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IeQiAnym

Ita mAalowx NG OVYKEKQLUEVNC TITUXLAKIG, QXA Toorypatomou)Onke
niagovoiaoT 600 aPopd Ta oToLXElA TNG APXITEKTOVIKTS TwVv 5G dikTVWV, TO
Tedlo EPAQUOYNS TOVG, KAOWS KAL Ol XQNOHLOTIOLOVUEVES TEXVOAOYLES TOVG.
Avrtiototyov TOTIOL AVAALOTN TIEAYHATOTIOU)ONKE KAL Y TNV TEQITTWOT) TwV
dwtvwv 6G oto emopevo kepaAato. Tédog, oto mEaxtukd HéQOS NG
TITLXLAKNG, Xonowomou)Onike o ns-3 simulator kat mO OLYKEKQIUEVA TO
module nr, yix v mMoaypatomoinon tne MERAUATIKTG dAdIKATIAG KL TNV

KATOYQAPN TWV AVTIOTOLXWV ATIOTEAEOUATWV.



Abstract

In the context of this thesis, a presentation was initially made regarding the
elements of the architecture of 5G networks, their scope of application, as well as
their technologies used. A similar type of analysis was carried out for the case of
6g networks in the next chapter. Finally, in the practical part of the thesis, the ns-
3 simulator and more specifically the NR module were used to carry out the

experimental procedure and record the corresponding results.
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KEDAAAIO 1: 5G AIKTYA

Lta mAalOlx TOU OULYKEKQLUEVOL KePaAalov Oa maQoLOIOTOVV KATIOLX
ELOAYWYIKA OTolXela 000 a@oQd TNV mepimtworn twv dwktvwv 5G. ITo
ovykekQwéva  Ba  avagegbovv T KUOWX  XOQAKTNQLOTIKA TN
AELITOVQYIKOTNTAG TOVUG, 1] QQXLTEKTOVIKY] TOUG, OL TeXVoAoyleg mov
XONOLHUOTIOOVVTAL OTNV TEQIMTWON Tovg, KaBws Kat Ta Tedla e@agUOYNS

Toug [2],[3].

1.1. Kvgia Xagaxtnolotika Atktowv 5G

v magovoa evotnta, ovvopllovtal tTa 3 ONUAVTIKOTEQX XAQAKTNOLOTIKA

NG AELTOLEYIKOTNTAS TV dkTVWV 5G:

e Enhanced Mobile Broadband (EMBB): Avvatotnta xorjong epaguoywv
He ETKEVTQO TOV TEAWKO XOMNOTH TIOL Yapaktnolloviatr amo tnv
amadtnorn mEdoPaons O TEQLEXOUEVO TOAVUEOWV KAl ATALTOVV
LYMA0UG QUOHOUC HETAPOQAS DEDOUEVWY e HEYIOTES TAXVTNTES €S
20 Gbps kat taxvINTEG OV AvVTIAQpPAVETAL O XONOTNG €ws kot 100
Mbps. EmimAéov mapéxetat vmoot)olen kvntkotntag éws 500 km/h
KL @AOUATIKY] amtddO0T] TOES POEEC LYNAOTEQN amd ekelv) moUL
ntagéxetatl ano to 4G. Iapadetypata epagpoywv EMBB anoteAovv ta
Plvteo efatgetikd LYNANG evkplvelrg, kabwg Kal n ewoviky Ko

ETIAVENUEV TTOAY LATIKOTITA.



Massive Machine - Type Communications (MMTC): Avvatot)ta
XONONG  EPAQHUOYWV  TOL  TeQUaUPavovy  peyadAo  aQlOuo
oLVOEdEUEVWY  OLOKELWYV, OL OToleg  HeTaddovy  XaunAo oyko
dedopévwv e pikon) evalodnola otnv kabOvoTépnon Kkal Twv omolwv 1
KATAOVAAwOT] evéQyelag elval ouvrBws xaunAr. Ot epaguoyéc avtov
TOUV  TUTIOL  TMEQUAAUPBAVOULV  OLVOEdEHEVA  OXTHATA,  QEOVTIOX
KATOK OV CowV / atOpwVv Kat acvopata diktua atoOnTowv.

Ultra Reliable Low Latency Communications (URLLC): Avvatét)ta
XONONG  €QAQHUOYWV TOUL Xapaktnolloviar amd Aertovgyia  oe
TIOAYHATIKO XQOVO, OTIWS AVTEG IOV OXETILOVTAL UE TNV AOPAAELX TWV
HETAPOQWYV, TIG ATIOHAKQUOHEVES XEWQOVQYIKEG ETEUPATEIS KAl TNV
AVTOHATOTOMON  PLOPNXAVIKWV  OlEQYAOLWY, Ol OTOlEC amaltovv

xapunAn kaBvotépnon éwg 1 millisecond.

1.2. Agxrtektovikn Awtktvov 5G

LV TAQAKATW £KOVA, TAQATIOETAL TO DIAYQAUA TG XQXLTEKTOVIKTG VOGS

5G dwktvov, mov amoteAeital ano 3 Packd CLOTATIKA:

AtkTtvo padompooPaong (Radio Access Network — RAN)
ITvervag tov ductvov (Core Network)

EomAlopog Xorjotn (User Equipment)

Ta otoyela avtd avrimpoownevovtal anod tig Aertovgyteg Auctvov (Network

Functions - NF) kat tic avtiototye diemtagéc.
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Ewkova 1: Ataypoppior ApXLTEKTOVIKNG 5G AtktUou

EmumAéov, otov magakdtw mivaka magatifevtat ot Agrtovgyteg AktvOL
(Network Functions), kaBwg¢ kat px ovvtoun meoryoaen yux avtéc. o ta
OVOUATA TWV O0QOAOYLWV, TEOTIUNONKE 1) d0LeOV|c o0poAoyla xat OxL 1

HeTAPOaoT otV eAANVIKY YA@WOOQ, oL dev amodidel arxQLBws To vOnua twv

AéEewv.

A&itovpyia ITegryoapn

Application AAANAOETOQA HE TOV TILENVAL TOUL
dwtvov  kar  vmoPonda  otnv
dpopoAGYnon g kivnonge.

Access and mobility management [TeodapPaver Tic dxdwkaoieg tng



Authentication server

Data Network

Network Data Analysis

Network exposure

Network repository

Network slice selection

Policy control

Radio access Network

Session management

gyyoaeng, g ovvdeong , NG
neooPaocng  kKat TG dxxelpong

KLV TIKOTTTAG.
EmiBAémel ™V dxdkaola
avOevtikomoinong.

Agrtovgyta cvvdeouottag pe kaOe
dikTLO dedoUévawv

AvaAvon dedopévawv TV
AELTOLEYLWV DIKTVOV

ExOételL TIg AelTOvQYIKOTITES KAL T
YEYOVOTA TWV  AELTOLQYWOV  TOL
OIKTUOV, ETUTQEMOVTIAS ETUKOLVWVIX
He eEWTEQUKES EQPAQUOYEC.
Kataxwonon twv Aettovgyiwv tov
dukTvOV

Emtidoyr] Twv tunuaTwv Tov AoyuKov
dwtvov, mov  efuTnEETOVV  TOV
eEomAono tov xorjotn (UE)
Ymootnoilet TIg eTUAEYUEVES
TOALTIKEG  TIOL  XQNOLOTTOLOVVTAL
and 1o eminedo eAéyxov (CP) vy
oV éAgYX0 TOL dIKTVOV.

Emtoémel tnv padlompooBaot).

Avteltar v évapén ovvedolag, v



Unified data management

Unified data repository

User equipment

User plane

to0omomolnon  kat  ameAevOépwon
Twv dedopevwy, Kabwg Kat v
avaOeon IP  devOvvoewv TV
efomAlopv xorjotn (UEs).
Yrootnoillet v dnuovgyla twv
duamiotevtnEiwv  MEOoCPAONS,  TOV
TIQOOOLOQLOMO TOL XQENOTN KAl TNV
Oy elpLom CLVOQOUWV.

Entoémet tnv evpeon mANQO@OQLWV
Tov oxetilovtat pe OLVVOQOUES Kal
TOALTIKEG.

Emtoémer  otovg  xorotes  va
XONOLUOTIOOVY  TIG VTNQEECLEG TOV
ductvov.

Awxxeplletal Vv KWWNTIKOTNTA Kal

™V oot vrneeciag (QoS).

Mivakag 1: Aettoupyiec 5G Atktoou

Zto onueto avto alilet va avagépovue otL ta diktva 5G akoAovOovv pa

AQXLTEKTOVIKT), 1) ool BaoiCetal otnv magoxn vmnneeowwv (Serviced Based

Architecture — SBA). Avtov TOU TOTIOV 1 AQXLTEKTOVIKT] TTAQEXEL ONUAVTIKA

0PEAT 600 aPOEA TNV dour| Tov dikTLOV.

e EUkoAn Avavéwon: Kabe vnnoeoia pmooel va avavewOel pe

Aot eTOQAON OTIC VTTOAOLTIEG VTINEETLEC.



e Emextaoportnta: H mpoobnkn véag Aettovoywotntag meoulapPdvet
Vv mEooOdNnkn véac vmneeoiag (CLVUTEQUAAUPAVOUEVWY KAL TWV
AVTIOTOLXWV DLETAPWV).

e AgOgwtotnta (Modularity): ‘Eva  ovomua texvoloyilag 5G
amoteAeltal and vnneeoiec, oL omoteg xapaktnoilovratr and vYmAod
PaOuo Aemttopépelag kat XaunAo emimedo ovlevéng.

e Enavaxonowonoinon: Ou vnnoeoiec pmogovv va kAnBovv amod
TUTTIOTIONEVES OLETIAPES, TEOWOWVTAG HE TOV TEOTIO ALTO TNV £VVOLX

NG ETAVOXQNOLUOTIOMONG TWV AELTOVQYIKOTITWV.

1.3. Xgnotpomnorovpeveg TexvoAdoyieg

v magovoa evotnTa Oa mMaQoLOIXOTOUV ONUAVTIKEG TeEXVOAOYLEG, Ol

oTtoteg mallovv kKaBoELoTKd POAO otV AgttovEyia Twv 5G dikTvwWV:

1.3.1. Tunuatomnoinomn
‘Evag amd tovg otdéxovg twv diktvwv 5G Paciletal otnv TEOOQPOQA €VOg

EVOEOC PACUATOC VLTNEECLWV, Kabeula pe dAPOQETIKEG AMALTIOES OO0
a@opA TNV moTNTA TV LTNEEoWV (QOS), dNUOVEYWVTAG HE TOV TEOTO
AUTO  HIX OERA EVKAIQLWV YIX EQAQHOYEG O& dLAPOQOUG TOUELS TG
Bropnxaviag. ' tnv emitevén avtov tov otoxov, Ta 5G cvoTHHATA TIEETEL
va elval oe Béon va MaEéXOUV TUNHATA TOL OKTVOL £@aQUOlovTag Tnv

évvola TG AOYIKIG KATATUNOTS, AAUPAVOVTAGC LTIOYN TIC TTAQAKATW QX EG:

* QUTOMATOTOMON NG AELTOVEYIAG TOL DIKTVOV



vPnAn a&lomiotio

ETLEKTACLHOTI T

ATIOUOVWOT TUNHATWY TTOL AVIIKOLV O& DIAPOQETIKOVG TLEAATEG
vrtooTroLEn Y softwarization kot virtualization

LEQAOX LKT] APALQEDT) KL TTIQOTAQUOYT] TUIHUATOS

eAaoTKOTNTA TTOPWV DLKTVOV

H Aoywr) katatunon dwktvov oty mepintwon tov 5G moémel va Eemepdoel

He €EVTIVO KL ATIOTEAEOUATIKO TOOTIO DLAPOQETIKEG TTEOKANOELS, OTIWG:

N dnuovEyia aAdyoQlOuwv eloaywyrg kot oxedtoHoV OV 0TOXEVOLV
OTNV KATAVOUN] TIOQWV OTA TUNHATX KATA TI ONUIovQYla KAt T
Agrtovgyla Tovg

N 0éon TV AelToLE YLV dIKTVOL OTNV LTTOOOLN

0 €AgYX0G TNG KUKAOPOQIAG EVTOC TOL TUTUATOG

N dlxxelplon amd AKQEO 0& AKQEO TWV TUNHATWV

N dlxxelplon ¢ KVNTIKOTNTAS KAl 1] €VOQXTOTOWOT TWV AELTOVQYLWV
ductvov Tov anaQtiCovv Ta TUNHATA

N ao@AaAex

1.3.2. Texvntn Nonuoovvn

Aopxetol Topelg TNG TEXVNTNS VONUOOUVNG, HeTall twv omolwv Eexwollel M

unxavikr pddnon (Machine Learning - ML), elvat xonjowpot yux v avamtuén

YVWOTIKOV AOYIK@V TUNUHATWY, Ta omola etvat OepeAdn yx v emitevén

aVTOKATELOLVOUEVWV dikTVWV 5G.



‘Eva avtokatevBuvopevo dikTuo mEEMeL v avamTOOOEL AVTOVOUX TOV KUKAO:
«avTiANYPmM-ox€010-amdeaon-mEacn», 0 0molog TEETEL VA OLVOdEVETAL ATO
HAaOnomn kKat avatEo@odotnot), Téoo amd to dikTLo 0TO0 CULVOAO TOoL OCO0 KAl
ATO TA €TMUEQOVS CLOTATIKA TOL TUNHATA . Ot TEXVIKES PNXAVIKTG H&Onong
éxovv mpoopata xenowpornomOel otov Topéa TV OIKTOWV €TOL WOTE V&
avtopatoromBel 1 ddwkaocia  ANYng  amopacewv.  XaQAKTNOLOTIKA
TAQADELYHATA TIQOG TNV OVYKEKQLUEVT] KATEVOLVOT] ATTOTEAOVV 1] EVIOXVTIKT)

HaOnon kaln Badk evioxvtkn uadnon.

LtV meQimtwon NG EVIOXVTIKNG HAONoNG, £évac ev@urc TOAKTOQOS
AapPavel  amo@doelg  TEQLOdWA  €xoviag vToYn  Kataotaoels (Y
naQAdetypa, éva oUVOAO OQOHOAOYNTWV 7oL elval dxOéouol yux Tov
LTTIOAOYIOHO G OlxdQOUTG) Kol evéQyeles (Y TAQADELYUA, OTIOOTOAT)
kivnong péow tne vrmoAoyllopevng dxdpourc). O mEdkToEAs TapATNEEL TO
amotéAeopa TG aAANAentidpaonc tov pe To TEQIPAAAOV KAl otV OLVEXEWX
AVATIQOOAQUOLEL TNV OTOATIYIKN] TOL £T0L WOTE Vo eTITUXEL M BEATLOT
TOALTIKT). Q0TO00, OL TEXVIKEG UNXAVIKNG HAONONG Tov XONOLHOToLoUVTAL
OUVYKALVOLV e aQyOd TEOTO TEOG TNV PEATIOTN OTEATNYIKY] OTav amatteltal
va avakaAvPouy Kal va ATOKTHOOVV YVWOT OXETIKA He éva peydAo ovvoAo
KATAOTATEWV — EVEQYELWV, KAOIOTWOVTAC HE TOV TEOTIO avTO dVOKOAN TNV

EQAQUOYN TOVG OTNV TEPIMTWON TwV dikTVWV 5G.

H BaOuk padnon éxer mpdopata xonopomnomOetl oav eoyaAeio éToL wote va
EemeQAOTOVV OL TIQOTYOUUEVOL TIEQLOQLOUOL, ONUIOVOYWVTAS HE TOV TEOTO

avto évav véo TUTIO HABNONG, mov ovoudletal Pabid evioxvtiky padnon



(DRL). XaQaxtnoloTikés MEQLMTWOELS TQOG TNV OUYKEKQLUEVT KatevOvLvOoT)

ATIOTEAOVV OL TLEQITITWOELS TV VELRWVIKWV duktvwv RNN, FNN kot LSTM.

H evowpatwon g Babidg evioxvtikng ndadnong oe diktva texvoloyiag 5G
HmoQel va empéel Beapatikd amoteAéouata 000 APOQA TOUG UNXAVIOOUG
dlaxelplonG TV AOYIKWOV TUNHATWY, €K& ekelvwv 1oL oxeTiCovTat e Tov
TIOOYQAUHATIOMO KAL TNV KOLVI] XOT)0T) TTOQWV. AUTH 1 EVOWUATWOT ETUTOETIEL
TNV UETATQOT] TEXVIKWV TIOL Pacilovial o0& HOVTEAQ, O TeEXVIKES XwOIS
HovTéAo, oL omoteg pabatvouv Padid aAAnAoemdowvtag pe to meQPIAAOV
Yt V& IKAVOTIOU)OOLY TOOO TIC OUHPWVIEG ETUTIEDOV EUTIELQIAG OO0 KAl TIG
OVHPWVLEG emtimédov vmneeoiwv. Ot ovupwvieg avtéc oxetiCovtal pe delkteg

niodtnrag epmnepiag (QoE) kat mowwtntag vnnoeoiag (QoS) avtiototxa.

