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Enhanced Soft-Handoff Scheme for Real-Time
Streaming Services in Intelligent

Transportation Systems
Based on CDMA

Young-uk Chung and Dong-Ho Cho, Senior Member, IEEE

Abstract—Code division multiple access (CDMA)-based radio-
on-fiber road–vehicle communication systems were proposed to
support real-time streaming services in intelligent transportation
systems (ITSs). Soft handoff should be provided for real-time
streaming services because these services are required to guar-
antee real-time property and quality of service (QoS). However,
soft handoff of real-time streaming services causes the shortage
of resource in view of the system. In this paper, the double-
adjustment soft-handoff (DASH) scheme is proposed to support
seamless service regardless of the shortage of resource and max-
imize the resource efficiency when real-time streaming services
are served in CDMA-based ITSs. The DASH scheme adjusts the
data rate of a call when it starts and finishes soft handoff. The
performance of the DASH scheme is evaluated by analytical and
simulation methods. Performances are evaluated with respect to
the blocking probability, the handoff failure probability, and the
carried traffic. Numerical results show that the proposed scheme
can give relative good maintenance of calls and good throughput.

Index Terms—Real-time multimedia service, soft handoff,
streaming service.

I. INTRODUCTION

RAPIDLY increasing demands for intelligent transporta-
tion systems (ITSs) have been required to support various

multimedia services. There have been researches and devel-
opments about several services such as electronic toll collec-
tion, vehicle location, and navigation services [1], [2]. In the
near future, real-time streaming services that require high data
rate become core applications. These real-time streaming ser-
vices require broadband wireless communication under high-
mobility conditions.

There remain many problems such as signal distortion and
information loss to support broadband wireless communica-
tion in ITS. To solve these problems, code division multi-
ple access (CDMA)-based radio-on-fiber (ROF) road–vehicle
communication systems were proposed [1]. The use of the
ROF technique makes the construction of cost-effective micro-
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cell systems, which are requisite for high-capacity multimedia
services. CDMA is one of the most promising technologies for
mobile communication systems. The employment of CDMA
enables this system to offer various unique features such as
robustness against fast fading by the use of diversity reception,
equalization, interleaving, RAKE receivers, and soft handoff.

There are three kinds of resource in the CDMA-based ITS:
orthogonal code, physical channel card (modem), and trans-
mission power. The hard capacity of the system is affected by
the orthogonal code and the physical channel card, and soft
capacity is affected by the transmission power. Soft handoff is a
technique that makes mobile stations (MSs) residing in an over-
lapping cell region communicate with both the currently serv-
ing base station (BS) and the target BS, simultaneously. Due
to perfect frequency reuse feature of CDMA, MSs can perform
soft handoff when they move between cells. It is commonly
known that soft handoff consumes more resource than hard
handoff on the forward link with respect to hard capacity, even
though it can support reliable service, better communication
quality due to double usage of hard capacity, and interference
reduction [3]–[6]. On the other hand, the waste of soft capacity
on the forward link can be compensated by the macrodiversity.

In streaming services, which we consider in ITS, soft handoff
should be provided because these services require the guarantee
of real-time property and quality of service (QoS). However,
there remains a serious problem when we apply soft hand-
off to these services, because these services require multiple
orthogonal code and physical channel card simultaneously to
support high-speed transmissions. For example, when an MS
that requires four codes and channel cards is in the state of
soft handoff, it consumes eight codes and channel cards for the
system’s point of view. It causes the shortage of system capacity
such as frequent handoff-call dropping. Because seamlessness
is very important feature for real-time services, this problem
should be overcome.

Considering the shortage of hard capacity, there have been
many previous works on resource management for real-time
streaming services. However, most of these previous works
focused on access control for integrated voice/data/video traf-
fics [7]–[14]. Only few researches have been focused on re-
source allocation during soft handoff of real-time streaming
services. In this paper, we propose the double-adjustment soft-
handoff (DASH) scheme to compensate for the shortage of hard
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capacity and maximize the resource efficiency. The proposed
DASH scheme adjusts the data rate of a call when the call starts
and finishes soft handoff, respectively.

