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ASSIGNMENT

1.(i)Workingprincipleof3G

The3GUMTScorenetworkarchitectureisamigrationofthatusedforGSM
withfurtherelementsoverlaidtoenabletheadditionalfunctionalitydemanded
byUMTS.

Inview ofthedifferentwaysinwhichdatamaybecarried,theUMTScore
networkmaybesplitintotwodifferentareas:

 Circuitswitchedelements:Theseelementsareprimarilybasedonthe
GSM networkentitiesandcarrydatainacircuitswitchedmanner,i.e.a
permanentchannelforthedurationofthecall.

 Packetswitchedelements: Thesenetworkentitiesaredesignedto
carrypacketdata.Thisenablesmuchhighernetworkusageasthe
capacitycanbesharedanddataiscarriedaspacketswhicharerouted
accordingtotheirdestination.

Circuitswitchedelements

ThecircuitswitchedelementsoftheUMTS corenetworkarchitecture
includethefollowingnetworkentities:

 Mobileswitchingcentre(MSC): Thisisessentiallythesameasthat
withinGSM,anditmanagesthecircuitswitchedcallsunderway.

 GatewayMSC(GMSC): Thisiseffectivelytheinterfacetotheexternal
networks.

Packetswitchedelements

Thepacketswitchedelementsofthe3GUMTScorenetworkarchitecture
includethefollowingnetworkentities:

 ServingGPRSSupportNode(SGSN): Asthenameimplies,thisentity
wasfirstdevelopedwhenGPRSwasintroduced,anditsusehasbeen
carriedoverintotheUMTSnetworkarchitecture.TheSGSNprovidesa
numberoffunctionswithintheUMTSnetworkarchitecture.

 GatewayGPRSSupportNode(GGSN): LiketheSGSN,thisentitywas
also firstintroduced into the GPRS network.The GatewayGPRS
SupportNode(GGSN)isthecentralelementwithintheUMTSpacket
switchednetwork.Ithandlesinter-workingbetweentheUMTSpacket
switchednetworkandexternalpacketswitchednetworks,andcanbe
consideredasaverysophisticatedrouter.Inoperation,whentheGGSN



receivesdataaddressedtoaspecificuser,itchecksiftheuseris
activeandthenforwardsthedatatotheSGSNservingtheparticularUE.

 Home location register(HLR): This database contains allthe
administrativeinformationabouteachsubscriberalongwiththeirlast
knownlocation.Inthisway,theUMTSnetworkisabletoroutecallsto
therelevantRNC /NodeB.WhenauserswitchesontheirUE,it
registerswiththenetworkandfrom thisitispossibletodetermine
whichNodeBitcommunicateswithsothatincomingcallscanbe
routedappropriately.EvenwhentheUEisnotactive(butswitchedon)
itre-registersperiodicallytoensurethatthenetwork(HLR)isawareof
itslatestpositionwiththeircurrentorlastknownlocationonthe
network.

 Equipmentidentityregister(EIR): TheEIRistheentitythatdecides
whetheragivenUEequipmentmaybeallowedontothenetwork.Each
UE equipmenthas a numberknown as the InternationalMobile
EquipmentIdentity.Thisnumber,asmentionedabove,isinstalledin
theequipmentandischeckedbythenetworkduringregistration.

 Authenticationcentre(AuC): TheAuCisaprotecteddatabasethat
containsthesecretkeyalsocontainedintheuser'sUSIM card.