AdYw ¢ MOAVTTAOKOTITAG TWV CLOTNUATWY ETUKOWVWVIAG OTNV TEQITITWOT)
oL 5G, ta akdAovOa onpela etvatl OepeAwdn Y T AOYIKN) KATATUNOT) TOU

dTOOVL e Baon v Padik evioxvtikn pabnon:

e O 00W0HOC TWV OLVOAWV KATAOTACEWV KAl DQACEWV TQEEMEL VA&
KAAUTITEL TN OUVAHLKT] TWV TUNHATWV.

e H povteAomoinomn twv oLVOAWV KATAOTATEWV Kal dQ&oewv Oa EéTteL
V& HELWOEL TO KOOTOG TNG pddnong.

e H avtapoff] moémet va etvat 600 10 duvatdov TIO ATA] Yix va
dtevkoAvveL ) dxdikaoia p&dnong.

e H moootucomnoinon g avrapolPnie Oa mMEETEL va EVOWUATWVEL TOV
X00VO amokQong (N aAAnAemidoaon pe 1o mMeQBAAAOV dev elval

oTLy ).



e Ta amoteAdéopata TOL TAQEXOVTAL ATIO TOVG TQEAKTOEES Pabiig
HAONoNG mEémeL va elval CUPPATA pe TN XQOVIKT) KAlpaKka otnv omoia

ovupaivouv ta yeyovota.

1.3.3. Aiktva KaOogropéva and Aoyiouiko (Software Defined Networks)
Mwx OepeAdne évvoux ywx v Aoylwopkoroinor (softwarization) twv

dkTVWV amoteAel avT TwV dKTVWV TOL elval kKaboplopéva amd AOYLoUIKO
(SDNs). H évvoia avt) eivat anagaltntn yix tnv daxeioon moAAamA@V
EKOVIKQWV AOYIKWV OIKTOWV OTnVv Tepimtwon g texvoAoyiag 5G. H

apxlrektovikr) SDN mpoo@épet ta mapakdtw MAEOVEKTHHATA:

o LexkAOaOog dAXWELOUOS TOv eTUTTédoV deDOUEVWVY KAl TOL ETUTTEDOL
eAéyxov
e Aoywr) kevtokomoinomn g Aettovpylag eAéyxov

e vAomolnom g AettovEYiag eAEYXOL O AOYIOUIKO

LV TMaQAKATw &ewova, maatiOeTal dAYQAUUN OQXITEKTOVIKIG OTHV

niepintwon twv SDNs [1], oto omolo diaxpivovtat 3 emtimeda:

e Eminedo epaguoyng
e Eminedo eAéyxov

e Eninedo dedopévawv
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Ewkova 2: Awaypapuo ApxLtektovikric SDNs

ZOoppwva HE TNV TIAQATIAVW QQXLTEKTOVIKY, TO eTimedo Oedopévwv

amoteAeltat and otolxela TOv dwKTOOL, TA oTola  eedkevoOVTAL TNV
Oy elplon MAKETWY KAL ETUKOWVWVEL PE TO ETUTEDO eA€YXOL Héow Hiag 1) Kot
TIOQATIAV@W dLEMAPV (XAQAKTIQLOTIKY] elvat N mepimtwon g Cavng SBI).
Ooo apopa to emiTedo eQaQUOYNG, VAOTOLEL KAl 0OQYAVWVEL TNV AOYIKN TWV
AgltovEYLwV Tov diktvov. ErumAéov, to emimedo e@aQUOYNG eMIKOWVWVEL TIG

ATIALTIOELS OKTUOV TIOL €XEL TIQOG TO eTimedo eAéyxov Héow HaG 1N Kot

naeamavw oLeTtapav (NBI).

To emimedo eAéyxov HeTaPOALEL TIC ATIALTIOELS TOV ETUTTEDOV EQAQHOYTS Kot
TS eaQuolel ota otolxeia Tov dKTVOL Héow e Cwvng SBL. ErumAéov, to

eTUTIEDO eA€YXOL KaO0oQI el ekelVEG TIG OLETAPES, OL OTIOLEG EVEQYOTIOLOVV TNV



LAOTIOWMOT TOL EAEYXOL MOV aoE& dikTva HEYAANG KAlHAKAS KAl gvEelag

TLEQLOXNG.

1.3.4. Eitkovikomoinon (Virtualization) twv Aettovgytwv Tov diktvov
H NFV (Network Function Virtualization) elvar pux texvoAoyiax mov

dLevkoAVVEL TNV AVATITVEN MOAAATAWV AOYIKWV TUNHATWVY dIKTVOL & UL
kown vmodoun. H ovykekoutévn texvoAdoyla amoovvdéel Tig Aettovpyteg
dKTVOL ATO TO LVAWKO O0TO OTIOl0 TEEXOLV, €TOL Vo eEayYAYEL TOUG PLOLKOVG
TOEOVC TNG LTOOOWUTS, VA TOVG dlaRéoel AoYKd kKat va toug avabéoel ota

VENs mov dnuoveyodv ta etkovikd Aoy diktoa.
Toa kOowx ovotatika oty meplntwor tov NFV etvat:

e H vmodour) NFV (NFVI)
e Ta VNFs

¢ MANO (Management and Network Orchestration)

Xagaktnootikd elval to magakdtw oxnua [4], to omolo magovolklel v

npoava@eQOelon AQXLITEKTOVIKY:



Virtualised Network Functions (VNFs)

VNF VNF VNF VNF VNF

NFV Infrastructure {(NFVI) NFV
Virtual Virtual Virtual M"“:ﬁ;’“e"‘
; St Network

Compute orage etwo Orchestration

| Virtualisation Layer |

Compute Storage Metwork

Hardware resources

Ewkova 3: Virtualization

1.4. Epaguoyég Texvoroyiag 5G

Zmv magovox evotnta, Oa avagpepBovv o medla  ePAQUOYNG  TNG

texvoAoylag 5G kal To CLYKEKQLUEVA 1) XOT)|OT) TG OE&:

e Aiktua kKivntic tAepwviag VPNANG taxvTTAg

o Yuxaywyla kat moAvuéoa

e Awdiktvo twv Ioaypdtwv (Internet Of Things)

e Yyelovouikr) eQlOaAPm kot KQloES EQAQHOYES

e AoQULPOQLKO AladiKTLO



1.4.1. AixTvo KIvN TG TNAgPwviag VYPNAT G TaxvTNTAG
H texvoAoyia 5G amotedel pix onuavtikr] eEEALEN oe oxéon pe OAeg TiC

TLQONYOUUEVEG TEXVOAOYIEG KIVITWV ETUKOWVWVIWY, KaOws mEo@éQel TOAD
vPnAég taxvtnteg ANYng €wg 20 Gbps. Mmoget kavelg evkoAa va loxveloTel
ot éva 5G aovpuato dikTvo AgrtovEyel oav Hiar oUVOECT) OTO dLADIKTLO, TIOV
BaoiCetar otnv xornon onmtkwv wwv. ErumAéov, 1 texvoloyia 5G etvat
dlx@opeTikt) oe Oxéor HE OAEC TIC TAQADOOIXKES TeEXVOAOYieC KLvnTIg
HeTAdoomNS, KAOWS TQEOOEPEQEL e ATOTEAEOTHATIKO TEOTO dLVATOTITA
HETAdOOTC PwVNG AAAK dlx - CLVOECIUOTITA dedOMEVWY VYPNANG TaxxVTnTac.
Aev O mpémel emiong va maQaPAEmetal TO YEYOVOS OTL TIQOO@PEQEL
ETIKOLVWViEG TOAV xapnATc kabvoTtéonong pikpdteong tov evog millisecond,
KATAAANANG yix avtovoun odrynon Kat e@aguoyEs kolowne onuaoiac. H
XOMoN XWIOOTOHETOWWV Kuudtwv (millimeter waves) ywx tnv petddoon
dedopEVWY  MEOOPEQeEL LVYNAOTEQO €VQOG CWVNG KAt HeYAAUTEQO QLOUO
petadoong oe oxéon pe 1 LTE Cwvec. ' tov Adyo avto, 1) texvoAoyia 5G,
ETUTQETEL EKOVIKY TIEOOPaon oe LPNAN emeeQYAOTIKT] LOXVD KAl AOQAAT
TEOOBaon oe LTINEEoieg LTTOAOYLOTIKOV VEPOLG (cloud computing services). To
KOO péyeDog kLPEANG amotedel éva amd KOO YXAQAKTNOLOTIKA TNG

texvoAoyia 5G, yeyovog mov emipéetl TOAAQ 0@EAT OTiwG:

e VYMASG MOCOOTO KAALYPNG
e  VYNAGGS QLOUOG PETADOOTC DEDOEVWV
e &cEoKOVOUNON eVEQYELAG

e cUKOATN Kat yoryoen mpooPaot) oe cloud vnnpeoieg



1.4.2. Yuxaywylia kot ToOAvpEéca
Ye pla époevva mov mEaypatonom|Onke, damotwOnKe OTL TEQLOTATEQO AXTIO

10 50% Tng kivnong oto ddIKTLO 000 APOPA TIC KLVNTEG OLOKEVEG
xonoporomoOnke yix Anymn Pivreo. Avtr) 1 taon otyovpa Ba avénbel oto
HéAAov, vyeyovog mouv Oa  kataomoer v Eon Bivieo meQLOOOTEQO
duxdedopévn. H texvoloyia 5G mpoopépel pon] vPnAng taxvtntag ya Bivteo
avaAvong 4K pe kKQUOTAAALVO 1)X0 KAl [LE TOV TOOTIO AUVTO TIQOOPEQEL VAV
ELKOVIKO KOOHO LYPNATG evkpivelag OTIG Kivntég ovokevéc. Emopévwg, Oa
weeAnoet m Pounxavia Ppuxaywylag, kabws mEOoEEQEL TNV dLVATOTNTA
avanapoaywyns 120 kapé ava devteQOAemTo O€ BlvTeo Kat eTUTAEOV dlveTaL 1
duvatotnTa maeakoAovONoNG kavaAlwv VPNANG avaAvong Xwols dakoTég,

YeYOVOS TIOL OVHUPBAAAEL OTNV evioxvon ¢ OeTIKNG eUTERIAG TOVL XONOTN).

Ta diktva 5G magéxovv emucovwvia LVYMANG evkQlvelxg Kat YapnAng
kaOvotépnong, wote N emtavénuévn moaypatikotnta (Augmented Reality) kat
N ewovikr] meaypatwotnta (Virtual Reality) va epaguootovv pe evkoAo kat
amodoTKO TEOTI0 010 HéAAOV. 1o onuelo avtd alilel va ava@épovue OTL o
ALY VIO EKOVIKNG TIOAYUATIKOTITAG ATOTEAOVV HLX OVUYXQO0VT] TAOT] Kol
TMOAAEG etaQeleg emevOovovv otV dnuovEYilx Tétov TomoLv mayvidwwyv. H
texvodoyla 5G péow NG ATMEOOKOTTNG TEOOPAONS Tov  eEaopaAilet,
ovuPdAAel otV TEQATéQw  eEATMAWON  TALXVIOWV  ELKOVIKTI|G
TIOAY LATIKOTITAG, EVIOXVOVTAG HE TOV TEOTO avTd KAl Tov PuXaywYuo tng

dAo.



1.4.3. Atadiktvo twv Igaypatwv (Internet of Things)
Ta dixtva kvnTg MAepwviag 5G dadoapatiCovy oNUAVTIKO EOAO0 OTNV

avamntuén tov Internet of Things (IoT). Onwg etvat 1dN yvwoto, to IoT mapéxet
MV OLVATOTNTA  dXCVVOEOT)G  OLXPOQETIKWYV TUTWYV  AVTIKEUEVWY KAl
EPAQUOYWV 01O OxdikTLO. OL €QAQUOYEG, OL OTIOlEG XONOLUOTIOLOVVTAL OTNV
OUYKEKQLUEVT TEQITMTWOT), CLAAEYOLV dedopéva aTtd DIAPOQETIKEG OVOKEVEG
kat awodntroec. Kaboolotikd pdAo mpog tnv dlevkoAvvon NG MAQATAV®
AELToLEYIKOTNTAG, avapévetal va mallel ) texvoAoyia 5G, 1 omola mapéxet
ovvdeon o010 Awdiktvo MOAL LVYPNANG Taxvmtag yix T ovAAoyr,
HeTAdOOT), TOV éAeyx0 Kal TNV emeleQyaoio Twv dAKIVOUUEVWY dedOUEVWV.
Aev Oa mpémel va magaPAémetat to yeyovog ot to diktvo 5G amoteAetl éva
EVEALKTO DIKTLO HE aXONOLOTIOMN T DO eOIUOTTA PAOUATOG TIOL TTOOOPEQEL
TOAV XaunAoly KOOTOUG AVATTULEN, Kal Yx Ttov AdYo avtd elvat 1 mo
ATIOTEAEOUATIKT]  TEXVOAOYlar otV  mepimtworn Tov  Awdwtoov  Twv

IMoaypatwyv. TNV OLVEXELX AVAPEQOVIE KATIOLEG EVOEIKTIKES TIEQLTITWOELS
EQPAQUOYNS:

‘Eévnva omitia: Ta mpoidvia kat ovokevég mov oxetiCovrar pe v
Aettovpyia ¢EVTIVWV OTUTIOV TTAQOLOLALOVY TeQAOTIAX (NTNON TNV ONHEQLVT)
ertoxn). H texvoAoyia 5G ovpPaAder otnv eOkoAn Kal ATOTEAETUATIK)
dlaxelplon twv €EVTIVWV OTUTIOV, KAOWS mMEoo@éQel ovvdeoLOTTA LYMATIC
TAXVTTAG KAl duVATOTTA TAQAKOAOVONONG TwV €EVTIVWV CLOKEVWYV TIOUL
xonoworowvvtal. Ot €EuTvec OWKIAKEG OLOKEVEC elval MAEov eUkoAa
TEOOPBACIUES  KAL  DIAHOQPWOLHES  ATO  ATIOUAKQUOMEVEG  TOTOOEO(ES
Xonotpomowwvtag 1o diktvo 5G, kabwg avtd MEOooEéQeL TIOAD YO1 YOO

eTIKOVWVIX XapNANG kaBvotéonong.



‘E€unveg moAets: Ta aovguata dlktva 5G  ovpPdAAovv  emiong otnv

AVATITUEN €QAQUOYWV £EVTIVWYV TIOAEWV OTIWGS OL:

* avTOHAT Ol elOLoT KUKAOPOQLOG

e ££OKOVOUNOT] EVEQYELARG

®  ATOOOTIKT] TAAQOXN NAEKTOUKOV QEVUATOG

e £EUTIVO OVOTNHA PWTLOUOV

e duxxeloon Twv LOATIVWV TIOEWYV, 1) daxxelplon TAT|Oovg

o £AeYXOC EKTAKTWV AVAYKWOV

OAec ot mapamavw  epagpoyés  ovpPaAdovv oty PeAtiwon g
KaOnpeovoTNTAC TWV TMOALTWYV Kat vroondovvTal ATO TIS OLVATOTITES TTOV

napéxoviat Héow g texvoAoytag 5G.

Bopnxaviko Awadiktvo twv Ipaypudtwv (Industrial IoT): H acvouat
texvodoyia 5G magexel MOAAX XaQAKTNOOTIKA VX TG Blounxavieg tov
HéAAovtog, ot omoleg Oa elvat ot Bopnxavieg mov PaoiCovtat oto Adiktvo

twv IToaypdtwv. Evdewtind avagépovtal ta magakdtw:

*  ao@AAeln

e  TaEaKOAOVONON dad ATV

®  OULOKELAOIX AVTIKELEVWV

®  QTOOTOAT AVTIKEUEVWV

®  EVEQYELAKN ATTIODOTIKOTI T

* avTopAaTOTIOMOT AgtToLEYIAG TOL €EOTIALOHOU
® TEOYVWOTIKY CLVTIENON

e dloknTKéG AeLTOoVQYLEg



‘E€umvn yewpyia: H texvodoyia 5G avapévetatr va daxdoapatioel koloo
00A0 0t YvewEyiar kat Vv €Euvmvn veweyia. Ou awoBnmoeec 5G katl 1
texvoAoyla GPS Oa BonOnjoovv touvg aypdtec wote va mapakoAovBovv oe
Covtavo Xpovo emiféoelg e KaAALEQYeLeS Kal va Tig daxetpllovtal e T0To
Y01 Y000 Kat amoteAeopatikd. Avtot ot éEvmvol aloOnTreeg pHmogovv emiong
va xonowomomBovv yix adevon, duxxelplon magaoitwv kat EAgyxo Tng

KATAVAAWOT)C NAEKTOIKNG eVEQYeLaC.

Avtovoun odnynon: To acvouato diktvo 5G mEoOOPéQel TTOAV XapnAn
KkaOvoTéEnon 600 aPOoEA TNV TEAYHATOTON 0T TWV ETUKOLVWVLWY, 1] OTtolo
elvat MOAV onuaviky yx avtovourn odrynorn. Avtd onuaiver Ot ta
AVTOKLVOUHEVA AVTOKIVITA Oat UPavIoTOVV 0TV mEAYHaTiKT) Cwr) ovvTopa
pe Tnv vrroPor|Onomn g texvoAoylag 5G. Ltnv meQlMTwoT avTr), T&@ AVTOVOUX
oxuata Ba PMOQEOVV €VKOAX VA ETMIKOWVWVOUV He T €ELVTIVA ONpATo
dlxxeloong KukAo@oplag, avrtikelpeva kat dAAa oxnuata ta  omola
Polokovtatr otov doopo. H moAV xaunAr kaOvotépnomn, mn  omoia
eCaopaldiCetal péow g TexvoAoyiag 5G pmopel va kataotioel TNV
AUTOVOUN  0dNYNOT TEQLOOOTEQO  ePIKTH, kabwe KAabe XAOOTO TOL
deVTEQOAETITOL Elval ONHUAVTIKO OTNV TEQIMTWOT TWV AVTOVOUWY OXNHUATWY

000 Ao TNV AT amoPACEWV TOL TEETEL VA AdBAVETAL

1.4.4. Yyerovouikr) meolOaAn kol kQioLpeS EQAQUOYES
H texvodoyia 5G avapévetar va @EQEL EKOUYXQOVIOUO OTNV LXTQLKT)

ETUOTNUT, KAOWS OL YLATEOL Kal oL emayYeApatiec 0Tov XwEo g vyeia Oa

HTTOQOUV va ekTeAOVV mEomnyuéves axtokés Owdwkaotiec. To diktvo 5G



TIAQEXEL OLVOECIUOTNTA HETAED OAWV TV TALEWV, OTIOTE 1] TAQAKOAOVOT O
oepvagiwv kat daAéEewv Oa  elvat evkoAdtegn. EmumAéov, péow g
texvoAoytac 5G, ot acBevelg pmogovv va ouvdeBoUV e TOVG YIATEOUS Kol V&
AdPBovv TG ovpPovAEC Tovg. Aev Oa TTRETEL Var TTAQAPAETOVLLE TO YEYOVOS OTL
OL ETUOTIHOVEG KATAOKEVALOLV EEVTIVEG LATELKEG OLOKEVEG TIOL UTTOQOVV Vot

PonOrnoovv dtopa pe XQOVLEG LrTOLKEG MO oeLs.

