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Abstract

This paper addresses handoff management in a
multi- frequency CDMA system with non-uniform
traffic loads over cells. We propose a new handoff
scheme, called here the adaptive handoff
management (AHM), in which the inter-cell hard
handoffs, not only incurring equipment cost burden
but also degrading call quality, are totally
removed. Also contained in the AHM is the call
control capability of adaptively reflecting the traffic
environment. Traffic and mobility analysis is first
conducted on a single isolated cell with two
co-centered circle boundaries, thereby rendering
two key performance measures. Computational
experiments are conducted to illustrate the
superiority of AHM in two key performance
criteria.

1. Introduction

In a real-world CDMA system in operation, the
numbers of frequencies (or frequency assignments
(FAs) as used by service providers) assigned to
cells often vary owing to unbalanced traffic loads
imposed on cells [24,69]. Since the same
frequency can be used at neighboring cells, a
designated single frequency is commonly used at
all cells in the whole service area at the initial
phase of CDMA service provision. Cells are then
assigned further frequencies in accordance with the
level of demand increase therein, rendering the
non-uniform  multi- frequency assignments over
cells.

In this multi-frequency CDMA system, there
often occurs the inter-cell hard handoff (RHH)
that a mobile station (MS), when crossing a cell
boundary to a target cell, is handed off to a

different frequency used at the target cell. The
occurrences of RHHs, however, should be avoided
as much as possible, from the resulting poor
communication quality as compared to the soft
handoff [1,8]. Furthermore, implementing the RHH
requires that the target cell be time synchronized
with the incoming MS [2,6].

In an attempt to remove the occurrences of
such undesirable RHHs in a multi- frequency
environment, this study proposes a new method of
handoff operation, called the Adaptive Handgf
Management (AHM), incorporating intra-cell hard
handoffs (AHHs). Note that the operation of AHH
does not require any additional equipment since
performed within the cell. Another advantage to
note is that the quality of an ongoing call
experiencing the AHH is not so degraded as the
one under RHH.

2. Handoff Managment Method

For exposition convenience, we consider a
simplified CDMA cellular configuration consisting
of seven circular cells, in which the common

frequency F, is used throughout the service area

and an additional frequency F, is assigned only
to the cell of interest (center cell), as shown in
Fig. 1. This setting, though simple, has most of
performance-related  attributes of a  general
multi-frequency environment, so that its modeling
and analysis can easily be extended to a more
complicated situation of multi- frequency
assignments.
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Fig.l. An exemplar multi- frequency CDMA system

MSs undergo either type of handoffs when
leaving the center cell with two frequencies, unless
otherwise specified. One is the SH in which a
frequency used by an MS, F, in Fig. 2, is
present at both the center and the target cells.
The other type is the RHH in which the frequency
used by an MS, F,, in the center cell is not
supported at the target cell.

Before describing the AHM, the following is
defined first. As in [2], the area of center cell is
partitioned into two regions: central and peripheral.
The boundary between two regions are configured
by the RTD from the serving BS to the MSs, the
measurement of which is always possible because
the MSs are synchronized to the serving BS. The
central region means the one within which the
measured RTD of an MS does not exceed a
predetermined value, which is denoted by REGI
(Fig 2). The peripheral region, defined vice versa,
is denoted by REG2. The radii of cell and REG1
are R and R, respectively.

New calls originated in REG2 as well as
inbound handoff calls from outside are assigned
F|, whereas those new calls originated in REGI

F,. For an MS moving from REG] to REG2
while being served by F,, the AHH to frequency
F) is enacted upon crossing the RTD boundary.
And for an MS which is currently supported by
F, in REG2 and moving toward REGI, the AHH
to F, is

probability @ upon the MS's boundary crossing.
Note that under AHM, the MSs in REG?2 are
all operated only on F,, while those in REGI on

both F| and F,. Therefore, all inter-cell handoffs

performed randomly with a constant

Calf bouadasy

Fig. 2. Tllustration of AHM in the cell with RTD
boundary are made by the SH under AHM.

The key enabler of inter-cell SH is the AHH,
which can easily be implemented since an MS is
already synchronized to the frequency to be
handed off. Furthermore, the two parameters of
AHM, R, and @ can be adapted to varying
traffic environments
AHHs, the issue of which will
Section~4.

to minimize the number of
be detailed in

3. Traffic Modeling

3.1 New call case

Consider a cell, divided into two regions as given
in Fig. 2, on which MSs are randomly located.
Assume that the velocity J and the direction ¢
of MSs are uniformly distributed respectively on
intervals [0, V,] and [0,27], and that they
during their travels. Then the
location of an MS is represented by its distance r
and direction ¢ from the BS located at the center
of the cell.

Assume that an MS randomly chooses its
travel direction. If we define the travel direction of
an MS by the absolute angle @& between its
moving direction and the direction from its
position to the cell, the uniformly distributed
assumption on the travel direction guarantees the
independence of variables » and 8.

