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Abstract - In this paper, we derive the Frequency Reuse
Efficiency parameter for multirate systems taking into account the
different services and their respective bit rates and QoS
requirements. According to the service, this parameter shows a
strong variation with high data rates and is nearly constant for
lower data rates. An admission control algorithm is then proposed
that makes use of the frequency reuse frequency parameter. Finally,
the analysis carried out in this paper is exercised in an application
example for WCDMA.

|. INTRODUCTION

Frequency reuse efficiency Fy for a given user k is a
dimensionless CDMA parameter that represents the
relative power received from the serving cell with respect
to thetotal received power. It is given by [1]:
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where Py is the total power received by the k-th user that
is generated within the serving cel and Iy is the
interference generated by the other cells.

Frequency reuse efficiency is intimately related to
system capacity and cell coverage. Therefore, itsuse has a
direct impact on sensitive issues such as those aready
mentioned, namely capacity and coverage. Until recently,
the sudies on frequency reuse efficiency have
concentrated on reverse link applications because, as was
unanimously thought, Second Generation (2G) CDMA
celular systems were uplink limited [1-3]. Such an
assumption turned out to be not unanimous any longer,
and a number of reasons exist that lead to the conclusion
that these systems are forward link limited [4, page 265].
Third Generation (3G) systems are unequivocally forward
link limited, for the 3G data services require higher data
rates in the forward link as compared to the reverse link.
Again until recently, the studies on the frequency reuse
efficiency have concentrated on one-service system (voice

Alvaro A. M. de Medeiros and Michd D. Yacoub are with
DECOM/FEEC/UNICAMP, Campinas SP, Brazil, PO Box 6101,
13.081-970, Phone: +55 19 378-83812, FAX: +55 19 3289-1395
emails {alvaro,michel} @decom.fee.unicamp.br. César K. D’Avila is
with Centro de Desenvolvimento Profissonal e Tecnoldgico
(CEDET), Rua Angelo Vicentin, 70, 13084-640, Campinas, SP, Brazil,
e-mail: cesar@cedet.com.br.

service). To be best of the authors' knowledge, there has
been very little, or even inexistent, attention to the
multirate case.

This paper derives the forward frequency reuse
efficiency for multirate systems and analyzes its variation
with respect to different services, i.e. different bit rates
and Quality of Services (Q0S) requirements. An
admission control algorithm is also proposed that makes
use of such a parameter. In the Section |1, we analyze the
forward link interference and the power alocation for
each service based. In Section 111, we explore the power
allocation under the call admission perspective. In Section
IV, we derive an expression for the frequency reuse
efficiency, based on the power allocation presented in
Section I1l. In Section V, an admission control algorithm
is proposed that makes use of the frequency reuse
efficiency parameter. Finaly, in Section VI, an example
of application is exercised.

[1. INTERFERENCE ON FORWARD LINK
AND RELATIVE POWER

To analyze the F, parameter, we estimate the various
interferences within the CDMA system. In the forward
direction, the same cell interference I is given by:

pT(J)
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where & is the orthogonalization factor (=1 signifying
zero orthogonality and =0 signifying full orthogonality),
P:? isthe total power for the forward link in the cell j, J
is the fraction of the total power P;? allocated to the k-th
user (alocated relative power), |, is the path loss
proportionality factor, a isthe path loss exponent and r; is
the distance from the k-th user to its serving base station j.
Hence, the total power Py received by the target subscriber
from itsown cell is given by:
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The other cdlsinterference |, is obtained as;
M pT(i)

a
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where r; is the disance from the k-th user to the
interfering base station.

The allocated relative power J, can be estimated using
the signal-to-interference ratio (Ey/l; )« for the k-th user,

such that:
| _[W a'k(PT(”/IOrJ.‘;)
LR
where Wisthe spreading bandwidth and Ry isthe datarate

for the k-th user. Manipulating equations (2), (4) and (5),
the allocated relative power is obtained as.
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The parameter X is the jamming margin, defined as
the ratio between processing gain and the signa-to-
interferenceratio, i.e.

_W/R,
Eq /1,

It can be noticed that the L, parameter depends
exclusively on how the network is planned, i.e. on the
network topology, on the total power emitted from the
base stations, on and the propagation environment. Figure
1 shows the values of normalized L, at a central cdll for a
network with four tiers and all base stations with the same
total power (P1"/ P;9=1 for all i). For a=4, L, hasamean
value of 0.291 and if we take the worst case (Limax), i-€.
the cell border, Ly is approximately 2.073. For a=3, these
values are respectively, 0.549 and 2.542, and for a=2,
1.551 and 4.284.

