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Abstract

In this paper. we introduce a bwo threshold guard clian-
nel scheme, which maintaing predefined upper bounds
on the dropping probabilities of both handoff transac-
tion and handoff voiee calls m mobile transaction en-
virenments, The proposed call admission scleme min-
imizes the Llocking probalility of Lot trpes of new
calls subject to the hard constraint on the dropping
probabilities of Landofl transaction calls and hand-
off vuice calls. The limiting behavior of the proposed
scheme policy is analyvzed under the stationary traffic.
In this paper. we also introduce an algorithm. which
minimizes the chiannel requirement of a cell subject to
the all hard constraints on the quality of servies of calls,
The two-threshold guard channel sehete can easily be
extended to multi-rlasses traffics.

1. Introduction

Recent advances in technology enable portable com-
puters to Le equipped wich wireless interface which
allows network commpunication even while muobile.
Whereas today’s networked computers and personal
digical assistances (PDAs) are self-contained. toimor-
row’s networked mobile computers and are part of a
sreater computing infrastructure. Mobile computing
constittibes 4 new paradigm of computing thal is ex-
pected to revolutionize the way tlat computers are
wged. A weneral mobile computing svstem. shown in fig-
ure L. consists of a set of mobile computers and a set
of fixed computers. Fixed conputers are eitier fixed

“This work is parially supporred by Iranian Telecommuy-
wicasion Researel Center.
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husts or base stations, Fixed lLosts are information
servers with associated databases and are connected to
the existing wired line network. The fived computers
cominmuinicate with each other through a fived wired-
line network and the mobile computers. henceforth
referred to as melde hosts (MH). communicate with
other computers in the network, fixed or mobile, by
employing wireless communication. In order to support
wireless camnmunication for mobile hosts. geopraphical
area covered Ly mobile network is divided into smaller
regions calls] eefls Each cell has a fixed server come-
puter, referred to as the mobile service station (MSS)
or base station (BS), which is located at its center. A
manber of Lase stations are commected to a fixed com-
puter called mobile switching cenfer (M5O which also
acts as a gateway of the mobile network to the exist-
ing wired-line networks like PSTN, ISDN, or any LAN-
WAN based networks or even internet, The mnolile ser-
vice stations are connected o the wired-line network
and comemunicate with mobile hosts through wireless
links and with mobile switehing centers througl wired-
line links. A inobile host ran have wireless compouni-
cation with anv other computer in the network. fixed
or nobile, gndy through the base station of its cell.

In & trpical mobile computing svsten, mobile users
access the data bases located on the information
gervers by submitting transactions. These transactions,
which are called moebde fronsactions, are submitied
from mobile hosts, which are sent to the Lase station
by nging wireless connections and then sent to the in-
furmation servers via the existing wired networls. Dore-
ing exectibion time of a transacticn, user may be par-
ticipated to enter soine data wlich are needed by the
transacticn. Since cost of 4 call sefup is vers expensive,
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Fig. 1. Model of general mobile compating sysrem.

it i3 assmned that during this period the comnunica-
tign link is kept. During the execution time of a molils
transaction. a mobile host may move from one cell to
another cell. When tlie mobile host enters a new cell.
the base station of new vell should provide an idle chan-
nel to the mobile host to continue its communication,
Tihis provess is called handoff and must be transpar-
et to the mobile user. If there is no kile channel in
the new cell. then the comnection will be dropped. The
dropping of an active transsction is undesirable (o the
mobile user and also wastes the system resourees. be-
cause the database should be rolled lrack and che trans-
action will e started later. The dropping probability of
handeff calls and the blocking probabitity of new calls
are two important quality of service (QUS) measures of
the cellular networks. In vrder to have control on the
dropping probability of handoff calls. call admission
policies are infroduced. The coll admission policies de-
terinine whether a vall should be admitted or blocked.
Both blucking probability of new calls {8y ) and drop-
ping probalality of handoff calls (B,) are affected Ly
call admission pulicies. Blocking mure new calls gener
ally improves dropping probalility of handotf calls and
admitting more new calls penerally improves blocking
tar af new calls. Since dropping of andotf calls
is mure serious tlan Dlocking of new calls, call admis-
sion polivies give the higher pricrity to andotf calls.
This priority is usually implemented through allocation

probalili

of more resources {vhianmels) to landoft calls [1]. Many
sehiemes have been propused to reduce the dropping of

voice calls [20 3. 4. 5. 6] Howswver. little attention is
paid to wireless multi-media networks and fransaction
calls. Tn what follows, we review some of reported call
admission policies in the cellular networks,

