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Abstract

In this paper we compae the availability and perfor-
manceof a wirelessTDMA systenwith and without auto-
matic protectionswitching. Stodasticreward net models
are constructedand solvedby SPNP (StodasticPetri Net
Package). Hierarchical decompositioris adoptedto sim-
plify theanalysis.Theoptimizationof the numberof guard
channelsreservedor the handof calls is studied. Numer
ical resultsprove the accuiacy of the decompositiorand
showthesignificantimprovemenbf theavailability andthe
performancendexed as the new call blocking probability
andhandof call droppingprobability, broughtby automatic
protectionswitching.

1 Introduction

The wirelesscommunicatiometworks aremoresubject
to the channelimpairmentthan wireline communication
networks. The unreliability of communicatiorstemsfrom
disconnectsat the physicallayerdueto the handofs of the
mobile terminals,noiseandinterferenceyun-davn batter
ies,blockingby buildings,andweaksignalsetc. In this pa-
per, we considera TDMA (Time Division Multiple Access)
wirelesssystem[11], wherethe basetranscever systemof
eachcell hasN baserepeatergalsocalledbaseradio, BR
in short),onecontrollerandalocal areanetwork connecting
thesesubsystemgéseeFig. 1). Eachbaserepeateprovides
M time-division-multiplexed channels. The cell reseres
one channeffor signalingtransfer which residesin one of
N baseaepeatersThereforethereare M N —1 traffic chan-
nelsandl controlchannein this system.This architecture
is generalandcanbe usedto describethe existing TDMA
wirelesssystemssuchasGSM (Global Systemfor Mobile
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CommunicationsandUSDC (United StatesDigital Cellu-
lar) [10].
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Figure 1. A Base Transceiver System for TDMA

Thereareseveralkinds of failuresthatmayoccurin the
system:

e thecontrolleror thelocal areanetwork connectinghe
baserepeater@and controllergoing down causingthe
systemas a whole to go down. This eventis called
sysdownin this paper

e thebaserepeatemwherethe controlchannelesidego-
ing down causingthe systemasa whole to go down.
This eventis calledctrl_downin this paper

e ary otherbaserepeatewherethecontrolchanneboes
not residegoing down doesnot causethe systemasa
whole to go down, but systemis degraded(partially
down). This eventis calledbr_downin this paper

Thefirst two caseswill causethe whole systemto shut
down. Thelastcasewill stopall the ongoingcommunica-
tionson thefailed baserepeateandreducethe capacityof
the system.In sucha TDMA systemthe systemavailabil-
ity is certainlya measureof importance.Two otherperfor
mancemetricsareof greatinterestaswell, blockingproba-
bility of new callsanddroppingprobability of handof call



whichconflictwith eachotherdueto thesharingof thecom-
mon but limited channekesourcebetweernthesetwo kinds
of calls.

In orderto increasehe availability of the TDMA wire-
less system,a proposalis madein [4] to introduce Au-
tomatic ProtectionSwitching (APS), which automatically
switchegheongoingtalksonthefailedchannelgo theidle
channelsThis mechanisms extendedin [5] to the system
with multiple baserepeaterswhich allows the systemto
automaticallyswitchall theongoingcallsonthefailedbase
repeateto theworking baserepeatersHowever, only traf-
fic channelsareconsideredn [4] and[5]. Evidently it will
complicatethe analysisby alsotaking the control channel
into account.

This paperstudiesthe availability and performanceof
the TDMA wirelesssystemwith andwithout APS consid-
ering both traffic and control channels,not just focusing
on performanceof handof andchannelassignmenthich
hasbeeninvestigatedextensiely in theliterature[6, 7, 8].
Stochasticreward net (SRN) modelsare constructedand
solved by using SPNP (StochastidPetri Net Package)[R
Hierarchicaimodelsusingdecompositiotechnique$?] are
alsoprovidedto simplify the evaluationof availability and
performancewhich save significantcomputationakeffort.
Anothercontrikbution of this paperis the optimizationof the
numberof guardchannelsesenedfor thehandof calls.

