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Abstract—Throughput of a mobile ad hoc network (MANET)
operating on an unlicensed spectrum can increase if nodes can
also transmit on a (shared) licensed spectrum. However, the
transmissions on the licensed spectrum has to be limited to avoid
degradation of quality of service (QoS) to primary users (PUs).
We address the problem of how the nodes of a MANET or
secondary users (SUs) should spread their transmissions on both
licensed and unlicensed spectra to maximize network throughput,
and characterize ‘throughput gain’ achieved in such spectrum
sharing systems. We show that the gain can be significant
and is increasing in the density of the SUs. The primary and
secondary users are modeled as two independent Poisson point
processes and their performance is evaluated using techniques
from stochastic geometry.

I. INTRODUCTION

The emergence of new network paradigms including Inter-
net of Things (IoT) [1], Device to Device communications
(D2D) [2] continue to raise the demand for scarce wireless
spectrum. To maintain cost effectiveness, most of these net-
works operate on unlicensed spectrum, e.g. ISM band, which is
reserved internationally. But, this spectrum band is limited and
may not suffice to guarantee good network performance. On
the other hand, most of the terrestrial wireless communication
spectrum is licensed for proprietary usage. However, this static
allocation is inefficient and lot of this spectrum is under-
utilized [3], e.g. uplink channels in cellular networks [4].
In this work, we are interested in the performance (success
rate) improvement that a large-scale wireless ad hoc network
can achieve by simultaneously using both licensed spectrum
(shared) and unlicensed spectrum for packet transmission.

Spectrum sharing is key to alleviate spectrum shortage and
improve throughput in mobile ad hoc networks. One promis-
ing technology, which has been extensively explored, is the
cognitive radio networks where unlicensed users (secondary)
opportunistically transmit on a spectrum owned by licensed
users (primary). The secondary users (SUs) either transmit
on the unused portion of the licensed spectrum (overlay) or
transmit on the same spectrum as the primary users (PUs)
provided their transmissions do not affect the performance of
PUs (underlay). In underlay networks, the SUs continuously
sense the primary spectrum to detect idle transmission slots,
thus their performance depends on PUs’ traffic pattern.

In applications such as the Internet of Things (IoT), a large
number of heterogeneous devises need to continuously trans-
mit critical data requiring seamless connectivity among them.
If a licensed spectrum is available for spectrum sharing, some

of these devices (SUs) can transmit on a licensed spectrum
(provided they do not degrade performance of PUs) while
the rest transmit on the unlicensed spectrum. Then the key
question is what fraction of the SUs should transmit on each
channel at any given instant. Clearly, more SUs transmitting on
the licensed spectrum may degrade quality of service (QoS)
of the PUs. On the other hand, more SUs transmitting on
the unlicensed spectrum can lead to a higher outage rate
due to increased intra channel interference. Therefore, we
investigate how should the secondary users/traffic be split
across licensed and unlicensed spectra so that the density
of successful transmissions (throughput in short) for SUs
increases without violating QoS of PUs.

In LTE-U technology, cellular network operators propose to
use unlicensed spectrum in addition to their licensed spectrum
to boost coverage. We address the reverse problem of unli-
censed spectrum users sharing a licensed spectrum to improve
their throughput. Our goal in this work is to characterize
the throughput gain of a secondary network by using both
the licensed/primary channel (PC) and unlicensed/secondary
channel (SC) simultaneously. Throughput gain of a secondary
network is defined as the ratio of highest achievable throughput
using both PC and SC and that achievable using SC alone.
At each time slot, a secondary device selects either PC or
SC for transmission which decides what fraction of SUs use
PC or SC in that slot. Furthermore, the amount of secondary
transmissions on PC should be such that the outage probability
of each PU remains below some threshold (QoS guarantee).

We assume that the secondary network is a mobile ad
hoc network (MANET) and the primary network is another
MANET operating on a proprietary spectrum, e.g. FlashLinQ
[5]. We model the PUs and SUs as homogeneous independent
Poisson point processes and use techniques from stochastic
geometry to derive performance metrics. Stochastic geometry
has been widely used to analyze the performance of mobile ad
hoc networks [6], cognitive radio networks [7], [8] and cellular
networks [9], often leading to tractable analysis while giving
performance comparable to that observed in reality [10].