This paper is organized as follows. In Section II, we ex-
plain the proposed soft-handoff scheme to maximize the re-
source efficiency. In Section III, we describe the system model,
develop the analytic model, and define performance measures
to evaluate the proposed scheme. In Section IV, we describe
the simulation environments, perform numerical results, and
compare the results. Finally, we summarize our results and
conclude this paper in Section V.

II. DASH SCHEME

In this section, we describe the algorithm of our proposed
DASH scheme. The system considered in this paper is an all-
IP network-based ITS system. This system consists of an IP-
based core network and a CDMA-based radio access network.
The radio access network of this system consists of microcells
that have small range. In the ITS, various real-time streaming
services are provided to fast-moving vehicles. Because real-
time streaming services have a long service time, an MS passes
through many cells during the call duration. Therefore, an
efficient resource allocation during soft handoff is necessary to
support seamless service.

When an MS that supports real-time streaming service is in
the state of soft handoff, the same hard capacity is required
for both the serving BS and the target BS. Because real-time
streaming services require a large amount of resource, handoff-
call dropping occurs frequently. The shortage of hard capacity
such as the orthogonal code and the channel card becomes a se-
vere problem in view of the system. The DASH scheme is pro-
posed to alleviate this problem by adjusting the data rate of an
MS during soft handoff. We assume that the data rate of an MS
is determined by only the amount of occupied resource, which
consists of the orthogonal code and the physical channel card.

The algorithm of the DASH scheme is shown in Fig. 1. When
a new call is originated in the normal region, it requests resource
to the serving BS based on its service type. If there remains
enough resource, the requested resource is allocated to the call.
Otherwise, the call is blocked.

When an on-going call in the normal region moves into
the handoff region, the call sends a negotiate message to the
target cell BS and adjusts its current data rate according to the
remaining resource in the target cell BS. If the target BS has
enough remaining resource, the adjustment is accepted and the
call is in the soft-handoff state. Otherwise, the call is dropped.

When a call in the soft-handoff state moves out of the handoff
region and enters into the normal region of the target cell, the
call breaks communication with its serving cell BS, sends a
negotiate message to the target cell BS, and adjusts its current
data rate according to the remaining resource in both the serving
BS and the target BS. If both BSs have enough remaining
resource, the adjustment is accepted and the adjusted resource
is allocated to the call.

When a new call is generated in the handoff region, it
requests resource to BSs, which constitute the handoff region
according to its data rate. If there is sufficient available resource

in both BSs, the call is in soft-handoff state and communicates
with both BSs. If there is no sufficient resource in at least one
of both BSs, the call is blocked.

III. PERFORMANCE ANALYSIS

In this section, we analyze the performance of the proposed
DASH scheme. It alleviates a shortage of hard capacity by
adjusting the data rate of MSs during soft handoff. This sec-
tion consists of three parts. In the first part, we describe the
system model of our analysis. In the second part, we perform
a mathematical analysis to calculate performance considering
hard capacity. The analysis is performed using the Markov
chain method. We referred to the approach that was used by
Chung and Cho [15]. The performance measure is defined in
the third part. Performance is evaluated with respect to the
blocking probability, the handoff failure probability, and the
carried traffic.

A. System Modeling

The system we consider in this paper is the road–vehicle
ITS. In the road–vehicle ITS, all microcells are located along
the streets. Therefore, all MSs move in just two directions. We
assume that there is no turning back. The system description
is shown in Fig. 2. The target service is real-time streaming
service such as video on demand (VoD) and videophone. In this
system model, we use the term “resource” as a minimum unit
of capacity. The minimum requirement for maintaining a call
is one orthogonal code and one physical channel card. Thus,
the term “resource” can imply either the orthogonal code or the
physical channel card. We assume that there are N kinds of
service types. Each service type needs resource ranging from
one resource to N resource according to its property. The more
an MS uses resource, the higher the data rate the MS uses.

