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Abstract—The capacity of wireless mesh networks (WMNs)
can be improved significantly using multiple input multiple
output (MIMO) technology. The Degree of Freedoms (DoFs)
or antenna elements available at each node enable concurrent
transmission/reception of multiple independent data streams or
can be used to suppress interference. In this paper, we study
the problem of minimizing the Time Division Multiple Access
(TDMA) superframe length, in terms of slots, of a multi trans-
mit/receive MIMO-based WMN. We propose a novel heuristic
algorithm named Algo-MIMO that uses a recently proposed
node ordering DoF model for Interference Cancellation (IC).
Numerical results show that Algo-MIMO is able to reduce the
superframe length by up to 60% as compared to algorithms that
use other IC models, and approximately 40% against algorithms
that order nodes based on the number of neighbors, node weight
or randomly.

I. INTRODUCTION

Multiple Input Multiple Output (MIMO) technology is ideal
for use in wireless mesh networks (WMNs). Compared to
Single Input Single Output (SISO) systems, MIMO provides
higher data rates and transmission reliability with the same
transmission power. Each node can be equipped with a smart
antenna array, where antenna elements can transmit the same
or different data over the same frequency. A receiver is able to
separate and decode these transmissions based on the unique
spatial signature of data streams. Consequently, a node is able
to transmit/receive multiple independent data streams simulta-
neously, so called spatial multiplexing [5]. Note, however, all
links are half-duplex. Interestingly, a node can concurrently
transmit to or receive from multiple neighbors, aka Multi-
Transmit-Receive (MTR). Apart from that, a subset of a node’s
antenna elements can be used to cancel interference to/from
neighboring links in order to increase spatial reuse; the process
of determining the number of antenna elements or Degree of
Freedoms (DoFs) for transmission and interference cancella-
tion (IC) is also known as stream control [13]. Interference can
be nulled/suppressed at either the transmitter and/or receiver
sides. However, the total number of elements used by a node
for data streams and IC must be less than or equal to its DoFs.

Recently, the authors of [12] proposed an efficient DoF
model that ensures only one end of a link uses its DoFs for IC,
but not both; see Section III for details. To date, existing works
that have applied this model aim to maximize the minimum
flow rate in a network [10] [16]. No works have studied
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how this model impacts the length of the superframe length
used to schedule links. Briefly, a superframe contains a set of
slots, each of which contains a maximal set of non-interfering
links. Once defined, the superframe is repeated periodically.
Consequently, a short superframe ensures links are activated
frequently. Henceforth, we study the link scheduling problem
in MIMO-based WMN:Ss. Specifically, given the traffic demand
(weight) of each link, we aim to design a scheduler that
derives the shortest Time Division Multiple Access (TDMA)
superframe to satisfy all link demands through joint stream
control, node ordering and MTR. The problem at hand can be
separated into two sub-problems: (1) how to order nodes to
efficiently use DoFs; and (2) how to activate data streams in
each slot such that the total superframe length is minimized.

To solve the problem, we propose a novel scheduler, called
Algo-MIMO, that takes advantage of the node ordering DoF
model of [12] and MTR capability afforded by MIMO tech-
nology to maximize the number of activated data streams in
each slot. In turn, this helps minimize superframe length,
and improves network capacity. We have compared Algo-
MIMO against state-of-the-art IC strategies; see Section II.
We find that Algo-MIMO yields superframe lengths that are
about 60% shorter as compared to algorithms that require
both ends of a link to cancel interference. We have also
evaluated Algo-MIMO against algorithms that use different
node ordering rules. They include those that assign an order
to nodes based on random, transmitter or receiver first, node
weight and number of neighbors. Our results show that Algo-
MIMO is able to reduce the superframe length by about
40% as compared to ordering nodes based on the number of
neighbors and more than 30% as compared to the rule that
orders nodes according to their weight.

Next, in Section II, we discuss related works. Our network
model and key concepts are defined in Section III, followed by
details of Algo-MIMO in Section I'V. Results and conclusions
are presented in Section V and VI, respectively.

II. LITERATURE REVIEW

This section focuses on works that address the link schedul-
ing problem in WMNs with MIMO capability. Works such as
[1] [3] [2] and [14] apply Linear Programming (LP) to assign
DoFs in order to maximize the number of streams. In [1], LP is
used to maximize the fraction of traffic sent by each source.