Workingprincipleof4Gnetwork

Thefourthgeneration(4G)ofmobilenetworkswilloffermobileservicesbasedon
high-speedwirelessconnections,IPmobility,intelligentterminals,andWorldWide
Webtypeservices.4Goperatorsarethemostlikelyserviceandcontentprovidersto
usedifferentkindsofradioaccesstechnologies.Radioaccesscanbebasedon
privatecorporateLANs,publicwirelessLANsormobileLANsinstalledontrains,
airplanes,andsoon.Handhelds,laptops,andmobilephoneswillbeusedtoaccess
theInternetandlocalservices.4Glocationarea(4GLA)diametercanbefrom 100m
to1kilometer.Figurebelowpresentsthe4G-networkarchitecture.Theideaistouse
SessionInitiationProtocol(SIP).EveryhomelocationareacontainsaSIPredirect
server,whichisresponsibleformaintainingthecurrentlocationofusers.Thehome



SIPredirectserverisanalogoustoHLRinGSM networkarchitecture.Whenacallis
made,thehomeSIPredirectserverreturnsthecurrentaddressofcalledparty.The
SIP clientofthe callerthen makesanothercallto thisparticularaddress(or
addresses-SIPredirectservercanreturnseveraladdresses).

Workingprincipleof5Gnetwork

5Giseffectivelyadynamic,coherentandflexibleframeworkofmultipleadvanced
technologiessupporting avarietyofapplications.5G utilizesamoreintelligent
architecture,withRadioAccessNetworks(RANs)nolongerconstrainedbybase
stationproximityorcomplexinfrastructure.5Gleadsthewaytowardsdisaggregated,
flexibleandvirtualRANwithnewinterfacescreatingadditionaldataaccesspoints.

5GSpectrum andFrequency

Multiplefrequencyrangesarenow beingdedicatedto5G new radio(NR).The
portionoftheradiospectrum withfrequenciesbetween30GHzand300GHzis
knownasthemillimeterwave,sincewavelengthsrangefrom 1-10mm.Frequencies
between24GHzand100GHzarenow beingallocatedto5G inmultipleregions
worldwide.

MEC

Multi-AccessEdgeComputing(MEC)isanimportantelementof5G architecture.
MECisanevolutionincloudcomputingthatbringstheapplicationsfrom centralized
datacenterstothenetworkedge,andthereforeclosertotheendusersandtheir
devices.Thisessentiallycreatesashortcutincontentdeliverybetweentheuserand
host,andthelongnetworkpaththatonceseparatedthem.

NFVand5G

Network function virtualization (NFV)decouples software from hardware by
replacingvariousnetworkfunctionssuchasfirewalls,loadbalancersandrouters
withvirtualizedinstancesrunningassoftware.Thiseliminatestheneedtoinvestin
manyexpensivehardwareelementsand can also accelerateinstallation times,
therebyprovidingrevenuegeneratingservicestothecustomerfaster.

NFVenablesthe5Ginfrastructurebyvirtualizingapplianceswithinthe5Gnetwork.
Thisincludesthenetworkslicingtechnologythatenablesmultiplevirtualnetworks



torunsimultaneously.NFV canaddressother5G challengesthroughvirtualized
computing,storage,and networkresourcesthatare customized based on the
applicationsandcustomersegments.

5GRANArchitecture

TheconceptofNFVextendstotheradioaccessnetwork(RAN)throughforexample
network dis-aggregation promoted by alliances such as O-RAN.This enables
flexibilityandcreatesnew opportunitiesforcompetition,providesopeninterfaces
andopensourcedevelopment,ultimatelytoeasethedeploymentofnew features
andtechnologywithscale.TheO-RAN allianceobjectiveistoallow multi-vendor
deploymentwithoff-theshelfhardwareforthepurposesofeasierandfasterinter-
operability.Networkdis-aggregationalsoallowscomponentsofthenetworktobe
virtualized,providingameanstoscaleandimproveuserexperienceascapacity
grows.ThebenefitsofvirtualizingcomponentsoftheRANprovideameanstobe
morecosteffectivefrom ahardwareandsoftwareviewpointespeciallyforIoT
applicationswherethenumberofdevicesisinthemillions.

eCPRI

Networkdis-aggregationwiththefunctionalsplitalsobringsothercostbenefits
particularlywiththeintroductionofnewinterfacessuchaseCPRI.RFinterfacesare
notcosteffectivewhentestinglargenumbersof5GcarriersastheRFcostsrapidly
increase.The introduction ofeCPRIinterfaces presents a more cost-effective
solutionasfewerinterfacescanbeusedtotestmultiple5Gcarriers.eCPRIisaimed
tobeastandardizedinterfacefor5G usedforinstanceintheO-RAN fronthaul
interfacesuchastheDU.CPRIincontrasttoeCPRIwasdevelopedfor4G,however
inmanycaseswasvendorspecificmakingitproblematicforoperators.