Theorganizatiorof thepaperis asfollows. In Section2,
the SRNmodelandhierarchicamodelfor TDMA wireless
systemwithout APS are presented.In Section3, the SRN
modeland hierarchicalmodelfor TDMA wirelesssystem
with APSaregiven. Numericalresultsarediscussedh Sec-
tion 4. Conclusionsredravn in Sectionb.

2 TDMA Wireless System withoutAutomatic
Protection Switching

2.1 SRN Model of System without APS

In orderto quantifytheimpactof br_.downonthesystem,
we shouldknow thenumberof ongoingtalking channelson
thefailed baserepeatervhenit fails. Supposéhe channels
areallocatedrandomlyto the users.Denotethe numberof
talking channelsn the whole systemas, andthe number
of idle channelsn thewholesystermasj (j+k = M N —1),
whenthefailure br_.downoccurs. Thenthe probability, a;,
of ¢ talking channelgesidingin the failed baserepeateris
givenby
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The SRNmodelfor a TDMA systemwithout APSis de-
pictedin Fig. 2. In words,wedescribehemodelasfollows:

Wheneer thereis onetoken in PlaceP,,, the system
is working perfectly without any outageor partial outage.
TransitionT,,,_4 representshe occurrenceof sysdown
When TransitionT,,_4 fires, it removesthe token from
PlaceP,, anddepositoonetokenin PlacePsys_qown. Tran-
sition T,y,_, representghe correspondingepait Upon
its firing, Transition T,y,—, returnsthe token in Place
Pyys_down t0 PlaceP,,.

The occurrenceof ctrl_down event is representecy
TransitionT,;;—q. Uponits firing, TransitionT ;4 re-
moves the token in Place P,,, and depositsone token in
PlaceP,ir;_down. TransitionT,.;._, representshe corre-
spondingrepair Uponits firing, TransitionT¢.;— returns
thetoken from PlaceP.;,;_down 10 P,,. The pair of tran-
sitions, Ty, 4 andTy,._ ., with Place Py, _joun, represent-
ing br_downfailure andthefollowing repair, operatan the
samemanner We point out that, in this paper sysdown
ctrl_downandbr_downareassumedo be exclusive events.
Thus, for example, when one baserepeateris down, no
otherfailuresareassumedo occuruntil thefailed basere-
peatethasbeenrepaired.

Thenumberof tokensin PlaceP;y. representthenum-
ber of idle channeldn the whole system,while the num-
ber of tokensin PlaceP,,;; representshe numberof talk-
ing channelsin the whole system. As describedbefore,
#Pigie + #Prar = MN — 1 alwaysholdsfor a work-
ing system.

TransitionT, representsan arrival of a new call, while
TransitionTy; representan arrival of a handof call com-
ing from outside.g guardchannelsreresenedfor handof
calls. Thismeanghatwhenanew call arrivesandfindsless
thang idle channeldn the systemthe call will be blocked.
Handof calls canonly be droppedwhenall the channels
arebusy Thisisrecognizedsaneventof droppinghandof
call. Whenonecall terminategor handoff) to theadjacent
cell, TransitionT; (or T},) fires. Thefiring ratesof transi-
tionsT; andT}, areproportionato thenumberof tokensin
Pk

Wheneithersysdownor ctrl_downoccursj.e.,thenum-
ber of tokensin eitherPlaceP;ys_qown OF Petri_down 1S 1,




immediatetransitionsty; andtgs fire, remaving all the to-
kensin P,y andP;,, Whichis representetly thevariable
cardinalitiesof arcsrespectrely from P;g; t0 t41, andfrom
Py, t0 tg2. Whenthe systenrestorest, fires,whichre-
movesall thetokensin P, indicatingtherepairfor thesys-
temor the controlchannelandreturnsM N — 1 tokensto
P;g.. In orderto guaranteghe correctactionof themodel,
we assigntg; andtge ahigherpriority overt,.