We divide a cell into two regions such as the normal region
and the handoff region, as shown in Fig. 2. The normal region
is surrounded by the handoff region. Let the ratio of the handoff
region in a cell be f . Then, f is given by

f =
area of handoff region

area of a cell
. (1)

We assume that the handoff region is made by only two cells.
Let the handoff-call-arrival rate be λh. The new call-arrival rate
is assumed to be Poisson distribution with rates λn. Let the new
call-arrival rates in the normal region and the handoff region be
λnn and λnh, respectively. Under the assumption that new call
arrivals are uniformly distributed, λnn and λnh are found to be

λnn = (1 − f)·λn (2)

λnh = f ·λn. (3)

We assume that every handoff requirement can be perfectly
detected in our model and the resource assignment is made
instantaneously if resource is available. The total allowable
resource of a cell is assumed to be C.

Let the call-duration time be TC. We assume that TC is
exponentially distributed with mean µ−1

C . Let the mean dwell
time in the whole cell, the mean dwell time in the normal
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Fig. 1. Algorithm of the DASH scheme.

region, and the mean dwell time in the handoff region be Tdg,
Tdn, and Tdh, respectively. Tdg, Tdn, and Tdh are also assumed
to be exponentially distributed with mean µ−1

dg , µ−1
th , and µ−1

tn ,
respectively. There are relations between the mean dwell time
in a cell and the mean dwell time in each region. Because the
target system of this paper is ITS, the related functions are
described as follows:

Tdn = (1 − f) · Tdg (4)

Tdh = f · Tdg. (5)

B. System Analysis

The state of a cell s is defined as



c1(s) c2(s) · · · cN (s)
chi
1 (s) chi

2 (s) · · · chi
N (s)

cho
1 (s) cho

2 (s) · · · cho
N (s)




where ck(s) is the number of calls in the normal region oc-
cupying k resource when the cell is in state s, chi

k (s) is the
number of calls in the handoff region, which are moved from
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Fig. 2. System description.

the neighbor cell with occupying k resource when the current
cell is in state s, and cho

k (s) is the number of calls in the handoff
region, which are moved from the normal region of the current
cell with occupying k resource when the cell is in state s. The
state s has a value ranging from 0 to smax. ck(s), chi

k (s), and
cho
k (s) can have a value ranging from 0 to �C/k�.

Let Rn(s) be the number of resource occupied by calls in the
normal region when the cell is in state s, and Rh(s) be the num-
ber of resource occupied by calls in the handoff region when the
cell is in state s. Then, Rn(s) and Rh(s) are calculated as

Rn(s) =
N∑

i=1

i · ci(s)

Rh(s) =
N∑

i=1

(
i · chi

i (s) + i · cho
i (s)

)
. (6)

Rn(s) + Rh(s) should not be bigger than total allowable
resource C.

There are seven types of state transition. The first type is a
state transition due to a new call arrival in the normal region.
Let rnn(x2, x1) be the flow component from state x1 to state x2

due to a new call arrival in the normal region. Also, let αk be the
probability that the new call belongs to a service type that needs
k resource. αk has a predefined arbitrary value. As we assume
that there are N kinds of services, k has the value ranging from
1 to N . According to the conventional soft-handoff strategy, if
there remain k resource in a cell and a new call requires k + 1
resource, the new call is blocked. Therefore, if we define the
state xk as



c1(s) · · · (ck(s) + 1) · · · cN (s)
chi
1 (s) · · · chi

N (s)
cho
1 (s) · · · cho

N (s)




where (1 ≤ k ≤ N)

then rnn(xk, s) is expressed as

rnn(xk, s) =




λnn · αk, for C − (Rn(s) + Rh(s)) ≥ k
and (ck(s) + 1) · k ≤ C

0, otherwise
.

(7)

The second type is a state transition due to a new call arrival
in the handoff region. Let rnh(x2, x1) be the flow component
from state x1 to state x2 due to the new call arrival in the
handoff region. If we define the state x1 as




c1(s) · · · cN (s)
chi
1 (s) · · · (

chi
k (s) + 1

) · · · chi
N (s)

cho
1 (s) · · · cho

N (s)




where (1 ≤ k ≤ N)

and the state x2 as




c1(s) · · · cN (s)
chi
1 (s) · · · chi

N (s)
cho
1 (s) · · · (cho

k (s) + 1) · · · cho
N (s)




where (1 ≤ k ≤ N)

then rnh(x1, s) and rnh(x2, s) are expressed as

rnh(x1, s) =




λnh · αk/2, for C − Rn(s) − Rh(s) ≥ k
and

(
chi
k + 1

) · k ≤ C
0, otherwise

rnh(x2, s) =




λnh · αk/2, for C − Rn(s) − Rh(s) ≥ k
and

(
cho
k + 1

) · k ≤ C
0, otherwise

.

