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Abstract

The IEEE802.16m provides data rates of 100 Mbps for mobilécappns and
1 Gbps for fixed applications. The standard also supportsdpgad mobility.
As a consequence, the very frequent handovers will o&ince the system
requires the very small handover interruption time (8@. ms), handover
becomes a critical issue. In this paper, we considerptiediction of user’s
mobility to enhance the handover strategy for broadbareless access based
on |EEE802.16m. Two handover strategies, i.e. proactimel reactive
handovers, are proposed. Proactive handovers tendgderthandover before
the complete loss of the origin cell signal. On theepthand, the reactive
handover tends to delay handover as much as possiblesaenis effectively
minimizing the number of handover. Based on our performamadel and
analysis, we examine the effectiveness of mobility ptedficresults to
minimize the interruption time of handover on both handovategjies.

1. Introduction
1.1 IEEE 802.16 Wireless Broadband Systems

Wireless broadband communications system has seen grdagh in the last

years. The number of wireless user has already exceeeleditmber of wired

line. Wireless systems have the capability to addbesad geographic area
without the costly infrastructure deployment. Howeveg thain drawback

resides in the bandwidth limitations and the coveragesifoyle access point,
hence the efficient utilisation of wireless netwodpacity is the objective of
ongoing research activities.
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Third generation cellular systems (3G) are rapidly agirey all over
the world with the purpose to extend the service providedhkysecond
generation cellular networks (2G). The system architeasimainly circuit-
oriented, hence voice traffic, real-time messaging stnehming are services
that can be provided by means of this technology. Howdbery have a
complex network structure and need various protocols torcthe entire
system. Accordingly, the next generation wireless netwo fourth generation
wireless (4G) is designed to have a simple structure widskd on all internet
protocol (all-1P).

The performance limitations of conventional celluareless networks
in terms of throughput and coverage are by now well recagjnis&E 802.11
WLAN is the system that reaches the throughput of 54 Mhpagever it has
limitation on service coverage. On the other hand,nétevork cellular has a
wider coverage but has a limited cell throughput of 2 Mbps.

The foremost candidate for 4G technology is based onlatds 3GPP
Long Term Evolution/Long Term Evolution-Advanced (3GPP-ITEE-A),
IEEE802.16 and ETSI/HIPERMAN, known as WiMAX. The standaresséll
under developing for particular purposes.

The IEEE 802.16, at the initial stage of development, amsed at
providing high-speed Internet access in a Point-to-MultipAMP) manner
only. The support of Quality of Service (QoS) was embeddszk ghe first
release, which clearly stated the role of IEEE 802.16l@ading technology for
the support to advanced multimedia applications. Howevere-affSight
(LOS) was required, because the air interface of the 2808ase was based on
Single Carrier (SC) at very high frequencies, i.e. abbteGHz [1]. This
constraint could severely affect the dissemination ef tdthnology, since it
significantly increased the cost of setup of both theeBastion (BS) and
Subscriber Stations (SSs).

Thus, during the subsequent years the standard has beettedrseras
to include support to mesh non-LOS deployment, the verketnstipport PMP
and Mesh topologies being published in 2004 as IEEE 802.16d [2]. The
standard is for fixed wireless installations, it proeesobandwidths of 70 Mbps
or 2-10 Mbps/user covering up to 10 K{@]'. The standard defines both Time
Division Duplexing (TDD) and Frequency Division Duplexing (FDIr
channel allocation. Both channels are time slotted amgbosed of frames. The
TDD frame composed of downlink and uplink sub frames. The darafieach
of these frames can be controlled by BS whenever neBadedhlink channel is

! There are assertions of up to 50 Km coverage haget are considered highly theoretical.
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broadcast channel. BS broadcast data to all SS on ddwelannel. SSs accept
only those packets which are destined to it.

