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Abstract—In Multi-User MIMO networks, receivers decode
multiple concurrent signals using Successive Interference Cancel-
lation (SIC). With SIC a weak target signal can be deciphered in
the presence of stronger interfering signals. However, this is only
feasible if each strong interfering signal satisfies a signal-to-noise-
plus-interference ratio (SINR) requirement. This necessitates the
appropriate selection of a subset of links that can be concurrently
active in each receiver’s neighborhood; in other words, a sub-
topology consisting of links that can be simultaneously active in
the network is to be formed. If the selected sub-topologies are
of small size, the delay between the transmission opportunities
on a link increases. Thus, care should be taken to form a
limited number of sub-topologies. We find that the problem of
constructing the minimum number of sub-topologies such that
SIC decoding is successful with a desired probability threshold,
is NP-hard. Given this, we propose MUSIC, a framework that
greedily forms and activates sub-topologies, in a way that favors
successful SIC decoding with a high probability. MUSIC also
ensures that the number of selected sub-topologies is kept small.

In networks with multi-user MIMO capabilities, nodes can
spatially multiplex multiple streams to simultaneously commu-
nicate with more than one neighbor. This capability has been
shown to provide signiÞcant network capacity beneÞts [15],
[3]. Multi-user MIMO communications can be facilitated at the
PHY (physical) layer in two different ways; (a) precoding can
be used at transmitters (with dirty paper codes [13]), and/or (b)
successive interference cancellation (SIC) can be implemented
at receivers [21]. Precoding requires transmitters to have an
accurate estimate of the channel realization at the receivers.
However, due to the prohibitive transmission overheads needed
for feedback of this information from receivers to a transmitter,
precoding is not widely employed in practice [14]. On the other
hand, SIC only requires the knowledge of channel estimates
at the receivers; since this can be provided in practice by the
transmission of pilot tones [23], SIC is considered to be a more
practical approach for multi-user MIMO systems.

SIC can enable the decoding of weak signals in the
presence of strong interference: With SIC, the receiver tries
to decode multiple received signals, typically each coming from
a different transmitterusing an iterative approach. In each itera-
tion, the strongest signal is decoded, by treating the remaining

signals as interference. If a required SINR is satisfied, this
signal can be decoded and removed from the received composite
signal. In the subsequent iteration, the next strongest signal is
decoded, and the process continues until either all the signals
are decoded or a point is reached where an iteration fails. Note
that after the removal of the strongest signal in an iteration,
fewer interfering signals remain for the next iteration. With this
process, nodes can receive signals from weaker transmitters in
the presence of strong interferers. To illustrate with an example,
consider that Jack wishes to decode Chloe’s signal, in the
presence of a stronger interfering signal that comes from Nina.
Jack needs to first decode Nina’s signal correctly, since it is
the stronger one, treating Chloe’s signal as noise. If the SINR
is satisfied and Nina’s signal is decoded in the 1st iteration,
Jack can proceed with removing it from the composite signal
and decoding Chloe’s signal in the 2nd iteration. SIC can be
cojoint with selection diversity at the transmitters. To facilitate
this, Jack sends feedback to Chloe with regards to the channel
attenuation experienced by Chloe’s pilot tones, transmitted with
different antennas. Chloe then uses the antenna element that
yields the best reception at Jack’s end [9], as we discuss later.

Challenges in rendering SIC efficient: There are two
challenges that arise in harnessing the capacity benefits with
SIC in a multi-hop wireless network. First, only up to a certain
maximum number of strong interferers can be removed from

to SIC, in terms of a clean SINR separation between the
target and the interfering signals? To address this question,
we propose a framework that performs topology control, by
activating links in a way that favors the SIC functionality.
Our framework identifies sets of links (sub-topologies), such
that: (a) The simultaneous activation of the links in each sub-
topology constructs signals with sufficiently disparate reception
powers. Hence, the receivers are able to filter out stronger
signals (perhaps unwanted) and detect the desired data stream(s)
using SIC. (b) The links that cannot successfully co-exist are
included in different topologies they are activated at different
times. (c) The union of these topologies spans all the links in
the multihop network. Note that there is a trade-off between the
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Fig. 1. The operations of the transmitter in
a sub-topology with D-MUSIC.

Fig. 2. The operations of the receiver in a
sub-topology with D-MUSIC.

Fig. 3. The operations of the overhearer in
a sub-topology with D-MUSIC.

Recall that each sub-topology corresponds to a time-period.
All the links that belong to a sub-topology can be activated in
the assigned time period, without violating the requirements on
the probability of successful decoding on any of the links.

