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Performance Comparison of Admission Control
Policies for New Calls in Soft-Handoff
Regions for CDMA Cellular Networks

F. Ashtiani*, M.R. Aref' and J.A. Salehi!

In this paper, two basic new call admission control policies in soft-handoff regions in Code-Division
Multiple-Access (CDMA) cellular networks are compared. The two policies are Independent
Decision Policy (IDP), which is, approximately, equivalent to a directed retry policy proposed for
non-CDMA cellular networks and Collective Decision Policy (CDP). The merits in this comparison
include the tradeoff between carried traffic and quality loss probability while maintaining other
traffic parameters (such as blocking and dropping (handoff failure) probabilities) sufficiently
low. Using numerical results, it is deduced that the CDP leads to a better overall performance.
Another important issue considered in this paper reverts to spatial fairness. In this respect,
the necessary modification for the above admission policies Is proposed. In these analyses,
a modified reverse link dynamic traffic model is employed, built upon Interference-based Call

Admission Control (ICAC), by including the shadowing effect in soft-handoff reglons.

INTRODUCTION

The Code-Division Multiple-Access (CDMA) scheme
plays an important role in third generation mobile
systerus [1]. There are several distinguishing attributes
in CDOMA cellular networks compared to non-CDMA
networks, such as TDMA (Time-Division Multiple-
Aceess) and FDMA  (Frequency-Division Multiple-
Access).  Soft capacity is one of these distinet at-
tributes, which is due to CDMA’s interference-limmited
capacity behavior. Soft capacity is closely related with
admission control, the basic issue in user traffic analysis
and modeling. Call admission control indicates how a
new or handoft call is aceepted in a cell. Lo fact, a
new or handoft call is accepted in a cell if there exists
enough capacity in that cell.

For CDMA cellular systems, various traflic man-
agement  algorithms are considered, with different
tradeofts between admission and congestion control.
Any such algorithms control the number of interfering
users in the network, in order to prevent any increase
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in a preset quality loss probability. Admission and con-
gestion are like two sides of a coin, 1.e., imposing more
litnitations on one side leads to more freedom on the
other. A typical traflic management algorithm should
he based upon a suitable policy for both admission
control of new calls and handoft management.

A widely used admission policy for new calls
proposed for non-CDMA cellular networks is directed
retry [2]. 1o this policy, it a newly originated call
were to attempt to enter the network in an overlapping
region between two neighboring cells and if its home
cell, i.e., the cell with least path loss or with the best
pilot strength, were not able to take it, due to lack of
a free channel, the other cell, 1.e., the neighboring cell,
would take it. This policy may reduce the blocking
probability in overlapping regions. Furthermore, an
issue that needs to be considered carefully in a cellular
network is spatial fairness in view of blocking probabil-
ity. A directed retry policy, along with some suitable
remedies, can result in spatial fairness [3].

Another important and distinet feature of a
CDMA cellular network is in its ability to apply soft-
handoft. Soft-handoff techniques have several benefits,
such as enhancement in uplink capacity and QoS [4-7]
with little degradation in downlink capacity [8]. Apply-
ing soft-handoft necessitates a new type of region, i.e.

Soft-Handoft Region (SHR), in which Mobile Stations
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(MSs) are linked with at least two nearest Base Stations
(BSs). Soft-handoff regions in CDMA cellular networks
are equivalent to overlapping regions in non-CDMA
cellular networks, when viewed from admission control
policies for new calls,

Some papers, such as [9], have extended the
directed retry policy to CDMA cellular networks, with-
out taking into account one of its distinct attributes,
namely, soft capacity. In the above paper, it is
assumed that each new call in SHR is admitted to the
network if; at least, one of the engaged base stations
admits the call. On the other hand, a few researchers
considered soft capacity in their admission control and
traffic analyses, and proposed an admission control
policy such that all engaged BSs have an effect on the
admission process of a new call [10]. However, in their
analyses they take into account only the mean value
of the interference signal not the probability density
funetion. Until now, the authors know of no report
concerning a comparison of the above two policies. 'lTo
he able to compare the above two policies one needs
a mathematical framework that includes both the soft
capacity and soft-handoft of CDMA networks. Lo this
paper, the traffic model recently proposed in [11] is
emiployed, which includes in its model, soft capacity
and soft-handoff. Lo order to carry out analyses for a
real and practical environment, the shadowing effect in
the above traffic model will further be included.

