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Abstract—Interference is one of key factors of performance
degradation in wireless communications. Various interference
models have been proposed in the literature. However, most
of them did not take node mobility into account. In fact, as
an interferer approaches a carrier sensing range due to node
mobility, the transmitted frame may also encounter a collision.
Due to the interfering source, it is necessary to make an effective
interference model to characterize the interference and signal-
to-interference ratio(SIR). In this paper, we propose a novel
interference model through interference and SIR distribution
functions obtained from mobile nodes. In particular, we focus
on a random direction (RD) model. Based on the probability
distribution function of distance between any node pairs, we theo-
retically estimate the distribution of the accumulated interference
contributed by concurrent transmissions and the corresponding
SIR values. Through this result, we investigate the probability
of successful transmissions and the probability of carrier sensing
failures.

I. INTRODUCTION

In CSMA/CA-based wireless networks, there are two ma-
jor mechanisms that are related to medium access [1], [2]:
physical carrier sense mechanism for detecting simultaneous
transmissions and binary exponential backoff for resolving
contentions. Carrier sensing to some extent alleviates the
interference, which is caused by simultaneous transmissions
from one or multiple nodes outside the carrier sensing range.
However, the interference varies dynamically in mobile ad hoc
networks. If interferers outside the carrier sensing range move
into the carrier sensing range, the accumulated interference
suffered by the receiving node becomes larger, resulting in
a transmission failure. On the other hand, if interferers are
far away from the designated receiving node, the accumulated
interference becomes smaller, resulting in a higher signal-to-
interference (SIR) value.

Various interference models have been proposed in the lit-
erature [3], [4]. There are two widely used models: a physical
model and a protocol model to characterize the interference in
a wireless network. In the physical model, a transmission is
successful if and only if the ratio of SIR value at the intended
receiver exceeds a threshold so that the transmitted signal
can be decoded with an acceptable bit error probability. In
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the protocol model, a successful transmission occurs when
a receiver lies inside the transmission range of its intended
transmitter and lies outside the interference ranges of other
non-intended transmitters. However, this protocol model does
not accurately reflect physical layer characteristics. Thus, our
proposed interference model will be based on the physical
model.

Clearly, the interference and the corresponding SIR in a
transmission depend on the mobility pattern of network nodes.
Here we consider bi-dimensional random mobility and use a
random direction (RD) mobility model, which was first intro-
duced in [5]. In the RD mobility model, each node alternates
a movement phase and a pause phase; at the beginning of
the movement phase, a node independently selects its new
direction and speed. Speed and direction are kept constant for
the whole duration of the movement phase. In this model,
nodes are uniformly distributed within the simulation area.
Compared to the random waypoint (RWP) mobility model, it
eliminates the phenomenon of clustering which occurs near
the center of the simulation area.

In this work, we investigate the interference and SIR distri-
bution functions of mobile nodes with a random direction (RD)
at a given time instant t. We have interest in the following
questions: How does node mobility affect the accumulated
interference? And what level does it influence the accumulated
interference? Apparently, the signal or interference power
received from an intended transmitter or an interferer is time-
varying. The accumulated interference, which was assumed to
be a fixed value in most previous studies, becomes a stochastic
value. Thus, the analysis of interference dynamics is more
complex.

The main contributions of our work are as follows:
1) We analyze interference dynamics in a CSMA/CA-based

wireless network for the first time, and especially derive
an expression for the interference model in mobile ad hoc
networks. We propose an approximate expression for the
interference and SIR distribution functions at a tagged
node. However, if the tagged node moves, the distance
between the tagged node and each interferer is not
independent. Consequently, the Central Limit Theorem
(CLT) can not be applied.

2) We obtain the distance distribution function of any node
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pairs in a network, with node mobility based on the RD
mobility model, which is more accurate compared to [6].

3) Based on our result of interference and SIR distribution
functions, we analyze various factors affecting them.
Then, we show possible applications in terms of the prob-
ability of successful transmissions and the probability of
carrier sensing failures.