Whenbr_downoccursg andM — i (0 < ¢ < M) tokens
will be removed from Py, and Py, respectiely, with
probability a;. Thisis realizedwith A immediatetransi-
tions, i.e., to to tar, eachis assigneda probability to fire.
Whenthe failed baserepeaterestorest, . fires, which re-
movesthetokenin P,., anddepositsM tokensto P g .

The firing rates,guardsand probabilitiesof the transi-
tionsarelistedin Tablel andTable2.

Note that the rate of T}, i.e., A, is anunknown pa-
rameter In orderto solve the continuoustime Markov
chainunderlyingthe SRN model,oneadditionalconstraint
is needed.If we assumehe cellsin the whole systemare
homogeneouandthe cell understudyis generic,thenthe
rateof T}; shouldequalto the throughputof the transition
Th,. Using a fixed point iterationschem¢g9], we canget
A

The SRNmodelcanbesolvedby usingSPNP (Stochas-
tic PetriNetPackage)asoftwarepackagdor theautomated
generationand solution of Markovian stochasticsystems
developedy researcheris Duke University[3]. SPNP can
calculatethethroughpubf eachtransition,whichis usedto
find the fixed point. The blocking probability for the new
callsanddroppingprobability for the handof calls canbe
obtainedby definingrewardfunctionsin the SRNmodel.

Table 1. Rates for Timed Trans. in Fig. 2

Transition | Firingrate | Guardfunction
Tsysfd >‘S
Tsysfr Ms
Tctrlfd )\br
Tetri—r Hbr
Tor—a (N = DAsr
Tbrfr Hor
Tc )\c #Pidle > g
Thi Ah
Tho pn(# Peaik)
T; pt (#Prair)

2.2 Markov Chain of System without APS

Fig. 2 alsoillustratesthe correspondingontinuoudime
Markov chainof the SRNmodel.

Let s.d be the stateof the systemafter the occurrence
of sysdownandlet c_d bethe stateafterthe occurrencef

(b) Underlying Markov Chain of the above SRN model

Figure 2. SRN and Markov Chain for System w/o APS

Table 2. Guards and Prob. for Immed. Trans. in Fig. 2

Transition Guard Probability
trl #Pon ==1 1
t'r2 #Pon ==1 1

(#Pctrl_down ==1
ta1 or #Psys_down == 1) 1
and#P.1 ==0 1
(#Pctrl_dawn ==1
td2 or #Psys_down == ]-) 1
and#P,; ==0
to #Pbr_down ==1 ao
totar and#P,, ==0 toanm

ctrl_down In state(k, 0), the systemis working perfectly
with k busytraffic channelsln state(k, 1), oneof thebase
repeatersvherethe controlchanneldoesnotresideis down
while k traffic channelsarebusy.

We denoteP;_q4, P._4, Pro and P ; asthe steady-state
probability of the systembeingin states_d, c_d, (k,0) and
(k,1), respectiely. The availability of the system, A, is
definedasthe probability of the systembeingworking, in-
cludingthecasethatonebaserepeateis downif thecontrol
channeldoesnotresidein thefailedbaserepeaterThen

AIl_Ps_d_Pc_d (4)
Theblockingprobabilityfor thenew calls, Py, is givenby

MN—1 M(N-1)-1

D, Puot )

n=MN—g n=M(N—-1)—g

P, = Pn,l +Ps_g+FPe_q (5)

Thedroppingprobabilityfor the handof calls, P, is given



by
Py=Pyn-10+ Pun-1)-11+Ps.a+Peea  (6)

2.3 Hierarchical Model of System without APS

We notice that failure and repair eventsare ratherrare
comparedvith thenew call andhandof call arrival andde-
parture. Consequentlywe canusehierarchicaldecompo-
sition [2] to obtainan approximatesolution. The modelin
Fig. 2 canbe decomposedthierarchically with the higher
level focusingon availability (seeFig. 3), wherestate) and
1 arethe aggraeyationof states(k,0) (0 < k < MN —1)
and(k,1) (0 < kK < MN — 1) respectiely, andthe lower
level focusingon performancédseeFig. 4).
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Figure 3. Availability Model for System w/o APS

Solvingthe Markov chainin Fig. 3, we canget

Po=1/(1+ Xs/ps + NXpr/ por)

Py = ST Py, Py g = 32 Po, Poa = 322 Po,

(7
thentheapproximatesolutionof the availability is givenas
1 + (N - 1))\br/ubr
1+ )\s/us + N/\br/p/ln‘
When the systemis either perfectly working or work-

ing but having onebaserepeatedown, the behaior of the
systemcanbe describedy a birth-deathprocesgseeFig.

