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REDISTRIBUTION OF BASE STATIONS LOAD IN MOBILE
COMMUNICATION NETWORKS

The subject matter of the article is the processes of load distribution in mobile communication networks. The object of research is the
handover. The goal is to develop a method for redistributing the load between neighboring areas for mobile nodes. The considered
base stations are supposed to have the signal-to-noise ratios that are equal or close. The methods that are used: methods of system
analysis, methods of digital signal processing. The following results are obtained. The method that allows mobile nodes, whose
signal-to-noise ratios are equal or close, to switch to a less loaded base station. This method allows the base station to launch the
handover process enabling more even distribution of the load from mobile nodes among neighboring base stations in wireless and
mobile networks. In the suggested modification of the method, the function assessing the bandwidth of the uplink channel is added to
the base stations, as well a threshold value for using its bandwidth. Thus, when the current value of bandwidth reaches the threshold,
the base station starts sending out a message to all mobile nodes and verifies free neighboring areas for switching over mobile nodes.
If there are adjacent areas with a lower load, the base station notifies all potential candidates about the necessity of their switching
over. The handover process is launched when the available bandwidth of the base station decreases below a certain threshold.
Therefore, it is possible to optimize the operation of the WiMAX network with respect to the criterion of the total bandwidth capacity
of the base stations. Besides, the results of the comparative analysis of the handover process in networks based on the WiMAX
technology that are obtained using the OpNet simulation environment are presented. Conclusions. The suggested approach can be
used to improve the basic software of mobile communication networks. When moving a node from one area to another one in access
servers, the node allocation tables are adjusted according to the developed method. Also, the suggested method enables improving and
balancing the load of the base stations of mobile communication networks. The obtained results enables maintaining the required level

of service quality in mobile communication networks.
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Introduction

The modern development of infocommunications is
characterized, first of all, by the rapid development of
wireless and mobile communication networks. The
development of such networks requires the integration of
mobile and traditional land-line telecommunication
networks of diverse architecture.

The use of wireless environment for data transfer
imposes additional conditions on the technologies that are
used.

The main difference between these networks and
wired ones is that the wireless networks are much more
vulnerable in terms of interference and attacks. In
addition, the mobility of a user makes the data transfer
process more difficult, since the location of a subscriber
can change while the data packet is delivered (passes
through several transit nodes), that is, various problems
connected with routing can happen [1].

One of the main tasks of management is developing
an efficient data delivery mechanism, which becomes
important and essential in mobile networks due to the
constant movement of subscriber systems [2].

Thus, when there exists a data delivery mechanism,
there is also a possibility of free movement of nodes and
the continuity of their connections in such a move. When
moving a node from one area to another area in access
servers, the corresponding adjustment of the node
allocation tables is carried out.

There are many factors that affect the quality of
mobile networks, one of which is the handover process.
The success and efficiency of such a process result not
only in assessing the quality of services by a user, but also
in the operability of the network in general [3].

Currently, a number of methods that support the
mobility of a user are suggested, among them are: H-

MPLS [4], MM-MPLS [5], as well as those described in
the literary sources [6, 7].

Such methods enable rapid determining the address
of the area for switching over, but they are unable to
support the required level of service quality. For mobile
networks, whose structure is constantly changing when
nodes are moving, the minimum time of data transfer in
the network should be ensured.

The goal of this article is to develop a method for
redistributing the load among neighboring areas for
mobile nodes.

Besides, the considered base stations are supposed to
have the signal-to-noise ratios that are equal or close [8].

Theoretical part

Features of the handover process in wireless and
mobile Features of the handover process in wireless and
mobile networks.

Currently, there is a rapid qualitative and
quantitative growth of multiple access of wireless media
(including the Internet), allowing the mobile node to send
and receive data regardless its location. In global
networks, any device is identified by its IP address, which
is also used for routing; in this way, the IP address is
associated with a specific location in the network, which
leads to the necessity in changing the IP address each time
the node moves between networks in order to ensure the
continuity of the connection. So far as the higher layers of
the TCP / IP protocol stack use an IP address to identify
the session, hence, the address adjustment should be
transparent for such levels.