In our setting, the strategy of each SU is to select a
channel (PC or SC) for transmission in each time slot. A
network operator1 interested in providing high connectivity
in the secondary network would assign a channel selection
strategy that maximizes overall density of successful trans-

1Network operator can be a regulator or a device manufacturer that sets the
protocol of the secondary users.
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missions (network throughput) for SUs while maintaining
QoS guarantee for PUs. However, due to decentralized nature
of MANETs, the SUs may not follow the strategy assigned
by the operator and selfishly select channels to maximize
their throughput leading to loss in performance of secondary
network and also degradation of QoS in primary network. To
mitigate the loss due to non-cooperation, we consider a pricing
based de-incentivizing mechanism where the network operator
charges the SUs for transmissions on the PC. We define a
channel selection game among the SUs where utility of each
SU is defined in terms of weighted difference of success
probability and transmission costs and study symmetric Nash
equilibria (SNE) of the game. Though the game involves
infinite number of players, focus on SNE allows the game to
be treated as a two-person game with closed form expressions
for equilibrium2. The price can be then used to control fraction
of the SUs transmitting on the PC.
The summary of our contributions and results are as follows:
• We model spectrum sharing between two MANETs, one

operating on a licensed spectrum and another on an
unlicensed spectrum and characterize the throughput gain
achieved in the system. Our benchmark for gain is the
highest throughput achieved by SUs when all of them
transmit only on SC and use ALOHA protocol.

• We show that when QoS requirement of PUs is ‘relaxed’,
the throughput gain can be significant and increases with
the density of SUs (Theorem 1).

All the proofs are given in the technical report [11].

A. Related works

Several papers including [12]–[17] study performance of co-
existing heterogeneous networks under outage constraints. We
discuss papers that consider underlay networks as we do.

In [15], the authors study transmission-capacity trade-off
of a network where a MANET shares uplink of a cellular
network; transmission capacity is defined as the highest den-
sity of PUs and SUs that can co-exist without violating the
outage constraints. It is shown that the capacity region of
co-existing network is a triangle. In [17], the authors study
co-existance of two MANETs and evaluate the transmission
capacity of the secondary network under outage constraints.
The authors in [13] study single hop transport capacity (STC)
of two MANETs that co-exist, where STC involves both the
transmission distance and transmission capacity. They consider
different distribution on the distance between transmitter-
receiver pair. In [12], the authors consider spectrum sharing
between D2D devices and cellular networks. A D2D device
either transmits directly to other devices or uses cellular
network. The authors derive rate expression and analyze
achievable rates for D2D devices.

As discussed above, the papers on spectrum sharing analyze
the highest density of SUs and PUs that can co-exist without
violating outage constraints. Whereas our work studies how
the SUs spread their transmissions across PC and SC to
improve their throughput without degrading QoS of PUs.

2It is well known that computing the games is in general a hard problem.
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Figure 1: A snapshot of PUs and SUs. Users colored in green
transmit of PC and that colored in black transmit on SC.

Paper organization: We begin with spectrum sharing problem
between two MANETs in Section II and discuss the model
and setup in Subsection II-A. In Section III, we consider
a cooperative scenario where all the SUs follow a strategy
assigned by a network operator. The non-cooperative case is
considered in [11] where we study Nash equilibria of the game
and a pricing scheme to achieve it. We end with concluding
remarks in Section IV.

II. SPECTRUM SHARING BETWEEN MANETS

In this section we consider two mobile ad hoc networks,
one operating on a licensed spectrum and the other on an
unlicensed spectrum. The extension to the case where multiple
licensed spectra are available for sharing can also treated
similarly, but it brings in more combinatorial complexities.
Using terminology of cognitive radio networks, we refer to
licensed spectrum as primary channel (PC) and transmitters
on it as primary users (PUs). Similarly, unlicensed spectrum
is referred as secondary channel (SC) and transmitters on it
as secondary users (SUs). We assume that PC is of higher
bandwidth than SC and is of better quality. The SUs can
also transmit on the PC provided they do not degrade PUs’
quality of service (QoS). We assume that both SUs and PUs
are saturated, i.e., always have a packet to transmit.

A. Model and Setup

Both PUs and SUs are spread in a common geographical
area and we assume that they are distributed according to
independent homogeneous Poisson point processes (P.p.p) of
intensity λI and λII respectively.