On the other hand, any special policy in SHR
may lead to some unfairness o different regions of a
cell. This issue has not yet been addressed in a CDMA
cellular network with respect to interference-based call
admission control. In this paper, this issue will be dealt
with and a simple scheme to remedy the problem will
he proposed.

Following this introduction, admission control
miethods will be briefly reviewed and the key param-
eters that affect traffic modeling will be highlighted.
Then, a modified version of the traffic model (in-
troduced in [11]) used in this paper, will be briefly
discussed. Following that, two basic admission control
policies for new calls will be discussed, including their
corresponding effects on the trafic model. Also, a
siple policy will be proposed to mitigate the unfair-
ness problemt.  Finally, the numerical results will be
presented and the paper is concluded.

ADMISSION CONTROL METHODS AND
THEIR EFFECTS ON TRAFFIC
MODELING

The main feature of a CDMA cellular network is its
interference-limited capacity. However, interference is
a random process.  lts randomness is the result of
randomness in propagation loss, due to shadowing,
randomnness in the nature of sources, due to their in-
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termittence and, finally, randomness in users’ locations,
due to their mobility, Therefore, capacity will, also, be
a randomn provess.

As stated previously, soft capacity and admission
control are closely related.  Ishikawa and Umeda
discussed two basic methods for call admission control
for an immobile case, i.e., systems with no handoft [12].
For the first method, Number-based Call Admission
Countrol (NCAC), there are N number of channels and
the traffic process follows the Erlang-B model, with
respect to various suitable assumptions. Due to the
interference-limited behavior of the CDMA capacity,
N is determined by a desired blocking probability and
quality loss probability (in dynamic cases, other traffic
parameters, like dropping probability, should also be
cousidered).  Thus, N depends on the whole traffic
status of the home and the neighboring cells. Most
papers prefer to deal with CDMA cellular systerms
using the NCAC model [13,14], and some even consider
a deterministic value for N [9,15]. However, in their
second call admission control method, i.e., Interference-
based Call Admission Control (1CAC), the decisions
related to admission and rejection of the calls are
made according to the network current short-term
interference level. Lo this method, for admitting any
new or handoft’ calls, the network current short-term
interference level is compared with a threshold that is
set by various desired traffic parameters. Furthermore,
due to the randomuness of the short-term interference
level, the result of this comparison appears as an
admission probability in the 1CAC method. o fact,
in the NCAC method, the resources of a network
are equivalent to the number of channels, while in
the LCAC method, the resources in the network are
proportional to the level of interference and, there-
fore, the lCAC method appears to be more justified,
with respect to the interference-limited capacity in
the CDMA networks. Furthermore, from the results
obtained in [12], it is believed that the ICAC method
achieves more robust results against the variations of
propagation parameters.

As stated, admission control is one of the most
hasic elements of any traffic model. A traffic model
provides a mathematical framework to analyee the
time-varying traffic. Lo this type of analysis, increasing
and decreasing the number of users is considered step
by step. Considering the NCAC method for admission
control, there will be a state-independent arrival rate.
But, for the 1CAC method, the transition rate, from
a traffic state to its higher state, is modified by an
admission probability. o fact, in the JCAC method,
there is no restriction on the number of channels
explicitly, however, transition rates diminish while the
traffic states go higher and higher.

In the next section, a traffic model proposed
in [11] is introduced briefly, based on an LCAC method,
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with the effect of shadowing included to make the
miodel more practical.