II. RELATED WORK

In recent years, various interference models in MANETs
have been proposed in the literature, with different intended
applications, and different levels of detail. The interference
models in ad hoc networks can be classified into two groups
[7]: (1) statistical interference models; (2) interference models
that describe the effects of interference. In the first group,
emphasis is given to the statistical nature of interference, and
of interest are the statistical characteristics, which can be
expressed in terms of the probability distribution function or
its moments. In the second group, interference models focus
on a given network performance metric or some aspect of the
network behavior that is affected by interference, for instance,
the Physical Interference Model and the Protocol Interference
Model. In this paper, our aim is to obtain the interference and
SIR probability distribution functions, focusing on the physical
layer aspects of the interference signal. However, our model is
based on the second group model. The studies on the second
group model are mainly based on static topology or snapshot
in mobile networks. In CSMA/CA-based, multi-hop wireless
mobile networks, previous studies can be classified into the
following three classes:

1) Hexagon interference model: There are six first-tier in-
terference nodes that are located at the closest possible
locations for a tagged transmitter [8]. The hexagon in-
terference model has been used to calculate the worst-
case SINR under the assumption that every node senses
the medium before attempting for transmission. However,
even if some interferers are far away from the transmitter,
the sum of their interference power may become larger
interference to a designated receiver. There is related
work which considers two-tier interference nodes [9] and
infinite-tier interference nodes [10].

2) Interference model in a uniformly distribution node evi-
ronment [11], [12]: Nodes are uniformly in a given area
and an analytical model is derived under the assumption
that all nodes always have packets for transmission.
Under the geometrically distributed backoff assumption,
the process that characterizes the occupancy behavior of
the channel (idle, collision,and successful transmission)
until the end of each successful transmission is regen-
erative, with a sequence of time instants corresponding
to the completion of a successful transmission being the
regenerative points. Interference is obtained through an
integral equation. This model is appropriate to analyze the
static node environment in a sensor network or snapshot
in a mobile network with a special mobile pattern, such
as the RD mobility model.

3) Interference model in concentric ring interference zones
[13]: There are many concentric rings, and the m-th ring
represents the area beyond which a minimum of m + 1
simultaneous transmissions is required to result in an
unsuccessful reception. It is straightforward to derive an
upper and a lower bound for the resulting probability
of successful delivery by considering all the possible
locations of interference nodes. It can address both static
and mobile networks. However, it becomes very complex
when the number of nodes is large.

With our best knowledge, we investigate interference dy-
namics with node mobility in a CSMA/CA-based mobile ad
hoc network for the first time. It is mainly based on an inter-
ference model in a uniformly distributed node environment.

III. ASSUMPTIONS AND NETWORK MODEL

A. Assumptions

In order to characterize the distribution of interference and
SIR in MANETs, we make the following assumptions:

1) The network consists of many homogeneous nodes mov-
ing in a bounded area. In particular, every node has the
same transmit power Pt, carrier sensing threshold power
Pcs, and SIR threshold β.

2) Nodes move independently of each other.
3) A deterministic path loss is only considered, which means

log-normal shadowing and multi-path fading are not
considered.

4) After the transmitter accesses the channel, interferers
always send data to their intended receivers. Under the
RD model, nodes are uniformly distributed at any time
within the space. If a tagged receiver is at the center of
the ring area, the number of interferers is fixed. When an
interferer completes its own transmission, there is a newly
emerging interferer. It is indirectly ensure the assumption.

B. Radio Propagation and Interference Model

In this subsection, we describe a radio propagation and
interference model. We consider signal attenuation only caused
by path loss. Let Pr denotes the received power from a
designated transmitter, g denotes the antenna gain, and α
denotes the path loss exponent(typically rangeing between 2
and 4). The received power can be expressed as

P
′

w =


gPt

dα
d > g

1
α

Pt d ≤ g
1
α .

(1)

Before transmitting data, a transmitter first senses the chan-
nel. The channel is sensed idle if the sensed signal power
level is smaller than the carrier sensing threshold or it is busy,
otherwise. We further define the deferring transmission set of
a transmitter w as the set of nodes that sense the channel
to be busy if the transmitter w transmits. It is described as
Sw = {w′ | gPt

dα

(w,w
′
)

≥ Pcs, w ̸= w
′}. The result of an individual

transmission depends on the SIR. In other words, a successful
transmission not only depends on the received signal level, but

3789



also the interference level caused by simultaneously transmit-
ting nodes. In this paper, the thermal noise is not considered.
A transmission is successful if

gPt

dα∑
wi ̸∈Si

gPt

dα
i

≥ β. (2)

We assume that the transmission range is short enough,
compared to the physical carrier sensing range [11].

