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Abstract—Most cellular network communication strategies are  Saving in Multi-standard Wireless Deviced”] [3]. Energy in
focused on data traffic scenarios rather than energy balance cellular network is a vast research discipline that needsver
and efficient utilization. Thus mobile users(cell phones)n hot all the layers of the protocol stack and various system tchi
cells may suffer from low throughput due to energy loading  tyres and it is important to identify the fundamental tradis-

imbalance problem. In state-of-art cellular network techrologies li ; "
X i ’ inked with energy efficiency and the overall performaride [4
relay stations extend cell coverage and enhance signal stgth gy y P El

for mobile users. However, busy traffic makes the relay statins Scholars have addressed four key issues in terms of energy
in hot area run out of energy quickly. In this paper, we propo®  efficiency with network performandé[2]. They are deployinen
an energy balancing strategy in which the mobile nodes_ are zkb efficiency (balancing deployment cost, throughput), spect

to dynamically select and hand over to the relay station with efficiency (balancing achievable rate), bandwidth (batanc

the highest potential energy capacity to resume communicamn. . e .
Key to the strategy is that each relay station merely maintais the bandwidth utilized) and delay (balancing average end-

two parameters that contains the trend of its previous enery  t0-€nd service delay). To address the challenge of increas-
consumption and then predicts its future quantity of energy ~ INg power efficiency in future cellular networks and thereby
which is defined as the relay station's potential energy cajsty. to maintain profitability, it is crucial to consider various
Then each mobile node can select the relay station with the paradigm-shifting technologies, such as energy efficiang-w
highest potential energy capacity. Simulations demonstta that less architectures and protocols, efficient base stat®n(B
our approach significantly increase the aggregate throughpt  redesign, smart grids, opportunistic network access of cog
and the average life time of relay stations in cellular netwek nitive radio, cooperative relaying and heterogeneous ortw
environment. deployment based on smaller cells.

In addition to academia, governments and industries have
recently shown keen concerns on the critical issues related

During the past several years, there has been tremendotss energy efficiency and its balance utilization and in the
growth in cellular networks. With the introduction of Anddo ICT(Information and Communication Technology) area. How-
and iPhone devices, use of ebook readers such as iPad aewer, as studied in the recent literatufe [[5][6], most of the
Kindle and the success of social networking giants such atechniques applied to current mobile networks have been
Facebook, WeChat and QQ, the number of customers and thieesigned by taking into account non-energy-related factor
demand for cellular traffic have escalated significantlye Th such as throughput, Quality of Service (QoS), availability
huge amount of customers and very high volume data transcalability, and so on. Moreover, in real-world systemsbiieo
mission result in serious problems of energy consumptjon[1 users (MUs) are not evenly distributed across cells, resylt

in that MUs in a hot cell will be affected by the load im-

| d'[he rsing e“¢f9{ cosdts ?f c()j%eraur_]g cellular neftg{vqus haVeaalance and they might unable to get services. Meanwhile, as
€d to an emerging trend ot addressing energy elliciency anfl,,e| network architectures that include picocells, higneal

energy balance utilization amongst the network operatods a ..|is and femtocells emer : ;
; ‘ ! ge, the density of base statiods an
regulatory bodies such as 3GPP and [MU[2]. This trend hag,pije ysers is becoming larger, and the cells go smallez. Th

stimulated the interest of researchers in an innovative ne"é{ppearance of this high density cellular networks intreguc

{ﬁseémh areaccalled_ g_reer;] cellular trlletV\tlortksd In this (.bg?rmore variety of load across different cells and makes thd loa
e European Commission has recently started new procts [p-iance problem more serious.

address the energy issue of mobile communication systems,
such as “Energy Aware Radio and Network Technologies The new generation cellular networks allow mobile users
(EARTH)”, “Towards Real Energy-efficient Network Design” to connect relay station and then connect to base statiom. Th
and “Cognitive Radio and Cooperative strategies for Powebusy traffic near a relay station often makes the energy of the

I. INTRODUCTION
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relay station go down very quickly. However, the relay stati the channels into two parts, one for the ad-hoc overlay ngtwo
with low traffic is idle with high energy. In order to balandet the other for the cellular network. In [6][7], the authors
energy utilization among different cells, it is needed smsfer  proposed dynamic load balancing schemes in the integrated
the over-loaded traffic from hot cells to neighboring coolercellular and ad-hoc relaying systems (iCAR). The ad-hoc
ones. The challenge is how to balance the energy utilizatiorelaying stations (ARS) compose an overlay ad-hoc network,
of the relay stations in order to get the best trade-off amongvhich can help relay traffic among different cells. As in iCAR
all the relay stations in a cellular network. systems, ARSs work on ISM-band channels, it is pointed
out that the performance of iICAR systems will depend on
e number of available ISM-band channels, and interferenc
in ISM-band could affect the performance of dynamic load
balancing.