TRAFFIC MODEL

The traftic model recently proposed in [11] divides a
samiple arsa of the network, which includes one desired
cell (cell A), as well as its neighboring soft-handoff
regions, into three regions (Figure 1). The first region,
namely inner-cell region, includes MSs that are power
controlled by cell A and do not communicate with any
other base station. 'The second region (SHR,) includes
MSs that are placed in soft-handoff regions and in ideal
cases, L.e., without shadowing, are power controlled
by cell A. The third region (SHRa2) includes the MSs,
where in ideal cases cell A is not their power controlling
BS. This traffic model does not include the shadowing
effect, because, with shadowing some of the MSs placed
in SHR,; will not be power controlled by cell A and
some of the MSs in SHR» will be power controlled
by cell A. So, in the following, atter a brief review on
other aspects of the proposed traffic model, the effect
of shadowing will be introduced in this model.

In any dynamic traffic analysis of a cellular net-
work based on a traffic model, one is usually obliged
to use some approximations, in order to reduce the
nuniber of required equations that could be very large
and, thus, mathematically intractable. In this respect,
the traftic model proposed in [11] employs the following
sinplifying  assumptions, just as most other traffic
models:

Ap corresponding to one
neighboring cell

One subregion of SHRq

DRegionl; Inner-cell Region 2; SHR4 'Region 3: SHR»

Figure 1. Geographical structure of the proposed traffic
model.
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a) Poisson probability distribution for new call origi-
nation process at each region

b) Negative exponential distribution for call duration
tire;

¢) Mobility pattern with negative exponential distri-
bution for residence time at each region;

d) Path loss criterion for power-control and partition-
ing of the sample area of the network considered in
the traffic model;

e) Open-loop power-control with the same target re-
ceived power at each cell;

f) Considering only the first tier of interferers as the
dominant factor in inter-cell interference;

g) Uniform spatial distribution for active users in the
first tier of neighboring cells;

h) 'The same average traftic parameters for the desired
cell (cell Ay and its neighbors, such as blocking and
dropping probabilities;

1) Gamma distribution for inter-cell interference with
traffic-load-dependent mean and variance [11,12,

16];

7)) LCAC method for admission control and soft capac-
ity consideration;

k) lndependent user activities

) 'Time instants for making decisions based on inter-
ference (such as admission of a new or handoft call)
are, on average, sufficiently far from each other,
such that the effective processes in interference
corresponding to the time instants, are independent
of each other.

With the above assumptions, there will be a 3-
dimensional state-dependent Markov chain [11]. A
typical state of this chain is denoted by (4,7, k),
which corresponds to the number of users in respective
regions.  With respect to assumptions (f) and (g),
one uses the number of users in the third region, in
order to estimate the number of interferers in the first
Blocking and dropping probabilities are used
at each traffic state, separately. limportant traffic
parameters, such as blocking probability, dropping
probability (handoft failure probability), quality loss
probability and carried traffic were focused on in the
nurmerical analyses,

Since, in this paper, admission control policies for
new calls are carefully studied, the arrival rates of new
calls in different regions in the concerned traffic model

tier.
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are considered as in the following [11]:
’\ll(fjji k} — ’\TJL(I_PBL(fjij))j (1}

’\33(51}-1 k} — ’\133(1 - Pb'g (fjjj k}}] (2}

Aus(1,7, k) =An, (1 — Pp,(1,7,k))

+ Al = Poli,j, k). (3)

In the above equations, Ayp, Ass and Agg determine
the transition rates from (7,7, k) traffic state to (7 +
L, k), (4,7 + L, k), (4,7, k + 1) traflic states, respec-
tively.  Also, A,; is the new call arrival rate in
region ¢, Pp; is the blocking probability in region j
and #p is the dropping probability corresponding to
handoft’ arrival rate (A,) at SHRa from neighboring
cells.  Obviously, due to the ICAC method, the
arrival rate of new calls at any region is modified
by a blocking probability that, in fact, results from
comparing the short-term interference level with the
corresponding threshold. For the third region in the
traffic model, the arrival rate of new calls, as well
as the handoff rate from the users in neighboring
cells, is included in Agg. Lt s worth mentioning that
Ap is considered as a part of new call arrival rate
for SHRs, because the traffic model excludes regions
outside SHR».  Also, the transition rates between
regions (including the handoft rate from the inner-cell
region to SHR) have not been notified here, because
the new calls admission control policies do not have
any effect on the concerning rates.  'The details of
these transition rates have been presented in [11]. A
desirable feature of this traffic model reverts to its
ability in considering the handoft rate at each traffic
state, separately.  Also, different arrival rates can
be considered at each region in this traffic model,
corresponding, for example, to the situation of hot
traftic cells (more populated cells) among light traffic
cells or vice versa.

