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An Intelligent Handover Scheme for the Next Generation
Personal Communication Systems

Ming-Hui Jin, Eric Hsiao-Kuang Wu, and Chao-Hsu Chang

Abstract: Driven by the growing number of the mobile subscribers,
efficient channel resource management plays a key role for provi-
sioning multimedia service in the next generation personal commu-
nication systems. To reuse limited channel resources, diminishing
the coverage areas of cells seems to be the ultimate solution. Thus,
however, causes more handover events. To provide seamless con-
nection environment for mobile terminals and applications, this ar-
ticle presents a novel handover scheme called the intelligent chan-
nel reservation (ICR) scheme, which exploits the location predic-
tion technologies to accurately reserve channel resources for han-
dover connections. Considering the fact that each mobile terminal
has its individual mobility characteristic, the ICR scheme utilizes
a channel reserving notification procedure (CRNP) to collect ade-
quate parameters for predicting the future location of individual
mobile terminals. These parameters will be utilized by the han-
dover prediction function to estimate the expected handover block-
ing rate and the expected number of idle channels. Based on the
handover prediction estimations, a cost function for calculating the
damages from blocking the handover connections and idling chan-
nel resources, and a corresponding algorithm for minimizing the
cost function are proposed. In addition, a guard channel deci-
sion maker (GCDM) determines the appropriate number of guard
channels. The experimental results show that the ICR scheme does
reduce the handover-blocking rate while keeping the number of
idle channels small.

Index Terms: Handoff, mobile, next generation personal communi-
cation system.

I. INTRODUCTION

Seamless mobile high-quality service provision for on-going
connections is one of the critical issues for the next generation
personal communication networks [1]. Distinct from the tradi-
tional 2G cellular system (such as GSM), the new generation
personal communication systems (such as 3G network and the
4G systems) offer not only the real time (such as voice) services,
but also the bursty traffic (such as data) services. This greatly
encourages and enhances the existing applications to shift their
platform to the mobile computing environments. To provide
higher bit rates towards mobile multimedia applications in the
growing worldwide markets, continuous and sufficient channel
resources must satisfy mobile subscribers quality of services
(QoS) requirements in the next generation personal communi-
cation systems.
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In recent years, there has been great interest in developing ef-
ficient mobility management schemes to handle node mobility
within a mobile multimedia system and accommodating a max-
imum number of mobile applications under the limited channel
resources has become an urgent challenge. To satisfy the eager-
ness of profuse bandwidths under limited resources, diminishing
the geographical coverage areas of cells to have the less com-
peting clients for each base station while increasing the channel
reusability seems to be the most adopted solution. This, how-
ever, increases the number of handover events. A handover con-
nection may be blocked if there is no available channel resource
in the new cell!. Since the blocking of a handover request is
generally believed to be less desirable than the blocking of a new
connection [2]-[11], specific schemes are required to prioritize
the handover connections. Besides the soft handover? [11], the
existing channel assignment schemes could be generally classi-
fied into two categories as follows [7]-[9].

1. Queuing priority schemes (QPS): In this type of schemes,
each base station provides a waiting queue for the mobile ter-
minals with on-going connections, which enter a handover
area from one of its adjacent cells. As there are available
channels, a free channel will be assigned to a mobile termi-
nal that is currently in the waiting queue. As the queue is
empty, the channel could be assigned to any mobile terminal
which attempts to initiate a new connection [8].

2. Reserved channel schemes (RCS): In this type of schemes,
the channels of each cell are divided into two distinct sets.
The first set of channels are called normal channels which
serve both handover and new connections, and the second
set of channels are called guard channels which are reserved
for serving handover connections only [7].

Novel applications such as real-time transactions desire seam-
less mobile computing environment [12], [13]. For these real-
time transactions, the timing constraints [14] make the QPS in-
appropriate since they are required to wait for free channels once
all of the available channels have been allocated. Thus, to assure
the seamless services in the next generation personal communi-
cation systems, reserving channels to assure the service quality
for handover activities is necessary for the real-time applications
and hence this article considers an intelligent scheme to reserve
the channel efficiently.

In 3G WCDMA system, dealy-sensitive connections with minimal band-
width requirements may be blocked as there are no sufficient available radio
resources. In this paper, we focus on reserving bandwidth resources for han-
dover real-time connections and a channel is defined to be the required minimal
bandwidth in the cellular packet switch network.

2The soft handover scheme allows each mobile terminal to connect all the base
stations it involves. In power-controlled CMDA systems, the soft handover is
useful because it significantly reduces the notorious near-far problem. However,
it requires additional resources. Thus, in this paper, we ignore the soft handover
scheme.

1229-2370/04/$10.00 © 2004 KICS



246 JOURNAL OF COMMUNICATIONS AND NETWORKS, VOL. 6, NO. 3, SEPTEMBER 2004

Reserving guard channels for handover clients urges prudent
consideration. Insufficient reservation impels handover connec-
tions to compete the free channels with new connections and
brings a higher handover blocking rate. On the other hand,
prodigal reservation might increase the number of the idle chan-
nels. A channel is classified as an idle channel if it is reserved
but has not been assigned to any connections. It is well accepted
that the new-connection blocking rate increases with the number
of the idle channels. Thus, determining an appropriate number
of guard channels for handover connections is an essential issue
for handover management.

The connectivity and mobility characteristics of the mobile
terminals around a particular cell determine the number of han-
dover events of the corresponding BS (base station). Specifi-
cally, the number of guard channels reserved in each BS should
be varied based on the connectivity and mobility of the active
mobile terminals nearby. Therefore, a distributed call admission
control scheme [15], [16] has been proposed to calculate the
proper number of guard channels of each BS according to the
traffic loads of the adjacent cells. The total required bandwidth
for both handover and existing connections is estimated under
the assumptions of exponentially-distributed channel holding
time and perfect knowledge of the rate of handover connections.
These assumptions are unrealistic in real cellular networks.

In addition to traffic load considerations, user mobility pre-
diction provides an effective approach for guard channel deter-
mination [2]-[6]. If the future time-location information of mo-
bile terminals is predictable, it is expected that the base stations
could reserve corresponding channels for handover connections
accurately. The symmetric random walk model has been widely
adopted among researchers in characterizing individual move-
ment behavior [10], [15]. In such a model, a mobile terminal
will move to any one of the neighboring cells with an equal
probability after leaving a cell. This assumption does not take
into account the geographical nature such as streets and high-
ways and hence may provide inaccurate mobility prediction in-
formation.

