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Abstract. The integration of CDMA cellular network and wireless LAN
(WLAN) has drawn much attention recently. In this integrated architecture, it is
required to support a vertical handoff from the WLAN to the CDMA system
when a user moves out of the WLAN coverage area and vice versa. We propose
a context based handoff procedure and the corresponding mechanism from
WLAN to CDMA system, and vice versa, based on wireless channel assign-
ment. In other words, this paper focuses on the handoff decision which uses
context information such as dropping probability, blocking probability, GOS,
the number of handoff attempts and velocity. As a decision criterion, velocity
threshold is determined to optimize the system performance. The optimal veloc-
ity threshold is adjusted to assign available channels to the mobile stations with
various handoff strategies. The proposed scheme is validated using computer
simulation. Also, the overflow traffic with take-back technique is evaluated and
compared with non-overflow traffics in terms of GOS.

1 Introduction

The demand for better telecommunication services has led to the development of a
number of wireless access technologies including Bluetooth, wireless LAN, wireless
MAN, and Wireless WAN (2G, 3G, and 4G). They not only provide traditional voice
services but also multimedia services with high bandwidth access. Each of these ac-
cess technologies has a different data rate, network latency, interaction capability,
mobility support, and cost per bit because they have been designed with specific ser-
vices in mind. To meet the diverse and growing needs for telecommunication ser-
vices, more specific and heterogeneous access technologies must be developed be-
cause there is no longer a multi-purpose access technology meeting all user require-
ments at a reasonable cost. New wireless access networks are required to laid over the
existing ones. In such wireless overlay networks, integration of several access net-
works will effectively support a broad mix of services.

The combination of WLAN and CDMA technology uses the best features of both
systems. They nevertheless tend to leverage the high-speed access of WLANs when-
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ever possible. However, CDMA and WLANSs are based on different networking tech-
nologies. The integration of them, especially seamless roaming, thus becomes one of
the critical issues in the ubiquitous environments some of which involve the inter-
working architecture, authentication, roaming services, seamless handoff, and imple-
mentation of a WLAN/CDMA2000 [1]. The motivation behind inter-technology for
the hybrid mobile data networks arises from the fact that no one technology or service
can provide ubiquitous coverage.

A handoff mechanism in an overlay CDMA and underlay WLAN should perform
well so that the users attached to the CDMA just easily check the availability of the
underlay WLAN. The decision criteria for handoff (or network selection) can be
based on the maximum link speed, reliability, power utilization, billing, cost, user
preference, mobile speed, and Quality of Service like bandwidth, delay, jitter, and loss
rate, etc [2]. To simplicity, we do only consider the mobile speed in this paper. A
good handoff algorithm is to be derived in order to minimize unnecessary handoff
attempts. An appropriate handoff control is also an important issue in system man-
agement for the sake of the benefits above with the overlaid cell structures. This paper
suggests four handoff strategies : a) no-overflow, b) Overflow — From WLAN to
CDMA system, c) Overflow — From WLAN to CDMA system and vice versa, d)
Take-back.

To efficiently support general applications, we present an optimization scheme
which assumes no knowledge about specific channel characteristics. Furthermore this
paper considers a mobile speed as a decision criterion and proposes a handoff proce-
dure and the corresponding mechanism from WLAN to CDMA, and vice versa, based
on wireless channel assignment. For the speed-sensitive handoff algorithm, different
approaches have been proposed in [3]-[6]. In [6], new call and handoff attempts are
overflowed from the speed-dependent preferred cell layer (WLAN) to an upper cell
layer (CDMA). The overflowed call keeps its connection to the overflowed network
in which it is traveling as soon as a channel becomes available in the cell. However, a
flexible overflow mechanism with possible take-back of overflow traffic into the
preferred cell layer has not been considered.

In short, we first propose a context based handoff procedure and the corresponding
mechanism from WLAN to CDMA system, and vice versa, based on wireless channel
assignment. Secondly, we present a handoff control scheme for a hierarchical struc-
tured network. As a decision criterion, velocity threshold is determined to optimize
the system performance. The proposed scheme is validated using computer simula-
tion. Also, the overflow traffic with take-back technique is evaluated and compared
with non-overflow traffics in terms of GOS. The simulation results show that take-
back strategy performs as good as other handoff strategy.

