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Abstract: Conventional call admission control (CAC) methods generally accept (or reject) new
call arrivals on the basis of measured information such as the signal-to-interference ratio (SIR) or
the total received power in the individual cells. However, this paper proposes a novel approach
which combines the CAC and power control mechanisms and operates in a centralized control
manner. The essence of the proposed centralized call admission control (CCAC) scheme is to
combine the two mechanisms and to treat the call admission decision as an eigen-decomposition
problem. In the proposed approach, a new call is accepted only if the quality-of-service (QoS)
requirements of all the active links in the network can still be maintained. In order to reduce the
computational complexity of the eigen-decomposition problem, the paper proposes an additional
scheme which uses a norm operation rather than direct computation. The simulation results indi-
cate that the proposed scheme, even with the norm approximation, outperforms conventional call
admission methods both in terms of its blocking rate and its outage rate.

Keywords: call admission control; signal-to-interference ratio (SIR); eigen-decomposition prob-
lem, norm operation.

1. Introduction

Direct-sequence code division multiple ac-
cess (DS-CDMA) schemes ensure a high
utilization of the bandwidth while simultane-
ously supporting different quality-of-service
(QoS) requirements and have therefore been
widely deployed for voice and multimedia
communications services in recent years. A
key feature of a DS-CDMA system is its abil-
ity to achieve a tradeoff between the system
capacity and the quality of the data delivered.
However, preserving the desired level of
communication quality requires the number of

simultaneous users to be carefully controlled.
Therefore, the call admission control (CAC)
mechanism plays a vital role in DS-CDMA
systems.

In a conventional CDMA system, the capac-
ity is primarily occupied by intra-cell and in-
ter-cell interference, and hence the maximum
number of permissible simultaneous users is
crudely reflected by the total received power
at the base station. To increase the user ca-
pacity, CDMA systems use some form of
power control mechanism to suppress the in-

“ Corresponding author; e-mail: wen@ee.ccu.edu.tw

Accepted for Publication: July 31, 2007

© 2007 Chaoyang University of Technology, ISSN 1727-2394

Int. J. Appl. Sci. Eng., 2007. 5, 1 65



Young-Long Chen, Jyu-Wei Wang, Jyh-Liang Chen and Jyh-Horng Wen

terference [1-3]. However, to ensure the qual-
ity of the active users’ communication data, a
CAC routine must be invoked whenever a
new call is introduced. The CAC issue has
attracted intensive interest recently [4-9].

In [6,7], the authors proposed CAC schemes
based on an assessment of the sig-
nal-to-interference ratio (SIR) under the as-
sumption of perfect power control. Mean-
while, in [8], the authors proposed reserving a
limited amount of resources in each cell to
accommodate call requests received in
neighboring. Variable transmission rate based
and power control based CAC schemes have
also been presented, in which the rate and
power are controlled adaptively to guarantee
the QoS of all the active links whenever a
new call is accepted [9]. However, all of the
CAC schemes discussed above are based
primarily on estimates of the residual capacity
in the cell in which the call is received but the
effects on the other cells of accepting this call
are not fully evaluated when making the deci-
sion to accept (or reject) the call. Therefore,
when the system is heavily loaded, some ac-
tive links may be severely degraded when a
new call is accepted. In [10], the authors pro-
posed a CAC scheme for DS-CDMA cellular
systems to support multimedia communica-
tions services. In the proposed scheme, dif-
ferent call classes were assigned different SIR
requirements and the call admission decision
was made based on the criterion of satisfying
the respective SIR requirement.

This paper proposes a novel centralized call
admission control scheme which combines
the call admission control and power control
mechanisms. The basic principle of the pro-
posed scheme is to ensure that the QoS re-
quirements of any existing active calls are

maintained whenever any new call is accepted.

As will be shown, this approach effectively
increases the system capacity. The remainder
of this paper is organized as follows. Section
2 introduces the proposed centralized call
admission control scheme which leads the
problem in  question as an ei-
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gen-decomposition problem, while Section 2
demonstrates the use of an | norm operator

to approximate the spectral radius of the ma-
trix. Section 3 describes the current simula-
tion model and presents the corresponding
numerical results. Finally, Section 4 draws
some brief conclusions.