The subsequent mobility amendment, IEEE 802.16e [6], adds suppor

for nomadic roaming at vehicular speeds. Data rateseavesioned at 2-3
Mbps/user for portable and 1-2 Mbps/user when mobile, cayem area of 5
Km and the maximum bandwidth is up to 20 MHz. The 802.16e sthgdas a
step further with Orthogonal Frequency Division Multiplecass (OFDMA)
[11][14], a variant of OFDM, which has the ability tosam a subset of the
carriers to specific users. It is the latest 802.16 stdndasion which is already
published.

The next version that still under finalization is 802.1Mjltihop
Mobile Relay (MMR) and the upcoming version of 802.16m AdvaAae
Interface which support the bit rate of 100Mb/s for mobibpliaation and
1Gb/s for fixed application to fulfill the IMT-Advanced regeinents (ITU-R
M1645) [17]. It is clear that reaching Gbps peak throughput reqaitégher
spectral efficiency and much larger bandwidth. The tgiattsum needed by
pre-IMT-2000, IMT-2000 and IMT-advanced systems by year 202Qimaed
to range between 1.2 GHz and 1.7 GHz in (ITU-R M2078) [8].

1.2 Handover in IEEE802.16's MAC Functionalities

Handover is an integral part of all mobile wirelesstegns. Continuous
connection during user movement among cells is allowed tdugandover
procedure, but on the other hand, the handover bringsificagt increase of
Medium Access Control (MAC) overhead and also causes@aaise in delay
of packet delivery to the destination user [16].

The handover procedure is introduced in the version of 892H6e
[6]. Based on the emerging 802.16j proposals, it is verlyghle that in the next
versions of WiMAX recommendations (IEEE 802.16j, and IEHBR2.16m) will
be defined the same types of handovers. Moreover, theafj@nierciples (with
regards to the requirements of new standards) of handd\/&evadopted from
802.16e.

According to [6], the handover procedure can be divided instages
(see Fig. 1). Stage that is executed before handover, déheebrk Topology
Acquisition, contains network topology advertisement and Mobil&@tgMS)
scanning. In this stage, the MS investigates and colle@smation about
neighborhood base stations of its Serving BS. Dutliregscanning phase, the
MS seeks a suitable handover to the target BS or Retaprs (RS) that are
suitable to be added to the Diversity Set. The DivwerSit is a list of the
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BSs/RSs, which are involved in the handover procedurease of Macro
Diversity Handover (MDHO) or Fast Base Station Switgh(FBSS).

Network Topology Advertisement
v

[ MS Neighborhood Scanning ]
v
[ Cell Reselectior ]
¥ Close all MS’s
[ Handover Decision and Initiatior ] Cogg(:'\fi:zonBVéItr
«—=EVIngbs
A v
[ Synchronization with target BS downlink ]
v
No uset Netvvork_Entry
data ( Ranging )
fransmission ( Re -authorizatior )
( Re -registratior ) Start of data
v [ v _ tramissior

Normal Operatior ]

Fig.1. Two stages of Handover Procedure based on IEEE802.16e

The scanning is realized in the “scanning intervals” thiderleave
the normal operation of MS. Once the scanning phasenpleted, the MS
sends results to its serving BS. The reported resultbeatelivered by two
report types. The first one is “event trigger repart”which MS sends reports
based on a defined trigger, such as carrier-to-interderand-noise ration
(CINR), receive signal strength indicator (RSSI), tieéadelay, or round trip
delay (RTD). In this type of report, the measurement tepoisent to the
Serving BS after each measurement case. In the sggmndf report, “periodic
report”, the MS sends reports periodically.

The results of scanning are used in the next stage of handover

procedure called Handover Process. The first step isres#lection. In this
step, possible target BS is selected based on signalyqaatit offered QoS.
Then, handover decision and initiation process can bdalinéd if all
conditions and requirements for handover are met follove flitst step of
handover process is ended by performing the synchronizatithe new Target
BS. However, before the synchronization is done thenection(s) to the
serving BS has to be closed first.

As soon as the downlink synchronization is done, theckiSstart the
next step of handover: network re-entry procedure. The onketwe-entry
consists of three substeps i.e. ranging, re-authorizatidmearegistration. In the
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ranging process the MS obtains information about uplinkblavia Uplink
MAP (UL-MAP) and Uplink Channel Descriptor (UCD) messagd$e
Ranging is followed by authorization and registration of MS3hte target BS.
After successful authorization and registration to thgetaBS, the MS can start
normal operation.