ergy balance utilization algorithm, in which each relaytista
maintains the acceleration and the variance of energy copsu
tion that represent the station’s historical energy consion
acceleration and the variance. Together with its curreatgn Z. Yang and Z. Niu[1b] proposed a relay-based load bal-
guantity, the relay station is able to predict its futurergge ancing scheme, in which no fixed division of channels is made
guantity, which is considered as its potential energy ciéypac and all transmissions work on the same spectrum. According
Before payload data transmission between a mobile user artd an association control algorithm, MUs and RSs re-astocia
a relay station, the mobile user disseminates a message fimm hot cells to neighboring cooler cells to balance thalloa

a portion of its neighbor relay stations depending on theifThis scheme improves performance of boundary MUs.
geographic locations . Then it selects and hands over to the - . . '

relay station with highest potential energy. Because ealety r A. Alam et al. [17] investigates dynaml_c trafflc—ayvare BS
station only needs to maintain two parameters, the overbead SWitching modes, where the BS can alter its operating modes
this scheme is very low. Our simulation results illustrdtatt between standard BS operations anq SV\."tCh'ng to rela;oeta.tl
our approach significantly increases the aggregate thpugh (RS) mode, the so-called BS-RS Switching model. Depending

in the network and the average life time of the relay station®" the traffic fluctuations, load profiles are divided into two
compared with existing approaches. categories. One is Zero-to-medium traffic period when a BS

switches to the RS mode and turns off all its high-power
The rest of the paper is organized as follows. Sectiorconsuming equipment. The second is Peak traffic period when
Il discusses the related research on this topic. Section Il&ll BS are fully active. The rationale for switching from a BS
proposes a novel method that select the best relay statien. VWo RS mode is to ensure those MS that would be served by the
evaluate the proposed schemes by simulations and describwitched off cell and may suffer deep fading, are still besabl
the performance results in Section IV. Section V concludeso receive the same QoS. Furthermore, since the propagation
the paper. distance has been shortened between the MS and serving BS
via the back haul connection, the required MS transmit power
II. RELATED WORK is concomitantly reduced compared with the BS sleep and cell
) o o zooming technique [5].
Various energy utilization strategies in cellular netwsork o
were proposed. The schemes are classified into several cate- K. Xu and M. Zhou [18][19] developed a realistic and
gories. The first one contains the strategies based on chafepresentative energy model based on RF transceiver. As a
nel borrowing from cooler cells[9]. The second categorytypical IEEE 802.15.4 RF transceiver mode, each wireless
includes the strategies based on BS selection[10]. The thirnode is equipped with multiple discrete transmit power leve
category contains strategies based on power control ahd cdased on this energy model, they developed a power control
breathing[ID][11]. The last type consists of strategiesaday-  Policy, which configure the transmit power level as a funttio
assisted traffic transfer[12][13][14]. The basic idea oérchel ~ Of transmission distance such that the energy cost is mizeithi
borrowing is to borrow a set of channels from cooler cells toThen, the optimized energy balanced chain model is proposed
hot cells. However, this will change the pre-defined spestru to determine the optimal traffic flow distribution.

reuse pattern and introduce more co-channel interferfénce[ v s, and M. Pan [21][22] studied how to maximize the

'rl]'here _ar:e also a grkeat deal Of. rhes_e?rch combinin_g Imumﬁfe time of delay-sensitive WSNs via joint routing and gee
op wireless network (MWN) with infrastructure wireless gopqqjing. They have mathematically formulated theififet

networks, forming architecture of multi-hop cellular netkr -+ i oiion o ;
. problem under energy provision, routingeple
(MCN). In MCNs, relay stations (RSs) are network COMpo-geheqyling, and delay constraints into a MINLP problem,

nents that are dedicated to storing and forwarding dataveste ., \which energy is essential to determine the life time
from BSs to MUs, and vice versa. Deploying relay stations canys \viraless devices

extend the coverage and enhance the signal strength, whic

clearly help improve the performance for MUs near the edge

of the cell. The appearance of MCNs also provides another I1l.  PROBLEM FORMULATION

method to solve the load imbalance among different cells ;

