tbat, for a given channel statistics, an ergodic strong lotit n

very strong. very strong and very strong IFCs result when the sum-capacit

optimal power policyP* satisfies the conditions in (7) and

[Il. ERGODIC SUM-CAPACITY (8), respectively. As expected, the sum-capacity in botiesa

We consider each of the three cases detailed in SectiorfSi2chieved by decoding both user messages at both receivers

separately. In each case, we also present the sum-rateabptiWe note that for the ergodic case, the conditioning on the

power policies at the two transmitters for the achievabfd'2nneél state implies that the inequalities in (7) and (81 ho
scheme considered when averaged over all fading states, i.e., not every fading

state needs to be of the same type.
A. Srong Case: H € [1,0)

We begin by reviewing the known capacity results for Finally, [15, Theorem 2] aI;so shqws that for the grgodic very
both two-sided and one-sided non-fading IFCs. The capaciyfond IFC, the sum-capacity optimal power policy requires
region of the d.m. and non-fading (fixell,.. for all k,m eagh user to waterfill on its direct link tp its intended desti
denoted by a matrixH) Gaussian (two-sided) IEC undernation. On the other_ hand, f_or tr_le ergodic strong bu_t not very
strong interference conditions is known and is given by trf&rong IFC, the optimal policy in [15, Theorem 3] involves
intersection of the two multiaccess regions that resutgnfr OPPOrtunistically scheduling the users to maximize theltema
decoding both transmitter messages at both receivers. Fd?f4h€ two sum-capacities achieved at the two receivers when
non-fading Gaussian IFC in standard forfy,(; = Ho» = 1), both bounds in (7) are strict inequalities. Eor thd)gqnda_ry
the conditions for the strong and very strong interfererases €SS Where one of the two lower bound inequalities in (7)
simplify to (Hiz > 1, Hyy > 1) and (Hyo > 1+ Py, is satlsfled_ w|th equality, the solution takes an opp_ormms
Hyy > 1+ P,), respectively. Note that the conditions abov80n-waterfilling form. These results can be apply directly t
for a strong IFC subsume those for the very strong. Thef¥ one-sided ergodic fading IFC by setting one of the cross-
two cases can be made mutually exclusive by writing tHff'annel gains to zero.
conditions for the strong but not very strong Gaussian IFC
as(l1< Hy 2 <1+ P,, 1< Hy; <1+ Pp).Ingeneral, the For the ergodic channel with/ > 1 for all fading instanti-
conditions for the strong but not very strong are ations, in every fading state we obtain either a strong but no

very strong or a very strong one-sided IFC. Thus, by definjtio
[(Xo; Y1 | X1 H) > I(X5; Yo X, H) > [(X;Y1[H) the channel is either strong but not very strong or very stron
I(Xy; Yo Xo H) > I(Xy; V1| XoH) 2 I(X0; Yo H) on average. Without loss of generality, we assuinparallel
fading states and writg; to denote thd*” channel state and
P}, to denote the optimal power policy at thé” user in
I(X9; Y1 H) > I(X2; Ya| X1 H) ®) the I*" parallel channel (fading state) such ti®t € P. The
I(X2; Y1 H) > I(X;1; 1| XoH). sum-capacity from [15, Theorems 2 and 3] for the ergodic

()

while those for the very strong are



one-sided IFC withH > 1 is then given as Based on the observations for the two kinds of strong cases

I . 2 . above, we conjecture that separability will be optimal fust
min 2l mC (Pl,l + [l P2,l)’ (11) case. Our conjecture is based on the analogy to the strong
Zlepl {C (sz) +C (p;l>} case where separability is optimal when all fading states ar

) N ) ) ~of the same type. Similarly, for the weak case, since the same
where the first term of the minimum in (11) is the sum-capacifrategy of ignoring the interference achieves the sunacip

of the ergodic strong one-sided IFC while the second termyis; each parallel channel it may also achieve the sum-cgpaci
the sum-capacity of the ergodic very strong one-sided IRC agyer all parallel channels.