The rest of the paper is organized as follows. In Section 2, the system description
and the required assumptions are presented. The role of the mobility model is viewed
in the design phase of the networks. Section 3 explains the mobility model, perform-
ance parameters (i.e. new call blocking probability and handoff call dropping prob-
ability), and core part of algorithmic decision procedure for the optimal velocity
threshold for the WLAN and CDMA selection schemes. Simulations are performed in
Section 4 to validate the proposed approach. Finally, the summary of the result and
the future related research topics are presented in the conclusion section.
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2 System Description

We consider a large geographical area covered by contiguous WLANS.

I"F Overflow -~ — =~ = = = == 7 7 7 |
| .
| |
o 1 - .
N N s P R [ L .
2l wane s ! P il
/'n—L' 4z _ il .y 1
- Take-back . | P . |
S - ! =
o . e N b4
. e AFaC .
s r— CDMA system 7
45 » Pl Ny I- - g 0
(T I . ~— /,/
25 WLAN I 7
n T |I . . I S
o T~ | = : new and handofl traffic
' | - - pverllow traffic
ST Overflow - T T T T T T - - ==

= = =P : take-back traffic

Fig. 1. Management of traffics in integrated system

Fig. 1 shows traffic flows between different wireless networks with related parame-
ters. The WLAN constitutes the lower layer of the two-layer hierarchy. All the
WLANS are overlaid by a large CDMA system. The overlaying CDMA system forms
the upper cell layer. Each CDMA system is allocated ¢ traffic channels, and the

number of channels allocated to the WLAN cell-i is ¢;, i =1,2,# , N . All channels

are shared among new calls and handoff calls. In our system, mobile stations (MSs)
are traversing randomly the coverage area of WLAN and CDMA system. We distin-
guish two classes of MSs, fast and slow MSs. We further assume that an MS does not
change its speed during a call.

The operation of the system can be described as follows (see Fig. 1).

(D A new call generated by a slow MS (or a fast MS) in WLAN (/15) (or CDMA

system (/15 )) : A new call is first directed to the camped-on WLAN (or CDMA
system). If the number of traffic channels in use in the WLAN i (or CDMA system) is
equal to c; (or ¢, ), the new call may be overflowed to the overlaying CDMA system
(or overlaid WLAN). The overflowed new call will be accepted by the CDMA system
(or WLAN) if the number of traffic channels occupied in the CDMA system (or
WLAN) is smaller than ¢ (or c; ); otherwise, the call will be lost.

@ A handoff request of a slow MS (or a fast MS) in WLAN (ﬂi ) (or CDMA system

(A7) : A handoff request is first directed to the target WLAN (or CDMA system)

independent of whether the current serving network is a neighboring WLAN or an
overlaying CDMA system. If all traffic channels in the target WLAN (or CDMA
system) are busy, the handoff request may be overflowed to the overlaying CDMA
system (or neighboring WLAN). The overflowed handoff request will be served by
the CDMA system (WLAN) only if there is any idle traffic channel; otherwise, the
handoff request fails and the call is forced to terminate (dropped).
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@ A take-back call of a slow MS (or a fast MS) in CDMA system (/1?) (or WLAN
(/13; )) : Assume a slow MS (or a fast MS) roaming within a CDMA system (or
WLAN) it is traversing. If this slow MS is engaged in a new or handoff call that has
been successfully overflowed to the CDMA system (or WLAN), a take-back request
is directed to the WLAN (or CDMA system) the MS enters at each border crossing
time. This take-back request will be accommodated by the WLAN (or CDMA sys-
tem) only if there is any idle traffic channel in the WLAN (or CDMA system). If all
traffic channels in the target WLAN (or CDMA system) are busy, the slow MS (or a
fast MS) will continue to be served in the CDMA system (or WLAN) (See Fig. 2).

CDMA
B
([ / — WLAN
Call initiated overflow
- Handoff {vertical handoff)  Take-back
(horizontal handoff) (vertical handoff)

Fig. 2. Examples for take-back strategy

In this paper, all WLANSs of the lower layer are treated equally to simplify the
overflow and the take-back mechanisms.