(8)

New calls in the handoff region are counted in chi
k and cho

k

according to their moving direction. As we assumed that there
can be only two directions in this system, the probabilities that
a new call in the handoff region is counted in chi

k and cho
k are

0.5, respectively. The term 1/2 in (8) is included due to this
assumption.

The third type is a state transition due to call completion. Let
rc(x2, x1) be the flow component from state x1 to state x2 due
to call completion. If we define the state xk as




c1(s) · · · (ck(s) − 1) · · · cN (s)
chi
1 (s) · · · chi

N (s)
cho
1 (s) · · · cho

N (s)




where (1 ≤ k ≤ N)

the state xhi
k as




c1(s) · · · cN (s)
chi
1 (s) · · · (

chi
k (s) − 1

) · · · chi
N (s)

cho
1 (s) · · · cho

N (s)




where (1 ≤ k ≤ N)

and the state xho
k as




c1(s) · · · cN (s)
chi
1 (s) · · · chi

N (s)
cho
1 (s) · · · (

cho
k (s) − 1

) · · · cho
N (s)




where (1 ≤ k ≤ N)
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then rc(x, s) is expressed as

rc(xk, s) = k · µ · ck(s)

for 1 ≤ k ≤ N and ck(s) − 1 ≥ 0

rc

(
xhi

k , s
)

= k · µ · chi
k (s)

for 1 ≤ k ≤ N and chi
k (s) − 1 ≥ 0

rc

(
xho

k , s
)

= k · µ · cho
k (s)

for 1 ≤ k ≤ N and cho
k (s) − 1 ≥ 0. (9)

The fourth type is a state transition due to region transition of
an on-going call from the normal region to the handoff region.
In this situation, the call adjusts its data rate according to the
status of the target BS. Let γk be the probability that a BS has
k remaining resource. Because it is assumed that the state of
the neighboring BS is similar to the state of the serving BS in
steady state, γk is defined as

γk =
smax∑
s=0

p(s)|Rn(s)+Rh(s)=(C−k). (10)

Let rho(x2, x1) be the flow component from state x1 to state
x2 due to region transition of an on-going call from the normal
region to the handoff region. If we define the state xk as



c1(s) · · · · · · (ck(s)−1) · · · cN (s)
chi
1 (s) · · · · · · chi

N (s)
cho
1 (s) · · · (

cho
n (s)+1

) · · · · · · cho
N (s)




where (1≤k≤N, 1≤n≤k)

then, rho(xk, s) is expressed as

rho(xk, s)

=




µth · ck(s) · ∑C
i=k γi, for n = k, ck(s) − 1 ≥ 0

µth · ck(s) · γn, for 1 ≤ n < k, ck(s) − 1 ≥ 0
0, otherwise

.

(11)

The fifth type is a state transition due to handoff-call arrival.
Let rhi(x2, x1) be the flow component from state x1 to state x2

due to handoff-call arrival. Also, let βk be the probability that a
handoff call that occupies k resource arrives. It means the ratio
of the number of calls that occupies k resource among calls
arriving in the handoff region. k has the value ranging from 1
to N . Then, βk is derived from

βk =
∑smax

s=0 µth · ck(s) · p(s)∑N
i=1

∑smax
s=0 µth · ci(s) · p(s)

, for 1 ≤ k ≤ N (12)

where PB is the blocking probability, p(s) is the steady-state
probability of the state s, and µth is the probability that a
call in the normal region moves to the handoff region. In this
equation, the numerator indicates the number of calls occupying
k resource, which moves from the normal region to the handoff
region, and the denominator expresses the total number of calls
that are moved from the normal region to the handoff region.