P* is the capacity achieving power policy. While the details
of the proofs for the two cases can be found in [15, Theorer@s General Case: H € [0, c0)

2 and 3], we present a simple geometric argument for (11)\ye oy consider the case where the fading state is arbitrary,
below. From Fig. 2 and the conditions in (9), for the ergodiCy 'some of the channels can be weak while others can be one
s_trqng but not very strong case, the grgod|c sum-capacityqisipe two mutually exclusive strong types. Thus, for thisea
limited by the MAC sum-capacity ab, if the fading channel can be characterized on average as either

L L |th2 Py, an ergodic weak or an ergodic strong but not very strong or
> mC(Psy) > pC v (12)  an ergodic very strong channel.
=1 =1 1,1

On the other hand, for the very strong ergodic one-sided IFC,An achievable scheme for the ergodic one-sided IFC is

(10) simplifies to requiring obtained by assuming independent encoding and decoding for

L \thQ Py, L each fading state (see [14]). The resulting sum-rate isngive
2, *

> nC <1 — ) > pC(Py). (13) as i
=1 Ll =1

Combining (12) and (13), we obtain the expression in (11) for ?2%‘; Ci (he) (17

the sum-capacity of the two mutually exclusive ergodicrsgro B

one-sided IFCs. whereC; (h;) is the sum-capacity achieved in tfé parallel

channel (fading state), for all and is defined uniquely for
Consider the achievable scheme with independent encodihg three regimes, weal; < 1), strong but not very strong
and decoding in each parallel channel as considered in [18].< h; <1+ P»;), and very strongh; > 1+ P»,), as
Since each channel state is either strong but not very ststong
very strong, the maximum sum-rate in each parallel channel C ﬁ) +C(Py) 0 <1

is @ minimum of the bounds for the two cases. The maximum (p;) = c(p,+ |th2 P, l) 1<h <1+P,
sum-rate is then given as ’ ’ - ’
) ’ € (PL) +C (Poy) Wzt R
. 2
gggzpl T (O (PU + [l PQJ) C(P)+C (PQJ)) * We now present an example of a two-state ergodic one-sided
=1 (14) IFC for which separability is strictly sub-optimal. Our joifo

Comparing (11) and (14), we see that separable encoding hipges on the fact that the ergodic one-sided IFC can be a
decoding is optimal only if all parallel channels are of on8tfong but not very strong or a very strong channel on average

type, i.e., all of them are either strong but not very strong V€N if this requirement does not hold for every fading state

very strong.
Consider a two-state one-sided IFC with statges< 1 and
B. Weak Case: H € [0,1) hs > 1 that occur with probabilitieg; > 0 andp, = 1 — py,

Next, we consider the case where every fading state risspectively. The sum-rate achieved when the transmiteals
strictly less than 1. In [5, Theorem 1], Costa shows that theceivers independently encode and decode for each state is
sum-capacity of a time-invariant Gaussian one-sided IRids obtained from (17) as
same as that of an equivalent degraded Gaussian IFC. Further

this sum-capacity is achieved when the interfered recever p1C (Po1) +piC (m}fﬁ)

ignores the interference from,. Under the assumption of max _ { c(Py+ |h2|2P2 2) } (19)
independent encoding and decoding in each parallel fading £€7 | +p2min ' v

channel, the maximum achievable sum-rate is bounded by C(Pi2) +C(Pop2)

L p where Py, ; is the power allocated by usér to the state
maprl [C <”2> +C (Pay) (15) ! subject to (4). Suppose the sum-capacity optimal power
= L+ (] Py policy for this one-sided IFC satisfies the ergodic veryragro
L B condition in (10). Recall that the optimal power policy for
s.t. ZplPk.(H) < Py, for all k. (16) the ergodic very strong IFC has each user water-filling over
=1 the fading link to its intended receiver. Since these links a




non-fading for the model considered here, the optimal golic
simplifies to P} (h;) = Py, for k,1=1,2. 2 ,‘é Separability| Separability| Separability
'E ED Optimal? sub-optima | sub-optima

_Using the results in [15], since the optimal polity (h;) = ©w A

Py, for all k, 1, for the very strong ergodic IFC satisfies (10),

and the direct links are non-fading, the sum-capacity fig th g

channel is given as S Separability | Separability | Separability

_ _ £ | Optimal? optimal optimal

C(P1) +C(Ps). (20) o

Comparing (19) with (20), we make the following observa-
tions. Let P’ denote the optimal policy maximizing (19).
Since the channel is very strong on average Anc< 1, the
fading stateh, must be very strong for the optimal allocation,
and thus, the maximum achievable sum-rate with independentig- 3. Optimality of separation for ergodic two-user ongesi IFCs.
encoding and decoding is