The conditional blocking (in inner-cell regions)
and dropping probabilities, with respect to the current
short-term interference level and the above assump-
tions, at any (4,7, k) traffic state, will be computed as

follows [11]:

N[5,k e
PB[U}(fj j! k} - Z b(u'] *'I\':f(fi j] k}i U} / H“t(]"n.)d]"”,
u=LU IIH[L})_U

b(uyi, v) = (;) AL ) B (4)

where the subscript B(D) corresponds to blocking
(dropping); N;(i,7, k) indicates the number of users
under power-coutrol of the desired cell (cell A) for
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which, without considering the shadowing effect in
SHR, equals ¢ + jj Tp(p, is the blocking (dropping)
threshold, corresponding to a new (handoff) call re-
quest] P is the probability distribution of inter-cell
interference) v is the voice activity factor and b(uyi, v)
corresponds to the probability of w active users with ¢
connected users in the desired cell. The first term of
the argument of ¥ in Equation 4, i.e., b(uy Ny (1,7, k), ),
indicates intra-cell interference and the second term,
Le., the integral term, indicates inter-cell interference
at the (7,7, k) traftic state.

ln general, some traffic parameters related to the
neighboring cells were estimated.  For the sake of
mathematical simplicity, the same average traffic pa-
rameters, such as blocking and dropping probabilities,
are assumied for the desired cell and all neighboring
cells.  However, such assumption in different traffic
status for the desired cell and its neighboring cells, such
as hot traffic cells among light traflic neighboring cells,
can be justified by proper adjustiment of corresponding
thresholds in neighboring cells.

The quality loss probability indicates the average
fraction of a typical time interval, where active MSs
confront service degradation, due to large interference.
At each traffic state (equivalent to conditional quality
loss probability) quality loss probability can be comm-

puted as follows:

No(i,5,k) oo
blug Ni (7,7, k), v)u [P (n)dm
u=0 Criae—1

_'\‘I

Ploss(fiji k} — NER NI -
2 b N, ),y ()
u:U

In this equation, quality loss is considered for active
users only, sinee inactive users do not sense any
degradation. In the above equations, ., is the
miaximum allowable real number of active users, with
respect to the required value of SIR, which may be
obtained by [12]:

; 1— -1 )
C"Jll'd.)(. =1+ w} (6}

Ty, ey

where py is the processing gain, £y is the bit energy,

fyrey 1s the maximum allowable interference power
. P .

density and np is ==+ (Ny is the thermal noise power

density). Usually, the thresholds are normalized to

C"IJIl'd.)(.'

The blocking and dropping probabilities in dif-
ferent regions should be computed according to any
specific traffic management algorithm. 1t is assumed
that a handoff call may be dropped at the edge of
SHR [6,9]. 'TI'wo basic policies for admission control of
new calls in SHR. will be considered in the next section.
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The average values of traffic parameters are as follows:

mvax(F) max(§ ) max( k)

Pgipy = Z Z Z a1, 7, k) Pipy(i, ], k),
j=u k=D

i=0

(7)

muax(f ) max(§ ) max( k)

Pos= Y 2% Z (i J, k)P (5,7, k), (B)
= o

i=0

max(f s § jmax(k)

Carried 'I'r clﬂlb_z Z Z 1,7, kYN (4,7, k),
j=n =l

i=0 (L})

where @(i, 7, k) is the stationary probability distribu-
tion at state (7,7, k) obtained from the related Markov
chain.
purposes, a limit over the number of users in each
region is considered, but this number will not be the
litniting, factor for the soft capacity, because of the
LCAC method in the traffic model.

In the following subsection, the above traffic
model is modified to include the shadowing effect. Lo
other words, N;(7,7,k) are computed in the above
equations, with respect to the shadowing.