NetworkSlicing

Perhapsthekeyingredientenabling thefullpotentialof5G architectureto be
realizedisnetworkslicing.ThistechnologyaddsanextradimensiontotheNFV
domainbyallowingmultiplelogicalnetworkstosimultaneouslyrunontopofa
sharedphysicalnetworkinfrastructure.Thisbecomesintegralto5Garchitectureby
creating end-to-end virtualnetworks thatinclude both networking and storage
functions.

Operatorscaneffectivelymanagediverse5Gusecaseswithdifferingthroughput,
latencyandavailabilitydemandsbypartitioningnetworkresourcestomultipleusers
or“tenants”.

NetworkslicingbecomesextremelyusefulforapplicationsliketheIoTwherethe
numberofusersmaybeextremelyhigh,buttheoverallbandwidthdemandislow.
Each5G verticalwillhaveitsownrequirements,sonetworkslicingbecomesan
importantdesign consideration for5G network architecture.Costs,resource
managementandflexibilityofnetworkconfigurationscanallbeoptimizedwiththis
levelofcustomizationnow possible.Inaddition,networkslicingenablesexpedited
trialsforpotentialnew5Gservicesandquickertime-to-market.

Beamforming



Anotherbreakthroughtechnologyintegraltothesuccessof5G isbeamforming.
Conventionalbasestationshavetransmittedsignalsinmultipledirectionswithout
regardtothepositionoftargetedusersordevices.Throughtheuseofmultiple-input,
multiple-output(MIMO)arraysfeaturingdozensofsmallantennascombinedina
singleformation,signalprocessingalgorithmscanbeusedtodeterminethemost
efficienttransmissionpathtoeachuserwhileindividualpacketscanbesentin
multipledirectionsthenchoreographedtoreachtheenduserinapredetermined
sequence.

5GBeamforming

With5Gdatatransmissionoccupyingthemillimeterwave,freespacepropagation
loss,proportionaltothesmallerantennasize,anddiffractionloss,inherenttohigher
frequenciesandlackofwallpenetration,aresignificantlygreater.Ontheotherhand,
thesmallerantennasizealsoenablesmuchlargerarraystooccupythesame
physicalspace.Witheachofthesesmallerantennaspotentiallyreassigningbeam
direction severaltimes permillisecond,massive beamforming to supportthe
challengesof5Gbandwidthbecomesmorefeasible.Withalargerantennadensityin
thesamephysicalspace,narrowerbeamscanbeachievedwithmassiveMIMO,
therebyprovidingameanstoachievehighthroughputwithmoreeffectiveuser
tracking.

5GCoreArchitecture

The5Gcorenetworkarchitectureisattheheartofthenew 5Gspecificationand
enablestheincreasedthroughputdemandthat5Gmustsupport.Thenew5Gcore,
asdefinedby3GPP,utilizescloud-aligned,service-basedarchitecture(SBA)that
spansacrossall5G functionsandinteractionsincludingauthentication,security,
sessionmanagementandaggregationoftrafficfrom enddevices.The5G core
furtheremphasizesNFV asanintegraldesignconceptwithvirtualizedsoftware
functionscapableofbeingdeployedusingtheMECinfrastructurethatiscentralto
5Garchitecturalprinciples.

(ii)



NETWORK ADVANTAGE DISADVANTAGE

3G Fasterdatarates.

Increasedcapability.

Highspeedmobile

internetaccess.

Requires3Gcompatible

phones.

Costofupgradingis

expensive.

Powerconsumptionis

high.

4G Extremehighvoice

quality.

Higherbandwidth.

4Gis10timesfasterthan

3G.

Higherdatapricefor

consumers.

Requires4Gcompatible

device.