Emopévwg, to diktvo 5G avapévetat evioxVoeL T BOUnXavioe VYELOVOULIKTG

TeplOaAYNGC e TOLG TARAKATW TEOTIOVG:

o ¢EUTIVEC OVOKEVEG

e Awdiktvo Iatowawv IMoaypatwv (Medical Internet of Things)

e ¢(EumvolL aoONnToES YA TagakoAovONON IATOIKWV OeDOUEVWVY
®  TEXVOAOYLES LATOLKTC ATIELKOVLIOTG VYPNATIC EVKOLVELXG

e {EuTva oLOTHATO AVAALOTG

EmnAéov, 1 texvoAoyla 5G Oa Pondnoet otnv medoPaoctn amobnikevtikwy
HéowVv voAoYLoTIKOL Vépoug (cloud storage). Avto onuaivel OtL | MEOCBaoM
ot dedopéva vYelOVOUIKTG TeQlOaAYPng Oa  elvar TOAL eVkoAn amo
omtowxdnTtote torobeoia maykooulws. Me tov TEOTIO avTd, Ol YITEOol Kat ot
VOOonAguTtég O HTToQOVV eUKOAX var amoOnKeVOLY KAl va popalovtat aQyeia
HEYAAOL OYKOU, OTWG AVAPORES HAYVNTIKNG TOoHoyQa@ilag, péoa O€
deVTEQOAETITAL XONOLUOTIOLOVTAS TIG OLVATOTNTES IOV TIAQEXOVTAL HETW TIG

texvoAoyiag 5G.



1.4.5. AoguoQ1KkoO AladikTvOo
L& MOAAEG amopaKQUOUEVEC TEQLOXEC, OL eTtiyetol otadpol Baong dev elvat

daOéouol, emopévawg 1 texvoloyia 5G Oa dixdpapatioet kQlowo gOAo otnv
TaQoXT) ovvdeouoTNTAg oe avtéc. To diktvo 5G Oa mapéxel ovvdeouOTNTA
XONOLHUOTIOWOVTAS  DOQUEPOOLKA CLOTIUATX Kol TO OOQULEPOQIKO CLOTNUO
XONOLUOTIOLEL £VAV AOTEQLOUO TIOAAATIAWVY UIKQWV dOQLPOPWV €TOL WOTE VA

TIAQEXEL CLVOETLUOTITA O€ AOTIKEG KAL XYQOTIKEG TEQLOXEG O€ OAO TOV KOOUO.



KEDAAAIO 2: 6G AIKTYA

Lta mAaiowx TOU OLYKEKQUUEVOL KepaAaiov O mMaQoLOXOTOUV T KLUQLX
XAXQAKTNOLOTIKA TwV dKTOWV 6G, 0oL dlxoTtAoelg oxedXoHOV TOVG, Kabws Kat

T0 TedIO EPAQHOYNG KAt oL TROKAT|oeLS Tovg [5], [6], [7].

2.1. Xagaxtnoiotika Atktowv 6G

Lta mAalow TG OLYKEKQIHEVNG evOTNnTag, Oa mMaQoLOXOTOLV Ta KUQL

XAXQAKTNOLOTIKA TV dIKTOWV 6G.

2.1.1. YYnAdg PuOuog Metagpopag Aedopévwv
Ta diktva 6G O cvvexloovv TNV avéntiknyy TdoT TOL ELOHOV HETAPOQAS

dedopévwy, pe mEoPAemopevn taxvmnta Anymc tovAdyxiwotov 100 Gbps. H
TaXVTNTA AUt elvat déka QoEg peyaAvtepn amnd v (OewonTkr)) TaxvTnTA
ANYmc evog dwktvov 5G kat 300 @oéc peyaAvTeQn oe ox€0N HE aQUTH TWV

OwtOwv 4G.

2.1.2. YymAég Zvxvotnteg
Oco vymAdteon elvat n ovxvotnta, 1600 TEQLOOOTEQO elval Tto dxOéouo

evEog Cwvnge. Emopévag, mpokelpévou va emitevyBovv vymAa evon Cavng, Oa
TEEMEL Vo eEx0PAALOTOVV TOAV vPnAéc ovyvotntes. T mapaderypa, ta
diktvar 4G meplopllovtal oe ovxvomres ¢ws 2,5 GHz, evw ta diktva 5G

Aettovpyovv otig Cwveg 28 kat 39 GHz. Oco agood tnv emodpevn yevik



dKTOWV KIVNTIG TNAe@pwviag, ovumeQLAapPavopévou tov 6G, avapEVETaL va

KATA@UYEL 0 oLXVOTNTEG oL O aryyiCovv ta terahertz.

2.1.3. IToA¥ pukéc kaBvotegnoeig
H eumepla twv meAatwv kivnmg thAepoviag eExgtdtat and 0 Moo Twv

dedopévwy mov  umoovv  va  kateBdoovv. ' MOAAES  epaguovés, 1

KkaOvoTéEnomn Tov dIKTVOL elvat eE(0OL ONUAVTIKOG TAQAYOVTAG.

BePaiwg, n ewoaywyn dwtdwv 5G (kat n AavOdvovoa KATAOCTAON TOLG
HkEOTEQN amto 1 XIAooTo Tov devtepoAémTov) Ba mEéTel 1NdN va dwoet TéAog
oe Tétolovg TEoPANpatiopovs. Ouwg, N texvodoyia 6G mEoTelvel piax akOu

10 BeATiwpévn AavOdvovoa katdotaomn Alywv HIKQOdEVTEQOAETITWV.

H eéAEn avtr) elvatl amapaltntn yix TNV LVTOOTHELEN TOV ALEAVOUEVOL
aplOpov  epaguoywv Internet of Things (IoT). Ac avaAoywotovpe nv
TEQIMTWON TWV CLOTNUATWY KAELOTOU PEOXOVL TOL €AEYXOUV UNXAVES KAl
moAVTAokeg Blopunxavikés depyaotes, ot omoleg PaoiCovral oe dedouéva
aoOnujowv Oe TEAYHATIKO XQOVO 1 evaloOntec OTO XQOVO LATOLKEC
epagpoyéc  IoT, omwg n  emefepyaocia xar 1n  gQuNVEIx  ONUATWV

nAextookapdoypaprnuatos (HKT) 1) nAektooeykepatoyoapnuatog (EEG).

2.1.4. TegaoTiog 0YK0G dLaovvdedeHéVWV CUOKEVWV
H dVvaun tov Auxdutvov twv Hoayudtwv kabogpiletat amd tov aglipo twv

ovvdedeévwY aoOnmoEwv kat cvokevwv. Kat edw mooPAémetal tepaotTix
avantuén. H etaupela épevvag ayopag Statista mooPAémer 6t péxot to 2025 to

IoT Ba amoteAeitar and oxedov 31 doEKATOUUVOLX CLOKEVEG, 08 OUYKQLOT] HLE



g 12 éwg 13 doekatoppvox ovokevég onpeoa. Me avtdv TOV OLVEXWS
aLEAVOUEVO AQLOUO CLOKELV €QXETAL 1) TEOKANOT NG oLVdeong OGCO TO
duvatov TEQLOTOTEQWY OLOKEVWVY 0TO Aladiktvo (ava m2 1} km2). Avtog o

AQLOUOG AVAPEQETAL WG TTLUKVOTITA OVVOEOT|G.

Ta onueowvd diktva 4G emutvyxavovv mukvotnta ovvoeong mepirtov 100.000
ovokevwv ava km2. To 5G éxer emupépel kKaAvtepa amoteAéopata,
eTUTEETMOVTAG TN oVVdeoT 1 exatoppvpiov ovokevwv ava km2. Kat pe v
eloaywyn dwtvwv 6G, 0 aglOuog twv 10 exatoppveiwv cuvvdedepévwv

ovokevwv ava km?2 éoxetat TOAV KovTd.

2.2. Ataotaoeig Lxediaong tov 6G

Ye kaOe yevia péxot to 5G, ot toetg OeeAldELS DIXOTATELS: TOV PACTHUATOG,
MG QPATHUATIKIG ATOd00NG KAl TG XWOLKNG ETAVAXQNOLUOTOMONG €XOUV
LTTAY0EEVOEL TOV TOOTIO UE TOV OTIolo pmogel va avEndel n xwoenToT A,
OTIWG AVTLTIQOOWTIEVETAL ATIO TO EMOUEVO OXNHa. Oa ovvexloeL va LOYVEL KATL
tétolo kat Y 1o 6G. H texvoAoyia padloovxvotr)twv Oa mpoxweroet o€ .ox0
KQL OUKOVOHIKA QmodOTIKO PACHA XOoNong oe akoun vPnAotegec Cwved.
YrapyeL 1 evkapla TOVAGXLOTOV Hag dekamAdolag avénong g mooottag
TOV PACUATOG He T petaPaor) oe Cwveg ovxvot)twy terahertz. H paopatikn)
amddoon Oa PeAtiwOel péow g xonone MIMO moAAamAwv xonotwv oxt
HOVO 0¢ Caveg KVHATWY ekatootwVv (cmWave) aAAQ Kat KUHATWV XIALOOTWV
(mmWave), xkabwg petaPatvovpe amod avaAoywkn oe vBEu/Yneakn

drapoppwon déounc. Kabwe 1o kdéotog tov palikov MIMO mégrel, axdun



HeEYaAUTEQEG oLOTOLX(EG UTTOQOVY va avartuXOovv yix megautéow av&nom
me  @aopatikng amodoons. H mukvotnta touv dwtvov Oa ovvexloet
avap@PoAa va avéavetat, 6L HOVO Yix AOYOUS XWENTIKOTNTAG, AAAL Yot va
naéxet avénuévn kaAvyn oe Caveg vPnMAdtepwv  ovxvotitwv, O€
vmAoOTEQOVS ELOHOVS dedopévwy kat pe LYMAOTeEn alloriotia. EmmAéoy,
Oa te0el o epapuoyn mo dxdedopévn mpooPaon oto eaopa. H avraAdayn
HeTalV twv @oQéwv ekpetaAAevone Oa  emutoédel TOAD  peyaAvTeen
ETIAVAXONOLHOTION oM oL PAopATOC. H ATIOTEAETUATIKT)
ETIAVAXOTOLUOTIOMOT]  TOV  PACHATOS  elval  WOALTEQR  ONUAVTIKY  OTIS
XapNAOTEQES Laveg, kaBwg dBETOVY KAAEC OLOTNTES DLAOOONG XWOIG OTITIKT)

ertapn] (NLOS) kat ot mogot paopatog oe avtég tig Cwveg eivat omaviot

Spectrum

Compute

Spectrum Space

Efficiency
Energy

Ewkova 4: Alaotaoels 6G
YrnoompeiCetat 6tt 1o 6G Oa dapépel OepeAlwdWS amd TIG TIOOTYOUHEVEG
YeVIEG 0To OTL TOElS véeg OepeAwddels daotdoelc Oa teBovv oe Aettovyia
EKTOC amo TS TAQATIAVW TEELS Tapadoolakés daotdoels. Avtéc ot
dLAOTATELS AVTITIEOOWTIEVOLY TOVG OeEALDDELS TTOQOVS TWV DEDOUEVWY, TWV

LTOAOYLOTWV Kat NG evépyetac. Omwg etvat yvwoto, ot texvucég Al(Artificial



Intelligence)/ML(Machine Learning) pactCovtat oe dedopéva kat OTol0g €xel
TEOOPACT 0 HUEYAAOVG OYKOUG DeDOUEVWY OUYKEKQLUEVOL TOpEx Oa elvat
ETUTVXNG OTNV EQPAQUOYN ALTWV TwV TexVikwv. H epapuoyr) tov Al / ML oto
oxedxouo cvotnudtwy 6G Oa etvat OepeAddNS kat OO e dLAPOQEOVG
aAdovg Topels, kat Ta dedopéva dktvov kal awoOntiowv Oa  yivouv
OepeAwdelg ool mov B a&lomomnBovv vy ) BeAtiowon g amddoomng Tov
ovotuatos. Eva n vtoAoyotkr] .oxg ftav mavia £vag onUavTikog moQog
Y T KupeAoedr] ovoTuata, OV0 CNUAVIKES TAOELS delXvouv OTL OTnV

Tteplmtwon ¢ texvoAoyiag 6G dev Oa loxVeL kKATL TETOLO.

H mowtn tdon mov mapatngeital etvat o avadLOpEVOG KOQETHOS OTOV Qoo
TwV TEAVCIOTOQ TOL UTOQOVV VA OLOKELACTOVV O& €vav OYKO HOVAdAS, O
omolog TeQLopilel TNV LTOAOYLOTIKT] WOV Twv ovokevwv. H devteon tdon
ava@épel 0Tl otV Tepimtwon g texvoloyiag 6G Oa xonowwomowmOovv
TIOAAATIAEG OLOKEVEG Y eVIOXLOT] TWV dLVATOTHTWYV TwWV AvOEWTWYV, oL

oTtoteg OGS Oa dDLAOETOVV TLEQLOQLOUEVT) VTTOAOYLOTIKT] LKAVOTITA.

2.3.I1edio Eqpaguoyneg 6G

Lta mAalow ¢ OLYKEKQIUEVNG evoTnTag, Oa MAQOLOIOTOUV TEQLTITWOELS

oTic omtoleg Ba PeL eappoyr) N TeXvVoAoyia Twv diktvwv 6G.



2.3.1. Edge Computing
Ta dixtva emoépevng yevide avapévetrat va LTOOTNEILOLY  TTUKVOTNTO

ovvdeong ovokevwv LYMAOTEONS artd Im/km2 . H ewloaywyr) tov tepdotiov
aplOpov ovokevwv éxel mMEOooBéoel MOAAG TeAkd onuela ot LTAQXOVTA
diktva kat kablotatar mepimAokn 1 emefeQyaoia TETOWWV TEQAOTIWYV
dedopévwv e Atyotepo amo Ims xpovo pet' emiotoer| (round trip time). To
diktvo 6G mepAapPdvel vmneoieg AMTikoL AxdIKTUOL TOL  ATIALTOVV
eCapetikad  LVYNAO  QUOHO  dedouévwy, xaunAdtepn kabvotégnon  kal
extetapévn afomotia. Oa  erutoéder ™ @LOKN aAAnAemidoaon Twv
avOQWTWV e TO avTikelpevo Tov PelokeTal 0TO ATMOUAKQLOHEVO HéQoc. T
TV €veQYomolnorn avtod Tov TUTOL VLTNEEowV, 1 TexvoAoyia Edge
Computing (EC) evowpatwvetar wg 1 TeEXVIKY) Ywx T Helwon g
vrtoAoylotikr)c moAvmAokotntag. Emefepydletal ta mepoootepa amd Ta
dedOoMEVA OTNV AKET) TOL dIKTVOL avTl va tar petagéget oto cloud diktvo, ov
Poloketat oAV paxoud. ITapéxel pua tomkn mnyn vy évav aglipo twv
OLOKELWV, OTIOL Tat DEDOHEVA UTIOQOVY V& aTtoOnievTovV Kol vt VTToBAN 00UV
oe enmefepyaoio yix TNV eAaXLOTOTOMNOT TOL XQOVOUL TIEOOPAONG KAl €TOL

HewwVveL TNV kaBvoTtépnor).
H texvikn) Edge Computing elivat emw@eAng oe ox£omn He ta moQaKATw:

e AvEAvel TNV VTTOAOYLOTIKT] IKAVOTITA TOL OLKTVOU.

e Mewwvel T0 XQOVO ULTIOAOYIOHOU Ylx TO XEWRWOHO TV oLVOeTwV
EQYAOLWV O€ EPAQUOYEG O€ TIOAYHATLKO XOOVO.

e Mewwvel v kKabvoTéEnoT Kot Tov Xo0Vo mEOoBaong.

e Mewvel v anattnon evpovg Lwvng.

e BeAtortomotel ta dedopéva yix vymAoTEQA ETITTEOA VTIOAOYLOUWV.



e Asgrtovgyel wg CUUTANPWHA OTOV VTTOAOYLOUO OXANG

XaQakTnELOTIKY] £VAL 1] TTAQAKATW ELKOVOL:

N Cloud/ Cooperate Data Centre —_ )