Figure 2 shows the variation of Ly in a four-tier
network central cell with a=4. Figure 3 shows the mean
values of Ly and the values of Lymax (in parenthesis) for
each cdl in the same four-tier network where a=4.

Equation (6) shows that higher bit rates demand a
higher fraction of the forward link total power. It also
shows that, depending on the users' power alocation and
on their location, a new subscriber may not have access to
all services, aslong as it may demand a higher fraction of
base station’ stotal power.

Xk (8)
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Figure 1: Normalized Ly parameter as a function of the normalized
distance from the base station
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Figure 2: Variation of Ly for the central cel in a four-tier network cell
(a=4)

[11. RELATIVE POWER AND CALL
ADMISSION CONTROL

For call admission control purposes, the Ly parameter
must be evaluated after the admission of k-th user's.
Defining Li(t) as the value of Ly at instant t and L(t+1)
the value of L, in ingant t+1 after the k-th user's
admission, and considering that the user’ s position and the
total power for the forward link in the others cells (P")
will not vary significantly, then

L. (@M= i P (rjk J
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Figure 3: Mean values of Ly and values of Ly ma (in parenthesis) in a four-
tier network (with a=4).

and
M 0 ro\?
L (t+)=Y —T — PT ( Jk} : (10)
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For admission purposes the following holds
(P g =(P), + 0 (P) (11)
Consequently, from (9), (10), and (11)
L (t+) =L ®f-o,) (12)

for (RV),,, <P ... From (6), the alocated relative
power & at instant t+1 can now be written as:
L (t) +&,

—_LO+e (13)
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V. FREQUENCY REUSE EFFICIENCY ON
THE CALL ADMISSION CONTROL

Using equations (1), (3) and (4), and considering all

base stations transmitting the same total power (P;") = P;¥
for all i), the following is obtained:
o (l-&)+e (14)
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Combining equations (13) and (14) the reuse
efficiency after the subscriber’s admittance into the
system can be written as:

L () +& +&X,
L) +e +ex +L ()X,

Table | shows some cases for the jamming margin in a
3G WCDMA system (W=3.84 Mc/s) [5]. The values of
Ey/N; take into account the soft-handoff combining gain
and the average power increment caused by fast power
control [6]. With the parameters defined in Table 1,
equation (15) can be used to obtain Fy as a function of x,
as presented in Figures 4, 5 and 6 (a=2, 3 and 4
respectively) for an orthogonality factor & = 0.5[8] and
for several values of Li=Ly(t) before admission.

(15)

K =

TABLE|
EXAMPLES OF SERVICES AND RESPECTIVE JAMMING MARGINS FOR A
WCDMA SYSTEM
Service Re (Es/lok X
Voice 8 kbps 7dB 95.77
Video 144 kbps 7dB 5.32
Packet Data | 384 kbps 10dB 1
1
0.9 )
- 0.8]] ]
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5 06 1
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é 0.4r1 ]
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Figure 4: Fy versus xi for & =0.5, a=2 and different values of normalized
L.

It can be observed that the frequency reuse efficiency
varies rapidly with the jamming margin for small values
of jamming margins (high bit rates or high Eyl;
requirements). Indeed, if a subscriber requires a higher bit
rate for the respective service, afast degradation of system
capacity or coverage may be observed. It can aso be
observed that for high jamming margins (low bit rates or
low Ey/l; requirements) the necessary reuse efficiency
bears almost no variation with the jamming margin.
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Figure 5: Fy versus xi for & =0.5, a=3 and different values of normalized
L.
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Figure 6: Fy versus xi for & =0.5, a=4 and different values of normalized
L.

V. ADMISSION CONTROL USING THE Ly
AND X« PARAMETERS

A draightforward application of the F, anayss
concerns admission control agorithms for multiple-
service systems. With that aim, we first calculate Ly for a
given subscriber’s position according to the propagation
environment and network topology and emitted power
before the k-th user’s can be admitted into the system.
Then the jamming margin X, for the required service
(required bi rate R¢ and Ey/l; (Qo0S parameter) is also
evaluated. Finally, the reuse efficiency is obtained and in
the capacity equation [2] as follows:

(16)

whith

(17)
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where pisthe system load factor, g isthe contribution of
the k-th user on the load factor, ¢ is the activity factor of
the k-th user and N is the number of userswithin the cell.