To improve the accuracy of the future time-location infor-
mation prediction of mobile terminals, the tangent velocity of
each mobile terminal provides an entry point [2]-[6], [17]-[21].
Several previous researches about handover reservation employ
the tangent velocity approach to estimate the expected number
of new coming handover connections [2]-{6]. In [2], the au-
thors predict the future time-location information of each mo-
bile terminal according to its tangent velocity directly. The ap-
proaches in [3]-[6] estimate the time-varying location probabil-
ity> of each mobile terminal according to a sequence of their
previous positions and then calculate the final value.

Although predicting the future time-location information by
employing the tangent velocity approach is concrete, however,
this approach brings several disadvantages. First, it requires
mobile terminals to spend a great amount of precious elec-
tronic power to sense and then measure a sequence of positiors
through the help of GPS or other locating mechanism [20], [21].
Second, the prediction is effective only within a short range of

3For each time interval (¢, t;) and a region Q, the time-varying location
probability of a mobile terminal specifies the probability that the mobile terminal
will stay in the region Q in the time interval (¢;, ¢;).

time. The ability of location predictions is restricted and hence
the time-varying location probability of each mobile terminal
varies often.

In addition to the tangent velocity approach, the profile based
strategy [22], [23] which employs the regular moving behavior
of mobile terminals reveals another possibility for location pre-
diction. In the profile based strategy [22], [23], the author as-
sumed that the time-varying location probability of each mobile
terminal was given and would be maintained in their profiles,
and the author suggested that the time-varying location proba-
bility could be derived from the long-term moving history. In
[24], we realized the goal of deriving the time-varying location
probability from each mobile terminal’s moving history by uti-
lizing a data model called moving behavior and a set of data
mining algorithms. In this article, location prediction based on
the moving behavior of each mobile terminal is classified as the
behavior based approach. Compared with the tangent velocity
approaches, the advantages of behavior based approach could
be summarized below. 1) The prediction results could last for
a longer time. 2) The proposed approach is cost effective since
it requires mobiles to pay no power consumption for estimat-
ing their current positions and does not require them to continue
communicating to the system through expensive wireless chan-
nels. 3) This approach could also work for mobile terminals
which are in idle mode; however, the tangent velocity approach
is only effective in the situation that the mobile terminals are
in the ready mode. On the contrary, the predictions of the be-
havior based approach are inaccurate for mobile terminals with
irregular moving behavior.

Each mobile terminal has its individual mobility character-
istic and regularity. Some mobile terminals move regularly and
others do not. Thus, designing a scheme which applies an appro-
priate location prediction strategy to estimate the time-varying
location probability of each active mobile terminal according to
its mobility characteristic is critical. To achieve this goal, we
propose a channel reserving notification procedure (CRNP) in
Section III to intelligently apply an appropriate location predic-
tion approach to each active mobile terminal according to their
current mobility characteristic.

The time-varying location probability [17], [24] could be used
to estimate the handover prediction of each mobile terminal to
each base station. For active mobile terminal X, base station
B, and time interval (¢;, t;), the handover prediction of X to
B specifies the probability that mobile terminal X will arrive
to base station B in the time interval (¢;, t;). With the knowl-
edge of the handover prediction functions, for each time interval
(ti, t4), each base station could calculate the expected handover
blocking rate and the number of idle channels as the number
of its guard channels in this time period is determined. This
explains that the handover prediction functions are helpful in
determining guard channels because the goal of guard channel
decision maker (GCDM) which determines the number of guard
channels is to minimize the handover blocking rate and the num-
ber of idle channels simultaneously.

However, reducing the number of idle channels will increase
the expected handover blocking rate, and vice versa. Thus, min-
imizing the expected number of idle channels and the expected
handover blocking rate simultaneously is extremely difficult.
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Fig. 1. The flow chart and the functions of the ICR scheme.

This motivates us to design a cost function which considers the
expected number of idle channels and the expected handover
blocking rate into a cost value and then introduce an algorithm
to minimize the cost function for the GCDM.

In this article, we continue our study in [24] to apply the mov-
ing behavior for handover management. A novel channel reser-
vation scheme called the intelligent channel reservation (ICR)
scheme, which consists of the CRNP and the GCDM, is pro-
posed. Fig. 1 shows the flow chart for the cooperation and the
main functions of the CRNP and the GCDM. The CRNP is in
charge of collecting the parameters for the handover predictions
and preparing them for the GCDM in the corresponding cells.
Since the CRNP takes two location prediction approaches into
account, the mobility model of each active mobile terminal is
intelligently specified first according to their moving regular-
ity. Whenever the GCDM receives a set of handover prediction
parameters from the CRNP in other cells, it calculates the han-
dover predictions and then applies them to determine an appro-
priate number of guard channels through minimizing the cost
function proposed in Section I1L.

This paper is organized as follows. In Section II, the time-
varying location probability functions for the tangent velocity
approach and the behavior based approach are introduced and
then the calculations of the handover prediction functions and
their parameters are introduced. In Section III, the ICR scheme
which consists of the CRNP and the GCDM is depicted to de-
termine the guard channels for the active mobile terminals. Ex-
periments and comparisons are described in Section IV and the
conclusion is drawn in Section V.

II. MOBILITY MODELS AND HANDOVER
PREDICTIONS

In the ICR scheme, the GCDM determines the number of
guard channels of a cell according to the handover prediction
function, whose parameters are determined by the CRNP. In this
section, two mobility models employed are briefly introduced in
Section II-A and then their corresponding handover prediction
functions for the GCDM are proposed in Section II-B. The for-
mulas for deriving the handover prediction parameters are pro-
posed in Section II-C. The handover prediction functions of a
mobile terminal is chosen based on the moving regularity and
hence an algorithm called the moving regularity classification
(MRC) algorithm is proposed in Section II-D to determine the
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moving regularity of mobile terminals.

