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Topics Discussed

Whatisthe mainconceptof CellulalNetworks?
Main Componentf a CellularNetwork
CellularNetwork Advantagesnd ProblemsEncountered
How DoesCellularSystemaNork
Whatarethe maintypesof cellsbasedon their size?
Whatis the maindifferencebetweenHardand SoftHandover?
Definethe FrequencyReuseissue Whatisits mainobjective?
Definitionof CellCluster
Listthe maintechniquesusedto:

Decreasdghe CoChannelnterference(CCl)

Increasehe cellularsystemCapacity



Cellular Network

In a CellularNetwork a geographicalareais split into
smallerland areascalledCells,eachservedby a fixed
BaseStation (BS)

A Mobile Station (MS) located in the / S fafeQia
attachedto the Network throughthe BaseStation.




Cellular Network

When joined together, these cells provide radio
coverageoverawide geographicarea.

Continues service
coverage within this
area Is achieved by
handoff (or handover)
which 1s the seamless o
transfer of a call from
one BaseStationto the .. i e
other as the Mobile |, = @ - -
Station (MS) crosses | _ i | .
Cellboundaries | |

________________



Cellular Network: Main Componer
Base Station (BS)

AlsoknownasBaseTransceivelStation (BTS or NodeB(in 3G)

Is a piece of network equipment that facilitates wireless

communication(i.e., isthe interface)betweena Mobile Station (MS)
andthe CoreNetwork.

Mainly Responsible for
establishing  the physical
channels (using electromagnetic
waves) and relaying messages

between the MSs and the
Network.

BSC BSC

MSC FSTN

________________



CellularNetwork: Main Component
Base Station Controller (BSC)

Providesthe Intelligencebehind the BaseStations Known as Radio
Network Controller (RNC)n 3G.

Typicallya BSChastens or evenhundredsof BSaunder its control

TheBSGmainly handles/controls

Radio Resource (Frequency)
Control Controlsand Reserveshe
radio frequenciesthat will be used
by eachBSthat isunder its control.

Allocation and Deallocation of — e,
Radiochannels for the MSs(e.g., ﬁ’
Legend

frequency bands, time slots, - \.
spreadingCodes) e
TransmissiorPower of the BSsand; = | |
MSs S J

M3C FSTN




CellularNetwork: Main Component
Base Station Controller (BSC)

Paging Control to locate a MS based on its reported

location (done in cooperationwith the MSC¢ the a { a
& I LILINE Hdcatidnis &dred in the VLRIocatedin the

MSQ

Call Setup (allocation of needed network (RN and CN)

resources)between the calling and the called MSs(done
In co-operation with the Mobile SwitchingCenter(MSC))

ControlsHandoversof MSsmoving between BSsthat are
under its control

Note: In the case of an inter-BSC handover (i.e.,
handover between two BSs controlled by different
BSCs)handover control is part of the responsibility of
the anchorMSC



CellularNetwork: Main Component
Mobile Switching Center (MSC)

Provideghe link (connection)
Between the MSs supported by the b S (i g 2 BikeC

Stations
To other external Networks, e.g., other PSTNs(Public
Switched TelephoneNetworks, etc.)

All Communicationdetween two
MSs within the Cellular Network
or between a MS and another MSe-
In another Network,travel
through the MSC e ssc

MSChas a numbewf BSCs
under its control.

MSC PETN

________________



CellularNetwork: Main Component
Mobile Switching Center (MSC)

Performsfunctions, suchas Call Setup/Releaseand
Routingof data (in associationwith the BSCsho MSs

Controls Handoversof MSs moving between cells (BSS)
controlled by different BSCs (known as inter-BSC
handoverg

AuthenticatesandvalidatesUsers
Chargedza Sdddounts

B3C BSC
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CellularNetwork:

- L.
MSCc HLR/VLR = e =
Q\L SAE T e
TN / MSC~ VLR °
S 7,/ NSS N\_‘:’;s
GMSC

As Mobile Stations move, it is important for the MSCto be able to
determine their a £ 2 O (ileA atyleast the Cell ID that the MS is

within) in the coverage area, to effectively facilitate routing of
communicationsbetweenthem.