Drone Fleet dJrldusl‘n.':l

Robots I
foT Autonomous Healtheare

Driving

Ewkova 5: Edge Computing

2.3.2. KBavtikoi YmoAoyiopot

Yto 6G, 1ta ovpPatikd  VTTOAOYLOTIKA  OLOTHUATO — TQOKELTAL Vo
avVTIKATAoTAovV amo KPavTikoUg LTOAOYLOTEG Yix TNV Teowdnon Tov
TAQAAANALOUOD, TOL elvat eyyevig WO TG KPavTikng pnxaviknic. O
KPavtikds  vmoAoywopds Oa  emtoéel TNV MAQAAANAN  emefepyaoia
TOALIAOTATWV KAl dedOUEVWY  peyaAov peyéBovs. Oa evioxVoeL Toug
aAyoplOpovg kat tig texvikés twv ML kat Al mov aocxoAovvtat pe éva
TEQAOTIO OO0 dedopEVWY Yix ekmaidevon. H kPavtikn emuwovwvia pmoget
va elvat xornoun yix tnv maox1 vimAng acpaldeiag oe diktva 6G. Mmoogel
va Oewpnlel wg Paouoc kataAvtne g texvoAoyiag 6g. Evioxver tnv
ATOTEAEOUATIKOTTAX  TOL dIKTVOL  Yix TN dATHONON NG YVWONG O€

TIOAYHATIKO XO0OVO KAl TaQéxel Taxela avtardkolon ot (Hmon twv



xonotwv. Ta xkPaviikd vmoAoyotikd diktva HTOQOVV va LTIOOTNELEOLY
ATIOTEAEOUATIKA TIOAAEG ePaQUOYEG Ot peyaAn amodotaon. H xPavtn
emegeQyaoia Kal 0 VTTOAOYIOHOS eVIoXVOLV TOLG EQLOHOUVS dedopévwv Kat
pewwvouvv v kabvotépnot. Bonba otnv emitevén g efagetikd XapunAng
kaOvoTépnong twv ovyxeovwv TexvoAoylwwv. O kKPaviikde vmoAoylopog
XONOLHOTIOLEL TO  KPAVTOUNXAVIKO  PALVOUEVO YIX XEWWOHO  KPRAVTUKWV
nAnoo@oowwv  (oe qubits). Tevued xaoaktnootikd TOL  KPAVTIKOU

LTOAOYLOHOV elvat:

e Tlapéxel TayVTeQn dlaxelplom peyaAov aptOpov dedopévVwY.

e Baoiletat oto qubit (quantum bit), to omoto etvat 1 povada kKPavTikwy
TLAT|Q0@OQLOV.

e ITlpowBOel v maEAAANAN  emefepoyaoia  ywix TV LTOOTNELEN
EKATOUHVQIWV CLOKELWV TAVTOXQOVAL.

e Bon0a& omnv emefepoyaoia dedopévwv  exmaidevone yix HOVTEAQ

HNXAVIKTG HAOnong kat Badtdg pabnong

2.3.3. Anttiko Atadiktvo
To Amtkd Awxdiktvo (Tactile Internet) mapéxet pia mAat@ooUa yux Tnv

EVEQYOTIONOT) EPAQUOYWYV O& TIOAYHUATIKO XQOVO, OL 0Toleg KupatvovTal amno
TNV EVEQYOTIONOT] TNG QOUTIOTIKNG £wG TG ATTIKEG  ETUKOLVWVIEG,
OLUTTEQLAAUPBAVOHEVTC TNG TNAEXELQOVQYIKNG, TNG ALTOVOUNG 0N YNOTS, TG
AR (Augmented Reality), tnc VR (Virtual Reality) xat tg XR (Extended
Reality). Yto dlktvo pe dvvatdTnTa aEng, 1 XapnAoteon kabvotépnon

ovvdvdletatl pe PeATwpévn aflomotia kal ao@dAeix. Oeweltal wg o



PaokOG MAQAYOVTAG TNG ATITIKTG EMKOWVWVIAG, 1) OTIOIX EVOWHUATWVEL TNV
TIOAYUATIKT] EUPATITION TOV avOQWTIOL OTOV ELKOVIKO KOOUO He TNV aloOnon
NG APTIS KAL TNG QUOKTG AAANAETOQAONC aTtd évar ATIOUAKQUOEVO EQOG.
Evowpatavel tic aonoeig (a@r])) Tov avOowmov pe pia EEumvn unxavr) Kat

éxeL pépel emavaotaon ota diktva IoT.

To ovpPatikod diktvo dev LTTOOTNEICEL TN HETADOOT] ATTIKWV OEDOUEVWV HLE
nagadootakd ovotruata. ‘Etol, to Amtikd Awxdiktvo Aertovoyel wg 1)
TIAQTPOQUA TIOL TAXQPEXEL VTTOOTHOLET VI TN HETAPOQA ATITIKWY OeDOUEVWV.
[TepdapPavel ) petag@ood cvvaloOnuUdTwy, apng kat Kivnong pHéow Tov

owkTOOoUL.

To emoépevo oxnua delxvel TNV ATMTIKY] AQXLTEKTOVIKN 7oL Paciletal 0To

ALadIKTLO WC EVEQYOTIOUTH] TNG ATITIKT|G ETUKOLVWVIAG:

! NETWORK '
i ZONE ‘, Tactile 1
H s Servi “"E Support &
E Packetls” (ntcwzly E
' Gateway i
' N '
S ~ :
L gNB i

Haptic Data

: 5 L Telerobotics
Two Way
Haptic Devices Communicatia aa@ Teledrving
Channeg/
Y ————————
g Haptic Data

Human System Teleoperator
Interface

Tele surgery

Ewova 6: Arttikn Emtikowvwvio



2.3.4. Onttikr) Aovguatn Emkovovia
Lta peAdovikd aovpouata OKTLA, Ol EMIKOWVWVIEG QADLOOLXVOTHTWY

aviwkaOlotavtar  and mv OWC (Optical Wireless Communication).
[TeolapPavet g Cwveg ovxvottwv VLTEELOENG, 00aTOV  PWTOC KAl
LTTEQLOOVG akTIVOPoAlac. Metaly avtwv twv towwv, 1 OWC Aettovpyet
vevika ot (wvn 0patol QwTOC Y T HETAQoQd 0edopévwy. O tuTog
ETUKOWVWVIAG HEOW TOL PACTUATOS 00ATOV (pwtog ovopdletar VLC (Visible
Light Communication). Xto VLC, 10 00atd @wg XONOLHOTOLElTaL yix va
TIROOPEQEL PWTIOUO KL emkovwvia, palt pe ) ovAAoyr) evépyelac. ITapéyet
M evaAAdaxTuer) AVon Y v magoxn tax0tepwv OV dedopévwy otov
e0wteQKd xonotn pe ) PonBewx LED. Xonowpomotel opatod pwe mov etvat
Cwveg Terahertz (THz) ywix 1 petag@ood mMANEOQOQLWV TOL dev €XOLV
eruPAafelc erunmtwoelg otnv avipwmivn vyela kKat €tot mEowdel TNV TEAoLVN

ETUKOWVWVIX .

Ot avaPabuiopéves epappoyés tov diktvov 6G Oa anmattovy eEaleTicd
vymAovg euvOpovg dedopévwv (Tb / s). Mux tétowx tepaoti Crtnon v
oLOHOUG dedopévwy PToEEl v eKTANEWOEL e TNV €MEKTAOT TOL €VEOLG
OLXVOTNTWV TwV acvouatwyv Owktbwv. Emt tov magovtog, oe 5G NR,
avapévetat va xonowornowmBovv ta mmWaves (éwg 100GHz). Avtég ot
vmAég ovxvotnTeg ovvdEovTal e ddPoec amwAeLeg oL avTotabuilovtatl
HE TN XONOon TNG TEXVIKIG TNG OTEVIS dApOQpwong déopng. Ot ovxvotnteg
avw twv 100 GHz avapévetat va xonowpomnomBOovv oe diktva 6G. To pdopa
ovxvottwv peta&d 100 — 300 GHz ogiCetat we 1 Cavn vo-THz ko 300GHz
¢ws 3 THz wg ot Cawvn THz. Qotoéoo,  onttikr] Cwvr) 0gatod pwtog Kupatvetat

a6 430-730 THz. Ot emwowwvieg THz etvat efawpetikd aopadels emeldn)



QAUTEG OL ETUKOLVWVLES XOTOLUOTIOLOVY OTEVT]) DEOUT KAl ULKOT] DLAQKELX YLX TN
HETAPOQA dedoUévwy MOV pelwvel TV Tavotnta emibeonc. Ot cvxvotnTeg
THz etvaw pn oviCovoeg kat £€xouvv Arydtepovg Oegpikovg KvdUvVoug amo Tig
axtwvoPoAiec RF (Radio Frequency). Eivatr adwuxpguopritnto ottt avtéc ot
OLXVOTNTEG €XOUV TOAV AtyoTteQo emIBAPelS ETUMTWOES OTNV LYElX TWV

avOownwv.

2.3.5. Texvikég duvapikrg mToOAAAMATG TEOCPACTS
Toa diktva 6G O MAEEXOLVY U TTAATPOQUA Y EPAQUOYES TOL PacilovTatl

oe Al kal OLVETIWOG ATIALTOVY éva eVTEAWS VEO MAALOI0 He TEWTOKOAA TTOL
BaotCovtal oe Al kat TEOOAQUOOLUES TeXVIKES TTOAAATIATIG TROoBaomc. Omawg
éxeL Ndn avagedel, o 6G O evowpatwoel OAOVG TOUG TOEIS TOV OLKTLOV,
OVUTEQUAAUBAVOREVOL TOL  ETLYELOL DIKTVOU, TOU (EQOUETAPEQOUEVOL
dKTVOV, TOL JACTNHULKOV dIKTVOL Kol TOL LTIOPEVX L diktvov. H ovvepyaoia
AVTAV TV dIKTVWV O amtattoel éva eERLQETUKA EVEALKTO KA L TIQOOXQHOOLUO
ovomua. Eva véo mAaiolo mEwtokOAAwV elval vtoxQewTikd, To omolo Oa
HTToQEl VA TIROOAEUOOTEL avAAoya e TG OLVOTKEG TOL KavaAlov. Amattel
QQKETOVG DUVAULIKOUG HNXAVIOHOUS YIX TNV TQOXT] OHAATIG TaQAdoong oe
OLAPOPETIKA TEOTLTIA  KIVNTIKOTNTAS TOoL dwktvov 6G. ‘Etol, kablotatat
amoaEaltnTo va avamtuxBovv véa mowtokoAAa ov Bacilovtat oTtny TeX VT
VOT|HOOUVI Yl TNV TtaAQoXT] mEOOPaons, mapadoong kat eEaxpiPwong tng

TAVTOTNTOGC.



2.3.6. Anttikég Emukowvwvieg
H amtkn) aoxoAeitar pe v avOowrvn aicbnon e aene. H amtwn

emuovwvia meQLAauPdvel yevikd Tov €Agyxo Kal T Olxxeloon Tov
QAVTIKELUEVOL ATIO TO HAKQLVO UEQOG XONOLUOTIOWOVTAGS TNV aloOnon e agng.
H amntwr] emkowvwvia megAapPdvel emiong OMTUOAKOVOTUCES ETILKOLVWVLEG.
IMapéxer éva mepBdAAov omov évag xonotng umogel va Puwoel v
TIOAYUATIKT] EUPATITION TOL PNPLAKOV KOOHUOL HE TOV TTOAYHUATIKO KOOUO Yiot
TNV eKTEAEOT) DAXPOQWV €QYAOIWV. AVTEC OL eMkOLVWVIeG Oa eTitoéPouvv )
@LOKT]  aAANAemdoaon TOL  XONOTN He  YNPLAKEGC OLOKEVEG  TIOUL
tonofetovvtal €€ amootaoews. H tnAe-mapgovoia kat 1 tnAe-dodon
Oewpovvtal wg 0 KVELOG OTOXOG TG AMTIKNG emikovwviag. Ot dvo évvoleg
avTég TEQLAQUPBAVOLY TNV TAEOLOIX &€VOC XQNOTN OTO ATIOUAKQUOHEVO
neQBAAAOV xwolc va etvatl ekel. To cvotnua mov umopet va emitoéet avTég
TIC ETMIKOWVWVIEG AVAPEQETAL YEVIKA WG TNAeanmTikd ovotrjuata. Avtd to
ovotuata TEQUAaPAVOLY dud@opec TexvoAoylec mov elval wavég va
TIAQEXOVV €V OEVAQLO OTOV XONOTN, TO OTOI0 ATXOAElTAL HE TNV LKAVOTTA

eVOC ATOHOL VA ALOOAVETAL KATL ATIO £€VA ATIOHUAKQUOHEVO HEQOC.

Ta thnAeantcd cvot)uata anoteAovvtat and dvo kKLELX CLOTATIKA OTOLXELX,
) demapr] avOpwmnivov cvotiuatog (HSI) kal évav tAexeootr] (yevucdk
Ynelaxn ovokevr)/unxavn). Meta&d avtav twv OV0 CLVIOTWOWYV, VTTAQXEL
Eva apPdQOHO KaVAAL emkovwviag. Ltnv MAEVQA TOL XQET)OTI), VTTAQXEL Lo
QATUTLKT] DLETIAPT] TIOV TEQLEXEL ALOONTNEES Kal TOV Xetoth/avOowmo mov Oa
aAAnAoemdpaoel e avtovg Ttouvg aodntioes. Kabe kivnon (amd tnv amoym

NG TaAXVTNTAC KAl TG B€01G) TOL XEIQLOTI) AVIXVEVETAL ATIO TOVS ALoONTr0EC



Kal petadidetatl wg dedopéva Kivnong 0Tov TNAe-XERLoTH) HEOW TOL KAVAALOD
erukowvwviag. g anotéAeoua, HToQel var YiveL OTIOLAdTTTOTE eVEQYELX OTNV

ATIOUAKQUOHEVT PTPLAKT) CLOKELT).

O antikég ovvdéoels amattovy MOAL xapnAn kabvotépnon pueeoteon amo 1
ms e T MUIKQOTEQN AMWAEIX TAKETWV TIOL Elval amaQalitnt) ywx Tnv
a&lomiotia Tov ovotuatoc. H otaBepotnta tov diktdov katl Tov oLVOETUOU
ETUKOVWVIAG TIQOKAAEL ONUAVTIKY] avnovxia OTNV ATk €MKOWV@VIA.
Axoun xoat pkor) kabvotéenon 1 anwAeix dedopévwy 0To dIKTLO UTToREL VA
naEeUmodioel TNV mowTNTa TS goyaoiag 1 g vmmneeoiac. To Amtko
Awdiktvo elvar o Pacuwdc magdyoviag e amtkng emwkowvwviag. To
eTOpEVO oxNHUa delxvel TV aAAnAemidoaon Twv avOEwWTWV pe TNAE-QOUTIOT,
mAe-001ynon kat tAexepovoywr). H anmtkn emkowvwvia avtipetwrniCet
aQKeTéG TEOKANOES Tov oxetiCovtal pe v kabvotéonon, v allomotia,

T 0Ta0eQOTNTA, TO LAWKO KAl TNV ao@AAELX.

Haptic Data

Telerobotics

Two Way
Haplic Devices Communicatio @8@ Teledrving
. Channg]
-
Haptic Data ET{:IG surgery

Human System Teleoperator
Interface

Ewkova 7: ARTIkEG Emikolvwvies



2.3.7. XapunAn Kartavalwon Evégyetag
Ta diktva 6G avapévetar va mageéxovv vYPNAN amddoon He YXapnAn

KATOVAAWOT] evéQyelag kol KaAvteon amodoon. Ta emdpeva xodvia, 1
ETUOKEPUOTNTA TV XONOTWV O elvat TOAL LYMAT] pe ToV TEQAOTIO AXQLOUO
ovvdedepévwy Xonotwv. Ot véeg epapgpoyés Ba katavaAwvovv vYPNAT Llox0
v 1t Aertovgyla tovg. ‘Etor, 1 PeAtiotonoilnon woxvog elvatl mowTlotwg
anaQaltnTn. Amatteltal N epagpoyn dXPOQWYV VEWV TEXVIKWV TOL HUTTOQOVV
va PEATIOTOTO|00VY TO €MUITEDO KATAVAAWONG EVEQYELAS TWV CLOKELVWYV KAl
va €VIOXVOOLV TNV &VEQYELKT] artddoon Tov Oktvov. Texvikés Omwg 1
E2ARC Oa PonOrjoovv otn PeAtiotonoinon tov emmédov KATAVAAWOTS

EVEQYELAG TWV CLUOKEVWV.

Yo E2ARC, ta uTtAOK MOQWV KATAVELOVTAL TTIQOTAQUOOTIKA OTOV XONOT HE
Bdom tn Cntnon kat €Tot PEATIOTOTTOLOVV TO £TUTTEDD KATAVAAWOTG EVEQYELAG.
IToonyovpévwe, ota diktva 5G, 1 Kowvn XE1oN ATUATOS €Xel TEOwONOel Y
TNV ATOTEAEOUATIKY] XONOT] TOL dXOEOIHOL PATUATOS KAL TNV avENOT] TG
amddoong v @aocpatos. To D2D kat 1 avapetadoon BonOnoav ot
PeATioTomoNon TS KATAVAAWOTNG EVEQYELAG E TNV EKPOQTWOT TNG TIUKVI|G
(nmong ductvov. Lo 6G, meémel va voBetnOovV APKETEG TTOOOAQUOOTIKEG
TEXVIKEG Yl TNV eEa0@AAON  XaUNANG  KATAVAAWOTNG  eVEQYELAG.
Amautovvtal da@oga cvoTUaTa Kat aAyoglouot pe Paon Ty texvnT)
vonuoovvn mov Ba elvat xapnAov kKOOTovg kKat Oa KATavaA@WVouv Atyoteon

evépyela.