2. Centralized call admission control (CCA
C) scheme

In the current CDMA architecture, it is as-
sumed that the uplink power is perfectly con-
trolled. Hence, the SIR measured at a base
station Kk is expressed by [5]

P
(N -1)P+1,+7’

SIR, = (1)

where P is the power level received by the
base station from each active user in cell k,
N, is the number of active users in cell k,

I, is the total received interference from the

users in the other cells in the network, and 7

denotes the background noise in cell k. Fur-
thermore, let

L =(1,+7)/P. (@)

Here, Lk represents the total interference and
background noise in cell k in terms of the
equivalent number of users. Therefore, the
total number of effective active users in cell k
is given theoretically by N, +L, . Clearly, if
there is no inter-cell interference or back-
ground noise, then | =0 and 5=0. As-
suming for the moment that the system sup-
ports only one service type and that the SIR
requirement of this service is », then the

maximum permissible number of active users
in cell k is given by
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k,max

1
N =—+1. 3
, 3)

Accordingly, before actually accepting a
new call in a cell, the system first checks
whether or not accepting the call will increase

the capacity in every cell beyond 1+1. If the
Y

effect of interference from the other cells is
estimated simply using an interference cou-
pling coefficient [6]-[7], it may be impossible
to maintain the SIR guarantee for all of the
active calls in the network. Accordingly, the
proposed CCAC scheme combines the call
admission control system with a power con-
trol mechanism. To utilize the transmitter
power as effectively as possible, while simul-
taneously suppressing the interference, the
CCAC scheme aims always to minimize the
total transmitter power, i.e.

The details of the proposed scheme are de-
tailed in the following.

2.1. Novel CCAC algorithm for single ser-
vice type

In the proposed algorithm, it is assumed that
all of the link gains between the new call and
the various base stations in the network can
be estimated exactly from the pilot signals
broadcast during call setup initiation. There-
fore, the interference produced by the new
call can be precisely predicted. When a new
call arrives, the decision to admit or reject the
call is made depending on whether or not
there exits a power vector P which can guar-
antee every user’s QoS requirement. The cor-
responding decision-making problem is for-
mulated below.

Let the total number of active users at time t
(including the new call) be given by Q(t).

Furthermore, in a system consisting of J base
stations, let N, denote the number of active

users in cell j and let M__ denote the m-th

mobile in k-th cell. For convenience, the two
variables forming the subscript of M, i.e. m

and k, can be mapped onto a single variable i
by a process of one-to-one mapping using the
operation

= Zk: N, +m,
h=1

1<m<N, (5)

where N, =0, and N, (k=12,...,J) is the
number of active mobiles in cell k at that
given moment. Obviously, 1<i<Q(t).

In the current study, the QoS requirement is
defined in terms of the bit error rate (BER) or
the frame error rate (FER). It is assumed that
the BER or FER requirements can be mapped
into an equivalent SIR requirement for the
modulation scheme we adopt. Hence, when a
new call arrives, it will be accepted only if the
following condition is satisfied
P'Gik

g —, Vi (6)
z ij +77
j#

where G, denotes the link gain from mobile

I to the base station k,  is the minimum
SIR requirement and P is the uplink trans-

mitted power of mobile i. Dividing the
right-hand side of Eq. (6) by G, Yields

ree P v
Pz, + (7)
j=1 Gik
where Z; is defined as
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ij . .
— i

Zij: Gik . (8)
0, =]

In Eq. (7), Z denotes the Q(t)xQ(t) nor-
malized uplink-gain matrix, whose (i, j)th
element is Z;, and P denotes the Q(t)x1
power vector, whose kth element is Px.
Therefore, Eq. (7) can be written in matrix
form as

(I-TZ)P>U (©)

where U is given by

T
SO S SR A BT
G, Gy GN11 GQ(t)J

and I" isa diagonal matrix with elements of

0
N (11)

o O o
o o -1 o
= O O o

0

Matrix 'z in Eg. (9) is a non-negative ir-
reducible matrix. From the Perron-Frobenius
theory [11], it can be shown that the maxi-
mum modulus eigenvalue of TZ, A, is
real and positive. Therefore, the spectral ra-
dius of TZ, p(TrZz). is equal to 2., .
Clearly, Eqg. (9) has at least one solution, if
and only if 7, <1. In other words, when Eq.
(9) is satisfied by some power vector, P, then
the new call can be admitted. Therefore, in
the proposed algorithm, the decision as to
whether or not the new call can be admitted is
determined by the spectral radius of TZ. If
p(TZ)<1, the new call can be accepted;

otherwise, it is rejected. Consequently, the
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CCAC problem can be formulated as the fol-
lowing constrained problem

Minimize > P, i=1 2, Qt) (12

Subjectto (I-TZ)P>U (13)

In other words, the optimum solution for the
CCAC problem is where vector p satisfies
Eq. (13) with minimum power. The following
proposition provides a means of finding this
solution.