For this task, the Network maintains a large database known as the
Home Location Register (HLR) which storesrelevant Locationfor each
Mobile Station and other permanent information, (i.e., IMSI, Name,

ldentity, services supported for the customer, etc.) regarding the
Cellularb S (i ¢ Shbkctbérs

IMSI (International Mobile Subscriberidentity) uniquely identifies
the user of the CellularNetwork Identifiesalsothe Country andthe
Network Operator the Useris subscribed Storedin the Subscriber

|ldentity Module (SIM) card and servesasthe primary key for each
HLRrecord.



CellularNetwork: e =
MSCc HLR/VLR = Bl =
\'\&—/ = \\Jj vvvvvvvvv

Because accessing the HLR consumes a { /
processingresources(heavy queries will have to
be performed due to the great amount of
subscribers records included) most operators
employa Visitor Location Register(VLR)database
In the MSCs

A VLRis a databasethat containsinformation only
for the subscriberscurrently & | O Gahddéaging
within the geographicalareathat is supported by
the MSC



Cellular Network
MSCc HLR/VLR

The MSCobtains information about a user currently roaming
within its coveragearea, by signalingthe HLRwhere the useris
subscribed,and createsand maintainsa temporary record Iin
the VLRwhile the useris within its coveragearea

Note that the kind of data stored in a VLRIs similar to that
storedin the HLR but are not permanent

In casethe useris subscribedto another CellularNetwork, it

signalghe GatewayMSC/HLFof that network usingthe IMSI
of the user

Recall Theuseris uniquely & L y 0 S NJY/ |idertitieg’ by
the IMSI



CellularNetwork: Main Component
MSCc HLR/VLR

The VLRcontains the & £ 2 O af All2Zmpblile phone
subscriberscurrently roaming in the serviceareaof the
MSC Thisinformation is necessaryto route a callto the
right BaseSation.

T
V

T

nedatabaseentry of the subscriberns deleted from the
_Rwhenthe subscriberleavesthe a { / ®R&icearea

neprimaryrole of the VLRsto minimizethe number of

gueriesthat MSCshave to make to the Home Location
Register (HLR (which holds the full list of all the users
subscribedat the MSCc 1.e., all the subscribersof the
CellularNetwork).



CellularNetwork Advantages

Questionn Whymobile network providers
Install several thousands of Base Stations
throughout the countrywhich is quite
expensivg and do not use powerful
transmitters with hugecells?



CellularNetwork Advantages

Answer. BecauseCellularNetwork provides

HigherCapacitysincesmallercellsare usedand the frequency
reuseconceptis applied

LessTransmissionPower is required by the MS to reachthe
BS,andviceversa,in shorter distancesA Thuslessthe energy
consumption(improves battery life for the MSs,lower power
emissiongthus positive health impacts,etc.)

Interferenceis Reducedaslesstransmissionpower is required
for the signalto cover shorter distances,thus lessintra- and
Inter- cellinterference.

More Robustnesgo the network asif one BSfails, only one
smallpart of the network will be affected.



CellularNetwork Advantages
Higher Capacity

Highercapacitycomesfrom the fact that the sameradio
frequenciescanbe reusedin different smallerareasfor a
completelydifferent transmission
G CNE |j dzS dz@d@éept Thesamefrequencyband
can be assignedto two or more cells that are far
enough apart such that the radio CoChannel
Interferencebetweenthem is Within atolerable limit.

7 cell cluster.
The available
Bandwidth (F) is
divided between
these 7 cells in
the cluster.

0
repeated until
00 P

0 the selected
7] service areais
n covered.




CellularNetwork Advantages
Higher Capacity

EachNetwork Operator is given a specificamount of
frequencies(Bandwidth) that a BScan useto establish
the channelsthat will be assignedo the usersunder its
control A The amount of channels and thus the
numberof concurrentuserswithin acell,is limited.