Also, the handoff-call-arrival rate λh can be derived as
follows:

λh =
smax∑
s=0

N∑
i=1

µth · ci(s) · p(s). (13)

If we define the state xhi as



c1(s) · · · cN (s)
chi
1 (s) · · · (

chi
k (s) + 1

) · · · chi
N (s)

cho
1 (s) · · · cho

N (s)




where (1 ≤ k ≤ N)

then rhi(xhi, s) is expressed as

rhi(xhi, s) =




λh · βk, for C − Rn(s) − Rh(s) > k
and

(
chi
k (s) + 1

) · k ≤ C

λh · ∑N
i=k βi, for C − Rn(s) − Rh(s) = k

and (chi
k (s) + 1) · k ≤ C

0, otherwise

.

The sixth type is a state transition due to handoff out from the
current cell. Let ro(x2, x1) be the flow component from state x1

to state x2 due to handoff out from the current cell. If we define
the state xo as



c1(s) · · · cN (s)
chi
1 (s) · · · chi

N (s)
cho
1 (s) · · · (

cho
k (s) − 1

) · · · cho
N (s)




where (1 ≤ k ≤ N)

then ro(xo, s) is expressed as

ro(xo, s) = µtn · cho
k (s), for cho

k (s) − 1 ≥ 0. (14)

The final type is a state transition due to region transition of a
handoff-in call from the handoff region to the normal region of
the serving cell. Let χb

a be the probability that a call that moves
from the handoff region to the normal region of the serving cell
occupies a resource currently, but the call belongs to a service
type that needs b resource. Then, χb

a can be approximately
derived as

χb
a ≈




∑smax
s=0

µtn·chi
a (s)·p(s)∑N

i=1

∑smax
s=0

µtn·chi
i

(s)·p(s)

· αb·γa∑N

j=(a+1)
αj ·γa+αa·

∑C

k=a
γk

, for a = b

∑smax
s=0

µtn·chi
a (s)·p(s)∑N

i=1

∑smax
s=0

µtn·chi
i

(s)·p(s)

· αa·
∑C

k=a
γk∑N

j=(a+1)
αj ·γa+αa·

∑C

k=a
γk

, for a < b

. (15)

The first fraction of (15) indicates the probability that a handoff-
in call that moves from the handoff region to the normal region
of the serving cell consumes a resource. The second fraction
expresses the probability that a call that occupies a resource
serves service type b. Let ri(x2, x1) be the flow component
from state x1 to state x2 due to region transition of a handoff-in
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call from the handoff region to the normal region. If we define
the state xk as




c1(s) · · · · · · (cn(s)+1) · · · cN (s)
chi
1 (s) · · · (

chi
k (s)−1

) · · · · · · chi
N (s)

cho
1 (s) · · · · · · cho

N (s)




where (1≤k≤n≤N)

then, ri(xk, s) is expressed as (16), shown at the bottom of
the page, where chi

k (s) − 1 ≥ 0 and (cn(s) + 1) · n ≤ C. When
a handoff-in call from neighboring cells is moving from the
handoff region to the normal region, the call renegotiates its
data rate according to its service type.

There are five sets of state-transition rate, which are sym-
bolized by character from Ak to Ek. Ak indicates the state
transition when a new call that requires k resource arrives in
the normal region or an on-going call occupying k resource in
the normal region is completed. Bk indicates the state transition
when a handoff-in call is moved from the handoff region to
the normal region. Ck indicates the state transition when an
on-going call is moved from the normal region to the handoff
region. Dk indicates the state transition when a new call that
requires k resource arrives in the handoff region or a handoff
call occupying k resource arrives or a handoff-in call occupying
k resource is completed. Ek indicates the state transition when
a new call that requires k resource arrives in the handoff region
or a handoff-in call occupying k resource is completed or a
call occupying k resource in the handoff region is moved out
from current cell. These sets are shown in Fig. 3. There are
some conditions that make each set operate. These conditions
are derived from the state-transition types that organize the set.

C. Performance Measures

We define the steady-state probability of the state “s” to
be p(s). Using the condition that the sum of the steady-state
probability is equal to one, we can solve flow equilibrium
equations and find steady-state probabilities. We also use a
computer-programmed iterative approach to obtain the station-
ary state probabilities. We evaluate the performance of the
DASH scheme in view of the blocking probability, the handoff
failure probability, and the carried traffic.

