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Abstract—Multi-channel operation in an ad hoc network
can improve robustness and reliability by efficiently managing
interference and reducing contention. In this paper, we model
four dynamic channel assignment techniques under the same
set of assumptions, comparing the efficiency of their power and
channel allocations. As the number of channels increases, the
differences in the performance of the four techniques become
more pronounced. Among the techniques studied, the conflict
graph-based technique achieves the highest number of feasible
links and the lowest average power consumption.

I. INTRODUCTION

The advent of spectrum-agile radios that can self-organize
into a cognitive network opens the possibility of topology con-
trol that relies on both channel and transmit power allocation.
Links in the network can be established simultaneously on
different channels, and network nodes are sometimes equipped
with multiple transceivers. The recent impetus towards exploit-
ing underused bands or channels through dynamic spectrum
access (DSA) has made it difficult to have an infrastructure-
based management of channel assignment. Hence there is a
growing need for efficient spectrum usage in the context of ad
hoc networks.

Improving the performance of such multi-channel wireless
networks depends on a dynamic channel assignment (DCA)
mechanism to perform the most efficient allocation of chan-
nels to currently active links. Several DCA techniques have
been proposed to improve capacity by reusing channels more
flexibly in a multihop network [1]-[18]. A link is considered
feasible if it satisfies some criterion for reliable communica-
tions. The fundamental objectives of these DCA techniques are
to: (1) increase the number of feasible links and hence increase
the aggregate network capacity and/or (2) reduce the total
transmit power in the network, hence increasing its lifetime
when nodes’ battery life is limited.

This paper presents a comparative study of four DCA mech-
anisms proposed in the literature ([1]-[4]). We model these
techniques under the same set of assumptions and compare
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their performance in terms of the efficiency of their channel
and power allocations.

System models for evaluating DCA algorithms can be
broadly categorized as disk model or signal to interference and
noise (SINR) based. Most research work [6]-[18] on DCA in
wireless networks explores this topic from a protocol-oriented
and graph theoretic perspective, in which the primary cause of
performance degradation is collisions. The basic idea behind
this approach is that there is an effective communication
range for each transmitting node. Within this disk region,
another node will successfully receive any message from
the transmitter, provided no collisions occur. Conversely, if
another node within the disk simultaneously transmits, then
there will be a collision. Besides the disk model, which
simply uses a common radius for communication and collision
range, double disk models have also been studied ([8] and
references therein). Double disk models reflect the fact that
the interference or collision range of a transmitter is much
larger than its communication range. The inner disk represents
the communication region, while the outer disk represents the
interference region. A collision occurs if a receiving node lies
within the outer ring of an interfering node.

Hence, the protocol-oriented approach treats wireless links
as operating in binary states and reduces the channel assign-
ment problem to a graph coloring problem. The coloring of a
graph G(V, E) is an assignment of colors to the vertex set V'
(nodes) at the edges I (communications links) such that no
two adjacent vertices have the same color.

While such an approach simplifies the channel assignment
problem, it oversimplifies the characteristics of wireless com-
munications. There are two causes for this: fading channels
and aggregate interference. Even if the endpoints of a link are
well within the transmit radius of each other, there is a positive
probability of a frame loss due to a deep fade. Secondly, even if
all interferers lie well outside the collision region of a node, the
cumulative effect of the interferers in a neighborhood might
be enough to make a link infeasible for communication.

Therefore, the SINR-based approach is a more realistic
model. Examples of SINR-based channel assignment tech-
niques in ad hoc networks include [1]-[5]. These works adopt
different assumptions regarding the channel model (Rayleigh
versus lognormal fading, etc.), and whether interferers’ loca-
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tion information can be fed back to each user. Typically a
channel assignment technique improves channel reuse for links
that do not cause excessive mutual interference. Additionally,
channel assignment is considered in conjunction with power
control.