The simplest call admission policy s called grord
ehannel policy {GCY [2]. Suppose that the given cell
has O full duplex channels, The guard channel policy
reservies @ stbsel of channels, called guard channels,
allocated to the cell for sole use of handoff calls (say
' — T channels). Whenever the channel occupaney @3-
cecds a certain threshold T, the guard channe]l policy
rejects new calls until the channel oceupancy goes be-
low the threshold. The suard channel policy acceprs
Liandoff calls as long as channels are available. Tt has
been shown that there is an optimal threshold T in
which the blecking probabilicy of new calls is mini-
mized subject to the lard constraint on the dropping
probability of handoff calls [4]. Algorithms for find-
ing the uptimal nunber of yuard channels are given
in [3. 4. 3). If the By, is considered. the guard chan-
nel policy gives very pood performance. but the By is
degraded to a great extent. In order to have maore con-
trol on the dropping probalility of handoff calls and
the Llocking probability of new calls, limited froctional
guard chanael policy (LFG is introduced [4]. The LFG
seheme reserves non-integral number of guard channels
for handeff calls. The limited fractional guard chan-
nel policy uses an additional parameter 7. This pol-
iy is same to the wuard channel policy except when
T channels ave oecupied o the cell, In such situations.
thie limited fractional puard channel policy accepts new
calls with probabilite 7. It has been shown that there
is an optimal threshold T* and an optimal value of
a* for which the Dlocking probabiliey of new calls is
minimized subject to the hand constraint on the Jdrop-
ping probability of handotf calls [4]. An algorithim for
finding such uptimal parameters is gven in [4]. In [6].
uniform fractionn! geard channel policy (UFG) is m-
troduced which accepts new calls with probability of
7 independent of channel occupancy. It is shown that
thets s an optimal value fur the paraneter of uniform
fractional suard chamel which mininizes the Llock-
ing proLability of new calls with the constraint on the
npper Lound on the dropping probability of handoff
calls. An algoriclun for Ending such optimal parameter
i given in [6]. Then conditions for which the uniform
fractional guard channel policy performs Letter than
snard channel poliey is derived, Tt is concluded that.
tlie uniformn fractional guard chiannel policy performs
Letter than guard channel policy in low handoff traf-
fie conditions. All of the above mentioned algoritluns
wre .-ipr_-l'i_u!, cages of Jrf':.ll"n'l'ﬂr.-!:-ll et of chonnel _I"ﬁ‘ilz.r_r.f ['1]-
Some polivies alluw either Landoff calls [T) or new calls
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[3] tu be queted until free channels are obtained in
the eoll. In [9, 10]. a multi-media cellular network with
two traffic classes are considered and call admission
control is formulated as a semi-hlarkov decision pro-
cess problem. Since, it is too complex w have a closed
formn solution for this sermni-hMarkowv decision process.
(-learning [9] and neuro-dynamic programming [10]
are used. In [L1]. two traffic classes of voice and trans-
actions are considersd and static and Jdrmamic guard
channel sehemes are propused fo maintain the upper
bound of dropping probability of handoff transaction
calls. In this approach. (O — T} guard channels are re-
gerved for handoff transaction calls, but new calls and
handoff voice calls have the same priority. Thus. this
schieme fails to maintain the upper bound for droepping
probability of bandoff voice calls.

All of the above mentioned call adimission paoli-
cies cunsider only one threshold to decide for accept-
ing/rejecting new calls. These policies fail when dJdif-
feront services needs different level of (JuS. For exam-
ple, consider the case where the dropping probalility
of handoff voice calls must be smaller than the block-
ing probability of new calls in the mobile transaction
environments. Tn such cases. we need multi-threshold
wuard channel schemnes. which provides Jdifferent set of
guard channels for different services. The only imnuls-
threshold guard cliannel scheme. called dual-threshold
reservation (DTR) scheme, is given in [12]. The basic
idea behind the DTR sclieme is to use two thresholds,
one for reserving channels for voice handoff, while the
other is used to Dlock data wraffic into the network in
order to preserve the voice performance in ferms of
handoff droppinge and eall blocking probalilities. DT
assumes that the bandwidth reguireinent of voive and
data are the same. The blocking probabilities of DTR
are calewlated using a two-dimensional Markoy chiain
and the effect of ditferent values for number of guand
channels on dropping and blocking probabilivies are
shown by graphs. but no alporithm is given o find the
aptimal number of puard channels.

