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An Improved Handover Method Using Mobile Tracking by
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Abstract

It is widely accepted that the coverage with high user densities can only be achieved with
small cell such as micro- and pico—cell. The smaller cell size causes frequent handovers between
cells and a decrease in the pemmissible handover processing delay. This may result in the
handover failure, in addition to the loss of some packets during the handover. In these cases,
re-transmission is needed in order to compensate errors, which triggers a rapid degradation of
throughput. In this paper, we propose a new handover scheme in the next generation mobile
comnunication systems, in  which the handover sefup process is done in  advance hefore a
handover request by predicting the handover cell based on mobile terminal’s current position
and moving direction. Simulation is focused on the handover faillure rate and packet loss rate.
The simulation results show that ouwr proposed method provides a hetter performance than the

conventional method.
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1. M ZE
Next generation wireless communication — systems
are  considered to  support  various  types  of

high-speed multimedia traffic with packet switching
at the time. To do that, upgraded
quality of service and system capacity are needed

same more

Due to the limitations of the radio spectrum, the
next  generation  wireless networks  will  adopt
micro/pico—cellular architectures for various
advantages including higher data throughput,
greater frequency reuse, and location information
with  finer  granularity. In  this  environment,
because of small coverage area of micro/pico—cells,
the handoff rate grows rapidly and fast handoff
support is  essential [1]. The handover algorithm

for the current 3G system is based on the received
strength. As a mobile terminalMT) moves
towards the edge of a cell the

strength  decreases. The MT
continuously — measures  this strength  and
that of the neighboring cells at the allotted
charnels. The MT  passes this
information to the BS. If the signal strength in the
lower than a certain threshold, it

signal
further

received

away,
signal
signal

broadcast

current  cell s

fines out which neighboring cell has the highest
signal strength and request it to setup a session
for the MT. However, in small cell areas,
handovers  occur  more  frequently and  the
permissible  handover processing  delay is  smaller
than in large cell areas. These would incur

situations where the network cannot complete the
handover before the deadline [2], which is when a
MT  cannot  continue via the old
(ie, before the station  (BS)
because of radio signal degradation (e,

communications
handover)  base
handover
failure).

A major problem arises in providing real-time services
due to frequent handoffs resulting from mobility [3]. When
a MT moves from one BS to another, packets arrived in

the previous one are either dropped or forwarded to the

new one without QoS support. The most common way to
make this handoff adjustment period faster is to send all
packets to the potential future BSin addition to the current
BS [4-5]. When the current BS knows the position of the
MT, it does not need to send packets to all of its
neighboring BSs. Instead, it can specify the BSs that are
in the direction of the movement and only send to them.
This eliminates the packet loss in handoff and time
interval between packets is reduced. This is important for
satisfying quality of service for real time data. We
propose a new method that makes it possible to avoid a
handover failure by performing the handover setup process
in advance before a handover request in order to shorten
the handover delay, in which the handover cell is selected
based on the direction
information database and the current position information
from Positon Estimator (PE) using Fuzzy Multi-Criteria
Decision Making (FMCDM). To
accuracy, we propose a scheme based on FMCDM which
considers multiple parameters: the signal strength, the
distance between the BS and MTs, the moving direction,
location. For predicting the MT's
movement to the handover cell, we also propose the use

information from a block

enhance  estimation

and the previous

of a block information database composed of block objects
for mapping into the positional infarmation provided hy
PE.

I1. Defining Location

The process of making a block object, which is the
constituent of the block information database and comprise
of handover cell information and so on, is described in
this section. The position of a MT within a cell can be
defined by dividing each cell into tracks and blocks, and
relating these to the signal level received by it at that
paint. It is done automatically in two phases of track
definition and block definition. Then the block information
database is constructed with these results. The system
scheme estimates in stepwise the optimal block at which
the MT locates with the help of the block information
database and the position information for PE.

Three classified tracks are used to predict the mobility
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of the MT as shown in Fig 1. Each cell consists of
track 1 as a serving cell area, track 2 as a handover cell
selection area, and track 3 as a handover area, where the
handover area is defined to be the area where the
received signal strength from the BS is between the
handover threshold and the acceptable received signal
threshold. Within this area, a handover is performed to
the BS with the highest signal strength.

The track 1 does not need pre—established sessions since
the handover probability of the MT is very low. In track 2,
the number of pre-established sessions is dynamically
changed according to the MT's moving direction and
neighboring cells. The track 3 needs handover. Track 2 is
divided into n blocks by the location information, and block
objects are created for each block. The MI's position
information from PE is valid only in track 2, and is ignored
in other tracks.