A. Mobility Models

A.1 Mobility Model for Regular Mobile Terminals

If a mobile terminal possesses regular moving behavior, then
it often moves on the same set of paths and the arrival times
to individual location points of the paths are similar. Based on
this point of view, the moving behavior of a mobile terminal
should contain not only the vertices of the moving paths where
the mobile terminal often passes through, but also the informa-
tion about the time at which the mobile terminal visits each ver-
tex.

Fig. 2 shows an example of a mobile terminal’s moving be-
havior. In this example, the moving period of the mobile termi-
nal is a day. In most days, the mobile terminal follows one of
the two paths to move from /; at about 7:00AM to lg at about
8:30AM, stays there until about 12:00PM and then goes to an
unpredictable location (break time for lunch with random walk
mobility model). At about 13:30, it returns to /g and stays there
until about 17:30. At that time, it chooses one of the original
two paths to go back to [; at about 19:30PM. In real cases, the
arrival time to each position is not always the same. Specifi-
cally, the arrival time to each location could be represented by a
random variable.

Based on the concept above, in [24], we defined the mov-
ing behavior of each mobile terminal to be a partial ordered set
(V, E, CE) to describe their mobility model as follows, and pro-
vided a set of data mining procedures to derive the moving be-
havior from their long-term moving history.

e V C {(C,t,s) € L xT x N} is the set of all moving
states in which L is the set of all cells, 7" is the set of all
normal distributed random variables and N is the set of all
natural numbers. We denote, for each moving state v; =
(Ciytiys8i) € V, C; is the cell ID of v;, t; is the time at
which the corresponding mobile terminal arrives in Cj, p;,
and o; are the mean and standard deviation of ¢;, and s; or
S(v;) is the support of v;.

Eisasubsetof V x V.

For each e = (v;,v;) € E, Cg(e) is defined to be the con-
fidence that the mobile terminal will change its moving state
to v; given the mobile terminal is in the moving state v;.

A.2 Mobility Model for Irregular Mobile Terminals

For mobile terminals with irregular moving behavior, apply-
ing their moving behaviors to predict their future time-location
information will cause inaccurate prediction results. Therefore,
whenever the moving behavior of a mobile terminal is deter-
mined to be irregular, the system will apply the tangent velocity
approach to predict its future time-location information.

Fig. 3(a) shows the simplest procedure of calculating the tan-
gent velocities of mobile terminals. In this procedure, the sys-
tem calculates the tangent velocity of each mobile terminal from
its current and previous time-location events. A time-location
event of a mobile terminal is an ordered pair (¢,p)* which de-

4In this article, we focus on two-dimensional space and hence a time-location
event of a mobile terminal is a triple (¢, z, y).
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Fig. 2. A moving behavior example.

scribes the event that the mobile terminal stays at position p at
time ¢. Although this procedure is simple and concrete, how-
ever, it might not be reliable enough. Figs. 3(b) and 3(c) show
the examples that the tangent velocity of a mobile terminal be-
comes faster and slower temporarily, and Fig. 3(d) shows an
example that the mobile terminal moves toward different di-
rection temporarily. The main factor which causes the calcu-
lation unreliable is that the sample size for derivation is insuf-
ficient. If the prediction procedure could also consider other
time-location events, then the noises may be removed. This
suggests us to adopt a statistical procedure which predicts the
future time-location information of each mobile terminal based
on a sequence of their previous time-location events.

In [17], the authors first assume that the mobile terminals
follow the two-dimensional Brownian motion with drift mobil-
ity model and then apply a statistical procedure to derive the
time-varying location probability of each mobile terminal in (1)
from a sequence of their time-location events. Assume that the
Uz, Uy, Dy, and D,, are the means and the diffusions of the tan-
gent velocity in the z and y directions, then the probability den-
sity function Px (z,y, t|zo, yo, to) which expresses the proba-
bility that mobile terminal X will stay at position (z, y) at time
t given X stays at position (g, yo) at time tq is

1
Px (x,y, t|xo, Yo, to) = X
x (T, Y, |70, Yo, to) o r———Dsz(t—to)

—(z —z0 — vt —10))®>  (y—yo — vyt —t0))?
eXp( 2D0z(t—t0) - 20Dy(t—t0) : )

(D

B. Handover Prediction

B.1 Handover Prediction for Irregular Mobile Terminals

In this section, we formally define the handover predicticn
HP(X,Cj,to,t) to be the probability that X will arrive the cell

C; in the time interval (to,t) given X is not in C; at time £o.
If the system assumes that a mobile terminal X moves irregu-
larly at about time %g, then it will apply (1) to predict the future
time-location information of X. Thus, it is clear that (2) is the
handover prediction of X, where (); is the coverage area of cell
C;.

HP(X,Cj,tg,t) =

if t <ty
itt> 1.

@

0,
{ ftto ff(:z:,y)EQj PX(:I“a Y, Z|$07 Yo, zo)dxdydz,

B.2 Handover Prediction for Regular Mobile Terminals

Fig. 4 shows the probability density function (p.d.f.) of the
time at which mobile terminal X arrives in cell C;. According
to the definition of moving behavior, if it is given that X will
arrive in cell C;, then the probability that X arrives in cell C; in
the time interval (¢o,¢) is the area of the region colored in gray.
According to the Theorem 1 in the appendix, we conclude

HP(X,C},to,t) =

0, ift <ty

& (t—ﬂx,j> _% (to —,ux,j>
OX,5 0X,j

to — )
1-d < 0 — MX,j
0X,j

x Px ;, otherwise,

3

where
Px ; denotes the probability’ that X will pass through cell

I

5The probability could be derived from the function Cg(-) maintained in the
moving behavior of X,
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Fig. 3. (a) The simplest procedure of the tangent velocity calculation,
{(b) tangent velocity becomes faster temporarily, (c) tangent veloc-
ity becomes slower temporarily, (d) moves toward different direction
temporarily.

- px,; and ox ; are the mean and standard deviation of the
arrival time that mobile terminal X will arrive in C;.

- ®(.) denotes the cumulative distribution function (c.d.f.) of
the standard normal random variable.