In IEEE802.16 system all handover processes mentioned a@eve
represented by transfer of communication among altientMS, serving BS
and target BSs) in form of exchanging a set of Mediumesscontrol (MAC)
messages. Fig. 2 shows the exchanges of MAC managemesdgadn the

handover procedure.

BE 1
Serving Possible targe’ Possible targe
| | | |
( Neighborhood scanning )

MOE_MSHC REC

HC_ pre_notificatior

HC_ pre_potificatior

HC_ pre_notificatior
Tesponse

HC_ pre notifichtion response

MOE HG RSP HC_ ¢onfirn

MOE_ HC IND

MS Security Conteixt Transfer Reques

MS Security Context Transfer Response

MS Data Forwarding tolthe selected target BE

>
Release of ME
Fast DL_MAF IE and Eossible DL aata transfer

Flast Ranging IE_UL MAR
RNG_REC
RNG_RSP

. Fast DL_ MAF IE and possible DL data transfer
- ——

( Complete initial Network Re entry )

Normal Operation and Data Transfer

( )
! ! ! l

Fig.2. MAC Management Message exchanges within the handover

Stop MS Da_tk Forwarding |
1

1.3 Issues in IEEE802.16’s Handover process

In network topology acquisition stage, in fact, therenly one BS that can be
selected as target BS for handover. In addition, theltrebtained from the
scanning process may become invalid because of the chaofgmgjghbour
BS’s channel quality. Consequently, if the scan or aag8oni process occupies
too many resources, the throughput significantly decreasetheFuore, the
standard does not clearly state the scanning timeelStlanning is not done
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with proper timing, channel condition of neighbour BSg/rha changed. That
would make the scanning process results useless.

In addition, since the high speed of user mobility is supgorh
806.16m, it seems the system will facing, the very freqhantdover which
mean the system overhead (i.e. the interruption of datafer) due to handover
will increase significantly.

In [17] we focused the analysis on scanning time and handover
interruption time in network topology acquisition staBased on our analysis,
there are some inefficient issues in 802.16e’s handowareg@ure which is
critical for 802.16m. These are redundant scanning andiatsspcprocess of
neighbour BSs. Additionally, the defined handover strasegjieo contribute the
overhead in handover procedure. The results suggest usirgatineng) process
without association since it has the lowest scanning.tiln addition, the
handover with the fast ranging and pre-registrationver&ble since it has the
lowest interruption time.

The analysis of an efficient handover strategy for IBEEL6 systems
have also been carried out in several scientific paférs.fast handover in
IEEE802.16¢ is analyzed in [18]. The single neighbor BS stgnfast ranging
and pre-registration have been proposed to reduce the kantime. To
decrease hard handover, the authors in [3] propose handoddication that
makes possible to receive downlink data just after synchaton with
downlink channel of the target Base Station (BS). This deiexed by
introducing a new MAC management message — Fast DL_MAP_IBages
which describes the fast downlink access definition yistesn’s information
element. This message is used for transmission ofgemepacket (packet with
payload of delay sensitive services) by target BS tolmshbation (MS). In [9],
the collision of connection identifiers (CIDs) inethtarget BS is solved by
employing transport CID mapping scheme that increases hdredover
performance. The authors also introduce Passport hanidodecrease the hard
handover delay.

In this paper, we consider the prediction of user’s mghtii enhance
the handover strategy for broadband wireless access baséEEE802.16m.
The mobility prediction will be based on the path positprediction of the
users (MSs). The Markov chain random movement modelinged to predict
the probability of user’s next positions. Based on #seilts of user’s mobility
prediction, we propose two handover strategies, i.e. pveaend reactive
handovers. These two strategies are used to analyzhdhacteristic of user’s
movement and to examine the handover’s interruption tinteeagystem.

