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Abstract— In this paper, we consider not
only the position of a mobile station but also
the system load for adaptive resource alloca-
tion suitable to the broadband service. When
a mobile station is near the cell boundary,
the proposed scheme restricts the resource as-
signed to that mobile. But when the system
load is low, our scheme relaxes the restric-
tion of resource for mobiles. This scheme in-
creases the channel utilization, the system ca-
pacity and the flexibility of the resource man-

agement.
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I. INTRODUCTION

Current CDMA (Code Division Multiple Ac-
cess) systems based on IS-95A support only
a circuit-switched voice communication. But
IMT-2000 such as cdma2000 and ETSI UTRA
should support the broadband communication
service([1-[2]). To support the broadband ser-
vice, a MAC(Medium Access Control) proto-
col must have a bandwidth allocation algo-
rithm suitable to that service. IMT-2000 sys-
tem should consider an asymmetric traffic prop-
erty. A reverse channel in VOD or web service,
conveys frequently request packets for an wanted
service. Therefore the traffic amount of a reverse
channel is small. On the other hand, the for-
ward channel must transport larger information

as an acknowledge of the request packet. There
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are two ways to transport a large information
in the CDMA system. One way is MC(Multi-
Code)-CDMA scheme. That is, the assignment
of multiple codes in the forward channel sup-
ports the broadband service. The other way is
VG(Variable-Gain)-CDMA scheme. When the
broadband service is needed, it reduces a pro-
cessing gain and increases a transmission rate.
Using these two methods, the forward channel
can convey larger information. But when there
are many users to demand the broadband ser-
vice, a few users could be served. Thus the per-
formance of the forward channel should be im-
proved to accept these requests for the broad-
band communication service. And the resource
allocation scheme of the forward channel should
be made very efliciently and reasonably. In
CDMA system, large resource allocations for
some mobiles result in large transmission rate
and large power. It means that other mobiles
[3] and [4]
propose the code assignment scheme based on
LIDA(Load and Interference based Demand As-
signment). But this scheme is applied only to

suffer the large interference. Ref.

the reverse channel. We apply it to the forward
channel and extend this scheme to the resource

allocation scheme of the forward channel.

We consider mainly MC-CDMA system. In
this system, the resource means the number of
codes. The our proposed scheme is divided into
two parts. In the first part, the proposed scheme
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considers the position of a mobile station. Be-
cause the position of a mobile station is related
with the inter-cell interference, many codes(large
resource) are allocated to the mobile near the
base station and the number of codes allocated
to the mobile near the cell boundary is limited as
small as possible. This code assignment scheme
based on the mobile position reduces an unneces-
sary interference to other base stations. Because
a CDMA system is the interference-limited sys-
tem, the unnecessary interference reduction re-
sults in the increasement of system capacity. In
the second part, the proposed scheme is based
on the system load. When a mobile station is
near the cell boundary, the proposed scheme
based on the position of mobile station mini-
mizes the number of codes assigned to that mo-
bile. But this scheme may not be the best under
the present system state. When the system load
is low, it is unnecessary to limit the number of
codes for mobiles. Thus, our proposed scheme
has the resource allocation scheme based on the
system load. This proposed scheme increases the
channel utilization, the system capacity and the
flexibility of the code management.

Following this introduction, we explain the
adaptive resource allocation scheme in Section
IT. We also show the numerical results in Sec-
tion III. Finally, conclusions and further study
are described in Section IV.

II. ADAPTIVE RESOURCE ALLOCATION
SCHEME

In this section, we propose an adaptive re-
source allocation scheme of the forward channel.
In Multi-Code CDMA system, the resource allo-
cation scheme is equivalent to the code assign-
ment scheme. As a matter of convenience, the
target system is assumed to be the MC(Multi-
Code)-CDMA system. The number of assigned
codes is based on the states of a base station

and a mobile station. The proposed scheme is
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Vl;:tual Mobile
Fig. 1. System Model (Virtual Mobile)

divided into two parts which are explained in the
subsection A and B. The subsection C explains
the scheme for VG-CDMA system.

A. Resource Allocation based on Mobile Position

To simplify the problem, we suppose the MC-
CDMA system with perfect power control. And
it is assumed that forward channels are perfectly
orthogonal. In these assumptions, forward chan-
nels are affected from only the inter-cell interfer-
ence. Thus we consider the inter-cell interfer-
ence for the code allocation and set a limitation
to the number of allocated codes. To calculate
the inter-cell interference, we introduce ’virtual
mobile’. Virtual mobile is an imaginary mobile
and is located on a boundary of the cell. Fig. 1
shows the system model and virtual mobile con-
cept. Using a limitation of the interference to
the virtual mobile, we restrict the resource to
the mobile. We assume that the basic rate of
MC-CDMA system is the same as the channel
rate for a voice communications and the inter-
ference to a virtual mobile of a basic channel is
one. That is, if a basic channel is established for
the mobile on the cell boundary, the interference
to a virtual mobile is one.

We define parameters as follows :

o a = the voice activity factor

o 7 = the distance between a mobile and a cell

boundary

e R = the cell radius
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¢ 2z, = the path loss from host-cell to a mobile
at distance r
« m = the number of allocated codes to a mo-
bile
e M = the maximum number of codes allo-
cated to a mobile
Through a limitation of the interference to the
virtual mobile, we restrict the number of allo-
cated codes to the mobile. The path loss z, can
be calculated by using the pilot strength mea-
surement and zg is the system parameter. When
m codes are allocated to the mobile at distance
r, the interference to the virtual mobile is given
by
Zr
I=m <5> . (1)

We suggest that I, should be less than the in-
terference value of one voice channel. Thus Eq.
(1) is restricted by

I =m (Z—) <o )

2R

Therefore, the number of codes is limited as fol-

m < min (M, (%) a) . (3)

As seen by Eq. (3), a small number of codes is

lows :

assigned to a mobile at long distance(large z;).
This scheme restricts the inter-cell interference

and increases the system capacity.