The mobility of a node in a wireless network can
cause the handover. Since the location of a node is directly
related to its IP address, therefore, the fact of changing the
IP address when the mobile node changes the access point
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to the network requires notification. The handover is an
event that can occur when a mobile node leaves the
coverage area of access point due to its movement.
Correct processing of such an event allows the mobile
node to maintain the continuity of the connection during
its movement and changing the access points to the
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BHO - Soft Handover
Fig. 1. Probable scenarios of soft and hard handover

In case of the hard handover, the connection of a
mobile node to the previous access point is broken before
it is connected to a new access point, which results in
packet loss. In case of the soft handover, the connection to
the previous access point is broken only after establishing
the connection with a next available one. Therefore,
during the soft handover, a mobile node can
simultaneously interact with both access points.

In case where a node moves to another access point
that belongs to the same subnet, the handover of L2 link
layer can take place. Such handover involves detecting a
new access point and subsequent authenticating at the link
layer.

L-2 Handover

network. In general, there are two types of the handover,
each of which is determined by its ability to connect a
node to a particular access point: the soft handover and the
hard handover [9].

Possible scenarios illustrating such events are shown
in fig. 1.
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HHO — Hard Handover

If a mobile node moves between the subnets, the
hangover of L3 network layer can take place which
supplements the link layer handover and includes
assigning a new IP address to a mobile node in a new
subnet.

The content of the link and network layer handovers
is shown in fig. 2. The handover type greatly influences
both the speed and the quality of information
transmission.

This is especially important when combining traffic
of various types (for example, multimedia and data) with
different requirements for service quality.

L-3 Handover
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Fig. 2. Content of link (L-2) and network (L-3) handovers

The process of the handover includes 3 stages:
detection, correction and registration [10].

The detection phase begins when a mobile node
enters a new area.

After that, it receives a message from the nearest
access point of such area.

The correction phase begins when a mobile node
receives a message from a new access point and lasts until
the network interface setting is completed in accordance
with the new IP address.

The registration stage consists in the confirmation of
the fact that a mobile node has received an IP address.
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If T, denotes the duration of the detection phase, T,
- the duration of the correction stage and T, - the

duration of registration stage, the total duration of
handover T, can be calculated in accordance with the

following expression:

Th :Td +TC +Tr .

Method of redistributing the load of base stations

Features of the handover in WiMAX networks.
IEEE 802.16 (WiMAX) technology is a broadband
wireless technology that supports both fixed and mobile
access methods [11]. To meet the requirements of wireless
technology support for different access methods, two
WIiMAX versions are defined.

The first one (Rev.D) is based on the IEEE 802.16-
2004 standard and is desinged for using in both fixed and
mobile networks.

The second version (Rev.E) is based on the IEEE
802.16e standard and differs from the first by the
implementation of handover processing facilities.

The IEEE 802.16e (Rev.E) standard defines three
methods for implementing the handover process: the hard
handover, the soft handover, and macro diversity
handover [12].

In WiIMAX networks, the maximum and minimum
handover time is calculated as follows [12]:

toax =0+ +8

toin =1

min i

where t,, — iS maximum handover time; t., - is
minimum handover time; t, - is time of message

exchange between two neighboring areas; t; — is the

length of the scanning interval for the mobile node of a
new access point; t; — is the time of delivery of the

message about the handover to the access point.

To optimize the network operation under the
handover, several methods are currently in use. The
method suggested in [6] requires implementing a new
control message, which, in turn, requires modifying the
IEEE 802.16 standard.

Moreover, in this method, when the handover
occurs, the process of selecting a new base station by a
mobile node lasts for unacceptably long period of time.

The method suggested in [7] enables reducing the
duration of the handover because a mobile node selects a
new base station and synchronizes with it faster, provided
that the neighboring base stations operate at the same
frequencies (which is practically unattainable under real
conditions).

Improving the method of load distribution. The
handover process can be launched by both a mobile node
and the base station, as a result of measuring the signal
quality of nearby base stations and comparing it with a
predetermined threshold value.

The base station considers mobile nodes, where the
signal quality of nearby base stations is close to the
threshold value, as potential candidates for launching the

handover. In the suggested modification of the method,
the function estimating the uplink channel bandwidth is
added to the base stations, as well as the threshold value
of its bandwidth use that is equal to 75% of the maximum
threshold.