We consider the simplified mobile ad hoc network
(MANET) model called the Poisson bipolar model proposed
in [6] for the SUs and PUs. Each dipole of the MANET
consists of a transmitter and an associated receiver. Let
ΦII := {XII

i }i≥1 denote the locations of secondary trans-
mitters that are scattered in the Euclidean plane according to
an homogeneous P.p.p of intensity λII . The set of secondary
receivers {yIIi }i≥i, where yIIi denotes the receiver associated
with transmitter XII

i , are assumed to be distributed uniformly
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on a circle of radius r centered around its transmitter, i.e.,
yIIi = XII

i + rR(θIIi ), where θIIi is uniformly, indepen-
dently and identically distributed on [0 2π], and R(θ) =
(cos(θ), sin(θ)). Let ΦI := {XI

i }i≥1 denote the location of
primary transmitters and, like SUs, the receiver of each PU is
located uniformly on a circle of radius r1 centered around its
transmitter3. Figure 1 represents co-existing MANETs.

Let n = 0, 1, 2, · · · denote index of time slots with re-
spect to which all nodes are synchronized4. We associate
with each SU a multi dimensional mark that carries in-
formation about decision of which channel to use (PC or
SC) and the fading condition at each time slot. Following
the notation of [6][Chap. 17], let the sequence M II

i (n) =
{ei(n), F IIi (n), F II−Ii (n)}n≥0 denote the marks associated
with SU i, and M I

i (n) = {F Ii (n), F I−IIi (n)}n≥0 denote the
marks associated with PU i, where

• ei = {ei(n)}n≥0 denotes the sequence of channel access
decisions of SU i. ei(n) is an indicator function that takes
value 1 if node i decides to transmit on PC in slot n, oth-
erwise it takes value zero. The random variables ei(n) are
assumed to be independently and identically distributed
(i.i.d.) in i and n, and independent of everything else.

• F IIi (n) = {F IIij (n) : j ≥ 1} denotes the sequence of
channel conditions between the transmitter of SU i and
all the secondary receivers (including its own receiver).

• F II−Ii (n) = {F II−Iij (n) : j ≥ 1} denotes the channel
condition between the transmitter of ith SU and all
primary receivers.

• F Ii (n) = {F Iij(n) : j ≥ 1} denotes the sequence of
channel conditions between the transmitter of ith PU and
all the receivers (including its own receiver).

• F I−IIi (n) = {F I−IIij (n), j ≥ 1} denotes the sequence of
channel conditions between the transmitter of ith PU and
all secondary receivers.

• It is assumed that channel conditions are i.i.d. across the
nodes and time slots, with a generic distribution on R+

denoted by F with mean 1/µ. The marks are assumed to
be independent in space and time.

The probability that the ith SU transmits in time slot n on PC
is pi := Pr{ei(n) = 1} = E[ei(n)]. When all the SUs use the
same pi, we drop the subscript i and write it as p. If each SU
use PC with probability p and its decisions is independent of
everything else, we get a pair of independent Poisson processes
at each time slot n, one representing a set of SUs on PC
ΦII1 (n) = {XII

i , ei(n) = 1} and the other representing the
rest of SUs on the SC ΦII0 (n) = {XII

i , ei(n) = 0} with
intensities pλII and (1 − p)λII respectively. All the SUs
transmit at a fixed power PII , and the PUs at a fixed power
level of PI . For notational convenience we write P = PI/PII .

Let l(x, y) denote the attenuation function between any two
given points x, y ∈ R2. We assume that this function just
depends on the distance between the points, i.e., |x−y|. With

3Extension to include random distance between Tx-Rx pairs is straightfor-
ward. But it provides little new insights.

4Analysis extends to non-synchronous using techniques in [18]

a slight abuse of notation we denote this function as l(x, y) =
l(|x− y|). We consider the following form for attenuation

l(x, y) = |x− y|−β for and β > 2. (1)

B. Coverage probability of a SU

A signal transmitted by ith SU is successfully received in
time slot n on SC if the SINR at its receiver is larger than
some threshold TII , i.e.,

SINRIIi (n) :=
PIIF

II
ii (n)l(r)

IΦII0 (n)(y
II
i ) +W (n)

> TII , (2)

where W (n) is the thermal noise power at the receiver and

IΦII0 (n)(y
II
i ) =

∑
XIIj ∈ΦII0 (n)\XIIi

PIIF
II
ij (n)l(|XII

j − yIIi |)

denotes the shot noise of the P.p.p. ΦII0 (n) in time slot n. We
assume that the noise is an i.i.d. process. A signal transmitted
by the SU at XII

i is successfully received in time slot n on
PC if SINR at its receiver is larger than a threshold TI , i.e.,