B.3 Comparison of Handover Prediction (2) and (3)

According to [17], the handover prediction (2) requires the
mobile terminals to estimate a sequence of their position and
then calculate the parameter D, D, v,, and v, from the se-
quence of time-location information [17]. After the density
function is derived, a complex calculation must be executed for
calculating the handover prediction (2). Thus, the cost for find-
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Fig. 4. The handover prediction calculation.

ing handover prediction (2) is much expensive than finding the
handover prediction (3)°. Therefore, if the system assumes that
mobile terminal X moves regularly, then the system would like
to employ the handover prediction based on the moving behav-
ior of X to reduce both the calculation and measuring costs.

C. Parameters Determination for Handover Prediction

At each base station, the ICR scheme provides the GCDM to
determine the number of guard channels according to the han-
dover prediction of all the active mobile terminals near by. Be-
cause the parameters for handover predictions are required for
handover prediction calculation, the ICR scheme provides the
CRNP to classify the regularity of each mobile terminal and
then collect their corresponding handover prediction parame-
ters. Since collecting and deriving the parameters for (1) for
calculating the handover prediction (2) is provided in [17], in
this section, we focus on deriving the handover parameters from
the moving behavior for the handover prediction (3) only.

Let (Vx,Ex,Cg x) be the moving behavior of mobile ter-
minal X and X stay in cell Cj at time ¢g. According to the
definition of the moving behavior, there may exist zero, one or
more than one moving states that may contain cell Cj in the
moving behavior of mobile terminal X. If there is no moving
state which contains the cell Cy, then the future location of X
is not predictable from its moving behavior [24] and hence the
system could adopt the handover prediction (2) only.

Let Vx(Co) = {v = (C,t,s) € Vx|C is the cell ID of
Co} = {v1,vs, -+ , v, } be the set of all moving states’, which
contain cell Cp, in the moving behavior of X. Finding a moving
state, which describes the current time-location status of X, is
the first step of deriving the handover parameters when n > 1.
That is, the CRNP needs a method to find the moving state
v; € Vx(Cp) such that, for all v; € Vx(Cy), P-{(Co,t0) €
v} > P {(Co,to) € v;}. Pr{(Cy,to) € v} denotes the proba-
bility of the event that moving state v is the current time-location
status [24] of X and we derive P,.{(Cy, to) € v;} from moving
behavior as follows.

We denote Next(v;) = {vix € Vx|(v;,vik) € Ex}.

SThe computational time complexity of the handover prediction (3) is O(n),
where n is the number of moving states in V,,(Cp). The term set V. (Cp) is
defined in Section II-C.

"For example, whenever an office clerk goes to its office and then goes home,
he may pass through the same cell. Thus, there are at least two moving states,
which contain the same cell, in the moving behavior of the office clerk.
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For convenience, we denote v; = (Cj,t;,8;) and v, =
(Ci,k, t; k, Si,k)- Thus, the probability that (Co, t()) € v; is

PA{(Co,to) € vi}

- ¥

v; kENext(v;)

- ¥

v; kENext(v;)

x P.{X will enter C; j}
= > P{ti<to < tix}Cr(vi,vix).

v; kENext(v;)

P {t; < tp < t; and X will enter C; 1.}

Pr{ti <ty < ti,kIX will enter Ci,k}

We assume the time at which mobile terminal X leaves cell
Cy is independent from the time at which X enters cell Cyy. Un-
der this assumption, the two events {t; < to} and {to < ¢; 4}
are independent. This implies P,{t; < to < t;|X will enter
Cik} = Pr{ti < to’X will enter Czk:} X Pr{to < ti7k|X will
enter Cix }

Because ¢; and ¢; j, are all normal variables for all k [24], we
have

PA(Co,t0) € v;} =

S e (u) o (N_I_v—_t()) Cr(vs,vig). (&)

g; J;
’l}i_kGNEIIZt(’U,‘) t 1’k

Whenever a moving state v; € Vx(Cpy) such that
P,-{(Co,to) € Ui} > Pr{(CO,to) € ’Uk} for all vy, € Vx(Cy)
has been determined, the parameters for handover prediction (3)
can be set as follows.

1. Px; = Cg(v;,v;;) for all adjacent cell C; € v;; €
Next(v;).

2. px; = py,; where y; ; is the mean of the random variable
ti,j € Vg j-

3. ox,; = o0;,; where o; ; is the standard deviation of the ran-
dom variable ti’j € vi,j.

D. Classifving the Moving Regularity for Mobile Terminals

One of the most important functions of the CRNP is the clas-
sification which classifies the moving regularity of each active
mobile terminal. This is crucial for ICR scheme because the
handover parameter of a mobile terminal can only be estimated
after the mobile terminal has been determined to have regular
or irregular moving behavior. In this subsection, we adopt the
same notations, definitions, and assumptions in Section II-C to
analyze and propose the classification algorithm.

It is clear that the mobility characteristic of X is irregular if
Vx (Cp) is an empty set. If Vx (Cy) is not an empty set, we could
not ensure whether the mobility characteristic of X is regular at
time ty. For example, assume the moving behavior of mobile
terminal X shows that X often arrives in cell Cy at time about
2:00PM with standard deviation 5 minutes and then moves to C;
at time about 3:00PM with standard deviation 6 minutes, then
we would believe that X has irregular moving behavior if X
appears in cell Cy at the time 8:00AM. We make this conclusion
because X arrives in Cj too early. In Fig. 5, if X follows its
moving behavior, then the probability that o < T3 is less than

The p.d.f of
the arrival
time to cell C,

The p.d.f of
the arrival
time toceliC,

T, T;

Fig. 5. The confidence intervals for moving irregularity testing.

/2. Similarly, the probability that ¢y > T is also less than 3/2
because X has probability 1 — 3/2 to arrive in C; before time
T3 if X follows its moving behavior. Thus, if tg ¢ (T3,7%),
then the system has confidence at least 1 — 3 to conclude that X
has irregular moving behavior at time .

When Next(v;) contains more than one moving state, the
system could apply the expected value of the T of all the mov-
ing states in Next{v;) to judge the regularity. Based on this
point of view, for each mobile terminal staying in cell Cy at
time ¢y and for each 8 € (0,1), we propose the moving reg-
ularity classification (MRC) algorithm below to determine the
current mobility regularity for X. In the MRC algorithm, X
will be classified as an irregularity if and only if, for all moving
states in Vx (Co), to & (11, Ts).

Algorithm 1: (MRC Algorithm)®

Step 1: Determine Vx(Cp) and let Sx = Vx(Cp).