Thus, when the current value of the bandwidth
reaches the threshold one, the base station starts sending
out a message to all mobile nodes and verifies free
neighboring areas for switching mobile nodes over. If
there are adjacent areas with a lower load, the base station
notifies all potential candidates about the necessity of
switching them over.

When considering whether the handover can be
launched for a particular node, the following conditions
are taken into account:

— the difference in the signal-to-noise ratio (decibel)
in the coverage area of the base station should be no
greater than 5 decibel (AS <5):

AS =5, -5, 4,
P
S, = —,
Pnn
PS
S — n-1 ,
n-1 P

n-1

where S, — is a signal-to-noise ratio for the area which
mobile node is moving into; S, — is a signal-to-noise
ratio in the current area; P, — is the average signal power;
P, — is the average noise power;

- the area which the mobile node is moving into
should have at least 25% of free bandwidth of the uplink
channel.

The handover process is launched after assessing the
signal quality for all mobile nodes and selecting suitable
nodes to switch over.

Fig. 3 shows the handover processing diagram
according to the suggested modification of the method,
which shows the message transfer process (DSA-REQ,
MOB_BSHO-RSP, MOB_BSHO-RSP, MOB_HO-IND)
among mobile nodes and base stations according to
WiMAX technology.

Results of simulation modeling

The results of the comparative analysis of the
handover process in the networks based on WiMAX
technology that are obtained using the OpNet simulation
environment are presented below [13]. Three possible
WIMAX service areas were considered, as well as the
location of mobile nodes and base stations. In the first
area there are seven mobile nodes, and in the second and
the third ones there are four nodes. All mobile nodes
simultaneously send voice traffic to the server. The nodes
of the first area are fixed, and the other two areas move
towards the first area.

The process of the handover occurs when nodes
from the second and third areas move towards the first
one.
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Fig. 3. The handover diagram

When the simulation process starts, the movement
starts at the110th second of simulation time. All mobile
nodes enter the first area within the period from the 115th
to the120th seconds (fig. 4 and fig. 5).
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Fig. 4. Time dependence of assigning mobile nodes to the
service area when they move from the third area to the first one

When nodes move into the first area, a part of the
bandwidth of its uplink channel is assigned to newly
appeared mobile nodes. As a result, the bandwidth of the

uplink channel of the first area decreases, while the load
increases. In the remaining two areas (the second and third
areas), after the mobile nodes have left, the bandwidth of
the channel increases, which is shown in fig. 6.

The analysis carried out for the uplink channel
showed that for the second and third areas the bandwidth
increases when the number of mobile nodes serviced in
them decreases.
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Fig. 5. Time dependence of assigning mobile nodes to the
service area when they move from the second area to the first
one
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Fig. 6. Change in the bandwidth of the uplink channel of each area during the handover
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Discussion of results

According to fig. 7, in the first area the handover has
negative effect on the bandwidth of the channel, which
periodically decreases.

This is due to the interference caused by the mobile 250
nodes of the second and third areas, when they approach
the boundary of the first area, and then move into it. After
moving, the load on the first area increases and, if it a40
exceeds the threshold value, the base station of the first
area begins selecting and switching mobile nodes that 030
meet the criterion to other areas (fig. 8).
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Fig. 9. Dependence of the uplink channel bandwidth on the
handover time in the context of the suggested method
800004 This is due to switching two mobile nodes from the
third area to the first one, while the bandwidth of the
40,000 + uplink channel of the first area falls below a
.01 predetermined threshold value.
oy In this case, according to the suggested method, the
] base station in the first area assesses the state of all mobile
‘ nodes in this area (at the 115.75th second) and then
) launches the handover for the respective mobile nodes.
80,000 +———— —_— As a result, according to the suggested method, there
o are nine mobile nodes in the first area, while three ones
00 ' T i switches to the second and third areas.
0,000 , As a result, the bandwidth of the channel increases,
as shown in fig. 10.
0 T f ¥ ¥ In the considered examples, fixed values of the
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Fig. 7. Channel bandwidth dependence on the handover time univariant distribution case are used.
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Changes in the bandwidth of the uplink channel in 0
these three areas are considered below. As it is shown in ] y T y r
fig. 9, the bandwidth of the uplink channel of the first area 0 & 19 L oL o

decreases to 140 Kb / s at the 115th second, while in the

f . . Fig. 10. Channel bandwidth dependence on the handover time
third area the corresponding value increases.
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Conclusions

The method that allows mobile nodes, whose signal-
to-noise ratio is equal or close, switch to a less loaded
base station is suggested.

