
RESEARCH Open Access

Resource allocation and interference
management for multi-layer wireless
networks in heterogeneous cognitive
networks
Yun Meng* and Xinyi Liu

Abstract

Aiming at the research of resource allocation and interference management in multi-layer wireless networks in
heterogeneous cognitive networks, this paper mainly discusses the resource allocation and interference
management in heterogeneous cognitive networks and proposes our proposed cluster-based cooperative
interference management scheme. This scheme minimizes the cross-layer interference of multiple base station cells
to primary users and avoids the same-layer interference between base station cells through joint channel allocation
and power allocation. Through cognitive perception or joint scheduling, the available channel can be obtained by
the home base station cell, and then the channel, power and other resources can be allocated according to the
related algorithms proposed by us, so as to ensure the harmonious coexistence of the home base station cell and
the authorization system such as macrocell. Finally, we validate the proposed algorithm. The simulation results
show that the algorithms are effective in reducing interference, but the degree is different.
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1 Introduction
In recent years, various wireless communications and
network technologies have been developing rapidly. Cog-
nitive radio network, small cell network, wireless local
area network, WiMAX, and LTE network will promote
the next generation network communication technology
to achieve greater development. In addition, tablet com-
puters, smartphones, and so on have gradually become
an indispensable office and communication tools in peo-
ple’s daily life [1–3]. With the popularity of these new
handheld devices, data-intensive applications such as
video conversation, online games, online music, and
video streaming are becoming more and more popular,
and the era of mobile Internet has come. In order to
provide a higher quality of service and better user ex-
perience, future mobile wireless communication network
requires a higher data rate [4, 5]. Home base station cel-
lular network is a typical representative of small cellular

network, usually covering a home or an office area, and
has many advantages such as low power consumption,
low cost, and plug and play. However, the scarcity of
spectrum resources and the interference with macrocell
is one of the key problems to be solved before large-
scale deployment of home base station cells [6–8]. Cog-
nitive radio technology can be applied to the cellular
network of home base stations to weaken interference.
In addition to cross-layer interference with macrocell

networks, there is still a layer of interference between
cellular networks of home base stations. Moreover, in in-
tensive deployment, this same level interference will be-
come very serious. The traditional solution is graph-
based coloring. This technology is commonly used in
channel allocation in wireless networks to avoid thou-
sands of interference. However, in the case of intensive
deployment, due to the lack of sufficient channel re-
sources, it may not be possible to apply coloring tech-
nology to effectively solve the same layer interference
problem [9–12]. At the same time, due to the relatively
small coverage of the base station cell, the same-layer
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interference often appears as a localization phenomenon,
and CR technology can play a key role in obtaining such
local interference information, including perception,
processing, decision-making, and so on. Interference
control and power allocation in cognitive radio networks
have their own characteristics, and many scholars have
conducted an in-depth study on this. However, for inter-
ference management based on power control in wireless
heterogeneous networks, many studies only try to solve
one of the thousand disturbances in the same layer or
across layers, assuming that the other interference has
been well solved [13–15]. Therefore, it is still very urgent
and necessary to combine CR technology with power
control and explore a reasonable resource allocation
method to solve cross-layer interference and co-layer
interference simultaneously.

2 Related work
The research contents of this paper mainly include two
aspects: research and analysis of the television frequency
band white space and the use of cognitive network using
the television frequency band white space interference
control. This paper proposes a resource allocation and
interference management scheme based on cognitive
radio in heterogeneous networks. It also solves the
cross-layer interference between home base station cel-
lular networks and macrocellular networks and the
same-layer interference between home base station cel-
lular networks and realizes the rational allocation and
optimization of resources [16]. How to deal with the
1000-disturbance management problem under the het-
erogeneous network architecture is directly related to
the feasibility of adopting this architecture in the future
5G system. Cross-layer interference management in het-
erogeneous networks is an important research topic in
theory, technology, and application. It is of great theoret-
ical significance and practical value to study key tech-
nologies such as resource allocation and interference
management in heterogeneous networks. Therefore, this
paper closely follows the academic research frontier,
from the perspective of green communication, combined
with optimization and game theory tools, in-depth study
of resource allocation, and interference management al-
gorithms in heterogeneous network systems.
The emergence of new high-end handheld devices