In tLis paper. a two threshold guard chianne] scheme
is intrudced. The i_:l|'|,';-|'_|-::|:-€|~;'l sebene maintains [t o
fined upper bounds on the dropping probalilities of
Loth handoff transaction and handotf voice calls. The
proposed call admission scheme min
ing probability of both types of new calls sulject to
thie hard constraint on che droppi

jzes the Llock-

1 probadilities of

handoff transaction calls and handoff voice calls. T
the proposed scieme, channels allocated to the given
cell is partitioned into twee subsets: ondinary chan-

tels. shared guard clannels for bandol calls ad clenl-
icated guard channels for landoff transaets
The ordinary chiannels are shared Letween all types of

e valls,
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calls while the shiared guard channels for handoff calls
are shared only betwsen handoff transaction calls and
Liandoff voice calls and dedicated guard channels for
handoff transaction calls is used only for the handoff
transaction calls. The proposed call admission policy
can easilv be sxtended o multi-classes traffics. The
fimiting belavior of the twoethreshold is analvzed un-
der staticnary tralfics. In this paper. we also intro-
duce an optimal algorichin, which minimizes number of
channels required for a cell while satisfying hard con-
straints on the Blocking prolability of new calls and the
dropping probabilities of volce and handoff transaction
valls. In order to show the feasibility of the proposed
selierne, computer simulations are conducted. The sim-
ulation results also confinn the analvtical results,

The rest of this paper is organized as: Section 2.
presents the perfurmance parameters of two-threshold
puard policy. Section 3. gives an optimal algoritlun
to find the minimwn munber of channels and optimal
number of puard changels of the proposed scheme and
section 4. vonchudes the paper.

2. Two-Threshold Guard Channel

Scheme

In this section. we Hrst introduce two-threshold guard
chiannel scheme and then compute its Llocking prol-
abilities of such scheme. The blocking performance of
two-threshiold guard channel policy is computed based
on the fullowing assunptions. of two-threshold guard
chantel policy is compuied based on the following as-

gunplions

L. There are twu tvpes of calls in the aetwork: voice
and transaction valls. Every call requests only one
channel. The new transaction calls have the same
privrity as the new voice calls but the handoff
rransaction ralls huve the hicher priority than the
landoft voiee ealls and bandoff calls have ligher
priority than the new calls,

. The arrival provesses of new voice calls and new
transaction calls are Polsson with rate Ay, and Ayg.
respectively. The arrival processes of bandoff voice
valls and Landoff transaction calls are Poisson with
rate Ay, sl A respectively, Tet A = Ay + Ay +
Ape + Apre Ay = App F A o= A 0h and oy =
A A Mute that o and op are the handoff voice
and bangdoff transaction traffics in Erlangs seen by
a vell.

3. The channel bolding time of new voire, hand-

off vuire, wew fransaction. and handoff transac-

tion calls are exponentially distributed with mean
L.

=]

= s = i 2 i
fak k. ) and g, . respectively. Let p



8th Annual Int. CSI Computer Conference (CSICC’2003)

25-27 Feb. Ferdowsi University Of Mashhad

pnt + gt gt + pgy and p = Afp Note that p
is the total traffic in Erlangs seen by a cell

4. The time interval Letween two calls from a mo-
bile computer is much greater than the mean call
holding time.

5. Ouly mobile to fixed calls are considered.

6. The network is homogenous.

The three assumptions 2 through 4 have been found
to be reasonable as long as the mumber of mobile com-
puters in a cell is much greater than the number of
channels allocated to that cell. The filth assumption
makes our analvsis easier and the sixth one lets us to
examine Lhe performance of a single network cell in
isolation.