This method allows the base station to launch the

load from mobile nodes among neighboring base stations
in wireless and mobile networks.

The handover process is launched when the
available bandwidth of the base station decreases below a
certain threshold. Consequently, the operation of the
WiIMAX network can be optimized according to the

criterion of the total bandwidth capacity of the base
stations.

handover process that enables more even distributing the
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HNEPEPO3IIOJAI)I HABAHTAYKEHHSA BA3OBUX CTAHHIfI B MOBIVIbBHUX
MEPEXAX 3B'SAI3KY

IIpeameToM BHBUYCHHS B CTAaTTi € TPOLECH PO3IMOJUTY HABAaHTAXCHHS B MOOUIBHUX Mepekax 3B’s3ky. O0’€KT MocaiT:KeHHS —
xeHnoBep. Mera — po3poOKa MeToay Hepepo3NoALTy HaBaHTAKEHHS MDK CYCIAHIMM 30HaMH JUIS PYXJIMBHX By3iiB. Ilpm mpomy
nepea0davaeThes, MO y PO3MIIHYTHX Oa30BHX CTAHIIN CIIBBITHOIICHHS CHTHAJ-IIYM piBHI a00 Onm3bki. BUKOpHCTOBYBaHUMHU
MeTO/IaMH €. METOAW CHCTEMHOTO aHaji3y, MeToau IudpoBoi oOpoOku curHamiB. OTpuMaHi Taki pe3yJbTaTH. 3alpOIOHOBAHO
METOJl, IO [O03BOJISIE PYXOMHM BYy3JIaM 3 PIBHUM a00 OJIM3bKHAM CITIBBIIHOIICHHSIM CHTHAJI-IIYM IEPEMHUKATHUCS Ha MEHII
3aBaHTaXEeHY 0a30BYy craHIio. Takuil MeToa 103Boisse 0a30Bid CTaHIIi I1HIMIIOBATH TMPOLEC XCHIOBEpa, IO JTO03BOJISE OLUIBII
PIBHOMIPHO PO3MOAIUIATH HABAHTAXKCHHS B PYXJIMBUX BY3JIB MK CYCILAHIMH 0a30BMMH CTaHIISIMH B 0€3IPOTOBHX 1 MOOUTBHHX
Mepexax. Y 3ampornoHoBaHid Monudikanii MeTomy a0 0a30Boi craHLii HogaeTbcs (QYHKIIA, SKa OLIHIOE 3HAUYEHHS MPOITYCKHOI
3IaTHOCTI BHUCXIJTHOTO KaHay, a TAKOX JIOJTA€ThCS TIOPOTOBE 3HAUCHHS BUKOPHCTAHHS HOTO MPOIYCKHOT 31aTHOCTI. TakuM YHHOM,
KOJI 3HAUCHHS ITOTOYHOI MPOITYCKHOI 3aTHOCTI JOCSTa€e IOPOroBOro, 0a3oBa CTAHIlS ITOYMHAE PO3CHIATH ITTOBIJOMICHHS BCIM
PYXOMHM BY3JIaM 1 IIepeBipsie HasBHICTH OLTBII BUIBHUX CYCIIHIX 30H ISl HEPEMHUKAHHS PYyXOMHX BY3JiB. [Ipu HasBHOCTI cycimHIX
30H 3 MCHIIUM 3aBaHTXXCHHSIM, 0a30Ba CTaHIlis MOBIIOMIISIE BCIX MOTCHIINHHUX KAaHAWIATIB MPO HEOOXIJHICTH iX NMEpEeMHUKaHHS.
[ponec xeHgoBepa iHIMIIOETHCS MPU 3HWKCHHI JOCTYITHOT BEMYNHH HPOITYCKHOI 371aTHOCTI 6a30BOi CTaHIIT HI)KYE IIEBHOTO MTOPOTY.
OT1Ke, icHye MOKIUBICTH ontuMisatii po6otu Mepexki WiIMAX 3a kpuTepieM CyMapHOi IIPOIYCKHOI CIPOMOYKHOCT] 0a30BUX CTaHIiM.
TakoX IPEACTaBIEHI PE3yabTaTH MOPIBHAILHOIO aHaJi3y IPOIECY XEHI0BEPA B MEPEkKax, 3acCHOBaHMX Ha TexHonorii WIMAX, saxi
OTpHMaHi 3a JomoMorow cepeaosuina mMoaemoBanas OpNet. BucHoBKH. 3armponoHOBaHHA IMiIXiq MOXKHA BHKOPHUCTOBYBATH IIPH
BJIOCKOHAJICHHI 0a30BOTO MPOTpaMHOTO 3a0e3meyeHHsT MOOUIBHUX Mepex 3B s3Ky. [Ipu mepemilmieHHi By3ia 3 OJHI€l 30HH B 1HIIY
30HY B CepBepax JOCTYIY 3IIHCHIOEThCS KOPUTYBAaHHS TaOIUIlb PO3MIIICHHS BY3IIiB BIAMOBIIHO O PO3POOJICHOTO METOIy. Takox
3aIPOTIOHOBAHUI METOJT I03BOJISIE ICTOTHO MOJIMIIATH 30a7JaHCOBAHICTh 3aBaHTAKCHHS 0A30BUX CTaHIIN MOOUTEHUX MEPEXK 3B’SI3KY.
OTpuMaHi pe3yabTaTH J03BOJISIOTH MIATPUMYBATH HEOOXIIHUI PIBEHB SKOCTI 0OCIYTOBYBaHHS B MOOUTBHUX MEpPEKax 3B SI3KY.