2.3.8. YYnAn Zown Mnatapiog
H mepopiopévn dapkewx Cwrg TG pmataolag Twv oLokevwv Oétel éva

EUTIOd0 oTNV LBETNoT oVYyxeovwV epagpoywv. Ta diktva 6G avapévetal
va dtevkoAVVOoLY px oK VEwV epapuoywv. 'Etot, ot egevvntég moémet
va emikevTowOovv otV evioxvorn g dagkelag Cwng e Hmataglag twv
OULOKELQWV, £T0L WOTE HE Ml QOoEA POETIOT, 1] OLOKELY] VA HUTOQEL Vo
duxtnonoet éwg kot pla efdoudda. H PeAtiwpévn dudokewx Cwng g
unatagiag Oa kavel emiong to dlkTLO evepyelakd amodotikd. M Tex vk
oTtws to ZBGreen PBon0a otnv magdtaon tng didokelag Cwr)g TG UTATaQlag
TG OVLOKEVNG HUE TNV AVATTUEN €VOC deLTEQPEVOVTOS TIOUTOV YIX MK
ATIOUAKQUOHEVN ovokevt). Xto ZBGreen, éva diktvo mov Paociletal otnv
KOLV] XOT)OT] pACHATOG AELTOLQYEL pe évav TEWTEVOVTA TIOUTO TIOV UTIOQEL
va oxnuatioet moAAamAa Cevyn D2D  pe dlax@oQetikoUg O€KTEG TIOL
KATAVEHOVTAL YW amo avTOvV Ot dlx@ogetikeés Cwves. Avtéc ot Lwveg
oxnuatiCovtal pe P&on TV anodoTaor HETaED TV OEKTWV KAL TOV TTOUTIOU
OTIWS @alveTal 0To emopevo oxnua. Awdgogot kvplot déktec (PR1, PR2, PR3,
PR4 kat PR5) katavépovriatr oe diagooetikés Cwveg (Z1, Z2, 23, Z4 xau Z5)
YOow amd évav koo moumo (PT). EEetalovtatl emtiong devtepevovteg opTol
(ST) (mov AertovEyovv wg peAé). Avta ta STs Oa petadwoovv oe ovvegyaoio

te 1o PT yix tnv ekmAN0won twv eKA0TOTE OTOXWV.



Enhanced
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P g Lifetime
""" 7.
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Ewova 8: Primary and Secondary Transmitter

2.3.9. Eravénuévn, Eicovikr) ko Mt Iogaypatikotnta
H ewovikr), emavinuévn kat HIKT TQAYUATIKOT)TA &lval oL KQlowueg

EPAQUOYEC TWV OLOTNUATWY eTOREVNG YeViAG. H ewovikr) moaypatucdt)ta
negAapPdvetl mANon eupamTion tov xENOTH OTOV TEXVNTO KOOUO 1) OTOV
Yneukd wkoopo. H emavénuévn moaypatkotnta aoyoAeitar pe tnv
ATIAOXOANOT PNPLAKOV AVTIKEUEVWV O TEVAQLA TIOAYHATIKOV KOopov. T'ia
ntapaderyua, to Google Glass etvat éva axkovotikd Baclopnévo oe eMAVENUEVT)
noaypatikotta mov Ba eppaviCet Yneuako TeQLEXOUEVO OE ML HIKQT)
000vn. Autég oL texvoAoyiec Oa amartovv vPnAovg ELOUOVS dedOUEVWY Vi
AOLAAELTITEG VTINEETLES, OL Omoleg HmMoEoLV va emitevxOovv pe T PonrOewa
ovxvottwv Terahertz 1] Cwvwv 00atoL @WTOC. LNV meplnmtwor tov 6G ot
epappoyéc AR, VR kat MR Oa amoteAé00vv KQIOIHO TTAQAYOVTA TNG ATUTLKT)G
texvodoylac. H ewovikn moaypatkot)ta pe amtikny TteXVoAoyia Oa
fonOnoeL ot dnUIOLEYIA EKOVIKWOV TEQBAAAOVTWV TOU ATOHAKQUOUEVOL
XwEov. Oa MapdyeL €va CLVARTIAOTIKO TEQIBAAAOV, OTIOL €val ATOUO UTTOQEL

va aoBavOel ta avtikeipeva pe peaAlotikd teomo. EmmAéov, ) emavEnuévn



TIOAYHATIKOTNTA O OLVOLVAOHO HE TNV amTKn emkowvwvia Oa Pondnoet

OTNV EKTEAEOT) DLAPOQWYV AELTOVEYLWV O& HAKQLVA HEQN.

2.3.10. Atxdiktvo Twv mavtwv (Internet of Everything)
To IoE (Internet of Everything) etvar pa eméxtaon tov IoT, to omoio Oa

oLVOEel EEVTIVA T ATOUR, T PUOKA AVTIKEEVA, TIG OXOIKAOLES KAl T
dedopéva. To IoE Oa etvar mio mepimAoko pe peyadAo aQlOpo cuokevwV Kat
avOpwTwV oLvvdEdeévwy peTall tove. Baoiletat otnv wéa 0Tt 6Aa doa pag
neglBdAAovy  etvar €fvmva. Elvar évag avtdvopog Kal amQOOKOTTOS
OUVTOVIOMOG  HeYAAOL  aQlOpov  vmoAoywotikwv  ovokevwv. To IoE
meQLAauPAavel dlx@ogec YvwoTés epaguoyés Omws to Internet of Vehicles

(IoV), to Unmanned Aerial Vehicle (UAV) kat to Internet of Robots (IoR).

2.4. MeAdovtikég ITgokAnoets 6G

[Tooopata, 11 THz emkowwvia avadewvietar wg 1 mAéov deAeaotikn
texvoAoyla tov dwtvov 6G, mov Oa  emexTElVEL TNV IKAVOTITA TOU
OLOTNHATOG TIAQEXOVTAG TIEQLOOOTEQES OELRES PATHATOG. Q0TO00, AvTéG OL
ovxvotteg elval evaloOnteg oe pmAokaplopata kot LVYPNAEC aTAeLeg
QATIOQQOPTOTS, OL OTIOLEG UTIOREL V& TTEQLOQLOOLY TNV aVATITLEY] TOUG UOVO O
ETIKOVWViEG UkQET)G epPéAelag. Q¢ ex TovTOUL, OL epevvNTéG O MEéTeL va
ETUKEVTOWOOUV 01N dLEQEVVNON TWV KAVOTHTWV TWV OLVOKEVWYV, WOTE VO
AELTOVEYOVV O¢ TETOLES VYNAEC CUXVOTNTES KAL VA TIG TEOTIOTIOLOVY avaAoya,

wote va pmogel va emtevxOel képdog vnAng amodoons. EmumAéov, ta



TIAQOVTA HOVTEAX Yl TIG EKTIUNOES KAVAALWV D&V ETIAQKOVV YIX TOV
TIQOOOLOQLOMO TNG af€Pang kat eEalQeTikd TMOKIANG VOGS TwV LYMAOTEQWYV
ovxvoutwv. Etol, elval mpowrtiotwe amagaltnto va avamtuyxBovv véa
HOVTEAX KAVAALWOV Kol OLADOONG YA TNV EKTIUNON TNG CLUTIEQLPOQAS TETOLWV
moAVTIA oKWV TeQPaAAOvVTwV. To 6G vrotiOetatl dtL ovvepyaletal pe dikTLa
dlaoTNUATOG, o€, €dAPOLS Kat veQoU. ()¢ €k TOUTOV, ATIALTOVVTAL EVEAKTA
OXNHATA KAl DUVAUIKA TIQWTOKOAAX TIOL HUTTOQOVV VA TQEOOKQHUOOTOUV
avAAoya He TO TEQPBAAAOV YIX TNV TAQOXT] ATEOCKOTTNG OLVOECIHOTNTAG

KA DA eLITovEYIKOTTAG dkTVOV.

Emmpoo0étwe, 10 6G Oa evowpatwoel dagopeTika dikTLa, 0TS eTtlyelx Kat
doQLPOPIKA dIKTLA Yl TNV emiTeLEN ekTETAUEVNS KAALVYNG KAt LYMANG
KvnTuottag. (Qotooo, 1 TEAYHATOTOmN o™ TNG d0QUPOQLKTG ETUKOLVWVIAG
He TNV emiyewx emkowvwvia etvat agkeTd OVOKOAN OO0V APOQA T HEYAAN
kaOvotépnomn, v meopavn uetatomion Doppler kat tic dix-dogupooucés
ovvdéoels. AvTég Ol TIEOKANOELS UTOQOVV va eMNEeACOLV TS dadikaoieg
OLYXQOVIOHOU, tuxalag meooBacnc, avixvevong onpatog, anodoong AnNymg
Kal oUtw kaBelnc. ‘Etol, yiax v emituxr] anokTnon TwV TAEOVEKTNUATWY
EVOC OAOKANQWHEVOL OULOTAHATOS ETUKOWVWVING, TIQETMEL VA TIXQEXOVTAL
TIOOTYHEVES TEXVIKEG TIOL HUTTOQOVV Vot EAXXLOTOTIOMOOLV TIC TIQOKAT|OELS TTOV

oxetiCovtat pe avTéc.

Oco agooa v texvikn edge computing, pmopel va avérjoet doaotikd v
UTTOAOYLOTIKI]  LKAVOTNTA TOL  OWKTUOL. AAA& e TNV TEQLOQLOUEVT
dxBeopoTnTa MOPWV KAt armoOnkevorng, eivat oAy dvokoAo va Aertoveyovv

oAV mepimAokot aAyoglOuotr mov PBacilovial oe TeEXVNTI] VONHOOLVT] Kol



ATIALTOVV TeQAO0TIXx OVAAOYT dedopévawy. ‘Etol, anattovvial £0evveg Y TOvV
OXEDAOUO ATV KAl VEWV aAyoplOuwyv TexvnTrg VONUooLVNG TEOG TNV
ovykekQuévny  katevOvvon.  EmmAéov,  amatteitar 1 avamtuén
ATOTEAEOUATIKWV  TEXVIKWOV TEOYQAHUATIONOV Yt TNV evioxvorn g

ATIOd00TC TOL CLOTIUATOG.

To 6G Oa Baoiletal oe Al, To omoio anattel LYMAN WOXL Y TOV VTOAOYLOUO
KAl Tov Xeopd ovvletwv dedopévwv. Etoy n evegyelaxn anodoor kat 1
PeAtiotontoinon woxvog Oa etvatr oL onuavtikés mMTLXEG TOL OKTLOL 6G.
ALXPOQES EPAQUOYES OTIWS 1) OAOYQAPIKN ATIELKOVLOT), 1] ATUTLKT] ETUKOLVWVIA,
10 AR, 10 VR xat 1o MR etvat epagpoyég oL omtoteg €Xouv LYPNAEC amatTroelg
evégyewnc. Emopévwg, mpémel va avamtuxOovv texvikés PeAtiotomoinong

LOXVOG KAL EVEQYELAKTG ATIODOOTC Yiot Tot OIKTLA ETMOUEVTC YEVLIAG.

TéAog, N aocpadeix twv dedopévwv KAl To amoEENTO elval Ta KLOLOTEQX
Cnmuata Twv acvouatwy dkTvwv. Ot e£€xovoec TeXvoAoyleg Tov dKTVOV
6G anattovv tepdoTix oLAAOYN Kat petddoor dedouévawv. Tpokepeévov va
doPaALOTEL | AoPAAELX KL TO ATIOEENTO, ATIALTOVVTAL DLXPOQES TEXVIKEG
aopaleiag kat aAdyoéplOpot koumtoyoapnone. Ta diktva 6G vrmotibetal otL
TAEEXOLVV aoVLAlX évavtl VEwv ameldwv. MeAAovtued, 11 okovoula Kat 1
kowwvia Oa efagrviat MANEws amd tov Yneuakd koopo. Eto, pa
AELOTIOTN AQXLTEKTOVIKT] UE TNV ATIALTOVHEVT] HUOTIKOTNTA Kol WWWTIKOTNTX

elval VTTOXPEWTLKT).



KEDAAAIO 3: ITEIPAMATIKH AIAAIKAXIA

Ita mAalolx  TOL  TEAKTIKOL  HEQOLG TG TMTUXWAKIG — eQyaolag,
xonotporomOnke o ns-3 simulator kat 1o cvykekpuéva to NR module [8], To
ortolo  xonowwomoteitar ywx eEopolwon 3GPP NSA xkvpedwtwv dktowv.
Ovowotikd, exteAéotnkav étolua agadetypata ta omola Nrav dxOéoua
[9], ywx Ta omola otV  ovvéxela moaQatifetal 0 KWOKAS  TOL
xonowonomOnke pe OxOAlxr, KaOwS KAl TA AVIIOTOIXX TELQAUATUIKA

ATIOTEAETHATA TTOL TIEOEKLAV.

Yto onueio avtd aliCet va avapepOel OtL 1 mepapatiky] dxdikaoto

nioaypatorou)Onke oe Aertoveywd ovotnua Ubuntu 20.04.

3.1. llagaderypa 1

INapatiOetat 0 kKWdKAS, TTOL XENOLOTTOW)ONKE:

/**

* \ingroup examples

* \file cttc-3gpp-channel-simple-ran.cc
* \brief Simple RAN

*

* This example describes how to setup a simulation using the 3GPP channel model
* from TR 38.900. This example consists of a simple topology of 1 UE and 1 gNb,

* and only NR RAN part is simulated. One Bandwidth part and one CC are defined.
* A packet is created and directly sent to gNb device by SendPacket function.

* Then several functions are connected to PDCP and RLC traces and the delay is

* printed.

*/

#include "ns3/antenna-module.h"

#include "ns3/config-store.h"

#include "ns3/core-module.h”

#include "ns3/eps-bearer-tag.h"

#include "ns3/grid-scenario-helper.h"
#include "ns3/internet-module.h"

#include "ns3/ipv4-global-routing-helper.h"
#include "ns3/log.h"

#include "ns3/mobility-module.h"

#include "ns3/network-module.h"




#include "ns3/nr-helper.h"
#include "ns3/nr-module.h"
#include "ns3/nr-point-to-point-epc-helper.h"

using namespace ns3;

/3(-
* Enable the logs of the file by enabling the component "Cttc3gppChannelSimpleRan",
* in this way:
*$ export NS_LOG="Cttc3gppChannelSimpleRan=level_info | prefix_func|prefix_time"
*

/
NS_LOG_COMPONENT_DEFINE("Cttc3gppChannelSimpleRan");

static bool g_rxPdcpCallbackCalled = false;
static bool g_rxRxRIcPDUCallbackCalled = false;

/**
* Function creates a single packet and directly calls the function send
* of a device to send the packet to the destination address.
* @param device Device that will send the packet to the destination address.
* @param addr Destination address for a packet.
* @param packetSize The packet size.
*/
static void
SendPacket(Ptr<NetDevice> device, Address& addr, uint32_t packetSize)
{
Ptr<Packet> pkt = Create<Packet>(packetSize);
Ipv4Header ipv4Header;
ipv4Header.SetProtocol(UdpL4Protocol::PROT_NUMBER);
pkt->AddHeader(ipv4Header);
EpsBearerTag tag(1, 1);
pkt->AddPacketTag(tag);
device->Send(pkt, addr, Ipv4L3Protocol:PROT_NUMBER);
}

/3(->(>

* Function that prints out PDCP delay. This function is designed as a callback

* for PDCP trace source.

* @param path The path that matches the trace source

* @param rnti RNTI of UE

* @param Icid logical channel id

* @param bytes PDCP PDU size in bytes

* @param pdcpDelay PDCP delay

¥/

void

RxPdcpPDU(std::string path, uint16_t rnti, uint8_t Icid, uint32_t bytes, uint64_t pdcpDelay)

{
std::cout << "\n Packet PDCP delay:" << pdcpDelay << "\n";
g_rxPdcpCallbackCalled = true;

}

/3(->(>

* Function that prints out RLC statistics, such as RNTI, lcld, RLC PDU size,
* delay. This function is designed as a callback

* for RLC trace source.