Suppose that the given cell has a limited number of
full duplex channels, (7. in its channel pool. We define
the state of a particular cell ab time ¢ to be the number
of busy channels in that cell. whicl: is represented Ly
c{t). Assume that the quality of service ((QoS) for hand-
off transaction calls is greater than the QoS for other
calls and the QoS for handoff voice calls is preater than
the QoS for new calls. In order to maintain such level
of QoS. channels allocated to the given cell are par-
titioned into three sulsets: erdinary channels. shared
guard channels for hondoff calls and dediceted guoard
channels for handoff transection calls. The ordinary
rhannels are shared Lerween all tvpes of calls while the
shared guard channels for handoff calls are shared only
between handoff transaction calls and handoff voice
calls and dedicated guard channels for handoff transac-
tion calls is used only for the handoff transaction calls.
In order to partition the channel sets. two thresholds,
Tiand Ta {0 < Ty = Tu < ) are used. By using

these two thresholds. handoff calls b

e larper priority
than the new calls and betwsen the handoff calls, o

Landoff transaction calls lave larger priority than the

{1

handuff voice calls. The provedure for accepting calls in
two-thireshold guard channel policy, as shown in Ggure
2. can be describied as follows. When a hasdofl trans-
action vall arrives and an idle channel is available in
the channel pool. the call is accepted and a channel
assipmed to it: otherwise the bandoff transaction call
will be dropped. When a handoff voice call arrives,
it iz accepted provided that number of busy channels
is smaller than Th: otlerwise the handoff voice call is
dropped. When a new voiee o transaction vall arrives
at cell, it is accepted provided that the number of busy
channels is smaller than T (T, < Te): utherwise, the
incoming call will be bhlocked.

In the above procedure. the hiphest priority is given
to the handoff transaction calls and the lowest pri-
ority is given to the new calls. In the two-threshold

71

IINEW CALLY then
Wic{t) £ Ty 1 than
accepl call
wlae
rajeel cnll
end if
end if

i (HANDOFF VOICOE CALL) Lthen
i (et} =Tz ) Lhen
accepl call
eleg
reject call
end if
end il

i (IIANDOFF TRANSACTION CALL) then
Wity O} Lhen
mccenl call
elne
rejecl call
end if
wane if

Fig. 2. Two-threshold guard channel call admission

snard channel policy. {c(f}jt = 0} is a continuous-
time Markov chain (birth-death process) with states
L. 0. The state transivion diagram of a particu-
lar cell in the network. which has  full duplex channels
and uses two-threshold puard channel policy is shown
in fgure 3.

b My s e
i S % L) == A A ] - h B h :
2 = e e e L e
a3y 77 o =

Fig. 3. Markov chain midel of cell
It is apparent that the state dependent arrival rate
in tlwe Lirth-death process. is equal to
A n "_: T|_
Alrn) = Ay Th<n = T (1]

TR L o

Because of the srructure of the Markov chiain, we
can easily write down the solution to the steady-state
Dalanee equations. Define the steady state probability

P, = lim Probc(t} = n]
[ty

By writing down the equilibriun equations for the
steady-state probabilities P, (n =0.1,.... ). we ob-
tain

AR it S . S

Fr e | B ub Pl
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J"P'll—l = H'.l‘-"—F}rl

MPyy=npP, Ty <n<Th

n < Ty.

}ump_] - Tl;iPﬂ Th=n < C.

Tlhen. we have the following expression for P, (n =

0.L.....C).
I:IL_,PU n< T|
j o a-Ti L.F::i_inpa Ti<n<Th (3)

T= "
a—Tj {;_nr) L) Pl.l Tg{ﬂ 5 .,

where Fy is the probability that all channels are froe
and obtained from equation 35 _, Py = 1. Thus. R, is
equal to the following expression.

IR VR itk
B =Em+“ : E T

=il e
Tz c wn
+a-h (i) Z [pﬂ:] 3 (4}
Cry n=Ta+1 bl

Note that if weset T} = Ty = . then expression (3}
reduces to the classical Erlang-B formula [13] and if we
st Ty = T = T. then expression (3} redduces to the
classical puard channel policy [, Now we can write ex-
pressions for the Jropping probability of handoft calls.
The dropping probability of handoff transaction calls
using C channels. C—T) dedicated guard channels and
i = T shared guard chanmnels is equal to

Bl C.1,.Ta) = Pe.. [3)
oy
=T, 4] YL
=a~h (2] L2lp,
" (n) &

and the dropping probability of hamdoff volce calls is
equal to

> A

By (C.T,.Th) = (G}
#=Tol
p s o
= o=Th (2_) — {II"-\!'I:HPU
Ly nETosl el

(2]

(=

(2

2

72

Similarlv, the blocking probability of new calls is
given Ly the following expression.