In [14], a Non-Linear Program (NLP) is used to minimize
the aggregate network interference. Both [1] and [14] require
both ends of a link to cancel interference. These two works
only allow one data stream between two nodes in each slot.
Thus, the spatial multiplexing capability of MIMO is not well
exploited. The authors of [3] use a LP to maximize the total
flow rate sent by each source. This is achieved by maximizing
the number of data streams on each link along a route while
satisfying stream control. All interference is suppressed at the
receiver side. An Integer Linear Program (ILP) is used in [2]
to optimize the total data rate of each link in each slot where
interference is cancelled at either end of a link. Reference
[4] aims to maximize spatial multiplexing gain by selecting
nodes and antennas with a high priority. All interference is
suppressed at the receiver side. Works in [3] and [4] assume
a node can concurrently transmit to or receive from multiple
neighbors in one slot.

The authors of [13] [6] [8] and [9] use a contention graph to
model interfering links. In [13], a link that belongs to multiple
maximal cliques is scheduled to a slot that allows it to use
all its DoFs for data streams. Otherwise, a link that belongs
only to one maximal clique is scheduled in a slot if both ends
have enough DoFs to support one data stream and suppress
all interference. The said works aim to maximize network
throughput by deriving a feasible schedule in each slot without
consideration for the superframe length.

To date, only a handful of works have considered minimiz-
ing the superframe length.The authors of [6] propose a new in-
terference suppression model: Receiver Oriented Interference
Suppression (ROIS). A new link can be added into a slot if
and only if the transmitter can null its transmission to existing
receivers. In [8], the authors proposed a heuristic algorithm
that constructs a contention graph and use graph coloring to
minimize the superframe length while satisfying the traffic
demand of each link. The authors of [9] also proposed a
heuristic algorithm using a contention graph to minimize the
superframe length. Both [8] and [9] suppress interference at
the receiver side rather than using an efficient DoF model.

Existing works do not consider deriving the minimal su-
perframe length for use in a MTR WMN. For works that do,
e.g., [8], an inefficient DoF model is used for IC, meaning
the derived superframe is unlikely to be optimal. In this
respect, our work is distinct because we apply the efficient
node ordering DoF model of [12] for IC with the aim to
minimize the superframe length. In addition, unlike existing
works that assume spatial multiplexing over a single link, we
also consider MTR; see Section III for details. Our results
in Section V show that considering both MTR and spatial
multiplexing reduce the superframe length significantly as
compared with using spatial multiplexing only.

III. PRELIMINARIES

We consider an arbitrary MIMO-based WMN G(V, E),
where V is the set of nodes, and E represents the set of
links. Let (¢,j) or e;; € E indicate the link from node
i to j, where 7,7 € V. We assume time is divided into

time slots. A superframe S is a grouping of slots. Thus, the
superframe length |S| is the number of slots. Each node ¢ has
MIMO capability and operates over the same frequency [13].
MIMO technology allows a node to transmit to or receive from
multiple neighbors simultaneously via spatial multiplexing
over one or more data streams. This MTR capability can
be achieved using minimum mean square error sequential
interference cancellation (MMSE-SIC), which allows multiple
streams to be decoded at a receiver [4]. However, nodes must
not transmit and receive at the same time; i.e., all links are
half-duplex. We define this as the no Mix-Tx-Rx constraint.

Constraint 1. A link schedule is feasible if all nodes satisfy
the no Mix-Tx-Rx constraint.

A node is able to transmit multiple data streams to one
neighbor in an assigned slot. We call this link upgrade.
Consider a link e € E with weight w(e) that indicates the
number of streams required in the final superframe. If link e
can activate w(e) streams in slot &k simultaneously, then this
link only needs to be assigned one slot. The maximum number
of data streams on link (z,7) is bounded by MIN(A;, A;),
where A; and A; indicate the number of DoFs at node ¢ and
j respectively.

A node also needs a subset of DoFs to null/suppress
interference caused to/from neighbors. We assume the inter-
ference range of a node is equal to its transmission range.
A transmitter’s data streams that interfere at a neighbor or
un-intended receiver are called interfering streams from the
said receiver’s perspective. The receiver will need the same
number of DoFs to suppress these interfering streams. Al-
ternatively, the transmitter can null its transmission toward
the receiver. The number of DoFs to null interfering streams
on the transmitter side depends on the total number of data
streams at interfered receivers. As shown in Figure 1, node
A is transmitting one data stream to node B, and node C is
transmitting two data streams to node D. Node C has two
interfering streams to node B. If node B wants to suppress the
interference streams from node C, node B must assign two
DoFs for IC. If node C wants to null the interference to node
B, it must assign one DoF for IC because node A has one data
stream to node B.