A new call is blocked when there is no sufficient resource.
If there remains k available resources in a cell in case that a
new call requests k + 1 or more resources, the new call will
be blocked. Therefore, the subset of states in which a blocking
event can occur is described as

Bi = {s : Rn(s) + Rh(s) = C − i + 1, 1 ≤ i ≤ N}. (17)

Fig. 3. Sets of state-transition rate.

Because a blocking event occurs when the cell is in a state s,
which belongs to Bi, the blocking probability is calculated as

PB =
N∑

i=1

∑
s∈Bi

p(s) ·
N∑

j=i

αj . (18)

There are two cases when a handoff event fails. The first
case is generated when a handoff call is dropped due to the
shortage of remaining resource in the target cell. The second
case happens when a new call originated in the handoff region
gets a resource from only one cell and this call is dropped when
it arrives at the boundary of its current cell. The handoff failure
probability due to the first case is described as

PH1 =
smax∑
s=0

p(s)|Rn(s)+Rh(s)=C . (19)

The second case happens when a new call originated in the
handoff region communicates with only the current cell but it
moves to the other cell. Because there is no available resource in

ri(xk, s) =




µtn · chi
k (s) ·

(∑N
i=k χi

k|Rn(s)+Rh(s)=C + χn
k |Rn(s)+Rh(s)<C

)
, for k = n

µtn · chi
k (s) ·

(∑N
i=n χi

k|Rn(s)+Rh(s)=C−n+k + χn
k |Rn(s)+Rh(s)<C−n+k

)
, for k < n

0, otherwise

(16)
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the target cell, this call is dropped. Therefore, the total handoff
failure probability is obtained by

PH =
λh

λh + 0.5 · λnh
·

N∑
i=1

PH1

+
0.5 · λnh

λh + 0.5 · λnh
· PB · (1 − PB). (20)

In this equation, the front part indicates the first case and the
latter part indicates the second case.

The carried traffic indicates the amount of transmitted data
in steady state and shows the efficiency of resource usage. The
carried traffic T is defined as

T =
smax∑
s=0

(Rn(s) + Rh(s)) · p(s). (21)

IV. NUMERICAL RESULTS

We analyze and simulate the performance of the DASH
scheme. In our simulation, we consider circular cells whose
BSs are located along the streets. This cell structure reflects
road–vehicle ITS. Our simulation model consists of 37 cells
and the radius of a cell is 100 m. The ratio of the handoff region
in a cell is 0.3. MSs are uniformly distributed in each cell.
The call-arrival rate and call-duration time of the simulation
is the same as those of the analysis. Each MS moves in just
two directions. No turning back and no changing direction
are allowed. We perform ten iterations for this simulation and
average the results. The simulation time of each iteration is
1 000 000 s.

The traffic model that we consider in this numerical example
is real-time streaming traffic such as VoD and videophone. We
assume that a call has infinite amount of data in the simulation,
and TC has infinite value in the analysis. Because real-time
streaming services are mainly served for vehicle users, we
assume that the speed of an MS is 30 km/h in the simulation
and Tdg is 24 s in the analysis. We investigate numerical
example in the case that the ratio of the handoff region f is
0.3, the total allowable resource of a cell C is 10, and the
number of service type N is 3. In the numerical example, we
change the probability that a new call belongs to a service
type that requires k resource αk. As we assumed that N = 3,
there are three kinds of services and α1 + α2 + α3 = 1. We
evaluate the performance of the DASH scheme with respect
to the blocking probability, the handoff failure probability, and
the carried traffic. To show the effect of the DASH scheme
on the system performance, numerical results are compared
with basic soft-handoff scheme. The basic soft-handoff scheme
that is considered in this paper is described in the cdma2000
standards [16].

Figs. 4–6 illustrate the blocking probability, the handoff fail-
ure probability, and the carried traffic of the basic soft-handoff
scheme and the DASH scheme, respectively. The results show
close agreement between the simulation and analytical models.
These figures show that the blocking probability of the DASH
scheme is slightly higher than that of the basic soft-handoff

Fig. 4. Comparison in view of the blocking probability; f = 0.3, C = 10,
N = 3, α1 = 0.2, α2 = 0.2, α3 = 0.6; (s) simulation, (a) analysis.

Fig. 5. Comparison in view of the handoff failure probability; f = 0.3,
C = 10, N = 3, α1 = 0.2, α2 = 0.2, α3 = 0.6; (s) simulation,
(a) analysis.

