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Lecture2

Computing Co-Channellinterfer ence

oneco-channetell every cluster(every N cells)
causego-channeinterference

considerthe casewherethe mobileis atthecell
boundary(worstcase)

for same-sizecells with sametransmitterpow-
ers,S/| = SIRis determineddy ratioQ=D/R
whereD is the distancebetweencentersof co-
channekellsandRis thecell radius.

if we usea smallerclustersize, N, we have
smallerD andthussmallerQ

systemdesignemustchooseN largeenoughto
meetthe SIR requirements

for possibleclustersizes,it turnsoutthatQ =
v/ 3N (from clustergeometry)

a simplemodelfor the attenuatiorof the signal
with distances:

Pr(d) =Py <d%> -

whered is the distance P is the power at dis-
tancedy, andn is anvaluethatdependsn the
ernvironmentbut is typically around3 for urban
areas.

if we consideronly thefirst“ring” of ig interfer
ersatdistanceD:
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the assumptiorthat Q is the samefor all inter
ferersis anapproximatiorandmoreaccuratee-
sultscanbederivedfor specificclustersizes.

for smallN we may needto includemorethan
thefirst ring of interferers
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Power Control

e basestationcancommandmobile to reduceits

power

e increasedatterylife

e reducesnterferenceonreversechannel

Trunking Efficiency

e “trunks” aretelephonelines linking telephone

switches. “trunking” refersto sharinga fixed
numberof trunks by mary telephonesystem
subscribers

in cellularradiothe“trunks” aretheradiochan-
nels which mustbe sharedamongthe cellular
systemsubscribersn acell

we needto install enoughtrunks (channels)n
eachcell to make theprobabilityof all channels
beingbusy (call blockingprobability “Gradeof
Service”,GOS)acceptablyow

an Erlang is a (unitless) quantity: it is the
amountof traffic that can be carried by one
trunk (onevoice channel)

traffic intensity per userA,, in Erlangs,is the
fraction of time that a userrequiresuse of a
trunk andis the numberof calls per unit time
(A) timesthe call holding time (duration) (H)
specifiedn the sameunits:

An=AH

for U usersthetotaltraffic is:

A=UA,

asystemwith C channelsvith C < U therewill
be afinite probability thatthe all channelswill
bein use,theblocking probability.



under various assumptions(infinite number
of users,randomcall arrivals, exponentially-
distributed call duration, blocked calls are not
gueued}he GOSof C trunksis givenby the Er-

langB formula:
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whereA is thetotal offeredtraffic

Exercise: 100 usersin a cell generate2
calls/hour with averagedurationof 3 minutes.
A= 100-2-3/60 = 10 Erlangsofferedtraffic.
What GOS do the Erlang-B curves predict for
16 trunks(channels)?

Exercise:Now we split the usersinto two cells
eachwith 50 usersand 8 trunks. What s the
nev GOS?

combiningtrunks increaseghe “trunking effi-
cieng” (Erlangspertrunk) atacertainGOS

Cell Splitting and Sectorization

cell splitting maintainghe sameclustersizeand
re-usefactorbut reduceghecell radius.

sectorizatiorplacesdirectionalantennagtypi-
cally 3) atbasestation

the channelsare split into 3 sets,onefor each
sector

theuseof directionalantennaseducesheinter
ferenceto (andfrom) cellsin someof the other
clusters(e.g. using 3 sectorseliminates2/3 of
theinterferers)

this reducesSIR and allows a smaller cluster
sizeto beused

unfortunately it also reducestrunking effi-
cieng

Log-DistancePath LossModel

alreadydecribed:pathlossis proportionako the
n’'th power of distancepr, in dB:

PL(dB) = PL(dp) + 10nlog <d%>

n depend®n ervironment

2 for freespace3-5in urbanareas

Log-Normal Shadawving

at ary given distancefrom the base,the path
losswill vary dueto local factors

thisvariationcanbemodelledasarandomvari-
able, Xy, whoselogarithmhasa normal(Gaus-
sian)distribution

when X; is expressedn dB, is haszeromean
andvarianceo? dB

the probability that a normalrandomvariable,
z, with meanm and standarddeviation o will
exceedthevalueyis:

rens-o-w((5)

Okumura Path-LossModel

amethodfor predictingmedianpathlossfor ur-
banmobileradio

basedon extensve measurements Japanese
urbanareasn the60’s

canbeusedfrom 150to 1900MHz
distance®f 1 to 100km (large cells)
baseheights30to 1000m

measurement&erereducedo curvesshoving
attenuatiorrelative to free-spacdoss as func-
tion of frequenyg anddistance

correctionfactorsareusedfor differentantenna
heightsandtypeof terrain

requiresreadingcurves

Hata Equations

fit equationgo Okumuras curves

valid from 150to 1500MHz
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Traffic Inteasity in Erlangs

e eguationgives estimatedmedianpath loss as
function of frequeng, distanceand antenna
heights:

Lso(urban)(dB) = 69.55+ 26.16log f.—

13.82loghie — a(hre)+
(44.9 - 6.55loghe) logd

where

fc isfrequeng (in MHz) from 1500to 1500,he
is effective recever height(m) from 30 to 200,
he is effective transmitterheight(m) from 1 to
10, d is base-mobiladistance(km), anda(he)
is anequationfor a correctionfactor(seetext).