The organization of this paper is as follows. In secfiowe describe
the prediction of handover based on various methods. Iti@gdive also
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express the proposed handover strategies. In section 3opespra mobility
prediction based on markov chain random movement modatidganalyze our
performance model. In section 4, we investigate theigiien performance
through numerical studies, and discuss the results in bottoyanstrategies. In
section 5, we give our conclusions.

2. Prediction of Handover

Knowing in advance where a MS is heading allows theesys$aking proactive
measures, so, the unexpected impact of handovers caitidgeged.

2.1 The S-MIP Architecture

Mobility prediction often involves examining how the MSs gibglly move.
The Seamless handover architecture for Mobile IP (S)MiEhitecture is quite
typical [5]. In S-MIP, the handover is initiated by the MBich observes a poor
connectivity. It informs the serving BS that it shouwange its current
connection to other BS. It assumed that the serving BSlésto determine the
next target BS based on information provided by bothcirelidate target BS
(via backbone) and the MS it self.
The reported signal strengths are used to determinedhgdn of the

MS using a triangulation technique, more specifically, the BSupposed
located at the intersection of circle centered at 88kwhose radius is given by
signal strength measurements.
Fig. 3 shows the position possibility of MS in multicedtsvironment:

: The MH is not likely to perform a handover sirit only has

contacts with one BS.

: A triangulation cannot easily be done simcdy two BSs are

reachable. The MS is known in the intersection pmsitf two

circles at two distinct points. In S-MIP, that thés® points must be

next to one another, or one of them can be discarded.

: The MS position can easily be found usingamgulation based on

the three received signal strength.

Zone |

Zone |l

Zone Il

Once the MS position has been determined, the servinge33o see if:
the MS should not perform a handover,

the MS is moving linearly towards another BS and should

perform a handover,
the MS is moving stochastically near the border h&f rone
covered by current serving BS.
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Zone llI

Fig. 3. Positioning based on S-MIP

The point of determining the counter-measures are likelybe
different for each case. If the MS moves linearly, hlaadover can take place.
On the other hand, if the MS moves stochasticallytdhget BS cannot reliably
be determined yet, and the MS should stay connected ®timam one BS until
the serving BS decide to which target BS the MS shioailattached.

2.2 Position-based Path Prediction

Knowing the position and velocity of a MS obviously cafptie guess where it
is heading for. The monitoring of the MS’s currentdctpry can be done by
using GPS equipments [15] or some form of positioning naethased on
multilateration i.e. measuring the signal’s Time Difece of Arrival (TDOA)
at the neighbouring BSs, or triangulation [13].

In this prediction method, it has been assumed that thés Mfaving
and able to regularly send its physical position theisg BS (let say, every
1s). Each BS maintain a database of the roads withinoitsrage are (this
information can be extracted from a digital map servi€agh road is supposed
linear (bends are approximated by linear segments). Bhre®rds the average
time taken to transit each road, the probabilityansition from one segment to
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the next is modeled as a second-order Markov processnAlsecshown in Fig.
4

o Handaover region
|
fu o
i SO0

{ ™ The probability of the next ——
road depends on the last two
roads the mobile took.

C
2 /_

Cell boundary

Fig. 4. Position-based prediction using road topology infmation

Fig. 4, once the MSs arrives at thgunction, the BS computes the probabilities
that MS1 and MS2 continue their way towaRlsr F. Since the last two roads
they followed are differen&CB, BE> and <AB, BE>, those probabilities are
estimated independently.

The handovers of all MSs are monitored continuouslythgoroads
where handovers usually appear can be flagged. Using thoses pidc
information, the likely path of a MS can be estimateddvance, so both the
handover probability and the time remaining before thigdover can easily be
derived.

2.3 Handover Strategies

Work on handovers in wireless network has been going @xtn Most of the
researches are in the field of cellular network and dgntne mobile operators
focused on network-controlled horizontal handover wheneltner is executed
between adjacent cells of the same network. In tefniPdoased wireless
network, the handover research done typically in wirelesal area network
(WLAN) based on WiFi IEEE802.11.