In the above equations for computational

Including Shadowing Effect in the Proposed
Traffic Model

For an ideal case, i.e., without shadowing, MSs geo-
graphically belonging to cell A(A) are power controlled
by cell A(A). ln case of shadowing, each MS in SHR,
and SHR.» will be power controlled by cell A with some
probabilities. such a probability is
computed at each position of SHRy (Psuwr,—alz,y))
and, then, the spatial average of this probability
(Pshr, —a) is computed by assuming uniform density
for user locations. Path loss for a typical MS at SHR,
at position (z,y) related to two nearest cells, ie., A
and A (a neighboring cell of cell A), is as follows [3]:

In this section,

Lale,y) = dj (e, y) 1084717,
La(z,y) = di(z,y)l0fa/t?, (10)

where da(da) represents the distance of the MS to cell
A(A), e is the path loss exponent and £4(£4) indicates
the shadowing term that is normally distributed as a
random variable with zero mean and standard devi-
ation, o.
compounents, near-field and far-field shadowing [3]:

This random variable, in general, has two

\-E_—’l — Uw-fu + L’f\-ff,.u

\-Ei: tnln + L’f\-ffii (11)
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where:

Thus, one has
Pspp, —alz,y) =

Pr(La(z,y) < La(z,y))

= Pf(dﬂ(w,y:}lusf‘“” < di(w,y:}lUEi/w:}
da(z,y)
=Pr{fa—¢ L0ex log _
[‘(si £a = 10w log, (di(il’,y_}

10w dalz,y) »

Q( g (7 , 13)

Viero da(e,y) s

and one obtains the spatial average of the shadowing
effect by

Psur,—a = // Psur, —ale, y)ple, y)dedy, (14)
SHR,

where gz, y) represents the location density at position
(z,y). Asswming uniform user location density at each
region, one will have the following integral, which needs
to be computed numerically:

H 33 y
2
Pspyp,—a = - / / Q
’ (1—(1—a)?)R2Y3
:[1—0:}!1‘\, vz o=l

LB ok "1 NN PP
V2ero H (V3 —y)? +2?) (1::,)

where a is the soft-handoff penetration ratio (Figure 1)
and R is the cell radius. With respect to symmetry, in
the proposed traffic model, one has

Pspp,—a =1 — FPspyr, —a,
Pspp,—a = Pspr, - a,

Pspp,—a = Pspr, - a. (16)

Thus, one will have the modified number of intra-cell
and inter-cell (first tier) interferers at the (4, 7, k) traftic
state by including the shadowing effect as follows:

Ni(i,7,k) = i + round(j Pspr, —a)
+ round(kPspyp,_a),
Vol(i, 7, k) = 6e(k) — round(k Pspr,—a)

+ round(j Psppr, —a), (17)
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where e(k) is the estimate function of the number
of inter-cell interferers at each neighboring cell. By
assuming uniform traffic distribution at neighboring
cells, £ 1s equal to the ratio of the corresponding region
areas [11].

NEW CALLS ADMISSION CONTROL
POLICIES IN SOFT-HANDOFF REGIONS

Lo this section, two basic policies for admission control
of new calls in soft-handoff regions are introduced with
respect to the modified traffic model of the previous
section and the ICAC method. For simplicity, it is
assumed that, in soft-handoft regions, only the two
nearest base stations are the decision-making base
stations for respective MSs.

Independent Decision Policy (IDP)

This policy is, in fact, equivalent to the directed retry
policy for a non-CDMA cellular network. Lo this
policy, if a new call in SHR. were accepted by at least
one of the two engaged BSs, that call would be set
up in the network. However, this policy is suitable
for cellular networks with a deterministic number of
available channels for their corresponding cells and not
for CDMA cellular networks with a soft capacity, i.e.,
an interference-limited capacity. Lo fact, when one base
station in SHR. does not accept a call, it implies the
existence of so much interference in that cell that it
cannot accept any extra interference. However, in this
policy, an increase in interference has been allowed in
this critical situation, and, thus, this policy can lsad to
higher quality loss probability, especially for the users
in a populated cell. It does, however, result in more
carried traffic because of fewer obstacles in some parts
of the network, i.e., soft-handoft regions. 1o the IDP
policy, one can write the following relation:

P, (1,5, k) = Py, (i,j, k) = P, (i,7,k) x Pg.  (18)

In Equation 18, at each (#,7,k) traffic state, a new
call in SHR will be blocked (represented by Pg, or
Pp,) when both engaged BSs block that call. Since
no difference is applied between blocking thresholds for
SHR. and inner-cell regions, the admission probability
applied to a new call in SHR. by the desired cell is
equal to the admission probability for a new call in
the inner-cell region, Le., Py, (7,7, k). As stated, in an
LDP policy, the blocking probability, corresponding to
the second engaged BS in SHR, is effective in blocking
probability of a new call in SHR. However, the traffic
model have focused on one cell (desired cell) and follows
its related traffic states step by step, so, there is
not sufficient information to obtain, exactly, the effect
of blocking probability corresponding to neighboring

F. Ashtiani, M.R. Aref and J.A. Salehi

cells at each traffic state.  As discussed previously,
in this case, average values were considered for the
related parameters. ‘Therefore, one considers Py in
Equation 18, corresponding to the effect of neighboring
cells. Obviously, the same average blocking probability
is considered for the desired cell and neighboring cells,
otherwise, one would not be able to carry out the
nurmerical analyses,

Collective Decision Policy (CDP)

Lu this policy, all the engaged base stations coordinate
among themselves to admit a new call. Therefore, ad-
mitting a new call in SHR oceurs when all the engaged
hase stations accept the call. ln this policy, the extra
interference caused by a new call is considered by the
concerning BSs and, thus, the quality loss probability
does not increase, as in an IDP policy. However, in
CDP, due to more stringent requirements to enter the
network in SHR., the carried traffic decreases when
compared to LDP. 'To state CDP policy mathematically,
one can write the following expression:

1- PBg(fijik} =1- Pb'a(fiji k}
= (1= Py (k) % (1= P), (19)

where Equation 19 indicates that both the desired cell
(1— Py, (7,7, k)) and the neighboring cells (1 — Pg) are
actively engaged in the admission process of a new call
in SHR.. Following the discussion on Equation 18, the
parameters used in Equation 19 are clear.

With respect to the above policies, one needs a
tradeoft between quality loss probability and carried
trafic.  'The difference between these two policies
becomes even more noticeable when the rates of new
call arrivals in SHR; and SHR. are different.  The
results of the performance comparison of both policies
will be presented in the next section.

Spatial Fairness Issue in Admission Control of
New Calls

Applying any region-dependent admission policy, such
as IDP and CDP, may lead to spatial unfairness that is
a serious problem in any cellular network. With respect
to the LCAC method, region-dependent thresholds are
proposed to mitigate unfairness in the network. 1o
this case, one should have the following relation for
a modified version of the CDP policy:

l_PBg(fijik} =1- PBs(fijik}

:(]‘_PBSHHL (31.;'1’:?}} x(l_PBSHH)i (20}

Pb'g(f]jik}:Pb's(f]j!k}:})b'l(fijjk} (21}
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In fact, from Equation 20, at each traflic state, the
effect of the desired cell is considered in the admission
probability of a new call in SHR, i.e., Pb’suul(i:j: k),
different from the corresponding probability for a new
call in the inner-cell region, ie., Pg, (1,7, k). Also, the
effect of a neighboring cell on admission probability of
a new call in SHR. is considered as Pg._,,, which is dif-
ferent from Py used in Equation 19. This modification
can be obtained by setting different thresholds for the
admission probability of a new call in inner-cell regions
and in SHR. The result of this modification will have
the same average blocking probability in different re-
gions in the traffic model, as in Equation 21. However,
conditional blocking probabilities may be different at
different traffic states. Obviously, the threshold setting
is dependent on the traffic parameters, such as new call
arrival rates.