As mentioned in [2] and [12], either the transmitter (node
C) or the receiver (node B) needs to assign DoFs for IC.
Requiring both sides to perform IC will waste DoFs [10]. In
this paper, we adopt the DoF model proposed in [12] to ensure
all interference streams are cancelled by one end of a link only.
Specifically, given a sorted list of nodes, to perform IC, DoFs
are assigned based on the position of a node in the given
list. A transmitter is responsible for nulling its transmission
to unintended receivers that are ordered before it; a receiver
needs to suppress the interfering streams from unintended
transmitters that are ordered before it. Let D;" < A; denote
the DoFs used by node 7 to transmit, and I, j‘ refers to DoFs
used to null its interference. Also Dj_ < A; denotes the DoFs
used by node j to receive, and I for DoFs used to suppress
interfering streams. We use o; and o; to indicate the order of



node ¢ and j respectively. Then, we have the following node
ordering IC constraint.

-------------

Fig. 1: An interference example

Constraint 2. Each interfering stream must be cancelled by
the end with the bigger node order; i.e., if node i interferes
with j and o; > oj, then node i assigns I;r DoFs for IC,
where I;r > D;.

We also have the following DoF' constraint.

Constraint 3. The total number of elements used for data
transmission/reception and IC must not exceed the total num-
ber of antenna elements: D;_ + Ii"' <Ajor D] +1;7 <A,

According to Constraint 3, a transmitter/receiver ¢ can use
up to A; — 1 DoFs for IC, with at least one remaining DoF
dedicated for data stream. If we want to add a data stream,
both ends of this stream must satisfy the no Mix-Tx-Rx, node
ordering IC and DoF constraints.

Our proposed algorithm is based on Algo-2, a centralized
MTR link scheduler proposed in [7]. Algo-2 is able to generate
a TDMA schedule that maximizes network capacity with
a short superframe length. In each slot, it generates the
maximum set of links that can be activated simultaneously,
which is the well-known, NP-complete, MAXCUT problem
[15]. Specifically, it creates the maximal bipartite graph in each
slot and derives the shortest superframe length that ensures all
link demands are satisfied. In slot &k, Algo-2 divides nodes
into two sets: Setl and Set2. The nodes in Setl will transmit
to nodes in Set2 in slot k. The two sets are constructed as
follows. Algo-2 first includes all nodes into Set2 and sets
Setl to empty. It then selects the node with the highest A
value in Set2 and moves it into Setl, where the A value of a
node is the difference between the total weight of links from
this node to other nodes in Set2 and the sum of link weights
from nodes in Setl to this node. Algo-2 then repeatedly moves
nodes from Set2 to Setl until the A value of all nodes in Set2
is less than or equal to zero. After determining the links in
one slot, the weight of activated links is reduced by one. The
algorithm terminates when the weight of all links is zero. A
key problem with Algo-2 is that it assumes nodes always have
sufficient number of antennas for IC. Without consideration for
link upgrade and IC, Algo-2 is unable to generate the maximal
number of streams in MTR WMNs. We show how this is
addressed in Section IV.

IV. ALGORITHM

We now outline Algo-MIMO. It generates a superframe
S that satisfies all link demands (weights) while considering
Constraint 1, 2 and 3. In each slot, Algo-MIMO operates using
the following key ideas. It assigns ordering to nodes based on
the two node sets generated by Algo-2. Then, it adds links
between these two sets one by one provided nodes satisfy

Constraint 3. Finally, Algo-MIMO checks each activated link
to find whether it is able to support more data streams.

Algo-MIMO takes as input a graph G(V, E), A and W,
where A contains the number of DoFs at each node, and W
is the set link weights. We use s to indicate the k-th slot.
We define « to represent the order number. Let £ be the set
of links crossing Setl into Set2 with non-zero weights. We
use L; to represent the number of incident links on node ¢ in
set L. In slot sz, Algo-MIMO has three phases: (1) assign an
order to nodes, (2) schedule links with one data stream, and (3)
link upgrade. In Phase-1, it first applies Algo-2 [7] to separate
nodes into two sets, Setl and Set2; see line 4 of Algorithm
1. Algo-MIMO generates the set £ and computes L; for
each node. For each node set, it reorders nodes according
to L; in non-increasing order; see line 5-10. The function
AssignOrder() allocates the node order « to the first unlabelled
node in a node set; see line 11-16. For example, the first node
in Setl is labeled 1, and the first node in Set2 is labeled 2.