Whena certain amount of frequencies from the given
. { ®a@ndwidth, is assignedto a certain user, this
frequency band is blocked for other userswithin the
samecell.

Thus huge cellsdo not allow for more users!!! Onthe
contrary, they are limited to less possible users per
km?!!



CellularNetwork Advantages
Higher Capacity

Usingthe FrequencyReuseconceptanda number
of smallercellsto coveran area,much more users

canbe supportedper Kn¥.

Thisis alsothe reasonfor usingvery small cellsin
cities where many more people use mobile
phones



CellularNetwork Advantages
Higher Capacity

Only one BS Frequency Reuse Concej
supporting a A number of smaller cells
large coverage ;@, 9"‘9 are used to cover the

area using a (-4 0 51058 same coverage area.
specific range 6«69969” In this example the same
of frequencies 9 20§ cluster of cells is repeate

(F) 99" = 7 timesA The same

range of Frequencies (F)
reused 7 timedA, Can
accommodate seven

times more users.

The number of times a cluster is re-used, iIs the number of
times the entire spectrum (F) can be re-used A and thus the

number of times the capacity is increased (more users can
be supported)



CellularNetwork Advantages
Less Transmission Power Require

While transmissionpower aspectsare not a big problem
for BaseStations they are in fact a very seriousproblem
for Mobile Deviceswhichare powered by batteries.

A Mobile Devicefar away from the Base Station would
need much more transmission power for its signal to
reachthe BaseStation

Thus,with small cellsthe amount of transmissionpower
required by the Mobile Deviceto reachthe BSisreduced

So Mobile Devicescan last longer between battery
chargesandbatteries canbe smaller.

Moreover, lower power emissions help in addressing
health concerns




CellularNetwork Advantages
Reduced Interference

Havinglong distancesbetween a MSand a BSresultsin even
more interference problems (Longer Distance A Higher
Transmissionpower required A more interference in the
RadioAccesNetwork).

With small cellsand the use of & ¥ NB |j NS gz&o&cept
the problems of adjacent channel and co-channel
Interference canbe greatlyreduced

The interference Is reduced even further with the use of

Sectorizedantennas

In Sectoring the cell coverageremainsthe same however
IS divided Into several sectors by using Directional
antennas at the Base Station instead of a single
omnidirectionalantenna(we will seelater how CClsreduced



CellularNetwork Advantages
Robustness

Cellular systems are decentralized (i.e., uses a
number of smaller cells, distributed in a large
geographicahkrea,to coverthe area)andso, more
robust againstthe failure of simplecomponents

If one antenna fails this Influences
communicationonly within a small area of the
whole coverage

Large cells
for rural




CellularNetwork
Problems Encountered

The cellular solution resolvesthe basic problems
of radio systemsin terms of radio systemcapacity
constraints but raisenew problems,suchas

Infrastructure Needed Cellularsystemsneed a
complex Infrastructure to connect all Base
Stations

Thisincludesmany antennas switchesfor call
forwarding, Location registersto find a Mobile
Devicein the Network, etc., which makesthe
whole systemqguite expensive



CellularNetwork
Problems Encountered

Problemsdue to Mobility: TheMobile Devicehas
to perform a handoverwhen changingfrom one
cell to another A Handover Control (and also
more complex Mobility Management functions)
IS needed!

Dependingon the cell size and the speed of
movement,this canhappenquite often (i.e., the
smaller the size of the cell or the higher the
speed of the user, the more frequent the
handoverg




How Does Celluléystem Worl
LocationManagement

)

________________

Aim: Trackthe MSin order to deliver datato It.

The MS PeriodicallysendsLocationUpdatesto the
MSC (these are registered in the VLR and later
updatedin the HLR

MSClocatesthe MS by Pagingthe MSin a group of
cells(BSsthe MSmay be locatedin.

