Interference Forwarding in Multiuser Networks
Ron Dabora, Ivana Marić and Andrea Goldsmith
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Abstract—We study communication in networks with multiple
source-destination pairs and relays. In such networks, the channel
output at any destination receiver consists of both the desired
signal and interference. In this setting the relay can help forward
the desired message of a user to the destination receiver, or
help forward interference to a receiver to improve its ability to
cancel the interference. Focusing on the impact of interference
forwarding, we define a new relay-interferer channel (RIC)
model, which serves as the basic building block for the study
of interference in multiuser networks. Using the RIC we show
that correlation between the codebooks of the relay and the
interferer (e.g. superposition codebooks) is essential for obtaining
performance benefits from interference forwarding. We conclude
that in order to achieve rate gains from relaying interference
using the decode-and-forward strategy, a superposition codebook
is required. Otherwise, this relay strategy has the same rate as
interference cancellation at the receiver. We also conclude that
compress-and-forward is not useful for forwarding interference
and has no better performance than just treating interference as
noise at the decoder.

I. I NTRODUCTION
Networks with multiple source-destination pairs have multiple possible relaying strategies, since the relay can facilitate
communication between any or all of these pairs. However,
relaying to assist a given source-destination pair may cause
interference to other pairs. In this work we study two aspects of
communication in networks with multiple source-destination
pairs (MSDP) and a relay: relaying interference and interference cancellation at the receivers. Relaying in MSDP networks
is fundamentally different from the classic relay scenario:
while in the classic relay scenario the signal received at the
destination consists of the information signal and noise, in
MSDP networks, the signal received at any destination also
contains interference. Here, we define interference as a signal
that is selected from a codebook known to all receivers, but
carries information intended only for one receiver. Interference
differs from noise in that it has a structure that can be utilized
by the decoder to help mitigate it. In addition, interference
differs from channel states in that the size of the interferer
codebook is exponentially smaller than the size of the typical
set of the states. We shall expand on this in Section I-B.
In general, a relay in a network is not obliged to help all
source-destination pairs – he is more likely to focus on helping
only a subset of the communicating pairs due to considerations
such as transmit power and processing power. However, when
evaluating the rate region for an MSDP network with a relay,
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it should be noted that the relay transmission affects all
source-destination pairs, and not only those that he helps.
Hence, optimizing the relay strategy for general networks is
a challenging problem. In this work we propose a simplified
channel model for the study of relaying in the presence of
interference, which is described next.
A. The Relay-Interferer Channel
The analysis of relaying in MSDP networks can be simplified once we identify the basic “building block” for relaying
in such networks. Clearly, the classic relay channel [1] is
not satisfactory for this purpose as it lacks an interfering
signal. We therefore analyze the classic relay channel with
an ©
additional source of interference. This channel is defined
ª
by X × X1 × X2 , p(y, y1 |x, x1 , x2 ), Y × Y1 ; p(x2 ), R2 , see
Figure 1. Here, X, X1 and X2 are the channel inputs from
the source, the relay and the interferer, respectively, Y is the
channel output at the destination and Y1 is the channel output
at the relay, R2 is the transmission rate of the interferer whose
codebook is generated in an i.i.d. manner according to p(x2 ).
Note that this channel does not include a receiver for X2
which allows us to focus our attention on relaying techniques
in the presence of interference. We call this channel the relayinterferer channel (RIC). In the RIC X2 can be a vector of
random variables, representing any finite number of interferers.
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The relay-interferer channel.

The RIC is the simplest network model that captures the
impact of interference. Thus, it provides insight into different
aspects of relaying in the presence of interference, which
may generalize to more complex network models. A second
motivation for studying the RIC is that it represents a practical
network relaying scenario. Specifically, the RIC can represent
a scenario in which there is a relay station that processes
all transmissions and helps several receivers while only the
helped receivers adapt their decoding procedure to utilize the
information from the relay. The other receivers simply treat the
relay transmission as interference. This is indeed more likely