Assumptions: We assume that nodes are aware of their one-
hop neighborhoods. In particular, using a neighbor discovery
process of some sort (such as HELLO messages [4]), we assume
that a node knows who its neighbors are and the signal power
on the link to each of these neighbors. We also assume that a
potential transmitter uses this information towards selecting the
best antenna in order to communicate with a specific receiver.

For ease of presentation, we assume that every node has
packets to send i.e., can be a transmitter. It can choose any of its
neighbors as a receiver; given this, every node in the network
can assume the role of a receiver as well. The approach can be
easily modified to accommodate the case where only a sub-set
of the nodes have packets to send, i.e., are transmitters.

We assume that nodes transmit their packets using either a
SISO transmission or using the MIMO diversity mode during
the topology control phase. Multi-user MIMO communications
with selection diversity and SIC are activated during a data
packet exchange phase that follows the sub-topology formation.
In this paper, we simply allow nodes to transmit packets at
random, using an ALOHA-like protocol during the data packet
exchange phase; the design of a smart MAC protocol for this
is beyond the scope of this paper.

Transmitter functions: If a node is not a priori chosen to
be a receiver, it can be a transmitter. The node determines
whether its transmission violates the following constraints in the
considered sub-topology: (i) the chosen receiver is a transmitter
(ii) the transmission causes the weak interference capacity of
an already activated neighbor link to exceed its budget and
(iii) the transmission causes strong interference at a neighbor
receiver, which leads to SIC decoding failure (a different
strong receiver with the same value of k with respect to that
receiver, has already been activated or, k = 0). If any of these
conditions hold, the transmitter is precluded from initiating the
transmission process.

Let us now assume that the transmitter determines that it is
allowed to perform a transmission. After a randomly chosen
time period, it transmits a packet to its best (in terms of signal
strength) possible neighbor (that does not violate the above
constraints) to which it intends to send packets. In this packet,
it includes its ID, the ID of the receiver, and the sub-topology in
which it wishes to communicate with the receiver. The process
starts out with sub-topology 1 and if no links can be activated in
this topology (given other links that were activated), it proceeds
to try sub-topology 2 and so on. The transmitter functionalities
are depicted in Fig. 1.

If the transmitter does not hear messages corresponding
to the current sub-topology for a pre-defined time period, it
may try to reactivate some of its links which were included

in a prior sub-topology. The action is based on an implicit
understanding that there are no additional links being activated
in the current sub-topology in the transmitter’s neighborhood;
the weak interference and strong interference constraints need
to be satisfied in order for a transmission to be initiated.

Receiver functions: Upon the receipt of the above packet,
the receiver determines if the proposed transmission is in fact
viable. First, it checks whether this packet can be decoded in the
indicated sub-topology given its knowledge of the links that are
already included in that sub-topology, in its local neighborhood.
If the reception requires SIC, the receiver determines if this is
viable; note that the transmitter may not be aware of all the
strong interferers in the receiver’s neighborhood. If it can indeed
decode the packet, it transmits an acknowledgement to the
transmitter, confirming the activation of the link in the proposed
sub-topology. The acknowledgement message contains: (i) the
residual weak interference budget of the receiver given this
reception and (ii) the value of k if this transmitter is a strong
interferer to a different transmitter from which the receiver
intends to receive in the same sub-topology (note that with
multi-user MIMO the receiver can receive a plurality of signals
concurrently). We capture the receiver functionalities in Fig. 2.

Overhearing nodes: Nodes that are neighbors of the trans-
mitter take a conservative approach and assume that the com-
munication will take place.

Nodes that are neighbors of the receiver hear the ACK
message, and determine whether or not they can initiate a new
transmission in the announced sub-topology given the new link
in the sub-topology. For this, these nodes determine whether
they project (a) strong interference that can be tolerated with
SIC at the receiver or (b) weak interference that do not violate
the receiver’s weak interference budget. If either (a) or (b)
hold, they can potentially be a transmitter in the considered
sub-topology. If they cannot initiate new transmissions (due
to this newly activated link), they are precluded from being
transmitters for that sub-topology. These nodes can only initiate
new transmissions in the next sub-topology (time period). We
show these functions in Fig. 3.

Termination of the process: After a node is able to activate
all of its outgoing links (perhaps in different sub-topologies)
it transmits a message announcing that it is ready for the data
transfer phase. From the perspective of a node, the data transfer
phase does not begin until all of its neighbors have announced
that they are ready as well. Inductively, one can easily see that
this phase can begin only when all the nodes in the network
are ready.

VI. PERFORMANCE EVALUATION

We evaluate the performance of C-MUSIC and D-MUSIC
on both specific and random topologies via extensive sim-
ulations. In small topologies, we compare the performance
of C-MUSIC and D-MUSIC with that of optimal activation
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