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Abstract \/
In heterogeneous networks, the issue of interference between femtocells ?ells
should be carefully considered. Resource allocation schemes, with cog téchinologies
have been a key challenge to manage interference. § pap@ Investigate
price-based power allocation strategies with the e ncy terion for a
spectrum-sharing heterogeneous cognitive networ, t ea ergy efficiency,
and provide the utility function of macrocell and cells b a non-cooperative

Stackleberg game model. We build a combination of price e and power allocation
values by standard Lagrangian method a ose oved iteration algorithm
based on price updating to obtain the § erg ium solution. The simulation
results verify the proposed method :@n prove V%/ efficiency and achieve better

utility.

Keywords: heterogene éworks ource allocation , energy efficiency

criterion , Iterative Algorg Q

1. Introductlono

The mcreme@me of"e data activity has been promoting the innovation of
communicatio twork oldgies that can meet the demands in an energy efficient
manner. Heneou rk, evolving from traditional cellular networks, deploys
femtocells in hot spg ndoor circumstance to improve the overall network coverage
and capacity. @-tier heterogeneous network, macro base station (MBS) and
femtocells sh 0 spectrum resources in diverse multiple access schemes to
improve the totaklspectrum efficiency. However, the introduction of femtocells alters the
cellular tb*g,gy by creating an underlay of small cells, which increases co-tier and
Cross-ti rferences and greatly restricts the network performance [1]. Therefore, the
inter& mitigation in two-tier heterogeneous networks has become an active area of

@gnitive radio is viewed as an effective approach for improving the utilization of the
radio spectrum. The cognitive transceivers have flexible spectrum sensing ability, and can
adjust transmission parameters adaptively according to the ambient environment [2]. If
MBS has the cognitive capability to be aware of the access of femtocells and the
femtocells have the cognitive capability to monitor the surrounding channel environment
and are able to randomly obtain sub-channels. The spare spectrum of MBS (primary user)
can be accessed by the femtocell (secondary user) dynamically without causing harmful
interference.

As the behaviors of the primary users and secondary users interact with each other,
game theory, as an effective tool for the analysis of interactive decision making, has been

ISSN: 1738-9968 IJHIT
Copyright © 2016 SERSC



International Journal of Hybrid Information Technology
Vol. 9, No.12 (2016)

applied in the spectrum sharing problem. A great deal of Scholarly work has been done
for interference management and resource allocation based on game theory. To alleviate
cross-tier interference at the macrocell from cochannel femtocells, authors of [3] proposed
a distributed utility-based SINR adaptation at femtocells, however, which lacked a
mathematical model for calculating the power allocation value with high accuracy.
Literature [4] modeled the downlink power allocation problem in femtocell-based cellular
networks as a stackelberg game and showed the existence of Nash equilibrium.
And on this basis, Literature [5] introduced quality-of-service constraint and further
discussed the mathematical program with equilibrium constraints, derived the best
response for a one leader-multiple follower game. Literature [6] and [7] applied the
interference power constraint to guarantee the quality-of-service (QoS) of MBS in the
uplink and considered the utility maximization of the macrocell and the femtocells based
price-based Srackelberg game. The above exiting methods have better performance in
resource allocation; however, they ignored the problem of energy efficiency, the baser
station consumed large power resources with small increase in utility function
order to find a relatively balance over power consumption and informatic@ a joint

iterative two-step resource allocation algorithm is derived in [8] to mitigdte
interferences and improve average power energy effici *Literatu built an
energy-efficiency utility function proposed an iter, XQ Igo ith sed on the
interference price updating to obtain the stac UI|I riu lution, but the
algorithm ignored the relationship between inte e pri %power allocation, a
mass of variables make the algorithm sophisticated.
In this paper, we mainly focus on the%es of ¢ %zm sharing and resource
allocation for energy efficient transmiesi@ 0 mltlga interference effect, the
power allocation problem is formu \ S a O@mel non-cooperative dynamic
Stackelberg game based the price fere ent from previous work which
only considerd the price of in rf@ from di t femtocells to MBS, we establish
the utility function of MBS,%@ g prl.ce%ctor for each femtocell to determine the
optimum interference ratio, a propgs \ eration algorithm based on interference
price derivation and pI’IC rix updating\to*obtain the Stackleberg equilibrium solution.
The rest of this organige follows. Section Il describes the system model
of spectrum shar ﬁwo tlers%utlve heterogeneous networks. In section 111, the
problem of aIIoca h the energy efficiency criterion based on
non-comp ckleb e is analyzed. Section IV presents the algorithm to
compute th helbeég brlum and price matrix. Section V presents the simulation
results, and section s the conclusion.
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2. System Model

