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Abstract—Compared to half duplex communications, full duplex communications can significantly improve link capacity. However, in a
large scale wireless network such as a wireless mesh network, the capacity gain from full duplex communications has not been fully
investigated. To this end, a metric of network capacity called transmission capacity is studied in this paper for a full duplex wireless
network. It captures the maximum transmission throughput in a unit area, subject to a certain outage probability. The key challenge of
deriving transmission capacity is to characterize the aggregate interference of the typical link in a full duplex wireless network, which is
completely different from that in a half duplex wireless network. In this paper, stochastic geometry is employed to model the network
topology as a Thomas cluster point process and then the aggregate interference is characterized as a shot-noise process. Based on
these models, the transmission capacity is derived. Analytical results show that under the same network density the distribution of
aggregate interference in a full duplex wireless network is more dispersed than that in a half duplex wireless network. Comparisons of
transmission capacity between a full duplex network and a half duplex network reveal that the capacity gain from full duplex
communications is limited due to severe aggregate interference. This result implies that self-interference cancellation alone cannot
ensure scalable full duplex wireless networking.
Index Terms—Full duplex wireless communication, stochastic geometry, Thomas cluster point process, transmission capacity
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INTRODUCTION

T

O improve spectrum efficiency of a radio, advanced selfinterference cancellation technologies [1], [2], [3], [4], [5]
have been invented to achieve full duplex wireless communications, i.e., simultaneous transmission and reception in
the same frequency. Moreover, techniques for full duplex
MIMO [5] and in-band full duplex WiFi radios [6] have also
been developed.
With full duplex wireless communications, link capacity
can be significantly improved. Practical implementation
shows that 84 percent improvement of link throughput can
be achieved [2]. However, in a large scale wireless network,
how much capacity gain can be achieved is hard to be determined. In [7], a wireless network with three nodes, one full
duplex access node and two half duplex nodes, is studied,
and the achievable rate of this network is derived. In [8]
throughput gain of a MIMO wireless system with full
duplex radios is analyzed in a single cell wireless network.
Moreover, Contraflow [9] and FD-MAC [10] are designed to
improve the network throughput of a full duplex wireless
network, but these analytical frameworks are proposed for
specific network topologies. In [11], end-to-end delay and
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throughput are analyzed for a multi-hop network. However, the analytical model is based on the assumption that,
an interfering pair of nodes in a full duplex network are
located at the same position asymptotically as network density approaches zero. Thus, it cannot reveal the network
throughput gain for a large scale full duplex wireless network. As a result, for a large scale wireless network, how to
determine the capacity gain from full duplex communications remains a challenging problem. In [12], an upper
bound of full duplex network capacity is derived through
disk-packing. Based on this result, the full duplex gain is
studied in a wireless network. Due to asymptotic analysis,
this result does not provide an explicit capacity gain but an
upper bound of the gain.
To derive an explicit capacity gain of a full duplex wireless network over half duplex, transmission capacity is
studied by leveraging the tools of stochastic geometry [13] in
this paper. Transmission capacity is defined as the maximum throughput in an unit area, subject to a certain link
rate and outage probability. For a half duplex wireless network, transmission capacity is derived in [14] where the network topology is modeled as a spatial point process. Due to
full duplex communications on each radio in a full duplex
wireless network, the network topology has to be modeled
in a different way. In this paper, a Thomas cluster point process is used to model the network topology. More specifically, each cluster is represented by a virtual parent node,
which follows the Poisson point process. Moreover, there
are two daughter points scattering in each cluster with normal distribution. As a result, all daughter points form a
Thomas cluster point process. Based on the Thomas cluster
point process, the aggregate interference experienced by a
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typical full duplex link is derived following a modified
Palm theory. Moreover, the statistical distribution function [15] and the tail probability [16] of the aggregate interference are analyzed. Our analysis show that under the
same network density the aggregate interference of a full
duplex wireless network is more dispersed than that of a
half duplex wireless network. Based on the aggregate interference, the transmission capacity is then derived for a full
duplex wireless network where the MAC protocol follows
slotted ALOHA. It should be noted that two full duplex
transmission modes [11] exist in a wireless network, i.e., full
duplex relay (FDR) mode (or called asymmetrical full
duplex communications) and bi-directional exchange (BDE)
mode (or called symmetrical full duplex communications).
However, for capacity analysis, since all nodes in the network are assumed to have full duplex capability and work
in saturation mode, two communication nodes can always
form a full duplex link in the BDE mode. Thus, only BDE
mode is considered in this paper.
Recently the research results reported in [17], [18] are
closely related to our work. In [17] the achievable throughput is characterized by comparing throughput regions
between MIMO, full-duplex, and their variants. Precise conditions under which the throughput gain is achieved are
derived. Two major differences exist between the work in
[17] and our paper. First, the analysis in [17] is based on a
binary interference model, but our work considers SINR
interference model so that the relationship between capacity
again and physical layer parameters can be studied. Second,
in [17] throughput gain is studied by comparing different
optimal throughput regions of full duplex communication
networks, MIMO networks, and their variants. In our paper,
an exact result is derived for the capacity gain achieved by a
full duplex network over a half duplex network. In [18] spatial-average throughput gain is derived via stochastic geometry for a full duplex wireless network. However, as pointed
out in [18], it is non-trivial to apply the classical stochastic
geometry model to a full duplex network. Thus, the derivation in [18] is based on a Poisson-bipolar model, so the
receivers in the network do not actually belong to the Poisson point process of network nodes. Moreover, the closedform results are derived by assuming fixed link distance;
for random link distance, the results are confirmed through
simulations.
The main contributions of our paper are summarized
as follows. We leverage the Thomas cluster point process
to model the network nodes in a full duplex wireless network. Based on the Thomas cluster point process, a new
aggregate interference model is developed, and the property of the tail distribution of aggregate interference is
investigated. The transmission capacity of a full duplex
wireless network is then derived based on this interference model and a slotted ALOHA MAC protocol. Comparisons of transmission capacity between half duplex
and full duplex networks are conducted, which reveals
the limitations of full duplex communications in a large
scale wireless network.
The rest of this paper is organized as follows. System
models are described in Section 2. The new aggregate
interference model is derived and the independency of
aggregate interference on the typical full duplex links is
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Fig. 1. Thomas cluster point process with two daughter points in each
cluster.

presented in Section 3, where new aggregate interference
model’s relation to the aggregate interference of a half
duplex wireless network is also analyzed. The distribution
of aggregate interference for both half duplex and full
duplex wireless networks are compared in Section 4. The
transmission capacity is derived in Section 5. Numerical
results are presented in Section 6, where limitations of a
full duplex wireless network are revealed. Discussions on
reasons for limited capacity gain from full duplex communications are conducted in Section 7. The paper is concluded in Section 8.

