
On the Capacity of Interference Channels with
One Cooperating Transmitter

Ivana Marić
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Abstract— Inner and outer bounds are established on the
capacity region of two-sender, two-receiver interferencechannels
where one transmitter knows both messages. The transmitter
with extra knowledge is referred to as being cognitive. The inner
bound is based on strategies that generalize prior work, and
include rate-splitting, Gel’fand-Pinsker coding and cooperative
transmission. A general outer bound is based on the Nair-El
Gamal outer bound for broadcast channels. A simpler bound is
presented for the case in which one of the decoders can decode
both messages. The bounds are evaluated and compared for
Gaussian channels.

I. I NTRODUCTION AND RELATED WORK

Two-sender, two-receiver channel models allow for various
forms of transmitter cooperation. When senders are unaware
of each other’s messages, we have the interference channel [1],
[2]. In wireless networks, the broadcast nature of the wireless
medium allows nodes to overhear transmissions and possibly
decode parts of other users’ messages. An encoder that has
such knowledge can use it to improve its own rate and the
other user’s rate. The level of cooperation and performance
improvement will depend on the amount of information the
encoders share. In the interference channel, rate gains from
the transmitter cooperation were demonstrated in [3].

Channel models with cooperating nodes are of interest
also for networks with cognitive users. Cognitive radio [4]
technology is aimed at developing smart radios that are both
aware of and adaptive to the environment. Such radios can
efficiently sense the spectrum, decode information from de-
tected signals and use that knowledge to improve the system
performance. This technology motivates information-theoretic
models that try to capture the cognitive radio characteristics.
In that vein, this paper considers a two-sender, two-receiver
channel model in which, somewhat idealistically, we assume
that cognitive capabilities allow one user to know the full
message of the other encoder, as shown in Fig. 1. Existing
encoding schemes can bring different rate gains that dependon
the channel characteristics and topology, making it challenging
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Fig. 1. Interference channel with cooperating encoder.

to determine the capacity even for special cases. This paper
is a step along this path. It would further be interesting to
extend the existing results to large networks with cooperating
encoders.

Investigating the capacity region of the channel model we
consider is the focus of much recent work. In particular,
the interference channel with one cooperating encoder was
dubbed thecognitive radio channeland achievable rates were
presented in [3], [5]. A general encoding scheme was also
proposed more recently in [6]. The capacity region for the
Gaussian case of weak interference was determined in [7] and
[8]. The results of [7], [8] were extended to the Gaussian
MIMO cognitive radio network and shown to achieve the sum-
capacity in [9]. Related work can also be found in [10], [11].
However, the conclusions of [9] do not immediately apply
to the single-antenna cognitive radio channel. In this paper,
we present a scheme that generalizes those in [7]-[12]. The
scheme is similar to the one in [6]: as in [6] and [3], an encoder
usesrate-splitting [2] to enable the other receiver to decode
part of the interference; the cognitive transmitter cooperates in
sending the other user’s message to its intended receivers and
uses Gel’fand-Pinsker (GP) binning [13] to reduce interference
to its own receiver. The key difference of our contribution to
the prior work is in the way the binning is performed. An
overview of the encoding scheme is given in the next section.
The encoding scheme is derived in Section IV, compared to
other results and adapted for Gaussian channel in Section VI.

In Section V, we present two outer bounds for the interfer-
ence channel with one cooperating encoder. The first bound
is based on the Nair-El Gamal broadcast outer bound, [14].
It has the same mutual information expression as the one
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