* @param path The path that matches the trace source

* @param rnti RNTI of UE

* @param Icid logical channel id

* @param bytes RLC PDU size in bytes

* @param rlcDelay RLC PDU delay

¥/

void

RxRIcPDU(std::string path, uint16_t rnti, uint8_t lcid, uint32_t bytes, uint64_t rlcDelay)
{




std::cout << "\n\n Data received at RLC layer at:" << Simulator::Now/() << std::endl;
std::cout << "\n rnti:" << rnti << std::end];
std::cout << "\n lcid:" << (unsigned)lcid << std::endl;
std::cout << "\n bytes :" << bytes << std::endl;
std::cout << "\n delay :" << rlcDelay << std::endl;
g_rxRxRIcPDUCallbackCalled = true;
}

/3(-#(>
* Function that connects PDCP and RLC traces to the corresponding trace sources.
*/
void
ConnectPdcpRIcTraces()
{
Config::Connect("/NodeList/*/DeviceList/*/LteUeRrc/DataRadioBearerMap/1/LtePdcp/RxPDU",
MakeCallback(&RxPdcpPDU));

Config::Connect("/NodeList/*/DeviceList/*/LteUeRrc/DataRadioBearerMap/1/LteRlc/RxPDU",
MakeCallback(&RxR1cPDU));

/**
* Function that connects UL PDCP and RLC traces to the corresponding trace sources.
*/
void
ConnectUIPdcpRIcTraces()
{
Config::Connect("/NodeList/*/DeviceList/*/LteEnbRrc/UeMap/*/DataRadioBearerMap/*/LtePdcp/RxPDU",
MakeCallback(&RxPdcpPDU));

Config::Connect("/NodeList/*/DeviceList/*/LteEnbRrc/UeMap/*/DataRadioBearerMap/*/LteRlc/RxPDU",
MakeCallback(&RxRIcPDU));

int

main(int argc, char* argv[])

{
uint16_t numerologyBwp1 = 0;
uint32_t udpPacketSize = 1000;
double centralFrequencyBand1 = 28e9;
double bandwidthBand1 = 400e6;
uintl6_t gNbNum = 1;
uint16_t ueNumPergNb = 1;
bool enableUl = false;

Time sendPacketTime = Seconds(0.4);

CommandLine cmd(__FILE_);
cmd.AddValue("numerologyBwp1", "The numerology to be used in bandwidth part 1", numerologyBwp1);
cmd.AddValue("centralFrequencyBand1",
"The system frequency to be used in band 1",
centralFrequencyBand1);
cmd.AddValue("bandwidthBand1", "The system bandwidth to be used in band 1", bandwidthBand1);
cmd.AddValue("packetSize", "packet size in bytes", udpPacketSize);
cmd.AddValue("enableUl", "Enable Uplink", enableUl);
cmd.Parse(argc, argv);

int64_t randomStream = 1;

/[ Create the scenario

GridScenarioHelper gridScenario;
gridScenario.SetRows(1);
gridScenario.SetColumns(gNbNum);
gridScenario.SetHorizontalBsDistance(5.0);
gridScenario.SetBsHeight(10.0);




gridScenario.SetUtHeight(1.5);

/] must be set before BS number
gridScenario.SetSectorization(GridScenarioHelper::SINGLE);
gridScenario.SetBsNumber(gNbNum);
gridScenario.SetUtNumber(ueNumPergNb * gNbNum);
gridScenario.SetScenarioHeight(3); // Create a 3x3 scenario where the UE will
gridScenario.SetScenarioLength(3); // be distribuited.

randomStream += gridScenario.AssignStreams(randomStream);
gridScenario.CreateScenario();

Ptr<NrPointToPointEpcHelper> epcHelper = CreateObject<NrPointToPointEpcHelper>();
Ptr<IdealBeamformingHelper> idealBeamformingHelper = CreateObject<IdealBeamformingHelper>();
Ptr<NrHelper> nrHelper = CreateObject<NrHelper>();

nrHelper->SetBeamformingHelper(idealBeamformingHelper);
nrHelper->SetEpcHelper(epcHelper);

/[ Create one operational band containing one CC with one bandwidth part
BandwidthPartInfoPtrVector allBwps;

CcBwpCreator ccBwpCreator;

const uint8_t numCcPerBand = 1;

/[ Create the configuration for the CcBwpHelper
CcBwpCreator::SimpleOperationBandConf bandConf1(centralFrequencyBand1,
bandwidthBand1,
numCcPerBand,
BandwidthPartInfo::UMi_StreetCanyon_LoS);

// By using the configuration created, it is time to make the operation band
OperationBandInfo band1 = ccBwpCreator.CreateOperationBand ContiguousCc(bandConf1);

Config::SetDefault("ns3:: ThreeGppChannelModel::UpdatePeriod", TimeValue(MilliSeconds(0)));
nrHelper->SetSchedulerAttribute("FixedMcsDI", BooleanValue(true));
nrHelper->SetSchedulerAttribute("StartingMcsD1", UintegerValue(28));
nrHelper->SetChannelConditionModelAttribute("UpdatePeriod", TimeValue(MilliSeconds(0)));
nrHelper->SetPathlossAttribute("ShadowingEnabled", BooleanValue(false));

nrHelper->InitializeOperationBand(&band1);
allBwps = CcBwpCreator::GetAllBwps({band1});

// Beamforming method
idealBeamformingHelper->SetAttribute("BeamformingMethod",
TypeldValue(DirectPathBeamforming::GetTypeld()));

// Antennas for all the UEs
nrHelper->SetUeAntennaAttribute("NumRows", UintegerValue(2));
nrHelper->SetUeAntennaAttribute("NumColumns", UintegerValue(4));
nrHelper->SetUeAntennaAttribute(" AntennaElement",
PointerValue(CreateObject<IsotropicAntennaModel>()));

/[ Antennas for all the gNbs
nrHelper->SetGnbAntennaAttribute("NumRows", UintegerValue(4));
nrHelper->SetGnbAntennaAttribute("NumColumns", UintegerValue(8));
nrHelper->SetGnbAntennaAttribute("AntennaFlement",
PointerValue(CreateObject<IsotropicAntennaModel>()));

// Install and get the pointers to the NetDevices

NetDeviceContainer enbNetDev =
nrHelper->InstallGnbDevice(gridScenario.GetBaseStations(), allBwps);

NetDeviceContainer ueNetDev =
nrHelper->InstallUeDevice(gridScenario.GetUserTerminals(), allBwps);

randomStream += nrHelper->AssignStreams(enbNetDev, randomStream);
randomStream += nrHelper->AssignStreams(ueNetDev, randomStream);




/[ Set the attribute of the netdevice (enbNetDev.Get (0)) and bandwidth part (0)
nrHelper->GetGnbPhy(enbNetDev.Get(0), 0)
->SetAttribute("Numerology", UintegerValue(numerologyBwpl));

for (auto it = enbNetDev.Begin(); it != enbNetDev.End(); ++it)
{

DynamicCast<NrGnbNetDevice>(*it)->UpdateConfig();
}

for (auto it = ueNetDev.Begin(); it != ueNetDev.End(); ++it)
{

DynamicCast<NrUeNetDevice>(*it)->UpdateConfig();
}

InternetStackHelper internet;

internet.Install(gridScenario.GetUserTerminals());

Ipv4InterfaceContainer uelplface;

uelplface = epcHelper->AssignUelpv4Address(NetDeviceContainer(ueNetDev));

if (enableUl)
{

Simulator::Schedule(sendPacketTime,
&SendPacket,
ueNetDev.Get(0),
enbNetDev.Get(0)->GetAddress(),
udpPacketSize);

}
else
{

Simulator::Schedule(sendPacketTime,
&SendPacket,
enbNetDev.Get(0),
ueNetDev.Get(0)->GetAddress(),
udpPacketSize);

}

/[ attach UEs to the closest eNB
nrHelper->AttachToClosestEnb(ueNetDev, enbNetDev);

if (enableUl)

{
std::cout << "\n Sending data in uplink." << std::endl;
Simulator::Schedule(Seconds(0.2), &ConnectUIPdcpRIcTraces);

}

else

{
std::cout << "\n Sending data in downlink." << std::endl;
Simulator::Schedule(Seconds(0.2), &ConnectPdcpRIcTraces);

}

nrHelper->EnableTraces();

Simulator::Stop(Seconds(1));
Simulator::Run();
Simulator::Destroy();

if (g_rxPdcpCallbackCalled && g_rxRxRIcPDUCallbackCalled)
{
return EXIT_SUCCESS;
}
else

{
return EXIT_FAILURE;




Kat ta avtiotoiya mepapatikd anoteAéopata:

S ./ns3 run cttc-3gpp-channel-simple-ran

sending data in downlink.

Data received at RLC layer at:+4.02243e+08ns
rnti:1

lcid:3

bytes :1024

delay :2242855

Packet PDCP delay:2242855

Ewova 9: Mepauatika ArtoteAéouata Mapadeiyuaroc 1

3.2. IIagaderypa 2

IMapatiOetat 0 kKWdKAS, TTOL XENOLOTTOW)ONKE:

/**

* \file cttc-3gpp-channel-nums.cc

* \ingroup examples

* \brief Simple topology numerologies example.

*

* This example allows users to configure the numerology and test the end-to-end
* performance for different numerologies. In the following figure we illustrate
* the simulation setup.

*

* For example, UDP packet generation rate can be configured by setting
*"--lambda=1000". The numerology can be toggled by the argument,

* e.g. "--numerology=1". Additionally, in this example two arguments

* are added "bandwidth" and "frequency", both in Hz units. The modulation

* scheme of this example is in test mode, and it is fixed to 28.

*

* By default, the program uses the 3GPP channel model, without shadowing and with
* line of sight (') option. The program runs for 0.4 seconds and one single

* packet is to be transmitted. The packet size can be configured by using the

* following parameter: "--packetSize=1000".

*

* This simulation prints the output to the terminal and also to the file which

* is named by default "cttc-3gpp-channel-nums-fdm-output" and which is by
* default placed in the root directory of the project.




*

* To run the simulation with the default configuration one shall run the
* following in the command line:

*

*./ns3 run ctte-3gpp-channel-nums
*

*
using namespace ns3;
NS_LOG_COMPONENT_DEFINE("3gppChannelNumerologiesExample");

int
main(int arggc, char* argv[])
{
/[ enable logging or not
bool logging = false;
if (logging)
{
LogComponentEnable("UdpClient", LOG_LEVEL_INFO);
LogComponentEnable("UdpServer", LOG_LEVEL_INFO);
LogComponentEnable("LtePdcp", LOG_LEVEL_INFO);
}

/[ set simulation time and mobility
double simTime = 1; // seconds
double udpAppStartTime = 0.4; // seconds

/[ other simulation parameters default values
uint16_t numerology = 0;

uint16_t gNbNum = 1;
uint16_t ueNumPergNb = 1;

double centralFrequency = 7e9;
double bandwidth = 100e6;
double txPower = 14;

double lambda = 1000;
uint32_t udpPacketSize = 1000;
bool udpFullBuffer = true;
uint8_t fixedMcs = 28;

bool useFixedMcs = true;

bool singleUeTopology = true;
/] Where we will store the output files.
std::string simTag = "default";
std::string outputDir ="./";

CommandLine cmd(__FILE_);
cmd.AddValue("gNbNum", "The number of gNbs in multiple-ue topology", gNbNum);
cmd.AddValue("ueNumPergNb", "The number of UE per gNb in multiple-ue topology", ueNumPergNb);
cmd.AddValue('numerology", "The numerology to be used.", numerology);
cmd.AddValue("txPower", "Tx power to be configured to gNB", txPower);
cmd.AddValue('simTag",

"tag to be appended to output filenames to distinguish simulation campaigns",

simTag);
cmd.AddValue("outputDir", "directory where to store simulation results”, outputDir);
cmd.AddValue("frequency”, "The system frequency", centralFrequency);
cmd.AddValue("bandwidth", "The system bandwidth", bandwidth);
cmd.AddValue("udpPacketSize", "UDP packet size in bytes", udpPacketSize);
cmd.AddValue("lambda", "Number of UDP packets per second", lambda);
cmd.AddValue("udpFullBuffer",

"Whether to set the full buffer traffic; if this parameter is set then the "

"udplnterval parameter”

"will be neglected",




udpFullBuffer);
cmd.AddValue(
"fixedMcs",
"The fixed MCS that will be used in this example if useFixedMcs is configured to true (1).",
fixedMcs);
cmd.AddValue("useFixedMcs",
"Whether to use fixed mcs, normally used for testing purposes",
useFixedMcs);
cmd.AddValue("singleUeTopology",
"If true, the example uses a predefined topology with one UE and one gNB; "
"if false, the example creates a grid of gNBs with a number of UEs attached",
singleUeTopology);

cmd.Parse(argc, argv);
NS_ASSERT(ueNumPergNb > 0);

/[ setup the nr simulation
Ptr<NrHelper> nrHelper = CreateObject<NrHelper>();

/*
* Spectrum division. We create one operation band with one component carrier
* (CC) which occupies the whole operation band bandwidth. The CC contains a
* single Bandwidth Part (BWP). This BWP occupies the whole CC band.
* Both operational bands will use the StreetCanyon channel modeling.
¥/
CcBwpCreator ccBwpCreator;
const uint8_t numCcPerBand = 1; // in this example, both bands have a single CC
BandwidthPartInfo::Scenario scenario = BandwidthPartInfo::RMa_LoS;
if (ueNumPergNDb > 1)
{
scenario = BandwidthPartInfo:: InH_OfficeOpen;
}

/I Create the configuration for the CcBwpHelper. SimpleOperationBandConf creates

/[ a single BWP per CC

CcBwpCreator::SimpleOperationBandConf bandConf(centralFrequency,
bandwidth,
numCcPerBand,
scenario);

/| By using the configuration created, it is time to make the operation bands
OperationBandInfo band = ccBwpCreator.CreateOperationBand ContiguousCc(bandConf);

/*

* Initialize channel and pathloss, plus other things inside band1. If needed,
* the band configuration can be done manually, but we leave it for more

* sophisticated examples. For the moment, this method will take care

* of all the spectrum initialization needs.

*/

nrHelper->InitializeOperationBand(&band);

BandwidthPartInfoPtrVector allBwps = CcBwpCreator::GetAllBwps({band});

/ﬁ(>

* Continue setting the parameters which are common to all the nodes, like the
* gNB transmit power or numerology.

*/

nrHelper->SetGnbPhy Attribute("TxPower", DoubleValue(txPower));
nrHelper->SetGnbPhyAttribute("Numerology", UintegerValue(numerology));

/[ Scheduler
nrHelper->SetSchedulerTypeld(Typeld::LookupByName('ns3::NrMacSchedulerTdmaRR"));
nrHelper->SetSchedulerAttribute("FixedMcsDI", BooleanValue(useFixedMcs));




nrHelper->SetSchedulerAttribute("FixedMcsUI", BooleanValue(useFixedMcs));

if (useFixedMcs == true)
{
nrHelper->SetSchedulerAttribute("StartingMcsD1", UintegerValue(fixedMcs));
nrHelper->SetSchedulerAttribute("StartingMcsUl", UintegerValue(fixedMcs));
}

Config::SetDefault("ns3::LteRlcUm::MaxTxBufferSize", UintegerValue(999999999));

// Antennas for all the UEs
nrHelper->SetUeAntennaAttribute("NumRows", UintegerValue(2));
nrHelper->SetUeAntennaAttribute("NumColumns", UintegerValue(4));
nrHelper->SetUeAntennaAttribute(" AntennaElement",
PointerValue(CreateObject<IsotropicAntennaModel>()));

/[ Antennas for all the gNbs
nrHelper->SetGnbAntennaAttribute("NumRows", UintegerValue(4));
nrHelper->SetGnbAntennaAttribute("NumColumns", UintegerValue(8));
nrHelper->SetGnbAntennaAttribute("AntennaFElement",
PointerValue(CreateObject<ThreeGppAntennaModel>()));

// Beamforming method

Ptr<IdealBeamformingHelper> idealBeamformingHelper = CreateObject<IdealBeamformingHelper>();

idealBeamformingHelper->SetAttribute("BeamformingMethod",
TypeldValue(DirectPathBeamforming::GetTypeld()));

nrHelper->SetBeamformingHelper(idealBeamformingHelper);

Config::SetDefault("ns3::ThreeGppChannelModel::UpdatePeriod", TimeValue(MilliSeconds(0)));
/| nrHelper->SetChannelConditionModelAttribute ("UpdatePeriod", TimeValue (MilliSeconds (0)));
nrHelper->SetPathlossAttribute("ShadowingEnabled", BooleanValue(false));

// Error Model: UE and GNB with same spectrum error model.
nrHelper->SetUlErrorModel("ns3::NrEesmIrT1");
nrHelper->SetDIErrorModel("ns3::NrEesmIrT1");

// Both DL and UL AMC will have the same model behind.
nrHelper->SetGnbDIAmcAttribute(

"AmcModel",

EnumValue(NrAmc::ErrorModel)); // NrAmc::ShannonModel or NrAmec::ErrorModel
nrHelper->SetGnbUIAmcAttribute(

"AmcModel",

EnumValue(NrAmc::ErrorModel)); // NrAmc::ShannonModel or NrAmec::ErrorModel

/I Create EPC helper

Ptr<NrPointToPointEpcHelper> epcHelper = CreateObject<NrPointToPointEpcHelper>();
nrHelper->SetEpcHelper(epcHelper);

/ Core latency

epcHelper->SetAttribute("SluLinkDelay", TimeValue(MilliSeconds(0)));

/] gNDb routing between Bearer and bandwidh part
uint32_t bwpldForBearer = 0;
nrHelper->SetGnbBwpManagerAlgorithmAttribute("GBR_CONV_VOICE", UintegerValue(bwpldForBearer));

// Initialize nrHelper
nrHelper->Initialize();

/*
* Create the gNB and UE nodes according to the network topology
*
/
NodeContainer gNbNodes;
NodeContainer ueNodes;
MobilityHelper mobility;
mobility.SetMobilityModel("ns3::ConstantPositionMobilityModel");




Ptr<ListPositionAllocator> bsPositionAlloc = CreateObject<ListPosition Allocator>();
Ptr<ListPositionAllocator> utPositionAlloc = CreateObject<ListPosition Allocator>();

const double gNbHeight = 10;
const double ueHeight = 1.5;

if (singleUeTopology)

{
gNbNodes.Create(1);
ueNodes.Create(1);
gNbNum = 1;
ueNumPergNb =1;

mobility.Install(gNbNodes);
mobility.Install(ueNodes);
bsPositionAlloc->Add(Vector(0.0, 0.0, gNbHeight));
utPositionAlloc->Add(Vector(0.0, 30.0, ueHeight));

}

else

{
gNbNodes.Create(gNbNum);
ueNodes.Create(ueNumPergNb * gNbNum);

int32_t yValue = 0.0;
for (uint32_t i=1; i <= gNbNodes.GetN(); ++i)
{
// 2.0, -2.0, 6.0, -6.0, 10.0, -10.0, ....
if (% 2!=0)
{
yValue = static_cast<int>(i) * 30;
}
else
{
yValue = -yValue;
}

bsPositionAlloc->Add(Vector(0.0, yValue, gNbHeight));

