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Who doescareaboutaccessietwork performance?
Subscriptiomratesare often basedon technologyand
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Whyisthe d vy 2 Y makimiima LJS £ roésufficient?

Sufficientto capturethe userquality of experiencan Internetaccess

WhyR 2 yv@ tiypicallyget the maximumspeed?

rs

. . _ U
1 | Rateadaptation mechanisms$asedon channelquality 0

Pl
D\.J\.Jl_

2 | Trafficload on the sharedaccesshannel

3 | Trafficshapingandthrottling algorithms

4 | Other bottlenecksin the end-to-end path
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Measuringthe end-to-end performance
Providingmeasurementoolsto userscanhelpin testingthe & Ng

Q - ) & ¢ TESt Peerin
network LIS NJF 2 N | Yy OS € Sorver Pecring
Severatools areavailablefor 4
testingthe speed OOKLA

(7 SPEEDTEST Netvoor!

Theyuseserverdnstalledat
|XPor other convenient

locations

Mobile Access
Network
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Network
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NationalRegulatiomAuthoritiesusingspeedtesicampaigns

SeveraNationalRegulatiorAuthorities(NRA)
aroundthe globestartedconductingmeasurement
campaignfor offering anindependentinformation
to users

Theytypicallytry to overcomethe mainlimitations
of usertoolsin makingafair comparisoramong
differenttelcooperators

UKHome

Broadband
Performance
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Thepoint of view ofpublicauthoritiesandgovernments

Thedevelopmentof the broadband +
telecommunicationnfrastructure(fixedandmobile)
hashugeimpacton the economicgrowth in the
DigitalEra

Publicauthoritiesandgovernmentsare typically

Interestedin;

0 0
Analyzinghe developmentand technologyupdating of the \Eﬁ_ﬂ
communicationinfrastructure of the countryandto monitor

the levelof privateinvestmentsy operators

By

=
Qo

Takedecisionson publicincentivesanddirect investmentsin
areawheremarketisnot profitable for operators(socalled
G Y I N3ilBdl NBoraréasofd RA BA DR RS E 0
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Measurings not enough:Theneedof modellingapproaches

Measurementancaptureend-2-end performanceof existing
Infrastructure,but are not sufficientfor guidinginvestmentsand

publicdecisions

Modellingapproachesrenecessaryo predictthe performance
expectedoefore makingthe investmentsbasedon different

scenarioandassumptions

|deally:amodelshouldbe ableto estimate
the performanceof end-2-end

measurement®eforedeployingthe g*a
network

Comparingmodelsarealsocrucialfor
comparingoerformanceof different
networksandfor guidingpublicstrategies
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Approachesdoptedsofar

\\

e

Forguidingpublicpoliciesthe mostpopularapproachesofar
havebeenbasedonthe socalledd O2 v I S Y LI IND ' 5 R

N averagenumberof users .
. . Estimatedoer
simultaneoushactiveon the shared _
. userrate: C/N
accesshannelwith rate C

Butunfortunately,with little or no

relationonthe per userrate W CAC

measurablewith speedtesttools w\ -

BERE® EuropedefinedVHCNoasedon & LJSskihvailable Body of European Regulators
0 K NP dzpushidapichnsideringapproachesnore closely BE@
relatedto measuredspeed but without proposingamodel :
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Proposedapproachrationaleandassumptions

| |
(=2)
-
Whatcanwe modelandwhat we cannot? T
" g Transport
Focussolelyonthe sharedaccesdink 23 Network
. _ P25)
Otherpossiblebottlenecksmustbe disregarded =
. Mobile Access Fixed Access
Weneedto consider Network | Newpri
N SR /R
~
Howspeedtestprotocolstypicallywork 5\ v |
LongTCHile transfers ofo _ S
20° L = e
1) .j.
(LOADING)

Hownetworkmanagesavailableaccessesources

Proportionalfair scheduling

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,
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Proposedapproachbasicmodel

Basednthe & LINR CsBaiirg2 ANR S €

Undergeneralassumptionghe modelis
equivalentto the M/M/1 queue

scheduler

Foragiven®w=

servicerequestan the systemareservedby 0
equallydividingthe channelcapacity A = = _
betweenthem (elastictraffic) ol ™)

Requestf transferringfile ¢ bits long (& é = 5(@ TransfeRate 2
arbitrarydistributedrandomvariable) A/