3 Performance Measures and Analysis

The mobility models and perspective is given in [7]. We present analytical results for
the proposed system. As stated, our objective is to focus on simple and tractable
mechanism for which analytical results can give an insight into handoff between dif-
ferent networks. According to the velocity threshold, all the mobile users are divided
into two groups; slower moving users ( A% ) and fast moving users (A" ). In order to
determine the value, which is one of the main goals of this study, a few assumptions
related to mobility characteristics are made. The assumptions we employ in the mobil-
ity models are taken from [6] as cells are circular with radius R, mobiles are uni-
formly distributed in the system, mobiles making new calls in WLAN move in a
straight line with a direction uniformly distributed between [0,27) , and mobiles
crossing cell boundary enter a neighbor cell with the incident angle € of distribution:

f(@)=1/2%cos8 for—-m/2<0<nx/2 and f(0)=0 for otherwise .

WLAN cells compose of two types of new call traffics, represented by the call ar-
rival rates ﬂi and A3 , respectively modeled by the Markov Modulated Poisson proc-
ess (M/M/k/k, in voice traffic model) [8]. Let random variables X and Y denote the
straight mobile path for new calls and handoff calls, respectively. With the assump-
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tion of the unique WLAN cell size and the same speed of the MS, WLAN cell bound-
ary crossing rate per call ( 5 ), provided that no handoff failure occurs [6]:

U, =1/E[T,1=2E[V]/ 7R ey

Here, T} represents the time for a mobile to cross a WLAN cell with radius equiva-
lent to R. E[Ty ] is the cell sojourn time for a constant MS velocity. New calls as-
sume to finish within the average call duration time, 1/ &, or the call handoffs to an
adjacent cell. The proportion of the channel returned by the handoff is [7]

Py =pp 1+ up) 2

In other words, the rate of channel release and that of the call completion due to hand-
offare up /(+uy) and u/(u+ py), respectively.

3.1 The New Call Blocking Probability of WLAN

We denote the blocking probability of calls from CDMA system and WLAN by Py,
and Py, , respectively. And the handoff traffic from slow and fast mobiles is denoted
as follows. The A, and /120 is the rate of fast and slow mobile handoff traffic in a
CDMA systems, respectively. The A}, and /1‘21 is the rate of fast and slow mobile
handoff traffic in a WLAN, respectively. And we denote the take-back traffic rate to
CDMA system and WLAN by A, and A, respectively. The Py, and Py, are the
take-back probability from CDMA system and WLAN, respectively.

The aggregate traffic rate into the WLAN due to a slow MS is computed as fol-
lows:

A=Ay A+ Ay )
where the take-back traffic rate component is given as
A1 = Aoy + Ay + A1) Py (1= Pgo) Py )
The aggregate traffic rate into the WLAN due to fast MS is expressed as
A =1 NXALy + Ay + Aho) Peo + A1y ®)

n

The generation rate of the handoff traffic of a slow mobile station in a WLAN is
given as follows:

ﬂil =P/1S1 A +/1i1 +/1§1 1= Pg) (©)

nl

The generation rate of the handoff traffic of a fast moving MS in a WLAN is charac-
terized as follows:

Ay = Pl {1 N X (A + Ao + A50)Ppo (1= Pgy) + Ay (1= Py} )

The parameter p is the actual offered load to a WLAN from the new call arrival and the
handoff call arrival. Invoking this important property, we can use



A Vertical Handoftf Algorithm Based on Context Information in CDMA-WLAN 353

o= T ud + A 1 ul as the offered load to the WLAN, the Erlang-B formula calcu-
lates the blocking probability with the traffic o, and the number of channels ¢, [8]

Pp = B(cy, py) (8)
where

Py = B(c, p) = (p° /c!)/(Z;0 2 /il

3.2 The New Call Blocking Probability of CDMA System

The aggregate traffic rate into the CDMA system due to a slow MS is computed as
follows:

Ao = Ao + Ao + A1 ®
Here the take-back traffic rate component is given as
Aro = Ao + Ao + A7) Ppo (1= Py )P (10)
Thus, the aggregate traffic rate into the CDMA system due to a fast MS is given as

AL = NQS, + 25, + 25,)Pyy + 23, (I

n

The generation rate of the handoff traffic of a slow MS in the CDMA system is calcu-
lated as

/150 :th)(/150+/1£0+/150)(1_1330) (12)

The generation rate of the handoff traffic of a fast MS in the CDMA system is com-
puted as

Zno = Pl AN (A, + Ay + 231) Pgy (1= Pgo) + A (1= Pyy )} (13)