That is to transfer over-loaded traffic from hot cells to @vol A. The Basic dea

cells by RSs. Compared with previous discussed dynamic load In cellular networks, each base station covers a number of
balancing schemes, relay-based load balancing schemes aml phones in a hexagonal cell. We consider a cellular netwo
more flexible and will introduce less interference. In [5], acontaining a set of base stations(BS), relay stations(R8) a
mobile-assisted call admission scheme is proposed to\achiemobile users(cell phones)(MU), denoted p#1, B, ..., Bs},

load balancing in cellular networks, which require an ad-ho {R1, R, ..., B;}, and {m1, ms,...,m,}. Each BS is located
overlay network on the cellular network. The authors didide at the center of the cell. Each RS is located at a boundary



of cells. The traditional communication between two mobile  Our goal is to letm; select the relay station that will have
usersm, to m; is thatm; communicates to its base station the highest potential energy. In our approach, each RS can
B;, then B; communicates td3; which coversm;, and then predict its future energy right after this time slot based on
B; communicates ton;. In new generation cellular network, its historical and current energy, which is defined as paient
the relay stations are used to assist communications betweenergy of the RS in this paper. In this example, our strategy
cell phone to cell phone or cell phone to base station.[Big. Will let m; chooseRs.

shows an instance with several base stations, relay stadioh

cell phones, where the central cell is a hot cell with a large
number of cell phones and busy data traffic and the other cells
are cooler cells with less cell phones. Note that the celhgso

in all figures of this paper represent active cell phones.

&
Q Base Station
Fig. 2: The scenario to illustrate the main idea.
Relay Station
4  cellPhone B. Computation of Potential Energy

The mobile initiator needs to know which relay station
Fig. 1: A topology of a cellular network. is th_e one that has the potential _highest energy. T_he energy
varying trend is essential to determine an RS'’s potentiatgn
Suppose the current time is A naive method on predicting

Data transmission takes place when a cell phone(initiatorf!® energy at timek + 1 is as follows. Let RSR; save all
intends to talk to another cellphone(receiver). The sderiar  [ts historical and current (time) energy E;,, Ei,, ...E;,
simple if the two are in the same cEII[8]. We consider thel" @ vector. Then it can predict its energy for time+ 1
circumstance that the receiver is in another cell. In Fighg, Py curve-fitting in numerical analysis that approximates it
communication betweem; andms is such an instance, in moving trend. The limitations of this meth_od are to spend too
which data is relayed from, to Ry, then fromR; to By, and much space to sa\(e_the energy \(alues in the vector and too
continues until it reaches,. In the scenarioR, is hot with a  complex for curve-fitting computation.

lot of cell phones nearby. Hence its energy is going down very we propose a statistical based strategy to let each relay
quickly. However,R; covers less cell phones and its energy isstation predict its future energy. In this scheme, each R$ on
going down slowly. Here comes up with a question, ean  peeds to maintain two parameters. One is its potential accel
find R, or evenR; to relay the message to bypass the hoteration and the second is the variance of the acceleratioa. T
relay stationf;? two parameters store how its residual energy changes. fi@get
r\{vith the RS’s current energy, its future energy capacity lman

and hand over to [f[8], we develop an approach to let eac}r.falculate.d and is C(_)nS|dered its potential energy. Thusilmo
mobile user find the RS with highest potential energy and han{Serm 1S able to figure out the best RS subsequently.
over to it. We start our basic idea by a simplified case as We define the following notations to represent the terms
Fig.[2. Supposen; intends to talk toms. If m; selectsR; regarding our approach for node.

to conduct relay, it may not be a good choice becalisds .

busy and may run out of energy short;, R, and R; are i The measured energy at tinke

all possible relay stations for,. Suppose the residual energy £i.: The energy predicted at time o

of Ry is 900kWh, R, is 800 kWh and R is 850kWh at Qi The accelera'uo_n mea}sured at timke It indicates how
current moment. We further assume that the historical uasid €nergy changes during a time slot.

energy vector up to this moment @t is [..., 2000, 1500, a, : The acceleration at time evolved from timek — 1.
1300, 900],Rs is [..., 900, 870, 830, 800], anks is [..., 1400, a;,: The potential acceleration at tirmke

1200, 1000, 850]. A simple strategy will let; select the one wv;, : The variance of acceleration updated at tifne

that has the highest energy at the moment. Seemidglyis  v; : The variance of acceleration at tinkeevolved from time
the best choice. However, sindg, is in a hot area serving & — 1.

a large number of mobile users and its energy is going dow: The error or noise in the process.

dramatically, whileR, are serving much less mobile users andB;, : The blending factor at timé.

its energy goes down slowlyp; should selectRs.

Since a mobile cell phone is able to select a relay statio



At time k, R, measures its energy;, . And then it = m2
computesy;, as its measured acceleration by

ai, = (Ey, — Ei,_,)/At (1)

k

R; updatesf;k andv;,_in order to keep its historical energy
to predict its future energy.

ai_k = ai;—l (2)

v, =v,-1+€ (3)

ik

R; also computes the blending factdt;, , which indicates ) _ ) ]
how much the acceleration changes from last time to current Fig. 3: To figure out three good relay stations.
time.

