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Question1

a)Listfivewaysofincreasingthecapacityofacellularsystem?

Thefivewaysofincreasingthecapacityofcellularsystem are

 Addingnewchannels

 Frequencyborrowing

 Cellsplitting

 Cellsectoring

 Microcells

b)Brieflydifferentiatebetween3G,4G&5GCellularNetworks?

3G(500-700Kbps)(2004-2005):

3G hasMultimediaservicessupportalongwithstreamingaremorepopular.In3G,

Universalaccessand portabilityacrossdifferentdevicetypesaremadepossible.

(Telephones,PDA’s,etc.)

4G(100-300Mbps)(Present):

Speedsfor4G arefurtherincreasedtokeepupwithdataaccessdemandusedby

variousservices.Highdefinitionstreamingisnow supportedin4G.New phoneswith

HDcapabilitiessurface.Portabilityisincreasedfurther.World-wideroamingisnota

distantdream.

5G(ProbablyGigabits)(Probably2020):

Currentlythereisno5G technologydeployedbutundertesting.Whenthisbecomes

availableitwillprovideveryhighspeedstotheconsumers.Itwouldalsoprovide

efficientuseofavailablebandwidthashasbeenseenthroughdevelopmentofeach

newtechnology.

c)BrieflyexplainOverallGSM Architecturewiththehelpofdiagram?



d)Atelephonyconnectionhasdurationof35minutes.Thisistheonlyconnection

madebythiscallerduringthecourseofanhour.Howmuchistheamountoftraffic,in

Erlangs,ofthisconnection?

0.58Erlangs

e)Whatarethecurrentandfuturecellularnetworkissuesandchallenges?

Reliability

While100%reliabilitybeats99%,and99%isgoodmostofthetime,99%isfrightening

inmanyapplications.Sure,itiseasytodesignapacemakerorbloodpressuremonitor

withmodernwirelessIoTwirelesscapabilities,butnobodythinks99%isacceptablein

everylocationandundereverycircumstance.Thisholdbackmanyvaluableapplications

unless(oruntil)firmsfindwaystoaddressit.

Security

Whilelaxsecurityisnotaproblem forboxesofrazorbladesshippedacrossthecountry

thatisnotacceptableforsomethinglikeanautonomousvehicle.Ifyoudon’tthinkso,I

canshow youscoresofrogueprogrammersjustwaitingtoholdyourautomobilefor

ransom.Again,thiswillholdbackmanyvaluableapplications.

Privacyprotection.Whileprivacyrulesposefewissuesforthetemperaturegaugeson

anoilpipeline,notsofordevicesthatreadactivityathome.Forexample,justrecentlya

vibratorcompanygotintroubleforsendingalittletoomuchdatabacktothecompany

thatdesignedtheproduct.Itisfunny,butsymptomaticofamuchbiggerissue.

System design



Realtimeintegrationofmassivedataisalreadyfeasible,butthosetypesofapplications

havemanypotentialpointsoffailure.Afterall,theintegrationofWazewithGoogle

Mapsalreadyintegrateshugenumbersoflow-bandwidthsignalsintoanapplication

thatmanycanaccess.Itmaybeirritatingwhenitisinaccurate,butyoucansurvive

withoutitifthenetworkgoesdown.Butthereliestherub.Nobodyissuggestingwe

integrateairplanetrafficwithdigitalweatherdata,andhavethecomputersdoallthe

routingandlandtheaircraft.Westillneedhumansbecausethesystemsareflawed.To

besure,therearesomethingswecanimprove.

Question2

f)ListandbrieflydefinethecapabilitiesprovidedbyMobileIP?

MobileIP wasestablished to allow computersto keep internetconnectivitywhile

movingfrom oneInternetconnectionpointtoanother.

PrimarilyMobileIPcontains3basiccapabilities

 Discovery

 Registration

 Tunnelling

g)Whatarethetwodifferenttypesofdestinationaddressesthatcanbeassigned

toamobilenodewhileitisattachedtoaforeignnetwork?

TypesofDestinationAddress

Therearetwodifferenttypesofdestinationaddressesthatcanbeallocatedtoa

mobilenodewhileitisattachedtoaforeignnetwork.

Theyare:

 Homeaddress

 Care-ofaddress

h)Whatistunnelling?

Forceapackettogotoaspecificpointinthenetwork.



 Pathtakenisdifferentfrom theregularrouting

 AchievedbyaddinganextraIPheadertothepacketwithanew destination

address.

 Similartoputtingaletterinanotherenvelope

 PreferabletousingIPsourceroutingoption

i)Brieflyexplain WAE,WSP,WTP,WTLS,WDP & WCMP Protocols in WAP

ProtocolStack?