A=FPy+ P =

(8)

4). We denoten asthetotal numberof availablechannels.

Clearly n = M N — 1, whenthe systemis perfectlywork-
ing; andn = M(N — 1) — 1, if the systemis partially
working having one baserepeatedown. We also denote
P, o, and Py ¢ asthe blocking probability of new callsand
handof calls whenthe systemis perfectlyworking, while
P, and Py, asthe blocking probability of new calls and
handof callswhenthesystemis partially workingwith one
baserepeatedown.
Solving the Markov chain, the blocking probability for

thenew callsandhandof callsaregivenby

_ Z:Z:n—g-i-l Ak

Pb (n) - 1+ ZZZI ak (9)
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Figure 4. Birth-death process: n = MN — 1 (system
working) or m = M (N — 1) — 1 (one base repeater
down)

and a
Py(n) = ; (10)
1+ EZ 1 Qk
where
k
(), 1<k<n-—g
ap =
ActAp)?~9INE—nt9g
B n-g+1<k<n,

(11)

As statedpreviously, the rateof incominghandof calls,
An, IS unknavn in the model. We againapply a fixed point
schemeto determinethe parametelaswe do in the exact
SRNmodel. Underthe assumptiorthatcells of the system
are homogeneousand the cell understudyis generic,the
incominghandof rateequalgo thethroughpubf outgoing
handofs. Giventhe new calls arrival rate )., the handof
outrateu, andthecall terminatiorrateof callsu;, thefixed
pointequatiorto seekthe handof arrival rate, A, is given

by

A = T+5"  ar (12)

By definition,we have
Pyo = Py(MN - 1), (13)
P;o=Py(MN -1), (14)
Py1 = Py(M(N —1) - 1), (15)
P1=Py(M(N —1)—1). (16)

Then, the total blocking probability is given by assign-
ing rewardratesto stated), 1, c.d ands.d, i.e., assigninga
rewardrateof 1 to c.d ands.d, P, o to0 andP, ; to 1.

Py, =PoPyo+ PiPy1+ Ps_a+ Pe g (17)
Thetotal droppingprobabilityis givenby
Py = PyPyo+ PiPg1+ Ps_q+ P._q (18)

3 TDMA Wireless System with Automatic
Protection Switching

With APS, when br_down occurs,the talking channels
on the failed baserepeatemill be switchedto otherwork-
ing baserepeatersf excessidle channelsare available. If



the numberof idle channelss not lessthan M whenthe
baserepeaterfailure occurs,thenall the talking channels
canbe switchedto the working baserepeaters.Note that
the talking channelscan be switchedto differentbasere-
peaters.If the numberof idle channelsy, is lessthan M
whenthe baserepeatefailure occurs,then(1) someof the
talking channelscan not be switchedto the working base
repeaters(2) all the channelsare busy after APS, and (3)
M — j ongoingcallswill bedropped.

When ctrl_down occurs, the control channelwill be
switchedto otherbaserepeatereven if thereare no spare
channelsavailable,i.e., one ongoingtalk will be preemp-
tively droppedo make roomfor the controlchannel.