&

MUE 2

Figure 1. The Model of Two-Tier Hete%\gus%&s

Consider a downlink two-tier heterogeneous coe radi Wk consisting of one
central MBS and N cochannel femtocells, ilustrated in Eigure¥1, each femtocell base
station (FBS) provides service for several I?@/e supﬁ%t all femtocells viewed as
secondary users can access the same fr: cy bandias the MBS. For simplicity, we
assume that each sub-channel is allo @\) on N@and around the MUE there are
N FBSs utilizing the same sub-oéqe with V% n the practical network, there is a
potential interference to MUE I N tocells. To reduce the interference effect
and achieve energy efficienh&missio \I BS needs to perform power allocation
and charge an interfere rice to @z s, while the femtocells should adaptively

adjust the transmissio or chang access of sub-bands.
)deno% transmit power of FBS, and p, be the transmit

Let p, (where 4"al%..
power of the I\Q\gi is th@@n | power gain from FBS, to MUE over the given
the chann wer gain from FBS, to the FUEs located in FBS, and h, is

sub-band,

channel po@ain fro to its serving MUE. We further assume that all the channel
power gains are i dent and identically distributed random variables and the
channels are blo g and remain constant during each transmission slot. Based on
the analysis a he calculation of signal-to-interference-plus-noise ratio (SINR) is
given. In%(;c Il i, the received SINR at the scheduled FUE from its serving base

station 6 pressed as:
where g; is the channel power gain from other collocated femtocell j to fenmtocell
i and p_, is the power allocation vector of all FBSs except FBS,. o represents the

variance of the additive white Gaussian noise at FUE.
According to the Shannon formula, the achievable data rate of FBS, for a given

sub-channel can be written as
Ri (pilp—i):W|og2 (1+SINRi (pilp—i )) (2)
where W is the transmission bandwidth of sub-channel.
Based on the consideration of data rate, energy efficiency performance criterion takes

p.h
N 2
z g;Pjto

=L

SINR, (p,.,p_,) = 1)
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the power consumption cost into account. And the utility function without interference
price can be written as [10].

ni(piip—i):W|og2 (1+SINRi (pi’p—i ))_ﬂpi 3)
where u is a constant price parameter with the unit of bit/s/w .

To guarantee the communication quality of MUE, the aggregate interference from all
the femtocell should be bounded, i.e.

ipigi = Imax (4)

where 1, is the maximum interference tolerance of MUE.

In this paper, we assume the above interference power constrain is imposed at MBS ,
which protects itself through pricing the interference from FBSs. Stackelberg game model
is applied in this scenario, and (3) is used as the criterion of energy efficiency to formulate
utility function of MBS and FBSs. \/’

3. Problem Formulation

In this section, we formulate the problem of powe Iocatlo e energy
efficiency criterion as a hon-cooperative Stackleberg ga@ e scena e MBS is the

leader who moves first, and the FBSs are the follgwe move he leader. The
MBS protects its users by pricing the interferen‘ IIs nd maximizes its

utility function revenue by selling its mterference ance. Th |ty function of MBS

o
N
s,&@zﬁgl pi=12.N ()

— 1P, ~ 4G P =12..N (6)

ACHE )=w 1+;§&\
h = \\N]
where ZQ /1- an&@

esent the variances of additive Gaussian white noise (

respectlveIQA

AWGN) BS a s. In (6), the third term represents the interference cost.
have a direct impact on utility revenue in (5) and p, is
aximum of (5) has a hidden condition as follows:

max D" A9, p, ©)

O: Subject to i pg <1 (8)

i=1

, P,.......py ]is the price and power allocation vector

%rative Algorithm Based On Game Theory

4.1. Energy Efficient Power Allocation and Determination of Price Interference

As the Stakelberg game is kind of non-cooperative games, the solution can be acquired
through the Nash Equilibrium, where neither MBS nor FBSs have incentive to deviate
from its strategy unilaterally. To find the Nash Equilibrium solution of above Stackelberg
game, the best response of FBSs must be calculated firstly. Once the MBS acquaints the
best strategies of the FBSs, and then derives its best values of power transmission.

Let a"and p” as the optimal price and power vectors respectively, then the following
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condition must be satisfied.
l//m(pm*'pi*’ﬂﬁ*)zvlm(pm*’pi*’ﬂi) 'VI (9)
l//i(pi*lpfi*'ﬂ:)zl//i(pi’pfi*’/ll*) Vi (10)

Partial differentiating (6) with respect to Pi and putting the resulting expression
equal to zero gives the value of p, for which the strategy response is optimal for given the

other femtocells’ strategy of power allocation ,

ow. (p:.,p_i A
V(PP A) 1)
op;
. W o+l |
= - 12
. (14 +49;)In2 h, } (12)
where 1. z g, p; represents the total interference from other FBSs, () dg f
j=1, j=#i

max(.,0). Equation (12) is the optimal response strategy for collocated femt ith the
knowledge of other femtocells’ strategy, the proof process is ;etailed de i ad [10]

In (12), A4 is still unknown. To build the connection b 4 and substituting the

solution of p; into formula (7) - (8)then these two equatins\are trans into
AQW +1
TR P b’—) )

+ﬂ,g Q
subject to ZI{ W (o +1 )?