to be implemented in practice than the full scenario in which
every receiver knows the codebooks of all communicating
pairs and processes the transmissions from all sources in order
to extract its own information.
Finally, it is important to note that while R2 is the rate of
the interferer in the RIC, the way R2 and p(x2 ) are selected
is not considered in the model, and they are treated as fixed
scenario parameters. Thus, the RIC is used to facilitate the
analysis of relay-assisted communications in the presence of
interference with given parameters.
B. Joint-Typicality Compression of a Codebook
In this work we also study interference forwarding and
partial interference cancellation using a compressed interference codebook based on joint-typicality compression. We
note, however, that there is an inherent loss in this approach.
Using joint-typicality based compression implies that (almost)
every typical sequence x2 can be compressed into an estimate
sequence x̂2 . This assumption is inherent to the derivation of
the minimal rate of the codebook of estimates. To demonstrate
this loss assume the interferer has only two messages. Then,
it is enough to send only one bit to tell the receiver the exact
interfering sequence. However, using compression, we need
nI(X̂2 ; X2 ) bits to deliver an estimate of the interference,
and noiseless compression (X̂2 = X2 ) requires nH(X2 ) bits.
A related model to the problem considered in this paper
is the cognitive interference channel [10]. In this model one
of the transmitters (called the cognitive transmitter) has apriori knowledge of the other transmitter’s message. In [10]
the Gelfand-Pinsker scheme [2] was applied to encode the
message of the cognitive transmitter. In Section IV we show
that contrary to information-forwarding using compress-andforward (CF) and to interference embedding via the GelfandPinsker scheme used in [10], a compressed interference codebook does not exceed the performance obtained by treating
interference as noise at the decoder.
C. Related Work and Main Contributions
Capacity of MSDP networks has been investigated in several
recent works. Specifically, capacity of the interference channel
with a relay has been considered by several authors: in [3]
and [4] interference forwarding strategies were first proposed.
In [5] and [6] the case where the relay is cognitive was
analyzed and in [7], cooperation via DF in Gaussian channels
was considered. Joint encoding of the source message and
state information was considered in [8] for the arbitrarily
varying multiple-access channel with a common message and
one informed encoder. Another related scenario, the relay
channel with states known only at the relay, was studied in
[9]. Encoding interference as channel state information for the
cognitive interference channel was considered in [10].
In this work we present new insights on relaying in networks. We first show that in contrast to the classic information
relaying of Cover and El-Gamal [1], where correlated codebooks are not essential to achieve rate gains from relaying (and
in fact for CF [1, Theorem 6] no such correlation exists), when
the relay is forwarding interference, this correlation is essential

for achieving a rate increase. In fact, under the assumption
that the interferer and the relay do not transmit correlated
codewords, it turns out that it is not necessary for the relay
to process the interference at all, as the same rates that are
obtained by forwarding interference from the relay can be
achieved using interference cancellation at the decoder. This
holds for both DF and CF.
II. N OTATIONS AND D EFINITIONS
In the following we denote random variables with upper
case letters, e.g. X, Y , and their realizations with lower case
letters, x, y. A random variable (RV) X takes values in a
set X . We use pX (x) to denote the probability mass function
(p.m.f.) of a discrete RV X on X . For brevity we may omit
the subscript X when it is obvious from the context. We use
pX|Y (x|y) to denote the conditional p.m.f. of X given Y .
We denote vectors with boldface letters, e.g. x, y; the i’th
element of a vector x is denoted with xi and we use xji where
i ≤ j to denote the vector (xi , xi+1 , ..., xj−1 , xj ); xj is a short
form notation for x1j , and x ≡ xn . We use H(·) to denote the
entropy and I(·; ·) to denote the mutual information as defined
∗(n)
in [11, Chapter 2]. A² (X) is the set of strongly-typical i.i.d.
sequences of length n w.r.t. pX (x), see [11, Chapter 13]. The
notation C(n, p(x), R) denotes a codebook that consists of 2nR
i.i.d codewords of length n generated according to p(x).
We now introduce the following definitions:
Definition 1: The discrete,
memoryless relay-interferer
©
channel is defined
by
X
×
X
×
X2 , p(y, y1 |x, x1 , x2 ), Y ×
1
ª
Y1 ; p(x2 ), R2 , where p(y, y1 |x, x1 , x2 ) is the channel transition function and the sets X , X1 , X2 , Y and Y1 are discrete
and finite. The interferer transmits at rate R2 by uniformly
selecting codewords from a codebook whose size is 2nR2 . The
codewords for the interferer are generated in an i.i.d. manner
according to p(x2 ). Denoting by m the transmitted message,
the distribution of a block of n symbols is given by
p(m, x, x1 , x2 , y, y1 )
n
Y
¡
¢
(a)
i−1
= p(m)
p xi , x2,i |xi−1 , xi−1
1,1 , x2,1 , m ×
¡ i=1
¢ ¡
¢
i−1
i
p x1,i |xi , xi−1
1,1 , x2,1 , y1,1 , m p yi , y1,i |xi , x1,i , x2,i
n
Y
¡
¢
i−1
= p(m)p(x|m)p(x2 ) p x1,i |y1,1
)p(yi , y1,i |xi , x1,i , x2,i ,
i=1