5
BO.TY= 3 Py

(7}
=T+l
. L (P ™
:ﬂ'-;r'- z '"" PL'.
n=Ti+1 i
T < m
T (i) z —-—*{pﬂt} F.
& n=Tatkl B
B,l,f{C.T!.]—:;}. B;,..(f-*.ﬂ.r_r} and EprtC.TL-T?}

have interesting properties. which are utilized in our
privritized channe] assigrunent scheme. In this section.
we study some important properties of By (O, T, . Ts).
B (O T Ts) and B, (C.Ty. Th). From equations ()
trough (7). it is clear that the blocking probability of
new calls is not smaller than the dropping probabil-
ity of handoff voive calls and the dropping probability
of handoff voice calls is not smaller than the drooping
probability of bandoff transaction calls. That is.

Property 1. For any siven values of 0 < Ty < T <
the following relations are Lield.

Biu(C. 1. T2} < Byo(C.T1.Ty) < Bu(C.T1. T}
Property 2. For the blocking probability of new calls.

B (C.T1.T;). the following relations hold, assuming
that all other system parameters are fixed.

. B, iz a monotonically decreasing function of ).
. B, s a monotonically increasing functicn of Ts.

. B, i a monotonically increasing funcrion of C.

Property 3. For the dropping probability of handoff
voice calls, By (C. T, Te). the following relations hold.
assuming that all other svstem parameters are fixed.

. By i3 a monotonically inereasing funciion of 3.

. By is a monotonically decreasing function of Ts.

By, 15 a monotonically inereasing function of O

Property 4. For the dropping probability of handoff
transaction calls, By, (. Ty Th). the following relations
hold. assuming that all other systemn parameters are
fized

. By is a monotonically increasing function of T;.
. By is a monotonically increasing function of Ta.

. By is a monotenically decreasing function of Cif p <

C.

Proof. The procf of aliove properties are given in [14].
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3. Minimizing Number of Channels
with Hard Constraints

In this section. we consider the problem of finding a call
admission policy that minimizes the number of chan-
nels while satisfring the hard constraints on the Llock-
ing probability of new calls and dropping probabilice
for Luth handoff calls. Thus, we have the following non-
linear optimization problem.

Problem I. Minimize €7 and find the pair (7. T2} such
thuat

Bu':{-"‘*T!.-T_’} E.F'll
B.I‘rl.' [.('In TL-I.’.I E e
Bl C.Ty.Ty) € p

with constraims 0 < T, < Ts < C and py = pis = Pige

The values of py, and py; are specified Ly the gualicy
of service of the network. Since. cellular networks usu-
ally provides the same level of quality of service as that
the public switchied telephione networks(PSTND, py, is
set equal to the quality of service of PSTN. which may
range from one percent to five percent and (wo per-
cent being the most common used values. Algorithim
shown in figure 4 solves the problem | and finds triple
(C.Ty. Ty} with minimum nunber of channels wlhich
assures the pre-gpecitied QoS level of calls.

Theorem 1. Algovithm shown in figure § minimizes
aumber of charnels wsed by the cell and olse fads
pair of (T.T:). while sefisfing the constroints on
the Wocking probability of new calls (B (C.T,\.To) <
Pt He dropping probalility of handoff voice calls
(B, (" T;. Tl < g} and the dropping probability frJr
handoff transaction ealls (B (C.T.Ta) < pig ).