SINRII−Ii (n) :=
PIIF

II
ii (n)l(r)

IΦII1 (n)(y
II
i ) + IΦI(n)(y

II
i ) +W (n)

> TI ,

(3)
where

IΦII1 (n)(y
II
i ) =

∑
XIIj ∈ΦII1 (n)\XIIi

PIIF
II
ij (n)l(|XII

j − yIIi |), (4)

is the shot noise from SUs on the PC and

IΦI(n)(y
II
i ) =

∑
XIj ∈ΦI(n)

PIF
I−II
ji (n)l(|XI

j − yIIi |)

denote the shot noise from PUs, at yIIi in time n. Since
bandwidth of PC is assumed to be much larger than that of
SC we set TII > TI . Consider a typical SU at origin with
mark M II

i (0) = (ei(0), F IIi (0), F II−Ii (0)) at n = 0. The
typical node is said to be covered in slot n = 0 on SC if (2)
holds given that it selects to operate on SC. Then the coverage
probability of the typical node is

PII0

{
SINRIIi (0) > TII

∣∣∣∣ ei(0) = 0

}
,

where PII0 denotes the Palm distribution [19][Chap. I] of
the stationary marked P.p.p ΦII0 . Note that due to time-
homogeneity, this conditional probability does not depend
on n. The coverage probability of a typical node when
all other nodes use the same channel access decision is
evaluated in [20]. Continuing the notation used in [20] we
denote this coverage probability (non-outage probability) as
pIIc := pIIc (r, (1 − p)λII , TII). A tagged node is said to
be covered in slot n = 0 on PC if (3) holds given that it
selects to operate on PC. We denote this coverage probability
as pII−Ic := pII−Ic (r, λ̂I , TI) and is given by

PII−I0

{
SINRII−Ii (0) > TI

∣∣∣∣ ei(0) = 1

}
,
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where PII−I0 denote the Palm distribution of the stationary
marked P.p.p Φ̃I = ΦII1 + ΦI with density λ̂I := λI + pλII .

Proposition 1 (prop. 16.2.2 [6]): Let the fading process be
Rayleigh distributed and each SU select PC with probability
p in each slot. Then, coverage probability of a typical SU on
SC and PC, respectively, is

pIIc = LI
ΦII0

(µTII/PII l(r))LW (µTII/PII l(r))

pII−Ic = LI
ΦII1

(µTI/PII l(r))LIΦI (µTI/PII l(r))

× LW (µTI/PII l(r)),

where LX(s) = E[e−sX ] denotes the Laplace transform of
random variable X evaluated at s.

Corollary 1: Let the fading process be Rayleigh distributed
and W ≡ 0. For the path loss model in (1), we have

pIIc = exp{−(1− p)λIICII}
pII−Ic = exp{−pλIICI} exp{−λIP 2/βCI},

where CII = r2T
2/β
II K(β), CI = r2T

2/β
I K(β) and K(β) =

2π2/(β sin(2π/β)).

C. Coverage probability of a PU
ith PU is said to be covered if SINR at its receiver is larger

than threshold TI . We denote the coverage probability of a
typical PU as as pIc := pIc(r1, λ̂I , TI). Followings the steps
used for typical PU, it can be evaluated as follows:

Proposition 2 (prop. 16.2.2 [6]): Let each SU transmit
on PC with probability p. For Rayleigh fading, the success
probability of a typical PU is given as

pIc := LI
ΦII1

(µTI/PI l(R))LIΦI (µTI/PI l(r1))

×LW (µTI/PI l(r1)).

Corollary 2: Let the fading process be Rayleigh distributed
and W ≡ 0. For the path loss model in (1), the coverage
probability of a PU is

pIc = exp{−pλIIP−2/βC̄I} exp{−λIC̄I},

where C̄I = r2
1T

2/β
I K(β).

