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Whodoescareaboutaccessnetworkperformance?
Subscriptionratesareoften basedon technologyand

άƴƻƳƛƴŀƭmaximum ǎǇŜŜŘέ



WhyistheάƴƻƳƛƴŀƭmaximumǎǇŜŜŘέisnot sufficient?
Sufficientto capturethe userqualityof experiencein Internetaccess

WhyŘƻƴΩǘwe typicallyget the maximumspeed?

Rateadaptation mechanismsbasedon channelquality1

2

3

4

Trafficload on the sharedaccesschannel

Trafficshapingandthrottling algorithms

Otherbottlenecksin the end-to-end path



Measuringthe end-to-endperformance
Providingmeasurementtoolsto userscanhelpin testingtheάǊŜŀƭ 
networkǇŜǊŦƻǊƳŀƴŎŜέ

Test 
server

Speed 
Test 
App

SPEEDTEST
MASTER

Severaltoolsareavailablefor 
testingthe speed

Theyuseserversinstalledat
IXPor other convenient

locations



NationalRegulationAuthoritiesusingspeedtestcampaigns

SeveralNationalRegulationAuthorities(NRA) 
aroundthe globestartedconductingmeasurement 
campaignfor offering an independentinformation 
to users

Theytypicallytry to overcomethe mainlimitations 
of usertools in makingafair comparisonamong 
different telcooperators



Thepoint of view ofpublicauthoritiesandgovernments

Publicauthoritiesandgovernmentsaretypically
interestedin:

Analyzingthe developmentand technologyupdating of the
communicationinfrastructureof the countryandto monitor
the levelof privateinvestmentsbyoperators

Take decisionson public incentivesanddirect investmentsin 
areawheremarketisnot profitablefor operators(socalled 
άƳŀǊƪŜǘfailureŀǊŜŀǎέor areasofάŘƛƎƛǘŀƭŘƛǾƛŘŜέύ

Thedevelopmentof the broadband 
telecommunicationinfrastructure(fixedandmobile) 
hashugeimpacton the economicgrowth in the 
DigitalEra



Measuringisnot enough:Theneedof modellingapproaches

Measurementcancaptureend-2-endperformanceof existing
infrastructure,but arenot sufficientfor guidinginvestmentsand
publicdecisions

Modellingapproachesarenecessaryto predictthe performance
expectedbeforemakingthe investmentsbasedon different 
scenariosandassumptions

Ideally:amodelshouldbe ableto estimate
the performanceof end-2-end
measurementsbeforedeployingthe
network

Comparing:modelsarealsocrucialfor 
comparingperformanceof different 
networksandfor guidingpublicstrategies



Approachesadoptedsofar

Forguidingpublicpolicies,the mostpopularapproachessofar
havebeenbasedon the socalledάŎƻƴǘŜƳǇƻǊŀƴŜƛǘȅŦŀŎǘƻǊέ

Naveragenumberof users
simultaneouslyactiveon the shared 
accesschannelwith rateC

Estimatedper
userrate:C/N

C

Butunfortunately,with little or no
relationon the per userrate 
measurablewith speedtest tools

BERECin EuropedefinedVHCNbasedonάǇŜǊuseravailable
ǘƘǊƻǳƎƘǇǳǘέpushingin consideringapproachesmoreclosely

relatedto measuredspeed,but without proposingamodel



Proposedapproach:rationaleandassumptions

Whatcanwemodelandwhat we cannot?

Focussolelyon the sharedaccesslink

Otherpossiblebottlenecksmustbedisregarded

Howspeedtestprotocolstypicallywork

Hownetworkmanagesavailableaccessresources

LongTCPfile transfers

Proportionalfair scheduling

Weneedto consider

A. Capone, M. Decina, A. Milan and M. Petracca, 

"Modelling the Performance of High Capacity Access 

Networks for the Benefit of End-Users and Public 

Policies," 2023 IEEE 24th International Conference on 

High Performance Switching and Routing (HPSR), 

Albuquerque, NM, USA, 2023,



Proposedapproach:basicmodel

‗,ὢ ὅ

Fair 

scheduler

ʍ

Basedon theάǇǊƻŎŜǎǎƻǊsharingƳƻŘŜƭέ

channelwith acapacityofὅbit/s shared 
amongthe usersthrougharesource

Undergeneralassumptionsthe modelis
equivalentto the M/M/1 queue

scheduler

servicerequestsin the systemareservedby 
equallydividingthe channelcapacity 
betweenthem(elastictraffic)

