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Abstract—In this paper, a non-cooperative game method is
formulated where all players compete to transmit at higher
power. Every base station represents a player in the game.
The game is solved by obtaining the Nash equilibrium (NE)
where the game converges to optimality. The proposed method,
named Power Efficient Handover Game Theoretic (PEHO-GT)
approach, aims to control the handover in dense small cell
networks. Players optimize their payoff by adjusting the
transmission power to improve the performance in terms of
throughput, handover, power consumption and load balancing.
To select the desired transmission power for a player, the payoff
function considers the gain of increasing the transmission power.
Then, the cell selection takes place by deploying Technique for
Order Preference by Similarity to an Ideal Solution (TOPSIS).
A game theoretical method is implemented for heterogeneous
networks to validate the improvement obtained. Results reveal
that the proposed method gives a throughput improvement while
reducing the power consumption and minimizing the frequent
handover.

Keywords—Energy efficiency, game theory, handover, HetNets,
small cells.

I. INTRODUCTION

HE tremendous increase of the number of devices

connected to the cellular network has led to the
demand for network coverage and capacity improvement.
The small cells (SCs) deployment is a good solution to
tackle this demand [1]. In general, the dense SCs deployment
is considered as one of the key technologies of the fifth
generation (5G) networks. The massive deployment of SCs
help in traffic offloading from the macrocell (MC) base
stations, however, this technology faces several challenges
such as interference and handover causing an increase in power
consumption. Different researches focusing on the problems
associated with the handover (HO) have been done in the
literature.

In [2], [3], [4], we presented different HO techniques to
manage the problems associated with HO in heterogeneous
networks (HetNets). This involves the reduction of the
unnecessary HO, minimizing the HO failure and enhancing
the throughput and load balancing. Results show a good
performance compared to the existing HO methods in the
literature. Authors in [5] proposed a HO technique for
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the purpose of load balancing HetNets in which the user
equipments (UEs) are offloaded from the congested base
stations by using the effect of interference. The technique
utilizes an altered A3 HO event considering the interference
and cell load. Results show an improvement in throughput
and load distribution. Authors in [6] proposed two modified
weighted TOPSIS techniques for HO management. The first
technique considers the entropy weighting, while the other
technique utilizes a standard deviation weighting strategy. It
has been shown that the two techniques have reduced the
frequent handovers and improved the throughput.

In [7], authors proposed a power consumption method that
finds a compromise between energy consumption and traffic
load. This method enhanced the energy efficiency by utilizing
a greedy technique to make the cell switches between idle
and active modes. In [8], a technique that allows a cell to
adjust its power according to the load is proposed. Authors
in [9] presented a HO technique which considers the energy
efficiency problem in HetNets. The Analytical Hierarchy
Process (AHP) is deployed to acquire the weights of each HO
attribute while a Grey Rational Analysis (GRA) is utilized to
choose the optimal cell. Results reveal a minimization in the
frequent HOs and HO failure. Authors in [10] presented an
energy efficiency technique where the cells switch to sleep
mode when they are light-loaded cells targeting to reduce the
energy consumption. Authors in [11] proposed a technique
taking into account the UE association and power control in
HetNets where a joint optimization problem is formulated by
deploying a log-utility model. Results reveal an enhancement
in the energy efficiency. Authors in [12] presented a bargaining
game for power coordination in HetNets. Results show that
this technique has improved the energy efficiency. In [13],
authors proposed a sleeping mechanism for SCs to minimize
the power consumption. At MC edge, a SC switches to sleep
mode and the resulted coverage gap is compensated by the
nearby range expanded SCs. The UEs associated with the
sleeping SCs will be switched to the MC. Results reveal an
enhancement in the energy efficiency. However, the unplanned
sleeping for SCs at the MC edge could result in a HO
failure. Moreover, switching the UEs from a sleeping SC to
the MC may cause an increase in the signalling overhead,
due to the unnecessary HOs, and result in underutilizing the
SCs causing an unbalanced load. Additionally, most works
in literature neglected to consider the UE’s mobility in dense
small cell HetNets. Therefore, in this work we propose a game
theoretical solution, PEHO-GT, using a dynamic transmission
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power for the cells to improve the power efficiency. A cell
selfishly competes to transmit power. The payoff function takes
into account the profit f rom i ncreasing t he c ell transmission
power (the utility function) and the cost caused by power
consumption. The game is solved by proving the existence of
Nash equilibrium. Then, the cell selection happens by using
TOPSIS method. The proposed PEHO-GT method is then
evaluated in terms of power consumption, average SC load,
unnecessary handover and throughput. The remainder of this
paper is organized as follows. Section II gives the system
model. Section III provides the proposed game theoretic
method, game solution and TOPSIS technique. Section IV
illustrates the results. While, Section V gives the conclusion.

