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Abstract

In this paper, we investigate joint provision of
connection-level QoS (in terms of the new call block-
ing probability and the handoff dropping probabil-
ity) and packet-level QoS (in terms of the delay and
packet loss probability). A dynamic call admission con-
trol (CAC) scheme for realistic wireless multimedia VBR
traffic is presented. The proposed CAC scheme can op-
timize the packet-level QoS under certain constraints
on connection-level QoS. Moreover, its low complex-
ity feature enables practical deployment. Simulation re-
sults have demonstrated that the proposed dynamic CAC
scheme achieves better performance than the optimal sta-
tionary CAC scheme when applied to heterogeneous and
varying traffic conditions found in wireless multimedia net-
works.

1. Introduction

Traditional wireless communication networks use
the circuit-switching technology for voice communi-
cations, where the primary concern of quality of ser-
vice (QoS) is the service connectivity and continuity at the
connection-level. The connection-level QoS is usually mea-
sured by the new call blocking probabilityPB and the hand-
off dropping probabilityPD. With the explosive increase of
the wireless communication demand, the next-generation
wireless networks will employ the packet-switching tech-
nology to support multimedia services and achieve better
utilization of limited resources. However, packets of cer-
tain services may experience varying delay, delay jitter
and loss, which may have a great impact on the per-
ceived quality of service by end users. Therefore, the
packet-level QoS, in terms of delayD and the packet loss

probability PL, has to be guaranteed as well. As a re-
sult, the QoS guarantee for multimedia services in the
packet-based next-generation wireless communication net-
works presents a great challenge - how to allocate the
varying and limited wireless resource as efficiently as pos-
sible among different connection flows, such that both the
connection-level QoS and packet-level QoS can be sat-
isfied. In this paper, we investigate the trade-off be-
tween connection-level and packet-level QoS, and propose
real time resource allocation solutions to jointly pro-
vide QoS at both levels.

Call admission control schemes have been investi-
gated extensively in traditional circuit-switching wire-
less networks as an important mechanism to support
connection-level QoS without considering packet-level
QoS [9, 6, 11, 8, 5, 4]. On the other hand, most of pre-
vious research efforts on packet-level QoS [2, 3] did
not address the handoff and mobility management is-
sues that are important for connection-level QoS provision-
ing.

More recently, there have been some research work ad-
dressing both connection-level and packet-level QoS for
wireless networks. The resource reservation and call admis-
sion control scheme proposed in [7] considered delay by
differentiating real-time and non-real-time traffic, but with-
out quantitative packet-level QoS guarantee analysis. Mean-
while, it reserved resources for real-time traffic in all neigh-
boring cells to provide connection-level QoS guarantee for
real-time traffic, which is not efficient as the mobile user
only hands off to one of these neighbors. In [12], an adap-
tive QoS handoff priority scheme was analyzed in both con-
nection-level QoS (i.e. the new call blocking probability and
the handoff dropping probability), and packet-level QoS
(i.e. delay) performance. However, it deals with these two
level QoS problems separately. Thus, there is no guaran-
tee or optimization on the QoS performance at either level.
Talukdaret al. [10] proposed an admission control scheme



based on a new three-class service model for integrated ser-
vices packet networks with mobile hosts. It extended the
InteServ architecture [1] for QoS provisioning in wired IP
networks to mobile hosts. This scheme aimed at guaranteed
packet scheduling delay bound at the packet-level, but had
limitations in connection-level QoS provisioning since it re-
quired that each mobile host requesting a connection should
provide its accurate mobility specification, which consists
of the set of cells the mobile host is expected to visit during
the lifetime of the flow. In addition, in all the above men-
tioned schemes, only delay was considered as the packet-
level QoS metric, while packet loss was not addressed.

In this paper, we propose an efficient and effective CAC
scheme that can jointly provide QoS at both connection and
packet levels for emerging packet-switching wireless net-
works. The objective of our CAC scheme is to optimize the
packet-level QoS under given constraints on the connection-
level QoS. The proposed scheme can be adapted to varied
and varying traffic conditions dynamically, and is highly
computational efficient and easy to implement, thus being
suitable for real time system deployment.

The rest of the paper is organized as follows. In Section
2, the dynamic CAC scheme is proposed to take the traffic
dynamics of real-word networks into account. Experimen-
tal results are given in Section 3. Section 4 concludes the
paper and gives future work directions.