3.1 SRN Mode of System with APS

The SRN modelin Fig. 2 is modifiedasfollows: (See
Fig. 5)

e becausédr_downand-ctrl_downhave the sameeffect
on the systemperformancewe aggreyate them to-
getherasT,_4 with rateA.; + Ay-. Thecorrespond-
ing repairrateequalsto ;-

e whensysdownoccurs,immediatetransitionsty; and
tqo fire, removing all thetokensfrom Py, and Pygyy, .
Whenthe systemrestorest, fires, removing all the
tokensfrom P.; anddepositingM N — 1 tokensto
Pige.

e when br_down or ctrl_down occurs,and the number
of idle channelss notlessthan M, M tokenswill be
removedfrom P;4.. Whenbr_downor ctrl_downoc-
curs,andthe numberof idle channelss lessthan M,
M — [ and! tokenswill beremoved from P4, and
Pk, respectiely. Whenthe failed baserepeatere-
storest,; firesandremovesthetokenin P.; andde-
positsM tokensin P,y

Theexpressiorof [ is givenby
Il =M —#Pqe (19)

The guardsand firing probabilities of the immediate
transitionsin Fig. 5 arelistedin Table3.

The blocking probabilityfor the new callsanddropping
probabilityfor the handof callsis obtainedby definingre-
wardfunctionsonthe SRNmodel.

3.2 Markov Chain of System with APS

Fig. 5 alsoillustratesthe statediagramof the underlying
continuougime Markov chain. Statec_d in Fig. 2 doesnot
existin Fig. 5, becausehe baserepeatewherethe control

Psys-down

Tped Tpr

Pp-down

(b) Theunderlying Markov Chain of the above model

Figure 5. SRN and Markov Chain for System w/ APS

channetesideshuttingdown doesnotcauseghewholesys-
temdown. State(k, 0) representthatthesystemnis working
perfectly with k& busy traffic channels.State(k, 1) repre-
sentsthatone of the baserepeaterss down while & traffic
channelarebusy.

3.3 Hierarchical Model of System with APS

The modelin Fig. 5 canbe decomposedhierarchically
with the higherlevel focusingon availability (seeFig. 6),
wherestate0 and1 aretheaggreyationof stategk, 0) (0 <
k<MN -1)and(k,1) (0 < k < MN —1) respectiely,
andthe lower level focusingon performance.

Solvingthe Markov chainin Fig. 6, we have

Po=1/(1+ 32+ )

(20)
P =Ry Py y=Pyje.
The systemavailability is givenas,
1+ N
A=Py+P = + Nor /1oy 21)

1 +)\S/Ns +NAbT/l'l’b’l“

Applying thesamederivationasin theprecedingection,
thetotal blocking probabilityis givenby

Py=FPyPo+ PP+ Ps 4 (22)



Table 3. Guards and Prob. for Immed. Trans. in Figure 4

Transition Guard Probability
trl #Pon ==1 1
tr2 #Pon ==1 1

(#Pctrl_down ==1
tdl or #Psys_down == ]-) 1
and#P,; ==0
(#Pctrl_down ==1
taz or #Psys_down == 1) 1
and#P,; ==
#prdown ==1
t1 and#Prg == 1
and#Pqie > M
#Pp—down ==1
to and#PTz ==0 1
and#Pg. < M

where Py o and P, ; aregiven by (13) and (15).Thetotal
droppingprobabilityis givenby

Py = PyPgo+ PiPy1+ Ps g (23)
whereP; o and P, ; aregivenby (14) and(16).

As N Abr
Ms Mo
Figure 6. Availability Model for System w/ APS

4 Numerical Results

We reportnumericalresultsin this section.We consider
a TDMA wirelesssystemhaving 24 baserepeatersvith 8
RF channelsvailableon each.Table4 summarizeparam-
etersused.

Parameter Meaning Value
N Numberof baserepeaters| 24
M Numberof channels 8
on eachbaserepeater

As Systenfailurerate 1/year
s Systenrepairrate 1/(4 hours)
Abr SingleBR failurerate 1/year
Lor SingleBR repairrate 1/(2 hours)