Bip = v, (v + ) = Ui/ (Vi + o (4 Detection() to figure out the three possible relay statiops b
Once R; obtains the blending factoB;, and the evolved its location and the; destination’s location. In the proqedlit
acceleration:;, it knows how much the acceleration changesS€nds out a detection message to the three relay stations. Up
and the evolved acceleration. Additionallf; considers the '€ceiving the detection message, each RS calls Predicton(
measured acceleratiom;,. Then it calculates its potential Calculate its potential energy and inform the energy capaci

accelerations;, . This acceleration will be used to predict its © the |n|@|:;1]tor. Tht?l |nr|]§|art]or calls Sglcelct|on() tohf|nc(ijtre|qy
energy of imek + 1, station with possible highest potential energy, hands twér

R R and sends its payload to the RS.
ai, = a;, + Bi, (ai), — ai_k) (5)

Detection()
R; updates the variance of acceleration for future utilizatio Figure out the three candidate relay stations by its lonagiod
destination’s location
v, = (1 — Bik)vjk (6) Send detection message to the three relay stations
Finally, the energy predicted of time+ 1 is Fig. 4: Algorithm for initiator(MU) to send detection megsa

k+1
At a certain timek, R; only needs to measure its enery, ~ Prediction()

e . . Calculate its potential by f la (7
and record two parametess  andv;, ,. Then it can predict alculate ts potential energy by formula (7)

) . ! N . Send the energy quantity back to the initiator
its energy at timé:+1 by the calculation, which is the potential ] ) ) )
energy capacity ofz,. Fig. 5: Algorithm of computation for potential energy

C. Algorithm Description )
Selection()

In our approach, when a usetr; intends to communicate — Compare the three energy quantities from the three reldipissa
to mo, it selects the relay station with highest potential energy  Select the RS with highest energy values
Apparently,m; does not need to consider the relay stations in  Hands over to the RS
the opposite directionm; — ms, such asR,, Rs and Rg Send payload to the RS
in Fig.[3. HereR;, R, and R3 are candidates fom;. How
can m; know the three possible candidates among the six
relay stations in the boundaries? In new generation cellula
networks, each device is equipped with GPS and hence it
knows its location. We assume that the initiater knows the IV. PERFORMANCEEVALUATION
location of the receivems. The assumption is very common
in geographic routing[20]. Sen; finds out the three possible
candidates in this way: It connecta; and msy. The line
segment intersects the hexagonal area.aThen the relay
station located at the edge whepeis located and the two

Fig. 6: Algorithm of hand over

The performance evaluation was conducted in a simulated
noiseless radio network environment using MATLAB. We
create a topology that consists of 20 hexagonal cells. A base
station is located in the center of each cell and a relayostati

relay stations located at its adjacent edges are considared 'S 10cated at each edge. We randomly distribute a number
of mobile users to the cells. We performed a sequence of

good relay candidates. In Figl s located at segmedt, so experiments in which the number of mobile users is changed

R, located atbc is considered as one of the candidates. Th T
two adjacent edges of: areab andcd, so R, and Rs are also E%rom_ 200 to 800 with increment of 50. For each number of
. ; ; mobile users, we measure the aggregate throughput 10 times
considered asn;’'s candidates. o
and present the average. We also measure the average kfe tim
In our strategy, when a cell phone(initiator) intends toof the relay stations in our experiments. The life time oflaye
talk to a receiver in a different cell, it calls the procedurestation is important. If one RS runs out of energy and turns



down, there will be a hole[16] and the whole throughput will time because the communication between two cell phones is
be decreased dramatically. always relayed by the RS with the highest potential enefgy. |

Our approach considers energy balance. We compare o@rRS is busy and its energy goes down significantly, the new

w g ._communication will not rely on it. Hence the balanced energy
approach("EB by MU”) with two other approaches. One is ~_.. .. o
the scheme which considers energy balance but the balancengIIzatlon makes the life time longer.
determined by base station("EB by BS”). The second one is
without considering energy balance(“No EB”).

Fig. [1 shows our evaluation of aggregate throughput In this paper, we present a statistical based mechanism to

Among the three approaches, the scheme without ener?alance energy utilization in cellular network. In the agmh,
balance(“No EB") has the lowest throughput. This indicateSaCch relay station only needs to remain two factor to stare it
that energy balance can improve aggregate throughputbecaLh'Stor'Cal energy trend and then it is able to predict itsifat

the traffic are allocated more reasonable to the relay sgtio €N€rgy. The message initiator selects the relay statioh wit
The throughput of our method is the highest one. potential highest energy to relay data transmission. Sltmﬂs
demonstrate that our approach results in higher throughput

the network and longer average life time of relay stationsrov
related approaches.