2. The Proposed Dynamic CAC Scheme

The CAC scheme considered in this paper is of the type
{φ(N, T )}, whereT is a real number ,N is an integer,
andT ≤ N . The CAC policy admits a new connection re-
quest if and only if the current load is less thanT , while
admits a handoff request if and only if the current load is
less thanN . WhenT is a non-integer, the CAC policy ad-
mits a new connection request with the probability of a frac-
tional part ofT . φ(N,T ) with fixed N andT yields sta-
tionary CAC schemes. OptimalN andT can be found un-
der certain assumptions and constraints. However, in real-
world wireless multimedia networks, the multimedia traffic
is generally more complex than the assumptions. Moreover,
the traffic condition in terms of new/handoff call arrival and
departure rates may be changing from time to time. Con-
sidering these practical aspects, the stationary optimal CAC
schemes may not be efficient. Thus, dynamic schemes that
take these factors into account are highly desirable.

The objective of our dynamic CAC scheme is to opti-
mize the packet-level QoS under the given constraints on
the connection-level QoS. Generally speaking, the smaller
the delay and packet loss are, the higher quality could be
perceived by the end user. Therefore, the problem of dy-
namic CAC scheme is to adjust the two parametersN and

T adaptively such thatD and/orPL can be minimized while
keeping thePB andPD under certain targetsP tar

B andP tar
D .

For a fixed channel capacityC, the more channels re-
quired to accommodate the aggregated peak data rates of
multiplexed connections, the higher packet loss or delay
will be caused . Therefore, in order to minimizeD and
PL, the dynamic CAC scheme should achieve minimumN
while keepingPB andPD below their targets. Meanwhile,
PB andPD is a trade-off upon the change ofN or T . A
higherN results in lowerPD but higherPB under a cer-
tainT , while a higherT results in lowerPB but higherPD

under a certainN .
Based on these observations, we develop our dynamic

CAC scheme described in Figure 1.

01 INITIALIZE N andT
02 SET TIMER
03 WAIT FOR CALL REQUEST ARRIVAL
04 If NEW CALL REQUEST ARRIVES
05 If (Boccupied + Breq) ≤ (N − T )
06 ADMIT NEW CALL WITH RATE Breq
07 Else
08 REJECT NEW CALL REQUEST
09 UPDATE PB

10 If PB ≥ P tar
B

11 T = T + 1
12 If T > N
13 N = N + 1
14 RESETTIMER AND GO BACK TO 03
15 If HANDOFF CALL REQUEST ARRIVES
16 If (Boccupied + Breq) ≤ N
17 ADMIT HANDOFF CALL WITH RATE Breq
18 Else
19 REJECT HANDOFF REQUEST
20 UPDATE PD

21 If PD ≥ P tar
D

22 If PB ≥ P tar
B OR T = 0

23 N = N + 1
24 Else
25 T = T − 1
26 RESETTIMER AND GO BACK TO 03
27 If TIMER EXPIRES ANDN ¿ C
28 N = N − 1
29 If T > N
30 T = N
31 RESETTIMER AND GO BACK TO 03
32 ElseGO BACK TO 03

Figure 1. The proposed dynamic CAC
scheme for optimizing packet-level QoS un-
der connection-level QoS constraints.

The base station measures both thePB andPD upon new
call blocking and handoff dropping events. There are three
cases when the value ofN should be increased. First, if the
measuredPB > P tar

B whenT = N , it is impossible to in-
creaseT further more without the increase ofN to lower



PB . Second, if the measuredPB andPD both exceed the
targets, then either increasing or decreasingT can not make
bothPB andPD lower than their target values. Third, if the
measuredPD > P tar

D whenT = 0, then it is impossible to
decreaseT under the currentN to lowerPD. In a practical
wireless communication network, where the new call traf-
fic is generally heavier than the handoff traffic, the last case
is more unlikely to happen.

The timer setting detects whenN is higher than neces-
sary to meet the targets ofPB andPD. Upon the timer expi-
ration, it indicates that bothPB andPD has been below its
target for a timer’s period. Then, we decreaseN to the min-
imum necessary value.

With N that satisfies bothPB andPD constraints un-
der the current traffic condition, the dynamic change ofT
between0 andN ensuresPB ≤ P tar

B andPD ≤ P tar
D .