The first contribution of the paper is to provide a frame-
work for comparing different channel assignment techniques
that employ power control. Secondly, using this framework,
we evaluate and compare the performance of some of the
techniques proposed in literature.

This paper is organized as follows: in Section II we present
the system model, followed by Section III in which we
summarize the various approaches to channel assignment that
we compare in this paper. Section IV reviews methods for
transmit power control. Section V deals with the simula-
tion methodology and the comparative results of the channel
assignment techniques under study. Finally, we present our
conclusions and discuss avenues for future research in Section
VI

II. SYSTEM MODEL

Consider K point-to-point links, comprising a group of
nodes that are transmitting and a group of equal number
that are receiving. Each link represents a one-to-one mapping
between a transmitting node and a receiving node. The set of
all the links is represented by £ = {1,2, ..., K'}. The distance
and the path loss between the transmitting node of link % and
the receiving node of link j are d; ; and G,;; = (d; ;)
respectively, where « is the path loss exponent.

We assume that there are N channels in all. The instanta-
neous fading gain between the transmitting node of link ¢ and
the receiving node of link j is «y; ;. Independent and identically
distributed (i.i.d.) Rayleigh block fading is assumed on all
channels. After a fixed duration of time, the fading changes
to a new realization of ~; ;.

Suppose that a subset of the K links £,,, C L is operating
on channel m. Then the SINR of link k € £,,, is determined
by

Vi, kG k- Pre
No+ e jzk V.G, Pj

The variable P}, denotes the transmitter’s power of link £ such
that 0 < P, < Py, Where P, is the maximum transmit
power for all nodes. The variable N, denotes the double-
sided noise spectral density, assumed constant for all receiving
nodes.

We can define an indicator function Z;, for each link k such
that the function is equal to 1 if the SINR is greater than or
equal to some threshold 8. Thus a link k£ with Z; = 0 is
considered unserviceable, otherwise it is a feasible link. The
total number of feasible links Kz is

SINRy, = (D

K
Kp =Y Z. (2)
k=1

Note that a channel assignment technique could prevent a link
k that is causing excessive interference to other links from

being active on any channel. Therefore the transmit power of
link k£ would be set to zero (i.e. P, = 0) which would also
lead to Z;, = 0. Therefore, more cochannel links could achieve
the requisite SINR and consequently K would increase.

A typical metric in DCA research ([1], [6] etc. and refer-
ences therein) is the ‘blocking probability’ which measures
the chances that a link is denied access to a channel. While
it is similar to the notion of how many links are deemed
unserviceable, ‘blocking probability’ assumes a connection-
oriented model where new links are denied service with some
probability. In our approach, a channel assignment algorithm
runs for each fading block where the concept of connection
or call does not apply. Furthermore, since this paper compares
the relative performance and merits of channel assignment
techniques, the more appropriate metric is the number of
successfully assigned links given the number of channels.

Another metric relevant to ad hoc networks is the overall
consumed power. By employing a power control mechanism
(discussed in Section IV), transmitting nodes reduce their
power consumption and cause less interference. The average
transmit power Pr of the feasible links is

K

P 721@:113/6

= 0.
Kr

Note that the values of Ky and Pr correspond to one
instantiation of the location of nodes and the cross-link fading
coefficients. To estimate the overall performance of a channel
assignment and power control technique in terms of these
two variables, a large number of such instantiations is needed
(further discussed in Section V).

3)

III. CHANNEL ASSIGNMENT TECHNIQUES

Channel assignment techniques that appear in the literature
differ in their underlying constraints as well as in how they
approach the problem. They can be broadly categorized as
either centralized (such as [3], [4]) or decentralized (such as
[1], [2]). In the following discussion, the salient features of
these techniques are presented.

A. Technique 1: Interference-based Channel Assignment

In [1], which is a decentralized approach, a new link is
assigned the channel that exhibits the least interference. This
assignment also requires that the interference be below some
threshold. The link begins transmission with a predetermined
initial power. If the SINR is below (3, the transmitter increases
its power proportionally to the ratio T%R‘ Clearly, this could
cause disruption to other cochannel links if their SINR falls
below the threshold, leading them to increase their transmit
powers as well.