V. CONCLUSION
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are focused on data traffic scenarios rather than energy bal-
ance and efficient utilization. Thus mobile users(cell phoes)
in hot cells may suffer from low throughput due to energy
loading imbalance problem. In state-of-art cellular netwak
technologies, relay stations extend cell coverage and entee
signal strength for mobile users. However, busy traffic make
the relay stations in hot area run out of energy quickly. In
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the mobile nodes are able to dynamically select and hand
over to the relay station with the highest potential energy
capacity to resume communication. Key to the strategy is
that each relay station merely maintains two parameters tha
contains the trend of its previous energy consumption and
then predicts its future quantity of energy, which is defined
as the relay station’s potential energy capacity. Then each
mobile node can select the relay station with the highest
potential energy capacity. Simulations demonstrate that or
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the average life time of relay stations in cellular network
environment.
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in an innovative new research area called green cellular
networks. In this regard, the European Commission has
recently started new projects to address the energy issue
of mobile communication systems, such as “Energy Aware
Radio and Network Technologies (EARTH)”, “Towards
Real Energy-efficient Network Design” and “Cognitive Ra-
dio and Cooperative strategies for Power Saving in Multi-
standard Wireless Devices”|[3]. Energy in cellular network
is a vast research discipline that needs to cover all thedaye
of the protocol stack and various system architectures and
it is important to identify the fundamental trade-offs latk
with energy efficiency and the overall performanice [4].

Scholars have addressed four key issues in terms of
energy efficiency with network performancel [2] [22] .
They are deployment efficiency (balancing deployment
cost, throughput), spectrum efficiency (balancing achiev-
able rate), bandwidth (balancing the bandwidth utilized)
and delay (balancing average end-to-end service delay). To
address the challenge of increasing power efficiency in fu-
ture cellular networks and thereby to maintain profitailit
it is crucial to consider various paradigm-shifting tectmo
gies, such as energy efficient wireless architectures and

During the past several years, there has been tremeprotocols, efficient base station(BS) redesign, smartsgrid

dous growth in cellular networks. With the introduction of opportunistic network access or cognitive radio, coopezat
Android and iPhone devices, use of ebook readers sucfelaying and heterogeneous network deployment based on
as iPad and Kindle and the success of social networkingmaller cells.

giants such as Facebook, WeChat and QQ, the number of . . . .
customers and the demand for cellular traffic have escalated N addition to academia, governments and industries
significantly [25] [21] [26] [29]. The huge amount of have recently shown keen concerns on the critical issues

customers and very high volume data transmission resu[ﬁ:aalt(e':qrzfn?gr?‘rz%c?rf;ﬁ;:%ngg%nrglﬁg:tli?)?\c'l?elétri]lri\zallgg;)m;ga
in serious problems of energy consumptibh [1]. A X X
P 9y ptibh 1] However, as studied in the recent literaturé [5] [6], most

The rising energy costs of operating cellular networksof the techniques applied to current mobile networks have
have led to an emerging trend of addressing energy effibeen designed by taking into account non-energy-related
ciency and energy balance utilization amongst the networfactors, such as throughput, Quality of Service (QoS),lavai
operators and regulatory bodies such as 3GPP and ITWbility, scalability, and so ori [33] [28] [34][31][20][32]
[2]. This trend has stimulated the interest of researcherf27]. Moreover, in real-world systems, mobile users (MUs)
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are not evenly distributed across cells, resulting in thetsM is to borrow a set of channels from cooler cells to hot
in a hot cell will be affected by the load imbalance and theycells. However, this will change the pre-defined spectrum
might unable to get services. Meanwhile, as novel networkeuse pattern and introduce more co-channel interference
architectures that include picocells, hierarchical callel  [7]. There are also a great deal of research combining multi-
femtocells emerge, the density of base stations and mobileop wireless network (MWN) with infrastructure wireless
users is becoming larger, and the cells go smaller. Thaetworks, forming architecture of multi-hop cellular net-
appearance of this high density cellular networks intreguc work (MCN). In MCNs, relay stations (RSs) are network
more variety of load across different cells and makes th&omponents that are dedicated to storing and forwarding
load imbalance problem more seriolis|[35]1[36]. data received from BSs to MUs, and vice versa. Deploying
relay stations can extend the coverage and enhance the
signal strength, which clearly help improve the perforneanc

r MUs near the edge of the cell. The appearance of MCNs
so provides another method to solve the load imbalance
'among different cells. That is to transfer over-loadeditaf
from hot cells to cooler cells by RSs. Compared with

cells, it is needed to transfer the over-loaded traffic frombrewous discussed dynamic load balancing schemes, relay-

hot cells to neighboring cooler ones. The challenge is hon ased load balancing schemes are more flexible and wil

to balance the energy utilization of the relay stations in ntroduce less interference. IA][5], a mobile-assisted cal
9y Yy . _admission scheme is proposed to achieve load balancing in
order to get the best trade-off among all the relay station

in a cellular network Rellular networks, which require an ad-hoc overlay network
: on the cellular network. The authors divided the channels