To avoid signaling overhead and MS battery
consumption the Location Updates are Periodic
and Not continuous Thereforewe may not know
the exactBSof the MS. A Thatis why the paging
messagas sentto a group of cells



How Does Cellular System
Paging Process

BSC BSC

MSC PSTN

________________

A MS initialize a call, by sendingto the BSthe Phone
Number of the MSthat it wantsto reach

TheBSrelaysthe requestto the MSC

TheMSCsendsa Pagingmessagdo agroup of BSq.e.,
cells)that the called MS may be located, basedon its
locationregisteredin the HLR/VLR

Note that the PhoneNumber of the calledMS (which

IS also unique and mappedto a unique IMSI)canbe
usedto locateits recordin the HLR/VLR



How Does Cellular System
Paging Process

BSC

" Called MSy.~

BSC

MSC

PSTN

________________

EachBS (that receivesthe Pagingmessage)broadcasts

the Pagingsignalin its cellcoveragearea

If the MS s not located in that group of BSsthen the
MSCbroadcaststhe PagingMessageto the next group

of BSqcells)in that LocationArea

Thecalled MSreceivesthe Pagingsignaland respondsto

the BS

The BSthen sendsthe responseto the MSCandthe callis

established




How Does Cellular System
Mobility Management

.

Calling MS " Called MS:.~

BSC BSC

MSC PSTN

________________

If the MS movesfrom one cellto another during
the data exchangehandovermaybe required

Handover If a MS movesout of the range of
one cell andinto the rangeof another, the BSC
(or sometimes the MSQ establishes and
assignsanother channelfor the MSin the new
cellandreleasethe channelin the old cell.



Cell Area

i Acellisthe radio areacoveredbyaBS

4 ldeally, the area covered by a BS can be represented by a
circularcell, with aradiusRfrom the centerof the BS

i However, the actual shape of the cell is determined by the
receivedsignalstrengthin the surroundingarea.

Due to many factors (multipath propagation,fading, terrain,
mountains,tall buildingsrain, snow,etc.), the radio area(the
shapeof the cell) maybe alittle distorted.

00 G 3

(a) Ideal cell (b) Actual cell Reality!

Idealized Coverage



Cell Area Egﬂ

G
In  most modeling and simulation,
hexagonsareused

Hexagonis closerto a circleachievedoy
anomnidirectionalantenna

Multiple hexagons can be arranged
next to eachother, without havingany
overlapping area and without leaving
any uncoveredspacein between.



Cell Area

& .
@

Hexagonal Shape Irreqular Shape
Used in design (simulations)  Actual Cell Layout-0otprint)

S2000 Mow St Works

Footprint is the actual radio coverage of a cell. It can be
determined from field real measurements or by using
PropagationPredictionModels (e.g., Ocumura Hatamodels,etc.)



Cell Sizes

i Depending on their size cells can be categorized
asMacro, Micro, Pico and Femto Cells

Ey? 3
~ ;; ~ Wireless  mif)
- T - ‘“2:-. N
L - Core Network - e B -y
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IMacrocell layer -
(1 km to 20 km) C@
Microcel latrer S
(500 1n to 2 ken) C@:}
Picocell layer

(50 m to S00 m) <FEs

Femtocell lagrer
(4 mto 10 m) &




Cell Sizes

Depending on their size cells can be categorized
asMacro, Micro, Picoand FemtoCells

Picocell [Apartment Complex)

3G or LTE Macro
Microcell (Enterprise)

L]

Femtocell [Residential)

=0

[t

Internet

Wireless Network with Small Cells



Picocell (Apartment Complex)

Cell Sizegs Macro Cell

1to 20Kmradius(andmoreX) "z
A macro cell provides the largest coverage area
within a mobile network ¢ perhaps an entire
metropolitanarea(e.g., areaof Nicosia)

The antennasfor macro cells are placedat a height
that provides a clear view over the surrounding
ouildingsand terrain.

Provides radio coverage served by a high
oower (typicallytens of watts) cellular BS(tower).

Macrocellsare mainlyfound in rural areas(h + =~ = _
- 8 7 " Yor.alnghighways




Picocell (Apartment Complex)

Cell Sizeg Micro Cell

500meters¢ 2 Kmradius F

e

A micro cellis a cell servedby a low power cellularBS
(somewatts), coveringa limited area.