Newfrequencymeans

newcomponentincell

towers.

5G Increasedbandwidth.

Fasterinternetspeed.

Increasedbandwidth

meanslesscoverage.

Radiofrequencyproblem.

2.Differencesbetween2G,3G,4Gand5G

TECHNOLOGY 2G 3G 4G 5G

Bandwidth 14-16kbps 2mbps 200mbps >1gbps

Handoff Horizontal Horizontal Horizontal&

Vertical

Horizontal&

Vertical

Switching Circuit Packetexcept

forair

interface

Allpacket Allpacket

Corenetwork PSTN Packet

network

Internet Internet

3.(i)NO

(ii)Alotofpeoplearepushingaconspiracytheoryclaimingthat5G(whichis
usedinmobilephonenetworksandreliesonsignalscarriedbyradiowaves)
issomehowresponsibleforcoronavirus.Someofthesetheoriessuggestthat
thecoronaviruscanbetransmittedthrough5G orthat5G suppressesthe
immunesystem.Bothareuntrue.Tounderstandwhy5Gandthevirusaren’t
linked,youhavetounderstandwhy5Gradiowavesaren’tpowerfulenoughto
damagethecellsinyourbodyaloneortransmitavirus.



Theimmunesystem canbeaffectedbyalotofthingssuchasbeingtiredone
day,ornothavingagooddiet.Thesefluctuationscanmakeapersonmore
susceptibletocatchingvirusesorbeingsick.Itisknownthatverystrong
radiowavescancauseheatingand5Gisnotstrongenoughtoheatpeopleup
enoughtohaveanymeaningfuleffectorweakentheimmunesystem.Radio
wavescandisruptaperson’sphysiologyastheyheatthepersonup,meaning
theimmunesystem can'tfunction.Buttheenergylevelsfrom 5Gradiowaves
aretinyandtheyarenotstrongenoughtoaffecttheimmunesystem.There
havebeenlotsofstudiesonthis.Theradiowavesinvolvedin5Gandother
mobilephonetechnologysitonthelowfrequencyendoftheelectromagnetic
spectrum.Lesspowerfulthanvisiblelight,theyarenotstrongenoughto
damagecells,unlikeradiationatthehigherfrequencyendofthespectrum
whichincludesthesun'sraysandmedicalx-rays.Likewise,radiowavesand
virusesaren’ttransmittedinthesameway.Virusesinvadehumanoranimal
cellsandusethem toreproduce,whichiswhatcausesinfection.Viruses
cannotliveverylongoutsidealivingthing,sotheyhavetofindawayin-
usuallyviadropletsofliquidfrom coughsorsneezes.Thepresentepidemicis
causedbyavirusthatispassedfrom oneinfectedpersontoanother.The
coronavirus spreads from one person to another,typically through tiny
dropletsofsalivaproducedwhenasickpersoncoughs,sneezes,orbreathes.
Theonlytypesofvirusesyoucantransmitviaradiowavesareonesthat
affectcomputers,nothumans.Virusesandelectromagneticwavesthatmake
mobilephonesandinternetconnectionsworkaredifferentthings.Ibelieve
thatthisisaconspiracytheorywhichwasspreadthroughsocialmedia
networkssuchasFacebook,Nextdoor,andInstagram.Thevirusisspreading
incountrieswithoutaccessto5G.ThepandemichashitcountieslikeIran,
India,andJapanwhere5Gisn’teveninuseyet.Iranhasonlyjustreportedly
finalizeditsregulationson5G,withplanstorolloutthetechnologylaterthis
year.Irancurrentlyhasmorethan66,000confirmedcasesofCOVID-19.
Japanonlyjuststartedrollingout5Gservicesinthepastweek,andIndia’s5G
launchmayevenbedelayedbecauseofthepandemic.Atthesametime,
SouthKoreahashad5Gtowersinplaceforayearnow,anditonlybegan
seeingCOVID-19casesaftertheWuhanoutbreak.5GandCOVID-19areboth
globalphenomenahappeningatroughlythesametime.


