
Workshop on Interference in Networks (WINe)
Saturday June 30, 2012

Location: Organizers:
Colloquium Room (Room 906) Salman Avestimehr (Cornell)
Photonics Center, Boston University Bobak Nazer (BU)
8 St. Mary’s Street, Boston, MA 02215

SCHEDULE

8:00 Continental Breakfast
9:00 Introduction and Welcome

9:10 Shlomo Shamai
Gerhard Kramer
Daniela Tuninetti

10:20 Coffee and Discussion

11:10 Amir Khandani
Venu Veeravalli
Uri Erez

12:15 Lunch

2:00 Randy Berry
Natasha Devroye
Urs Niesen

3:10 Coffee and Discussion

3:50 Sandeep Pradhan
Mahesh Varanasi
Viveck Cadambe

ABSTRACTS
(in alphabetic order by speaker surname)

Randy Berry (Northwestern University)
The Combinatorial Structure of Linear Deterministic Interference Channels

Approximate solutions to some long-standing multiterminal information theoretic problems, in particular
interference channels, have been made possible by study of the corresponding linear deterministic models.
Here, we illustrate a combinatorial structure underlying linear deterministic interference channels (LDIC).
This enables a systematic design of sum-capacity achievable schemes in a general 2-user LDIC and may be
helpful in addressing channels with more that 2-users.
This is joint work with Suvarup Saha at Northwestern.
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Viveck Cadambe (Massachusetts Institute of Technology and Boston University)
Interference Alignment for Index Coding

Consider a wireline network with a set of independent sources and a set of independent destinations.
In this wireline network, if we allow all of the links except one to have infinite capacity, then the result-
ing network capacity problem is the index coding problem. A similar approach starting with a Gaussian
wireless network and allowing transmit nodes except one to tend to infinity leads to the ”wireless index
coding” problem. In this talk, we will present the index coding as an interference alignment problem, and
use this viewpoint to obtain new associated results. Specifically, we will describe the capacity of a class
of symmetric index coding problems with applications to blind alignment in cellular networks. We will
also show the insufficiency of linear coding in general, for the multiple unicast index coding problem, and
present a curious open problem related to the same.

Natasha Devroye (University of Illinois - Chicago)
To adapt or not in two-way interference channels?

In a two-way interference channel (TW-IC) there are 4 messages: 2 traveling in the → direction over
an interference channel, and 2 traveling in the ← direction over another interference channel, using the
same space/time/frequencies (non-orthogonal). As all are full-duplex transmitters and receivers, each node
may employ adaptation: i.e. channel input of user i at time n, Xi,n = f(Mi, Y

n−1
1 ), is a function of its

message and previously received outputs. We see that all 4 users may adapt or interact, and may use
“interference” links as alternative message paths. However, is adaptation always beneficial from a capacity
perspective? We discuss several examples where we have very recently obtained new converses which show
adaptation to be *useless* (either exactly for certain linear deterministic TW-ICs, or to within a constant
gap for certain Gaussian models) and point out a number of open problems in this area.

Uri Erez (Tel Aviv University)
Fractional degrees-of-freedom via the compute-and-forward transform: How useful are they?

Amir Khandani (University of Waterloo)
Two-way wireless and its impact on interference in wireless networks

This talk introduces a new theoretical framework for two-way wireless, and briefly presents its hardware
realization (over-the-air transmission in the ISM band). In contrast to the widely accepted belief, it is
established that two-way wireless is not only possible, but is fairly simple, with virtually no degradation
in signal-to-noise-ratio. Indeed, due to the broadcast nature of wireless transmission, two-way wireless can
do much more than just doubling the rate. A number of new applications, with emphasis on dealing with
interference in networks, are discussed. In particular, two-way enables a new method of wireless communi-
cations, called media-based (to be introduced in this talk), based on embedding data in the transmission
media by changing its RF properties in contrast to embedding data in the transmitted signal. This results
in a linear time-varying transmission system which can significantly exceed some of the know theoretical
limits on traditional linear time-invariant systems. It is shown that media-based offers significant perfor-
mance gain, and at the same time has a lower complexity (using less antennas), compared to MIMO.
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Gerhard Kramer (Technische Universität München)
Networks with in-Block Memory

We derive a finite-letter, cut-based outer bound on the capacity regions of networks with in-block memory
(NiBMs). NiBMs effectively include relay networks with delay and ”generalized networks” as special cases,
and the cut bounds thereby generalize and clarify recent work by several teams of researchers. The outer
bound is shown to tight for several interesting classes of networks, including point-to-point channels and
semi-deterministic relay channels.