II. SYSTEM MODEL

Two-tier HetNet model is considered in this paper. A single
MC is deployed with dense SCs under the MC coverage area.
The set of all cells in the network S = {0,1,2,---,Ng.}.
Where 0 is the MC, covering a radius of 500m, and N is
the total number of SCs, uniformly distributed and covering
a radius of 100m each. In order to assure the overlapping
between SCs, the minimum distance constraint is considered.
The minimum distance between MC and SC is set to 75m
and the SC to SC site distance is set to 40m [1]. Users are
distributed uniformly and they follow a Gauss mobility model
which can be expressed using two parameters: velocity, V.,
and direction, ;. These two parameters can be expressed as
Gaussian distribution and are updated by [14]

Vie = NV Vsta),

Ve
.3 @

where v,, is the mean velocity of the UE, vy, is the standard
deviation of the UE velocity, 6,, is the previous direction of
the UE, At is the period between two updates of the mobility
model, and N(x,y) is a Gaussian distribution with mean x and
standard deviation y. The propagation model between the MC
and a UE is expressed as

ey

Or = N(0,,,2m — 6, tan(

)A?),

PL,, = 128.1 + 37.6 logo(dm) + £, 3)

where d,,, represents the distance between a UE and the MC in
kilometres, and &* is a Gaussian distribution random variable
with zero mean and 12 dB standard deviation [15].

The propagation model between a SC and a UE is expressed
as

PLsc,- =38 +30 loglo(dsc,-) + f*, “)

where d;., is the distance between a UE and SC i in metres.
The downlink signal to interference plus noise ratio (SINR)

received from cell k is

»
bsp—ue

SINRbsk =

: (5)
E Py + 02
bseS,bs#bsy. bs—ue

where P} is the downlink received power from cell k,

bsi—ue
o? is the noise power and the term (Ypscs psebs; Phgue)
represents the summation of the downlink power from the

interfering cells.
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The data rate at UE received from cell k is expressed by
Shannon capacity as

Tj, = BWlogy(1 + SINRyy,). (6)

Assuming that all UEs in cell k¥ hold the same quality
of service (QoS) requirement in terms of packet arrival size.
Therefore, the load on cell k can be expressed as

packet arrival rate - mean packet size
T/ ’

bsy

)

Lpsx =
v UEs

ITII. POWER EFFICIENT HANDOVER GAME THEORETIC
(PEHO-GT) APPROACH

A. Handover Game Formulation

In this paper, the PEHO-GT method is formulated
mathematically by deploying game theory. Players in the game
compete to transmit at higher power. A strategy taken by one
player in the game influences the payoff of other players. The
following rules control the game:

o All cells in the game can transmit power at a range of

0. 7]

o All cells in the game share a density specific metric Dy.
The game is expressed as I' = {S, (Ak)kgs,(Qk)keg}, where S
represents the number of players, A is the set of actions for
player Sy and Q. represents its payoff. The game components
are illustrated as:

1) Players: are the base stations in the network,
(St s Sks- -+, Sn), Yk € S.

2) Actions (Strategies): a player has set of strategies A =
(A, ,Ap,---,Ay), Yk € S, where Ay = [o,P,g”s”f;j] is
the action set for player S, and therefore, A = H;?:lAk-

3) Payoff function: is the cost for player S to transmit power

at Pl’”yk. In this work, the payoff function is expressed

utilizing the gain (utility) and the cost functions as:

« Utility function Ug: is the gain of player Sy for playing
the action a. In this work, we deployed an exponential
utility function [16] where its second derivative is

negative and it has a strict concave property

Us(ar) = A(1 = e Fosix), (8)

where A is a predefined weighting factor and Pés’k is
the transmission power of player Sx. A player intends to
increase its transmission power to maximize its utility.