KmrouoBi cioBa: Ge3npoToBa Mepeka, MOOITbHA Mepexka 3B'A3Ky, 0a30Ba CTaHIls, 30HA JOCTYITy, IPOIYCKHA 3IaTHICTb,
OanaHc, XCHIOBEP.

NEPEPACHPEJEJEHUE HAT'PY3KH BA3OBBIX CTAHIIUM B MOBHUJIBHBIX
CETHX CBA3U

IIpeqvMeToM M3ydeHUs B CTaThe SIBISTIOTCS TIPOIIECCHI PAaCIIpeaeIeHHs] Harpy3KH B MOOWIIBHBIX CeTAX CBsI3U. OOBEKT HCCIIeJOBaHUS —
xsHn0Bep. Heas — pa3paboTka MeTo/1a epepacpeIeCHUs. Harpy3KH MEX/y COCCIHUMH 30HAMH UL MOABMKHBIX y3710B. IIpu sTOM
IIPe/NoaraeTcs, 4To y paccMaTpUBAaeMBIX OA30BBIX CTAHIMH COOTHOLICHHS CUTHAI-IIYM PaBHBI WM Onu3ku. McmonbzyembiMn
MeTO/IaMM SIBIISTIOTCS: METObI CHCTEMHOTO aHAIIM3a, METOIb! I POBOH 00paboTkK curHanoB. [loxydeHs! cieayronye pe3yabTaThl.
[pemnoskeH MeToJ|, TO3BOJISIOIIMK ITOJBIKHBIM y3JIaM C PaBHBIM WM OJHM3KAM COOTHOLICHHEM CHIHAJ-IIYM IepEeKIIoYaThCs Ha
MEHee 3arpy)kCHHyI0 O0a30ByI0 CTaHIMIO. Takoli MeToA MOo3BOJseT 0a30BOH CTAHIMM HHULIMHPOBATH MPOLECC XIHIOBEPA,
MO3BOJISIONINH GoJiee PaBHOMEPHO pPACIpeeNaTh HArpy3Ky OT MOJBHIKHBIX Y3JI0B MEXKIY COCEAHMMH 0a30BBIMU CTaHIMSMH B
0OecIpOBOJHEIX M MOOWIBHBIX ceTsSX. B mpemmaraemoid mMoamdukamumm MeToa B 0a3oBble CTaHIUH Jo0aBisercs (YHKIUS,
OLICHHBAIOIIAs] 3HAYECHHE MPOITYCKHO CIIOCOOHOCTH BOCXOMAIIETO KaHaNa, a TAakKe 100aBIeHO MOPOroBOe 3HAYCHNE UCIIOJIb30BAHUS
€ro mpomyckHod cnocoOHocTu. Takum o0pa3oM, KOrja 3HAa4eHHE TEKyIeH MPOIMYCKHOW CHOCOOHOCTH JOCTUTaeT MOPOrOBOTO,
0a3oBasi CTAaHIUSI HAUMHAET PACCHIIATh COOOIIEHNE BCEM IMOJBIIKHBIM y3J1aM U IPOBEpseT Hal4due 0oiee CBOOOIHBIX COCEIHHUX 30H
JUISL TIEPEKIIFOYCHUSI TIO/IBIDKHBIX y37I0B. [Ipy HanmMuuM cOocelHHMX 30H C MEHBIIeH 3arpy3koi, 0a3oBas CTaHIMs YBEIOMILIET BCEX
MOTSHIMAIBHBIX KaHIUJAaTOB O HEOOXOMMOCTH HX IepekimoueHus. [Iporecc XaHa0Bepa HHUIUHUPYETCST TIPH CHIKEHUH JTOCTYITHON