Proposition 1: If p(TZ)<1, then the opti-

mum power vector for the constrained prob-
lemis P'=(1-TZ)"U.
Proof: First, it is shown that an optimum so-

lution actually exists for the constrained prob-
lem. Multiplying both sides of the inequality

(1-TZ)P>U by (I-TZ) gives
P>(1-TZ) U (14)
Let V=(I-TZ) Usuch that

P>V, (15)
Eq. (15) is equivalent to the following

P>V, Vi (16)
Hence, it is found that

ZRzZm. (17)

Clearly, the optimum solution is that which
makes both sides of Eq. (13) equal. Therefore,

P = (1 _rz)’l U is the optimum solution.
Next, it is shown that the optimum solution
is unique. Let P=P* and ZﬁigZPi*. If
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P>V, then ZP >Zv ZP Clearly, it
is the only case Where ZP Zv ie.
P=P".

The discussions above have considered only
one service type. However, the CCAC algo-

rithm proposed in this study is easily extended
to support the multiple transmission rates

which typically prevail in multimedia systems.

The application of the CCAC algorithm for
multiple rates is described in the following.

2.2. CCAC algorithm for multiple rates

This subsection considers a multimedia
CDMA system with K service types, each
having different transmission rates and dif-
ferent QoS requirements. The required mini-
mum  SIR  vector is denoted by
r=[r,,I,,,I'c]. The mathematical treat-

ment here is similar to that of the single type
in the proposed CCAC algorithm described
above, i.e.

Minimize Y R, Vi (18)

Subjectto (I-TZ)P>U, (19)

where T is given by

T 0o - 0
o T, .

r=| . o , (20)
: .0
0 0 1—‘k(Q(t))

where k() is the corresponding function

which maps the user to the service type to
which it belongs, i.e.
k(i) e{12,:--,

K}, Viefl2,---,Qt)} (21)

Therefore, as in the treatment above for the
single service type, p(FZ) is computed to

decide whether or not a new call can be ac-
cepted.

2.3. Approximating ,(rz) with I, Norm

Since the proposed CCAC algorithm is
based on the eigen-decomposition of the ma-
trix T'Z, computational complexity plays a
vital role in determining the performance of
the algorithm. In general, the order of com-

putational complexity is O(n®), where n is

the number of total users. To reduce the
computational load, this study approximates
the value of p(T'Z) using the | norm op-

erator, which reduces the computational com-
plexity to O(n). This simplification enables

the algorithm to operate more effectively in
systems with heavy loads. The following
theorem shows the relationship between the
spectral radius of Tz and its norm [12,13].

Theorem 1: Let A be an nxn matrix. In
general, for any norm i, ||A||I is an upper

bound for the spectral radius of A, i.e.
A)<|Al

where the spectral radius of the nxn matrix
A with eigenvalues 4, -, 4 IS

p(A)=max|4|-

1<i<n
Although ||A||1 and |A| are easily com-
puted, computing ||A||2 is a formidable task.
Therefore, in engineering applications, |,
and |_ are commonly used rather than any

of the other available norms. Let A be an
nxn real or complex matrix. Hence,

(22)

a

ij |?

n
A, = max]ax], = max 3.