If the base station detects thatPB > P tar
B , it increases

T to achieve lowerPB at the cost of higherPD within
its constraints. Otherwise, if the base station detects that
PD > P tar

D , it decreasesT to achieve lowerPD at the cost
of higherPB within its constraint.

An important design issue that affects the performance
of the scheme is the timer setting. A short timer can keep
up with the changing of traffic conditions and minimize the
system’s under-utilization period. However, if the timer is
too short, the measurement ofPB andPD may not be ac-
curate, therefore results in unnecessary fluctuation and bur-
den to the system. Thus, a good tradeoff of system stabiliza-
tion and high utilization efficiency should be achieved by a
good timer setting. The value of the timer can be chosen ac-
cording to the arriving rate of call requests and the maxi-
mum time that the system could tolerate under-utilization.

3. Experimental Results

The performance of the proposed dynamic CAC algo-
rithm was evaluated using discrete-event simulator OPNET.
Multiple service types (i.e., video, audio and voice, etc)
with different traffic parameters are considered. A network
model of a single cell with channel capacityC = 20 was
build in OPNET simulator. Each channel has a data rate
of 9600 bits/sec. The multimedia VBR traffic models were
built as an on-off model with configurable packet genera-
tion parameters listed below:

• On-state time distribution: exponential with mean1
sec

• Off-state time distribution: exponential with mean3
sec

• Packet inter-arrival time distribution during on-state:
exponential with mean0.1 sec

• Packet size distribution: constant with mean120 bytes

Application ri λni λhi ηi

type (i) (channels) (call/sec) (call/sec) (1/sec)
voice (1) 1 0.2 0.05 0.01
audio (2) 2 0.05 0.015 0.01
video (3) 4 0.025 0.005 0.01

Table 1. Traffic load parameter settings in OP-
NET simulation.

Figure 2. Comparison of the packet loss
probability of the optimal stationary and the
dynamic CAC schemes.

The network traffic load configurations are listed in Ta-
ble 1. Theri for each service type is the weighting factor of
the peak rate during on period. It is used by the above VBR
on-off model to scale the packet inter-arrival time gener-
ated. The offered traffic load is defined as

L =
1
C

3∑

i=1

λni + λhi

ηi
∗ ri = 2.5

The constraints ofPB and PD are given asPB ≤
P tar

B = 0.1 and PD ≤ P tar
D = 0.01. For comparison

purpose, the optimal stationary CAC schemes was found
asN = 56 andT = 53.1 by trial-and-error experiments,
such that thePL is minimized whilePB andPD constraints
are satisfied. Then we compare thePL with that of the dy-
namic CAC scheme, as shown in Figure 2. To illustrate the
dynamic CAC scheme, the variation ofN andT values are
shown in Fig. 3.

Simulation results for the two schemes are compared in
Table 2, whereN andT are the averaged values over the
simulation time.
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Figure 3. Illustration of varying N and T for
the dynamic CAC scheme for multimedia traf-
fic.

CAC Scheme PB PD PL N T

Stationary 0.1002 0.009 0.00245 56 53.1
Dynamic 0.0943 0.010 0.00213 55.3 52.2

Table 2. Comparison of simulation results be-
tween the optimal stationary and the dynamic
CAC schemes.

It is shown that the proposed dynamic CAC scheme for
VBR multimedia traffic can achieve a lower packet loss
probability than the stationary ones, while satisfying both
thePB and thePD constraints.

4. Conclusion and Future Work

In this paper, we proposed a real-time dynamic CAC
scheme that jointly provide connection-level QoS and
packet-level QoS for heterogeneous and varying multime-
dia traffic in the next generation wireless networks. The
proposed dynamic CAC scheme is computation-efficient
for real-time implementation. Preliminary simulation re-
sults showed that the dynamic CAC scheme achieves better
performance than the optimal stationary one when be-
ing applied to the heterogeneous and varying multimedia
traffic.

The packet-level QoS compared in the preliminary sim-
ulation results was the congestion-caused packet loss prob-
ability. We are evaluating the other aspects of packet-level
QoS, for example, delay and packet loss caused by other
factors. It is reasonable to assume that these packet-level
QoS metrics have a worse performance when the number of
connections in the system increases. Thus, the proposed dy-

namic CAC scheme is expected to yield good performance
as well. Moreover, further research with more realistic traf-
fic models and practical considerations based on our cur-
rent work should be of great commercial as well as aca-
demic value.
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