« Power cost function Ex(ag,a-r): power consumption
is considered as an influential problem in ultra-dense
SCs networks. Therefore, we introduce the power
consumption cost function as follows

€))

where « is a predefined weighting factor for power cost
and Dy is the network density metric [17] which is
expressed as

Py(ax,a-x) = @ Dps Pp,

b SR 10,
bs — x R%,l 5
where Rg. and R, are respectively the SC and MC

radius.
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The payoff function for player Sy Vk € S is expressed as

Qiag,a_y) = /l(] - eiP’r’S"") —a Dypy Plt,s’k»

an

where A > 0, so that the second derivative of Qg (ax,a_r) will
always be negative, i.e., concave function.

The solution of  the non-cooperative  game
r = {S, (Ak)kes,(Qk)kes} can be obtained by reaching
the optimal transmission power for each player, i.e., reaching
the Nash equilibrium. This means that all players in the
game reach optimal action o} = Plt:s,k where no player can
enhance its payoff function by changing its action where

* f t* “ .. t* .. tx
O = [Pbs,l’ P o ’Pbs,n]‘

Theorem 1. The game I' = {S, (Ak)kes,(Qk)kes} is a concave
n-person game which has at least one Nash equilibrium.

Proof: The action set Ay = [O,~ .- ,Pl’;:’akx] for player
Sy 1is closed and bounded Yk € S which means that Ay is a
compact set.

Assume that the two points x, y € Ax and ¢ = [0, 1] where
A = IIJ_, Ax. The action vector Ay is convex Vk € § if for
any x, y € Ay and £ =[0,1], {x + (1 =)y € Ay.

Let the Hessian matrix H of the differentiable payoff
function Q(ak,a_x) = A(1 - e_Pltfsvk) — @ Dpyg P;S’k be as
follows

&0 0 0
2 e
(9P1T;S'1 0Plt7s,lplt)s,2 aPlr;s,lPLS.n
2’Q ’Q 2’Q
t t . t [
H= P P BPtlfv,z P 2Phsn (12)
&0 0 0
3 7 -
_aPlt;s,nPbs,l apbxvnPLs.Z L’)PLZS’"

Using the second derivative of (), it is clear that H is negative
definite at Pl’js,k utilizing the leading principle minor of H,
which means that it reaches a local maximum at P,’m « 18]
as shown in (13). Therefore, the payoff function € is strictly
concave in Ay, Yk € S.

—pt . .
Q- {—/le Pos for main diagonal elements
L =

(13)
0 otherwise

where (Q}; < 0) to meet the strict concave condition.

Theorem 2. The non-negative weighted sum w(P,_,,q)

is diagonally strictly concave if the symmetric matrix
G(Pf”’k,q) + G/(Plt?s,k’q)] is negative definite Vk € S, where
q is a positive vector q = [q1,92,** »qn| [19].

Proof: The non-negative weighted sum w(PI’”’k,q) can
be defined as the summation of €, that is
n
WPy, 10@) = D (Ph ), V€S, g =0 (14)
k=1
For each fixed ¢, a related mapping g(Pl’”’k,q) is defined
as the gradients Vka(Pzt;s,k)’ that is

aiViQu(Py )

V2P ,)

8Py 109) = . 15)

qnVnQu(Py )

bs,n
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t

where g(P, ,.,q) is the pseudo-gradient of w(P
V(P! ) = de Thsk —a Dy, Vk €3S

t

sk q) and

When the symmetric matrix [ G(P, .-q) + G'(Pl’” k,q)]
is negative definite, then w(P} ,.q) is diagonally strictly

concave [19]. Therefore, we can express the Jacobian matrix

t t . 1
G(Phs,k,q) of g(PbS’k,q) with respect to Pbs,k as follows
2 e 5
9°Q 9%Q 320
a1 2 a1 5pt i q s
OPpe IPhsaPhsa s 1 Phs.n
26 2 >
Q Q 9’0
a2 5 e - Ly ey
L pt P2 Pbs1 apt> Py S Pho
Gl )= s, .
. L . -
0°Q 8%Q 520
an Gpt T an Ho7 7 an —952—
anSJl bs.l1 ans,nPbs,Z BP;;S n

(16)
Clearly, the symmetric matrix [G(P;S’k,q) + G'(st’k,q)]
is negative definite VPltm,k € S, therefore, the non-negative
weighted sum a)(Pl’mk,q) is diagonally strictly concave. This
means that the game I' = {S, (Ak)kes,(gk)kes} has a unique
Nash equilibrium (Theorem 2 [19]).