14
ﬂ.% =

Due to the issues of convex o e functi g\qbatlon (13) is difficult to be solved.
To find the optimal solution, w rt the Egtlo to the minimization problem as

F)
&>

(15)

/1>o [ < %
\' g (0' +1:)
%@ In2 Z (16)
The aboe functl@\ be solved by standard Lagranglan method. According

to the obje unctio nstraln condition, we establish the following expression

we 2 ﬁ[zi(L—lm—ZiW}Ziw a7

1+ AG; )In 2 i
where g a@re Lagrangian multipliers associated with maximum interference

constram\%ﬂ, 0 respectively
Tos e optimization problems, the KKT condition is used in the case of unequal

constrai ere, the Karsh-Kuhn-Tucker (KKT) conditions and derivation of (17) can be
S
% Wy, g (0"2 + IF)

— ] - 12 1=0 18

ﬁ(ZI (,Ui +A’|gi)|n2 " ZI i ( )

2 2
oL(4,B.0) _ QA+ 1) Wg, — (19)
04 h (24 +48) In2

Assume that |,
and 46 =0, we can put 6 =0 and obtain the expression of price as

is large enough that all the FBSs can communicate. Because A >0

(20)
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With the assumption that4 >0, it’s easy to find p=0.Substitute (20) into get the
expression of /g

(1 +0°
z )
v 3, 3l 2)

h
Putting the value of \/E back into (20) we can write

5 il

« In2 h M
yonz i Hi 22
W o) Vo +o7) o \(/)

@1)

7%

+Z(

*

The aim of the MBS is to maximize its utlllty function by doing power allgeat sed

on the given allocation of femtocells and price of interference. To solve thé o | price

determination, we also take partial derivatives with rew to»pm a utions as
follows.

O (Pn P A) pm,p, COQ (23)
@q \6 (24)

where 1, =o§+igi {@m}\\

4.2. Optimized Power Allocation lIter %rlthm

Based on the optim rivatio |ce interference, the power iteration algorithm
as follows is used b@e Nash gguilibrium for the power competition game.
Algorithm: Mm:zed Iterative gorlthm
1 Inmahz&a}pl, [ , h=[A Ay ] and py Ll
2 repeat
3 for i=1 to
4 computg@f interference and updates i,(') according to (22)
5 campute ahd updates pi(') according to (12)
6 te p, according to (24)
7 =] +1

%tll "p(') "”"/”pf"l)”s.g or iterative times exceed

The above algorithm stop operation until the convergence is satisfied or the iterative
timesis exceed. Hence, we can get the optimal solutions of maximize the utility function
for femtocells and macrocells with reasonable complexity.

5. Numerical Results and Discussions

In this section, the numerical results to evaluate performance are presented. In the
simulations, three FBSs with co-channel mode is adopted. Considering the path loss and
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for simplicity, the channels from all FBSs to their scheduled users are set
ash, =0.8,h, =0.7,h, =0.6. Similarly, the channel gains from FBSs to MUE are considered

asg, =0.3,9, =0.2,g, =0.1. The unit bandwidth is used and the price parameters are set as
4, = 1 =0.15 for macrocell and femtocells. Furthermore, background noise variance o’

and o istakenas 1.

Figure 2 illustrates the performance of Stackelberg game equilibrium between the MBS
and the femtocells in term of the number of iteration. It can be seen that as the number of
iteration increases, the transmit power in the network gradually converge to stable values.
Under the given parameters, p, =3.0983 and p" =[0.9325 1.5097 1.1355] .Because of

MBS has a priority towards communication demand, the transmit power of MBS is
relatively large in numeric values.
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Figure 5. The Interference Price of
FUE versus |, Under Diverse

Pricing Parameters

@@we 4. The Performance of

ergy Efficiency of Femtocells
versus |,

In Figure 3, we investigate the energy efficiency function value of macrocell versus
diverse maximum interference tolerance 1, and compare the proposed optimized
iterative algorithm with the existing scheme which set the price of interference as a value.