Now, consider an MS whose (new) call is
generated in region REGI or REG2. An MS's
travel path from its origination point to either
boundary will be denoted by the notation
(iy—i\——i,—xb). The first element i

indicates the region of origination, i, (k=1, ..) the

remain constant
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traversed regions, and the last element xb
represents either the RTD (xb=rb) or the cell
boundary (xb=cb). For compact exposition, the
Arabic numbers 1 and 2 are used to express the
regions REGl and REG2 and the letters rb and
cb the RTD and cell boundaries, respectively .

Let 7% be the travel duration of the new
calls. (MSs) with travel path P. Hereafter, the
quantities pertaining to new calls will be denoted
by superscript n. Due to the lack of spaces, only
the results of the travel path (1-2—ch) is now
presented. For those of other remaining cases and
their deriving processes, refer to [6]. And refer to
[8,11] for similar approaches on other applications.

v
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3.2 Handoff call case

Consider an MS handed off to the center cell from
its neighboring cell (an inbound handoff call). Note
that in this case the range of random variable @
becomes [- 7/2,7/2] and that other assumptions
on an MS's moving pattern remain the same as
for a new call. Let (i,—>-—i;—xb) be the travel
path of an inbound handoff call, assuming that the
corresponding MS is generated at the cell
boundary. All quantities pertaining to an inbound
handoff call will be denoted by superscript h. We
now list the result of path (2—1-52—ch) and
are others omitted.
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4. Performance Measures

Consider two performance measures: the outage
probability and the rate of AHH. The outage
probability is the probability that servicing an
ongoing call is discontinued when a required level
of quality service is not guaranteed any further
owing to heavy traffic congestion at a cell [8].
The rate of AHH means the number of MSs
making AHHs per unit time, which is introduced
to identify the level of their negative effect on
system performance [2].

Assume that the duration 7T of a call is
exponentially distributed with mean 1/, and that
new and inbound handoff calls at the cell are
generated  according to independent  Poisson
processes with rates A" and A", respectively.

Given two AHM parameters, R, and ¢, the

rate of AHH from F |, to F, is represented by
AR | ,(R|,a) and the one in the reverse direction
by AR, (R ,,a). With these notations, the
following relations are found after some analytical
manipulations.

AR (R 1. @)= APyt @A P oyt APy )
AR LR &)= a(A"P L+ APy

w h e r e

PL=Pr(T>T)= fo e “f o (Ddt k= n,h (1)

The total rate of AHHs, AR(R |,a), is the sum
of AR ,,(R,,a and AR, (R ,a).

Now turn our attention to the outage
probability. Given the offered load OL to the cell
in the single-frequency CDMA system, Viterbi et
al. [8] have reported a simple approximate measure
of the outage probability. In order to exploit this
approximate measure, we need to calculate the
offered loads of frequencies Fy and F,.

Let the T;‘,,,, be the

minimum of the duration 7T of a call and its

random variable

travel duration T"P with travel path P, that is,
Thop=min {T,TX), k= n,h.
With T,'f,.p$ denoting the mean of Tf,‘,,, and

given R, and @, we can obtain two offered loads,
OL \(R,.a) and OL ,(R,,&), which are not
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given due to the lack of space. The outage
probability, denoted by OP /R ,,a), of frequency

F; (i=12) can be obtained by equation (1) and
offered loads OL (R, , Q).

5. Numerical Examples

According to the optimal parameter values, R,
and @, the whole range of traffic load can be
divided into three subranges. The first subrange,
having R;= 0 and ¢ = 0, represents the light

load environment in which a single frequency

suffices for the traffic demand. The second
subrange is with R;>0 and
shows the medium level of traffic load requiring
two frequencies. In this case, the AHM can be
activated, completely removing AHHs from REG?2
to REGI1. The case of heavy load corresponds to
the third subregion with R[>0 and o°>0, in
which the AHM reduces the overload on frequency
£y by systematically forcing a larger number of

@' = 0,which

MSs to use the additional frequency F,.

In the AHM, we adjust the parameter of the
RTD boundary R, to take the preemptive
responsibility for traffic load increase. As the load

increases, R, is first increased to its largest

allowable value, and then the traffic ratio @ starts
increasing to take charge of further load increase.
Note that this order of load bearing aims at
minimizing the occurrences of AHHs.

6. Conclusion

In this paper, we have presented an adaptive
handoff management (AHM) method in a
multi- frequency CDMA  cellular system. The
existing handoff methods in a multi- frequency
system cannot but employ RHHs, which not only
incur additional cost burden but also degrade the
quality of calls undergoing handoff. But in the
proposed AHM method, these undesirable RHHs
can be completely removed by introducing AHHs
for the MSs crossing the RTD boundary. Another
key advantage of using the AHM method is its
ability of adaptively changing its two parameters
according to the traffic environment,
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