Micro cellsare usually usedto add network capacity
In areas with very dense phone usage such as
train/metro stations,hot spot areas,etc.

Micro cells are also often deployed temporarily
during sporting events and other occasionsin which
extra capacity is known to be needed at a specific

location In advance



Cell Sizes Pico Cell

50-500metersradius

Most commonly used for coveringa small area, such
asa street corner, in-building (offices,shoppingmalls,
etc.), or morerecentlyanairplane cabin

Typicallyusedto extend cellular coverageto indoor
areaswhere outdoor signalsdo not reachwell (e.g.,
underground metro stations), or similarly to micro
cells to add network capacity in areas with very
densephone usage suchastrain stationsor stadiums



Cell Sizes FemtoCell

4 ¢ 10 metersradius

Femtocell (Residenti

Currently the smallest area of coverage that Is
proposedto be implementedis with a femto cell.

Afemto cellisasma
designedfor usein a

Theseare perhapst

, low-power cellularBS typically
nome or smallbusiness

ne most exciting products and

challenging technology emerging In the

communicationsmarket today.




Cell Sizes FemtoCell

Current designstypically support 2 to 4 active
mobile phonesin aresidential setting, and8to 16
activemobile phonesin enterprisesettings

3G/4G Connectionsare establishedbetween the
BSof the femto cellandthe MSs
A Femto cell

connectsthe MSsto e, ”;
the service TS M
LINE A h&wekRa ™ i
via broadband S W o=,

Internet connection



Cell Sizes

The sizes of cells can be different depending on the
environmentandthe purposethat will be used

Cellsdesignedto coversuburban/rural areas(" = = " °

" ho “t8C7w' ) (where we have few users)or long
highways (where the Users move with Vehicular Speeds)
halve) antennason tall towers and cover a large area (Macro
cells.

In urban areasoh °~ _ " & W ' “antennas are usually
locatedlow in height and their transmitting powers are also
low. Thereforethe coverageareasare smallfor two reasons

Sincethe population density is high, more smaller Cells
are neededsoasto support more usersper km?

Buildings may block radio wave transmission therefore
more cells(BSs)may neededto coveran areain acity.




Cell Sizes

Indoor/outdoor Indoor Indoor or outdoor Qutdoor Qutdoor
Number of users 41016 32 to 100 200 200 1o 1000+
Maximum output power | 20to 100 mW 250 mW 2t0 10W A01t0 100W




Signal Strength

» Distance x from BS

Thestrength of a signaltransmitted from a BSattenuatesasit

propagateslonger distancesA The longerthe distanceof the
MSfrom the BS the weakerthe signalstrength will become

Thus,asthe MSmovesaway from the BSof the cell, the signal

strength weakens,and at somepoint a phenomenonknownas
Handover,occurs

Thisimpliesaradio connectionto another adjacentcell.

Signal strength 3
(indBm) -7

Signal Strength contours (¥~ * 1 "~ f > >h NP

around two adjacent cells SRR YN

Ideal Case (Not feasible due to the 7 |

different propagation effects caused on™*™.
the signal)

Select cell i on left of boundary Select cell j on right of boundary
Ideal boundary



Signal Strength

(‘5

However, the distance is not the only factor affecting
signal strength A Environmental factors and multipath

propagationaffectsthe signalstrength,too.

Thesignalstrength contoursmaynot be concentriccircles
assignalstrength canbe distorted by a lot of factors:

Atmosphericconditions, presenceof obstacles terrain,
Interference,noise,multipath propagation etc.

