Available online www.jocpr.com

Journal of Chemical and Phar maceutical Research, 2014, 6(7):651-658

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

Dynamic load balance scheme based on access selection and calls
transfer in heter ogeneous wir eless networks

Zhu Si-feng *?, Zhang Xin-gang®, Shen Lian-feng*and Chai Zheng-yi*
'National Mobile Communications Research LaboratSgtheast University, Nanjing, China

School of Mathematics & Statistics, Zhoukou Norbhailersity, Zhoukou Henan, China
3School of Computer Science, Nanyang Normal Unityefsanyang Henan, China

ABSTRACT

In heterogeneous network environment integratediphelradio access technology, the nonuniform dsiion of

users’ calls in time and space is the importantda@ffecting the performance of heterogeneouslegésenetwork.
In order to improve the performance of heterogesewnireless network, a novel dynamic load balandeese
based on access selection and calls transfer wapqgsed. In this paper, access selection was modeded

constrained optimization problem, the access calis assigned to all base station evenly in accoedanith the
optimization result. In addition, in order to weak#he destructiveness of sudden calls from hot toethe system
load balance, a calls transfer strategy based om ttireshold of base station load rate was giverpemental

result shows that the proposed solution performdgebehan literature solutions in access blockingter, calls

dropping rate, load balance and system utilizatiate, and has the advantage of good applicatiomeal
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INTRODUCTION

Heterogeneous wireless network is a heterogeneaedmetwork [1] of GSM, WLAN, Bluetooth, 3G, B3GG
and etc. Because there are differences in callability, coverage capability and technical levelafious wireless
access networks, any of a radio access networkagfully meet the demand of coverage, delay, trassion rate,
and cost and so on. In order to provide a contisu@eamless mobile calls to users, joint radio ueso
management (JRRM) system came into being. Loachbialg control is an important task of joint rad&source
management, and its purpose is to enable usessesadhly distributed in various wireless acceswois, in order
to ensure the stability of the entire heterogenedteless network system. Load balancing can nbt iomprove the
stability of the entire heterogeneous wireless pnétvsystem, but also bring the system throughplotking rate,
call dropping rate and other aspects of performagam. From the point of view of queuing theoryge th
heterogeneity of spatial and temporal distributiorthe user traffic network can be overcome by lbathncing
control, thereby improving overall service perforroa across the entire heterogeneous wireless riesystem.

The development trend of next generation in wieleemmunication network is the coexistence of iplelt
wireless access technologies and merging, in adggaeous network environment, when a new sendcess, if
we choose an optimal network access, then you igag multi-radio access gain(MAAG).

In the user-intensive areas, a communication hot spusually formed. If we introduce flow equatiom in the
heterogeneous cell with different bandwidth andac#ty, we can reduce the blocking rate of new caiid the
dropping rate of switching operations, also théaatiion across heterogeneous systems will incraaserdingly.

Access selection and calls transfer are an efiectray to achieve load balance, in view of this, pvepose a
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dynamic load balance scheme based on access aeladiil calls transfer in the heterogeneous wiraiessork,
and we conducted experiments and analysis forrbgoged scheme under simulation environment.

In recent years, the load balancing issue in hg&reous network environment attracted wide attardfoscholars
at home and abroad. Considering the impact of MA¢el packet retransmission on load balancing ik lin
adaptation mechanism, a multi-access option fokgtacalls was proposed in the literature [2]; Basedthe
assessment of average packet calls in the accdssetwork resources consumed by the current ldadtsin, a
load-balanced access control scheme was propostn iliterature [3]; Based on fuzzy neural netwofkradial
basis function, the access selection method wasopsadl in the literature [4], which can be connetbeithe network
by blocking rate equal to reinforce learning ohijexst for fuzzy neural network parameters, and i bagreat
dynamic adaptability for the network load degrelsoao achieve intelligent access decision; Litemat[5,6]
proposed a heterogeneous network access conteringchased on game theory; Literature [7] proposgyghamic
load balancing mechanism based on terminal mobitecalls heterogeneous, which focused on the palisntial
users, through the joint service access contrdiyohmic optimization, so as to keep the traffieeéry access point
and communication resources maintain matched t@zeethe load balancing of networks; literature p8bposed an
improved dynamic threshold joint load control methim order to adapt to load balancing requirementifferent
load conditions, to achieve efficient utilizatiohresources. While combined reconfigurable feawkterminals
and diversity of calls requirements, and used mitel selection algorithm based on AHP in the eaithandover
procedure to perform a network-initiated, resultinga balanced heterogeneous network load and cirgglihe
cost of systems and the impact for users; liteeaf@i considering the survival time of terminal teay and load
balancing, a vertical handover scheme was givepuiyng two goals into a goal to solve on weiglitsrature [10]
proposed a vertical handover scheme based on SHdRA&IP; literature [11] conducted a study on thaicke
heterogeneous network environments; In literat@igq, [Bidding model was established on the relatigmdetween
mobile phone users and access networks, and thieatdrandover scheme are given based on coopergdime.