In this paper, we develop a statistical parameter basethto two parts, one for the ad-hoc overlay network, the
energy balance utilization algorithm, in which each relayother for the cellular network. In]6][]7], the authors
station maintains the acceleration and the variance oproposed dynamic load balancing schemes in the integrated
energy consumption that represent the station’s histioricecellular and ad-hoc relaying systems (iCAR). The ad-
energy consumption acceleration and the variance. Togeth&oc relaying stations (ARS) compose an overlay ad-hoc
with its current energy quantity, the relay station is alle t network, which can help relay traffic among different cells.
predict its future energy quantity, which is consideredas i As in iCAR systems, ARSs work on ISM-band channels, it
potential energy capacity. Before payload data transomssi is pointed out that the performance of iCAR systems will
between a mobile user and a relay station, the mobilelepend on the number of available ISM-band channels, and
user disseminates a message to a portion of its neighbdnterference in ISM-band could affect the performance of
relay stations depending on their geographic locations dynamic load balancing.
Then it selects and hands over to the relay station with
highest potential energy. Because each relay station onléS
needs to maintain two parameters, the overhead of thi
scheme is very low. Our simulation results illustrate that o
approach significantly increases the aggregate througput
the network and the average life time of the relay station
compared with existing approaches.

The new generation cellular networks allow mobile
users to connect relay station and then connect to ba
station. The busy traffic near a relay station often makes th8|
energy of the relay station go down very quickly. However
the relay station with low traffic is idle with high energy.
In order to balance the energy utilization among differen

A. Alam et al. [14] investigates dynamic traffic-aware
switching modes, where the BS can alter its operating
modes between standard BS operations and switching to
relay station (RS) mode, the so-called BS-RS Switching
gnodel. Depending on the traffic fluctuations, load profiles
are divided into two categories. One is Zero-to-medium
traffic period when a BS switches to the RS mode and turns
The rest of the paper is organized as follows. Sectioroff all its high-power consuming equipment. The second
Il discusses the related research on this topic. Section llis Peak traffic period when all BS are fully active. The
proposes a novel method that select the best relay statiorationale for switching from a BS to RS mode is to ensure
We evaluate the proposed schemes by simulations anthose MS that would be served by the switched off cell
describe the performance results in Section IV. Section Vand may suffer deep fading, are still be able to receive
concludes the paper. the same QoS. Furthermore, since the propagation distance
has been shortened between the MS and serving BS via
II. RELATED WORK the back haul connection, the required MS transmit power

. S L is concomitantly reduced compared with the BS sleep and
Various energy utilization strategies in cellular network o, zooming technique [5].

were proposed and scholars developed various ways to

solve energy utilization questions [37] [24]1138] [39]. The K. Xu and M. Zhou [15] [16] developed a realistic and
schemes are classified into several categories. The first omepresentative energy model based on RF transceiver. As a
contains the strategies based on channel borrowing frortypical IEEE 802.15.4 RF transceiver mode, each wireless
cooler cells[[9]. The second category includes the stragegi node is equipped with multiple discrete transmit power
based on BS selection [10]. The third category containgevels. Based on this energy model, they developed a power
strategies based on power control and cell breathing [10¢ontrol policy, which configure the transmit power level as
[11]. The last type consists of strategies on relay-agbistea function of transmission distance such that the energy
traffic transfer [[12]. The basic idea of channel borrowingcost is minimized. Then, the optimized energy balanced



chain model is proposed to determine the optimal traffic ~ Since a mobile cell phone is able to select a relay station
flow distribution. and hand over to if [8], we develop an approach to let each
mobile user find the RS with highest potential energy and
hand over to it. We start our basic idea by a simplified
case as Fid.J2. Suppose; intends to talk tom,. If m;

A. The Basic Idea selectsR; to conduct relay, it may not be a good choice
i because; is busy and may run out of energy shortiy.,