B. Handover Game Solution

The optimal game solution for each player S, can be
obtained by selecting an action that maximizes its payoff
function Qk(Plt”’k). The optimal transmission power Pl’:s’k
Vk € S is in the range 0 < P;S ¢ < Pbs L Therefore, the
optimization problem can be expressed as

max
t

.. t t
maximize  Qr(Pp, 1, Pyo 4,

1
Phs,k EAk

subject to Pj >0, 17

t tmax
Pbs,k < Pbs,k , Vk e S.

The above nonlinear optimization problem can be solved

by defining the Lagrangian function #, and the Lagrangian
multipliers ux and v for player Sy, Vk € S as

Pr = (Pltvs,k’Plis,—k) + ukplis,k TV (Plt)':jcx - Pltn',k)' (18)

The Karush-Kuhn-Tucker (KKT) conditions [20] of the

maximization problem for player Sy are

ug, vi 20,
t
Pbs,k >0,
tmax t
Ppsx =Py 20

14 t 13
Vpr (P o P ) +wiVpr (P ) +
tn’lﬂ)( t _
viVpr k(Pbs,k — P i) =0
(Pt ) (Ptmax _ Pt ) _ O
e\ Eps i) Vil ps i bs, k) =Y
The above problem is solved as:

o When P;S’k =0and vy =0

/leo—aD;,S+uk:0
uk=0/Dbs—/1

The solution P!

ex =0 is feasible, if the condition (u; >
0) holds:

a Dpg > A
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e When P!

ek = P and ux =0

bs.k
_p!
Ade "bsk —a Dpg —vi =0
_p!
Vi = Ade " bsk —a Dy

The solution Pl’w
(v > 0) holds:

= P!"™" is feasible, if the condition
k bs.k

_pt
a Dpg < de " bsik

e When uy =0, ve =0 and (0 < P!

tmax
sk < Phsi)

bs,k

_pt
Ade "bsk —q Dpe =0

e_P[tzs‘k = Q—Dbs
A
A
t —
Py =In D |
bs

Thus, the game solution for player S, Vk € S, is the optimum
transmission power Pl’:S « Which can be written as

0 if condition A
tmu.x . ..
N bs.k if condition B
Phs = (19)
A .
In otherwise
(lDbs
where conditions A and B are respectively:
aDps > A4, (20)
_p!
aDpg < de " bsik, 21
The optimum transmission power PZS ¢ is the Nash

equilibrium and the solution of the game.

C. Cell Selection

The transmission power for each base station has been
adjusted in the game part. Now, we deploy multiple criteria
HO technique, that is TOPSIS [21], to choose the best HO
target. The criteria used in TOPSIS are: data rate, UE velocity
and cell load. The three criteria are all weighted according
to the standard deviation (SD) weighting technique [22]. The
SD technique finds the weight of each metric in terms of
the standard deviation, metrics with small standard deviation
are assigned smaller weights and vice versa. Base stations
are ranked based on TOPSIS and the highest ranked one is
selected as a HO target. Base stations selection according to
TOPSIS procedures is detailed in our previous work [6].

IV. PERFORMANCE AND RESULTS ANALYSIS

The proposed PEHO-GT method is implemented, evaluated
and compared against the conventional method, in which there
is no ability for the base stations to adjust their transmission
power, in terms of power consumption, average SC load,
unnecessary HO probability and throughput. Each cell in the
network dynamically adjusts its transmission power based on
PEHO-GT method. Then, TOPSIS technique is deployed for
cell selection. Simulation parameters are shown in Table 1.

International Scholarly and Scientific Research & Innovation 15(5) 2021

TABLE I
SIMULATION PARAMETERS
Parameter Value
Radius of MC 500 meters
Radius of SC 100 meters
Number of SCs 50
Bandwidth 20 MHz
Transmission power of MC 46 dBm
Transmission power of SC 30 dBm
Velocity of UE {0, 10, 20, 40,
60, 80, 100} km/h

(packet arrival rate - mean packet size) | 180 kbps
(4, @) (14, 7)

0.7 T T

—&— Conventional method, velocity = 30 km/h

— 66— Proposed PEHO-GT method, velocity = 70 km/h
—<&— Proposed PEHO-GT method, velocity = 50 km/h
0.69 | —&— Proposed PEHO-GT method, velocity = 30 km/h 7

0.68

0.67 [

Average SC power consumption (mW)

0 5 10 15 20 25 30 35 40
Number of users

Fig. 1 Average SC power consumption

A. Power Consumption

Fig. 1 shows the average SC power consumption with
respects to the number of users. At 30km/h velocity, the
PEHO-GT method outperformed the conventional method at
all user densities. For instance, when there is 10 users, the
PEHO-GT has a 2.25% reduction in the average SC power
consumption compared to the conventional method. Obviously,
in PEHO-GT method, the higher the velocity the lower power
consumption because more SCs will boost their transmission
power when slow UEs reach their coverage area. Besides,
low power consumption for higher velocities owes to the
connection of UEs to MC and the reduction of the transmission
power of SCs.