With the introduction of WIMAX IEEE802.16 networks, 3GPP
LTE/LTE-A as well as Mobile IPv4/IPv6, the client-bddeandover began to be
investigated. In addition, the inter-system handovewentical handover is
going investigated intensively. The research in both (jhysical) and L2
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(MAC) is undertaken in order to achieve the most effithandover and reduce
the handover overhead.

In this paper, we focus on the handover in IEEE802.16 mkhiithe
options basically are network-controlled handover in fwhice decision to
implement handover is taken by the BS to which the M&iisently attached.
However, the standard also support the client-based handowdrich initiate
by the MS. This option gives the handover process in 802de efficient,
since any changing of necessary parameters or evards s signal strength,
coverage, the quality of service provided by the network) eao be monitored
by the MS from its wireless interfaces, then use therdecide to trigger the
handover.

There are several possibilities of handover strategy that e
implemented in term of event used to trigger the handaveyeneral, it can be
distinguished into two main strategy categories, i.e. ghnga handover and
reactive handover.

2.3.1 Proactive handover

Proactive handover strategy attempt to know the comditfosarious networks
at a specific location before the MS reaches thaitioe. In this strategy the
MS is allowed to calculate the time before handoved &ends to trigger
handover before the complete loss of the origin cghadi for example, when
the new cell Received Signal Strength Indication (R®8érpasses the origin
one. So, it may minimize packet loss and latency éspeed during handover.

2.3.2 Reactive handover
Reactive handover, on the other hand, tends to delay handsvmuch as
possible i.e. handover starts only when the MS compldbtsle its serving
BS/RS's signal. This responds to changes in the low-leiveless interfaces as
to the availability or non availability of certainetworks [13]. Reactive
handovers can be further divided into anticipated and unantidipatedovers
[13][12]:
Anticipated handovers; are soft handovers which deschibe t
situation where there are alternative base-stationwhich the
mobile node may handover.
Unanticipated handover; the mobile is heading out ajeasf the
current attachment and there is no other base-statiamith to
handover.
These handovers are therefore examples of hard handovérs paper we just
consider the reactive handover in general term.
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3. Prediction of User's Movements
3.1 State Probability Transition

In this work, the position-based path prediction is conettierhe performing
of mobility prediction is relied on Markov process. Letsnsider a MS
connected to its serving BS is in random motion as shiowifig. 5 below.

Based onMarkovian characteristic, the movement may be start at a phatic

point (X,y) and has probability to move to any othédist@eas (states) or stay at

the current position. The transition probability fretate (i)to another stat§)
is based on current state only rather than previaisssf4].

Fig. 5. Single cell environment

In single cell environment, the state probabilitanisition can be
neglected since the MS will stay connected to the ssengng BS (there is no
possible handover). On the other hand, in multicellsrenment, the handover
will occur when the MS moving, so there are sevesliffarea to where the MS
moves on. The number of cells that involve in the mtesh is denoted ail
state If a markov chainsprocess had\ state then the dimension of the
transition probability matrixP) will be N x N.

pll p12 pln
R - p21 p22 p2n
pnl pn2 pnn
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The elements values of a transition probability meadre derived from
a diagram that calledtate markov chains diagrarfig. 6 shows how a state

markov chains diagram generates a ftransition praobabimatrix.
I-v
JORENOP Q-
A 1-
q_ a =P
Bil-v v

Fig. 6. State markov chains diagram and transition probalbity matrix

Now, let's consider the three cells (3 states) scenafria mobile
network as shown in Figure 7. The environment consfstiae serving BS (A),
target BS (B) and target BS (C). The MS in each BS hasetstate

probabilities i.e. (a) th&1S stays in current positionA® A (b) the MS

moves fromA® B, (c) the MS moves frofA® C  The total probability of
(a), (b) and (c) must be equal to 1. Then we can gendnatdransition
probability matrix of A. The same way can be donB &nd C.