IV. THE DISTRIBUTIONS OF INTERFERENCE AND SIR

A. Node Spatial Distribution

Under the RD mobility model [5], each node alternates
a movement phase and a pause phase. At the beginning of
the movement phase, a node independently selects its new
direction and speed. The direction is uniformly distributed in
a range from 0 to 2π and the speed is uniformly distributed
in a range from 0 to Vmax. The speed and direction are kept
constant for the whole duration of the movement phase. The
durations of movement and pause phases follow an exponen-
tially distributed with parameters λ and µ, respectively. In [14],
the temporal evolution of the node positions can be obtained
through a system of partial differential equations. However, it
is difficult to apply due to computational complexity. Addition-
ally, we do not need to consider the distribution characteristics
of all nodes in the network area. Instead, we mainly consider
two cases of the variation of the relative distance of two nodes:
the first case is that one of the two nodes is static and the initial
relative distance is set to 0; the second case is that one of the
two nodes is static and the initial relative distance is not equal
to 0.
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Fig. 1. A mobile node’s trajectories

In the first case, we extract the mobile node trajectories as
the sum of random phasor. Fig. 1 shows a node’s trajectories,
where r is the relative distance between two nodes. In a
bi-dimensional area, nodes move with a randomly selected
direction. At this point the Central Limit Theorem can not be
directly applied. However, the phasor could be decomposed
into the horizontal and vertical components, and the sum of the
horizontal and vertical components closely follows a normal
distribution.

Joseph [15] proved that the two parts have no correlation.
Thus, the magnitude of random phasor sums is a Rayleigh
variate. The relative distance in the first case is Rayleigh
distributed. Its probability density function can be described
as

p(r) =
r

2πσ2
t

exp(− r2

2σ2
t

), (3)

where σt is the Rayleigh distribution parameter which can be
indirectly obtained from [6]

σ2
t =

λσ2
v

2µ2(λ+ µ)
exp(µt+ e−µt − 1), (4)

where σ2
v is the variance of the node speed distribution, which

can be expressed as

σ2
v =

(vmax − vmin)
2

12
(5)

Fig. 2 shows the standard variance of the node spatial
distribution for three different values of λ and µ .
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Fig. 2. Variance of the node spatial distribution when the node starts at the
initial position at t=0

In the second case, it can be extracted from a random phasor
sum plus a known phasor. Similar to the analysis described
above, the phasor is decomposed into horizontal and vertical
components and the known phasor lies along the horizontal
axis. Then, for a large number of steps in the random phasor
sum, the statistics of the two parts are again asymptotically
Gaussian. Thus, the magnitude of the resultant phasor, which
is known as the Rician probability distribution function, is
expressed as

p(r) =
r

σ2
t

exp(−r2 + r20
2σ2

t

)I0(
rr0
σ2
t

), (6)

where r0 is the magnitude of the known phasor and I0() is a
Bessel function. Note that for r0

σt
= 0, the Rician probability

density function is the same as the Rayleigh probability
function. As the r0

σt
value increases, the Rician probability

density function takes on a more symmetrical form, gradually
being close to a Gaussian distribution. In fact, when the r0

σt

value is relatively small, the distribution is gradually close to
a Rayleigh probability density function. With a limit of even
larger r0

σt
, the result is asymptotically Gaussian distribution.

p(r) =
1√
2πσt

exp(− (r − r0)
2

2σ2
t

). (7)

In the above two cases, we consider that only one node in
the pair is in motion. If both of the two nodes move, two nodes
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have the same distributions with the same parameter values.
The distributions do not change. The only difference is that the
variances in the distributions double. Our results are similar
to [6]. In particular, our conclusion is more accurate when r0

σt

is small.

B. Received Power Distribution Function
As mentioned above, we can write an expression for the

probability density function of the distance between an arbi-
trary node pair. We consider one node as an interferer and
the other as a receiver. Under a carrier sensing mechanism,
the distance between the receiver and interferer is in general
far away from each other, and σt is small for within a few
seconds. Thus, r0

σt
is relatively large and the relative distance

d is Gaussian-distributed. From Eq.(1), The probability density
function of P

′

w is expressed as

f(P
′

w) =


1

2
√
2πσt

exp

−
[ gPt

P ′
w

]
1
α − d0

2σ2
t

 [
gPt

P ′
w

]
1
α d > g

1
α

Pt

g
1
α

d ≤ g
1
α ,

(8)
where d0 is the initial distance between the receiver and the
interferer.