where (a) is because there is no feedback to the transmitter
and interferer.
Definition 2: An (R, n) code for the relay-interferer
ªchan©
nel consists of a message set M = 1, 2, ..., 2nR and
a collection of mapping functions (f, {ti }ni=2 , g) where
f : M 7→ X n , is the mapping at the encoder, x1,i =
ti (y1,1 , y1,2 , ..., y1,i−1 ), i = 2, 3, ..., n, are the mapping functions at the relay, and x1,1 = c ∈ X1 is an arbitrary constant.
Finally, g : Y n 7→ M, is the mapping at the decoder.
Definition 3: The average probability
¡ of error of¢ a code
(n)
for the RIC is defined as Pe = Pr g(Y n ) 6= M , where
M is selected uniformly from M, and the interferer selects
its codewords uniformly from the codebook C2 (n, p(x2 ), R2 ).

Definition 4: A rate R is achievable for the RIC if for every
² > 0 and δ > 0 there exists n(², δ) such that for all n >
n(², δ) a code (R − δ, n) with an average probability of error
(n)
Pe ≤ ² can be constructed.
(n)
We evaluate the average probability of error Pe averaged
over all interferer codebooks C2 . This is because the interferer
does not try to deliberately disrupt the communication between
the source and the destination. In fact, as long as the interferer
can deliver information at rate R2 , its codebook can be
selected such that the rate to the destination is maximized
(the interferer operates independently of the other nodes).
Therefore, we average over all codebooks rather than evaluate
(n)
Pe for a fixed interferer codebook.
III. A NALYSIS OF D ECODE - AND -F ORWARD A PPLIED TO
B OTH THE S OURCE AND THE I NTERFERENCE M ESSAGES
Consider the case in which the relay decodes both the
desired message and the interferer’s message. This offers a
possibility for the relay to forward both (or either) of the two
messages in the next block. As in the classic DF [1, Theorem
1], the relay can use a block transmission strategy in which
it decodes messages in one block and forwards information
about them in the next block. Therefore, in block b, the
encoding scheme at the relay can be described as
¡©
ªb−1 ¢
X1n (b) = fbn W (j), W2 (j) j=1
(1)
where W (j) and W2 (j) denote the respective desired message
and the interferer’s message sent in block j.
We first considered the application of DF for forwarding
both information on the desired message and on the interference. This facilitates both information enhancement and
interference cancellation at the destination. The rate achieved
with this scheme is given in the following lemma:
Lemma 1: For a given interference rate R2 and i.i.d distribution p(x2 ), any rate R satisfying
R ≤ I(X; Y1 |X1 , X2 )
R ≤ I(X, X2 ; Y1 |X1 ) − R2
R ≤ I(X; Y |X1 , X2 ) + I(X1 ; Y )
R ≤ I(X, X1 , X2 ; Y ) − R2

(2a)
(2b)
(2c)
(2d)

for some input distribution p(x2 )p(x, x1 ), is achievable.
(1)
We denote the rate given by Lemma 1 with RDF . Note that
constraints (2a) and (2b) are due to decoding at the relay and
(2c) and (2d) are due to decoding at the destination.
We now observe that the constraints (2c) and (2d) can be
achieved using interference cancellation at the decoder as in
the standard interference channel [10], without forwarding any
interference information from the relay. We conclude that for
DF, processing interference at the relay does not provide any
rate increase over interference cancellation at the destination.
This implies that the relay does not need to decode the
interferer’s message and therefore it saves a rate constraint on
R2 that follows from decoding the interference at the relay.
An alternative to interference cancellation at the destination
is to treat interference as noise. If both the relay and the
destination treat the interference signal X2n as noise and the

source message is relayed using DF, the following rate is
achievable directly from [1, Theorem 1]:
Lemma 2: For a given interference rate R2 and i.i.d distribution p(x2 ), any rate R satisfying
R ≤ sup min{I(X; Y1 |X1 ), I(X, X1 ; Y )}

(3)

p(x,x1 )

for some input distribution p(x2 )p(x, x1 ), is achievable.
(2)
We denote the rate given by (8) with RDF .
Therefore, depending on whether the relay and destination
treat interference as noise or not, the maximum of rates (8)
and (2) can be achieved:
(1)

(2)

RDF = max{RDF , RDF }.