In cellular networks, each base station covers a numbqﬁ2 andR; are all possible relay stations fot;. Suppose

of cell phones in a hexagonal cell. We consider a celluipe residual energy oR; is 900 kWh, R, is 800 kWh

lar network containing a set of base stations(BS), relay,ngg, is 850kWh at current moment. We further assume
stations(RS) and mobile users(cell phones)(MU), denotegh ¢ the historical residual energy vector up to this moment
by {B1, B2, ..., BsJ, {R, R, .y Bu), @nd{my, ma, ..., mpl. ~ of R, is [..., 2000, 1500, 1300, 900K, is [..., 900, 870,
Each BS is located at the center of the cell. Each RS i%30, 800], ancRs is [..., 1400, 1200, 1000, 850]. A simple
located at a boundary of cells. The traditional communi-strategy will letm; select the one that has the highest

cation between two mobile usera; t0 m; is thatmi  gnergy at the moment. SeemingRy; is the best choice.
communicates to its base statiBp, thenB; communicates o yever, since, is in a hot area serving a large number
to B; which coversm;, and thenB; communicates 10 ot mopile users and its energy is going down dramatically,

m;. In new generation cellular network, the relay stationsyjie R, are serving much less mobile users and its energy
are used to assist communications between cell phone ?oes down slowlym; should selecR»

cell phone or cell phone to base station. Eih. 1 shows al
instance with several base stations, relay stations ahd cel Our goal is to letm; select the relay station that will
phones, where the central cell is a hot cell with a largehave the highest potential energy. In our approach, each
number of cell phones and busy data traffic and the otheRS can predict its future energy right after this time slot
cells are cooler cells with less cell phones. Note that théased on its historical and current energy, which is defined
cell phones in all figures of this paper represent active celds potential energy of the RS in this paper. In this example,
phones. our strategy will letm; chooseR;.

IIl. PROBLEM FORMULATION

&b
é Base Station

Relay Station

Cell Phone

Fig. 2. The scenario to illustrate the main idea.

Fig. 1. A topology of a cellular network.

Data transmission takes place when a ceIIB' Computation of Potential Energy
phone(initiator)  intends to talk to  another The mobile initiator needs to know which relay station
cellphone(receiver). The scenario is simple if the two ards the one that has the potential highest energy. The energy
in the same cell]8]. We consider the circumstance that the@arying trend is essential to determine an RS’s potential
receiver is in another cell. In Fi¢l] 1, the communicationenergy. Suppose the current time ks A naive method
betweenm; andm; is such an instance, in which data is on predicting the energy at timk& + 1 is as follows.
relayed fromm; to Ry, then fromR; to By, and continues Let RS R; save all its historical and current (timi)

until it reachesm,. In the scenarioR; is hot with a lot  energyE;,, Ei,, ...Ei, in a vector. Then it can predict

of cell phones nearby. Hence its energy is going dowrits energy for timek + 1 by curve-fitting in numerical
very quickly. However,R, covers less cell phones and analysis that approximates its moving trend. The limitadio

its energy is going down slowly. Here comes up with aof this method are to spend too much space to save the
question, camm; find R, or evenRjz to relay the message energy values in the vector and too complex for curve-
to bypass the hot relay statidyy ? fitting computation.



We propose a statistical based strategy to let eaclt a certain timek, R; only needs to measure its energy

relay station predict its future energy. In this schemeheacE and record two parameterq

andv;, ,. Then it

RS only needs to maintain two parameters. One is itgan predict its energy at time 11 by the calculation,
potential acceleration and the second is the variance afhich is the potential energy capacity Rf.

the acceleration. The two parameters store how its residual

energy changes. Together with the RS’s current energy, it§. Algorithm Description

future energy capacity can be calculated and is considered

its potential energy. Thus, mobile usen is able to figure
out the best RS subsequently.

In our approach, when a uset; intends to communi-
cate tom;, it selects the relay station with highest potential
energy. Apparentlyyn; does not need to consider the relay

We define the following notations to represent the termsstations in the opposite direction; — m,, such asRy,

regarding our approach for nodg.

: The measured energy at tinke
EA The energy predicted at tinie
ai, : The acceleration measured at tifaelt indicates how
energy changes during a time slot.
a; : The acceleration at timk evolved from timek — 1.
ai,: The potential acceleration at tine
vi, . The variance of acceleration updated at tikne
Vi The variance of acceleration at tinkeevolved from
timek — 1.
e: The error or noise in the process.
Bi,: The blending factor at timé.

At time k, Ry measures its energl;, . And then it
computesa;, as its measured acceleration by

ai, = (Ey, —Ei,_,)/At (1)

Ri updatesa andv; in order to keep its historical
energy to predlct its futue energy.

a, =ap, (2)
(3)

133
Vi =V 1 +t€
R;i also computes the blending factBy, , which indicates

93

how much the acceleration changes from last time to

current time.

Bi, =vi, (vi, +€) ' =vi /(vi, +€) (4

OnceR; obtalns the blending factds;, and the evolved

accelera'uona iy
changes and ‘the evolved acceleration. AdditionaRly,
considers the measured acceleratign. Then it calculates
its potential acceleratioas, . This acceleration will be used
to predict its energy of timé& + 1.