To mitigate this problem, [1] proposes that each link in-
crease its power not just by the ratio % but also by the ratio
of its initial observed interference and some predetermined
interference threshold Irp. If any link cannot satisfy its
requisite SINR then it is considered an unserviceable link.
Note that this form of power control does not require a
source to reduce its transmit power, making the overall system



performance sensitive to the initial power as well as the
interference threshold.

B. Technique 2: Distance-based Channel Assignment

In [2], multiaccess interference for a link is handled in a
two step process; firstly by scheduling out strong interferers,
followed by adjusting the transmit power of nodes such that
links are admissible (i.e. the SINR constraint is met). While
[2] considers TDMA (time division multiple access) based
schemes, we follow the underlying resource allocation strategy
to multiple frequency channels. Hence we generalize the
notion of time slots to ‘channels’ due to the analogy between
scheduling and channel assignment. Following the approach
in [2], links are admitted sequentially to a network and are
assigned the first available channel. Note that this approach is
also decentralized.

A new link is assigned a channel such that its transmitting
node does not lie within a distance D of a receiving node
that is already receiving on that channel. In the second phase,
the cochannel links employ transmit power control to mitigate
interference [2]. A simple heuristic approach adapted from
[19] is deployed where the link with the worst SINR is blocked
from transmitting, thereby allowing either more admissible
links or faster convergence to the desired transmit powers.
The frequency reuse distance D can play a significant role in
determining overall network performance. In our simulations
we set D to be twice the maximum separation between a pair
of transmitter-receiver nodes. Essentially, this is analoguous to
using a 2-hop disk model where a channel can be reused after
two hops.

C. Technique 3: Conflict Graph-based Channel Assignment

The work in [3] uses a centralized approach to maximize
the number of links on a given channel by creating a binary
conflict graph. For a pair of links, a conflict occurs if either
one creates excessive interference for the other.

A new link is assigned a channel so that it does not cause
the SINR of any other cochannel link to drop below 3. [3]
uses integer programming to determine the maximum number
of links that can be supported on a given channel without
violating the requisite SINR.

Note that [3] does not use power control to minimize
aggregate transmit power or reduce interference, although
its suggests using the distributed power control mechanism
in [20] to save transmit power after the channel assignment
phase. In our simulations of this technique, the initial transmit
power of all links is Pp,,x. Once the links have been allocated
channels, we use the suggested power control. Additionally,
[3] assumes that the fading on all the channels is the same.
In our implementation of this technique, however, we have
considered independent fading on all channels.

D. Technique 4: Minimum Power Re-adjustment based Chan-
nel Assignment

In [4] two centralized algorithms, the Minimum Incremental
Power Algorithm and the Least Interference Algorithm are pre-

sented, which consider links with disparate rate requirements.
Both algorithms are found to exhibit similar performance, and
we consider the first algorithm in our evaluation. Both use
transmit power control to increase the number of links that
can be supported on a channel. Adding a link to a channel
causes other links to adjust their transmit powers to maintain
the requisite SINR.

A new link is assigned a channel such that the adjusted
aggregate transmit power of its cochannel links is smaller than
that of links on any other channel. However, if this channel
assignment were to result in any of the previous links failing
to meet their SINR requirement or exceeding their maximum
transmit power, then the new link is deemed infeasible. If
no other channel can support such a link then the link is
blocked. This channel assignment technique tries to minimize
the overall transmit power consumed across the network.

IV. POWER CONTROL TECHNIQUES

Since channel assignment is often performed in conjunction
with power control, this section analyzes how transmit power
control (TPC) can enhance performance by reducing the
network’s aggregate interference and transmit power. While
TPC is not a channel assignment technique per se, it can
lead to increased channel reuse. The transmit powers can be
determined through centralized or decentralized approaches.