Il =
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|A], = max|Ax], =max[a,| (23)
1

], =1 1<i<n “

In Egs. (22) and (23), ||A||1 is the maximum
column sum of matrix A and ”A”m is the

maximum row sum of matrix A. In this paper,
||A|| is used to approximate p(T'Z). It has

been shown that
p(TZ) < p|rZ|, (24)

always holds for £ =1, but is not always true
for p<1. Since computing B|IZ|  is

more straightforward than computing p(I'Z),

this study computes the former rather than the
latter. Therefore, the criterion p(I'Z)<1 is

replaced by B|T'Z| <1.However, when S
is set to unity, the situation |I'Z|| >1 and

p(I'Z) <1 may occur. In this case, the new

call is rejected even though it could actually
be accepted with no violation of the SIR
guarantee. On the other hand, if <1 is

adopted, the situation B|TZ| <1 and

p(C'Z)>1 may arise. Under such conditions,

the new call should not be accepted, but is
accepted anyway. Consequently, a larger g
will result in a larger probability that a new
arrival call is rejected and a smaller probabil-
ity that the SIR values of current users are
smaller than the required value. Thus, g isa

trade-off between accepting more new calls
and SIR performance of current users. There-
fore, the approximation may result in a sys-
tem capacity loss or erroneous call admission
decisions. The impact of the norm approxima-
tion on the system performance is evaluated
in the simulations presented in the following.

3. Simulation results
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3.1. Reference traffic model

As shown in Figure 1, the cellular system
considered in this study consists of a central
cell surrounded by 18 other cells. The call ar-
rival process in each cell is modeled as an in-
dependent Poisson process with a mean arri-
val rate 4 and it is assumed that the arrival
calls within a cell are distributed uniformly
geographically. Finally, it is also assumed that
the call durations are exponentially distributed
with a mean of 3 minutes.

Figure 1. The system layout.

3.2. Radio propagation model

As in [1]-[2], this study adopts a long-term
fading channel model, in which the link gain
G, is modeled as

d)", 2
Gij:A(do)(—j 10%, (25)
do
where A(d,) is the path loss at reference

point d,, d is the distance between the ith

mobile and the corresponding base station j,
a s the path-loss exponent, and » is a log-
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normal fading component with standard deri-
vation o dB. The present simulations con-
sider that the path-loss exponent is ¢ =4
and the standard derivationis =8 dB.

3.3. Performance measures

The present simulations adopt the blocking
rate and the outage rate as performance indi-
cators. These indicators are defined as fol-
lows:
¢ Blocking rate: the probability that a new
arrival call will be rejected.

e Qutage rate: the probability that the current
SIR is smaller than the required SIR.

3.4. Simulation Results

Figures 2 and 3 compare the blocking rate
and outage rate performances, respectively, of
the proposed CCAC and norm approximation
schemes with those of conventional
SIR-based algorithms. Note that both figures
consider the case of a voice service type with
an SIR requirement of —14 dB.

0.5

—@——  Proposed method

e] SIR based (algorithm 1)
04 4 | ———¥—— SIR based (algorithm 2)
—-—v-—--  Proposed method with p=1.0 e

— —& —  Proposed method with =0.95 o

Blocking rate

Number of users in each cell

Figure 2. Blocking rate comparison between pro-
posed CCAC method, SIR-based meth-
ods [6] and proposed norm approxima-
tion method for CDMA cellular system.

Figure 2 shows the blocking rate perform-
ances of the proposed scheme, the two

SIR-based schemes presented in [6] and the
proposed norm  approximation scheme
with g =1 and 0.95, respectively, as a func-
tion of the number of users in each cell. For
SIR-based algorithm 2, the interference cou-
pling coefficient is set to 0.5. It is observed
that the proposed CCAC scheme has the low-
est blocking rate of all the considered
schemes. Of the two norm approximation
methods, the scheme with p=1 has the

poorer performance, while that of the scheme
with 3=0.95 is only slightly poorer than

that of the two SIR-based schemes. With
p =1, the condition |rz| x> p(rz) al-
ways holds and hence the situation ||FZ||oo >1

and p(I'Z) <1 may occur. In this event, the

new call will be rejected even though it could
actually be accepted without violating the SIR
constraint. Therefore, the norm approximation
scheme with g =1 has a higher blocking

rate than that with 5 =0.95.

0.012
—@—— Proposed method l
0.010 1 o Proposed method w!th p=0.95 J
——-¥-——  Proposed method with $=1.0 /
——v-—- SIR based (algorithm 1)
— —& —  SIR based (algorithm 2) s
0.008 - o
2 L
© / ~
-
& 0.006 - / -
51
5 sooM
© e
0.004 + N
w4
v
0.002 + /:/ e
.~ o
T o
o
0.000 # s

4 6 8 10 12 14 16

Number of users in each cell

Figure 3. Outage rate comparison between pro-
posed CCAC method, SIR-based
methods [6] and proposed norm ap-
proximation method for CDMA cellular
system.