Weak IFC Strong but not
very strong IF(

V. Strong
IFC

PI
piC (Ps,) +piC (m) . 1) IV. ILLUSTRATION OF RESULTS
+p20(P1’,2) +p2C (Pg’}g) We illustrate the results developed in Section Ill using a

ne-sided IFC with two states. We first consider an example
"a ergodic very strong one-sided IFC with = 1.25 and
he = 1.75. In Fig. 4, for different values of the probability,
(22) P of the stateh; such thatPr (@) = p2 = 1 —p1, we show
that the range of average powdrs = P, = P satisfying the
(23)  very strong condition in (10) can be a non-zero set. Furteer,

. . : shown in Fig. 4, as the probabilify, of the stronger staté,,
where (23) follows from applying Jensen’s inequality and th . :
equality in (22) holds only if eithet, = 0 or if P, = Increases, the region of power values for which the veryngtro

0. For the trivial case of 0, the channel simplifies to condition is satisfied increases. This can be explainedgusin
. 1 = y . . . .
a non-fading very strong channel for which the question ng' 2 where we see that satisfying the ergodic very strong

%ondition requires the cross-channel gain to be strong (and
separability is irrelevant. On the other hand, #8f, = 0, g 9 g (

. L . . fr nt) enough th rachiev larger r ven
the inequality in (23) is strict. Thus, we see that the sum—eque ) enough that userachieves a larger rate al, eve

i hieved by ind dentl di 4 decodi in the presence of interference from udethan it does atD,
rate achieved by independently enhcoding and decoding Oy&hy, o apsence of interference. Thus, as the probabilithef t
the two fading channels is strictly sub-optimal compared

) o . . r%latively stronger stat@, increases, the set of power values
the rate achieved by Jomtly_ encoding and decgdmg over t?gr which the very strong condition is satisfied on average al
two states when the ergodic very strong condition in (10) bs

tisfied TOWS.
satshed. In Fig. 5 we plot the power region where the very strong

condition in (10) satisfied for the one-sided IFC with= 0.5
One can use similar arguments to show that separabilityggd 1, = 1.5, i.e., one of the two states is weak. Here again,
strictly sub-optimal for an ergodic strong one-sided IF@!N e see that as the probabilipy of the weak state increases,
that an ergodic strong one-sided IFC can result from eithekife feasible power region grows smaller until for > 0.6,
mixture of the two kinds of strong channels or from a mixturgye region is no longer non-zero.
of weak, strong but not very strong, and very strong channelsin Fig. 6, for the two ergodic very strong channels described
such that the optimal policy’* satisfies the conditions for the gpove, we plot the sum-rate achieved by encoding and de-
strong but not very strong case in (10). coding the parallel channels separately as a function of the
probability, p, of the stateh; whereh; < hs. Further, Fig.
Finally, the ergodic weak one-sided IFC by definition resul6 also includes the sum-capacity plots for each of the cases
from an appropriate mixture of weak, strong but not versgchieved by jointly decoding over channel states such that
strong, and very strong channels such that conditions ih bdD; decodes the messages from both users. In both cases, the
(9) and (10) are not satisfied. Since the optimal sum-capaciium-capacity achieving policy requires water-filling ovbe
achieving scheme for this channel remains open, it is natks from each user to its intended destination, and thus fo
known yet whether separability is optimal for this chan@gir the model considered, simplifies #, (H) = P, (H) = P
observations are summarized in Fig. 3 where we wiiiorm for H = hy, ho. On the other hand, the sum-rate maximizing
to denote the case where every channel is of the same tyjpdicy for the separable case is obtained by maximizing the
andergodic to denote a mixture of different types of parallebxpression in (14) wheh; > 1 and that in (19) forh; < 1
IFCs. over all feasible power policies.

Let f denote the weighted sum of capacity expressions in (2
We then have

f< f|\h,1|21>2',1:0
<C(P)+C (Py)
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Average user 1 power Py = P

_ ) ) ) . Fig. 6. Plots of the sum-rate achieved by separable codingnses and the
Fig. 4. Feasible power regions for an ergodic very strongsided IFC  grgodic sum-capacity for three ergodic very strong channels
with (hl7 h2) = (1.25, 1.75).