 WirelessApplicationEnvironment(WAE)

Thislayerisofmostinteresttocontentdevelopersbecauseitcontainsamongother

things,devicespecifications,andthecontentdevelopmentprogramminglanguages,

WML,andWMLScript.

 SessionLayer

WirelessSessionProtocol(WSP).UnlikeHTTP,WSPhasbeendesignedbytheWAP

Forum toprovidefastconnectionsuspensionandreconnection.

 TransactionLayer

WirelessTransactionProtocol(WTP).TheWTPrunsontopofadatagram service,such

asUserDatagram Protocol(UDP)andispartofthestandardsuiteofTCP/IPprotocols

usedtoprovideasimplifiedprotocolsuitableforlowbandwidthwirelessstations.

 SecurityLayer

WirelessTransportLayerSecurity(WTLS).WTLSincorporatessecurityfeaturesthatare

based upon the established TransportLayerSecurity(TLS)protocolstandard.It

includesdataintegritychecks,privacy,servicedenial,andauthenticationservices.

 TransportLayer

WirelessDatagram Protocol(WDP).TheWDPallowsWAPtobebearer-independentby

adaptingthetransportlayeroftheunderlyingbearer.TheWDPpresentsaconsistent

dataformatto thehigherlayersoftheWAP protocolstack,therebyoffering the

advantageofbearerindependencetoapplicationdevelopers.

Question3

a)ListandbrieflydefinetheIEEE802protocollayers.



InIEEE802terms,theOSIdatalinklayerisdividedintotwosublayers:logicallink

control(LLC)andmediaaccesscontrol(MAC).

ThedatalinklayerfunctionsallocatedtotheLLCsublayerare:

 Linkestablishmentandtermination

 Frametrafficcontrol

 Framesequencing

 Frameacknowledgment

ThedatalinklayerfunctionsallocatedtotheMACsublayerare:

 Framedelimiting

 Frameerrorchecking

 Mediaaccessmanagement

Thelow-levelprotocolstandardsdefinedbyIEEEproject802include802.3CSMA/CD,

802.4tokenbus,and802.5tokenring.Thesestandardsdifferatthephysicallayerand

mediaaccesscontrolsublayer,butarecompatibleatthelogicallinkcontrolsublayer.

b)BrieflydifferentiatebetweenIEEE802.11n,o,p,r,s,t,u,vstandardsandtheir

services?

802.11— appliestowirelessLANsandprovides1or2Mbpstransmissioninthe2.4

GHzbandusingeitherfrequencyhoppingspreadspectrum (FHSS)ordirectsequence

spreadspectrum (DSSS).

802.11a—anextensionto802.11thatappliestowirelessLANsandprovidesupto54-

Mbpsinthe5GHzband.802.11ausesanorthogonalfrequencydivisionmultiplexing

encodingschemeratherthanFHSSorDSSS.

802.11b(alsoreferredtoas802.11HighRateorWi-Fi)— anextensionto802.11that

appliestowirelessLANSandprovides11Mbpstransmission(withafallbackto5.5,2

and1-Mbps)inthe2.4GHzband.802.11busesonlyDSSS.802.11bwasa1999

ratificationtotheoriginal802.11standard,allowingwirelessfunctionalitycomparable

toEthernet.

802.11e— awirelessdraftstandardthatdefinestheQualityofService(QoS)support

forLANs,andisanenhancementtothe802.11aand802.11bwirelessLAN (WLAN)

specifications.802.11eaddsQoSfeaturesandmultimediasupporttotheexistingIEEE

802.11b and IEEE 802.11a wireless standards,while maintaining fullbackward

compatibilitywiththesestandards.



802.11g— appliestowirelessLANsandisusedfortransmissionovershortdistances

atupto54-Mbpsinthe2.4GHzbands.

802.11n— 802.11nbuildsuponprevious802.11standardsbyaddingmultiple-input

multiple-output(MIMO).Theadditionaltransmitterandreceiverantennasallow for

increased data throughputthrough spatialmultiplexing and increased range by

exploitingthespatialdiversitythroughcodingschemeslikeAlamouticoding.Thereal

speedwouldbe100Mbit/s(even250Mbit/sinPHYlevel),andsoupto4-5timesfaster

than802.11g.