02| 1. M2 sHoz Baisin YEE 0f23H 250 A
Fig 1. Dividing a cdl into tracks and Identifying the block
using the vector

The collection of block information is called the block
object as shown in Fig 2. The block ohject contains the
following infarmation: Blockld, BlockLocationInfo indicating
the information on the block’s location within a cell
comprised of one center point and four of area point;
HandoverCellld indicating the adjacent cells to which a
MT may hand over in this block; NextBlockld indicating
another block within track 2 which may be traveled by a
MT; VerificationRate indicating verification rate for the
selected handover cells.

class MobileObject
}<)rivate:
int MtId
int BlockId;
int HandoverCellId[i];
int NextBlockId[j];
int MovementPath [n];

class BlockObject
1{:rivate:
int BlockId;
int BlockLocationInfo[4];
int HandoverCellId[i];
int NextBlockId[j];
int VerificationRate;

public: public: int VerificationRate;
}
T 2 MIsh 252 93 2% 4n
Fig 2. Chject information for @ MT and a block
Each  MT  updates periodically his mohile  object

which represents his current state for handover as
Fig 2 The Mohileobject contains the
following  information:  Mitld, Blockld,  HandoverCellld,
NextBlockld, ~ MovementPath,  VerificstioRate. Blackld — is
ID of the bhlok in which a ML is located
HandoverCellld is IDs of the cells which a MI' may hand
over, and MovementPath is the moving course of a ML

shown in

lll. Mobile Tracking based on FMCDM

3.1 Membership Function

The membership function with a  trapezoidal
shape is wused for determining the membership
degree  of the MT Thecause it provikes a more
versatile degree between the upper limit and the
lower one than the membership function with a
step-like  shape. Let wus define the membership
functions  for  the pilot  signalstrengths  from

stations. The membership function
of PSSi Hr(PSSi) is given by Fig 3. PS5 is the signal

strength received from the base station i, %1 is the lower

neighboring  base

limit, and $2 is the upper limit.

RIS

degree 1

% 3 PsSo| Mty E
Fig 3. The membership function of the PSS
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Now we define the membership function of the
distance. The membership function of the distance,

ur(D;) | is given by Tig 4 where D is the distance
between the base station i and the MT, % is the upper

limit, and 92 is the lower limit.

MembershipA
degree 1

T2 4. 7f2|9] HHy g
Fig 4. The membership function o the distance

function of  the
location of the MT, “&(Li) is given by Fig 5. Where Li

The  membership previous

is the vector information of its current location, £1-£4
is the vector information of the previous location, and &
is the physical difference between them.

A
Membership
degree |

E, L
E, E, g g E, ‘
T2 5. #x|o| | Fe
Fig 5. The membership function of the location
The  membership  function of the moving

direction, #r(C), is given by Fig 6.G is the vector
information of the moving direction, P551-PSSs is the
strength and ¢ the physical difference

between the previous location and the current one.

pilot  signal

A
Membership
degree 1

A 4

‘ -+
PSS -0; o;
PSS, PSS,

I
pss, G

T 6 W) Hg B

Fig 6. The membership function of the direction

32 Location Estimation

Most  of the FMCDM approaches face the
decision  problem in  two  consecutive  steps:
aggregating all the judgments with respect to all
the criteria and per decision alternative  and
ranking the alternatives according to the
aggregated criterion. Also our approach uses this

two—steps decomposition [6]. Let Ji G €{1, 2--~>n} be a
finite number of alternatives to be evaluated against a set
of criteria Kj (=1, 2,-*->m). Subjective assessments are to
be given to determine (a) the degree to which each
alternative satisfies each criterion, represented as a fuzzy
matrix referred to as the decision matrix, and (b) how
important each criterion is for the problem evaluated,
represented as a fuzzy vector referred to as the weighting
vector. From our study, each decision problem involves n
alternatives and m linguistic attributes corresponding to m
criteria. Thus, decision data can be organized in a mxn
matrix. The decision matrix for alternatives is given by

Eq. (1.