A. Centralized

In a centralized scheme, global knowledge of cross-user
gains is used to determine an assignment solution by a central
entity and is then distributed to the nodes. A centralized power
control algorithm seeks a feasible power allocation for the
M links on channel m. The power control mechanism in [4]
(Technique 4) is based on the following development.

The cross-user gains for the M links within a block are
represented by the M x M matrix G. We can define an M x M
matrix G such that its i** row and j** column is

o BrsGiaif j #

According to the Perron-Frobenius theorem [21], a power
vector P, = [Py, Py, ..., Pp] exists that meets the following
inequality

I-GPr>UT (5)
where (-)T is the transpose, I is the M x M identity matrix

and U is the 1 x M vector

BN, BN,
U= ,
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If the maximum eigenvalue of [I — G] is less than one then
there exists a possible solution of transmit powers for all M
links such that they can coexist on the channel while satisfying
the minimum SINR constraint 5. The transmit power vector
P,, is then

P, =[-G|] 'UT. (6)



If the maximum eigenvalue criterion is not met, some of the
M links can be assigned to another channel so as to permit a
feasible power vector on channel m.

B. Decentralized

When no global knowledge or centralized control exists to
influence a transmiting node’s behavior, it has to iteratively
adjust its transmit power such that its receiving node is able
to achieve an SINR above . In [20], the decentralized power
control algorithm executed by a link £ € £,, converges to the
optimal solution determined in (6) by the following iteration
rule:

o 3 .
Py (j+1) = min (Pmaxa SINE, Py (j)) (7

subject to 0 < Py (j) < Pnax where j represents the iteration
number. The power control mechanism in [2] (Technique 2)
and [3] (Technique 3) uses the above distributed approach.

Technique 1 [1] uses a different decentralized scheme
to update the transmit powers of links. This is a one-step
increment (i.e. 7 < 2) in transmit power that is applied only if
a link’s SINR is below (3. Inferring from [1], the powers are
updated according to

. . B Iru Py (j)
Pk: <]+1) = min (PmaX7 SINRk Vi D) (8)

where [ = Zieﬁm,iyﬁk V,:Gr,i P (j) is the total interference
power and has to be less than Iy (interference threshold) for
a link to be set up. The initial transmit power of each link
Py (1) is set to a constant Pr.y.

In a distributed or decentralized approach, each transmitter
adjusts its power with a feedback mechanism until all the links
reach a steady state. To compare this fairly with the centralized
approach, we assume that once a given number of iterations
have been executed, a link & is considered good if SIN R, >
[ with the converged solution of Pj used to calculate Pr.

V. SIMULATION STUDY

In our simulations, we randomly place nodes in a square
region of area dmax X dmax m? according to a uniform
distribution. The maximum separation between any of the K
point-to-point links is d,- with a path loss « = 4 that is typical
for urban environments. Other relevant simulation parameters
are tabulated in Table 1.

In a centralized algorithm, the knowlege about the location
of the nodes and fading gains can be used to optimize channel
assignment to achieve some global objective which may not
be possible in a distributed algorithm. With the technique
used in [3], all the links start transmitting on their assigned
channels simultaneously and are jointly admitted. In the other
techniques [1], [2] and [4], the links are admitted sequentially
and prior links that have already been assigned channels are
not re-assigned channels.

For each topology, according to the Rayleigh block fading
assumption, we generate fading gains drawn from an exponen-
tial distribution for each of the N channels. Based on the path

TABLE I
SIMULATION PARAMTERS

dmax | 1000 m

dr 200 m

D 400 m

B 10 dB

« 4

N, —110 dBm
Pmax | 30 dBm
ITH —100 dBm
Pref 5 dBm

loss among nodes and the fading gains, we run the Channel
Assignment and Transmit Power Control (CA-TPC) technique
to obtain transmit power and channel allocation for each link.
The CA-TPC algorithms are based on the techniques discussed
in Sections III and IV. The process is then repeated as the
topology is rearranged randomly on the square plane.