Step 2: If Sx = ¢, goto Step 7.

Step 3: Select v; = (C;, ui,0:8;) € Sx and let Sy = Sx —
{vi}

Step 4: Let Ty = oy X 71(B/2) + s, if to < Ty, go to
Step 2.

5: LetT; = Mean_Leave_Time(v;) (The mean of leaving
time of the moving state v;), where

Step

Mean_Leave_Time(v;) =

Z (Uz’,k

v; kENext(v;)

x &1 (1 — g) + Mz‘,k) X Cg(vi, vik)-

If to > T3, go to Step 2.

Step 6: Classify X to be a regular mobile terminal currently
and terminates this algorithm.
Step 7: Classify X to be an irregular mobile terminal cur-

rently and terminates this algorithm.

III. THE INTELLIGENT CHANNEL RESERVATION
SCHEME

By the MRC algorithm, the CRNP is proposed in Section III-
A. As the ICR expects that the number of handover connec-
tions could be predicted accurately by the GCDM, a new chan-
nel assignment algorithm for the ICR is proposed in Section
III-B. Through the handover prediction functions, the p.d.f. of
the number of the handover connections to each cell in each

8The computational time complexity of MRC algorithm is O(n), where n is
the number of moving states in V (Cp).
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Step 1.
Step

X gets connection to the BS of Cy,.
2. Cy queries its VLR to get the current moving behav-
ior of X.

Step 3. If X is a regular mobile terminal, Cy will calculate
the handover parameters of X from its current mov-
ing behavior and then go to Step 6. Otherwise, go to
Step 4.

Step 4. Cp requires X to submit its handover parameters.

Step 5. X submits its handover parameters to Cj.

Step 6. Cp submits the handover parameters of X to all the

corresponding cells.

Fig. 6. The channel reserving announcement procedure.

time interval is derived in Section III-C. To reserve guard chan-
nels accurately, in Section III-C, a cost function which maps the
number of idle channels and the number of expected handover
blocked connections into a cost value and an algorithm which
minimizes the cost function are proposed for the GCDM to de-
termine the number of guard channels.

A. The CRNP

A.1 Reservation Announcement

Whenever a mobile terminal X which handovers to the cell of
C) or initiates a new connection to the cell of Cy, the base sta-
tion first retrieves the current moving behavior, which contains
the set Vx (Cy), Next(v;) for all v; € V,(Cy), and the function
Cg(vi,v; ;) for all v; ; € Next(v;), from its VLR® (visitor lo-
cation register) [24]. Once the MRC algorithm judges that X is
an irregular mobile terminal currently, X is required to submit
the parameters of its handover prediction (2) to its base station.
Otherwise, cell Cy calculates the parameters for the handover
prediction (3) of X. Whenever the parameters of the handover
prediction of X are derived, the cell Cy sends the parameters to
all its adjacent cells. Fig. 6 shows the CRNP of the ICR scheme.

In Fig. 6, whenever a mobile terminal X gets connection to
its base station (Step 1), the base station of Cyy queries its VLR
to get the current moving behavior of X (Step 2 and Step 3).
If the MRC algorithm determines that X is an irregular mobile

If its VLR does not maintain the current moving behavior of X, then the
VLR will retrieve the current moving behavior of X from the HLR of X.
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Fig. 7. The channel assignment procedures of ICR.

terminal currently, then cell Cy requires X to collect a sequence
of time-location events and then estimate the parameters of its
handover prediction (2) (Step 4). After X collects enough time-
position events'® and estimates the parameters D, Dy, v, and
vy for the handover prediction, it sends the parameters to its base
station (Step 5). Whenever its base station gets the parameters
of its handover prediction, its base station forwards all the pa-
rameters to its adjacent cells (Step 6).

If the MRC algorithm determines that X is a regular mobile
terminal currently, the base station of X calculates the param-
eters {(Px 4, x,,0x,:) € Vx(C;)|C; is an adjacent cell of
Co} for the handover prediction (3) according to the formulas
proposed in Section II-C. In this situation, the base station of
cell Cy sends the parameters to the corresponding cells directly
(Step 6) without Step 4 and Step 5.

A.2 Reservation Cancellation

A reservation may become invalid. For example, whenever a
connection is terminated or an active mobile terminal handovers
to another cell, the corresponding reservation becomes invalid.
In this situation, the corresponding reservations must be can-
celled to avoid the consequence of reserving unnecessary guard
channels. Whenever a base station senses that a connection is
disconnected or an active mobile terminal handovers to another
cell, the ICR scheme requires the base station to send a signal
to the corresponding base stations. Whenever a base station re-
ceives a cancellation from other base station, it cancels the reser-
vation by removing the corresponding handover parameters.

B. Channel Assignment Procedure

Fig. 7 shows the channel assignment procedures of the ICR
scheme. The available channels of a cell are divided into two
categories called the normal channels and the guard channels.
The guard channels could only be assigned to handover connec-
tions.

10 A time-position event for an active mobile terminal X is a 3-tuple (¢, z, y),
which shows that X is in (z, y) at time ¢.
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Whenever a mobile terminal initiates a new connection, its
base station will assign a channel to it if and only if there are
available normal channels. Otherwise, the new connection is
blocked. Whenever a mobile terminal handovers to a cell, dis-
tinct from the traditional RCS protocols, the base station of the
cell first checks whether there are available guard channels. If
there are available guard channels, a guard channel will be as-
signed to the mobile terminal. If there is no available guard
channel, then the base station checks whether there are avail-
able normal channels. If there are available normal channels,
then the base station assigns a normal channe] to the mobile ter-
minal, otherwise, the handover connection is blocked. Under
this channel assignment procedure, if the GCDM reserves chan-
nels accurately, then it is expected that there are no idle channels
and the new connection will not need to compete with the han-
dover connections for normal channels.

C. The Guard Channel Decision Maker

Channel reservation schemes will consider carefully two
measurements: The expected blocked handover connections and
the expected idle channels. A guard channel is said to be an idle
channel in time interval (o, t) if it is not assigned to any active
mobile terminal in this time interval. The goal of the GCDM
is to minimize the expected number of idle channels and the
expected number of blocked handover connections simultane-
ously. To determine the appropriate number of guard channels
for each cell according to the handover predictions, for each fu-
ture time ¢ > t(, we make several notations and assumptions for
the cell C; as follows.