Table 4. Parameter s used in numerical study

Before ary further exploration, it is worthwhile to dis-
cussfixed point iterationsinvolved in both the exact SRN
modelsandthe hierarchicallydecomposethodelsto deter
mine the rate of incominghandof call, A,. The existence
of fixed point canbe proved by following the generalpro-
ceduresuggestedh [9]. In our particularmodels the proof

of existencecanbe even simpler: we are dealingwith it-
eration\, = T()\,) asdefinedin (12), whereT is the
thoughputof outgoinghandofs. T'(\y) = ppE[#Talk],
where E[#Talk] is the expectednumberof talking chan-
nels. It is obviousthat E[#Talk] < n givenn is thetotal
numberof availablechannelsNow, continuityof G(Ap,) is
guarenteedy the proofin [9]. Also, G()\;) is bounded:
0 < G(Ap) < n, for Ay, > 0. So,theremustbe a positive
fixed point existing for the equation.Althoughthe proof of
the uniquenes®f the solutionsremainsopen,experiments
have not revealedcaseswith morethanonefeasiblesolu-
tion.

In whatfollows, wefirst confirmthattheaccurag of our
hierarchicalmodelsis high enoughto be usedto quickly
conductthe evaluationsof systemavailability and perfor
mance. We then report (1) the improvementof system
availability andperformanceainedby introducingthe APS
mechanism;(2) the effect of increasingthe number of
resened handof channels;and (3) the optimal g for a
weightedobjective functionof new call blocking probablity
andhandof droppingprobabilty

4.1 Accuracy of hierarchical models

To confirmthe accurag of our hierarchicalmodels,we
comparesystemavailabilities A, new call blocking proba-
bilities P, andhandof droppingprobabilitiesP; obtained
from the SRN modelsandthe correspondinghierarchical
modelswith differentsetsof parametersObsene from Ta-
ble5 (for u; = 1/5.0 andu, = 1/2.5) thatavailabilities
obtainedirom SRN modelsandhierarchicaimodelsmatch
very well, providing a very smallrelative error of lessthan
(2e-4)%. We alsoobsere thatnew call blocking probabil-
ities P, andhandof droppingprobabilitiesP,; solvedfrom
SRNmodelsandhierarchicaimodelsshow very smallmis-
match,arelative errorof lessthan2.2%for all casegested.

Parameters | APS | A (SPNP)| A (Hiera) | A (%)
A=15,30,45 | no | 0.9993191| 0.9993191 -
A =15,30,45 | yes | 0.9995460| 0.9995448| 1.2e-4

Table 5. Availabilities from SRN and hierar chical models

Theprovenhigh accurag of hierarchicamodelwith re-
spectto accurateSRN modelsallows usto carryoutavari-
ety of testswith muchhighercomputationaéfficiengy. The
following studyis thereforeconductedy solvingthesehi-
erarchicaimodels.

4.2 Performability Improvement by APS

4.2.1 System Availability

We noticethat systemavailability of our modelsis a func-
tion of thefollowing parametersiN (total numberof BRsS),



Ass Ms, As, and up-. The improvementof availability by
APSis achivedby eliminatingthectrl_downoutage.Table
5 shows the availability gain of (2.257e-04)dueto APS,a
reductionof 118.6minutesdown time peryear

4.2.2 Blocking probability of new calls and Dropping
probability of Handoff calls

In thissectionwe studytheeffectivenes®f APSin termsof
reductionin new call blockingprobability P, andthehand-
off droppingprobability P;. We evaluateperformancevith
ue = 1/2.5 (i.e., theaverageholdingtime of anew call is
2.5minutes),u, = 1/1.25 (i.e., outgoinghandof happens
at a rate of onceper 1.25 minutes). In Figure 7, we plot
P, and P; of systemswith andwithout APS againstnew
call arrival rate. We find that () Both P, and P; in sys-
temswith and without APS are monotonicallyincreasing
functionswith respectto new call arrival rates,\.. In the
testswith the given parametershoth probabilitiesincrease
but staynearlyflat whennew call traffic is low (within 10
- 60 calls/minute). The probabilitiesthenincreasesharply
after A\, exceeds60 calls/minute(Il) Improvementoy APS
is seenasreductionsof P, and P;. Improvementremains
steady(a> 30% relativereductionof both P, and P;) given
low traffic but diminishesapidly astraffic become$eavier.