(4)

Observe that the rate (2d) decreases as R2 increases implying
that, as expected, decoding interference is favorable for lower
rates of the interferer’s codebook.
IV. A NALYSIS OF C OMPRESS - AND -F ORWARD A PPLIED TO
THE I NTERFERENCE C ODEBOOK
In Lemma 1 interference cancellation is implemented with
the exact interferer codebook C2 . This strategy has a drawback
when the rate of the interference is high as the rate is upper
bounded by R ≤ I(X, X1 , X2 ; Y ) − R2 . We now present
an alternative approach to interference cancellation, using a
compressed codebook, following the rate-distortion scheme
of [14, Chapter 9.5]. The rate of the compressed codebook
is adjusted to balance between the gain from interference
cancellation and the rate loss due to processing interference at
the receiver. We begin with a statement of the lemma:
Lemma 3: For a given interference rate R2 and i.i.d distribution p(x2 ), any rate R satisfying
R ≤ I(X; Y1 |X1 , X2 )
R ≤ I(X, X2 ; Y1 |X1 ) − R2
R ≤ I(X; Y |X̂2 , X1 ) + I(X1 ; Y ) − I(X̂2 ; X2 |X1 , Y ),(5)
for some distribution p(x, x1 )p(x̂2 , x2 ), is achievable.
The proof of Lemma 3, outlined in the appendix, shows
that processing interference at the relay using joint-typicality
compression does not result in a rate increase.
Discussion
Recall that the codebook size is 2nR2 which is exponentially
smaller than 2nH(X2 ) . Thus, when performing joint-typicality
compression there is an unavoidable loss since such compression inherently considers the entire typical set. The loss is
evident from the fact that R2 is absent from the rate constraint
(5). Thus the size of the interference codebook does not matter,
∗(n)
only the size of A² (X2 ).
We next determine the conditions under which Lemma 3
allows higher rates than Lemma 1, assuming that decoding at
the relay does not limit the rate. Comparing the rates (2) and
(5) for the same p(x, x1 )p(x2 ) we look for:
I(X; Y |X̂2 , X1 ) + I(X1 ; Y ) − I(X̂2 ; X2 |X1 , Y )
¡
¢
> I(X; Y |X2 , X1 )+I(X1 ; Y )+min 0, I(X2 ; Y |X1 ) − R2
¡
¢
⇒ max 0, R2 − I(X2 ; Y |X1 ) − I(X̂2 ; X2 |X1 , Y )
> H(X|Y, X̂2 , X1 ) − H(X|Y, X2 , X1 ).

Note that the right-hand side is non-negative since
H(X|Y, X̂2 , X1 ) − H(X|Y, X2 , X1 ) = I(X; X2 |Y, X̂2 , X1 ).
If R2 ≤ I(X2 ; Y |X1 ) then the left-hand side is, in general,
negative. Hence, as long as the receiver can decode x2 ,
the rate of Lemma 1 is higher than the rate of Lemma 3.
Now assume that R2 > I(X2 ; Y |X1 ) and proceed with the
comparison:
R2 − I(X2 ; Y |X1 ) − I(X̂2 ; X2 |X1 , Y )
> H(X|Y, X̂2 , X1 ) − H(X|Y, X1 , X2 )
⇒ R2 > I(X̂2 ; X2 ) + I(X2 ; Y |X1 , X, X̂2 )
= I(X2 ; Y, X̂2 |X, X1 ).
Since this holds for every p(x, x1 )p(x2 ), then it holds also for
(1)
the input distribution that maximizes RDF .
When X̂2 = ∅, then for the rate of Lemma 3 to be higher
than the rate of Lemma 1 we need
R2 > I(X2 ; Y |X1 , X).

(6)