Literature [2-7] was to achieve load balancing efelnogeneous network environments through joinesgcontrol;
literature [8-12] was to achieve load balancingtigh vertical handover mechanism. Unlike the alideas, in the
paper a new dynamic load balance scheme is proptmsadhieve two strategies of access control afid tansfer.

THE SYSTEM MODEL OF HETEROGENEOUSWIRELESSNETWORK
Assuming there are a lot of wireless access netivodtea Q , cooperative mode of wireless access network is a

very tight coupling mode, i.e. in the area 8 each base station of the wireless access netwarknisected to core
network via the same control unit. Usually, theesmscrouter (AR) acts as a control unit in the negierving, which
is directly connected to the core network, showRigure 1.

Area Q .

Fig.1 The system model of heterogeneous wireless networ k

In the network architecture, access routers unifg aoordinate data traffics of communication betwéase
stations, to optimize the use of network commuineatesources through the joint service accessraiobétween
base stations.

In the system model, when multi-mode mobile termiipdMT) has a new call or vertical handoff callsriges,
MMT can select the most suitable base station tabéish calls links between multiple base statidheam the
perspective of optimizing the overall performandettee network, the access router acts as the decdrarol
module, according to optimization criteria, to dymieally allocate all users’ traffic to each basatisn within the
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coverage area, so that the wireless access taiffi@ch base station are matched to communicagisources, to
achieve traffic loads balance of network unit.

People’s living and working patterns may lead t® itthomogeneous distribution of traffic on the tidemain and
space domain, for example, some public places (ghgmmalls, airports, hotels, etc.) formed a gitestcell when
communication traffic grow in certain period of #mresulting that base station of the region isviedoaded,
while other areas are loaded very lightly. In addit there are also differences in the capacityvbeh each base
station, which can lead to load imbalance phenomemnberefore, when the load imbalance was foundneed to
adopt calls transfer strategy.

Thus, access selection and calls transfer are taapiomeans of the loads balancing control, accesstson can be
seen as a preventive load balancing control styatelgjle calls transfer is a remedial load balagaiontrol strategy,
and the two are closely related.

Compared with the 2G network, bandwidth of 3G neksdas been greatly improved. Voice service takedess
of 3G network’s bandwidth, but non-real-time calsich as network video download) take up a lot etfvork
bandwidth. The load imbalance of wireless accedwork is mainly because non-real-time calls arevend/
distributed in space and time. Therefore, the sfodyses on the access selection and calls tranfsfein-real-time
calls.

DYNAMIC LOAD BALANCE SCHEME BASED ON ACCESS SELECTION AND CALLSTRANSFER

The assumption that in the regi@n there are a plurality of wireless access netwark®ase stations (or wireless
access point) are deployed: BSs= {BS1, BS2,..., BSbalgse station BSi reserved maximum bandwidth Bi for
non-real-time service.

This article assumes that: a terminal at a time lbanup to a non-real-time service, the bandwidththef
non-real-time service to terminal MTj is bj. Assungithe regionQ, with n multi-mode terminals MTs={MT1,
MT2,..., MTn}, when the multi-mode terminal MTj haslts arrived, we can choose the most suitable betmn
BSi to establish calls links in the m base stations

From the perspective of optimizing the overall parfance of the heterogeneous network system, dogotd

optimization criteria, the access router dynanycasignes all users’ traffic to the base stati@ Bwithin the

coverage area, so that the wireless access toifach base station BSi are matched to commuaoitagisources,
to achieve traffic loads balance of the reginn

(1) Access Selection

Because the wireless access network use diffecessa technologies, and the load and the formeo$dime type of
calls generated by access network may be differ€herefore, it is necessary to targetedly seleet iost

appropriate parameters to describe and measurdodoke factor of heterogeneous wireless access nkfiwor
comparison. In this paper, take the network UMT®iggrsal Mobile Telecommunications System) and WXA
(Worldwide Interoperability for Microwave Acces®rfexample, the load rate metrics were given.