The probability of call blocking is given by the Erlang-B formula because it does not
depend on the distribution of the session time. Invoking this important property, we
can use P, = /13 / ﬂg + Ay /g as the offered load to CDMA system, and blocking
probability can be written as

Py = B(cy, po) (14)

3.3 The Handoff Call Dropping Probability of WLAN and CDMA System

Slow MSs are supposed to use WLAN channels. However, since handoff to CDMA
system is also allowed, the probability of handoff call drop in WLAN can be calcu-
lated as follows. Let P, denote the probability that a slow MS fails to be handoffed
to a near WLAN. The probability of the calls, Pg,, in a WLAN denotes the probabil-
ity of failed hand-up to the overlaying CDMA system due to the channel shortage.
Then the handoff call dropping probability is
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s s
Pp = Py Py + P (1= Pgy) PR (15)

Here PFSO is the probability that a slow MS handoff to CDMA system fail. The P,
is defined in such a way that the i th handoff request is successful but the (i+1) th
request is dropped:

Po = fi+sifi +sPfi+h = fi /=) (16)

where f) = Py P . fo =PuPpo. 5y =P, (1=Pp) . and sy = Py (1= Pgy) . f; de-
scribe the probability that handoff fails due to channel shortage and the s; is the
probability of successful handoff. The overall probability of either dropping or hand-
off failure is

PD=R4Py +R. P} an
where Ry and R is fraction of slow and fast MSs , respectively.

3.4 The Number of Handoffs

We will use the term handoff rate to refer to the mean number of handoffs per call.
We use geometric models to predict handoff rates per call as cell shapes and sizes are
varied. Approximating the cell as a circle with radius R and the speed of the mobile
station with V, the expected mean sojourn time in the call initiated cell and in an arbi-
trary cell can be found [6], respectively

E[Ty 1=8R/37E[V] E[T,1=7R/2E[V] (18)

A user will experience a handoff if he moves out of the radio coverage of the base
station with which he currently communicates. The faster he travels, probably the
more handoffs he experiences. Using result from renewal theory, the expected number
of handoffs given the speed of the user can be found.

_ TE[V]

BN, =V R (19
AR 37EIV]+SuR

3.5 Grade of Service (GOS) and Network Selection

Among many system performance measures, GOS is most widely used. In fact users
complain much more for call dropping than for call blocking. It is evaluated using the
prespecified weights, PB and PD ,

GOS =(1-a)PB+aPD (20)

where PB and PD represent the blocking and dropping prob. of systems, respectively.
The weight o emphasizes the dropping effect with the value of larger than one half.

A proposed perspective network selection procedure together with a few of pre-
processing is shown in Fig. 3. For the estimation of the mobile speed, Global Posi-
tioning System (GPS) or Differential GPS can provide adequate location information.
Using GPS and Time-of-Arrival (TOA) information from the user signal, we can
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estimate for user’s velocity. We develop the selection algorithm based on an optimal
velocity threshold. The problem here is to find V; improving the GOS and decrease
the number of handoff attempts ( N, ) with the given traffic parameters and MS mo-
bility; f, (4) and f,, (v) . We have to find the velocity threshold satisfied the follow-
ing equation.

Total Calculate Calculate
i — Blocking and Grade of
load { A ) Dr%)BEJing)?DrOb‘ > Service Network
s 2 J 1GOS) it Estimate Selection
inimizing Yelocity
Estimate Problem Threshold =y <V
Estimate the 7, then YWLAN
the e The number (V)
moblle e PrO0- © L of handoff else COMAY
mabile A
speed AE 5 [SLEY]
(1 Spee v
Fig. 3. Network selection Scheme
min{GOS(V),N,(V)} (21
Vr

The procedure is now concerned with the GOS in which the system wide new call
blocking probability PB and the handoff call dropping probability PD are weighted
to be averaged as in Equation (20). The GOS can be written as a function of V;, and
hence finding the optimum value of V; minimizing the value of GOS and N, is a
typical minimization problem.