D. Density of Successful transmission of secondary users
Let dIIs (p) denote the spatial density of successful trans-

missions of the SUs on SC. Since the SUs form a P.p.p of
intensity (1−p)λII in each slot on SC, we get dIIs (p) = (1−
p)λIIp

II
c (r, (1 − p)λII , TII). Similarly, let dIs(p) denote the

spatial density of the successful transmissions of the SUs on
PC. Since the SUs form a P.p.p of intensity pλII in each time
slot on PC, we get dIs(p) = pλIIp

II−I
c (r, λ̂, TI). Then, if each

SU decides to transmit on PC with probability p independent
of others, the total density of successful transmissions of the
SUs, denoted as ds(p), is

ds(p) = dIIs (p) + dIs(p).

In the following we first consider the case where all the SUs
co-operate and aim to maximize their spatial density of success
without degrading the quality of service to the PUs. We then
consider that the SUs selfishly select the channels and propose
a mechanism to improve equilibrium performance.

III. CO-OPERATIVE CASE

In this section we assume that all the SUs belong to a
network operator and access PC with a probability assigned
by the operator. A fraction of SUs are allowed to transmit on
the PC provided their transmissions do not degrade the quality
of service guarantee (QoS) for the PUs on PC.

A. Quality of Service guarantee for the PUs
A natural way to guarantee a certain QoS to the PUs is

to limit the amount of interference by the SUs on PC, or,
alternatively, to maintain a minimum coverage probability of
the PUs in presence of SUs. Specifically, we consider that
each PU is covered with probability atleast 1 − δ, where δ
determines the predefined QoS.
The objective of the operator is to maximize the density of
successful transmissions of the SUs without degrading the QoS
requirement of the PUs, i.e.,

maximizep∈[0 1] ds(p)

subject to pIc ≥ 1− δ
(5)

Performance gain: In the absence of any additional channel,
the operator can improve the success density of SUs on SC
using contention resolution protocols like ALOHA, CSMA. In
ALOHA/CSMA, only a fraction of the SUs transmit in each
time slot, while the others remain silent to reduce interference.
If an additional channel is available, some of the SUs can
transmit on it (provided the QoS constraints are met) and
increase the number of SU’s concurrent transmissions without
increasing intra channel interference on SC We measure this
gain in success density of the SUs by comparing maximum
success density achievable using both PC and SC to that
achievable using SC alone. Specifically, we define SUs success
density gain, denoted G := G(λII , λI , TII , TI), as:

G =
ds(p

∗
o)

maxp∈[0 1] dIIs (p)
, (6)

where p∗o denote global maximum of optimization in (5).

B. Performance Evaluation
For analytic tractability, we focus on the case of Rayleigh

fading and neglect channel noise5 (W ≡ 0). From Corollaries
(1) and (2), the optimization problem in (5) for the Rayleigh
fading is expressed as:

maximizep∈[0 1] (1− p)λII exp{−(1− p)λIICII}+
pλII exp{−pλIICI − λIP

2
βCI}

subjected to exp{−pλIIP
−2
β C̄I − λIC̄I} ≥ 1− δ.

(7)

The following simple observation tells when is to possible for
both the SUs and PUs to share the PC.

Lemma 1: Given δ > 0, SUs can transmit on the PC iff

λI ≤ − log(1− δ)/C̄I .

Scaling properties: For notational convenience write λ̄I :=

− log(1− δ)/C̄I and p̄ := −(log(1− δ) +λIC̄I)/λIIP
−2
β C̄I .

5For the case with non-negligible noise the same analysis holds upto a
constant scaling factor that depends on Laplacian of noise random variable.
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If λI ≤ λ̄I , then some SUs are permitted to use PC. On the
other hand if λI > λ̄I , SUs are prohibited to use PC. However,
notice that λ̄I is inversely proportional to TI (through C̄), and
in the later case, SUs can share PC with PUs without degrading
their QoS provided TI decreases. Specifically, if TI decreases
by a factor a ∈ (0 1], then the density of both PUs and SUs
can increase by a factor a−2/β on PC without affecting the
QoS for the SUs. To see this, note that p̄ depends on the
product λIT

2/β
I (through λIC̄ ) and its value does not change

if TI decreases by a factor a ∈ [0 1] and λI increases by a
factor a−2/β . Also, the scaling of TI increases p̄ by a factor
of a−2/β due to C̄ in the denominator.

Let us first consider unconstrained optimization problem
ignoring the constraint in (7). It is easy to note that both
dIIs (p) and dIs(p) are quasi-concave in p and each attain a
unique maxima. But, their sum need not be quasi-concave and
maxima of ds(p) may not be unique. Some of its properties
are listed below.