Considering the solving method of downlink acceslecion problem to UMTS is very similar to uplimccess
selection, so this article only take the downlirkse as an example to model , on the basis we dathge
corresponding uplink model slightly modified. Assag the downlink power of UMTS base station is alwa
constant, and is uniformly distributed over theirenavailable bandwidth. The downlink total powérttee UMTS

base station is by means F()bt then the transmission power of the base sta{ioin the UMTS network per unit
bandwidth is:
o_P
Pr=a &
B

According to (1), if the bandwidth of non-real tirservice needs to termindVITj is bj , then the required total

transmit power isbj Eno. This has for the wireless access technology UMT $ature of "soft capacity”, the

paper is to measure the load level based on tliedower factor of the cell [8]. Taking the asymmdiusually the
downlink traffic are more than the uplink traffigj the non-real-time calls into account, and thevalink capacity
is generally less than the uplink capacity, thegpagxamines the downlink load factor, as in form@a

UMTS _ /P

,7DL — Tcurrent max (2
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Where, P, ,ent @nd P« represent the total transmission power and theémar total transmit power required
for the current base station downlink.

WIMAX is an emerging broadband wireless accessrteldyy, which uses high technologies (OFDM/OFDMA,
MIMO and etc) represent the future direction of @lepment of communication technology, and can pl®vi
high-speed Internet connection for data transmisdistances of up to 50km. The network WiMAX hasatages
of QoS guarantee, high transfer rate, and diveadls. WWiIMAX (IEEE802.16e) as a new network can miet
needs of high-speed data transmission in the conwation environment. Interconnection of WiIMAX
(IEEE802.16€) and existing 3G wireless network isomplement to existing 3G wireless network, it ¢ake
advantage of the core network of existing wirelessvork, reducing the investment of the WiMAX'’s earetwork;
also it can fully tap existing network users’ infmtion, sharing the billing, authentication and rgpton
mechanisms of existing network, to fully rely ore ttesources of existing network and service platfts launch
new calls. WiMAX (IEEE802.16€) and 3G wireless natkvcan provide data calls under certain mobileditmns,
forming the situation of competing and complementiar a certain range. WiMAX (IEEE802.16€) is a Wéss
access technology of high bandwidth, the paper baeswidth-based cell load factor to measure tlael liactor
level, as in formula (3).

,7WiMAX = current/ Bmax (3)

Where, B.yrent @nd Bi,ax represent respectively the total current requirethdwidth and the maximum
bandwidth of the base station.

Let the service access request case of base statiomeceiving multi-mode terminal | to
% {0, (1 <i<sml< j<n), under the action of joint access selection sysaté access router selects the

service of multi-mode terminal j to access to theddstation i, i.e. assigrbj bandwidth to multi-mode terminal j

from the base station i, then the value Xf is 1; otherwise, 0. Since each call can only axtes: base station at
the same time, so formula (4) establishes.

m
D % <L0j@< j<n) (4)
i=1

In access selection mechanism of the paper, theiaption of network performance takes the loac rat each
base station as the target, to minimize the gdpaaf factor between BSi(i=0,1,2,...,m), explore hovathieve load
balancing between different BSi at the maximum eixtd herefore, we define an access selection opditioin

model, which is as follows:

min (X7 1<i<m (5)
min 7,

m
D% <1 Oj@<j<n)
i=1

i)ﬁj M <B, Dil<ism)
=

ST. (6)

Wherein, the formula (5) represents the gap of li@atbr to the minimum base station cell; formud $hows a
non-real-time service can access up to a baserstaind each station can not be overloaded.

Access selection processes designed in this papesdollows:

Step 1: Timer is reset, start counting.

Step 2: When new calls reaches in multi-mode teathTj, multi-mode terminal MTj sends the accesguest
contained calls demand for bandwidth to the cbli'se station BSi.
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Step 3: The base station BSi sends the receivassaicequest information to the access router.

Step 4: The access router gains optimal accessgchg formula (4) and (5).

Step 5: According to obtained optimal access schémeeaccess router notifies a base station B&isgonsible to
access the calls by broadcasting.

Step 6: After the base station BSi receives brogtdoéormation, assign the appropriate bandwidthdeess calls of
the multi-mode terminal MT;.

Step 7: If the timer expires, all base stationdse current loads, assigned bandwidth informatiothe access
router, go to Step 1; otherwise, go to Step 2.