TransferTime

" where
Qo B | == Chamebar
O { s ) 0
O
o (G yroumence | 2



Proposedapproachextendedmodel

Forsomeof keyindicators,we extendthe
modelto the caseof multiple modulation

andcodingschemeswith proportionalfair
scheduling

Theaveragdransfertime andrate can

Multiple classe®f userswith arrivalrate _q ,
be derived:

andchannelrate 0q

Foragivenw= ®
00 Proportional 0

Fairscheduler , N\ — -
(/\ Q6w = 5 T TransferTime
\

\ @: 061 D TransferRate ‘ﬁﬁ‘;

OO0O0O0O0 =
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Model applications

Whatthe modelcanbe usedfor

Giventhe channeld y 2 Y & YJIB £
(0-dependingon averageor
specificchannelquality)andthe

averagechannelload

Giventhe channeld y 2 Y & VIS5 £
the numberof usersandthe
averageper usertraffic

RéE

o

éz

Themodelcanestimatethe average

G & LISrtedsdredby aspeedtest (and

the transferrate of anyarbitrary
amountof datac elastic!)
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Model validation

Themodelhasbeenextensivelyalidatedwith the supportof someltalianmobile

operators

Speed tests with mobile probe providing channel rate and transfer rate

User Throughput vs PRB utilization [Layer 800, 10 MHz]

;B 18000 Ave rag e

é o ' ' s oo 16000 A “ Speed'[eSted
£ e . i % R?=0.8693 10 a
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n .: g T g 4000 o

= ’.'.. N . 2000 |0 d

<> mQdelspeed 0
Model throughput (Mb/s) PRB Utilization [%]

Validation of the model with Speed tests Validation of the model with network -wide
in mid -size city throughput indicators extracted from LTE

network at 800 MHz band.
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Italianpublicplansfor fixed and mobilebroadband

Themodelproposedhasbeenappliedfor

the Italianpublicplansfor broadband o T FWA__

Fixedaccessexpectedper userthroughput o o e S SRR

calculatedwith modelbasedon: , FrTH
AcceS$eCh nOIOgy Cen:r!m ifﬁ:e F'ber Cabinet iper ;;Ts;o\ld] ‘f’“:'j?:;“ C@ [*ig’

Channehominalrate basedon channelquality

Perusertraffic at peakhour projectedat 2026

Allhouseholdsn the countryhavebeenmappedand,basedonthe .’
outcomeof the campaigna publicplanfor supportingthe
developmentof the infrastructurehavebeenset of
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Italianpublicplansfor fixed and mobilebroadband

Themodelproposedhasbeenappliedfor

the Italianpublicplansfor broadband

Mobile accessexpectedper userthroughput
calculatedwith modelbasedon:

Allaccesgechnologiegplannedfor coveragdoy 2026

Channehominalrate basedon propagationtools

Expectegercellload” basedon coveredarea

All the country havebeenmappedconsideringlO0x100m
pixelsandbasedon the outcomeof the campaigma public
planfor supportingthe developmentof the infrastructure
havebeenset

Courtesy of the Italian
Government and Infratel
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5Gspecificapplication:multiple access

A5GNewRadiois basedon OrthogonalFrequencyDivisionMultiple Access
(OFDMASsSINn LTH4G)

A Conceptuallyradioresourcesanbe representedby a time-frequencymatrix that
aresourceschedulercanallocateto different users

Frequency

User 1

carrier $

User 2

User 3

Time

0B 8 O

L df df 9§ ¢

symbol User 4
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5Gspecificapplication:AdaptiveModulationand Coding

—= Jouw:

symbal

01010011101 € 010

Thenumberof bits transportedin eachblock
(andhencethe bitrate) dependson the
modulationand codingscheme(MCS3

TheMCSis selectedon a per userbasis
consideringhe estimatedchannelquality
(rate adaptation)

A

(3- = X Mbps
6. = Y Mbps

i O = ZMbps
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5Gspecificapplication:Scheduling

A Informationtransmissions scheduled
In the resourceblocksbasedon the
selectedMCS(i.e. on channelquality
estimation)

A Themost commonlyusedscheduling
algorithmis the proportional fair: the
blocksare equallysplit amongactive
users

A Theresultingbitrate of eachuser Qs
then proportional tothe rate 0-qof the
MCSselected(we sayoh 1 Q &
proportional to its channelqualitye 0

Channel

J/ Quality

] ]
— —
] ]
e s =
Scheduler
e s =
I
] O C0 /|
[ [
1 =
]
1 =

((‘. .,))
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5Gspecificapplication:MIMO

A Dependingon channelsstate and antennasystem
capabilitiesthe schedulercanassignthe sameblockon
different frequency/timeplanesto:

AThesameuser(spatialmultiplexing)
A Differentusers(multi userMIMO)
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