When the number of trials is large, the sample mean of K
(2) and Pr (3) approaches the average number of feasible
links and their average transmit power, respectively for each
CA-TPC algorithm. By varying K and N, we obtain the
performance of the four techniques as a function of the number
of links and channels. In our MATLAB-based simulations, a
total of 3000 trials were conducted for each value of K and
N.

A. Results

The average number of feasible links for each of the four
techniques for N = 2,4,8 channels is shown in Fig. 1, 2
and 3 respectively. The average number of feasible links K
increases asymptotically to a value which is the maximum
number of links that can be supported within the constrained
area. The higher the number of channels, the larger the
maximum number of feasible links is. With two channels, the
system is heavily loaded and the performance of all techniques
is quite similar. It is only when the number of channels
increases that the load becomes moderate and the performance
differences among the techniques become apparent.

We should also reiterate that Techniques 3 and 4 are
centralized whereas Techniques 1 and 2 are distributed. Note
that Techniques 1, 3 and 4 exploit knowledge of interfer-
ence to perform channel assignment. Technique 2 exhibits
less flexibility since it makes assignment decisions based on
the frequency reuse distance D. New transmitting nodes are
inhibited from operating on a channel within a distance D
of pre-existing receiving nodes, therefore resulting in a large
number of unfeasible links. On the other hand, Technique
1 assigns each link the channel with the least interference
and therefore fares much better. In fact, it performs quite
close to the centralized techniques. Technique 3 goes one step
further by creating a conflict-graph of all interfering links and
making a globally optimum assignment. Technique 4 uses the
information about mutual interference to reduce overall power
consumption.

In Fig. 4 the average transmit power of feasible links Pr for
the four techniques is plotted. Technique 3 has the advantage
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Fig. 1. With a mere N = 2 channels, the performance of Techniques 1, 3
and 4 is statistically indistinguishable.
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Fig. 2. As expected, a doubling of channels to N = 4 leads to an
improvement in K.

over the other three, in terms both of number of links that can
be supported and average power consumption.

We can see that for higher node densities (i.e. K > 50), the
average transmit power of a feasible link is approximately the
same with both N = 2 and N = 8 channels for Techniques
1, 2 and 3. The average transmit power of these techniques
show weak correlation with node density irrespective of the
number of channels.

On the other hand, with Technique 4, we see a decline in Pr
as N increases. This is because Technique 4 tries to minimize
the incremental increase in transmit power when new links are
admitted by appropriate channel assignment. As the number of
channel increases, the technique can make better power-saving
channel allocations which results in a lower Pr.
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Fig. 3.  With N = 8 channels, the performance improves substantially

particularly for lower values of K, where almost a linear increase in K can
be observed.
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Fig. 4. The average transmit power Pr of the techniques. With a high node
density, Pr becomes insensitive to the number of available channels N for
all the techniques except Technique 4.

VI. CONCLUSIONS

We have performed a study of some channel assignment
techniques that employ power control to analyze their ef-
fectiveness in increasing the number of feasible links and
reducing power usage. We have seen that techniques that
consider the effects of interference in performing channel as-
signment fare better than when a fixed channel reuse distance
is used. Additionally, as the channel availability increases, the
difference in performance of these techniques becomes more
apparent. Interestingly, among the techniques that we have
presented, the technique with the best performance in terms
of increasing the number of feasible links also has on average
the least power consumption.



In our future work we will consider how graph-theoretic
channel assignment techniques fare under more realistic SINR-
based models. If the cost of channel reassignment is high, pre-
sumably we would not want to assign channels too frequently
as the fade coefficients change. We will explore how robust
the allocations are to fading conditions. Our results provide a
comparison of the techniques for point-to-point links. We plan
to extend this work to joint routing and channel assignment
approaches and perhaps consider mobility issues. This will
allow us to examine the cross-layer effects of topology control.
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