This means that when (6) holds, it is better for the destination
to treat the interference as noise instead of using the coding
strategy associated with Lemma 1. Indeed in this case the
(2)
resulting rate reduces to RDF given by (8). Finally, we check
whether the rate defined in Lemma 3 can exceed the DF rate
of (8). We look for
I(X; Y |X̂2 , X1 ) − I(X̂2 ; X2 |X1 , Y ) > I(X; Y |X1 )
⇒ H(X|X̂2 , X1 ) − H(X|Y, X̂2 , X1 )
−H(X|X1 ) + H(X|Y, X1 ) > I(X̂2 ; X2 |X1 , Y )
⇒ H(X̂2 |X, Y, X1 ) < H(X̂2 |X2 , X1 , Y )
⇒ I(X2 ; X̂2 |X, Y, X1 ) < 0,
which contradicts the fact that mutual information is nonnegative. The last step is because when X2 is given, X̂2 is
independent of all other variables. This show that using CF on
the interference cannot outperform treating the interference as
(2)
noise at the decoder, which was used to obtain RDF .
We now try to give an intuitive explanation for this conclusion: from (5) we observe that there are two opposite effects
when using the compressed codebook at the decoder:
• An increase in the point-to-point rate I(X; Y |X̂2 , X1 ) ≥
I(X; Y |X1 ).
• A rate decrease due to uncertainty of the actual x̂2 to be
used. The rate is decreased by I(X̂2 ; X2 |X1 , Y ).
We see that due to the Markov chain, the effect of the decrease
is always greater than the increase.
V. T HE I MPORTANCE OF C ORRELATED C ODEBOOKS IN
I NTERFERENCE F ORWARDING
From the previous sections it follows that neither DF nor
CF, applied to the interference, provide a rate increase over
interference cancellation at the destination receiver. We believe
that this conclusion extends beyond the two schemes studied
here. We summarize this in the following conjecture:
Conjecture 1: When the relay employs the block transmission strategy (1), there is no gain from relaying the interferer’s
message in the RIC.

We observe from (1) that information about messages
W (b − 1) and W2 (b − 1) is forwarded at the relay with
a block delay, i.e., in block b. However, in block b the
interferer sends no information about W2 (b − 1). Rather,
the interference the interferer introduces is independent from
the one in the previous block and thus the codewords of
the relay and the interferer are blockwise independent i.e.
p(xn1 , xn2 ) = p(xn1 )p(xn2 ). Therefore, the relay cannot enhance
the interference and facilitate interference cancellation. In
contrast, in [3] and [4], we showed that in networks with
multiple sources and destinations, interference forwarding
results in rate gains and leads to capacity in a certain regime.
In these scenarios, the interfering source sends the message
W2 (b − 1) over two blocks b − 1 and b. Hence, the relay
using a block transmission strategy can facilitate interference
cancellation of W2 (b−1) in the second block. In particular, the
relay and the interferer use superposition coding and therefore
their codewords are correlated, thus allowing for interference
cancellation and the rate gains. A similar result holds for
[10] where the interference is known non-causally at one
transmitter.
We note that in the classic DF for the relay channel,
superposition coding is not essential to achieve a rate increase
from relaying. If the codebooks are independent, i.e.,
p(x, x1 ) = p(x)p(x1 ),

(7)

the DF rate of [1] is given by
R≤

sup

min{I(X; Y1 |X1 ), I(X, X1 ; Y )},

(8)

p(x)p(x1 )

which still brings gains over direct transmission. In this case
however, the destination is interested in the message that the
relay is forwarding. This last example illustrates how the
considerations for relaying information to help the destination
decode it differ from the considerations for relaying interference to help the destination subtract it.
VI. C ONCLUSIONS
We have studied two aspects of interference in networks.
We first studied the interference-forwarding relay strategy.
We showed that correlation between the codewords of the
relay and interferer is essential to achieve a rate increase
from interference forwarding. This holds for both DF and
CF. Without such correlation, the same rates that relaying
provides can be achieved with interference cancellation at the
destination. As a consequence of our analysis we conclude that
CF at the relay. will not be useful for interference forwarding.
This situation is completely different from the scenario in
which the relay performs its classic role of forwarding desired
information to the destination receiver.
A PPENDIX
P ROOF O UTLINE OF L EMMA 3
We start by compressing interference at the relay and then
conclude that the same maximal rate can be obtained without
processing the interference at the relay.