such as smartphones and tablets irreversibly shifts users’
attention to more data-intensive applications, such as
online games, video sessions, online audio, video stream-
ing, etc. Research shows that this fast-growing demand
for high data rate comes mainly from indoor environ-
ment. The indoor radio coverage is relatively weak due
to the penetration loss of the building wall, especially
when the user is at the edge of the cell, away from the
macro base station to provide services, which an adverse

phenomenon is more obvious. In indoor environment,
there is a significant mismatch between high data rate
requirement and low receive signal-to-interference-plus-
noise ratio (SINR) [17, 18]. Increasing the power of the
base station’s transmitted signal does not solve the prob-
lem, because it will lead to more serious co-channel
interference to neighboring cells. Similarly, increasing
the number of base stations to achieve better signal
coverage is not feasible, because base station deployment
costs a lot. In this case, the wireless heterogeneous net-
work composed of the home base cell and the macrocell
arises at the historic moment.
Home base station cellular network is a low-cost,

plug-and-play network system, mainly used to extend
radio coverage to indoor environment, so it can support
rapidly increasing data rate requirements. The home
base station cellular network consists of a family base
station and several mobile stations. This base station is
also called home node B or home cellular network ac-
cess point. Usually, home base station cellular networks
are deployed in macrocellular systems in the form of
underlay or overlay [19]. Because the home base station
is located indoors, the mobile station can connect it dir-
ectly without having to connect the outdoor macro base
station so that all network traffic is transmitted back and
forth through wired subscriber digital lines, passive op-
tical networks, or a dedicated wireless channel.
The deployment of home base cell cellular network

can be of great help to network operators and users.
Due to short-range communication, usually less than 10
m, the link between transceivers is robust, so high-order
modulation can achieve a high data rate. Moreover, the
indoor mobile station is switched from the Acer station
to the family base station, thus releasing many channel
resources. In addition, since mobile stations can now be
connected to a close home base station rather than a
long-distance macro base station, they can communicate
at lower transmit power. In terms of battery life for
wireless devices, this means significant energy savings,
which are critical for wireless devices. An additional
benefit of low transmit power is that it increases the
probability of spectrum reuse, which correspondingly in-
creases the capacity of the entire system.
Although the home base station cellular is an attract-

ive solution, there are still many technical, protocol, or
economic obstacles to deployment. Among them, inter-
ference management is one of the most important tech-
nical challenges in the deployment of home base station
cellular network, which includes the management of
cross-layer and inter-layer interference [20, 21]. Because
the home base station cell is deployed by the end-user,
the pre-deployed network planning is not feasible. This
uncooperative deployment can lead to serious interfer-
ence between the home base station cells, especially in
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intensive deployment scenarios. Another challenge is to
manage seamless switching between macro and home
base stations and between different home base stations.
In addition, timing, synchronization, and support for
quality of service (QoS) guarantee and portable manage-
ment of home base stations are urgent problems to be
solved.

3 Methods
Home base station cell is mainly designed to extend the
voice data and other services provided by the macrocell
to the indoor environment, so the key design require-
ment of the network is to ensure that the home base sta-
tion cell provides the same reliable services as the
macrocell. As mentioned earlier, in order to ensure high
data rate services, traffic is transmitted through wired
networks. In order to ensure coexistence with macrocel-
lular system and ensure smooth communication through
reasonable management switching mode, there must be
a wired communication path between macrocellular sys-
tem and home base station cellular network [22].
A typical cellular network architecture of the home

base station is shown in Fig 1. Each home base station is
connected to a local home base station cellular gateway

(fusion gas welding (FGW)). The gateway provides se-
curity-related support such as authentication, encryp-
tion, and authentication for each home base station cell
and is the interface between the home base station peak
nest and the core macrocellular network. According to
the difference of radio resource management schemes,
the cellular gateway of home base station also under-
takes certain resource allocation and control functions.
For example, the Radio Network Controller (RNC) can
share information about spectrum allocation for macro-
cellular users at specific locations with the local home
base station cellular gateway to inform nearby fixed ac-
tion patterns (FAPs) to avoid using these spectrum
resources.
FGW can replace RNC to perform various manage-

ment and control functions, including authentication
and IP security. It is equivalent to an aggregator that
connects physically distributed FAP groups and per-
forms joint resource allocation and traffic scheduling by
taking into account the capacity of the FAP and the re-
turn network. In addition, the location of the FGW is
also important because routing optimization is needed
to avoid redundant communication if it is too far from
the FAP that connects it.