In Phase-2, Algo-MIMO checks each link from Setl to Set2
with non-zero weight. It first adds one data stream to link
(4,7) into slot si, where i € Setl and j € Set2. The function
CheckDoFs() is used to check whether all nodes satisfy the
node ordering IC constraint and DoFs constraint. If the result
of CheckDoFs() is TRUE, Algo-MIMO will reduce the weight
of link (¢,7) by one. Otherwise, the link (¢,7) will not be
activated in slot sj; see Line 17-26.

In Phase-3, Algo-MIMO adds data streams to be activated
links in slot sg. It continues adding streams to a link until its
weight is zero or a node becomes overloaded; see line 27-36.
Algo-MIMO repeats the three phases until all link weights are
satisfied; see line 2 and 37.

Fig. 2: An example topology with link weights

We now show how Algo-MIMO generates a superframe for
the example in Figure 2. It takes as input G(V, E), the set of
DoFs A = {3,3,3,3,3} and the set of link weights V. In
slot s1, it applies Algo-2 and generates two node sets, Setl =
{a,b,e} and Set2 = {c,d}. The links from Setl to Set2 are
L = {(a,d),(b,c), (b,d), (e,c),(e,d)}. Thus, the number of
incident links of each node in Setl are {L, = 1,Ly = 2,L, =
2}. In Set2, the values are {L. = 2, Ly = 3}. Then, in each
node set, it reorders nodes according to the number of incident
links. The two node sets are Setl = (b,e,a) and Set2 =
(d, ¢). It labels the first node in Setl, i.e., b, with 1, and the first
node in Set2, i.e., d, with 2. Then, the second node in Setl is
labeled 3. Thus, the node ordering in Setl and Set2 are {o, =
1,00 = 3,0, =5} and {04 = 2,0, = 4}, respectively. Algo-
MIMO first adds link (b, d) into slot s;. Node b uses one DoF
for transmission. Node d uses one DoF for reception. All other



Algorithm 1: Algo-MIMO
input : G(V,E), A, W
output: link schedule S

k<« 0
while M AX (W) > 0 do

kE—k+1 8,0, a0

// Sort and label nodes
{Set1, Set2} + Algo-2 (G)
L <+ Retrievelinks (Setl,Set2)
for i < 1 to |V| do

‘ L; + IncidentLinks (:,£)
end
Setl<— ReorderNode (Setl,L;)
10 Set2<— ReorderNode (Ser2,L;)
u while o < |V| do

[T SIS

R R B Y A

12 a+—a+1

13 AssignOrder (q,Setl)
14 a+—a+1

15 AssignOrder (a,Set2)
16 end

// Add one data stream per link
17 for i < 1 to |L| do

18 if w(e;) > 0 then
19 Add one stream to link e; in slot sg
20 if CheckDoF's (G,s,.A) then
21 | w(e;) « wle;) —1
22 else
23 | Delete link e; from slot sy,
24 end
25 end
26 end
// Link upgrade
27 for n < 1 to |s| do
28 while w(e,,) > 0 and CheckDoFs (G,s,A) do
29 Add one more stream to link e,, in slot sy,
30 if CheckDoF's (G,s,A) then
31 | w(en) < wle,) — 1
32 else
33 ‘ Delete one stream to link e,, from slot s;,
34 end
35 end
36 end
37 Add slot s, into S
38 end
39 Return S

nodes have unused DoFs. CheckDoFs() returns TRUE because
all nodes satisfy the DoF constraint. Thus, the weight of link
(b, d) reduces by one. It then adds link (b, ¢) into slot s1. The
result of CheckDoFs() is TRUE because the total number of
used DoFs is less than the number of elements at each activated
node. Thus, the weight of link (b, ¢) reduces by one. Similarly,
links (e, d), (e, c) and (a,d) are added into slot s; because no
node is overloaded. Then, it checks each activated link in slot

Slot 1 | Slot 2 | Slot 3 | Slot 4 | Slot 5
(b,d) [ (d,b) | (d,d) [ (a,d) | (b,a)
(bie) [ (de) | (da) | (be) [ (e d)
(b;c) | (b)) | (e0)

(e,d) | (c,e) | (d,b)

(e,¢) [ (a,b)

(a,d)

TABLE I: Superframe generated by Algo-MIMO

s1. Link (b, d) cannot have more streams because its weight
is zero. It adds one more data stream to link (b, c). Node b
used all its DoFs for transmission whereas node c uses all
DoFs for reception. CheckDoFs() returns TRUE because no
node is overloaded. Thus, the weight of link (b,c) reduces
by one. It cannot add more streams to link (b, ¢) because its
weight is zero. It then adds one more data stream to link (e, d).
Node d has no unused DoFs for one more data stream. Thus,
CheckDoFs() returns FALSE. Thus, Algo-MIMO deletes the
new added data stream to link (e, d). Similarly, it cannot add
more data streams to link (a,d) and (e, c). Thus, in slot sq,
Algo-MIMO adds one more stream to link (b, c). The final
superframe is shown in Table I.