1) Codebook Generation:
• Fix n and the p.m.f.s p(v)p(x1 |v)p(x|v)p(x̂2 , x2 ).
©
ª
nRs
• For each s ∈ S , 1, 2, ..., 2
Qn generate a codeword
v(s) according to Pr(v(s)) = i=1 pV (vi ).
nR
• For each s ∈ S generate a codebook with 2
code©
ª
nR
words x(m, s), Q
m ∈ M , 1, 2, ..., 2
, according to
n
Pr(x(m, s)) = i=1 pX|V (xi |vi (s)).
• Uniformly and independently partition the set M into
2nRs subsets B(s), ©
s ∈ S.
ª
nRw
a codeword
• For each w ∈ W , 1, 2, ..., 2
Qgenerate
n
x̂2 (w) according to Pr(x̂2 (w)) = i=1 pX̂2 (x̂2,i ).
• Independently and uniformly partition the message set W
©
ª
into 2nRq bins denoted Z(q), q ∈ Q , 1, 2, ..., 2nRq .
nRq
• For each s ∈ S generate a codebook with 2
codewords
x
(q,
s),
q
∈
Q
according
to
Pr(x
(q,
s))
=
1
1
Qn
p
(x
|v
(s)).
1,i i
i=1 X1 |V
2) Encoding at the Transmitter at Time i: Let si denote the
index of the set B(s) into which mi−1 belongs: mi−1 ∈ B(si ).
For transmitting mi the transmitter outputs x(mi , si ).
3) Encoding at the Relay at Time i: At time i the relay
knows
x2 (i − 1). ¢The relay looks for an index w ∈ W s.t.
¡
∗(n)
x2 (i − 1), x̂2 (w) ∈ A² . Following [14, Chapter 9.5] this
can be done with an arbitrarily small probability of error by
taking n large enough as long as
Rw ≥ I(X2 ; X̂2 ).

(9)

Denote the selected w with wi . Denote the index of the
partition Z(q) into which wi belongs with qi : wi ∈ Z(qi ).
At time i the relay outputs x1 (qi , si ).
4) Decoding the Source Message and the Interference at
the Relay at Time i: At time i the relay decodes (mi , x2 (i))
by looking for a unique message m ∈ M and x2 ∈ C2 s.t.
¡
¢
v(si ), x(m, si ), x1 (qi , si ), x2 , y1 (i) ∈ A∗(n)
.
²
As in [11, Chapter 14.3] this can be done with an arbitrarily
small probability of error by taking n large enough as long as
R < I(X; Y1 |V, X1 , X2 )
R2 ≤ I(X2 ; Y1 |V, X1 , X)
R + R2 ≤ I(X, X2 ; Y1 |V, X1 ).

(10a)
(10b)
(10c)

5) Decoding at the Destination at Time i:
a) Decoding the Information from the Relay: The destination
looks for a¢ unique pair (s, q) ∈ S × Q such that
¡
∗(n)
v(s), x1 (q, s), y(i) ∈ A² . This can be done with an
arbitrarily small probability of error for n large enough if
Rq + Rs ≤ I(V, X1 ; Y )
Rq ≤ I(X1 ; Y |V ).

(11a)
(11b)

b) Decoding the Source Message: At time i the destination decodes mi−1 . After decoding the relay information the
destination knows si and qi . Thus it knows the set B(si ) into
which mi−1 belongs. The destination generates the set
n
¯¡
L(i − 1) = m ∈ M¯ x(m, si−1 ),
o
¢
x1 (qi−1 , si−1 ), v(si−1 ), y(i − 1) ∈ A∗(n)
.
²

The destination
T now decodes mi−1 by looking for a unique
m ∈ B(si ) L(i − 1) s.t.
¡
¢
x(m, si−1 ),v(si−1 ),x̂2 (w),x1 (qi−1 , si−1 ),y(i − 1) ∈ A∗(n)
,
²
for at least one w ∈ Z(qi ). In [12] we show that this can be
done with an arbitrarily small probability of error if
R≤I(X; Y |V, X1 , X̂2 ) + Rs
(12a)
R≤I(X; Y |V,X1 ,X̂2 )+Rs +Rq −Rw +I(X̂2 ; Y |X1 ,V ).(12b)
6) Combining all Bounds: Combining (9) and (11a) with
(12) we obtain
R ≤ I(X; Y |V, X1 , X̂2 ) + I(V, X1 ; Y ) − Rq

(13a)

R ≤ I(X; Y |V, X1 , X̂2 )
+I(V,X1 ; Y ) − I(X̂2 ; X2 |Y, X1 , V ). (13b)
Next ,we note that the expression in (13b) can be written as
R ≤ I(X, X1 , X̂2 ; Y ) − I(X̂2 ; X2 )

(14)

which is independent of V . Since the rate is the minimum
of the two constraints in (13) and since setting V = X1
we achieve (14), we conclude that the maximum rate of this
scheme can be achieved with Rq = 0, namely not forwarding
any interference information from the relay. Finally, as the
relay does not send information about the interference, it does
not need to select a compressed codeword and also decoding
the interference at the relay is not necessary and we can omit
constraint (10b). The remaining active constraints are therefore
(10a), (10c) and (14).
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