NUMERICAL RESULTS

Lnitially, our assumptions for numerical analysis are
discussed.  Poisson distribution is assumed for the
new call origination rate at each region, and negative
exponential distribution for region residence time and
call duration time. The new call origination rate,
at desired cell (A,) is considered as a reference pa-
ratueter in the analyses (see Appendix, Equation Al).
Also, the mean residence time in the area of one cell
(1/pr) is considered as a reference for the computation
of residence time in different regions, according to
Equation A2 in the Appendix. In these analyses,
the threshold corresponding to handoft call admission
control higher than the threshold corresponding to new
call is considered, in order to give priority to handoff
calls.,  The typical values of the parameters in this
numerical analyses, are given in Table 1.

Figure 2 shows the results of a comparison be-

10°
Blocking probability Tetadowing = 8 dB

.‘? I Tshadowing = 4 dB
E X 1DP policy
§ 1 ® CDP policy
2 10
a
0
B
E
B %
< - L
2 N i o ook St ===
S 107 ¥
- N
g
'.g; Dropping probability
=

1078

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Normalized blocking threshold (75 /Chax)
Figure 2. Comparison between [IDP and CDP policies in

view of blocking and dropping probabilities in different
shadowing conditions for various blocking thresholds.
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Table 1. T'vpical values of the parameters in the
numerical analyses,

Parameter Value |Unit
¥ 4 NA
Tshadow 8 dB

tn 0 NA
pPE 32 NA
Clax 3.88  |NA

pot (average call duration time) 1o (S

,u;t.l (mean residence time in the 100 |5

area of one cell)

Ay (new calls origination rate in 0.01 |S°!
the desired cell (cell A))
a (soft-handoff penetration ratio)| 0.25 |NA
1y 1.200,,. [NA
Ty 0.6, |NA

tween LDP and CDP policies, with respect to their
blocking and dropping probabilities for two shadowing
conditions. These curves were obtained by varying
blocking thresholds. 1t is observed that the CDP
policy offers less blocking and dropping probabilities for
different conditions. For these analyses, the shadowing
correlation in Equation 11 was considered, however,
no significant difference was observed from ¢, =0 by
considering typical values for shadowing correlations
other than ¢ero in the numerical analyses.

Figure 3 shows quality loss probability and carried
traffic for both policies, [DP and CDP. From these
results, it was deduced that CDP leads to less quality
loss probability at the expense of a small degradation
in carried traffic. Also, quality loss probability versus

10*

Fshadowing = 8 dB

— —— Ouhadowing = 4 dB
Carried traffic

X

10P policy
® (CDP policy

109 - = 3
l:: J

Carried traffic and
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Figure 3. Comparison between IDP and CDP policies in
view of carried traffic and quality loss probability in
different shadowing conditions for various blocking

thresholds.
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carried traffic is shown in Figure 4. 1o this figure,
it is shown that with the same carried traffic, one
has less quality loss probability in the CDP policy.
For example, for carried traffic equal to 1, one has,
approximately, a 153% reduction in quality loss proba-
bility for the CDP policy when compared to the IDP
policy. Thus, CDP offers a better tradeoff between
these two unportant traffic parameters, i.e., quality loss
probability and carried traffic.

Justification for the above behaviors results in an
interesting insight into these policies. As discussed in
the previous sections, a decision to accept a new or
handoft call should be made based on comparing the
current short-term interference level with the related
thresholds.  'The settings of thresholds are with the
network designers, however, interference is the result
of traffic management algorithms. lo the CDP policy,
there is more control over traffic growth or, equiv-
alently, interference growth, however, the unportant
issue is the method imposed on this control. Figure 4
highlights the efficiency of CDP in this respect. From
this figure, it is observed that for higher carried
traffic obtained from higher blocking thresholds, the
improvement on CDP lessens gradually, because, for
higher thresholds, the dominant factor for interference
control is the threshold, instead of the management
algorithim. ln other words, by increasing the blocking
threshold, one admits a large number of interfering
users, such that management algorithis are not able to
handle this load in order to improve traffic parameters.

Another interesting point refers to the difference
in the slopes of blocking and dropping probabilities
for different blocking thresholds (Figure 2). 1t was
observed that, as the blocking threshold is inereased,
there will be a decrease in blocking probability and
an inerease in dropping probability. Lo fact, by
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Figure 4. Comparison between [IDP and CDP policies in

view of quality loss probability versus carried traffic

(obtained by varying blocking thresholds) in different

shadowing conditions.
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increasing the blocking threshold, the restrictions for
entering the network were reduced and, thus, more
interference occurred that could lead to more dropping
probability.