802.11ac— 802.11acbuildsuponprevious802.11standards,particularlythe802.11n

standard,todeliverdataratesof433Mbpsperspatialstream,or1.3Gbpsinathree-

antenna(threestream)design.The802.11acspecificationoperatesonlyinthe5GHz

frequencyrangeandfeaturessupportforwiderchannels(80MHzand160MHz)and

beamformingcapabilitiesbydefaulttohelpachieveitshigherwirelessspeeds.

802.11acWave2— 802.11acWave2isanupdatefortheoriginal802.11acspecthat

uses MU-MIMO technology and otheradvancements to help increase theoretical

maximum wirelessspeedsforthespecto6.93Gbps.

802.11ad—802.11adisawirelessspecificationunderdevelopmentthatwilloperatein

the60GHzfrequencybandandoffermuchhighertransferratesthanprevious802.11

specs,withatheoreticalmaximum transferrateofupto7Gbps(Gigabitspersecond).

802.11ah— AlsoknownasWi-FiHaLow,802.11ahisthefirstWi-Fispecificationto

operateinfrequencybandsbelowonegigahertz(900MHz),andithasarangeofnearly

twicethatofotherWi-Fitechnologies.It'salsoabletopenetratewallsandotherbarriers

considerablybetterthanpreviousWi-Fistandards.

802.11r-802.11r,alsocalledFastBasicServiceSet(BSS)Transition,supportsVoWi-Fi

handoffbetweenaccesspointstoenableVoIProamingonaWi-Finetworkwith802.1X

authentication.

802.1X— Nottobeconfusedwith802.11x(whichistheterm usedtodescribethe

familyof802.11standards)802.1XisanIEEEstandardforport-basedNetworkAccess

ControlthatallowsnetworkadministratorstorestricteduseofIEEE802LANservice

accesspointstosecurecommunicationbetweenauthenticatedandauthorizeddevices.

Question4

a)ThrowsomelightonBluetoothLowEnergy(BLE)wirelesstechnology?

BluetoothLow Energy(BluetoothLE,BLE,formerlymarketedasBluetoothSmartisa

wirelesspersonalareanetworktechnologydesignedandmarketedbytheBluetooth

SpecialInterestGroupaimedatnovelapplicationsinthehealthcare,fitness,beacons,

security,andhomeentertainmentindustries.ComparedtoClassicBluetooth,Bluetooth



Low Energyisintendedtoprovideconsiderablyreducedpowerconsumptionandcost

whilemaintainingasimilarcommunicationrange.

MobileoperatingsystemsincludingiOS,Android,WindowsPhoneandBlackBerry,as

wellasmacOS,Linux,Windows8andWindows10,nativelysupportBluetoothLow

Energy.TheBluetoothSIGpredictsthatby2018morethan90percentofBluetooth-

enabledsmartphoneswillsupportBluetoothLowEnergy.

b)BrieflydifferentiatebetweenPiconetsandScatternets?Explainwiththehelpof

diagrams:

ApiconetisthetypeofconnectionthatisformedbetweentwoormoreBluetooth-

enableddevicessuchasmoderncellphonesorPDAs.Bluetoothenableddevicesare

"peerunits"inthattheyareabletoactaseithermasterorslave.However,whena

piconetisformedbetweentwoormoredevices,onedevicetakestheroleof'master',

andallotherdevicesassumea'slave'roleforsynchronizationreasons.Piconetshavea

7memberaddressspace(3bits,withzeroreservedforbroadcast),whichlimitsthe

maximum sizeofapiconetto8devices,i.e.1masterand7slaves.

A scatternetisanumberofinterconnectedpiconetsthatsupportscommunication

betweenmorethan8devices.Scatternetscanbeformedwhenamemberofone

piconet(eitherthemasteroroneoftheslaves)electstoparticipateasaslaveina

second,separatepiconet.Thedeviceparticipatinginbothpiconetscanrelaydata

betweenmembersofbothadhocnetworks.However,thebasicbluetoothprotocol

doesnotsupportthisrelaying-thehostsoftwareofeachdevicewouldneedtomanage

it.Usingthisapproach,itispossibletojointogethernumerouspiconetsintoalarge

scatternet,andtoexpandthephysicalsizeofthenetworkbeyondBluetooth'slimited

range.



c)DefineL2CAPdatapacketformat?

TheLogicalLinkControlandAdaptationLayerProtocol(L2CAP)islayeredoverthe

BasebandProtocolandresidesinthedatalinklayer.L2CAP providesconnection-

oriented and connectionless data services to upperlayerprotocols with protocol

multiplexingcapability,segmentationandreassemblyoperation,andgroupabstractions.

L2CAPpermitshigherlevelprotocolsandapplicationstotransmitandreceiveL2CAP

datapacketsupto64kilobytesinlength.
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