2

SYSTEM MODEL

2.1 Network Topology
When analyzing the network capacity via stochastic geometry [19], the network topology gives a distribution of active
transmitters. For half duplex communications, the network
topology usually follows a Poisson point process [20]. Considering a full duplex wireless network with the BDE mode,
every two nodes are paired to achieve full duplex communications. This feature leads to a network topology with a
clustering pattern. Thus, a Thomas cluster point process
[13] on a two-dimensional plane is adopted as the network
topology model. It is constructed by homogeneous independent clustering upon a parent point process. The parent
point process Fp ¼ fx1 ; x2 ; . . .g is a stationary Poisson process with intensity p , as shown by five-pointed stars in
Fig. 1. The clusters are of the form C xi ¼ Ci þ xi ¼ fx þ xi :
x 2 Ci g for each xi 2 Fp . The fCi g are a family of independent identically distributed finite point sets. In this paper,
two daughter points are assumed to be in each cluster Ci
and represent a pair of full duplex communication nodes.
These two points are scattered independently and identically following a normal distribution fðxÞ around the parent
point. This normal distribution fðxÞ has a mean of ð0; 0Þ and
s2 0
Þ and is given as follows:
a variance matrix of ð
0 s2
!
1
kxk2
(1)
fðxÞ ¼
exp  2 :
2ps 2
2s
An example of such a distribution is shown in Fig. 1,
where green circles depict the daughter points in a cluster.
Note that the Thomas cluster process only includes daughter points while parent points just indicate a virtual point
process. Hence, a Thomas cluster point process can be represented by
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F¼

[

Cx:

(2)

x2Fp

Since the point process in this paper follows a different
model than that used in existing analytical work for half
duplex network, we use the concept of network density to
avoid inconsistency of node density between half duplex
and full duplex networks. In a half duplex network, a Poisson point process with intensity p depicts the transmitting
nodes. Due to half duplex communications, the total number of nodes in the network actually has an intensity of 2p .
In a full duplex network formed by a Thomas cluster process, if parent nodes follow a Poisson point process with
intensity p and each cluster holds two daughter nodes,
then the total number of nodes in the network has an intensity of 2p . Thus, for both half duplex and full duplex networks, we define p as the network density of both networks.
Thus, given the same p , the actual node density in both networks is the same, i.e., p .

2.2 Physical Layer Settings
Assume all nodes transmit with the same power P , and the
transmission bandwidth is B, while the background noise is
Gaussian with power spectrum density N0 . Hence, the
received noise power is BN0 . To model signal propagation
through a wireless channel, two types of fading are considered: small-scale fading and large-scale fading. In this
paper, small scale fading is captured by Rayleigh channel
fading with unit mean, while large-scale fading is represented by a path attenuation model. If a transmitter X at
location x tries to send signals to a receiver Y at location y,
then the received power at Y is P  hXY  gðy  xÞ, where
hXY is the power fading coefficient associated with the wireless channel between nodes X and Y , and gðxÞ : R2 ! Rþ is
the path-loss function, representing the path attenuation
model. We choose the commonly used path-loss functions
kxka with a > 2, which is normalized without loss of generalization. The selected path-loss model is commonly used
in existing analytical work based on stochastic geometry,
but it is not appropriate for near-field communications. Fortunately, it is applicable to most practical wireless networks
such as wireless mesh networks.
2.3 Distance of the Typical Link
To derive transmission capacity of a wireless network, we
need to focus on one link in the wireless network, which is
called a typical link. The transmission rate of the typical link
is determined by its signal-to-interference-noise ratio
(SINR), and the interference is the aggregate interference
from concurrent transmissions from other links. To derive
the interference, the link distance is a key parameter.
In the network topology following the previouslydefined Thomas cluster point process, link distance dl is the
distance between the two points in the cluster. We know
that these two points (i.e., x1 and x2 ) are distributed identically with a two-dimensional normal distribution fðxÞ of
s2 0
Þ around the virtual parent
zero mean and variance ð
0 s2
node z0 . In other words, ðx2  z0 Þ and ðx1  z0 Þ are twodimensional Gaussian random vectors. Subtracting
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ðx2  z0 Þ from ðx1  z0 Þ, vector ðx2  x1 Þ is obtained. It can
be concluded that vector ðx2  x1 Þ is also a Gaussian random vector with mean ð0; 0Þ and variance matrix
2s 2
0
Þ. Thus, the link distance dl ¼ kx2  x1 k is Rayð
0 2s 2
pﬃﬃﬃ
leigh random variable with parameter 2s:
fdl ðtÞ ¼

t  t2
e 4s :
2s 2

(3)

2.4 Medium Access Control
To evaluate transmission capacity, we assume that every
node always has packets for its paired target receiver. A slotted ALOHA is considered as the MAC protocol, and link
transmissions are active with medium access probability p.
In full duplex communications, the two nodes in one
cluster can communicate with each other simultaneously
in the same frequency. To make full use of full duplex
communications, the paired nodes are assumed to start
transmission simultaneously. In any time slot, all the
potential transmitters forms a Thomas cluster point process with two daughter points in each cluster. Thus, the
transmitter density becomes 2p , where p is the network
density, as defined before.
For comparison, a slotted ALOHA protocol is adopted
for half duplex communications in the same network topology of the Thomas cluster point process. More specifically,
if the radio of a node is half duplex, at most one transmission between the paired nodes is permitted in the cluster. In
other words, time division duplex (TDD) is used to support
bidirectional communications in the cluster, and the paired
nodes in the cluster take turns to be the potential transmitter
in one slot. Thus, the transmitter density is p if nodes in a
cluster are half duplex radios. This density is the same as
that in a half duplex network following a Poisson point process with an intensity p .