Figure 5 shows the performance comparison be-
tween CDP and IDP policies in heterogeneous traffic
conditions with fixed blocking and dropping thresholds.
Ln this figure, a new call arrival rate was fixed in the
third region of the traffic model and the corresponding
rate was varied at the desired cell. Also, the relation
hetween carried traffic and quality loss probability, ob-
tained in the heterogeneous traflic status, was plotted
in Figure 6. It was observed that the CDP policy led
to a better performance, in this respect.

Another interesting observation is due to the
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Figure 5. Comparison between IDP and CDP policies in
view of traflic parameters for various new call arrival rate
in cell A (heterogencous conditions), Ay iuighboing celle) =
0.01.
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Figure 6. Comparison between IDP and CDP policies in
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(obtained by varying new call arrival rate),
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Performance Comparison of Admission Control Policies

policies governing admission control in SHR, which is
a part of the whole sample region. If one increases
the soft-handoft’ penetration ratio, it is expected that,
by controlling the interference in a larger area, one
would have more improvement over traffic paramesters,
The above conclusion can be obtained by inspecting
Figure 7 (plotted for CDP policy).

Figure 8 shows the performance of the faired
version of the CDP policy. As stated in the previous
section, there are region-dependent blocking thresh-
olds, such that different blocking thresholds exist for
inner-cell and soft-handoff regions, i.e., Ty _innemcen
and Ty_syp, respectively. o this figure, 75 and
T8 _innereen are fixed and the traffic parameters are
plotted for different 7 _gpp. 1t is observed that one
can obtain an equal blocking probability in inner-cells
and in SHR for some value of Tx_gur (Figure 8).
It is interesting to note that, in this case, one has a
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Figure 7. 'lraffic parameters for CDP policy for different
soft-handoft penetration ratios [:u in Figure 1:].
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very siiall change in other traffic parameters, since the
average blocking probability in the inner-cell region is
small enough.

CONCLUSIONS

Ln this paper, admission control policies for new calls in
soft-handoff regions were studied, which are among the
most crucial issues in traffic management algorithios
for CDMA cellular networks. 1o this respect, two
policies were compared:  Independent and collsctive
decision policies, using the reverse link dynamic ICAC-
based traffic model recently proposed.  Primarily,
a modified version of the above traffic model was
proposed, by incorporating the shadowing effect in soft-
handoft regions.  Following that, the two admission
control policies were studied and compared and it was
deduced that CDP, in which all engaged base stations
play a role in admitting a new call, resulted in a
better performance. The figures of merit are a tradeoff
hetween carried traffic and quality loss probability, as
well as maintaining blocking and dropping probabilities
as low as possible. Also, a modified version of CDP
was proposed, in order to remove the spatial unfairness
problem and its effect was shown on other traffic
parameters.
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APPENDIX

Computing average residence time in different regions
is obtained from the analytical solution presented in
Appendix A of [9]. 'Thus, new call origination rates
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and departure rates for different regions are computed
as follows:

A
An, = ,\,3&, Ap, 1area of region u,
Ag
Ar=3V3/2, (R=1), (A1)
pr, = p2” OEED = 2T el
A, 1area of one subregion of region i. (A2)

The handoff rate at each (7,7, k) traftic state, with the
assurption of uniform spatial distribution at neighbor-
ing cells, will be as follows:

’\h - k( 4hl %} + k”’“a Pf?'ss! (A'“J')

k)

where ., denotes the transition probability from
one subregion to another subregion in region L. The
probability of moving in different directions is assumed
according to the borderline length in each direction.
Also, these movements are considered in each sub-

region.  Therefore, the following relations will be
obtained:
2a 1
Pry, = ——,  Pruy = Priryy = ——,
=T 24 ! ! 2+4a
1—u .
P, = ——, A4
tra 2+ a ( }

where 1, denotes the transition probability from one
subregion of region 7 to another subregion of region j.