14 ‘ ‘ ‘ ‘ ‘ ‘ ‘ decoding are minimal. On the other hand, in Fig. 6, we also see
h, =05 that the gains from joint decoding are not negligible when th
12f h,=15 | channel gains are distinctly different as in the third exemp
¢ where (h1, he) = (1.25,2.75). Note that in both examples
1k 1 the gains are the largest for channel statistics where toe tw
‘ states are more or less equally likely and taper off at the
08y 1 extreme points where one state significantly dominates the
Pa=P o p,-005 other. Finally, Fig. 6 also indicates that the gains fromnfoi
0.6 i p =01 |] decoding are significant in example 2 when the weak channel
E _______ p,=0.25 state occurs relatively infrequently, i.e., fBr (hy = 0.5) <
04y ! —%—p, =04 i 0.25.
0.24 i TR P05 . . . .
oo &l i e p,-06 We remark that typical multicarrier or fading channels
obt . . B | involve more than two parallel channels. In wireless envi-
0 0.2 0.4 0.6 o8 1 1.2 L4 ronments where the range of channel gains are markedly

Average user 1 power Py = P

different, joint encoding and decoding may achieve larger
Fig. 5. Feasible power regions for an ergodic very strongwided IFc 9ains relative to the separable approach when the parallel
with (h1, h2) = (0.5,1.5). channels on average satisfy the strong but not very strong or
the very strong interference conditions.

V. CONCLUDING REMARKS

In Fig. 6, for each choice of;, the average poweP; = Using a one-sided ergodic interference channel as a model,
P, = P is chosen as the largest value for which the ergodiis this paper we have shown that encoding and decoding in-
very strong condition holds. Thus, for example, far= 1.25, dependently over parallel channels can be strictly subvaht
ho = 1.75, and p; = 0.05, we chooseP = 1.97 (see for the two-user ergodic IFC. We have used recent results on
Fig. 4). In addition to the above two example channels, the sum-capacity of the class of ergodic strong but not very
Fig. 6 we also consider an ergodic very strong IFC withtrong and very strong IFCs to show that an ergodic one-sided
hy = 1.25, ho = 2.75. In contrast to the first example,IFC is on average either weak, or strong but not very strong,
this channel has a larger difference between the two statesyery strong with the cases where every parallel channel is
though in both cases each individual parallel channel angtr of the same type being appropriately subsumed into one of
The three examples demonstrate how the difference in suthese three mutually exclusive cases. We have further shown
rates achieved by the optimal joint decoding scheme and tihat for the ergodic strong but not very strong and the ergodi
separation-based scheme depends on both the channel stags strong channels, separability is optimal only when the
and their statistics. Thus, for the first example with an diggo ergodic condition results from the same condition holding t
very strong channel where the two states = 1.25 and for every parallel channel, i.e., every parallel channeifithe
ho = 1.75 are not significantly different, the gains from jointsame type.
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ergodlc Strong Channels comes from the fact that for a non- Gaussian interference Channels,” Nov. 2008, in PIBEE GIObeCOm,
New Orleans, LA, Nov.-Dec., 2008, to appear.

fadin_g IFQ' diﬁere.nt enching and deCOd_ing approaCheS "1‘{?] V. Cadambe and S. A. Jafar, “Multiple access outerbouand the
required in the different interference regimes; furthemrre inseparability of parallel interference channels,” Feb0g preprint
when the encoding approach is the same as is the case for available at http:/arxiv.org/abs/0802.2125.

h f h | h . I[lig C. Sung, K. Lui, K. Shum, and H. So, “Sum capacity of ordesi
the two types of strong channels, the sum-capacity requires el Gaussian interference channel€EE Trans. Inform. Theory,

taking a minimum over the capacity expressions for these vol. 54, no. 1, pp. 468472, Jan. 2008.
two mutually exclusive types. Using this and the fact that fo
certain classes of ergodic fading IFCs a single coding sehem
achieves the ergodic (fading averaged) sum-capacity, we ha
shown that joint encoding and decoding it is optimal refativ
to the approach of using the optimal encoding and decoding
scheme for each channel independently. Using prior work on
the sum-capacity of the two classes of ergodic strong IFCs,
we have shown that separability is, in general, sub-optforal
these two classes of fading one-sided IFCs. This observatio
also holds for the two-sided ergodic strong and very strong
IFCs. Finally, a natural extension to this work is to verify
whether separability is optimal for the ergodic weak channe
including the uniformly weak ergodic IFC.
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