Fig. 1 Network architecture of base station cellular deployment
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3.1 Separation coverage and stacking overlay architecture
for home base cellular networks
In the joint deployment of macrocell and home base sta-
tion cell, macrocell users usually have priority access to
spectrum. To ensure harmonious coexistence between
the two systems, the home base station cell can also ac-
cess these spectrums, usually in two modes, namely sep-
arate coverage and cascade coverage.
In the separate coverage architecture, the base station

cell can share the same spectrum resources as the
macrocell, but the base station cell cannot exceed a pre-
defined interference power threshold. This threshold is
usually set by the spectrum owner or tenant, with strin-
gent conditions that do not cause harmful interference
to the primary user equipment. In this scheme, the cel-
lular network of the home base station is only respon-
sible for maintaining the threshold set by the macrocell
[23]. Depending on the policies and regulations, the
macrocellular network can also assist in the spectrum al-
location decision process. Macrocell can maintain a geo-
graphic spectrum occupancy database and share this
information with the base station cell via FGW, so that
all connected FAPs can be updated as soon as possible
under normal or necessary circumstances.
Because the deployment scale of the cellular network

of the home base station may be large, and the sur-
rounding radio environment is also changing dynamic-
ally, the centralized control of the home base station cell
will be very difficult. Hybrid system control seems to be
more suitable for home base station cellular network
management, where some functions are centralized and
others are handed over to FAP or local FGW. In order
to facilitate local decision-making, FAP must have an in-
telligent or cognitive ability. Cognitive home base station
cells require periodic perception of the environment to
detect the presence of new macrocellular subscribers
and any changes in the radio environment. However, the
main drawback of this perception-based system is that
FAP and users require additional energy and resources
to share information.
In the cascade overlay architecture, the home base sta-

tion cellular network can share the same spectrum re-
sources with the macrocell, but the spectrum used by
the macrocell and the home base station cell must be in-
terlaced. Where macrocellular users have priority, home
base station cellular users cannot use the spectrum being
used by nearby macrocellular users. On the other hand,
for geographic database information sharing and
spectrum allocation based on perception, separate cover-
age and cascade coverage systems are very similar.
No matter what kind of deployment plan it is, it is very

important to solve the problem of whether the channel
is occupied. Improper decision-making can lead to false
alarm invalidation, that is, when a channel is actually

occupied, it is detected that it is not occupied. This will
cause great harm to other users. Conversely, if a channel
is not occupied but it is mistakenly detected that it is oc-
cupied, the channel will be idle, resulting in waste. In
order to make effective judgments, the level of interfer-
ence generated at any location needs to be accurately
predicted or measured.
In fact, the amount of interference received by a cellu-

lar phone user is a function of distance. The path loss
(PL) component can be calculated using the following
models:

PLm ¼ 128þ 37:6 log
d

1000

� �
þ 21 log

f c
2

� �
þ LWP ð1Þ

PL f
LOS ¼ 18:7 log dð Þ þ 46:8þ 20 log

f c
5

� �
ð2Þ

PL f
NLOS ¼ 20 log dð Þ þ 46:4þ 20 log

f c
5

� �
þ LWP ð3Þ

In which, PLm is the path loss component of macro-
cell, d is the distance from macrocell base station, in me-
ters, fc is the carrier frequency, LWP is the wall

penetration loss, and PL f
LOS and PL f

NLOS are the path loss
of both LOS and non-LOS signals. The farther away
from the Acer station, the smaller the interference from
the cellular users of the home base station is. When the
distance reaches a certain value, the interference power
drops to an acceptable threshold, which is a minimum
safe distance. Moreover, the interference level also varies
with the transmission power of the macrocell base sta-
tion. When macro base stations communicate with high
power, the minimum safe distance will increase greatly.
In summary, by controlling the power of the macro base
station, more channel space can be released for use by
the home base station cell. The capacity of the whole
system can be significantly improved by adopting a joint
optimization strategy for peak-to-nest transmission
power of macrocell and home base station. Of course,
there is a price to pay for this improvement, which is the
increased computational complexity and the cost of re-
turn communication.