C. Interference at a Static Receiver
We now investigate the receiver’s interference level after

the designated transmitter accesses the channel and begins
to transmit data. It is related with all the interferers which
move and pause under the RD mobility model. We utilize the
Lyapunov CLT which relaxes the condition in the CLT. It is
not emphasized that every random variable is identical, but
each has a finite expected value, and variance, subject to the
Lyapunov’s condition

lim
n→+∞

1

Sa+2
n

n∑
i=1

E[|Xi − νi|a+2] = 0, (9)

where Xi = E[νi], S2
n =

∑n
i=1 δ

2
i and δi > 0 . In general, we

select a = 1. Then, the sum of Xi−νi

Sn
converges in distribution

to a standard normal random variable as n goes to infinity,

1

Sn

n∑
i=1

(Xi − νi) → N(0, 1). (10)

In the Lyapunov CLT, random variables are independent of
each other. Obviously, this random variable is the interference
power level from an interferer to the receiver. Due to the static
receiver, the distance variables between interferers and the
receiving node are independent. Thus, the interference power
variables are independent of each other. If the tagged receiving
node moves, the distance variables between the tagged receiver
and interferers are not independent. Thus, the central limit
theorem (CLT) can not be applied. In addition, the carrier
sensing mechanism defers the transmission of nodes which
are close to the transmitter. They may play a decisive role on
the total cumulative interference.

We first calculate the expectation of the interference power.
After simplification, we obtain

Xi =

∫ +∞

g
1
α

1√
2πσt

exp(− (x− d0)
2

2σ2
t

)
gPt

xα
dx+ g

1
αPt. (11)

This is a variant of exponential integral and cannot be
expressed in terms of elementary functions. However, we
observe that the first integral term is the pdf of Gaussian
distribution and the second term represents the received power
in the initial position. When r0

σt
is large, the result of the

integral function is close to gPt

dα
0

.

Fig. 3 shows the interference model in the initial posi-
tion. We assume the transmission distance is short enough,
compared to the physical carrier sensing range. Interferers
are located spatially outside the carrier sensing range. Let pa
and ρ denote the attempt probability and the spatial density
of simultaneous transmission nodes. The attempt probability
is characterized by both physical carrier sensing and binary
exponential backoff [11].

Fig. 3. The interference model in the initial position

From the Lyapunov CLT, we need to obtain the following
two variables:

n∑
i=1

Xi = lim
K→+∞

K∑
k=0

Xi ∗ ρpa ∗ 2π(dcs + k∆d)∆d

= lim
K→+∞

K∑
k=0

p1
(dcs + k∆d)3

∗ ρpa

∗2π(dcs + k∆d)∆d

=

∫ +∞

0

2πρpa
p1

(dcs + x)2
dx

= 2p1πρpad
−1
cs ,

(12)
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S2
n =

n∑
i=1

δ2i = lim
K→+∞

n∑
i=1

(q1 + q2/ν
2
i + q3σ

3
t )

= n(q1 + q3σ
3
t ) + lim

K→+∞

K∑
k=0

q2
(dcs + k∆d)2

∗ρpa ∗ 2π(dcs + k∆d)∆d

= n(q1 + q3σ
3
t ) + 2q2πρpaln(dcs).

(13)
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Fig. 4. The comparison of simulation and the approximate theoretical results
of interference distribution of 20 interferers after 3 seconds

Fig. 4 shows a comparison of the simulation and approxi-
mate theoretical results of interference distribution. Simulation
parameters are hence set as follows. The network topology size
is set to 1000m*1000m, and the number of interferers is set to
20(20 current transmissions outside the carrier sensing area).
Each node moves to a randomly selected destination with
a random speed following a uniform distribution [0, 10ms].
The transmission time is set to 3s. Table II lists the detailed
simulation parameters. We compare the theoretical results
from polynomials with simulation. Both results agree very well
with a bell shape.