C.1 Notations

F;: The number of available channels.

{V1,V2,--, Vi }: The set of all handover parameters
collected by the cell C; where V; = (X (7), Px(5),1> X (5),i»
Tx(j),i) O (X (J), Dz, Dy, vz, vy) forall 1 < j < M(3).

1, if X (j) will arrive in the cell C;
between time ¢ and ¢
0, otherwise.

Yij(t(ht) =

e HC;(to,t): The number of active mobile terminals that will
handover to C; in the time interval (¢o, t).

e HR;(to,t): The number of guard channels reserved in the
time interval (¢g, ).

C.2 Assumptions

o The random variables Y;; (¢, t) and Y;;(to,t) are indepen-
dent forall 1 < j # k < M(i). That is, the event that the
mobile terminal X (j) will arrive in C; in the time interval
(to,t) is independent to the event that the mobile terminal
X (k) will arrive in C; in the time interval (tg, t).

It is clear that HCi(to,t) = Zﬂ/i(l) Yi;(to,t) and
P.(Y;;(to,t) = 1) = HP(X(j), C’Z,to,tg Wlth the above
notations and assumptions, we assume random variable
HC;(to,t) is a normal random variable with mean p;(¢g,t) =
ZM“) HP(X(j),C;,to,t) and standard deviation o;{tg,t) =

VXD HP(X (), Cito, )1 — HP(X(3), Ci, to, 1)) accor-
ding to the Theorem 2 in the appendix. Therefore, the expected
number of handover connections to compete with new connec-
tions for the available normal channels and the expected idle
channels in time interval (tg,t) could be estimated by (5) and
(6), respectively.

EHCN;(to, t) =

o0 — g s 2
Jitns oy (U — HRi(to, 1)) exp( {52l y gy -
\/27T0‘i(t0,t) ’
EIC;(to,t) =
HR;(to, —ui(to, 2
Jo D (H Ry (to, 1) — y) exp((gfet) gy ©
27I‘O'i(t(),t)

The priorities of minimizing (5) and (6) may have different
consideration factors. Thus, we propose a cost model for the
GCDM to determine the number of guard channels for cell C;
in time interval (%o, t) as follows.

Min EHCN;(to,t) + aEIC;(to, ). 0)
Subject to 0 < HR;(to,t) < F; and HR;(g,t) is an integer.

Where a > 0 is the weight for the idle channels.

Because 0 < HR;(to,t) < F; and HR;(tp,t) is an integer,
whenever the parameters g, ¢ and « are given, the optimal solu-
tion of (7) could be easily found. In other words, minimizing (7)
could be achieved through exhaustive search with the complex-
ity O(M (%) x n), where n is the number of channel resources
maintained by the corresponding base station.

IV. EXPERIMENTS AND COMPARISON

In this section, we evaluate the ICR scheme via comparing it
with the PCR_2 protocol [2] and the non-predictive fixed guard
channel (GC) protocol through the simulation methods. The
PCR_2 protocol applies the tangent velocity of each active mo-
bile terminal to predict the next candidate hand-off cell. In other
words, the next candidate hand-off cell for an active mobile ter-
minal is the first adjacent cell in which the projection path of
the active mobile terminal passes through. If an active mobile
terminal terminates its connection before it arrives to its next
cell, a cancellation of the previous reservation will be initiated
to de-allocate the reserved channel. As the next cell of an active
mobile terminal is changed, not only a cancellation of the previ-
ous reservation will be initiated, but also a new reservation will
be held in its corresponding new next cell. To further reduce
the number of false reservations, the PCR_2 protocol proposes
the concept of threshold distance (TD). If the distance from an
active mobile terminal to its base station is larger than TD, no
channel reservation requests are initiated by its base station.

A. Simulation Design

A.1 Environment Design and Mobility Model

All the simulations are performed on a 5 x 5 cellular net-
work. In the simulations, the radius of the coverage area of each
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cell is 1000 meters, the number of mobile terminals is 1000,
the number of guard channels for GC protocol is set to be 6,
the length of the time interval for the cost model (7) is 20 sec-
onds, the value of 3 for the MRC algorithm is set to be 0.05 and
the TD [2] is 600 meters. Each mobile terminal has the prob-
ability of 0.7!! (e.g., 5 days /week ~ 0.7) to be classified as a
regular mobile terminal. If a mobile terminal is classified as a
regular mobile terminal, the system assigns a handover param-
eter to it. For a mobile terminal X with handover parameter
(X, Px i, bx,i,0x,), the values of Px ; is randomly assigned
satisfying Px,1 + -+ + Px m() = 1 where M (i) may be 1,
2, or 3. The experiments apply an exponential random variable
with the mean value of i to generate the values of ux ; —to, and
then apply another exponential random variable with the mean
value of o to generate the values of the parameter ox ;. For
convenience, the value o2 is set as 1/2 in the simulation exper-
iments.

Each regular mobile terminal moves according to the rules
below. Let Lx be the location at which the system assigns
a handover parameter to mobile terminal X. The next cell
of mobile terminal X is chosen according to the probabilities
list (Px ;). If mobile terminal X chooses cell C; to be the
next cell, then the system randomly chooses a point L'y in
the cell C; and then X follows the 2-dimensional Brownian
motion with drift parameter (v;,v,) and diffusion parameter
(Dy, Dy) to move toward L'y. The norm of the velocity (v, vy)
is|| Ly —Lx || /(ux,; —to) where || L'y — Lx || is the distance
between Lx and Ly, and the norm of the diffusion (D, D)
is ag(, ;- Whenever X moves to another cell, the system applies
the same rule to determine the moving regularity of X again.

If a mobile terminal is classified as an irregular mobile termi-
nal, the mobile terminal moves according to the 2-dimensional
Brownian motion with a drift parameter (v;,vy) and a diffu-
sion parameter (D, D). The system applies the following
steps to determine the values of the parameters. First, the sys-
tem randomly selects a value § from the interval (0, 27). Sec-
ond, the system applies an exponential random variable whose
mean is 1000/ to generate a value for variable v, and then ap-
plies another exponential random variable whose mean is o2 to
generate a value for the variable 2. Third, whenever the val-
ues of variables 8, v, and  are determined, the system sets
(Vz,vy) = (vcosh,vsinb) and (D, D,) = (R cosh,Q2sin ).
Whenever the mobile terminal moves to another cell, the system
applies the same rule to determine the moving regularity of the
mobile terminal again.