Figure 3 shows the outage rate of the same

methods shown in Figure 2. It can be seen
that the outage rate of the proposed CCAC
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method is zero under all traffic load condi-
tions. This is reasonable since the SIR of all
the links is always guaranteed in the proposed
eigen-decomposition method. In the two
SIR-based algorithms, the interference to
neighboring base stations caused by the ad-
mission of a new call is only assigned a
roughly estimated value. Consequently, the
actual SIR of each link in a neighboring base
station may not be guaranteed, with the result
that outage may occur. Since the CCAC crite-
rion associated with the proposed norm ap-
proximation method with g =1 is more rig-

orous than that of the original CCAC method,
its outage rate is, of course, also zero under all
traffic loads. However, the outage rate of the
approximation method with 3=0.95 in-

creases with an increasing number of users in
the cell. With p=0.95 the condition
0.95|rZ| > p(rz) does not always hold,
and hence the situation 0'95||FZ||00 <1 and

p(I'Z) >1 may arise. In this event, the new

call should not be accepted, but will be ac-
cepted anyway. As a result, the outage rate of
the norm approximation scheme with
£ =0.95 is higher than that with g=1.

However, as shown in Figure 2, the approxi-

0.25

mation scheme with 3 =0.95 achieves a

better blocking rate performance. Conse-
quently, a value of 5 =0.95 is adopted as a

suitable compromise for the proposed norm
approximation scheme.

Figures 4 and 5 compare the blocking rate
and outage rate performances of the proposed
method and a conventional method for data
and voice service types with respective SIR
requirements of —12 dB and —14 dB.

Figure 4 compares the blocking rate ob-
tained in a multimedia communication system
by the proposed method with that obtained by
the conventional CAC algorithm presented in
[8]. The proposed method achieves a signifi-
cantly lower average blocking rate than the
conventional algorithm. This result is reason-
able since a conventional CAC algorithm uses
a constant coefficient to reflect the interfer-
ence from other cells. As a result, when the
traffic load increases, the algorithm may un-
der-estimate the interference when deciding
whether or not to accept a new call, and hence
some active calls may be dropped in the mid-
way. By contrast, the proposed method esti-
mates the interference from other cells exactly
and therefore this scenario rarely occurs.

—&— Proposed method
O-- Conventional method

0.20 4

0.15 4

0.10 4

Average blocking rate

0.05 -

0.00 O >
4 6 8

T T T
10 12 14 16

Number of users in each cell

Figure 4. Average blocking rate comparison between proposed CCAC method and conventional CAC
method [8] for multimedia CDMA cellular system.
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Figure 5 compares the outage rates of the
proposed method for voice and data service
types, respectively, with those of the conven-
tional method in [8] as a function of the num-
ber of users in each cell. It is observed that the
proposed method guarantees the quality of all
the active links in the system. By contrast, the

conventional method leads to increasing out-
ages as the traffic load increases since it esti-
mates the interference of a new call on the
neighboring base station using only a crude
inter-cell interference coupling coefficient p

(specified as p =0.0932in Figures 4-5).

0.025

Outage rate

——@—— Proposed method (Voice)

o Proposed method (Data)
0.020 | ——-w——— Conventional method (Voice)
s Vi Conventional method (Data)

0.015 -

0.010 -

0.005 -

0.000 ——— G mm === =% T

4 6 8 10 12

Number of users in each cell

14

Figure 5. Outage rate comparison between proposed CCAC method and conventional CAC method [8] for

multimedia CDMA cellular system.
4. Conclusions

This study has proposed a novel Centralized
Call Admission Control (CCAC) scheme
which combines the call admission control
and power control mechanisms in cellular

systems into an eigen-decomposition problem.

The simulation results have shown that the
proposed scheme achieves a better perform-
ance than conventional CAC schemes both in
terms of its blocking rate performance and its
outage rate performance. To reduce the com-
plexity of the eigen-decomposition computa-
tion, this study has proposed the use of an
|, norm approximation method and has dem-
onstrated that, given a suitable value of pa-
rameter S, the approximation does not sig-
nificantly degrade the system performance.
The main benefit of the proposed CCAC
method is that it takes all of the link condi-
tions into account such that their minimum

SIR requirements are maintained when a new
call is admitted.
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