Proof. In order to prove the optimality of the given
algorithm. from properties 2 through 4. it s sufficient
to prove that the alporithm finds minimum value of
¢ and maxitmun values of Ty and Th. The initial as-
signmment olitained by while-loop 2 is an unduninated
sulution. in the sense that it uses the mininnnn number
of channels to satisfv the constraints defined by prob-
lemn 1. This assigmment results the minimum value of
subject to the given constraints, becanse it assigns the
channels to the given cell one by one and also finds Ty
and T%. Since the indtial assigniment may nof maximize
T, and Ty, then it is not necessarily the optimal solu-
tion. In order to find the maximuwm values of T and
To. while-loops 13 and 153 maximizes then. Henee, the
giver algorithm minimizes ( and maxhmizes Ty and T

25-27 Feb. Ferdowsi University Of Mashhad
Algorithm ATN -« CIJANNELS =2
it sel O'=To=T,« 0
&, while (B (. Ty. T2) > p or

Loy O T T2) < g ) o
el T Ta) = ppe ) do
a. it B O Ty Ted 3 por Lhan

1 sel O« (41

L9 alae if B, (C. 7. T2 > pre Lhan

il sel Tos Ta4 |

7. alse

M. sel T2 Ti k1

B and §if

10 end while

L1 while (.00, T;. T2 + 1) < b and
By AC. T T3 + 1) € pre | mnd
It T Ta 4+ 1] < gy i do

L sgl T Ta+1

13 end while

14. while { B 00T+ 1.Th < pe and
Ly . T+ LT ) = e b and
Dy (T + L.T2) £ ) do

L3, el Ty« T, 41

1, end while

17 relurn (O T T
end Algorithm

Fig. 4. Algorith for finding the minimuom number of chan-
nels of two-threshold guard channel policy reguired by cell

subject to the hard constraints defined Ly problem 1.
which results in the optimal solution.

Erample 1. In table 1. the result of the algorithm
for determination of mininmmm munber of channels is
given. This example assumes that the blocking proba-
Lility of new calls must be less than 0.05. the Jrop-
ping probability of handoff voice calls must be less
tlean L0235 and the dropping probability of Landoff
transaction calls must be less than 0.0L. The columns
2 through 4 of table | show the normalized arrival
rate. probability thar a call is being a handoff call.
aned probability that a call being a handoff transaction
vall. respectively. Columns 5 through 7 of tabile 1 show
that the minimmon number of channels and the opti-
mal munber of guard channels obtained by algoritlun
of figure 4. Columns & through 10 of show the blocking
prubalilities of calls. By carefully inspecting the table
4.t s evident that the proposed prioritized channel as-
sigmment schwmne maintain all hard constraints on the
blocking and dropping probabilities of calls.

4. Conclusions

In this paper. we considered the problem of call admis-
gion in the cellular mobile networks, We considered two

g
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Table 1. Priovicized chaune! assignment by algorithm
given in figure 4

TI Tl ':I Hl; Hrh- E.l:l:

10 11 12[0.0122 00005 0.0005
14 15 1600005 0.0005 0.0005
16 17 1700050 (LONS0 00050
16 17 130,013 1 O.0007 L0007
17 18 180.0054 0.0054 0.0054
17 18 1M0.00 14 (oo 0.6
17 18 200.0367 0.0167 O.0050
13 10 1900058 (LODSSE 0.0M58
18 19 20000022 00007 0.0007
19 20 2000061 0.0061 0.0061
19 20 21 {00130 0.8 0.0008
19 20 22{0.0398 0.0160 00049
M) 21 21(0.0064 00064 00064
21 22 24|0.00392 0.0163 (1.0052
24 25 25{000074 00074 00074
23 29 31{0.0369 00142 0.0042
29 30 I20.0381 (L0148 0.0044

Clasel p o o
6 0.50.1
9 0501
11 0.20.1
11 0.5 0.1

1
2
3
k!
5 120201
6
&
2

120401
120808
130201
13 (4 01
14 0.2 0.1
14 0.4 01
14 0.8 0.7
150,201
16 0.7 0.7
19 0.2 0.1
22 08 0.6
T |23 0.8 0.6

service clagses: voice and mobile transactions. Since the
dropping of bandoff transaction calls is more undesir-
able than other calls and wastes the svstemn resources,
the proposed eall admission scheme gives higler prior-
ity to handoff transaction calls. We derived the block-
ing probabilities of the network and studied their be-
havior. Then we introduced an alporithm. which min-
imizes the charmel requirement of a cell subiject to the
all hard vonstraints on the guality of service of calls.
The proposed call admission scheme can easily be ex-
tenided to multi-classes traffics
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