A.2 Traffic Model

The duration of each connection is an exponential random
variable with mean = 180 seconds. In each time interval, each
non-active mobile terminal has probability p to initiate a new
connection. The number of channels allocated to each cell is 36.
We adopt the definition in [2] to define the traffic load of each
cell below.

Arrival Rate to The Cell x Average Call Duration
Number of Channels Per Cell
1 From the theoretical point-of-view, the number of guard channels is inde-

pendent to the value of moving regularity. Therefore, the experiments do not
evaluate the performance for different moving regularity.

x 100%
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According to the definitions above, whenever the value of the
traffic load T'L is determined, the value of p is defined to be
TL/10.

B. Experiment Results and Comparisons

According to the cost function (7), the number of channels
reserved by the ICR protocol is expected to be less than that re-
served by the PCR_2 protocol in general when o > 0. In this
situation, it is desirable to know how many idle channels are re-
leased by the ICR scheme and whether the handover blocking
rate of this protocol is acceptable. The first experiment com-
pares the handover blocking rates and the numbers of idle chan-
nels for the three protocols at various traffic loads with the same
mobility generator 1/u = 0.015. Because the event of blocking
a handover connection seldom occurs in the experiments with
low traffic load, therefore, each value in Fig. 8 is a statistic of
100000 handover events. In Figs. 9-13, results are calculated
from at least 500 handover events.

The results in Fig. 8 show that the handover-blocking rates of
PCR_2 protocol are generally lower than that introduced by our
proposed ICR_0.5'2 protocol. Although the handover blocking

12The number of guard channels reserved by ICR_A protocol is decided by
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rate of the ICR_0.5 protocol is not better than the PCR_2 proto-
col, however, the performance differences of the three protocols
are minute and it hence shows that the handover blocking rate of
the ICR_0.5 protocol is acceptable at various traffic load. More-
over, according to Fig. 9, the ICR_0.5 scheme brings less num-
ber of idle channels than the PCR_2 protocol in general. This
experiment demonstrates that the number of guard channels re-
served by the ICR_0.5 protocol is more accurate than the other
two protocols.

In the second experiment, we continue to compare the han-
dover blocking rates and the numbers of idle channels for the
three protocols at various mobility generators under the same
traffic load value of 80%. Since the events of handover blocking
and new connections blocking seldom occur in the low-traffic
load situation, this experiment compares the performance of the
three protocols in such a high-traffic load condition.

Figs. 10 and 11 show the handover blocking rate and the num-
ber of idle channels of the three protocols at various mobility
generators. Fig. 10 shows that the PCR_2 and ICR_0.5 proto-
cols bring much lower handover blocking rates than GC_6 at var-
ious mobility generators because the GC_6 reserves insufficient

the cost model (7) with weight o = A.
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Fig. 12. Cost distributions at various mobility generators.
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guard channels. This also shows that the handover blocking rate
introduced by the ICR_0.5 protocol is acceptable. On the other
hand, Fig. 11 shows that the ICR_0.5 brings less number of idle
channels than the PCR_2 protocol in general. Therefore, this ex-
periment also shows that the number of guard channels reserved
by the ICR_0.5 protocol is more accurate than the other two pro-
tocols at high traffic load condition.

To compare the three protocols in the two dimensions (num-
ber of blocked handover connections and idle channels) simul-
taneously, we adopt the cost function (7) to compare them in the
third experiment. Similarly, we only consider the scenarios with
heavy traffic load. Since the traffic load is heavy, the value of «
should be large enough to reduce the number of idle channels.
Fig. 12 shows the costs of the three protocols at various mobility
generators in the same traffic load 80%. The comparison shows
that the ICR protocol performs much better than the other two
protocols, PCR_2 and GC when o« = 0.5 in the terms of the cost
function (7).

Fig. 13 compares the costs of the three protocols at various
values of « (the weight of the cost function (7)) with fixed mo-
bility generator 1/ = 0.015 and traffic load value 80%. Ac-
cording to the cost function (7), we expect that ICR_« reserves
more channels for handover connections as the value of « de-
creases. When the value of o becomes 0, ICR_a will not con-
sider the damages arisen from the idle channels and hence acts
as the PCR_2 protocol. When the value of « increases, the
ICR_a protocol takes the idle channels into account and then
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reserves less channel resources for the handover connections.
Fig. 13 shows that the intelligent mechanism makes the cost
of the ICR schemes lower then the other two protocols when o
increases.

The difficulty of handover handling increases with the traf-
fic load of the network since the competitions for bandwidth
resources are much keener in this condition. When the traffic
load becomes heavy, the bandwidth resource requests from both
handover connections and new connections are huge. In this sit-
uation, channel reservation should be more conservative. That
is, the value of « in the cost function (7) should not be small.
According to the Fig. 13, the ICR performs significantly bet-
ter than the other two protocols when @ > 0.3. It shows that
the proposed scheme could improve the quality of bandwidth
resource managements in heavy loaded cellular networks.

C. Discussion

The handover prediction mechanism of the ICR scheme is
based on the success of location prediction technologies. To
reduce the huge computation complexity and resources for po-
sitioning, the ICR scheme employs the profile-based approach to
estimate the handover prediction for mobile terminals with reg-
ular moving behavior. Since the moving regularity of individual
mobile terminals is determined by the MRC algorithm, the ac-
curacy of the MRC algorithm and the prediction algorithm both
are critical for the performance of the ICR scheme.

This paper is devoted to demonstrating the performance of
the ICR scheme based on the assumptions that the classifica-
tion and prediction algorithms are accurate enough. In current
stage, the accuracy of the proposed positioning technologies is
not high enough for location prediction; however, many cur-
rent researches seek to increase the accuracy of positioning and
hence we expect that the positioning technologies provided in
the next generation personal communication networks will be
accurate enough for the ICR.