Signal strength
(in dBm)

B

Signal Strength contours
~ 47 Baromnd two adjacent | /0
cells
Actual Case N




Signal Strength

Recallwhat dBmisX

dBmis used to denote a power

level® A~ ° 7, U
to ImW as the reference power
level.
Power@dBm) =
10log,o(Power/ImW)

/

mW

dBm

100 20
10 10
1 0
0.1 -10
0.01 -20
0.001 -30
0.0001 -40
0.00001 -50
0.000001 -60
0.0000001 -70
0.00000001 -80
0.000000001 | -90
0.0000000001 | -100




Signal Strength

Recalliwhat dBisX Decibel (dB) is a logarithmic unit that

IS used to describe aratio between
two Power Levels (e.g., Received (P1)
and Transmitted (P2) Power Levels)

10 log,, (P1/P2) dB

-40 dBmeanS that the Decibel Conversion Table
Received signal strength is |fee o Jom sl 2
10,000 times weaker than the |ae— oo oo
Transmitted Signal Strength | e —fios 2=~
80 dB 1,000,000 [10M8 18 dB B84
70 dB 10,000,000 [10A7 21 dB 128
-100 dBmeanS tha'[ the 80 dB 100,000,000/1078 24 dB 256
Received signal strength IS |negative pecibeis
10,000,000,000 times weaker |se s 5 s
than the Transmitted Signal |22 o m—
Strength -40 dB 1/ 10000 -12 dB 1/16




Handover Control L e

~
Duringa call, a Mobile Station(MS)may move out
of coverage area of a cell and move into the
coverageareaof a different cell

The Base Station Controller (BSC or sometimes
the Mobile SwitchingCenter(MSC))must identify
the new BSthat will handlethe call.

TheBSOnust seamlesslytransfer the control of
the call to the new BSand assignto the call a
new channelfrom the availablechannelsof the
new BS




Handover Control

Handoveralgorithm: TheHandoverfrom BS (the Old or CurrentCel) to
BS (the New or TargetCel) is triggeredwhenthe CPICHsignalStrength
receivedirom BS (RSSlg,) exceeddhe CPICHbsignalStrengthreceived
from BS (RSSly p by a pre-defined threshold E (e.g., RSSlgy -

RSS_IOL[?K E) Signal Signal

strength strength

due due
to BS; to BS;

RSSI: Received
Signal Strength
Indicator




Signal Signal
strength strength

Handover Contrc -»

P..., denotesthe minimum power level (i.e., the minimum
RSSieceivedfrom CPICMHthat the signalshouldhaveat the
MSsoasto receiveand interpret the signalcorrectly.

Thus,in the region between the points X; and X, the MScan
be servedby both B and BS

Therefore,we have to determine the optimum point (X))
between X; and X, regions, that the handover must be

triggered



Handover Control

R s
X X,

Important handover parameter determfhina the Boirit of
HandoverTriggerings the pre-definedthreshold E

WhenRSSI\gy - RSSlo XEA Handoveris Triggered

If Etoo small, unnecessaryhandoverswill occurif the Mobile
Stationis very closeto point X; (i.e., the RSSl\gwf RSSlg p
andmovesbackandforth (Referredto asthe PingPongEffect)
If Etoo large,

TheRSS$l, pmaybecometoo weak andthe signalwill be lost

The downlink transmissionpower used by the old Cellwill be
G dzy' y S O Siacéehshidio feachthe MSin greater distance

Thusthe threshold E should be selectedwith care so as to
avoid the aforesaidinefficiencies



Frequency Reus

i OFrequencyw S dzaCe®rcept The same frequency
bandcanbe assignedo two or more cellsthat are far
enough apart such that the radio co-channel
Interference betweenthem is within atolerable limit.

i With this concept, higher capacity (l.e., more users
canbe servedby the network) canbe achievedasthe
sameradio frequencyband canbe reusedin different
smallerareasfor a completelydifferent transmission



Frequency Reuse

Freguency reuse Is possible thanks to the propagation
properties of radio waves(i.e., radio wavesattenuate asthey
travel longerdistances

Thus, the BSsusing the same frequency band should be
located in a distance (ReuseDistance D) far enough apart
between them so that to keep CoChannelinterference (CCI)
levelswithin atolerable limit.

The Issue Is to
determine how many
cells must intervene,
between two cellsthat
will use the same
fre q uen Cy band. Cell radius R Cell radius R

Reuse Distance D

Received power in dB




Frequency Reuse Main Steps

Givena ServiceArea(A) andtotal amount of frequencies(S
l.e., total availablebandwidth), we mainlydo the following:

We form a clusterof cells i.e., with sizeN cells

The total amount of frequencies(S), are divided into N
groupsof k amount of frequencieseach,whereS=k x N.