// 1.0, -1.0, 3.0, -3.0, 5.0, -5.0, ...

double xValue = 0.0;

for (uintl16_t j = 1; j <= ueNumPergNDb; ++j)
{

if (j % 2!=0)
{

xValue =j;
}
else

{

xValue = -xValue;

}

if (yValue > 0)
{
utPositionAlloc->Add(Vector(xValue, 1, ueHeight));
}
else
{
utPositionAlloc->Add(Vector(xValue, -1, ueHeight));
}
}
}
}
mobility.SetPositionAllocator(bsPositionAlloc);
mobility.Install(gNbNodes);




mobility.SetPositionAllocator(utPositionAlloc);
mobility.Install(ueNodes);

// Install nr net devices
NetDeviceContainer gNbNetDev = nrHelper->InstallGnbDevice(gNbNodes, allBwps);

NetDeviceContainer ueNetDev = nrHelper->InstallUeDevice(ueNodes, allBwps);

int64_t randomStream = 1;
randomStream += nrHelper->AssignStreams(gNbNetDev, randomStream);
randomStream += nrHelper->AssignStreams(ueNetDev, randomStream);

// When all the configuration is done, explicitly call UpdateConfig ()

for (auto it = gNbNetDev.Begin(); it = gNbNetDev.End(); ++it)
{

DynamicCast<NrGnbNetDevice>(*it)->UpdateConfig();
}

for (auto it = ueNetDev.Begin(); it != ueNetDev.End(); ++it)
{

DynamicCast<NrUeNetDevice>(*it)->UpdateConfig();
}

// create the internet and install the IP stack on the UEs
// get SGW/PGW and create a single RemoteHost
Ptr<Node> pgw = epcHelper->GetPgwNode();
NodeContainer remoteHostContainer;
remoteHostContainer.Create(1);

Ptr<Node> remoteHost = remoteHostContainer.Get(0);
InternetStackHelper internet;
internet.Install(remoteHostContainer);

/[ connect a remoteHost to pgw. Setup routing too

PointToPointHelper p2ph;

p2ph.SetDeviceAttribute("DataRate", DataRateValue(DataRate("100Gb/s")));

p2ph.SetDeviceAttribute("Mtu", UintegerValue(2500));

p2ph.SetChannelAttribute("Delay", TimeValue(Seconds(0.000)));

NetDeviceContainer internetDevices = p2ph.Install(pgw, remoteHost);

Ipv4AddressHelper ipv4h;

ipv4h.SetBase("1.0.0.0", "255.0.0.0");

Ipv4interfaceContainer internetlplfaces = ipv4h.Assign(internetDevices);

Ipv4StaticRoutingHelper ipv4RoutingHelper;

Ptr<Ipv4StaticRouting> remoteHostStaticRouting =
ipv4RoutingHelper.GetStaticRouting(remoteHost->GetObject<Ipv4>());

remoteHostStaticRouting->AddNetworkRouteTo(Ipv4Address("7.0.0.0"), Ipv4Mask("255.0.0.0"), 1);

internet.Install(ueNodes);

Ipv4InterfaceContainer uelplface = epcHelper->AssignUelpv4Address(NetDeviceContainer(ueNetDev));

/I Set the default gateway for the UEs
for (uint32_t j = 0; j < ueNodes.GetN(); ++j)
{
Ptr<Ipv4StaticRouting> ueStaticRouting =
ipv4RoutingHelper.GetStaticRouting(ueNodes.Get(j)->GetObject<Ipv4>());
ueStaticRouting->SetDefaultRoute(epcHelper->GetUeDefaultGatewayAddress(), 1);
}

// attach UEs to the closest eNB
nrHelper->AttachToClosestEnb(ueNetDev, gNbNetDev);

/[ assign IP address to UEs, and install UDP downlink applications
uintl6_t dIPort = 1234;




ApplicationContainer serverApps;

/I The sink will always listen to the specified ports
UdpServerHelper dIPacketSinkHelper(dlPort);
serverApps.Add(dlPacketSinkHelper.Install(ueNodes.Get(0)));

UdpClientHelper diClient;
dIClient.SetAttribute("RemotePort", UintegerValue(dIPort));
dIClient.SetAttribute("PacketSize", UintegerValue(udpPacketSize));
diClient.SetAttribute("MaxPackets", UintegerValue(OxFFFFFFFF));
if (udpFullBuffer)
{

double bitRate = 75000000; // 75 Mbps will saturate the NR system of 20 MHz with the

// NrEesmlIrT1 error model

bitRate /= ueNumPergNb; // Divide the cell capacity among UEs

if (bandwidth > 20e6)

{

bitRate *= bandwidth / 20e6;
}
lambda = bitRate / static_cast<double>(udpPacketSize * 8);

}
diClient.SetAttribute("Interval", TimeValue(Seconds(1.0 / lambda)));

// The bearer that will carry low latency traffic
EpsBearer bearer(EpsBearer:GBR_CONV_VOICE);

Ptr<EpcTft> tft = Create<EpcTft>();
EpcTft::PacketFilter dlpf;
dlpf.localPortStart = dIPort;
dlpf.localPortEnd = dIPort;
tft->Add(dlpf);

/*

* Let's install the applications!

¥/

ApplicationContainer clientApps;

for (uint32_t i =0; i < ueNodes.GetN(); ++i)

{
Ptr<Node> ue = ueNodes.Get(i);
Ptr<NetDevice> ueDevice = ueNetDev.Get(i);
Address ueAddress = uelplface.GetAddress(i);

/[ The client, who is transmitting, is installed in the remote host,

// with destination address set to the address of the UE
dIClient.SetAttribute("RemoteAddress", AddressValue(ueAddress));
clientApps.Add(dlClient.Install(remoteHost));

/] Activate a dedicated bearer for the traffic type
nrHelper->ActivateDedicatedEpsBearer(ueDevice, bearer, tft);

}

/[ start server and client apps
serverApps.Start(Seconds(udpAppStartTime));
clientApps.Start(Seconds(udpAppStartTime));
serverApps.Stop(Seconds(simTime));
clientApps.Stop(Seconds(simTime));

/[ enable the traces provided by the nr module
/I ntHelper->EnableTraces();

FlowMonitorHelper flowmonHelper;
NodeContainer endpointNodes;




endpointNodes.Add(remoteHost);
endpointNodes.Add(ueNodes);

Ptr<ns3::FlowMonitor> monitor = flowmonHelper.Install(endpointNodes);
monitor->SetAttribute("DelayBinWidth", DoubleValue(0.001));
monitor->SetAttribute("JitterBinWidth", DoubleValue(0.001));
monitor->SetAttribute("PacketSizeBinWidth", DoubleValue(20));

Simulator::Stop(Seconds(simTime));
Simulator::Run();

/[ Print per-flow statistics

monitor->CheckForLostPackets();

Ptr<Ipv4FlowClassifier> classifier =
DynamicCast<Ipv4FlowClassifier>(flowmonHelper.GetClassifier());

FlowMonitor::FlowStatsContainer stats = monitor->GetFlowStats();

double averageFlowThroughput = 0.0;
double averageFlowDelay = 0.0;

std::ofstream outFile;
std::string filename = outputDir + "/" + simTag;
outFile.open(filename.c_str(), std::ofstream::out | std::ofstream::trunc);
if (loutFile.is_open())
{

NS_LOG_ERROR("Can't open file " << filename);

return 1;
}

outFile.setf(std::ios_base::fixed);

for (std::map<Flowld, FlowMonitor::FlowStats>::const_iterator i = stats.begin();
i != stats.end();
++)

Ipv4FlowClassifier::FiveTuple t = classifier->FindFlow (i->first);
std::stringstream protoStream;

protoStream << (uint16_t)t.protocol;

if (t.protocol = 6)

{
protoStream.str("TCP");
}
if (t.protocol == 17)
{

protoStream.str("UDP");
}
outFile << "Flow " << i->first << " (" << t.sourceAddress << ":" << t.sourcePort << " ->"
<< t.destinationAddress << ":" << t.destinationPort << ") proto "
<< protoStream.str() << "\n';
outFile << " Tx Packets: " << i->second.txPackets << "\n";
outFile <<" Tx Bytes: "<<i->second.txBytes <<"\n";
outFile <<" TxOffered: "
<< i->second.txBytes * 8.0 / (simTime - udpAppStartTime) / 1000 / 1000 << " Mbps\n";
outFile <<" Rx Bytes: "<<i->second.rxBytes <<"\n";
if (i->second.rxPackets > 0)
{
// Measure the duration of the flow from receiver's perspective
double rxDuration =
i->second.timeLastRxPacket.GetSeconds() - i->second.timeFirstTxPacket.GetSeconds();

averageFlowThroughput += i->second.rxBytes * 8.0 / rxDuration / 1000 / 1000;
averageFlowDelay += 1000 * i->second.delaySum.GetSeconds() / i->second.rxPackets;

outFile <<" Throughput: " <<i->second.rxBytes * 8.0 / rxDuration / 1000 / 1000
<<" Mbps\n";




outFile <<" Mean delay: "
<< 1000 * i->second.delaySum.GetSeconds() / i->second.rxPackets << " ms\n";
// outFile << " Mean upt: " << i->second.uptSum / i->second.rxPackets / 1000/1000 << "
// Mbps \n";
outFile <<" Mean jitter:
<< 1000 * i->second jitterSum.GetSeconds() / i->second.rxPackets << " ms\n";

"

}
else
{
outFile <<" Throughput: 0 Mbps\n";
outFile <<" Mean delay: 0 ms\n";
outFile <<" Mean upt: 0 Mbps \n";
outFile <<" Mean jitter: 0 ms\n";
}
outFile << " Rx Packets: " << i->second.rxPackets << "\n";

}

double meanFlowThroughput = averageFlowThroughput / stats.size();
double meanFlowDelay = averageFlowDelay / stats.size();
Ptr<UdpServer> serverApp = serverApps.Get(0)->GetObject<UdpServer>();
double totalUdpThroughput =
((serverApp->GetReceived() * udpPacketSize * 8) / (simTime - udpAppStartTime)) * le-6;

outFile << "\n\n Mean flow throughput: " << meanFlowThroughput << "\n";
outFile <<" Mean flow delay: " << meanFlowDelay << "\n";
outFile << "\n UDP throughput (bps) for UE with node ID 0:" << totalUdpThroughput << std::endl;

outFile.close();
std::ifstream f(filename.c_str());

if (f.is_openy())
{

std::cout << f.rdbuf();
}

Simulator::Destroy();

double toleranceMeanFlowThroughput = 383.557857 * 0.0001;
double toleranceMeanFlowDelay = 3.533664 * 0.0001;
double toleranceUdpThroughput = 372.5066667 * 0.0001;

/[ called from examples-to-run.py with all default parameters
if (argec == 0 && (meanFlowThroughput < 383.557857 - toleranceMeanFlowThroughput | |
meanFlowThroughput > 383.557857 + toleranceMeanFlowThroughput | |
meanFlowDelay < 3.533664 - toleranceMeanFlowDelay | |
meanFlowDelay > 3.533664 + toleranceMeanFlowDelay | |
totalUdpThroughput < 372.5066667 - toleranceUdpThroughput | |
totalUdpThroughput > 372.5066667 + toleranceUdpThroughput))
{
return EXIT_FAILURE;
}
else
{
return EXIT_SUCCESS;
}
}

Kat ta avtiotolxa mepapatikd anoteAéopata:




$ .fns3 run cttc-3gpp-channel-nums

Total UDP throughput (bps):3.725087e+08

5
5
$
$
5
5
$
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/3(-*

*

* \file cttc-3gpp-channel-simple-fdm.cc

* \ingroup examples

* \brief Simple frequency division multiplexing example.

*

* This example describes how to setup a simple simulation with the frequency
* division multiplexing. Simulation example allows configuration of the two
* bandwidth parts where each is dedicated to different traffic type.

* The topology is a simple topology that consists of 1 UE and 1 eNB. There

* is one data bearer active and it will be multiplexed over a one of

* the two bandwidth parts depending on whether the traffic is configured to
* be low latency or not. By default the traffic is low latency. So,

* the example can be run from the command line in the following way:

*

* ./ns3 run cttc-3gpp-channel-simple-fdm

*

* or to configure flow as not ultra low latency:
*

*./ns3 run 'cttc-3gpp-channel-simple-fdm --isUl1=0"

*

* Variables that are accessible through the command line (e.g. numerology of

* BWP 1 can be configured by using --numerologyBwpl=4, so if the user would
* like to specify this parameter the program can be run in the following way:

*

*./ns3 run "cttc-3gpp-channel-simple-fdm --numerologyBwpl1=4"

*

*

*

* The configured spectrum division is as follows:
*

* Band 1

* f‘cl

* BWP1 | BWP2
*

*/

#include "ns3/antenna-module.h"
#include "ns3/config-store.h"




#include "ns3/core-module.h"

#include "ns3/eps-bearer-tag.h"

#include "ns3/internet-module.h"

#include "ns3/ipv4-global-routing-helper.h"
#include "ns3/log.h"

#include "ns3/mobility-module.h"

#include "ns3/network-module.h"

#include "ns3/nr-helper.h"

#include "ns3/nr-module.h”

#include "ns3/nr-point-to-point-epc-helper.h"
#include "ns3/three-gpp-spectrum-propagation-loss-model.h"

using namespace ns3;
NS_LOG_COMPONENT_DEFINE("Cttc3gppChannelSimpleFdm");

static int g_rlcTraceCallbackCalled =
false; //!< Global variable used to check if the callback function for RLC is called and thus to
//!< determine if the example is run correctly or not
static int g_pdcpTraceCallbackCalled =
false; //!< Global variable used to check if the callback function for PDCP is called and thus
//!< to determine if the example is run correctly or not

/3(-#(>

* Function creates a single packet and directly calls the function send

* of a device to send the packet to the destination address.

* @param device Device that will send the packet to the destination address.

* @param addr Destination address for a packet.

* @param packetSize The packet size.

¥/

static void

SendPacket(Ptr<NetDevice> device, Address& addr, uint32_t packetSize)

{
Ptr<Packet> pkt = Create<Packet>(packetSize);
/I Adding empty IPV4 header after adding the IPV6 support for NR module.
/I NrNetDevice::Receive need to peek the header to know the IP protocol.
/[ Since, there are no apps install in this test, this packet will be
// dropped in Ipv4L3Protocol::Receive method upon not finding the route.
Ipv4Header ipHeader;
pkt->AddHeader(ipHeader);

// the dedicated bearer that we activate in the simulation

// will have bearerId = 2

EpsBearerTag tag(l, 2);

pkt->AddPacketTag(tag);

device->Send(pkt, addr, Ipv4L3Protocol::PROT_NUMBER);
}

/3(->(>

* Function that prints out PDCP delay. This function is designed as a callback

* for PDCP trace source.

* @param path The path that matches the trace source

* @param rnti RNTI of UE

* @param Icid logical channel id

* @param bytes PDCP PDU size in bytes

* @param pdcpDelay PDCP delay

*/

void

RxPdcpPDU(std::string path, uint16_t rnti, uint8_t Icid, uint32_t bytes, uint64_t pdcpDelay)

{
std::cout << "\n Packet PDCP delay:" << pdcpDelay << "\n";
g_pdcpTraceCallbackCalled = true;

}




/3(->(>
* Function that prints out RLC statistics, such as RNTI, lcId, RLC PDU size,
* delay. This function is designed as a callback
* for RLC trace source.
* @param path The path that matches the trace source
* @param rnti RNTI of UE
* @param Icid logical channel id
* @param bytes RLC PDU size in bytes
* @param rlcDelay RLC PDU delay
*/
void
RxRIcPDU(std::string path, uint16_t rnti, uint8_t Icid, uint32_t bytes, uint64_t rlcDelay)
{
std::cout << "\n\n Data received by UE RLC at:" << Simulator::Now() << std::endl;
std::cout << "\n rnti:" << rnti << std::end];
std::cout << "\n lcid:" << (unsigned)lcid << std::endl;
std::cout << "\n bytes :" << bytes << std::endl;
std::cout << "\n delay :" << rlcDelay << std::endl;
g_rlcTraceCallbackCalled = true;

/**
* Function that connects PDCP and RLC traces to the corresponding trace sources.
*/
void
ConnectPdcpRIcTraces()
{
/[ after recent changes in the EPC UE node ID has changed to 3
// dedicated bearer that we have activated has bearer id 2
Config::Connect("/NodeList/*/DeviceList/*/LteUeRrc/DataRadioBearerMap/*/LtePdcp/RxPDU",
MakeCallback(&RxPdcpPDU));
// after recent changes in the EPC UE node ID has changed to 3
// dedicated bearer that we have activated has bearer id 2
Config::Connect("/NodeList/*/DeviceList/*/LteUeRrc/DataRadioBearerMap/*/LteRlc/RxPDU",
MakeCallback(&RxRIcPDU));

int

main(int argc, char* argv[])

{
uint16_t gNbNum = 1;
uint16_t ueNumPergNDb = 1;
uint16_t numerologyBwpl = 4;
uint16_t numerologyBwp2 = 2;
double centralFrequencyBand = 28.1e9;
double bandwidthBand = 200e6;
double txPowerPerBwp = 4;
uint32_t packetSize = 1000;
bool isUll = true; // Whether the flow is a low latency type of traffic.

