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Lecture2

Computing Co-ChannelInterfer ence
� oneco-channelcell everycluster(everyN cells)

causesco-channelinterference

� considerthecasewherethemobileis at thecell
boundary(worstcase)

� for same-sizecells with sametransmitterpow-
ers,S

�
I � SIR is determinedby ratio Q � D

�
R

whereD is thedistancebetweencentersof co-
channelcellsandR is thecell radius.

� if we use a smaller cluster size, N, we have
smallerD andthussmallerQ

� systemdesignermustchooseN largeenoughto
meettheSIR requirements

� for possibleclustersizes,it turnsout that Q ��
3N (from clustergeometry)

� a simplemodelfor theattenuationof thesignal
with distanceis:

Pr � d ��� P0
d
d0

� n

whered is thedistance,P0 is thepower at dis-
tanced0, andn is anvaluethatdependson the
environmentbut is typically around3 for urban
areas.

� if weconsideronly thefirst “ring” of i0 interfer-
ersatdistanceD:

S
I
� S

∑i0
i � 1 Ii

� R
� n

∑i0
i � 1 D

� n
i

� � D �
R � n

i0
� �

�
3N � n
i0

� theassumptionthat Q is thesamefor all inter-
ferersisanapproximationandmoreaccuratere-
sultscanbederivedfor specificclustersizes.

� for smallN we mayneedto includemorethan
thefirst ring of interferers

Power Control
� basestationcancommandmobile to reduceits

power

� increasesbatterylife

� reducesinterferenceonreversechannel

Trunking Efficiency
� “trunks” are telephonelines linking telephone

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

� in cellularradiothe“trunks” aretheradiochan-
nelswhich mustbe sharedamongthe cellular
systemsubscribersin acell

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

� an Erlang is a (unitless) quantity: it is the
amount of traffic that can be carried by one
trunk (onevoicechannel)

� traffic intensityper userAu, in Erlangs,is the
fraction of time that a user requiresuse of a
trunk and is the numberof calls per unit time
(λ) times the call holding time (duration)(H)
specifiedin thesameunits:

Ah � λH

� for U users,thetotal traffic is:

A � UAu

� asystemwith C channelswith C 	 U therewill
bea finite probability that theall channelswill
bein use,theblocking probability.
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� under various assumptions(infinite number
of users,randomcall arrivals, exponentially-
distributed call duration,blocked calls arenot
queued)theGOSof C trunksis givenby theEr-
langB formula:

Pr 
 blocking���
AC

C!

∑C
k � 0

Ak

k!

whereA is thetotalofferedtraffic

� Exercise: 100 users in a cell generate2
calls/hour, with averagedurationof 3 minutes.
A � 100 � 2 � 3� 60 � 10 Erlangsofferedtraffic.
What GOSdo the Erlang-Bcurvespredict for
16 trunks(channels)?

� Exercise:Now we split theusersinto two cells
eachwith 50 usersand8 trunks. What is the
new GOS?

� combiningtrunks increasesthe “trunking effi-
ciency” (Erlangspertrunk)at acertainGOS

Cell Splitting and Sectorization
� cell splittingmaintainsthesameclustersizeand

re-usefactorbut reducesthecell radius.

� sectorizationplacesdirectionalantennas(typi-
cally 3) atbasestation

� the channelsaresplit into 3 sets,onefor each
sector

� theuseof directionalantennasreducestheinter-
ferenceto (andfrom) cells in someof theother
clusters(e.g. using3 sectorseliminates2/3 of
theinterferers)

� this reducesSIR and allows a smallercluster
sizeto beused

� unfortunately, it also reducestrunking effi-
ciency

Log-DistancePath LossModel
� alreadydecribed:pathlossisproportionalto the

n’ th power of distance,or, in dB:

PL � dB �� PL � d0 ��� 10n log
d
d0

� n dependson environment

� 2 for freespace,3–5in urbanareas

Log-Normal Shadowing
� at any given distancefrom the base,the path

losswill vary dueto local factors

� thisvariationcanbemodelledasarandomvari-
able,Xσ, whoselogarithmhasa normal(Gaus-
sian)distribution

� whenXσ is expressedin dB, is haszeromean
andvarianceσ2 dB

� the probability that a normal randomvariable,
z, with meanm and standarddeviation σ will
exceedthevalueγ is:

Pr 
 z � γ��� 1
2

1 � erf
z � γ�

2σ

Okumura Path-LossModel
� amethodfor predictingmedianpathlossfor ur-

banmobileradio

� basedon extensive measurementsin Japanese
urbanareasin the60’s

� canbeusedfrom 150to 1900MHz

� distancesof 1 to 100km (largecells)

� baseheights30 to 1000m

� measurementswerereducedto curvesshowing
attenuationrelative to free-spaceloss as func-
tion of frequency anddistance

� correctionfactorsareusedfor differentantenna
heightsandtypeof terrain

� requiresreadingcurves

Hata Equations
� fit equationsto Okumura’s curves

� valid from 150to 1500MHz
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� equationgives estimatedmedianpath loss as
function of frequency, distanceand antenna
heights:

L50� urban � (dB) � 69� 55 � 26� 16log fc �
13� 82loghte � a � hre ���
� 44� 9 � 6� 55loghte � logd

where

fc is frequency (in MHz) from 1500to 1500,hre

is effective receiver height(m) from 30 to 200,
hte is effective transmitterheight(m) from 1 to
10, d is base-mobiledistance(km), anda � hre �
is anequationfor acorrectionfactor(seetext).
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