3

AGGREGATE INTERFERENCE

To understand the aggregate interference of a typical link,
we first need to consider the effect of MAC on network
topology.
Under a slotted ALOHA protocol, the active transmitters
form a new point process. Consider the Poisson point process with density  in a half duplex wireless network.
According to independent thinning theorem [13], a slotted
ALOHA with medium access probability p results in that
the active transmitters form a Poisson point process with
density p. In a full duplex wireless network, the virtual
parent points with density  are thinned independently
under a slotted ALOHA with medium access probability p.
Similar to a half duplex wireless network, the active parent
points form a Poisson point process with density p. Considering the relation between a virtual parent node and its
two daughter points of a full duplex link, we know the
active daughter points also form a Thomas cluster point
process with density of 2pp .
Since the aggregate interference is viewed from the
receiver of a typical link, the interference components are
from all the active wireless nodes but the transmitter of the
typical link. Thus, viewed from a typical receiver, the
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distribution of nodes, which is also called the reduced Palm
distribution, needs to be determined. The reduced Palm distribution is the conditional distribution of all points but the
typical point under the condition that there is a point of the
point process at a given location. In a half duplex wireless
network following a Poisson point process, the Slivnyak’s
Theorem [13] concludes that the reduced Palm distribution
of a Poisson point process is also a Poisson point process
with the same density. Thus, from the perspective of a typical receiver, all the transmitters that generate interference to
the typical link also form a Poisson point process with the
same density.
In a network topology with a Thomas cluster point process, all wireless nodes are transmitters and receivers at the
same time for full duplex communications. Therefore, every
active link’s receiver is also a transmitter, making aggregate
interference on the typical link become inter-cluster aggregate interference. The Slivnyak’s Theorem does not help
derive the distribution of inter-cluster interferers. In this
section, this problem is solved via a unique construction of
the Thomas cluster process as well as the Slivnyak’s
Theorem.

3.1

Inter-Cluster Aggregate Interference in Full
Duplex Communications
With a slotted ALOHA protocol, all active transmitters form
a Thomas cluster Point process F0 with density 2pp . Since
the Thomas cluster point process is stationary, one transmitter1 of a typical link can be assumed to be located at the origin o of the plane. We denote the typical cluster as fo ,
which contains the typical link.
The location of the virtual parent point in the typical
cluster fo is denoted as zp , while location of the paired typical receiver is denoted as z. Thus, the typical link distance is
d ¼ kzk. The aggregate interference IðzÞ on the typical
receiver is the inter-cluster aggregate interference, given by
IðzÞ ¼

X

P  hX  gðx  zÞ;
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vector independent of F0p . Thus, conditional on the vector z,
the parallel translated point process F0pz is Poisson point
process, making all daughter points in the other clusters
form a Thomas cluster point process with density 2pp . It
can be concluded that all daughter points in the other clusters form a Thomas cluster point process with density 2pp
under all the samples of vector z when treating the z as a
random vector. As a result, viewed from the typical receiver
z, all daughter points in the other clusters also form a
Thomas cluster process with the density 2pp .
Thus, the aggregate interference experienced by the
receiver of the typical link is equal to the interference from
all the daughter points in the Thomas cluster point process.
Therefore,
X
X
P  hX  gðx  zÞ ¼
P  hX  gðxÞ:
(5)
IðzÞ ¼
x2F0 nffo g

x2F0

Based on the inter-cluster aggregate interference model, the
mean and variance of the inter-cluster interference are
derived as follows.
Theorem 1. Let F  R2 be a Thomas cluster Point Process with
two daughter points in each cluster, which is the network
topology of a full duplex wireless network. Assume the node
density of the parent process (i.e., the network density) is p .
Considering slotted ALOHA as the MAC protocol with access
probability p, the mean and variance of the inter-cluster interference on the typical link are given as follows:
R

E½IðzÞ ¼ 2pp P R2 gðsÞds:
R
(6)
var½IðzÞ ¼ 2pp P 2 ½ R2 g2 ðsÞds þ K;
R
where K ¼ R4 gðsÞgðs þ yÞfðyÞdyds.
Proof. See Appendix A, which can be found on the Computer
Society Digital Library at http://doi.ieeecomputersociety.
org/10.1109/TMC.2015.2492544.
u
t

(4)

x2F0 nffo g

where P is the transmitting power, hX is the power fading
coefficient associated with the wireless channel between
nodes X and Z, and gðxÞ is the path-loss function, representing the path attenuation model.
Note that the virtual parent process of the Thomas cluster
process F0 , denoted by F0p , is a Poisson Point process.
According to the Slivnyak’s Theorem, as viewed from the
typical parent point zp , all the other parent points in F0p
form a Poisson point process with density pp . Moreover,
the Poisson point process F0p is stationary [21], which means
the new point process F0pz ¼ fx þ z : x 2 F0p g generated by
parallel translation of fixed vector z is also a Poisson point
process with density pp on the plane.
Viewed from the typical receiver z, the point process F0p
is parallel translated into a new point process
F0pz ¼ fx þ z : x 2 F0p g. Due to independent scattering of
daughter points in the cluster, the vector z is a random
1. There are a pair of transmitters in a typical link, but the other
transmitter can be treated in the same way.

3.2 Spatial Correlation of Aggregate Interference
Under full duplex communications, wireless nodes are
transmitters and receivers simultaneously. In our Thomas
cluster point process model, two nodes lie in one cluster
and form a full duplex link. The aggregate interference on
both nodes are from active transmissions in other clusters.
It is necessary to determine the spatial correlation of aggregate interference on both nodes when calculate the network
capacity. Suppose that the parent node of typical cluster lies
in the origin o, and the two daughter points z1 and z2 lie in
position u and point v. Note that, from the view of typical
parent points, all the daughter points in other cluster follow
Thomas cluster point process with the same density. Thus,
the aggregate interference IðuÞ on z1 and the aggregate
interference IðvÞ on z2 are shown as follows:

P
IðuÞ ¼ Px2F0 P  hxu  gðx  uÞ;
(7)
IðvÞ ¼ x2F0 P  hxv  gðx  vÞ;
where P is the transmission power, hxu the power fading
coefficient associated with the wireless channel between
nodes x and z1 , and hxv is the power fading coefficient associated with the wireless channel between nodes x and z2 .
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Moreover, gðxÞ is the path-loss function, representing the
path attenuation model. From Theorem 1 and identical distribution property, we can get the mean and the variance of
aggregate interference Iðz1 Þ and Iðz2 Þ
R
E½IðuÞ ¼ E½IðvÞ ¼ 2pp P R2 gðsÞds;
R
(8)
var½IðuÞ ¼ var½IðvÞ ¼ 2pp P 2 ½ R2 g2 ðsÞds þ K;
R
where K ¼ R4 gðsÞgðs þ yÞfðyÞdyds. The mean product of
the aggregate interference IðuÞ and IðvÞ is given by


2
E½IðuÞIðvÞ ¼ P 2 E4
¼ 2P 2 pp

X

x2F0

Z

hxu gðx  uÞ

X
y2F0

3
hxv gðy  vÞ5



gðs  uÞgðs  vÞds þ 2Ppp

R2

2 (9)

Z
R2

gðsÞds

2

þ 2P pp Kðu; vÞ;
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R

gðs  uÞgðs  v þ yÞfðyÞdyds
R
2
R2 g ðsÞds
R
(14)