(2) CallsTransfer

For the capacity of different base stations to ssecetworks may be different, the throughput inclx not be used
to measure the load of base station. By using tbthoa of setting two load-rate thresholds for dlaabe station: a
high load-rate threshold, if exceeds the threshbld,considered the base station is heavily ldadelow load-rate
threshold, if below the threshold, lightly. If thmse load rate is between the two thresholds, dise ktation is
considered to be in equilibrium.

Let the current load rate of base station sjijswhich high load-rate threshold &, low load-rate threshold isi.
Load state of base station i is defined as follows:

-1,if 0<sp, <o;;
f(7)=4 0.if g <n <q; @)
1, ifn29;

Wherein, -1 indicates a light load; 0 indicatesilopium; 1 indicates overloading.

Access selections only try to ensure that the dalisls are evenly distributed within every basdictacells of

heterogeneous network systems. When there is aesuelebnt (a communication hotspot is suddenly fdrine
certain time and region), this may result in a dagge in the calls of certain base station’s calthat the serving
base station is in overloaded state, and the chither adjacent base stations are few, in ligatHicondition. In the
case, its need to execute the calls transfer giratiensfer part non-real-time calls of high-Idzabse station’s cell to
light-load base station’s cell, to ensure the Idaalance across entire heterogeneous network system

For non-real-time calls, which are transferred frone cell to another through the vertical handother,impact of
smaller delay may be not large for QoS. But ifsitinfortunate to be asked to perform passive &rtiandovers
many times, the QoS will be seriously affected. réfere, in order to ensure the QoS of calls transfdich

performs passive vertical handover is seen as &,manen a base station’s cell selects calls tosfean
non-real-time calls with the sign of transfer ao¢ selected.

Different base stations of access network, it @aty different in capacity. After non-real-timellsaare transferred
from high-load base station’s cell s to light-ldaase station’s cell t, the bandwidth consumed lynibn-real-time
calls may result in base station cell t becomemfeolight-load state to a overloaded state, aschited to transfer
non-real-time calls from base station cell t tchtifpad base station’s cell y again. This may léaging-pong
switching phenomenon. To avoid the ping-pong sviitglphenomenon, in the paper, we make a pre-judgmen
operation when calls transfer, to ensure untilttaesferred non-real-time calls don't lead to theséd station cell
becomes from light-load state to overloaded stheecalls transfer.

Thisdesign of callstransfer processisasfollows:

Step 1: Scheduling cycle timer is reset, startrigni

Step 2: The access router collects information axfhebase station cell, computing the load stateawh base
stations cell .

Step 3: The access router ascendant arranges skestaion in the light-load state for queue Lloading to the

load rate; reducibly arranges the base stationaroverloaded state for queue L2 according todhéd tate.

Step 4: If the queue of overloaded base statiois lepty, go to Step 10; otherwise, go to Step 5.

Step 5: Take the head BS11 from overloaded basersigueue, take the head BS21 from light-load tsaton

queue.

Step 6: Select calls MT11 of the most consuminglbéadih from the base station BS11.

Step 7: If the calls MT11 is transferred from ttesé station BS11 to BS21, BS21 remains in a lighttistate, calls
transfer operation is executed, and move BS2ldajtleue L2’s tail; if the calls MT11 is transferfedm the base
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station BS11 to BS21, BS21 will become in an eftiilim state, calls transfer operation is executed, remove
BS21 from the queue L2.

Step 8: Delete the head station BS11 from the qué&ue

Step 9: If the scheduling cycle timer times ougrtigo to Step 1; otherwise go to Step 3.

Step 10: End.

EXPERIMENTSAND ANALY SIS

Assuming: in the regionQ that the cellular networks WiMAX and UTMS overlapgicoverage, there are 3 UTMS
base stations and 2 WIMAX base stations, 100 mmuitile terminals. Maximum bandwidth reserved for
non-real-time calls are 2 Mbps and 20 Mbps in UT8M8 WIMAX base stations, the average bandwidthazhe
non-real-time calls needs is 128 kbps. Overloadedshold and light-load threshold of the base |ogigare
respectively 0.8 and 0.3.

Experimental computer systems’ configuration;: HRO@8MNorkstation, dual-core CPU (Intel Xeon Quad-Core
W5580 3.2GHz), 12GB RAM, 450GB 15000 rpm HDD, wimgo7. In order to verify the performance of dynamic
loads balance scheme proposed in this paper, in et@erimental environment of MatlLab7, conducted
comparative experiments with the literature [3R][1At the beginning of the experiment, multi-mo@eminals

uniformly distributed in the regioQ- . In order to simulate the terminal moving casehef actual environment, we
use a random mobility model[13].