BEJIMYMHBI MPOIYCKHOW CIOCOOHOCTH 06a30BOW CTaHIMH HIKE omnpeneieHHOro mopora. ClieloBaTeNbHO, UMEETCS BO3MOIKHOCTH
ontumm3anus padoTel ceth WiMAX 1Mo KpUTepHIo CyMMapHO# TPOITyCKHOW CIOCOOHOCTH 0a30BBIX CTaHIMU. Takke TpeIcTaBIeHb
pe3ysIbTaThl CPABHUTEIBFHOTO aHaIn3a Mpoliecca XIHJ0BEpa B CETSIX, OCHOBAHHBIX Ha TexHoiorun WiMAX, KOTOpbIe MOJTy4eHbI ¢
nomouipio cpenpl MoneiupoBanus OpNet. BuiBoabl. IIpeioxKeHHbIH MOAXO MOXHO HCIOJIB30BATh IPH COBEPIICHCTBOBAHUH
6a30BOT0 MPOrpaMMHOT0 OOecTeueHNsI MOOMIBHBIX ceTel cBsi3u. [Ipy nepemMeleHny y3a U3 0JJHOW 30HBI B IPYTYIO 30HY B CepBepax
JIOCTYIa OCYIIECTBISIETCS KOPPEKTUPOBKA TAOJMI] pa3MEIeHUs] Y3JI0OB B COOTBETCTBHM C pa3paboTaHHBIM MeTomoM. Taroke
MIPE/UTOKEHHBIH METOJ MO3BOJISIET CYIIECTBEHHO YITy4IIHTh COANTaHCHPOBAHHOCTH 3arpy3KH 0a30BBIX CTAaHIMII MOOMIBHBIX CeTeil
cBsi3u. [losydeHHbIe pe3ynbTaThl MO3BOJIIOT MOJJICPIKUBATh TpeOyeMblli ypOBEHb KauecTBa OOCITYXMBAaHHS B MOOMJIBHBIX CETSIX
CBSI3H.

KnioueBsble ciioBa: GecnipoBOgHAs CE€Th, MOOWMIbHASL CETh CBS3M, 0a30Basi CTaHIMsA, 30HA OCTYIA, TPOITyCKHAs CIIOCOOHOCTb,
OarnaHc, X3HI0BEP.

Bibnioepaghiuni onucu / bubnruospaguuecxkue onucanus / Bibliographic descriptions
Py6an I. B., Kyuyk I'. A., KoBasenko A. A. Ilepepo3nonisi HaBaHTa:KeHHsI 0a30BUX CTaHUiii B MOOIIbHUX Mepekax
3B'a3Ky. Cyyachuii cman Haykosux 00caiodcenb ma mexnonozii 6 npomuciogocmi. Xapkis. 2017. C. 75-81.

Pyoan U. B., Kyuyk I'. A., KoBaienko A. A. IlepepacnpeaejieHine HArpy3Kku 0a30BbIX CTAHLMII B MOOMJILHBIX CETHAX
cBsi3u. Cyuachuil cman HAyKogux 00CAI0NCeHb ma mexHono2it 6 npomucnosocmi. Xapkis. 2017. C. 75-81.

Ruban I., Kuchuk H., Kovalenko A. Redistribution of base stations load in mobile communication networks. Innovative
technologies and scientific solutions for industries. Kharkiv. 2017. No. 1 (1). P. 75-81.