Z 
uÞgðs  v þ yÞds
R2 gðs 
R
¼
fðyÞdy:
2
R2
R2 g ðsÞds

Kðu; vÞ
R
¼
2
R2 g ðsÞds

R4

Based on Eq. (13), we can conclude that
R
uÞgðs  v þ yÞds
R2 gðs 
R
¼ 1ðvuÞ ðyÞ;
2
R2 g ðsÞds

(15)

where 1ðvuÞ ðyÞ ¼ 1 if y ¼ v  u, and 1ðvuÞ ðyÞ ¼ 0 for
other values of y. Then,

Z R
uÞgðs  v þ yÞds
Kðu; vÞ
R2 gðs 
R
R
fðyÞdy
¼
2
2
R2
R2 g ðsÞds
R2 g ðsÞds
Z
(16)
¼
1ðvuÞ ðyÞfðyÞdy
R2

¼ 0:

where
Z
Kðu; vÞ ¼

R4

So zðu; vÞ ¼ 0 when u 6¼ v.

gðs  uÞgðs  v þ yÞfðyÞdyds:

The above derivation is given in Appendix B, available
online.
Theorem 2. Spatial correlation of aggregate interference Iðz1 Þ
and Iðz2 Þ is given by
R

R2

zðu; vÞ ¼

where K ¼

R

gðs  uÞgðs  vÞds þ Kðu; vÞ
R
;
2
R2 g ðsÞds þ K

(10)

gðsÞgðs þ yÞfðyÞdyds and

R4

Z
Kðu; vÞ ¼

R4

gðs  uÞgðs  v þ yÞfðyÞdyds:

Moreover, zðu; vÞ ¼ 0 when u 6¼ v.
Proof. The result is obtained by definition of correlation,
zðu; vÞ ¼

E½Iðz1 ÞIðz2 Þ  E½Iðz1 Þ2
:
var½Iðz1 Þ

(11)

Moreover, due to basic knowledge of inequality
xþy xþy

aþb
a
when all parameters are positive, we can get that
R

R2

0  zðu; vÞ 

gðs  uÞgðs  vÞds þ Kðu; vÞ
R
:
2
R2 g ðsÞds

(12)

When u 6¼ v, we can make following conclusion by the
proof of [22, Corollary 3]:
R
R2

gðs  uÞgðs  vÞds
R
¼ 0:
2
R2 g ðsÞds

(13)

As for the second term in Eq. (12), it is derived with the
following results:

u
t

Based on this theorem, we can conclude that the correlation of aggregate interference Iðz1 Þ and Iðz2 Þ is zero for our
model, in which the daughter points in the typical cluster
do not lie in the same points, i.e., u 6¼ v. Combining with
independent channel model, it is concluded that the full
duplex link transmissions are independent at the same communication slot in the full duplex wireless network. This
result can also be explained by the following two properties
of two daughter points at locations u and v: 1) Interference
between these two daughter points can be neglected,
because perfect self-interference cancellation is assumed in
a full duplex radio; 2) The two daughter points are located
independently and each can be considered as a typical
node, so their experienced interference from other nodes is
independent from each other. Thus, their interference has
zero correlation. It should be noted that these two properties
rely on an implicit condition, i.e., the nodes at locations u
and v cannot be so close to each other as the case in nearfield communications. This condition is satisfied in our
1
paper, because the path-loss model gðxÞ ¼ kxk
a is selected.
This model is actually meaningful for most multihop wireless networks such as wireless mesh networks. Following
this model, the main contributor to the interference is the
the the nearest transmitter. For two nodes at u and v, as
long as u 6¼ v, there exist small d > 0, such that the disc
Bðu; dÞ and the disc Bðv; dÞ do not intersect each other. The
transmitters in these two discs make main contributions to
the aggregate interference on its center node u and v, respectively. Moreover, transmitters in the disc Bðu; dÞ and the
disc Bðv; dÞ are independent in a Thomas cluster point process, which leads to zero correlation between the interference at locations u and v. A similar case has been observed
and discussed in a half duplex network in [22].

3.3 Equivalent Model of Half Duplex
Communication
We apply the above Thomas cluster process to a half duplex
wireless network with TDD. As stated in the following theorem, the network point process is equivalent to a Poisson
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point process with the same network density. This result
confirms that our analytical framework based on a Thomas
cluster process is consistent with a traditional Poisson point
process model in a half duplex wireless network, which
indicates the effectiveness of our analysis for a full duplex
wireless network.
Theorem 3. Let F1 be a Thomas cluster process with one transmitting point in each cluster, the density of virtual parent
point process of F1 be p , and F2 be a Poisson point process
with density p . Then, F1 and F2 have the same spatial
distribution.
Proof. In the Thomas cluster process F1 , the virtual parent
point process is a Poisson point process with density p ,
and the daughter point is placed around its virtual parent point with the normal distribution. Moreover, the
distribution function, as shown in Eq. (1), only depends
on ðy  xÞ. According to the displacement theorem [23],
by treating the virtual parent point process as the original
process and the daughter point process as the displaced
point process, then we know that the displaced point
process is also Poisson with the same density. Thus, the
Thomas cluster process F1 is also a Poisson point process
with the same density. Thus, F1 and F2 have the same
spatial distribution, which means the two processes are
equivalent.
u
t

To obtain the lower and upper bounds of tail probability
of the aggregate interference in half duplex and full duplex
wireless networks, we only need to restrict the general point
process to Poisson point process with density pp and
Thomas cluster point process with density 2pp . For these
y
two processes, the generating function of Fh ðgðxÞ
Þ (i.e.,
y
GðFh ðgðÞÞÞ) and the function ’ðyÞ are summarized in the following lemma.
Lemma 5. For Poisson point process with density pp , the genery
y
ating function of Fh ðgðxÞ
Þ (i.e., GH ðFh ðgðÞ
ÞÞ) and the function
’H ðyÞ are derived as follows:
8
R
y
ÞÞdx
< GH ðF ð y ÞÞ ¼ epp R2 ð1Fh ðgðxÞ
;
h gðÞ
: ’H ðyÞ ¼ 1 p R 2 gðxÞ R y=gðxÞ vdF ðvÞdx:

4

TAIL PROBABILITY OF AGGREGATE
INTERFERENCE

To investigate the distribution of aggregate interference on a
typical link, we derive the asymptotic tail probability, i.e.,
the complementary cumulative distribution function
(CCDF) of aggregate interference IðzÞ, represented by
FI ðyÞ ¼ PðIðzÞ  yÞ when y ! 1. The derivations are conducted based on a theorem in [16]. This theorem provides
the bounds for the tail probability of aggregate interference
when all nodes follow a general spatial point process [16]. It
is summarized as follows.
Theorem 4. Let F  R2 be a stationary spatial point process.
Assume that all points in the process contribute to the interference on a typical link, represented by IðzÞ. The tail probability
FI ðyÞ of IðzÞ is lower bounded by FIl ðyÞ and upper bounded by
FIu ðyÞ, and
(

y
ÞÞ
FIl ðyÞ ¼ 1  GðFh ðgðÞ
y
u

ÞÞ;
FI ðyÞ ¼ 1  ð1  ’ðyÞÞGðFh ðgðÞ

Z
0

y=gðxÞ

vdFh ðvÞ:

(19)

h

0

For Thomas cluster point process with density 2pp , the genery
y
ating function of Fh ðgðxÞ
Þ (i.e., GF ðFh ðgðÞ
ÞÞ) and the function
’F ðyÞ are derived as follows:
8
R
R
y
ÞfðzÞdzÞ2 dx
< GF ðF ð y ÞÞ ¼ epp R2 ½1ð R2 Fh ðgðxþzÞ
;
h gðÞ
R
R
y=gðxÞ
: ’F ðyÞ ¼ 1 2p
vdF ðvÞdx:
2 gðxÞ
p R

(20)

h

0

Proof. In a Poisson point process F with intensity , the
generating function
of function lðxÞ is GðlðÞÞ ¼
R
Q

 2 ð1lðxÞÞdx
R
[23]. Moreover, considerE x2F lðxÞ ¼ e
ing
function
qðxÞ,
its
mean
sum over F is
P

R
y
E
[23]. Let lðxÞ ¼ Fh ðgðxÞ
Þ,
x2F qðxÞ ¼  R2 qðxÞdx
R y=gðxÞ
qðxÞ ¼ gðxÞ 0
vdFh ðvÞ, and  ¼ pp , the results in 19
are obtained.
As for a Thomas cluster process F1 with the intensity
, the generating function of lðxÞ is [16]:

GF1 ðlðxÞÞ ¼ E

Y

!
lðxÞ

x2F1


Z
Z 
1M
¼ exp 
R2

R2


dx ;

lðx þ yÞfðyÞdy

P
i
where MðnÞ ¼ 1
i¼0 pi n is the moment generating function of the number of points in the typical cluster. In this
paper, there are two fixed points in the cluster, so
MðnÞ ¼ n2 . Thus,

(17)
Z "

where Fh ðÞ denotes the CDF of the power fading coefficient h,
and GðlðÞÞ is the generating
function of function lðxÞ, which is
Q
defined as GðlðÞÞ ¼ E½ x2F lðxÞ. Moreover, ’ðyÞ is given as
1 X
gðxÞ
’ðyÞ ¼ E
y x2F

p R

y

y

In Section 5.1, we will further study the equivalence of
two models by comparing the successful transmission probability in a half duplex network.
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(18)

GF1 ðlðxÞÞ ¼ exp 

R2

Z
1

R2

2

lðx þ yÞfðyÞdy

#

!
dx :
(21)

Considering the same Thomas cluster process with two
daughter points in each cluster, the mean sum of qðxÞ
over F1 is
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SUCCESSFUL TRANSMISSION PROBABILITY AND
TRANSMISSION CAPACITY

In this section, the successful transmission probability of the
typical link is derived for both a half duplex and a full
duplex wireless network. The transmission capacity in both
networks is then derived based on the successful transmission probability.

5.1 Successful Transmission Probability
Successful transmission occurs if the received signal interference plus noise ratio (SINR) is large than a threshold T ,
which is determined according to a required transmission
rate. Considering a transmission distance is d, the probability of successful transmission Psuc ðzÞ is given by

P  h  gðdÞ
Psuc ðd; T Þ ¼ P
T :
(25)
BN0 þ IðzÞ
Fig. 2. A qualitative illustration of aggregate interference distribution in
both networks.

E

X

!
qðxÞ

2
¼ E4

x2F1

X

x¼yþs
X

y2Fp

s2N0

Z
¼ 2

R2

Z
¼ 2

R2

Z

R2

!3
qðxÞ 5

qðs þ yÞfðyÞdyds

(22)

x2F0

qðsÞds:

R y=gðxÞ
y
Þ, qðxÞ ¼ gðxÞ 0
vdFh ðvÞ, and  ¼ pp ,
Let lðxÞ ¼ Fh ðgðxÞ
then the results in 20 are obtained.
u
t
Based on Lemma 5, when y approaches infinity, the
lower and upper bounds of the tail probability of the aggregate interference in half duplex and full duplex networks
are summarized in following theorem.
1
Theorem 6. Given gðxÞ ¼ kxk
a , the lower and upper bounds of
CCDF FI ðyÞ of the aggregate interference in full duplex and
half duplex networks scale in the following way as y ! 1:
(
2 R1 2
FIlH ðyÞ ppp ya 0 ta dFh ðtÞ
(23)
2 R1 2
a
ppp ya 0 ta dFh ðtÞ;
FIuH ðyÞ a2

and

(

FIlF ðyÞ
FIuF ðyÞ

Since the interference is expected to be much larger than the
noise, i.e., IðzÞ
BN0 , we neglect the background noise.
Under this condition, wireless network is interference-limited, since the aggregate interference is the only factor that
determines the capacity of the typical link. Normalizing the
aggregate interference by the transmission power P , so
X
hX  gðxÞ;
(26)
IðzÞ ¼

2 R1 2
ppp ya 0 ta dFh ðtÞ
R
2a
a2 1 a2
0 t dFh ðtÞ:
a2 ppp y

Proof. See Appendix C, available online.

(24)
u
t

Theorem 6 implies that, under the same network density,
the lower bounds of tail probability of the aggregate interference in both networks are equal, but the upper bound of
a full duplex network is twice as that of a half duplex network. Moreover, from the Theorem 1, the mean and the variance of the aggregate interference in a full duplex network
are larger than those in half duplex networks. Thus, considering the same network density, we conclude that the distribution of the aggregate interference in a full duplex
network is more disperse than that in a half duplex network. With Theorems 1 and 6, the probability density function (PDF) of the aggregate interference in both networks is
depicted qualitatively in Fig. 2.

where F0 is a Thomas cluster process. Thus, the probability
of successful transmission is


h  gðdÞ
TIðzÞ
T ¼P h
Psuc ðd; T Þ ¼ P
IðzÞ
gðdÞ
Z 1
(27)
¼
esT =gðdÞ dPðIðzÞ  sÞ
0