3.2 Home base station cellular access mechanism: closed-
loop, open, and hybrid
Home base station cellular generally operates in three
different access modes, namely, closed-loop, amplifier,
and hybrid. Each model has its own merits and demerits.
Importantly, the choice of access mechanism not only
affects the operation of home base station cell and
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macrocell, but also affects cross-layer interference can-
celation and handover management.
In the closed loop access mode, only a fixed number

of predefined subscribers is allowed to access the net-
work. An unregistered user cannot access a home base
station cell even if he has a strong signal link to a par-
ticular FAP. Any unregistered user entering the coverage
of a closed-loop home base station cell will suffer severe
cross-layer or co-layer interference when he attempts to
connect to a macrocell or other home base station cell.
Therefore, a closed-loop access system must adopt strat-
egies to eliminate or avoid these two types of interfer-
ence. Beamforming based on multiple input multiple
output (MIMO) antennas is a way to reduce interfer-
ence. Another alternative technique is to implement a
negotiation mechanism between jammed transmitters,
which allows them to switch the operating spectrum
under strong jamming conditions. The main advantage
of this system is that the number of users is limited, and
management and accounting are relatively simple.
Compared with the closed-loop access mode, the open

access mode allows any user within the FAP coverage to
access the network. The advantage of this mode is that the
downlink can unload large amounts of traffic from the
macrocell to the home base station cell, whereby the
macrocell can release several channels for reuse, which is
particularly useful at the cellular edges where the macro-
cell coverage is generally poor. Although saving valuable
macrocell resources, the open access system still has many
problems. Because of the small coverage, if the user is mo-
bile, the system has to undergo multiple handovers, so in-
novative design methods are needed to minimize the
number of handovers. In addition, the number of unregis-
tered and unregistered visitors has become very high, reg-
istered users may encounter traffic congestion in the
home base station cell. There are also security issues, be-
cause open access systems are inherently vulnerable, such
as hacker intrusion, illegal monitoring activities, location
detection, malicious node attacks, and so on. Effective
measures must be taken to prevent malicious manipula-
tion of embedded software, which will change the location
information and so on, hindering network management.
The hybrid access mode combines the advantages of

the above two systems. Considering capacity and gain,
the hybrid model allows a limited number of unregis-
tered users to gain access to the network as well as exist-
ing registered users. This restriction on the number of
visitors can achieve significant performance improve-
ments without compromising registered users. In
addition, the mechanism that registered users have pri-
ority over non-registered users should be introduced to
ensure the satisfaction of registered users. Billing differ-
entiation is also an option to consider to distinguish be-
tween registered users and non-registered users.

4 Research on power control and resource
allocation in heterogeneous networks
4.1 System description
Considering the two-layer heterogeneous downlink
OFDMA system model of deploying flying cells as
shown in Fig. 2, a macrocell network base station multi-
plexes K orthogonal resource blocks (FRBs) with a fre-
quency reuse factor of 1. All users or base stations in the
system are equipped with single or single antenna omni-
directional antennas. M co-channel deployed beehive
densely deployed in macrocell coverage but far away
from MBS. MUs are deployed near the flying cell area
and away from the MBS serving it. In the downlink
transmission scenario of the system, the communication
service of the flying cell causes a communication blind
area to the macrocell. Therefore, the cross-layer interfer-
ence power received by MUs from the flying cell must
be limited to a certain range to ensure its normal com-
munication quality of service. In addition, due to the in-
tensive deployment and frequency reuse of the flying
cell, the same layer interference between the flying cells
cannot be ignored. The bandwidth of each resource
block in the system is B0. Due to OFDMA technology,
all subchannels in communication can be regarded as
flat-fading subchannels. In this paper, Rayleigh fading,
shadow fading, and path loss are used to model all
subchannels.
In this paper, OFDMA technology is used. According

to the Shannon capacity formula, the sum rate of the fly-
ing honeycomb can be expressed as the following math-
ematical expression:

C ið Þ P;Að Þ ¼
XNi

n¼1

XK
k¼1

B0a
ið Þ
n;k log2 1þ γ ið Þ

n;k

� �
ð4Þ

Correspondingly, the capacity of the entire cellular
network can be expressed as:

C P;Að Þ ¼
XM
i¼1

C ið Þ P;Að Þ ð5Þ

In which, P represents the transmit power matrix of

each FBS, defined as P = [P(1)⋯P(i)⋯P(M)] and PðiÞ ¼ ½
pðiÞ1 ⋯pðiÞk ⋯pðiÞK � . A represents the allocation indicator
matrix of the resource block, which is defined as

A = [A(1)⋯A(i)⋯A(M)] and AðiÞ ¼ ½aðiÞ1 ⋯aðiÞk ⋯aðiÞK � . The

aðiÞn;k value can only be 0 or 1, indicating whether the kth

resource block is allocated to the nth user in the ith fly-
ing cell.
In order to carry out energy efficient power control

and resource allocation, we need to consider the total
power consumption of the system. According to the
power loss model in the references, the total power
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consumption of the system includes the transmitting
power of the power amplifier and the circuit power loss
of the FBS terminal. At the same time, in order to effect-
ively design the energy, the channel state information
and some parameter information between FU and FBS
need to be exchanged, and the power loss of the return
link cannot be ignored. Therefore, for the first i cellular
cell, its power consumption is

P ið Þ
tot P;Að Þ ¼ φam

XNi

n¼1

XK
k¼1

a ið Þ
n;kp

ið Þ
n;k þ P ið Þ

C þ P ið Þ
BH ð6Þ

Correspondingly, the power loss of the whole flying
cellular network can be expressed as follows:

P ið Þ
tot P;Að Þ ¼

XM
i¼1

P ið Þ
tot P;Að Þ ð7Þ

In which, φam represents the inefficiency of FBS ter-

minal power amplifier. PðiÞ
C ;PðiÞ

BH represents the power
loss of the i flying cell and the power loss of the return
link.
For the downlink transmission of the network, the fly-

ing cell will cause a communication blind area for the
coverage of the macrocell. Therefore, it is necessary to
design a cross-layer interference power management
scheme to protect the communication QoS of MUs dis-
tributed near the flying cell. The interference manage-
ment scheme adopted in this paper is similar to the
interference temperature limit in cognitive radio system.
The interference management scheme needs to ensure
that the cross-layer interference power received on the

MU invoked by MBS is below the preset power thresh-
old Q. Mathematically, the cross-layer interference man-
agement plan is as follows:

Ik ¼
XM
i¼1

XNi

n¼1

a ið Þ
n;kp

ið Þ
n;kh

FiM
k ≤Q; ∀k∈ 1; 2;⋯;Kf g ð8Þ

In which, hFiM
k denotes the channel power gain of the

MU invoked by the first FBS to MBS on the K resource
block, and Ik denotes the total cross-layer interference
power received by the MU invoked on the k resource
block from the flying cellular network.

4.2 Simulation results and performance analysis
Consider a two-tier heterogeneous network environment
consisting of three flying cells deployed within the
macrocell coverage but away from the MBS. Each flying
cell is randomly deployed with three FUs. Some MUs
are deployed around the flying cell but away from the
MBS. Here, the channel is modeled as a combination of
path loss (indoor and outdoor), shadow fading, and fast
fading following complex Gaussian distribution CΝ(0, 1).
All simulation results are obtained through 500 ran-

dom channel averages. This paper compares the pro-
posed and non-cooperative energy efficiency schemes
with non-cooperative spectrum efficiency schemes, re-
spectively. In order to compare the fairness performance
of different schemes, this paper adopts the dimension of
fairness defined in the literature:

Fig. 2 System scenario model diagram
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Fairness ¼

XM
i¼1

EE ið Þ
avg

 !2

M
XM
i¼1

EE ið Þ
avg

� �2 ð9Þ

In which, EEðiÞ
avg represents the average energy effi-

ciency of i flying honeycomb.
Figure 3 shows the relationship between the minimum

energy efficiency of a flying cellular system and the
cross-layer interference power constraint level Q when
the maximum transmission power of FBSs is Pmax =
20dBm. It can be seen from the diagram that the energy
efficiency fairness scheme of the system is superior to
other schemes in the index of the minimum energy effi-
ciency of the flying honeycomb in the system. The global
energy efficiency optimal scheme is only in the case of
relatively loose interference level, this is because when
the level of cross-layer interference is relatively loose,
the game participants’ strategy space will become larger,
each game participant for their own benefit, which will
be more unscrupulous to increase its launch power.
However, the same layer interference will be increased
when the transmitting power is increased, resulting in
the decrease of its own rate, which will lead to the de-
crease of energy efficiency. Later, this paper will show
that the global energy efficiency optimization scheme
has the highest energy efficiency compared with other
schemes. In addition, we find that the minimum energy
efficiency of the two schemes increases with the level of