Figure 4 shows the comparison of two schemes in the aspects of energy efficiency sum
of FBSs versus 1, . With interference tolerance increasing, there is an apparently growth
in the sum function. And the proposed algorithm has a slightly improvement in the
performance of communication.
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From formula (22), the expression of 2" is got. In order to explore and verify the
changing relationship between 1" and z , the A" of femtocell user 3 with two variables is
simulated. Through Figure5 we can find that A is inversely proportional to I,
and g respectively, which is exactly consistent with the formula.

6. Conclusions

In this paper, we study the power allocation problem as a Stackelberg game for two-tier
spectrum-sharing heterogeneous networks with femtocells and cognitive radio. From the
view of energy-efficiency, we introduce interference price vector to formulate the utility
function, in which communication rates and power consumption are both considered.
Based on the prmmple of maX|m|zmg the utlllty functlon we solve the prlce vector by

algorithm based on interference price updating has been proposed to get the S
power allocation solution. Simulation results confirm the superior perfo@

proposed solution * @
Acknowledgements \ \/

This paper is supported by the Young SC|ent|s of th tignal Natural Science
Foundation of China (Grant No0.6110114 Natural lence Foundation of
Heilongjiang Province, China (Grant No CO70)~ e Fundamental Research
Funds for the Central Umversmes | |stry of cation of China (Grant

No.HEUCF1408).

‘\\

References

[1] J. G. Andrews, H. Claussen a Dohler “ eIIs Past, present, and future”, IEEE Journal on
Selected Areas in Commu atlons voI 2012) pp. 497-508.

[21 F.Ye Y.Li,R. Yangan un, “The % quirement Based Competitive Price Model for Spectrum
Sharing in Cogniﬁv etwork ntefnational Journal of Distributed Sensor Networks, vol. 24,
no. 4, (2013), pp ~ %

Wi

[3] M. lturralde,
femtocellseg

networks”, in Proc.
1-5.
[5] S. Guruachi:@ yato and D. Kim, “Hierarchical competition for downlink power allocation in
55

N hlya a* , “Interference mitigation by dynamic self-power control in
joSin Ite networks¥”in Proc. of the 55th IEEE Global Telecommunications Conference.

(201 ,@10-4815.
. N d E. Hossain, “Hierarchical competition in femtocell-based cellular

th IEEE Global Telecommunications Conference, Miami(USA), (2010), pp.

[4] S. Gurua

OFDMA fe networks”, IEEE Transactions on Wireless Communications, vol. 12, no. 4, ( 2013),

pp.1543 ¢ 1
[6] X. K%.Zhang and M. Motani, “Price-based resource allocation for spectrum-sharing femtocell
Ks:"a stackelberg game approach”, IEEE Journal on Selected Areas in Communications, vol. 30,

012), pp. 538-549.

ang, Y. C.Liang and H. K. Garg, “Distributed power control for spectrum-sharing femtocell

%etworks using stackelberg game”, IEEE International Conference on Communications, Kyoto (Japan),

2011), pp. 1-5.

[8] H. Liu, W. Zheng, H. Zhang, Z. Zhang and X. Wen, “An iterative two-step algorithm for energy
efficient resource allocation in multi-cell OFDMA networks”, in Proceedings of the 13th IEEE
International Conference in Wireless Communications and Networking Conference,Shanghai(China)
,2013 ,pp. 608-613.

[9] R. Xie, F. R. Yu and H. Ji, “Energy-efficient spectrum sharing and power allocation in cognitive radio
femtocell networks”, in Proceedings of the 31th IEEE International Conference on Computer
Communications, Florida(USA), (2012), pp. 1665-1673.

[10] E. Jorswieck, H. Boche and S. Naik, “Energy-aware utility regions: multiple access pareto boundary”,
IEEE Transactions on Wireless Communications, vol. 9, no. 7, (2010), pp. 2216-2226.

228 Copyright © 2016 SERSC



International Journal of Hybrid Information Technology
Vol. 9, No.12 (2016)

Conflict of Interests

“The authors declare that there is no conflict of interests regarding the publication of
this article.”

Authors

Wang Jun-Liang, he is a Professor and Ph.D The
Communication, Navigation and Command Automation
Institution of The Airforce Equipment Academy, Beijing, China

Li Wenjia, she is now in pursui@ de in the School
of Information and Commu ng, Harbin
Engineering University. He ch in clude wireless
communication technique a urce a K@(

o° &

Liu e recei MS degree in the School of
Informab% and ¢ émunlcatlon Engineering,  Harbin
Engineering” Uni itysmn 2011, He is now in pursuit for Ph.D.
degr Harbi ineering University. He research interests

W|rele communication technique or resource allocation
n of interference in wireless communication.

Copyright © 2016 SERSC 229



International Journal of Hybrid Information Technology
Vol. 9, No.12 (2016)

230 Copyright © 2016 SERSC