According to the inference in Section II-D, we conclude that
the accuracy of the parameters of moving behavior decides the
accuracy of the MRC algorithm. Although the study [24] shows
that the accuracy of the parameters of each moving behavior
increases with the number of moving logs which generate the
moving behavior, however, evaluating the accuracy of moving
bebhavior is still a great challenge since the accuracy of mov-
ing behavior could be only evaluated and justified by the daily
real world cellular subscriber moving histories. The continuous
efforts will go evaluating the classification algorithms for the
future research work.

The experimental results in Fig. 13 show that the cost of PCR
performs as well as the ICR when « is small (less than 0.3).
Since the PCR simply applies the tangent velocity for handover
prediction, the computational cost is significantly lower than the
ICR scheme. Therefore, either applying the PCR scheme for
mobile terminals with irregular moving behavior or improving
the original mobility model of the ICR scheme with the tangent
velocity mobility model would further reduce the computational
cost. However, the mobility model taken by the PCR is rough;
therefore, the further research will investigate on reducing the
computational cost through searching some approximate calcu-
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lations for (1) and (2) with low computational cost.

V. CONCLUSIONS

This paper introduces a novel handover scheme called the in-
telligent channel reservation scheme, which employs the loca-
tion prediction technologies to accurately reserve channel re-
sources for handover connections. The main contributions of
the paper are summarized as follows.

1. Propose the MRC algorithm to determine the current moving
regularity of each mobile terminal. This is a key algorithm
for the behavior based strategies [24] since it provides a test
for the system to determine whether the system should con-
tinue to adopt the prediction from the moving behavior of
the mobile terminal or not.

Propose the CRNP to intelligently collect appropriate han-
dover prediction parameters of the active mobile terminals
according to their current moving regularity and their mov-
ing behaviors. It will contribute to providing the behavior
based approaches to the mobile terminal with regular mov-
ing behavior currently and providing the tangent velocity ap-
proaches to the others.

. Propose a novel handover prediction for the next generation
personal communication to facilitate the task of determining
the appropriate number of guard channels for the GCDM.
Apply the central limit theorem to estimate the p.d.f. for the
number of handover connections according to the handover
predictions of the active mobile terminals near by. With the
help of the p.d.f., the GCDM for the next generation personal
communication systems can determine a number of guard
channels which minimizes the cost function (7).

The experimental results demonstrate that the ICR scheme
successfully integrates the tangent velocity and the behavior
based location prediction technologies, and achieves the goal of
reducing the handover-blocking rate while keeping the number
of idle channels small.

The proposed strategies focus on the applications for the next
generation wireless networks, we expected that the computation
power of each component of each cellular system will be im-
proved significantly and the radio resources are still limited and
hence become more precious than the computation resources.
Although the complexity of our proposed algorithms is not low
enough, however, the main computing parameters, the domain
sizes of the optimization problem (7) will be reasonably few
since each base station only offers a limited number of chan-
nels. Therefore, the computational complexity of our proposed
algorithms would be acceptable for the new generation cellular
networks.
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APPENDIX

Theorem 1: Let Cy be a cell and Cy, Co, - - - , Ok be all its
adjacent cells. If the mobile terminal X stays in Cy at time g
and X follows its moving behavior, then

HP(X,Cj,to,t) =

0, ift <tg
o <t—ﬂx,j> % <t0 "/~LX,j>
IX.g o ‘UX 2 x Px_j, otherwise,
1-@ 0~ HUX,j i
0X,j
where
- Px; denotes the probability that X will pass through cell
C;.

- ux,; and ox ; are the mean and standard deviation of the
arrival time that mobile terminal X will arrive in Cj.

- ®(-) denotes the cumulative distribution function (c.d.f.) of
the standard normal random variable.

Proof: By definition, HP(X, Cj,to,t) = FP.{X will ar-
rive in C; and X arrives in C; at some time before ¢|X stays
in Cy at time ¢} = P.{X arrives in C; before time ¢|X will
arrive in C; and X stays in C at time £o} x P,{X will arrive
in C;}. Let Y be the time X arrives in C; given X will arrive
in C;. Because X follows its moving behavior is assumed, ¥
is a the normal random variable with parameters pix ; and ox ;
[24]. And hence, we have

P,.{X arrives in C; before time ¢t| X will arrive in C; and X
stays inCpat timetg} = P{Y < t|Y >t} =

& (t - Mx,j) _ (to - ux,j>
_ IXj OXj

o <to —um’)
0-X7j

Let Px ; = P.{X will arrive in C;}, we have, for ¢ > t,

Pr{to <Y < t}
P’I‘{Y Z tO}

® <t - Mx,j) _ % (to - NX,j)
0X,j JX,j
P(X)Cjatht): : to — ] . PX,J“
1-® ( 0 LLX,J)
0X.j
This completes the proof of Theorem 1. 0O

Theorem 2: If, foreach 1 < j # k < M (%), the two random
variables Y;; (¢, t) and Yz (to, t) are independent, then

Pr {ch(t07t) - .u"i(tht)

Ui(t()vt) S a} - q)(a) as M(Z) — 00,

where

M(i)

Z HP(X(j)’Ciatht)7

j=1

pi(to,t) =

Ui(t0> t)

ZHP

.7) Cz7t07t)(1_HP(X(J) Cut07 ))

Proof: It is clear that Yj;(to,t) are all uniformly
bounded. Because 0 < E[Yj;(to,t)] < 1,Var(Yi;(to,t)) =
ElY;;(to,t)] x (1 — E[Y;;(to,t)]) # 0 is also clear. This
implies 1im pr(;)-00 Z;VI ) Var( Yi;(to,t)) = oo. Because
Yi1(to, ), Yia(to,t),- - -, Yin(s) (o, t) forms a sequence of in-
dependent random variables, according to the central limit the-
orem for independent random variables [25], [26], we have

p ] S Wi lto,t) — BV (10, 1))

VMO Var(¥y; ko, 1))

— ©(a)

as M (i) — oo.

By the definition of Y;;(to,t), E[Y;;(to,t)] is the probabil-
ity that the mobile terminal X (5) will arrive C; in the time in-
terval (to,t). Thus, by the definition of handover prediction,
ElY;;(to,t)] = HP(X(j),Ci,to,t) and Var(Yy;(to,t)) =
HP(X(5),Ci, to,t)(1 — HP(X(4), Cs, to,t)). This completes
our proof. O
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