Fora givenὢ= ὼ

ὼ
Ὠ(ὼ) =

ὅ1 ” TransferTime

Requestsof transferringfileὢbits long(ὢ
arbitrarydistributedrandomvariable)

ὺ= ὅ(1 ”) TransferRate

where

”=
‗Ὁὢ Channelload
ὅ



Proposedapproach:extendedmodel

Forsomeof keyindicators,we extendthe
model to the caseof multiple modulation
andcodingschemeswith proportionalfair
scheduling

Multiple classesof userswith arrivalrate‗Ὥ
andchannelrateὅὭ

ʍ

‗
ὅὭ Proportional

Ὥ Fairscheduler

ὢ

Theaveragetransfertime andratecan
bederived:

Fora givenὢ= ὼ

ὼ
ὨὭ(ὼ) =

ὅ 1 ” TransferTime
Ὥ

ὺὭ= ὅὭ(1 ”) TransferRate



Modelapplications

Whatthe modelcanbeusedfor

Giventhe channelάƴƻƳƛƴŀƭǎǇŜŜŘέ 
(ὅὭdependingon averageor 
specificchannelquality)andthe 
averagechannelload Themodelcanestimatethe average 

άǎǇŜŜŘέmeasuredbyaspeedtest (and 
the transferrate of anyarbitrary 
amountof dataςelastic!)Giventhe channelάƴƻƳƛƴŀƭǎǇŜŜŘέΣ 

the numberof usersandthe 
averageperusertraffic



Modelvalidation

Themodelhasbeenextensivelyvalidatedwith the supportof someItalianmobile 
operators

Validation of the model with speed tests 
in mid -size city

Validation of the model with network -wide 
throughput indicators extracted from LTE

network at 800 MHz band.

Speed tests with mobile probe providing channel rate and transfer rate

Model

Average 
speedtested

Single
speed
tests

load
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Italianpublicplansfor fixedandmobilebroadband

Themodelproposedhasbeenappliedfor 
the Italianpublicplansfor broadband

Fixedaccess:expectedperuserthroughput
calculatedwith modelbasedon:

Accesstechnology

Channelnominalrate basedonchannelquality

Perusertraffic at peakhourprojectedat 2026

Allhouseholdsin the countryhavebeenmappedand,basedon the 
outcomeof the campaign,apublicplanfor supportingthe 
developmentof the infrastructurehavebeenset



Italianpublicplansfor fixedandmobilebroadband

Themodelproposedhasbeenappliedfor 
the Italianpublicplansfor broadband

Mobile access:expectedperuserthroughput
calculatedwith modelbasedon:

Allaccesstechnologiesplannedfor coverageby2026

Channelnominalrate basedonpropagationtools

Expectedpercell load ”basedon coveredarea

All the countryhavebeenmappedconsidering100x100m
pixelsandbasedon the outcomeof the campaigna public
plan for supportingthe developmentof the infrastructure
havebeenset

Courtesy of the Italian 
Government and Infratel



5Gspecificapplication:multiple access

Å5GNewRadioisbasedon OrthogonalFrequencyDivisionMultiple Access 
(OFDMA)asin LTE(4G)

ÅConceptually,radioresourcescanberepresentedbya time-frequencymatrixthat 
a resourceschedulercanallocateto different users

Time

Frequency

carrier

symbol

User 1

User 2

User 3

User 4



5Gspecificapplication:AdaptiveModulationandCoding

01010011101é 010

Thenumberof bits transportedin eachblock 
(andhencethe bitrate) dependson the 
modulationandcodingscheme(MCS)

TheMCSis selectedon a per userbasis 
consideringthe estimatedchannelquality 
(rate adaptation)

ὅ = x Mbps

ὅ = y Mbps

ὅ = zMbps



5Gspecificapplication:Scheduling

ÅInformationtransmissionis scheduled 
in the resourceblocksbasedon the 
selectedMCS(i.e.on channelquality 
estimation)

é é é é

Scheduler

Channel 

Quality

ÅThemost commonlyusedscheduling 
algorithmis the proportional fair: the 
blocksareequallysplit amongactive 
users

ÅTheresultingbitrate of eachuserὭis 
then proportional tothe rateὅὭof the 
MCSselected(we sayάƛǘΩǎ 
proportional to its channelqualityέύ



5Gspecificapplication:MIMO

ÅDependingon channelsstateandantennasystem 
capabilities,the schedulercanassignthe sameblockon 
different frequency/timeplanesto:

ÅThesameuser(spatialmultiplexing)

ÅDifferentusers(multi userMIMO)

Scheduler