Target BS (C)

d

Fig. 7. The transition probability of multicells scenaio
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The state markov chain diagram as shown in Fig. 7 g@sethe transition
probability matrix as:

c
f

1)

Py

1]
Q o o
> o O

The next transition probabilityP,) from serving BS to target BS is calculated
as:

Po = Pl x[P] )

whereP,_; is denoted as current transition probability matrixs mlenoted as
number of state transition. Since we consider mulls,céne minimum number
of n should be 2. Therefore, it can be addressedRhat P andn = 2, 3,....

3.2 Initial Distribution Matrix

The mobility prediction can be more precisely calcdafene can determine
the initial number of object (MS) in particular state tiee initial probability of
the object in the particular state, or any other parangeg. the velocity of MS,
distance target, etc. These parameters can be regeseyt an initial
distribution matrix(p).

If we consider the dimension 3x3 of tR€as in equation (1)), then the
initial distribution matrix,p, can be determined as:

p=[i & 1] )

Wherej, k andl represent the parameters mentioned above. Sincevthef
represents the coordinate position of the object, theiprtediction of the object
position in both 2D (flat area) or 3D (inside the building) be determined.

Yl o TP
The position of the MS after one movement or oneedtansition ;) can be

determined asp x P. Therefore, the position of the MS after n moventamt
be predicted as:

X .-

I
N
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Po = [PI X [Pra] = [Poa] X [P] (4)

3.3 Movement Prediction Simulation Rules

In the movement prediction simulation we manage somgngstions regarding
the MS’s mobility. When equation 4 is executed, this denoted in initial
distribution matrix as the distance from current pasitmthe next position. We
assume the distance is unifordy,f = dynax). The MS, serving BS and all target
BSs are in the flat movement area of 6,25°K&500m x 2500). Target BS B
and C (see Fig. 7) within the movement area is assumbdve the highest
probability value. In contrast, the target BSs outsite movement area is
assumed have the lowest probability value. In cadeeoboth target BSs have a
same probability value, we predefined the state pyidritwhich the target BS
B has highest priority than target BS C.

Table 1. Simulation parameters and predefined scenario

Parameter Value
Number of BS [-] 3
Number of MS [-] 10
Number of state transition [n] 15
BS transmitting power [dB] 46
BS height [m] 32
MS height [m] 2
MS speed [m/s] 15
Distance between position [m] 10
Frequency [GHz]| 2.5
Frame duration [ms] 10
Hysteresis margin [dB] |
LOS/NLOS path loss model 802.16m Urban Microcell
Mobility model Random waypoint
MS velocity [knm/h] Viin =35, Vi = 20
Size of simulated area [m] 2500 x 2500 (6.25km")

In addition, though the random waypoint mobility modalsed in this
prediction, it can be assumed that nobody walks randomtydually several
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paths could be followed, so we presume the distances ofpuosition are delivered some errors during the simulation. Table 3 shiogvprediction result

known in advance. of MS’s direction after several movements.
The detail simulation parameters and predefined s@ecan be seen Table 3. Prediction results of MS’s direction afteresalmovements
in Table 1. The number of transition probability mattihat is used in the
simulation is eleven matrixes and can be found in Table 2. MST | MS2 ) MS3 | MS4 | MSS | MS6 | MS7 | MS§ | MS9 | MS10
Table 2. Transition probability matrixes tpms | C c c c c c ¢ c c c
tpm, | C out - B C C c C C B
tpin 5 C border out border | border | border C border | border | border
pm, | C C C B C C C C B B
tpm_s B B B B B B B B B B
pmg | C C C C C C C C C C
tpm ; C C out | border | border | border C border | border | border
tpin g C reside out reside | reside out C border C out
tpm 4 C reside out reside | reside | reside C reside | reside C
tpin_o - C C border C B - C - -
tpm C C C C C C C C C C
OMS1 @MS2
oMS3 @MS4
OMS5 @MS6
OMS7 @MS8