We end this section by presenting the running time com-
plexity of Algo-MIMO.
Prop(‘)gsition 1. Algo-MIMO has a running time complexity of

O(ME x MIN(MAX(W), MAX (A))).

Proof. The time complexity of line 1 and 3 is O(1). Ac-
cording to [7], the time complexity of Algo-2 is O(|V]?).
The maximum size of Setl and Set2 is % Thus, the time
complexity of line 5 is O(#). Line 6-8 requires O(|V).
Line 9 and 10 reorder nodes in each set, meaning they have a
time complexity of O(%log(‘zﬂ)). For line 11-16, the time
complexity is O(|V]). Thus, the running time complexity of
line 3-16 is O(|V|?). The number of iterations from line 17
to 26 is dependent on |L£|. The function CheckDoF's() needs
to check a maximum |V| nodes. Thus, the time complexity of
line 17-26 is O(@). The number of iterations from line 27
to 36 is less than or equal to |£|. The maximum number of
data streams on a link in each slot is c. The time complexity of
line 27-36 is O(@ XMIN(MAX(W), MAX(A))), which
is also the time complexity of Algo-MIMO. O

V. EVALUATION

We use Matlab with the Matgraph toolkit [11] to evaluate
the performance of Algo-MIMO. We assume all nodes are
stationary and located randomly on a 300 x 300 m? or 500 x
500 m? square area with a transmission range of 100 or 150
meters depending on the experiment. The number of nodes is
30 or 50. We assume each node has a MIMO antenna array
with the same number of DoFs that ranges from 3 to 10. As a
future work, we will assume each node has varying DoFs. For
each MIMO link, in order to model different traffic load, we
randomly allocate a weight between one to a maximum value
t that corresponds to the number of data streams required by a
link. We record the average superframe length out of 10 runs
on different topologies. We assume channel state information



(CSI) is available at each node and nodes are located in a rich
scattering environment. We also assume each stream has the
same data rate, and leave consideration for varying channel
conditions to an immediate future work.

We conducted two sets of experiments: (1) without node or-
dering, and (2) different ordering rules. In the first set, we eval-
uate Algo-MIMO against four algorithms without node order-
ing. Namely, LinkWeight-RxIC, ConflictG-RxIC, LinkWeight-
bothIC and ConflictG-bothIC. The difference between them is
as follows. We use the labels ‘RxIC’ or ‘bothIC’ to indicate
IC performed at the receiver side only or both ends of a
link, respectively. LinkWeight-RxIC and LinkWeight-bothIC
start with the highest weighted link. Both ConflictG-RxIC and
ConflictG-bothIC first generate a contention graph where a
directional edge from one vertex to another denotes a link
interferes with another link. They then start with the link with
the maximum in-degrees. LinkWeight-RxIC, ConflictG-RxIC,
LinkWeight-bothIC and ConflictG-bothIC have the same link
scheduling process but use different IC rules. After selecting
a link, they assign the selected link to the first slot whereby
all nodes satisfy the no Mix-Tx-Rx and DoF constraints.

In the second set of experiments, Algo-MIMO is compared
against seven algorithms with different node ordering rules:
Random, TxFirst, RxFirst, MaxNodeWeight, MinNodeWeight,
MaxNeighbor and MinNeighbor. The difference between them
and Algo-MIMO is how nodes are ordered. For all seven
algorithms, we first apply Algo-2 [7] to derive Setl and Set2.
Recall that Setl contains transmitters whilst those in Set2 are
receivers. The Random method orders all nodes randomly.
TxFirst first randomly labels all transmitting nodes in Setl
followed by Set2. Conversely, RxFirst starts with Set2 first. We
define a node’s weight as the sum of the highest incoming and
outgoing link weight. MaxNodeWeight first labels the node
with the highest node weight. MinNodeWeight starts labelling
from the link with the smallest node weight. MaxNeighbor
and MinNeighbor start with the node that has the maximum
and minimum number of neighbors respectively. After each
node is labelled with an order number, the seven algorithms
use the same Phase-2 and Phase-3 as Algo-MIMO.