B. Average Load

Fig. 2 depicts the averaged SC load with respect to the
number of users for different velocities. It can be noticed
that for all velocities the PEHO-GT method has outperformed
the conventional one as the latter does not optimize the
transmission power prior to HO. Clearly from Fig. 2, the
averaged SC load is the lowest for the PEHO-GT method,
at 70km/h, because most of the fast moving UEs are
associated with the MC due to reducing/deactivating of the
SC transmission power. The opposite is happening with low
velocity of 30km/h because more UEs will be connected to
the SC and the load increases with the increase in the number
of UEs.
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12 T - - - -
— % Conventional method, user velocity = 30 km/h

—&— Proposed PEHO-GT method, user velocity = 30 km/h
—%— Proposed PEHO-GT method, user velocity = 50 km/h
—6— Proposed PEHO-GT method, user velocity = 70 km/h

Small cell normalized load

i
0 5 10 15 20 25 30 35 40
Number of users

Fig. 2 Small cell average load

0.24
—#%— Conventional method, user velocity = 30 km/h

—©6— Proposed PEHO-GT method, user velocity = 70 km/h X
0.22 | —%— Proposed PEHO-GT method, user velocity = 50 km/h b
—+&— Proposed PEHO-GT method, user velocity = 30 km/h

0.18 4

0.14

Unnecessary handover probability

0.1

0.08

0.06 I I I I I I I
0 5 10 15 20 25 30 35 40
Number of users

Fig. 3 Unnecessary handover probability

C. Unnecessary Handover

The probability of unnecessary HO with regards to the
number of UEs is shown in Fig. 3 for different velocities. The
unnecessary HO is defined, when the UE begins a HO to cell
k and departs the cell after one second. Clearly, the PEHO-GT
method has outperformed the conventional one at all velocities.
For example, when there is 10 users and the velocity is
30km/h, the PEHO-GT has about 47.8% reduction in the
unnecessary HO probability. Generally, with the PEHO-GT,
the lower the velocity the lower the unnecessary HO because
fast moving users will cause frequent HOs.

D. Throughput

The averaged SC throughout is shown in Fig. 4 for different
number of users. For PEHO-GT, the average SC throughput
for fast moving users is the lowest compared to the lower
speed users because the former tend to choose the MC while
the latter tend to choose the SC. In general, the average SC
throughput for all number of users sharply goes down after a

International Scholarly and Scientific Research & Innovation 15(5) 2021

35 T T T —&— Conventional method, number of UEs = 10
4 —&— Proposed PEHO-GT method, mumber of UEs = 10
—&— Proposed PEHO-GT method, number of UEs = 20
3 —6— Proposed PEHO-GT method, number of UEs = 30
—A— Proposed PEHO-GT method, number of UEs = 40

Average small cell throughput (Mbps)

0 10 20 30 40 50 60 70 80 90 100
User velocity (km/h)

Fig. 4 Average SC throughput vs. UE velocity

40km/h velocity because the fast users associate with the MC
and few number of users connect to the SC.

V. CONCLUSION

In this work, we deployed game theory method to optimize
the transmission power of the SCs targeting to reach the
optimal power for all cells in the network. The payoff function
for each player (each cell) is mathematically formulated
using utility (gain) and cost functions. The cost function
includes the effect of SC density. The proposed PEHO-GT
method is solved mathematically by finding the Nash
equilibrium. The cell selection is then done by using TOPSIS
method to select the proper cell. Additionally, the proposed
method is implemented, evaluated and compared with the
conventional method where the power optimization policy is
not used. Results show that the proposed PEHO-GT method
outperformed the conventional in terms of power consumption,
SC average load, unnecessary HO and throughput. For
instance, with 30km/h velocity and 10 users, the proposed
PEHO-GT method has an enhancement of 2.25%, 36.6%,
47.8% and 83% over the conventional method in terms of
power consumption, average SC load, unnecessary HO, and
average SC throughput respectively.
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