¼ LIðzÞ ðsÞjs¼T =gðdÞ ;
where LX ðsÞ is the Laplace transform function of random
variable X, i.e., LX ðsÞ ¼ E½esX .
For a full duplex wireless network, successful transmission probability of the typical link is based on the
Laplace function of inter-cluster aggregate interference
LIðzÞ ðsÞ ¼ E½esIðzÞ . The Laplace function of inter-cluster
aggregate interference is derived as follows:
 P

h gðxÞ
x2F0 X
LI ðsÞ ¼ E½esIðzÞ  ¼ E es
!
Y
shX gðxÞ
¼E
e
x2F0

Y

¼ EF0
"
¼ EF0

x2F0

Y

!
shX gðxÞ

EhX ½e

(28)



#
vðs; xÞ ;

x2F0

1
where vðs; xÞ ¼ EhX ½eshX gðxÞ  ¼ 1þsgðxÞ
, due to Rayleigh
channel fading. Thus, the Laplace function of inter-cluster
aggregate interference is equal to generating function GF0 ðvÞ
Q
of vðs; xÞ, i.e., EF0 x2F0 vðs; xÞ . Considering Eq. (21) and
 ¼ pp , we have
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"
GF0 ðvÞ ¼ EF0


Z 
PHalf
ðd;
T
Þ
¼
exp
p
1
p
suc

#

Y

vðs; xÞ

x2F0

R2

Z "

Z

1
¼ exp pp
fðyÞdy
1
2
2
1
þ
sgðx
þ yÞ
R
R
"
Z
Z
1
¼ exp pp
fðyÞdy
1
R2
R2 1 þ sgðx  yÞ

2

#
#

!
dx :

(29)
The last equality holds because fðyÞ ¼ fðyÞ.
Combining Eq. (27) and Eq. (29), the successful transmission probability of a full duplex network is
PFull
suc ðd; T Þ ¼ LIðzÞ ðsÞjs¼T =gðdÞ
Z
Z "
¼ exp pp
1

Z
¼ exp pp

1
fðyÞdy
R2 1 þ Tgðx  yÞ=gðdÞ

R2

R2

2

#

!

1  b ðx; d; T Þ dx ;

where bðx; d; T Þ ¼

Considering a Poisson point process with density pp ,
successful transmission probability PPPP
suc ðd; T Þ of a typical
link in a half duplex network is [14]

Z h
i
ðd;
T
Þ
¼
exp
p
1

vðs;
xÞj
PPPP
p
s¼T =gðzÞ dx
suc
R2

(34)
Z 
1
dx :
¼ exp pp
1
1 þ TgðxÞ=gðdÞ
R2
Comparing Eq. (33) and Eq. (34), we know that
PPP
PHalf
suc ðd; T Þ ¼ Psuc ðd; T Þ. This consistency validates our analytical framework following a Thomas cluster process.

dx

2

R

1
dx : (33)
1 þ TgðxÞ=gðdÞ

!
dx

2
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(30)

1
R2 1þTgðxyÞ=gðdÞ fðyÞdy.

5.2 The Case of Half Duplex Communications
For half duplex communications with a network topology
following a Thomas cluster process, slotted ALOHA is also
considered as the MAC protocol. Thus, in any time slot, all
transmitting nodes form a Thomas cluster process F1 with
only one transmitting node in each cluster. Following the
similar derivation for full duplex communications, the successful transmission probability of a typical link is the Laplace function of inter-cluster aggregate interference I1 ðzÞ.
Hence, the successful transmission probability of the typical
link in a half duplex network is given by

5.3 Full Duplex versus Half Duplex
To simplify the derivations later, we define two parameters
for both half duplex and full duplex networks as follows:
 H
R
a ðd; T Þ ¼ RR2 ½1  bðx; d; T Þdx
(35)
aF ðd; T Þ ¼ R2 1  b2 ðx; d; T Þ dx:
The relationship of these two parameters is captured in
the following lemma.
Lemma 7. aH ðd; T Þ  aF ðd; T Þ  2aH ðd; T Þ; 8T; d 2 Rþ :
Proof. From the form of bðx; d; T Þ, we know that
bðx; d; T Þ  1; 8y 2 R2 ; d 2 Rþ :
Moreover,
1  b2 ðd; x; T Þ ¼ ð1  bðd; x; T ÞÞð1 þ bðd; x; T ÞÞ:
Thus, we know that

PHalf
suc ðd; T Þ ¼ LI1 ðzÞ ðsÞjs¼T =gðdÞ


Z 
Z
1
fðyÞdy dx
¼ exp pp
1
R2
R2 1 þ Tgðx  yÞ=gðdÞ

Z
½1  bðx; d; T Þdx :
¼ exp pp
R2

(31)
Moreover,
Z
½1  bðx; d; T Þdx
R2

Z 
Z
1
fðyÞdy dx
¼
1
R2
R2 1 þ Tgðx  yÞ=gðdÞ

Z Z
Z
1
¼
fðyÞdy dx
fðyÞdy 
R2
R2
R2 1 þ Tgðx  yÞ=gðdÞ
Z Z 
(32)
1
¼
1
fðyÞdydx
1 þ Tgðx  yÞ=gðdÞ
R2 R2
Z Z 
1
fðyÞdxdy
¼
1
1 þ TgðxÞ=gðdÞ
R2 R2
Z 
1
¼
1
dx:
2
1
þ
TgðxÞ=gðdÞ
R
By combining Eqs. (31) and (32), the successful transmission probability of a typical link in a half duplex network is

aH ðd; T Þ  aF ðd; T Þ  2aH ðd; T Þ; 8T; d 2 Rþ :

u
t

5.4 Transmission Capacity
Transmission throughput (TH), which represents mean
throughput in a unit network area, is defined as
THðd; T Þ ¼ log ð1 þ T ÞPsuc ðd; T Þ;
where the transmission link density is , T is the SINR
threshold, and Psuc ðd; T Þ is the successful transmission probability for the typical link with distance d. Psuc ðd; T Þ is given
by Eq. (30) and Eq. (31), respectively, for full duplex communications and half duplex communications. In this
paper, the transmission link density is pp for a half duplex
network. As discussed in Section 3, the transmission link
density for a full duplex network is 2pp . However, both
networks have the same node density p .
Transmission capacity is defined as the maximum transmission throughput, subject to a constraint on the transmission outage probability of the typical link. Let  be the
outage probability constraint of the typical link, i.e.,
Pout ðd; T Þ ¼ 1  Psuc ðd; T Þ  , then the transmission capacity is given by
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(36)

where  is the transmission link density, which is pp for a
half duplex network and 2pp for a full duplex network.
Eq. (36) is a two-dimensional optimization problem,
which is rather complicated. Instead of getting an optimal
result for both  and T , we are more interested in specific
scenarios where either  or T is fixed. When transmission
link density is fixed, we have the following transmission
capacity:
TCðd;
( p ; Þ
maxT :Phalf  pp ð1  Þ log ð1 þ T Þ; Half Duplex
out
¼
maxT :Pfull  2pp ð1  Þ log ð1 þ T Þ; Full Duplex:
out