New Call Blocking Prob. vs New Call Rate
T T

—— WOAPS
--- w/ APS

New Call Blocking Prob. (log)

; ; ; ;
10 20 30 40 50 60 70 80
New Call Rate (#calls/min)

Handoff Dropping Prob. (log) vs New Call Rate
T T T T

——  W/OAPS
--- w/ APS

Handoff Dropping Prob. (log)

New Call Rate (#calls/min)

Figure 7. Py (top) and Py (bottom): Improvement by APS

4.3 Effect of channel reservation for handoff calls: g

Intuitively, it is expectedthat increasingthe number
of channelsresened for handof calls, g, would decrease
handof drops(P;) with the price of theincreasedew call
blockings(P,). It is thereforea trade-of for a network de-
signerto decidethenumberof resenedchannelsThemod-
elsproposecdnableusto provide quantitate resultswhich
arepracticallyusefulfor sucha decision.We visualizethe
effectof increasingg on P, andP; in Fig. 8. P, andP; in
logarithmicscalefor differentnew call arrival rates(20, 40,
60 and 80 calls/minute)are plottedagainstg. It is indeed
interestingto notethat, underhigh traffic condition,sacri-
ficing a small portion of new calls may bring a noticeable
reductionin handof dropping.

New call blocking prob. (log) vs Reserved Handoff Channle (g)
T T T T T

\

5,

New call blocking prob. (log)

. . . . . . .
0 2 4 6 8 10 12 14 16
[

Handoff Call Dropping Prob. vs Reserved Handoff Channle (g)
T T T T T

* A=20
v A =40
S A =60
a & A=80
a
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S
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2
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Figure 8. P, (top) and Py (bottom) vs. g (w/ APS)

4.4 Optimization of g

We have pointedoutin theintroductionandshovn quan-
titatively thatbecauséncomingnew callsandhandof calls
sharethe commonchannelof a limited number new call
blocking probability, P,, and handof call droppingprob-
ability, P;, are conflictingwith eachother It is therefore
of greatinterestto introducean objective functionin terms
of both probabilitiesand thento optimizeit by varying g.



From a systemdesigners point of view, suchan objective

functionshouldencompasthetrade-of betweerthesetwo

guantities. A handyobjectve functionis in the form of a
weightedfunction,G(g) = aP, + (1 —a)Py, 0 <a <1

Herea/(1 — «) is therelative importanceof handof drop-
ping probabilityover new call blocking probability. Gener

ally, a < 0.5. The problemnow is to find g suchthatthe
weightedfunction is minimizedwith othersystemparam-
etersgiven. As anexample,we plot G(g) for systemwith

APS givenanincomingnew call rateof 60 calls/minutes,
a call durationof 2.5 minutesandan outgoinghandof rate
of onceper 1.25 minutes. We find that for certainvalues
of a, the objective function, G(g), is a concae function.

Minima of G(g) canbefoundfor differentvaluesof « as
demonstrateth theplotsin Fig. 9.

Objective Function a*P, + (1-0)*P (APS)

000
Wi

aaqa |4
0w

T,
A
S

; |
] 1 2 3 4 5 6 7 8
g (number of channels reserved for handoff calls)

Figure 9. G(g9) = aPy + (1 — &) Py (w/ APS)

5 Conclusion

CompositeéSRN modelsarehbuilt to studythe performa-
bility of wirelessTDMA systemwith/without automatic
protectionswitching. In orderto simplify the analysisthe
modelsaredecomposedtiierarchically From this paper it
is concludedhattheautomatigorotectionswitchingcanen-
hancethe availability of thewirelessTDMA systensignif-
icantly. It alsoimprovesthe performancen termsof new
call blocking probability and handof call droppingprob-
ability. The effect of increasingthe numberof resened
channelsfor handof calls is alsoinvestigated. A related
optimizationproblemhasalso beenraisedby introducing
a weightedobjectve function of new call blocking proba-
bility andhandof call droppingprobability. Minimum of
the objective function canbe found by varyingthe number
of resened channeldor handof calls. Furtherstudiesin-
cludeevaluatingthe performabilityof wirelessTDMA sys-
temwith multiple controlchannelsandintegratedservices.
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