UR(PSS)1) BR(Dyy) Wr(Liz) pr(Cy)
UR(PSS)) Be(Dy) Wp(Ly) pp(Cy)
W=HR(PSSy1) Wp(Dsy) Mp(ly;) Rp(Gyy)

HR(PSS) Mr(Dp) Wr(Ly) e(Cu)

The weighting vector for evaluation criteria can
be given by using linguistic terminology with fuzzy
set theory [7. It is a finite set of ordered symbols
to represent the weights of the criteria using the
following linear ordering: very high = high 2 medium
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2 low 2 very low. Weighting vector W is represented
as Fq. (2).

The fuzzification procedure leads to a performance
matrix # €[01]™" where each element . expresses how
much the n-th alternative satisfies the mrth criterion.
Therefore, each low of the performance matrix is a fuzzy
set “mexpressing the satisfaction of the m-th criterion in
alternatives  [6-7]. By
multiplying the weighting vector by the decision matrix,

the universe of the available

the performance matrix is given by Eq. (3).

e PSSUXH™ e Do)l te(Liyxuf el Gl
HR(PSS )X pa(Do))xnd (L) xwh pg(Goy) s
1= k(PSS xS pp(Dyp)xnf wp(Ly)xwd gl Coy)xnf

HR( PSS LDy )sonf (L )xwf (G )<
Given the decision matrix and the weighting
vector, the decision making objective for the
general FMCDM  problem is to rank all alternatives
by giving each of them an overall preference rating
with respect to all eriteria [7l. GMV (Generalized
Mean Value) is used for ranking the
according to the aggregated criterion. The GMV for

alternatives
alternatives is represented as Eq. (4).
_(C,+D)* —(4,+B) +4,-B,-C,-D,

3-[(C,+D)— (4, +B) - ()

A, = 1, (PSS

m(u,)

PSS
where )xw

nl

B, = pp(D,,)% »1,’07 and C, :yR(LI,])xy1/’L7

D, = 1 (C)*w | respectively.

IV. Direction Based Handover Method

In this section a new handover method, which is based
on the direction information from a block information
database described in Section 2 and the current position
information from PS, is presented. The basic principle of

the prediction based handover is list as follow:

1. The position of each active MT is detected by
active BS based on the use of the position
information provided by PE  far predicting  the
MTI's position within a cell

2. Hadover system krows and  determines  the  target
cell for handover based on the selectin of handover
cells from a handover cell selection algorithm

3 Hardover system will infoom each MT the  infomation
about the BS in the selected handover cells.

4 MT will search the neighboring BSs based on the
handover cell mformation.

5MT will be synchronized with the target BS
based on  the handover
pre-processing procedure before handover.

execution  of  the

4.1 Selection of a Handover Cell and Resource
Reservation
The besic principle of the handover cell selection
is list as follow:
creation and the
strengths
fromthe active cell and Surrounding cells, the
PE determines MT’s position based FMCDM.
First candidate cell set is obtained from the
downlink quality

of the active cell and the surrounding cells.

1. Position information

measurement  of the received signal

measirement  of the charnel

2. Block selection, system selects the corresponding
block object by comparing the computed position
by PE with the Blocklocationnfo of each block
object. Handover cell set is obtained from the
selected block ohject.

3. The  first
effectiveness
candidate cell set and the
done.

inspection, the first
between  the  first
handover cell set is
if there

effectiveness
inspection
The exception handling is done

is no correspondence between the two.

4 Handover cell  selection, if an  effectiveness
inspection for the selected block is completed,
handover cells are determined from

HandoverCellldinformation of the block object.

5 The registration of the handover cell information,



6 ®E AFEEREE w006 7)

!

!

MT’s position withina cell is computed based on
FMCDM

MT measures the downlink channel quality from
the active cell and the surroundin g cells

P

Handover system performs the first

Handover cell selection

effectiveness inspection stop
Perform the
exception handling
Is the position value included to
Block LocationInfo of a block
bject i2
Yes
Handover system determines handover cells from
NextCellld information of theblock object i
)
Handover system registers the first candidate cell set
and handover cell set in the cell management table
End
J2l7. si=o MEd anie|Eo| ZE2XE
Fig 7. Floachart of a handover call selection algorithm
the handover cell information is registered to  based on the resource availability.
a cell management table.
4.2 Handover pre—processing
Fig 7 shows a handover cell selection procedure. Using information on the MT's handover cells
Fach MT's position information from PE is valid  determined from the above handover cell selection
only in  track 2. Therefore, the handover «cell  algorithm, two level handover process, radio level
selection process is terminated if a MT is located  and network level, is performed as shown in Fig 8.
another  tracks. The first effectiveness  inspection B The radio level handover process is performed
between the first candidate cell set and  the for the conversion of radio link modem
handover cell set is done, and if there is ™o reconfiguration,  synchronization  sefting  and
correspondence  between  the two, the exception so forth-from previous access pont to new

handling is performed. If one more cells are same,

Handover system selects an optimum handover cell

access point.
B The network level handover process is performed
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for packet buffermg and re-routing, for  the
purpose of supporting the radio level handover.