(5)

oS oS
(f{k = aik + Bi.k (aik - aik)

it knows how much the acceleration

Rs andRg in Fig.[3. HereR;, R, andR3 are candidates

for m;. How canm; know the three possible candidates
among the six relay stations in the boundaries? In new
generation cellular networks, each device is equipped with
GPS and hence it knows its location. We assume that the
initiator m; knows the location of the receiven,. The
assumption is very common in geographic routing [L7] [30]
[23]. Som,; finds out the three possible candidates in this
way: It connectsn; andm,. The line segment intersects
the hexagonal area pt Then the relay station located at the
edge where is located and the two relay stations located at
its adjacent edges are considered as good relay candidates.
In Fig.[3, p is located at segmebic, soR, located abc is
considered as one of the candidates. The two adjacent edges
of bc areab andcd, soR; andRj3 are also considered as
m;i’s candidates.

m2

Fig. 3. To figure out three good relay stations.

In our strategy, when a cell phone(initiator) intends
to talk to a receiver in a different cell, it calls the pro-
cedure Detection() to figure out the three possible relay
stations by its location and the destination’s location. In
the procedure, it sends out a detection message to the three
relay stations. Upon receiving the detection message, each
RS calls Prediction() to calculate its potential energy and
inform the energy capacity to the initiator. The initiator
calls Selection() to find the relay station with possible

Ri updates the variance of acceleration for future utiliza-highest potential energy, hands over to it and sends its

tion.
= (1—Bi, v, (6)

23

Finally, the energy predicted of time+ 1 is
Ei,, =Ei, + i, At (7)

Tk—+1

payload to the RS.

IV. PERFORMANCEEVALUATION

The performance evaluation was conducted in a simu-
lated noiseless radio network environment using MATLAB.



Detection()

Figure out the three candidate relay stations by its lonatio 4000 : L
and destination’s location —Eg % g”;
Send detection message to the three relay stations 3500 —k—NoEB

w
=]
o
o

Fig. 4. Algorithm for initiator(MU) to send detection megga

Prediction()
Calculate its potential energy by formula (7)
Send the energy quantity back to the initiator

Network throughput(bps)

Fig. 5. Algorithm of computation for potential energy

We create a topology that consists of 20 hexagonal cells.
A base station is located in the center of each cell and a 509° 300 700 500 500 700 500
relay station is located at each edge. We randomly dis&ibut Number of mobile users

a number of mobile users to the cells. We performed a
sequence of experiments in which the number of mobile_.
usgrs is changeg from 200 to 800 with increment of 50. For ° 7 Aggregate throughput
each number of mobile users, we measure the aggregate
throughput 10 times and present the average. We also
measure the average life time of the relay stations in our 4
experiments. The life time of a relay station is important. 180r
If one RS runs out of energy and turns down, there will
be a hole[[1B] and the whole throughput will be decreased
dramatically.

—-A— EB by MU
—=—EBbyBS |{
—+— No EB

pr
N B (2]
S S 8

Our approach considers energy balance. We compare
our approach(*EB by MU") with two other approaches.
One is the scheme which considers energy balance but
the balance is determined by base station(“EB by BS”).
The second one is without considering energy balance(“No
EB").

Average life time(hours)
=
B [o2} o] o
o o o o
T T T

N
o
T

Fig. [@ shows our evaluation of aggregate throughput. 900 200 200 500 500 00 300
Among the three approaches, the scheme without energy Number of mobile users
balance(“No EB”) has the lowest throughput. This indicates
that energy balance can improve aggregate through o _
because fqhye traffic are aIIoceﬁed morgeg re%sonable t% ?r%g' 8. Life time of relay stations
relay stations. The throughput of our method is the highest
one. cell phones is always relayed by the RS with the highest
Fig.[8 shows the life time of the three schemes. Thepotential energy. If a RS is busy and its energy goes down
one without energy balance(*No EB”) results in the lowestsignificantly, the new communication will not rely on it.
average lift time. That is because when a relay station haslence the balanced energy utilization makes the life time
busy traffic load, it runs of out energy quickly. And then longer.
there is a void or hole. The regular solution for hole prob-
lem is to find the landmark relay statidn [13]. However, the
landmark has very heavy burden and it is exhausted quickly.
This makes the network much worse. Our approach has the V. CONCLUSION
longest lift time because the communication between two

In this paper, we present a statistical based mechanism

Selecti to balance energy utilization in cellular network. In the

%Lre the three enerav auantities from the three rela@PPr0aCH, €ach relay station only needs to remain two factor

stations P 9 a Yo store its historical energy trend and then it is able to
Select the RS with highest energy values predict its future energy. The message initiator seleats th
Hands over to the RS relay station with potential highest energy to relay data
Send payload to the RS transmission. Simulations demonstrate that our approach

results in higher throughput in the network and longer

Fig. 6. Algorithm of hand over average life time of relay stations over related approaches
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