D. SIR at a Static Receiver

Successful data reception depends on given SIR value,
which is represented by the ratio of the received signal strength
and interference level. The probability density function of
interference is obtained through Eqs.(12) and (13). Next,
we analyze the signal strength: the initial relative distance
between the transmitter node and receiver node can be decided
depending on the environment. Thus, we exploit Eq.(5) to
express the probability density function of relative distance.
By manipulating Eqs.(4) and (8), the signal power distribution
function can be obtained. f() is the received power probability
density function, and g() represents the Gaussian probability
density function. x denotes the received signal strength vari-
able, y is the accumulated interference variable, and z denotes
the SIR variable. Finally, the SIR variable can be expressed

as

l(z, t) =

∫∫
x
y≥z

f(x)g(y)dxdy

=

∫ +∞

0

∫ +∞

z

yf(yz)g(y)dydz. (14)

It is difficult to find an appropriate polynomial represen-
tation for this binary function. As a special case, we set the
time t = 3s. Approximating the exact results by polynomials
is expressed as

l(z, t = 3s) = exp(r1 + r2z + r3
√
z), (15)

where r1 = −29.3438, r2 = −2.8641, r3 = 17.7256.
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Fig. 5. The comparison of simulation and approximate theoretical results of
SIR distribution of 20 interferers after 3 seconds

Fig. 5 shows a comparison of simulation and the approxi-
mate theoretical results of SIR distribution due to 20 interferers
after 3s. Table I lists the detailed simulation parameters.
We compare the theoretical results from polynomials with
simulation. Both results agree very well.

TABLE I
SIMULATION PARAMETERS

Topology Size 1000m * 1000 m

Number of interferers 20

Min speed 0 m/s

Max speed 10 m/s

Path-loss exponent 3

λ 1

µ 1

Transmission time 3s

V. APPLICATION OF MOBILE INTERFERENCE MODEL

A. Estimation of Successful Transmission

The time required to complete a successful transmission
includes data transmission time, ACK control frame, and in-
terframe space: SIFS and DIFS, i.e., T = m+SIFS+ACK+
DIFS, where m is the data transmission time, SIFS and
DIFS represent the short interframe space and DCF interframe
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space respectively. If interference is large enough to disturb
the transmission, the receiver may decode the received frame
incorrectly and the transmitter is informed that the frame needs
to be re-transmitted. Thus, the network capacity is reduced.
Now, with the distribution of interference and SIR, we can
estimate the transmission condition in a mobile ad hoc network
environment. From the beginning of the transmission to the
end of transmission, the SIR in the receiver is not less than
βth which is the SIR threshold of successfully decoding data.
According Eq.(15), the probability of successful transmission
can be expressed as

P (T ) = P (l(z, t) ≥ βth, t ≤ T ). (16)

We can observe that the probability of successful trans-
mission is obviously determined by l(z, t) and T . More
specifically, it is determined by node mobile speed and the
length of data.
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Fig. 6. The relationship between the probability of successful transmission
and transmission time T for 4 different node speeds

Fig. 6 shows the relationship between the probability of
successful transmission and the transmission time T for 4
different node speeds. The maximum speeds of the nodes in
the network are selected as 1 m/s, 5m/s, 10m/s and 20m/s.
From the Fig. 6, the probability of successful transmission
declines dramatically with an increase in the transmission
time. As the transmission time increases, the curves become
flat. The probability of successful transmission also declines
dramatically with an increase in node speeds. If the node
speed is greater than 5m/s, the curves show similar trends.
Thus, the probability of successful transmission are sensitive
to the transmission time and node speeds. In order to ensure a
higher probability of successful transmission, we need to select
an appropriate packet length in the network with high-speed
nodes.

B. Failure of Carrier Sensing

Frequently, a transmitter has a number of consecutive da-
ta packets to transmit. If each transmission experiences a
channel sensing and channel access contention, and it causes
an additional delay in the network. However, in the node
movement model, nodes, specifically, interfering nodes, may
enter a carrier sensing region, resulting in a data reception

failure at the intended receiver. We define the probability qcs
of the carrier sensing failure. In the case of not greater than
the probability, the carrier sense mechanism is effective. Ecs

denotes the effective time of carrier sense mechanism in which
the transmission is assumed as successful. According to Eq.
(16), Ecs can be expressed as

Ecs = Sup{P (t) ≥ 1− qcs}. (17)

VI. CONCLUSION

We proposed a new mobile interference model in the RD
mobility model. Based on the probability density function of
the distance between any node pairs, we theoretically estimat-
ed the distribution of accumulated interference contributed by
concurrent transmissions and the corresponding(SIR). Based
on our results, we analyzed the various factors affecting them,
e.g the transmission time and node mobile speed. And, we
showed possible applications in terms of the probability of
successful transmissions and the probability of carrier sensing
failure.
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