Thus, from equation (15) and (17) the following is
obtained:

. U{gk . (18)
X

The admission control algorithm must evaluate the
subscriber’s contribution g in the total load factor before
the required service is granted. If 0 < OGnax (Gnex IS @
system parameter, typically 0.5) the service is accepted by
the system, otherwise rgjected or a negotiation for a new
service can be started. Figure 7, 8 and 9 shows the
contribution g for one user of the WCDMA services
shown on Table I, with an orthogonality factor & = 0.5
[8]. The curves are obtained for several values of vy, and
for the central cel in afour-tier network, with a=2, 3 and
4, respectively.
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Figure 7: Contribution in the load factor from the k-th user (o) as a
function of the normalized Ly (Lk max=4.284) for the central cell in afour-
tier network (a=2 and & = 0.5).
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Figure 8: Contribution in the load factor from the k-th user (o) as a
function of the normalized Ly (Lk max=4.284) for the central cell in afour-
tier network (a=3 and & = 0.5).
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Figure 9: Contribution in the load factor from the k-th user (o) as a
function of the normalized Ly (Lk max=4.284) for the central cell in afour-
tier network (a=4 and & = 0.5).

VI. AN APPLICATION EXAMPLE

Consider an urban scenario (a=4), pmx=0.5, a packet
data user (R=384 kbps and (Ey/I;)x=10 dB as shown in
Table 1), and supposing u=1). From Figure 7, the
contribution of such a user to the load factor equals o =
0.5 for the normalized Ly value near zero. From Figure 1,
for such avalue of the normalized L,,, we observe that the
user can only be admitted into the system if no other user
is present within the system. In such a case, this user must

be confined within a maximum distance dyax < 0.3r¢q
whererqy isthecdl radius.

The same procedure can be used in other examples.
For instance, in Table Il we show 40 voice users (R=8
kbps and (Ey/I)=7 dB as shown in Tablel, and assuming
u=0.5), distributed around the base station. Departing
from this condition, Table Il shows some possible
admission scenarios (S1, S2, ..., Sb), having as target the
admission of video users (R=144 kbps and (Ey/I)=7 dB
as shown in Table I, and assuming ¢=1). More
specificaly:

e Sl-1userinadistance 0.8rqy<Omax <0.9r.y OF

e S2 - 1 user where 0.6r g <0yax<0.8r.q; and 1 user
where dyay <0.2r ) or

e S3-1userinadistance 0.4r .y <0yax<0.6r ), 1 user
0.2r cei1 <Omax

<0.4r.q and 1 user in a distance dye<
0.2rcq Or

e  SA-3usarsinadistance 0.2r o <Uyax <0.4r ) Or
e S5-1userinadistance dpax <0.2r ).

TABLEII
EXAMPLE OF CALL ADMISSION SCENARIO BEFORE ADMISSION

Omax/ Real 02| 04 | 06 |0.8|09
Existing voice users 10 | 10 |10 | 5| 5
TABLE 1|
POSSIBLE ADMISSION SCENARIO HAVING TABLE || SCENARIO BEFORE
ADMISSION
Ormax/ Reall Possi ble combinations of new video users
S1 2 3 4 S5
0.2 - 1 1 - 3
0.4 - - 1 3 -
0.6 - - 1 - -
0.8 - 1 - - -
0.9 1 - - - -
Total users 1 2 3 3 3
VII. CONCLUSION

Frequency reuse efficiency is a parameter that must be
calculated locally, as a means to obtain an accurate
estimation of the cell capacity in order to admit or reject
an incoming service demand. We have shown that for
lower values of jamming margin, i.e. for higher bit ratesor
higher demands of signa-to-interference ratio, the
required frequency reuse efficiency has a considerable
variation. Thus, if a new subscriber is accepted that
requires a high data rate, a fast degradation of system
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capacity or coverage can be observed. For lower bit rates
or lower requirements of signal-to-interference ratio, the
value of frequency reuse efficiency is aimost independent
on the variation of jamming margin. Note that the reuse
efficiency expresson is strongly dependent on the
network topology, which plays an important role in the
determination of which services and where within the cell
these services and respective QoSs are guaranteed. An
admission control algorithm must consider the value of
the reuse efficiency according to subscriber’s location and
requested service. We proposed an admission control
algorithm based on the capacity equation. Finaly, we
presented an example of admission control for WCDMA
services using this algorithm.
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