The main indicators to evaluate the performancads balance algorithm are: new calls accessackhig rate,
dropping rate of calls switching, load balance apstem utilization rate. In the paper, the scheaidierature [3]

[12] and the article are respectively of runnin@@&econds until the results are to converge irsémee simulation
environment, the following is comparative analysisimulation results.

Figure 2 describes the performance differencebrektschemes in non- real-time calls access blgakite. As can
be seen from the Figure 2: With the increase a¥arrate in non-real-time calls, calls access kilog rate of three
schemes emerge upward trend; calls access blockiagf the article is rising the slowest, while titerature [3]

rising the fastest. This shows that the scheméisfgaper outperforms the literature [3] and [18]tbe index of
non-real-time calls access blocking probabilityeTieason is that the scheme gets the best accelstribution

scheme by using of optimization algorithm when ascgelection, the loads distribute balanced obaak stations
of heterogeneous systems, so that the systemd@msdacalls access capability.

0.0

—&— Literature [3]
—8— Literature [12]
0.025 —®— The Paper

[RiEE) o

ocking rate (%)
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2
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0005

L I I L L I
a1 02 03 04 05 0.6 07 o0& (k) 1
Arrival rate in non-real-time calls (¢ alls/s)

Fig. 2: The performance differences of three schemesin non- real-time calls blocking probability

Figure 3 depicts the performance differences addlschemes in calls dropping probability. As carséen from
figure 3, with the increase of arrival rate in nel-time calls, calls dropping probability of terechemes emerge
upward trend; switch dropping rate of this artiderising the slowest, while the literature [3]ising the fastest.
This shows that the scheme of this paper outpegdha literature [3] and [12] on the dropping ptobity index of
non-real-time calls. The reason is that the scheste up the load rate threshold based on switdtnategy of calls
transfer, avoiding the ping-pong switching phenoamerthus effectively reducing the handover droppate.
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Fig. 3: The performance differences of three schemesin calls dropping probability

The ratio of standard deviation and mean is cafled Coefficient of Variation (CoV)[9], which is aommon
indicator of measuring loads balance, the smdtiernvalue, the better loads balance. The CoVs dfhifee schemes
in test scenarios are shown in Figure 4. As cardes from figure 4, the loads CoV of the schentbdssmallest
that is loads balance of the article is the bdst; Scheme of literature [12] worst; the schemeitefdture [3] is
slightly better than the literature [12]. The reads: This scheme, on the access selection stratdggins the
optimal access solution by use of optimization dthm, making calls distribution located in eactséatation cell
relatively uniform. In addition, the paper usess#lansfer strategy, to effectively balance suddesiness of the
hotspots, so that the loads are more evenly diggththroughout the base station cells of hetereges system.

The scheme of literature [3] adopts the accesstimbestrategy based on loads balance, so it caslidigtly better
than the literature [12] on the index of loads hata

0z

Literature [12]

CoV ol loads

Literature 3]

I I The paper
[i} I

Fig. 4: The performance differences of three schemesin load balance
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Fig. 5: The performance differences of three schemesin system utilization rate

Figure 5 depicts the performance differences @dtschemes in system utilization rate. As can be fem Figure
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5: With the passage of simulation time, systemazatiion rates of three schemes emerge upward tthadscheme is
rising the fastest in this article, the schemeitefature [12] is followed , and the literature Bk the slowest . The
reason is: the scheme of this paper uses jointnigdtion strategies of access selection and calfster, so that the
whole heterogeneous systems keep the lower of & @ccess blocking rate and calls switched drappate,
thereby effectively improving system utilization.

CONCLUSION

In heterogeneous wireless network scenarios, difteaccess networks are very different in termdeohnical
superiority and operational capacity, etc., the NRR an effective mechanism to improve resourctzation for
heterogeneous wireless networks. Loads balanceatambone of the main tasks of the JRRM, and #& imaportant
significance to improve the entire performance ssttweterogeneous networks.

The paper, on the process of access selectionjedetihe optimal allocation scheme based on thenggtion

algorithm, to assign access tasks for the basmmstaell by using the scheme, so that the loadsnaree evenly
distributed among every base cell. In order to weastdverse effects of the system loads balancesdaus hot

cells’ sudden business, the paper also uses atcafisfer strategy based on the threshold of ledel ICompared
with the schemes of literature [3] and [12], th@pwsed scheme based on access selection and reakdet

performs better in access blocking rate, calls pirgg rate, loads balance and system utilizatioa, ratd has the
advantage of good application value.
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