When the transmission rate is fixed, we have the following
transmission capacity:
TCðd;
( T; Þ
max :Phalf  pp ð1  Þ log ð1 þ T Þ; Half Duplex
p out
¼
max :Pfull  2pp ð1  Þ log ð1 þ T Þ; Full Duplex:
p

out

In this case, the transmission capacity can be derived in a
closed-form.
8
ð1þT Þ
< ð1Þ lnð1Þlog
; Half Duplex
aH ðd;T Þ
TCðd; T; Þ ¼ 2ð1Þ lnð1Þlog
ð1þT
Þ
:
; Full Duplex:
aF ðd;T Þ
From Lemma 5, it can be concluded that
TC Half ðd; T; Þ  TC Full ðd; T; Þ  2TC Half ðd; T; Þ:

6

NUMERICAL RESULTS

In this section, numerical results of transmission throughput and transmission capacity are presented for both half
duplex and full duplex wireless networks. A few common
parameters fixed throughout the numerical analysis are
given as follows. For a normal distribution function, the var1
1
. The path-loss function is gðxÞ ¼ kxk
iance s 2 ¼ 16
a with
a ¼ 4. Distance of the typical link is set to the mean value,
pﬃﬃﬃ
i.e., ps. Outage probability constraint corresponding to
the transmission capacity is set to  ¼ 0:02.

6.1

Transmission Capacity under Optimal
Transmission Rate and Fixed Network Density
Network topology is the same for both half duplex and full
duplex communications, and network throughput is maximized by optimizing the transmission rate to obtain the
transmission capacity. To show different transmission
capacity versus network density, the network density varies
from 0:0001 to 0:25.
The maximum transmission rates for half duplex communications and full duplex communications are shown
in Fig. 3. As the network density increases, the transmission rate decreases in both half duplex and full duplex
communications, because a higher network density causes
more aggregate interference. Since there exist more transmissions in full duplex communication under the same
network density, the aggregate interference in full duplex

Fig. 3. Transmission rate of full duplex and half duplex communications
under different network densities.

communications is more severe than that in half duplex
communications. Thus, the maximum transmission rate in
full duplex communications is lower than that in half
duplex communications. As shown in Fig. 3, the gap of
the maximum transmission rate between half duplex and
full duplex communications becomes larger as the network density increases.
In Fig. 4, transmission capacities with respect to four
access probabilities are shown. In all cases, the transmission
capacity increases as the network density increases in the
low network density region, but decreases in the high network density region. The reason is as follows. The aggregate
interference increases as the network density increases. In
the low network density region, the aggregate interference
is light, so the reduced maximum transmission rate does
not weight more than the increased network density, which
leads to increasing transmission capacity. However, in the
high network density region, severe aggregate interference
reduces the transmission rate heavily, which weighs more
than the network density and results in drop of transmission capacity.
Three points are marked in each sub-figure of Fig. 4: two
max-capacity points where the maximum transmission
capacity with respect to the network density is obtained
and one equal-capacity point where the transmission capacities of two wireless networks are equal. For example, when
p ¼ 0:1, the max-capacity points are A1 and A2 for a full
duplex and a half duplex wireless network, respectively,
while the equal-capacity point is A, as depicted in Fig. 4a. In
all scenarios with access probabilities p ¼ 0:1, 0:4, 0:7 and
1:0, the max-capacity point of a full duplex network is
always located at the left side of the max-capacity point of a
half duplex network, which means the capacity reaches a
maximum value at a lower network density in a full duplex
wireless network. The reason is that a full duplex link
includes two active transmitters, so the aggregate interference is more severe in a full duplex network under the
same network density. Moreover, as the access probability p
increases, the network density corresponding to the maximum capacity, i.e., the x-coordinate of the max-capacity
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Fig. 4. Transmission capacity by maximizing transmission rate with a fixed network density.

point, decreases. For full duplex communications, such
max-capacity network densities are 0:103, 0:0251, 0:0151
and 0:0101, respectively. For half duplex communications,
the max-capacity network densities are 0:201, 0:0501, 0:0301
and 0:0201, respectively. The reason for these results is simple: a higher transmission probability p means more active
transmitters under the same network density, so the transmission capacity saturates at a lower network density.
In Fig. 4 we notice that the network density at the maximum transmission capacity in each sub-figure is
inversely proportional to the probability p. For example,
A1=D1 ¼ 1:0=0:1 ¼ 10 and A2=D2 ¼ 10. The reason for
such an interesting result is explained as follows. Let
0 ¼ pp , the maximum transmission capacity can be
determined with the following optimization problem:
Full
TCmax
¼ max max½0 log ð1 þ T Þð1  Þ
T
0

Z
1  b2 ðx; d; T Þ dx  ð1  Þ;
s:t:exp 0
R2

where the variables are defined in Section 5.4. When the
maximum transmission capacity is achieved, 0 is located at
0
the optimal point  , which is a constant. In other words,
pp is the same when the transmission capacity reaches the
maximum, which is consistent with the results in Fig. 4.
As shown in Fig. 4, with a larger access probability, the
equal-capacity point corresponds to a lower network

density. This means that, when the access probability
increases, a full duplex network loses its advantage over a
half duplex network at a lower network density, due to
more severe interference experienced by full duplex links.
Based on Fig. 4, the transmission capacity ratio between
full duplex and half duplex networks is presented in Fig. 5.
It decreases from 2 to a number less than 0:6 as network
density increases. Given a fixed network density, full
duplex communications outperforms half duplex only in
the low network density region, but lose the capacity gain
in the high network density region. Moreover, the equalcapacity network density tp , i.e., the x-coordinate of the
equal-capacity points (A, B, C, and D in Fig. 5), clearly
decreases as transmission probability p increases.

6.2 Transmission Capacity under Optimal Network
Density and Fixed Transmission Rate
The transmission rate is fixed and the transmission throughput is maximized with respect to the network density to
obtain the transmission capacity.
To obtain the transmission capacity, the maximum network density under a certain transmission rate is shown in
Fig. 6. Under the same transmission probability p, a transmission rate that corresponds to the transmission capacity
is higher at a lower network density but lower at a high network density. This result is due to more severe aggregate
interference in a network with a higher network density,
which is consistent with the results in Section 6.1.
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Fig. 6. Network density of full duplex and half duplex under different
transmission rate.