Decide n handover cells from a
handover cell selection algorithm

i=0,n

‘ Perform the network level ‘
handover

‘ Perform the radio level handover ‘

‘ Report the handover completion ‘

1]

‘ Modify routing information ‘

End

T2 8 $i=od XAe| Aol ZE=XE
Fig 8 The flowchart of a handover pre—processing
proocedure

4.3 Handover Degision

For a handover decision, a MT will search the

neighboring  BSs  using the information on  the
handover cells selected from the above handover
cell selection algorithm.  Three types of handover
can be provided  namely foarward  handover,
backward handover and reconfiguration as shown
in Fig 9 A forward handover is dome if the

handover cell set is identical with the set of the
candidate  cells, and backward handover
with MAHO procedure is done if the handover cell
set does not correspond with the second candidate

second

cell set, and reconfiguration is done if the position
traveled by the MT is another block within
track 2. The MT reports his
to a handover system through the target cell, and
the handover

handover  completion

system requests the release of the

connections  related with the MI. An old cell

allocated
reports the result to the handover system.

releases all the resource for the MT,

5. Simulation Results

The simulation model composed of a single cell,
which will keep contact with its
cells. Each cell contains a BS, which is responsible
for  the

applications  and  to

six  neighboring
session  setup and tear-down of new
applications.
The moving path and the MT velocity are affected
by the road topology. The
described by the changes
velocity. In  our
speed  MTs, the

serve  handover
moving pattern  is
in moving direction and
study we assume that the low
pedestrian, occupy 60% of the

total population in the cell and the high-speed
MTs, the vehicles, 40%. Vehicles move forward,
leftward/rightward and U- Tum  The moving
velocity is  assumed to  have the  uniform
distribution. The walking speed of the pedestrian

is 35 Km/hr, the speed of the private car and
the taxi 307100 Kw/hr, and the bus 10770
Km/hr.  The constant
during walking or driving.

speed is assumed to be

Fig 10 shows the handover failure rate versus the
session arrival rate. The solid curve represents the
prediction based handover method applied and the
dashed handover
method. The major cause of the handover failure is
because of the prediction error caused by PE. It can
be seen that the prediction error does very largely

curve represents a DTEViOLlS

with increase in the PE earor. The proposed method

performs  the handover setup process in advance
before a handover request by predicting  the
handover cell based on each MI's curent position

so that the handover failure can be reduced.
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v

MT measures the downlink channel
quality of his active cell and

surrounding cells

a forward handover threshold

e measured value satisfies

Handover system performs the second effectiveness inspection

Is the result effective ?

yes

MT Perforns a backward
handover

MT reports handover completion

to the target BS

End

T2 o Hoou ZH Yol ERAe

Fig 8. Floachart of a handover decision method
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Fig 10. The comparison of handover failure rate

Fig 11 shows the effect of the proposed method
rate. It is observed that the

proposed method provides a noticeable improvement

on packet loss
over the conventional scheme, because the MT has
already  established
target cell and switches its Tx to target BS while

synchronization to the BS in

stop communicating with the original BS at the
same time after the cell search procedure so that
there will be data lost for wplink Of 274 frames
due to the wuplink synchronization and there’'s no
data lost for downlink.

0.1

Packet loss rate

003 : /
002 il /
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P
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Nunberofsessions
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Fig 11. The comparison of packet loss rate
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V. Conclusion

This paper main goal is to address the problem
of handover failure for MTs as they move from one
position to another at high speeds in  small cell
achieved  through  mobility
the current position and the

environment.  This  is
information such as
is presented with a set of
attributes  that describes the user mobility. In this
scheme, the handover comnection setup process is
established prior to the handover request. The
handover cell is predicted by the MI's position and
direction and a database that includes the MI's
information.  We have focused in  improving
the overall system performance. The proposed scheme
handover failure
is because our

moving direction that

position

shows a great mmprovement of the
probahility and packet loss rate. It
handover method is adaptive  than  previous
handover methods. The determination of the optimal
direction should be studied consecutively. Also further
researches are required on their implementation and

nore

applications to the handover.
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