Each cell of the cluster is

assignedone of the N groups ee
(R, eachincludingk amount oe
of frequenciesk = S/N). ee
Allthe frequencieswithin the

cluster are orthogonal (i.e, Example ofa cluster
No interference between  With 7 cells (N =7)
cellsof the sameclustery)  S=F1+F2+F3+FA+F5+F6



Frequency Reuse Main Steps

We repeatthe cluster M times over the remainingservicearea
until all areaAis covered

The same group of frequencies can be reused by two
different cells provided that they are sufficiently far apart
(ReuseDistanceD ¢ The distance between two cells using
the sameFrequencyGroup(or channels))

The total number of system
channels(Q is usedas a measure
of capacityof the system

Given that F channels can be
supported with S amount of
frequencies,if the cluster of cells
IsrepeatedM timesA C=M x F




Frequency Reuse Main Steps

We canhavedifferent clustersizes
Most popularis 4 celland 7 cell clusters

1 cell cluster
IS used with
CDMA (3G

Networks) (b) 3 cell (c) 4 cells (d) 7 cell (e) 9 cells

o $ 5

(f) 12 cell 3 cells (h) 16 cells



Frequency Reuse
Capacity Enhancement

(a) Frequency reuse pattern for N=4

Examplel: Assumewe have a bandwidth (S)that can be usedfor 36

voice channels,and using this bandwidth we have to cover a 200

sguarekm area
If we dividethe areainto 28 cells andform clustersof 4 cellseach
(.e., eachgroup of 4 cellscanusethe entire frequencyspectrum
(9), then the bandwidth will be used7 times A With a cluster of
4 cells,the availablespectrum(S)will be divided to four group of
frequencies(FL, R2, 3, H4), and eachgroup will be allocatedto
one cell of the cluster

Each time the entire spectrum is used 36 users can be
supported

All together 36 x 7 = 252 userswill be supported It& a 7 time
Increaseof the capacity.



Frequency ReuseCapacity Enhanceme

Example2: We haveatotal bandwidth of 25 MHzandeachuser

requires 30 KHzfor voice communication We needto coverthe
Strovolosarea

Scenariol: Onlyone highpowerantennais used
We cansupport833simultaneoususers(25MHz/30KHz)

Scenaria2: 20low power antennasare used

We divide the areainto 20 cellsand form clustersof 4

cellseachA We dividethe entire frequencybandinto 4
sub-bandsandassignoneto eachcell,

Eachcell will havea bandwidth of 25MHz/4 =6.25MHz



Frequency ReuseCapacity Enhanceme

Example2 (Scenaria2 ContinueX.):

Thenumber of simultaneoususerssupported by each
cellis6.25MHz/30KHz=208,

In this example,4 cellsform a cluster. Sincethere are
total of 20 cells the town Is covered by 5 clusters
(20/4=5).

Eachcluster will usethe entire frequencyband, sothe
number of usersper clusteris 833, ascalculatedearlier,
and the total number of simultaneous users for 5
clustersis 833x 5 =4,165A 5 five times increasedin
the capacitythan with asingleantenna




Some Capacity Expansion Techniq

FreguencyBorrowing In the simplestcase,congestedcells can
take 0 a 0 2 NM&guveacies from their adjacent cells The
frequenciescanalsobe assignedo cellsdynamically.

Cell Splitting: In practice, the distribution of traffic and
topographic features (i.e., the way the usersare distributed in
the geographical area) is not uniform, and this presents
opportunitiesof capacityincrease Cellsin areasof high usagecan
be split into smallercells

CellSctoring With cell sectoring,a cell is divided into a number
of dice shaped sectors each with its own set of channels
typically3 or 6 sectorsper cell. Eachsectoris assigneda separate
subset of the cell's channels and directional antennas at the
BaseJation are usedto focuson eachsector