7
In Fig. 6 we also notice that the plots at different values of
p are just a shifted version of one another. The reason is
explained below. Considering a fixed transmission rate,
when the transmission capacity is achieved, the optimal
value of pp is a fixed value.
Corresponding to Fig. 6, the transmission capacity versus
the transmission rate is shown in Fig. 7a. It should be noted
that the transmission capacity in this case does not change
with a different transmission probability p. The reason is that
the maximum density of active transmitters that the network
can support remains unchanged under different transmission
probabilities p. For a different transmission probability, the
network density is optimized to reach the same maximum
number of active transmitters to obtain the transmission
capacity under a fixed transmission rate. Thus, transmission
probability does not affect transmission capacity.
As shown in in Fig. 7a, for both half duplex and full duplex
communications, if the network is in the low transmission
rate region, then the optimized network density is very high.
The reason is that nodes can tolerate high interference under
a low transmission rate. However, due to low transmission
rate, the overall transmission capacity is low. When the network is in the high transmission rate region, then the network
density needs to be low to reduce interference, which also
makes the overall transmission capacity low. As a result,
when the transmission rate increases from the low region to
the high region, the transmission capacity increases at first
and then decreases. In other words, there exists an optimal
point of the transmission rate (and its corresponding network
density) to achieve the maximum transmission capacity, as
depicted by points A and B for full duplex and half duplex
wireless networks, respectively, in Fig. 7a.
Based on results in Fig. 7a, the transmission capacity
ratio is depicted in Fig. 7b. We find that the transmission
capacity of full duplex communications is always larger
than that of half duplex communications under the same
transmission rate requirement. Moreover, transmission
capacity ratio varies from 1:00 to 1:46, indicating that the
network capacity gain from full duplex communications is
limited in a large scale wireless network.
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DISCUSSION

The analytical work conducted in this paper is an information-theoretic approach in which no collision awareness is
considered. However, our analytical results are actually
consistent with the results in existing work (e.g., [12], [18])
and are not counterintuitive.
The work in [12] is based on asymptotic analysis and
takes the protocol model to consider active transmissions.
The results (i.e., [12, Fig. 10]) indicate that the upperbound of the capacity gain (i.e., the ratio between full
duplex and half duplex wireless networks) is very limited
unless the interference range is more than twice of the
communication range. However, when the interference
range is large, it means the density of active transmitters
is low, i.e., the node density p in our model is small. In
this case, our analytical results also show that the capacity gain is much higher, which is consistent with the
result in [12].
The analysis in [18] takes a stochastic geometry approach
where one node of a full duplex link follows a Poisson point
process and the other node is located within a fixed distance.2 The analytical results (i.e., [18, Fig. 11]) show that,
with an optimal sensing range of 200 meters, the capacity
gain decreases quickly as the communication distance
increases. For example, if the communication distance
increases to be more than 100 meters, the gain is lower than
1.3. This result matches our analytical results. In fact, given
a certain sensing range, a large communication distance in
[18, Fig. 11] corresponds to the scenario of a dense network
density in our analytical model, where the capacity gain
decreases to a low level.
How to take into account collision awareness in an information-theoretical framework is an interesting but challenging research topic, which is subject to future research.
To show that our analytical results are not counterintuitive, we take the following simple example to illustrate a
simple cause for limited capacity gain in a large scale wireless network. A multihop wireless network with a chain
2. The case of random distance is evaluated via simulations in [18].
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Fig. 7. Transmission capacity by maximizing the network density under a fixed transmission rate.

topology is considered in Fig. 8. We assume the interference
range is between one hop and two hops of the communication range. When symmetrical full duplex communications
are considered as shown in Fig. 8a, only two data links (i.e.,
symmetrical full duplex links between C and D) can be supported. All other links have to be held off to avoid interference to C and D. In the case of asymmetrical full duplex
communications as shown in Fig. 8b, three links (i.e.,
C!D!E and A!B) can be supported, and other links have
to be held off. In contrast, in the case of half duplex communications shown in Fig. 8b, three links (i.e., B!A, C!D, and
F!E) can also be supported. Thus, in this chain topology
setup, full duplex communications does not really bring
any capacity gain.
Recently a full duplex radio called FlexRadio is developed in [24]. As compared to MIMO or full duplex communications, it can achieve additional capacity gain through
interference nullifying and interference alignment. The
capacity gain is demonstrated under a specific network network (i.e., [24, Fig. 1]), where three data streams can be supported simultaneously, while full duplex or MIMO can only
support two data streams. Such additional capacity again
shows the advantage of integrating full duplex with multiuser MIMO plus interference alignment. However, one critical point should be noted: FlexRadio is not really scalable to
a large scale wireless network, as explained below.
We extend the network topology in [24] by adding one
node, as shown in Fig. 9a. In this new network setup, only
three data streams (i.e., A!B, A!C, and B!D) can be supported. The communication link from D to E (i.e., D!E) cannot be supported, due to the interference from D to both B

and C. Link E!D cannot be supported either, since D receives
data from B. Under the same network setup, if half duplex is
considered, it can also support three data streams (i.e., A!B,
A!C, and E!D), because A!B and A!C are supported
through multiuser MIMO and are not interfered by E!D.
Thus, full duplex does not bring any capacity gain in this particular network setup. Considering a large scale wireless network, many such scenarios exist. Thus, the capacity gain from
full duplex is limited, even if FlexRadio is adopted.
The examples of the chain-topology network and FlexRadio show that full duplex itself does not ensure scalable
capacity in a large wireless network, which is exactly what
our analytical results reveal. Even if Flexradio is adopted,
the scalability of full duplex communications is not necessarily maintained. However, Flexradio does illustrate the
potential benefits of integrating full duplex communications
with interference alignment in certain network setup.

Fig. 8. Comparisons between full duplex and half duplex data streams in
a chain-topology wireless network.

Fig. 9. Comparisons of data streams between full duplex and half duplex
radios.

8

CONCLUSION

In this paper, the aggregate interference and the transmission capacity of a full duplex wireless network were studied
via stochastic geometry. Analytical results illustrated two
interesting properties of the aggregate interference: 1) The
asymptotic order of tail probability of the aggregate interference in a full duplex wireless network is the same as that in a
half duplex network; 2) The aggregate interference in a full
duplex network is more dispersed than that in a half duplex
wireless network. Results also showed that, the transmission
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capacity of a full duplex wireless network outperforms that
of a half duplex wireless network in a low transmission rate
region, but the transmission capacity gain is limited. Moreover, in a high transmission rate region, the performance of a
full duplex wireless network is even lower than that of a half
duplex wireless network. The major reason for this issue is
that the aggregate interference is more severe in full duplex
communications. Low capacity gain from full duplex communications in a large scale wireless network indicates the
importance of developing mutual-interference cancellation
techniques for a full duplex wireless network. Capacity analysis considering both self-interference cancellation, mutualinterference cancellation, and interference alignment is an
interesting topic for future research.
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