Urs Niesen (Bell Labs)
Interference Alignment: From Degrees-of-Freedom to Constant-Gap Capacity Approximations

Interference alignment is a key technique for communication networks with multiple interfering links. For
several such networks, interference alignment was used to characterize the asymptotic behavior of channel
capacity as signal-to-noise ratio goes to infinity. However, these so-called degrees-of-freedom capacity ap-
proximations are often too weak to make accurate predictions about the behavior of channel capacity at
finite signal-to-noise ratios. In this talk we significantly strengthen these results by showing that in some
situations interference alignment can be used to approximate capacity to within a constant gap.
This is joint work with Mohammad Maddah-Ali.

Sandeep Pradhan (University of Michigan)
A new achievable rate region for 3-user interference channel using nested linear codes

The 3-user discrete memoryless interference channel is considered. We provide a new inner bound to
the capacity region for this channel. The inner bound is based on a new class of code ensembles con-
structed from asymptotically good nested linear codes. The rate region contains points which do not
belong to the straightforward extension of Han-Kobayashi rate region from the case of 2 users to 3 users.
We illustrate this using an example.

Shlomo Shamai (Technion - Israel Institute of Technology)
An Information-Estimation View of Coding over Gaussian Interference Channels

The information-estimation relation is used to gain insight into useful coding schemes operating over
the Gaussian interference channel.

After reviewing basic I-MMSE relations and their implications on point-to-point coding over the Gaus-
sian channel, we focus on the Gaussian interference channel. Here the inflicted interference is measured by
the associated minimum mean square error (MMSE). Structure of codes achieving reliable communication
at some specific signal-to-noise ratio (SNR) and constrained by the permitted MMSE at a lower SNR
values, modeling the interference, are discussed. It is shown that layered superposition codes attain opti-
mal performance, providing thus some engineering insight to the relative efficiency of the Han-Kobayashi
coding strategy.

A short outlook concludes the presentation, addressing related research challenges, and also recent
results, where interference is measured by the corresponding mutual information.
Joint work with Ronit Bustin, EE Dept. Technion.
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Daniella Tuninetti (University of Illinois - Chicago)
On outer bounds in general memoryless cooperative interference networks

In this talk we discuss a sum-rate outer bound for a general cooperative 4-node interference network
that unifies a number of previously derived outer bounds for special cases of cooperation. We then discuss
how to extend it to networks with more than two source-destination pairs and or partial sum-rate. We
also highlight a connection between the proposed bound and similar bounds for channel models including
cognitive nodes. We conclude with a discussion on how to generalize the Etkin-Tse-Wang outer bound for
the classical interference channel to general memoryless cooperative interference networks.

Mahesh Varanasi (University of Colorado - Boulder)
On receiver cooperation in MIMO networks with channel uncertainty

Broadcast and interference networks with multiple antenna terminals will be considered under fast fading
and under channel uncertainty assumptions including, most prominently, the case where transmitters have
no channel state information. Such networks are discussed in the degrees of freedom setting when the
receivers are full-duplex radios which are hence capable of cooperating. The questions of whether such
cooperation can result in DoF gains are addressed. Several DoF region results will be presented.

Venu Veeravalli (University of Illinois at Urbana-Champaign)
Degrees of Freedom of Interference Channels with CoMP Transmission and Reception

Coordinated multi-point (CoMP) transmission and reception has been proposed as a possible technique
to manage interference and enhance capacity in wireless cellular networks. The key idea in CoMP is to
allow the transmitters to cooperate to jointly transmit the messages, and/or the receivers to cooperate
to jointly receive the messages. In this talk we study the potential gains offered by CoMP transmission
and reception from an information-theoretic viewpoint. We explore the degrees of freedom (DoF) of the
K user Gaussian interference channel in which each message is jointly transmitted by Mt transmitters
and jointly received by Mr receivers, and compare the DoF with the case where there is no cooperation.
Our study will consider various options for choosing the transmit and receive sets, and include partially
(locally) connected interference channel models.
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