O®MS9 OMS 10

4. Results and Discussion

The eleven transition probability matrixes provide msnaiigures of MS
movements. They are plotted into a cartesian coordsyaem as shown in
Figure 8. In fact, there are some forms of movemernttware then simplified
into five category direction based on the MS’s final posi toward target BS- Fig. 8. Result of mobility prediction
B, toward target BS-Cmotionless or resideutside the movement araadin

the cell’s boundary. Some transition probability matrixes in some M&woa
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As can be seen on Fig. 8, most MSs are predicted tiochiarget BS C
(52%), even though the state priority is set to targeBB It can be explained
that the value in the third column (state 2) has thgeflavalues than in the first
and second column. 14.5% MSs hit the target BS B when ddiy using
the given transition probability matrixes. 13.6% of tS arrived at the cell
boundary, 8.2% is predicted reside on the current positibout?5.5% of the
MSs is predicted moving outside the movement area. Thefrd#se prediction
is found as error.

The simulation results also provide various form of MSgsvement
that is listed in Table 4.

Table 4. The forms of MSs movement.

According to the results, all MSs with transition pablity matrix
tpm ; moved linearly toward target BS C, because the elemenfsn ; have
the same value. The prediction of MS’s positipp) (ill has the same to all
MSs. In this case, the mobility of MSs are depend on eefatate priority.

The movement forms as the result of mobility predictan be seen in
Figure 9. The simulation and calculation finally provide #irmds of prediction:

1). Prediction of movements form (see Fig. 9).
The statistical prediction shows there are severaidmf movement:

Page 17 of 22

Fig.

9. Various forms of MS’s movement: (a) Linear, (bReside, (c)
Random and (d) Patterned

Linear; the MS is moving linearly toward next positiamdil reach the
final position. The movement form is generated whenMiSemoving
in a relatively low speed. The proactive handover semntable in this
condition since the MS can postpone the handover urdifinitely
receives a good signal condition from the target B&dhtition, during
the time before handover upon knowing the next target&8ing BS
(or other network elements) can manage everything tbald cbe
useful when performing the handover. The loss of data &adsfing
handover process can be avoided. The handover interruptiencéin
also be reduced.

Reside; after several movements the MS is back atifiisl position.
The movement form is generated when the MS movingrilaively
low speed. When this form of movement is predictedh Bd6& and
serving BS do not need managing the handover procedure.
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¢c. Random; the MS is moving randomly toward next positions tgdch
its final position. The movement form is generated wiiesn MS
moving in a relatively low speed. However, the result atsowvn that
the random movement form is also generated by high spebdity.
In this form of movement, the uncertain direction mayuoamtil the
MS reaches its final position. In case of low speed litypbproactive
handover tends to be implemented. Moreover, the realstineover
strategy can be implemented when the MS moves in higbkility.

d. Patterned; the MS is moving in a specific pattern tdweaxt positions
until reach the final position. The movement form isegated when
the MS moving in a relatively high speed. In this cHse reactive
handover strategy may be the best option since it mctefé in
minimizing the number of handovers, e.g., by avoiding triggea
handover process when a MS approaches a new wirelgsaitteout
losing the origin signal, and immediately returns backh origin
serving BS. However, reactive handovers tend to be lenguse they
include looking for new APs, choosing one of them, anihgsfor re-
association. Moreover before e reactive handoveradtaibandwidth
is limited, since signal quality is low (in first analyssignal quality
depends on AP-wireless client distance)

2). Prediction of movement direction. The direction, actf is based on the
coordinates obtained.

5. Conclusions

In this paper we perform the mobility prediction on \Wss network based on
IEEE802.16m system profiles. The prediction results obthiare used to
perform the handover. Based on the prediction results,preposed two
handover strategies. As the conclusion, the mobilitdiptien can be used to
predict the movement direction of the MS, the fornM& movement and the
next and final position of the MS. At the end it can pretlie next target BS.
Prior those information obtained, the MS or the isgnBS (or other network
elements) can prepare the suitable handover (proactieactive handover). In
the mean time, the serving BS can inform the MShixlwtarget BS it supposes
to connect and performing the scan. The serving BS alao send all
information, needed by the MS to perform the pre-redistrgrocess, to the
potential target BS. So, the overhead and handover intemupine can be
reduced. Finally, based on our results, the prediction ofs M®bility can
enhance the handover strategy to be more efficienéfective.
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