Fig. 6. Comparison in view of the carried traffic; f = 0.3, C = 10, N = 3,
α1 = 0.2, α2 = 0.2, α3 = 0.6; (s) simulation, (a) analysis.
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Fig. 7. Blocking probability with changing the service-type constitution;
f = 0.3, C = 10, N = 3.

Fig. 8. Handoff failure probability with changing the service-type consti-
tution; f = 0.3, C = 10, N = 3.

scheme. However, the handoff failure probability of the
DASH scheme is much lower than that of the basic soft-
handoff scheme. The difference in the handoff failure prob-
ability is about six times of the difference in the blocking
probability. The low handoff failure probability of the DASH
scheme occurs because handoff-in calls with a high data rate
can decrease their data rate when there is a shortage of resource
in the target cell. Also, we can see that the carried traffic of
the DASH scheme is bigger than that of the basic soft-handoff
scheme. From these results, we can see that the DASH scheme
makes seamless service possible and permits good performance
in view of throughput.

Figs. 7–9 show performances when the service-type consti-
tution (α1 : α2 : α3) is changed. As the ratio of α3 increases,
all performance measures such as the blocking probability, the
handoff failure probability, and the carried traffic increase. The
difference of the handoff failure probability between the DASH
scheme and the basic soft-handoff scheme becomes bigger, as
the ratio of service type that requires many resource increases.
However, the difference of the blocking probability between the

Fig. 9. Carried traffic with changing the service-type constitution; f = 0.3,
C = 10, N = 3.

DASH scheme and basic soft-handoff scheme maintains a simi-
lar value, as the ratio of service type that requires many resource
increases. These results show that the DASH scheme is suitable
for users with a high data rate rather than a low data rate.

In this paper, we define that the QoS of a service is
guaranteed when the service is provided with the data rate that
is initially defined by service type. Additionally, the notation
“seamless service” indicates the ability that a call provides
a service without any termination. Assume that the data rate
for an MS is adjusted according to the proposed scheme. If
the adjusted data rate is lower than the previous data rate, the
serving BS should diminish the transmission power to the MS
of interest according to the adjusted data rate. Then, the BS
sends messages to the source of streaming service for informing
the change of the supported data rate, and the streaming source
changes the video encoding rate to support seamless service.
It causes the degradation of video/image quality or QoS. Using
the similar process, the QoS is upgraded when the adjusted data
rate is higher than the previous data rate. Basic soft handoff can
guarantee QoS. However, the high handoff failure probability
shows that it is vulnerable to support seamless service. On the
other side, the DASH scheme supports seamless call handling
rather than the QoS guarantee. The DASH scheme can utilize
resource more efficiently but has a complexity problem.

From the numerical results, the application of each scheme
can be divided as follows: The DASH scheme is suitable for
users moving with high mobility because it gives relative good
maintenance of calls. Under the environment that requires
low mobility, the basic soft-handoff scheme can be a good
candidate. From a different standpoint, the DASH scheme is
suitable under the environment that requires a high data rate.
It is adequate that users with low data rate are supported by the
basic soft-handoff scheme. These recommended applications
are summarized in Table I.

V. CONCLUSION

A soft-handoff scheme for real-time streaming services in
CDMA-based fITS was proposed. The proposed DASH scheme
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TABLE I
RECOMMENDED APPLICATIONS OF THE DASH AND BASIC

SOFT-HANDOFF SCHEMES

adjusts the data rate of a call when it starts and finishes soft
handoff. The DASH scheme can give relative good maintenance
of calls regardless of the shortage of resource. Also, it can
maximize the resource efficiency. Using analytic and simulation
methods, we evaluated the performance of the DASH scheme.
Performances were evaluated with respect to the blocking prob-
ability, the handoff failure probability, and the carried traffic.
Numerical results were compared with the basic soft-handoff
scheme. Comparisons revealed that the DASH scheme makes
seamless service possible and permits good throughput. From
the numerical results, we concluded that the DASH scheme
is adequate for the environment that has many fast-moving
users with high data rate. These results can present designing
points to develop an efficient resource-management strategy
for CDMA-based ITS systems that support real-time streaming
services.
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