Proposition 3: Let p∗ denote a maximum of ds(p). If
λIICI ≤ 1, then p∗ is unique. Further,
• If λIICII ≤ 1, then ds(p) is concave in p
• If λIICII > 1, then ds(p) is monotonically increasing

for all p ≤ 1− 1/λIICII and p∗ ≥ 1− 1/λIICII .
Proposition 4: Let p∗ denote a maximum of ds(p). If

λIICI > 1, then p∗ is not unique. Further, any optimum p∗

is such that 1/λIICI ≤ p∗ ≤ 1− 1/λIICII .
Recall that CII > CI implies TII > TI , and smaller the values
of TI and TII , better the channel quality (with higher success
rate). For a given λII , if λIICII ≤ 1, dIIs is maximized at
p = 0, i.e., there is no need for SUs to transmit on PC, hence
G = 1. If λIICII > 1, dIIs (p) is maximized at p = 1 −
1/λIICII and the operator benefits by allowing a fraction 1−
1/λIICII of the SUs to transmit on PC. Further, if λIICI ≤
1, PC quality is better than that of SC, hence the operator
benefits more by allowing more than 1 − 1/λIICII fraction
of the SUs to transmit on PC as noted in the second part of
Proposition (3). On the other hand, if λIICI ≥ 1, PC quality
is not significantly better than that of SC, and the operator may
gain only by allowing a smaller than 1−1/λIICII fraction of
the SUs to transmit on PC (Proposition 4). Thus we focus on
scenario where λIICII > 1 and λIICI ≤ 1, i.e., the quality
of PC is better compared to that of SC where the operator
prefers to place more SUs on PC but is constrained by the
QoS requirements for the PUs.

Now we return to the constrained optimization in (7). Note
the objective function is concave in the regime of interest and
constraint is a convex set. Hence solution of (7) is unique. Its
properties are listed below.

Proposition 5: Let λIICII > 1 and λIICI ≤ 1. For a given
δ > 0 and p̄ the global optimum d∗o of (5) satisfies
• If p̄ ≤ 1− 1/λIICII , then p∗o = p̄
• If p̄ > 1− 1/λIICII , then p∗o ≥ 1− 1/λIICII .
As noted earlier, the operator benefits if at least 1 −

1/λIICII fraction of the SUs operate on PC. However, if
doing so violates QoS guarantee for PUs, then the operator
can place at most p̄ fraction of SUs on PC. The following
Theorem characterizes the gain in different regimes.

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
0.5

1

1.5

2

2.5

3

δ (outage tolerance of PUs)

G 
(ga

in)

Figure 2: Gain vs. outage . We set PII = PI , λIICII =
2, λIICI = 0.2, λIIC̄I = .5, λIC̄I = 0.05.

Theorem 1: Let λIICII > 1 and λIICI ≤ 1. Write a =
exp{−λIP 2/βCI}, we have
• If p̄ ≥ 1− 1/λIICII , then

1 + eaλIICII exp{−λIICI} ≥ G ≥
1 + ea(λIICII − 1) exp {−(λIICII − 1)CI/CII}

(8)

• If p̄ < 1− 1/λIICII , then

G ≤ 1 + ea(λIICII − 1) exp {−(λIICII − 1)CI/CII}

Both the upper and lower bounds in (8) are increasing in
the ratio TII/TI (through CII/CI ) for a fixed λIICII . Thus,
the gain G is higher if PC quality improves compared to that
of SC quality. We note that for the case p̄ ≥ 1−1/λIICII the
lower bound is strictly larger than 1, thus the operator always
gains using PC. However, if QoS requirement for the SUs is
‘stringent’ such that p̄ < 1−1/λIICII , then it may be possible
that G < 1 and the operator may not gain by using PC. In
Figure 2 we plot G as a function of the outage tolerance δ
for PUs. As seen, for small values of δ, G is smaller than 1.
In this regime the operator should avoid using PC and aim
to increase the success density on SC alone using contention
resolution protocols.

IV. CONCLUSION

The LTE in unlicensed spectrum (LTE-U) is a proposal
where cellular networks would like to use unlicensed spectrum
in addition to their licensed spectrum to boost coverage in their
cellular networks. In this work we considered the opposite
scenario where the users of a MANET (secondary) operating
on an unlicensed also transmit on a licensed spectrum to
improve their throughput. We characterized the throughput
gain of secondary network and showed that it can be significant
for large-scale networks.
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