B. Resource Allocation based on System Load

Previous section sets a limitation to the vir-
tual mobile in view of the interference and the
number of allocated codes. However because the
number of allocated codes is determined by the
mobile’s position, this scheme may decrease the
channel utilization. If neighbor cell’s load is low,
it is possible to allocate more codes to the mo-
bile. That is, the number of allocated codes
should be decided according to the system con-
dition as well as mobile condition. Therefore,
we introduce the variable factor z into-the right
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term of Eq. (2). The variable, z, is related to
the system load.
Zr
I,=m (—) < az. (4)
ZR
We define the system load parameter, f. The

parameter, f, has a positive value and represents
the system load for the forward channel.

f o< (System Load) (5)
0<f<1

When the system load, f, is low, the maximum
resource allocation is possible. That is, if f is
zero, x is infinity. And similarly when f is one,
z is zero. Many relationships between f and z is

possible. We define the relationship as follows:
z=Aln(1/f) (6)

where A is a positive real number. To obtain the
system load, we assume that neighbor BS(base
station)s exchange periodically the load of the
forward channel and calculate the system load,
f. By introducing the system load, f, Eq. (2)
could be modified as following

I, =m (i) < aAln(1/f). (7)
2R
And the number of codes is obtained by
m < min (M, (i—R) aAln(l/f)) . (8)

Eq. (8) shows that a large system load restricts
the assigned number of codes. This scheme in-
creases the channel utilization, the system ca-
pacity and the flexibility of the code manage-
ment by considering the system load.

C. Resource Allocation for VG(Variable-Gain)-
CDMA

To serve the broadband service, VG-CDMA
system can be adopted. When the broadband
service is needed, the system reduces a process-
ing gain and enlarges a transmission rate. The
large transmission rate results in a large trans-

mission power(large interference). Although the
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physical properties of VG-CDMA are different
from MC-CDMA, high level properties are the
same. In VG-CDMA system, a variable m means
the ratio of the allowed rate over the basic rate.
And m may not be a integer but a real num-
ber. We define the rate set Sg which contains
the possible rates as follows:

SR': {Tl/Tl,TZ/Tl,T3/T'1,'",Tmax/'f'l} (9)

where 71 is a lowest rate and 7,4, is @ maximum
rate. Therefore, Eq. (8) should be changed to

m < (?—) eAln(1/f) and m € Sp.  (10)

As seen by Eq. (10), this resource alloca-
tion scheme for VG-CDMA is the same as MC-
CDMA. Therefore, this scheme is easily applica-
ble to the mixed system with MC-CDMA and
VG-CDMA.

III. NUMERICAL RESULTS

In this section, numerical results for MC-
CDMA system are shown. To represent clearly
the property of our scheme, we neglect the fad-
ing effect. Then, Eq. (7) and (8) are changed
into functions of mobile’s position. We suppose
that a path loss exponent is 4.

4
I,=m (%) <aAln(l/f)  (11)
m < min (s, (%)4 A ln(l/f)) L2

We assume that the voice activity factor, «, is
0.4 and a constant, A4, is 10. Fig. 2 shows the
number of allocated codes according to the mo-
bile’s position and system load. This scheme al-
locates more codes when a mobile is closer to a
base station. And as the system load is lower,
more codes could be assigned to a mobile. When
the load is 0.1, the maximum codes could be al-
located to the mobile on the cell boundary. How-
ever, when the load is 0.9, none codes is assigned
to the mobile on the cell boundary. This figure

shows that our scheme would manages effectively
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Fig. 2. Code assignment according to mobile’s posi-
tion and system load

the resource according to the mobile position
and the system load. Fig. 3 shows that the pro-
posed adaptive scheme controls the inter-cell in-
terference according to the system load. The un-
restricted code assignment scheme can not con-
trol the interference to neighbor cells. However,
because our scheme limits the resource accord-
ing to the mobile position and the system load,
the interference to other cells is restricted be-
low the certain threshold value. The threshold
value is determined by the system load as seen
by Eq. (11). This figure shows that our scheme
That is, it

prevents the fluctuation of the excessive trans-

reduces the inter-cell interference.

mitted power. The reduction of interference re-
sults in the capacity increasement and the effi-
cient resource utilization.

IV. CoONCLUSIONS AND FURTHER STUDY

In this paper, we analyze the adaptive re-
source allocation scheme of the forward chan-
nel. This proposed scheme could be applied to
Multi-Code CDMA systems and Variable-Gain
CDMA systems.
that our proposed scheme has adaptability to

The numerical results show
the position of the mobile and system load. Also

our proposed scheme shows the inter-cell inter-
ference reduction to other cells.
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Fig. 3. Interference reduction by adaptive code as-
signment

There are some further problems. To obtain
the system load, f, further studies are needed.
In this paper, we assume that neighbor base sta-
tions exchange periodically the load of the for-
ward channel. However, we need the research
which mobiles measure the noise level and pre-
dict the load of forward channel. This research
helps us to the distributed resource management
scheme based on the smart antenna. Using the
smart antenna, the cell’s heavy traffic condition
may not mean the large inter-cell interference.
In this case, each mobile should measure the
noise level and calculate the load of the forward

channel.
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