cross-layer interference becoming looser and looser,
while the other two schemes do not have this trend be-
cause of the selfishness of non-cooperative game.
Figure 4 shows the relationship between energy effi-

ciency fairness and cross-layer interference constraint
level Q for various schemes when the maximum trans-
mission power of FBSs is Pmax = 20dBm. Obviously, the
energy efficiency fairness of the system energy efficiency
fairness scheme is superior to all other schemes, espe-
cially when the level of cross-layer interference is more
strict, and this advantage is more obvious, which also
verifies the effectiveness of the proposed scheme. Al-
though the superiority of the proposed energy efficiency
optimization scheme is not shown in this diagram, we
will show its optimal performance in the overall energy
efficiency of the system.

5 Experience
5.1 Physical cluster and virtual cluster design for cellular
base station cellular management
The interference power level introduced by the home
base station cell mainly depends on the distance from
the home base station cell to the other home base sta-
tion cell and the authorization system, as well as the
transmission power of the FAP. Therefore, we can first
allocate the available channels of the base station cell ac-
cording to the distance, and then adjust the power
budget of different FAPs to reduce the interference. Be-
cause of the lack of enough channels, the traditional col-
oring method is not very effective. For this reason, we
propose the concepts of physical cluster and virtual

Fig. 3 System minimum energy efficiency vs cross-layer interference constraint Q
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family, which are essentially the problem of cellular clus-
tering in home base stations. We define the spatial cor-
relation γ of the base station cellular as follows:

γ ¼ r
d

ð10Þ

Among them, r is the radius of the home base cell cel-
lular coverage and d is the distance between two home
base stations. Adjacent home base station cells can be
grouped into a physical cluster if and only if the spatial
correlation between any two home base station cells sat-
isfies the following constraints:

γ≥γ0 ð11Þ

Among them, γ0 is determined by the minimum
spatial correlation of safe distance d0. Each physical clus-
ter has a cluster center and can be found by some clus-
tering algorithms. In dense deployment scenarios, the
number of channels available is very limited, for ex-
ample, there are only six channels (1.4 MHz). Then, the
number of base station cells clustered into a physical
cluster cannot exceed six, because the base station cells
in the physical cluster need to use different channels to
avoid the same layer interference.
The concept of virtual cluster is relative to the physical

cluster. The physical cluster is mainly related to the lo-
cation information of the base station cellular, while the
virtual cluster is equivalent to a logical cluster. The
home base station cells occupying the same channel but
located in different physical families can be grouped into
a virtual cluster. However, if two physical clusters are
too close apart, the potential harmful co-layer

interference is still unacceptable. Therefore, we define
the spatial correlation γ' of the physical family as follows:

γ
0 ¼ R

D
ð12Þ

In which, R represents the radius of the physical family
and also depends on the safe distance d0. D represents
the distance between two physical clusters. In order to
ensure that interference between base station cells in the
virtual family is tolerable, another constraint is required:

γ
0
≤γ

0
0 ð13Þ

In which, γ
0
0 ¼ R=ð2Rþ d0Þ . If R is defined as half of

d0, then γ
0
0 ¼ 1=4. In other words, the cell members of

the home base station occupying the same channel in
the virtual cluster need to be separated as far as possible
to minimize interference with each other.

5.2 Simulation and performance analysis
We assume that there is a thin wall between FAP and
secondary users, and there is a thick wall between FAP
and main users. Generally speaking, the interference as-
sumption caused by primary user system to secondary
users is negligible. The simulation parameters are sum-
marized in Table 1.
Figure 5 shows the performance comparison between

the proposed IM algorithm and the other two power al-
location algorithms. In this figure, the power budget of
FAP is fixed 10 dBm. As can be seen from the graph,
when the capacity threshold is 10 bit/s/Hz, the total
amount of interference introduced by IM algorithm is
approximately one-third of the average power allocation