We first evaluate Algo-MIMO against four algorithms with-
out node ordering. We study the effect of the number of DoFs
on a 300 x 300 m? area with 30 nodes. We randomly assign a
weight to each link that ranges from 1 to 5. From Figure 3a, we
see that Algo-MIMO generates the shortest superframe length
when the DoFs range from 3 to 10. For all five algorithms,
the average superframe length reduces with increasing DoFs.
This is because more DoFs are available to support data
streams in each slot. In low DOFs scenarios, LinkWeight-
bothIC generates the longest superframe length, i.e., 124.9
slots. This is 2.58 times the superframe length generated by
Algo-MIMO. ConflictG-RxIC and ConflictG-bothIC respec-
tively derive superframes with an average length of 91.1 and
91.9 slots, respectively. This is about 90% longer than that of
Algo-MIMO. When nodes have many DOFs, the superframe
lengths generated by LinkWeight-RxIC, LinkWeight-bothIC,
ConflictG-RxIC and ConflictG-bothIC are more than 150%
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Fig. 3: Comparison against algorithms without node ordering

longer than that of Algo-MIMO.

Next, we study the effect of link weights. We assume each
node has five DoFs. Each link has a random weight between
one and ¢, where ¢ ranges from 1 to 8. From Figure 3b, we
see that the superframe length increases proportionally with
the value of ¢. A link may need more time slots to satisfy
the higher link demand. When the maximum link weight is
one, the superframe of LinkWeight-bothIC is about three times
the result of Algo-MIMO. When the maximum link weight is
8, the superframe length of Algo-MIMO is only 30% of the
superframe length generated by LinkWeight-bothIC.

Algo-MIMO performs better because it applies the node
ordering DoF model that cancels interference only on one end
of a link. Consequently, as there are no wastage of DoFs,
Algo-MIMO is able to activate more streams in each slot.
The second reason is because Algo-MIMO uses Algo-2, which
ensures the maximal number of links are activated in each slot.
In contrast, LinkWeight-RxIC, LinkWeight-bothIC, ConflictG-
RxIC and ConflictG-bothIC only generate feasible schedules
without considering superframe length.

In the second set of our experiments, we evaluate the
performance of Algo-MIMO against seven algorithms with
different node ordering rules. We first study the effect of DoFs
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Fig. 4: Comparison against algorithms with different node
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at each node on the superframe length on a 500 x 500 m? area
with 50 nodes when transmission range is 150 meters. We
randomly assign a weight to each link that ranges from 1 to
5. From Figure 4a, we see that the average superframe length
reduces when there are more DoFs at each node. When each
node has three DoFs, MinNeighbor has the longest superframe
length, i.e., 148.3 slots. This superframe length is 44% longer
than the result derived by Algo-MIMO. When the number of
DoFs is 10, MinNeighbor derives the longest superframe, i.e.,
41.9 slots, among the eight algorithms. This value is about 1.5
times the superframe length of Algo-MIMO.

Next, we evaluate Algo-MIMO against the seven algorithms
using different node ordering rules. The maximum link weight
t ranges from 1 to 8. From Figure 4b, we see that Algo-MIMO
generates the shortest superframe in all cases. When the
maximum link weight is one, MinNeighbor derives the longest
superframe length, i.e., 29.4 slots. This value is 1.5 times the
superframe length of Algo-MIMO. When the maximum link
weight is 8, the superframe length of MinNeighbor is about
1.6 times the result of Algo-MIMO.

Algo-MIMO has better performance because it orders nodes
according to the number of incident links in £. Thus, in each

slot, a node that has a high number of incident links will have
a smaller label or node ordering. A node with a smaller label
requires fewer DoFs for IC. Consequently, Algo-MIMO can
activate more data streams in each slot than other ordering
rules due to the efficient use of DoFs.

VI. CONCLUSION

In summary, our proposed algorithm, Algo-MIMO, is the
first to combine a novel algorithm to generate the maximal
number of links and uses an efficient node ordering rule for
IC. Experiment results show that this ordering rule leads to
shorter superframe lengths as compared with rules such as
random, transmitter or receiver first, node weight or number
of neighbors. Algo-MIMO ensures shorter superframe lengths
than algorithms that do not use the node ordering DoF model.
As an immediate future work, we will consider channel con-
ditions and aim to develop a distributed solution that derives
the minimal superframe length.
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