4 Numerical Examples

The proposed procedure is tested with a number of numerical examples for the over-
laid structure. The test system consists of 10 WLANs in the CDMA system. The total
traffic A =4, +nA,, where 4, and A, are the new call arrival rate for the CDMA
system and the WLAN, respectively. The radius of the WLAN and the CDMA system
are assumed 300m and 1000m, respectively. The average call duration is
1/ 4 =120 sec. The number of channels in each CDMA system and WLAN is
¢g =30, ¢; =10 for the total A =60 Erlang. Assume the traffic mobility distribution
same as [6] . A

In operation phase use can draw a histogram to estimate the f}, (v), and the ex-
pected value of the mobile speed can be calculated by averaging the mobile speeds
monitored by the system. Analytically we can obtain E[V] for such a simple hypo-
thetical velocity distribution [7]. And we consider four handoff strategies for com-
parison as follows.

a) No overflow : A reference system where the two layers are kept completely
independent.

b) Overflow — From WLAN to CDMA system : A system where only over-
flow of new and handoff traffic for a slow MS to the CDMA system is al-
lowed.
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¢) Overflow — From WLAN to CDMA system and vice versa : A system
where overflow of new and handoff traffic for both slow and fast MS is al-
lowed.

d) Take-back : Overflow of new or handoff traffic and take-back of both slow
and fast MS to their appropriate layers.

Fig. 4 shows the plot of Equation (19) for the mobility distributions [6] of the MS
in the system. As the velocity threshold increases, the number of handoff attempts in
the system also increases. To achieve the goal of minimizing N,, we want to place
more users in the CDMA system, because crossing the boundaries of large cells be-
comes less frequent. However, this may overload the CDMA system. Many calls may
be blocked due to the lack of channels and have to be handed down to WLAN. This
imposes an extra cost. Therefore, it is desirable to keep the GOS in the system.

Muber of Pandaff vs Velocity Theshold

WLAN

« COMA
AVERAGE

Number of handol!

Fig. 4. The number of Handoff vs. velocity threshold

islocity Treshokd vs Grade of Service
i Mo overliow !
Chverfiow - from microced to macrocel 1
+ Overfiow - from micrafmacroced to macraimicroced
Takeback

\edocity (misec)

Fig. 5. Grade of Service vs. velocity threshold

We investigate the GOS, which is a function of both the traffic load and mobility
distribution. Fig. 5 shows the plot of Equation (20) for the mobility distributions of
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the MS in the system. The vertical arrows in the figure show the range of the possible
velocity thresholds at a certain load level. The lowest point in the range corresponds
to the maximum allowable and optimal velocity threshold. Optimal V; is 12m/sec,

14m/sec, 13m/sec, 12m/sec for case a), b), ¢) and d), respectively. Here the GOS of
case c) and d) have minimums of nearly equal values, but V; does different cases.
Case d) is favorable (See Fig. 4) since V; in the case d) is smaller than that of case c)
and thus more users are serviced in the CDMA system while the WLAN serves the
fewer users. As a results, the WLAN will give rise to a higher number of handoff
requests for high-mobility users, and the corresponding number of handoff requests of
the calls in progress may cause an excessive processing load in the network.

For the range exceeding the threshold, as V is smaller, more traffics can be ac-
commodated for the increased Pj, for which more traffics are allocated to the
WLAN. As the traffic increases, the V; corresponding to the minimum Pg, becomes
higher; more traffics should be assigned to the WLAN. For example, if the number of
faster moving MS are more than those of the slower moving, the optimal V; (in
terms of GOS) lies in the relatively higher position of the region. From the mentioned
figures above, when the overflow is likely to reduce the PD , we note that the traffic
should be small enough as compared to the case without the overflow.

The take-back strategy provides the value of GOS nearly equal to case c¢) while it
has the optimal velocity threshold smaller than that of case c). With all the observa-
tions in mind, the strategy we proposed has desirable characteristics, i.e., finding the
optimal value of GOS and the number of handoff rate (See figure 4 and 5).

5 Conclusion

We have presented a handoff procedures with network selection deciding the optimal
velocity threshold in order to improve the GOS and minimize the number of handoff
attempts with the given traffic volume and four handoff strategies in WLAN and
CDMA system. The simulation results show the dependency of the system perform-
ance upon the velocity threshold, V. The velocity threshold has shown to be an
important system parameter that the system provider should determine to produce
better GOS and lower handoff rate. From the simulation results we were able to vali-
date the procedures determining the optimal V; in which depends upon PD and
PB as well as the number of handoff attempts. Furthermore, the take-back strategy is
more favorable than other handoff strategies in this simulation environment.
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