Fig. 4 Energy efficiency fairness vs cross-layer interference constraint Q
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algorithm; when the capacity threshold is increased to
13.4 bit/s/Hz, the ratio becomes nearly one-half. The ef-
fect of IM algorithm on interference reduction is very
obvious. In addition, the IM algorithm also outperforms
the mentioned residual power average allocation scheme
mentioned above. With the increase of capacity thresh-
old, the change of total interference is as follows: the
average power allocation algorithm remains unchanged,
the average residual power allocation algorithm de-
creases, and the IM algorithm increases. This is because
as the capacity threshold increases, the power allocated
to each subcarrier increases and the residual power
budget decreases. Therefore, the gap between the re-
sidual power average allocation algorithm and the IM al-
gorithm is narrowed. When the residual power budget is

reduced to zero, the residual power average allocation
algorithm will achieve the same performance as IM
algorithm.
Figure 6 shows the aggregate interference curve ob-

tained by using the proposed IM algorithm in a single
home base station cell under different power budget
constraints. From the graph, we can see that the total
amount of interference increases with the increase of
capacity threshold and increases with the increase of
power budget. In fact, there is a trade-off between the
total amount of interference that is minimized and the
capacity to maximize. Therefore, it is necessary to select
appropriate capacity threshold to control aggregation
interference and make it at a certain level to adapt to
different situations. In addition, reducing the power
budget of FAP can reduce the aggregation interference,
but considering the QoS requirements of secondary
users, the power budget cannot be too low. In general,
the fixed power budget of FAP is around 10 dBm.
Figure 7 depicts the impact of the distance from the

base station cell to the victim’s primary user on the ag-
gregation interference. Obviously, the farther the base
station cell is from the victim primary user, the less
harmful interference it will cause to the primary user.
This is the most direct and effective method of interfer-
ence mitigation. To meet the interference threshold of
the primary user, a single home base station cell must
ensure a safe distance. However, when there are multiple
home base station cells using the same channel, the se-
cure distance does not apply because the primary user
has to ensure that aggregate interference is below the
interference threshold. In this case, the home base sta-
tion cell which is close to the primary user is often lim-
ited to communicate with minimal power or jump to
other channels.

Table 1 Simulation parameter settings

Parameter Value

Coverage radius 10 m

Maximum number of secondary users 4

Fixed transmitting power 10 dBm

Minimum transmitting power 8 dBm

Maximum transmitting power 12 dBm

Noise power 1.4e−014W

Thin wall penetration loss 5 dB

Thick wall penetration loss 12 dB

Shadow fading 6 dB

Carrier frequency 2 GHz (600MHz)

Channel broadband 180 KHz

Subcarrier broadband 15 KHz

Number of subcarriers per channel 12

Fig. 5 Comparison of different subcarrier power allocation schemes
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Figure 8 compares the performance of two different
frequency bands used by the base station cell. In fact,
these two bands represent two typical authorization sys-
tems: 2 GHz for macrocellular networks and 600MHz
for television broadcasting systems. Figure 8 shows that
under different power budget constraints, the white
space of the TV band can meet higher capacity require-
ments than the macrocellular band. This result should
be attributed to the good propagation characteristics of
TV frequency bands. At the same time, this indicates
that the home base station cell can use the white space
of the TV frequency band to obtain high data rate to
provide more high-quality services.

5.3 Results and discussion
In this paper, two energy efficient power control and re-
source block allocation schemes are proposed, which are
the energy efficiency fairness scheme and global energy
efficiency optimization scheme. In this paper, the frac-
tional programming theory and dual decomposition
method are used to deal with the non-convex fractional
optimization problems of the two schemes. For the sys-
tem energy efficiency fairness scheme, this paper designs
a distributed algorithm with limited cooperation be-
tween flying cells to obtain the power control and re-
source block allocation strategy of approximate fairness
of system energy efficiency. The proposed algorithm

Fig. 6 Aggregation interference under different power budgets

Fig. 7 Aggregation interference at different distances
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only needs a small amount of parameter information
interaction between FBSs, which reduces the system co-
operative communication overhead. Based on the lower
bound theory of logarithmic function, this paper trans-
forms the original problem into its lower bound convex
optimization problem and designs a heuristic iterative al-
gorithm to approximate the optimal solution of the ori-
ginal problem. Simulation results verify the effectiveness
of the proposed two schemes and their superiority in the
system minimum energy efficiency, energy efficiency
fairness and global energy efficiency index.
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