Time sendPacketTime = Seconds(0.4);

CommandLine cmd(__FILE__);

cmd.AddValue("gNbNum", "The number of gNbs in multiple-ue topology", gNbNum);
cmd.AddValue("ueNumPergNb", "The number of UE per gNb in multiple-ue topology", ueNumPergNb);
cmd.AddValue("numerologyBwp1", "The numerology to be used in bandwidth part 1", numerologyBwp1);
cmd.AddValue("numerologyBwp2", "The numerology to be used in bandwidth part 2", numerologyBwp2);
cmd.AddValue("frequency”, "The system frequency”, centralFrequencyBand);
cmd.AddValue("bandwidthBand", "The system bandwidth", bandwidthBand);
cmd.AddValue("packetSize", "packet size in bytes", packetSize);

cmd.AddValue("isUIl", "Enable Uplink", isUll);

cmd.Parse(argc, argv);

int64_t randomStream = 1;




// Create the scenario

GridScenarioHelper gridScenario;

gridScenario.SetRows(1);

gridScenario.SetColumns(gNbNum);
gridScenario.SetHorizontalBsDistance(5.0);
gridScenario.SetBsHeight(10.0);

gridScenario.SetUtHeight(1.5);

// must be set before BS number
gridScenario.SetSectorization(GridScenarioHelper::SINGLE);
gridScenario.SetBsNumber(gNbNum);
gridScenario.SetUtNumber(ueNumPergNb * gNbNum);
gridScenario.SetScenarioHeight(3); // Create a 3x3 scenario where the UE will
gridScenario.SetScenarioLength(3); // be distributed.
randomStream += gridScenario.AssignStreams(randomStream);
gridScenario.CreateScenario();

Config::SetDefault("ns3::EpsBearer::Release", UintegerValue(15));

Ptr<NrPointToPointEpcHelper> epcHelper = CreateObject<NrPointToPointEpcHelper>();
Ptr<IdealBeamformingHelper> idealBeamformingHelper = CreateObject<IdealBeamformingHelper>();
Ptr<NrHelper> nrHelper = CreateObject<NrHelper>();

nrHelper->SetBeamformingHelper(idealBeamformingHelper);
nrHelper->SetEpcHelper(epcHelper);

/[ Create one operational band containing one CC with 2 bandwidth parts
BandwidthPartInfoPtrVector allBwps;

CcBwpCreator ccBwpCreator;

const uint8_t numCcPerBand = 1; // one CC per Band

/I Create the configuration for the CcBwpHelper
CcBwpCreator::SimpleOperationBandConf bandConf(centralFrequencyBand,
bandwidthBand,
numCcPerBand,
BandwidthPartInfo::UMi_StreetCanyon_LoS);
bandConf.m_numBwp = 2; // two BWPs per CC

/| By using the configuration created, it is time to make the operation band
OperationBandInfo band = ccBwpCreator.CreateOperationBand ContiguousCc(bandConf);

nrHelper->SetPathlossAttribute("ShadowingEnabled", BooleanValue(false));

nrHelper->InitializeOperationBand(&band);
allBwps = CcBwpCreator::GetAllBwps({band});

// Beamforming method
idealBeamformingHelper->SetAttribute("BeamformingMethod",
TypeldValue(DirectPathBeamforming::GetTypeld()));

// Antennas for all the UEs
nrHelper->SetUeAntennaAttribute("NumRows", UintegerValue(2));
nrHelper->SetUeAntennaAttribute("NumColumns", UintegerValue(4));
nrHelper->SetUeAntennaAttribute("AntennaElement",
PointerValue(CreateObject<IsotropicAntennaModel>()));

// Antennas for all the gNbs
nrHelper->SetGnbAntennaAttribute("NumRows", UintegerValue(4));
nrHelper->SetGnbAntennaAttribute("NumColumns", UintegerValue(8));
nrHelper->SetGnbAntennaAttribute("AntennaFlement",
PointerValue(CreateObject<IsotropicAntennaModel>()));

uint32_t bwpldForLowLat = 0;
uint32_t bwpldForVoice = 1;




// gNb routing between Bearer and bandwidh part

nrHelper->SetGnbBwpManagerAlgorithmAttribute("NGBR_LOW_LAT_EMBB",
UintegerValue(bwpldForLowLat));

nrHelper->SetGnbBwpManagerAlgorithmAttribute("GBR_CONV_VOICE", UintegerValue(bwpldForVoice));

// Ue routing between Bearer and bandwidth part
nrHelper->SetUeBwpManagerAlgorithmAttribute("NGBR_LOW_LAT_EMBB", UintegerValue(bwpldForLowLat));
nrHelper->SetUeBwpManagerAlgorithmAttribute("GBR_CONV_VOICE", UintegerValue(bwplIdForVoice));

/[ Install and get the pointers to the NetDevices

NetDeviceContainer enbNetDev =
nrHelper->InstallGnbDevice(gridScenario.GetBaseStations(), allBwps);

NetDeviceContainer ueNetDev =
nrHelper->InstallUeDevice(gridScenario.GetUserTerminals(), allBwps);

randomStream += nrHelper->AssignStreams(enbNetDev, randomStream);
randomStream += nrHelper->AssignStreams(ueNetDev, randomStream);

/[ Set the attribute of the netdevice (enbNetDev.Get (0)) and bandwidth part (0)/(1)
nrHelper->GetGnbPhy(enbNetDev.Get(0), 0)

->SetAttribute("Numerology", UintegerValue(numerologyBwpl));
nrHelper->GetGnbPhy(enbNetDev.Get(0), 1)

->SetAttribute("Numerology", UintegerValue(numerologyBwp2));
nrHelper->GetGnbPhy (enbNetDev.Get(0), 0)->SetTxPower(txPowerPerBwp);
nrHelper->GetGnbPhy(enbNetDev.Get(0), 1)->SetTxPower(txPowerPerBwp);

for (auto it = enbNetDev.Begin(); it != enbNetDev.End(); ++it)
{

DynamicCast<NrGnbNetDevice>(*it)->UpdateConfig();
}

for (auto it = ueNetDev.Begin(); it != ueNetDev.End(); ++it)
{

DynamicCast<NrUeNetDevice>(*it)->UpdateConfig();
}

InternetStackHelper internet;

internet.Install(gridScenario.GetUserTerminals());

Ipv4InterfaceContainer uelpIface;

uelplface = epcHelper->AssignUelpv4Address(NetDeviceContainer(ueNetDev));

Simulator::Schedule(sendPacketTime,
&SendPacket,
enbNetDev.Get(0),
ueNetDev.Get(0)->GetAddress(),
packetSize);

// attach UEs to the closest eNB
nrHelper->AttachToClosestEnb(ueNetDev, enbNetDev);

Ptr<EpcTft> tft = Create<EpcTft>();
EpcTft::PacketFilter dlpf;
dlpf.localPortStart = 1234;
dlpf.localPortEnd = 1235;
tft->Add(dlpf);

enum EpsBearer::Qci g;

if (isUIL)
{

q = EpsBearer:NGBR_LOW_LAT_EMBB;
}

else

{
q = EpsBearer::GBR_CONV_VOICE;




EpsBearer bearer(q);
nrHelper->ActivateDedicated EpsBearer(ueNetDev, bearer, tft);

Simulator::Schedule(Seconds(0.2), &ConnectPdcpRlcTraces);
nrHelper->EnableTraces();

Simulator::Stop(Seconds(1));
Simulator::Run();
Simulator::Destroy();

if (g_rlcTraceCallbackCalled && g_pdcpTraceCallbackCalled)
{
return EXIT_SUCCESS;
}
else
{
return EXIT_FAILURE;
}

Kat ta avtiotoiyya mepapatikd anoteAéopata:

S ./ns3 run cttc-3gpp-channel-simple-fdm

Da received by UE RLC at:+4.00283e+08ns
rnti:1

lcid:4

bytes :81

delay :2830831

Data received by UE RLC at:+4.00346e+08ns
rnti:1

lcid:4

bytes :81

delay :283031

Data received by UE RLC at:+4.00408e+08ns

rnti:1
lcid:4
bytes :81

delay :2830831

Ewova 11: Mewpauatika AnoteAé¢ouara Mapadsiyuarog 3 (1)




Data received by UE RLC at:+4.00471e+08ns
rnti:1

lcid:4

bytes :81

delay :283031

Data received by UE RLC at:+4.80533e+08ns
rnti:1

lcid:4

bytes :81

delay :283031

Data received by UE RLC at:+4.080596e+08ns
rnti:l

lcid: 4

bytes :81

delay :283031

Data received by UE RLC at:+4.00618e+08ns
rnti:1

lcid:4

bytes :550

delay :242855

Packet PDCP delay:617855

Ewova 12: Mepauatika ArtoteAéouara Mapadeiyuatog 3(2)

3.4. IIagaderypa 4

IMapatiOetal o kwdKAg, Tov XENotomo)Onke:

/>(->f

*

* \file cttc-3gpp-channel-nums-fdm.cc

* \ingroup examples

* \brief Frequency division multiplexing example, with TDD and FDD

*

* The example is showing how to configure multiple bandwidth parts, in which
* some of them form a FDD configuration, while others uses TDD. The user

* can configure the bandwidth and the frequency of these BWPs. Three types
* of traffic are available: two are DL (video and voice) while one is

* UL (gaming). Each traffic will be routed to different BWP. Voice will go

* in the TDD BWP, while video will go in the FDD-DL one, and gaming in the
* FDD-UL one.




*

* The configured spectrum division is the following:

\verbatim

| BandTdd | BandFdd: |

| CCO | CC1 |

| BWPO [ BWP1------- |- BWP2------- |
\endverbatim

* We will configure BWP0 as TDD, BWP1 as FDD-DL, BWP2 as FDD-UL.
*/

#include "ns3/antenna-module.h"
#include "ns3/applications-module.h"
#include "ns3/config-store-module.h"
#include "ns3/config-store.h"

#include "ns3/core-module.h"

#include "ns3/flow-monitor-module.h"
#include "ns3/internet-apps-module.h"
#include "ns3/internet-module.h"
#include "ns3/mobility-module.h"
#include "ns3/network-module.h"
#include "ns3/nr-module.h"

#include "ns3/point-to-point-module.h"

using namespace ns3;
NS_LOG_COMPONENT_DEFINE("3gppChannelNumsFdm");

int
main(int argc, char* argv[])
{
uintl6_t gNbNum = 4;
uintl6_t ueNum = 4;

uint32_t udpPacketSizeVideo = 100;
uint32_t udpPacketSizeVoice = 1252;
uint32_t udpPacketSizeGaming = 500;
uint32_t lambdaVideo = 50;

uint32_t lambdaVoice = 100;

uint32_t lambdaGaming = 250;

uint32_t simTimeMs = 1400;
uint32_t udpAppStartTimeMs = 400;

double centralFrequencyBand1 = 28e9;
double bandwidthBand1 = 100e6;
double centralFrequencyBand?2 = 28.2e9;
double bandwidthBand2 = 100e6;
double totalTxPower = 4;

std::string simTag = "default";
std::string outputDir ="./";
bool enableVideo = true;
bool enableVoice = true;
bool enableGaming = true;

CommandLine cmd(__FILE__);

cmd.AddValue("packetSizeVideo",
"packet size in bytes to be used by video traffic",
udpPacketSizeVideo);
cmd.AddValue("packetSizeVoice",
"packet size in bytes to be used by voice traffic",
udpPacketSizeVoice);
cmd.AddValue("packetSizeGaming",
"packet size in bytes to be used by gaming traffic",




udpPacketSizeGaming);
cmd.AddValue("lambdaVideo",

"Number of UDP packets in one second for video traffic",

lambdaVideo);
cmd.AddValue("lambdaVoice",

"Number of UDP packets in one second for voice traffic",

lambdaVoice);
cmd.AddValue("lambdaGaming",

"Number of UDP packets in one second for gaming traffic",

lambdaGaming);
cmd.AddValue("enableVideo", "If true, enables video traffic transmission (DL)", enableVideo);
cmd.AddValue("enableVoice", "If true, enables voice traffic transmission (DL)", enableVoice);
cmd.AddValue("enableGaming", "If true, enables gaming traffic transmission (UL)", enableGaming);
cmd.AddValue("simTimeMs", "Simulation time", simTimeMs);
cmd.AddValue('centralFrequencyBand1",

"The system frequency to be used in band 1",

centralFrequencyBand1);
cmd.AddValue("bandwidthBand1", "The system bandwidth to be used in band 1", bandwidthBand1);
cmd.AddValue("centralFrequencyBand2",

"The system frequency to be used in band 2",

centralFrequencyBand2);
cmd.AddValue("bandwidthBand2", "The system bandwidth to be used in band 2", bandwidthBand2);
cmd.AddValue("totalTxPower",

"total tx power that will be proportionally assigned to"

"bands, CCs and bandwidth parts depending on each BWP bandwidth ",

totalTxPower);
cmd.AddValue('simTag",

"tag to be appended to output filenames to distinguish simulation campaigns",

simTag);
cmd.AddValue("outputDir", "directory where to store simulation results”, outputDir);

cmd.Parse(argc, argv);

NS_ABORT_IF(centralFrequencyBand1 > 100e9);
NS_ABORT_IF(centralFrequencyBand2 > 100e9);

Config::SetDefault("ns3::LteRlcUm::MaxTxBufferSize", UintegerValue(999999999));
int64_t randomStream = 1;

GridScenarioHelper gridScenario;
gridScenario.SetRows(gNbNum / 2);
gridScenario.SetColumns(gNbNum);
gridScenario.SetHorizontalBsDistance(5.0);
gridScenario.SetBsHeight(10.0);

gridScenario.SetUtHeight(1.5);

// must be set before BS number
gridScenario.SetSectorization(GridScenarioHelper::SINGLE);
gridScenario.SetBsNumber(gNbNum);
gridScenario.SetUtNumber(ueNum);
gridScenario.SetScenarioHeight(3); // Create a 3x3 scenario where the UE will
gridScenario.SetScenarioLength(3); // be distribuited.
randomStream += gridScenario.AssignStreams(randomStream);
gridScenario.CreateScenario();

/*

*TODO: Add a print, or a plot, that shows the scenario.

*/

Ptr<NrPointToPointEpcHelper> epcHelper = CreateObject<NrPointToPointEpcHelper>();
Ptr<IdealBeamformingHelper> idealBeamformingHelper = CreateObject<IdealBeamformingHelper>();

Ptr<NrHelper> nrHelper = CreateObject<NrHelper>();

// Put the pointers inside nrHelper




nrHelper->SetBeamformingHelper(idealBeamformingHelper);
nrHelper->SetEpcHelper(epcHelper);

BandwidthPartInfoPtrVector allBwps;
CcBwpCreator ccBwpCreator;
const uint8_t numCcPerBand = 1; // in this example, both bands have a single CC

CcBwpCreator::SimpleOperationBandConf bandConfTdd(centralFrequencyBand1,
bandwidthBand1,
numCcPerBand,
BandwidthPartInfo::UMi_StreetCanyon);
CcBwpCreator::SimpleOperationBandConf bandConfFdd(centralFrequencyBand?2,
bandwidthBand2,
numCcPerBand,
BandwidthPartInfo::UMi_StreetCanyon);

bandConfFdd.m_numBwp = 2; // Here, bandFdd will have 2 BWPs
/| By using the configuration created, it is time to make the operation bands

OperationBandInfo bandTdd = ccBwpCreator.CreateOperationBandContiguousCc(band ConfTdd);
OperationBandInfo bandFdd = ccBwpCreator.CreateOperationBandContiguousCc(bandConfFdd);

/*

* The configured spectrum division is:

*1 BandTdd I BandFdd I
*1 CCO. I CC1 I

* BWPO [[-==-- BWP1---—--- | —=--- BWP2--——- I

*

* We will configure BWP0 as TDD, BWP1 as FDD-DL, BWP2 as FDD-UL.
*
/

/*
* Attributes of ThreeGppChannelModel still cannot be set in our way.
* TODO: Coordinate with Tommaso
*
/
Config::SetDefault("ns3:: ThreeGppChannelModel::UpdatePeriod", TimeValue(MilliSeconds(0)));
nrHelper->SetChannelConditionModelAttribute("UpdatePeriod", TimeValue(MilliSeconds(0)));
nrHelper->SetPathlossAttribute("ShadowingEnabled", BooleanValue(false));

nrHelper->InitializeOperationBand(&bandTdd);
nrHelper->InitializeOperationBand(&bandFdd);
allBwps = CcBwpCreator::GetAllBwps({bandTdd, bandFdd});

// Beamforming method
idealBeamformingHelper->SetAttribute("BeamformingMethod",
TypeldValue(DirectPathBeamforming::GetTypeld()));

/ Core latency
epcHelper->SetAttribute("SluLinkDelay", TimeValue(MilliSeconds(0)));

// Antennas for all the UEs
nrHelper->SetUeAntennaAttribute("NumRows", UintegerValue(2));
nrHelper->SetUeAntennaAttribute("NumColumns", UintegerValue(4));
nrHelper->SetUeAntennaAttribute(" AntennaElement",
PointerValue(CreateObject<IsotropicAntennaModel>()));

/[ Antennas for all the gNbs
nrHelper->SetGnbAntennaAttribute("NumRows", UintegerValue(4));
nrHelper->SetGnbAntennaAttribute("NumColumns", UintegerValue(8));
nrHelper->SetGnbAntennaAttribute("AntennaFElement",
PointerValue(CreateObject<IsotropicAntennaModel>()));

nrHelper->SetGnbPhy Attribute("TxPower", DoubleValue(4.0));




uint32_t bwpldForVoice = 0;
uint32_t bwpldForVideo = 1;
uint32_t bwpldForGaming = 2;

nrHelper->SetGnbBwpManagerAlgorithmAttribute("GBR_CONV_VOICE", UintegerValue(bwpldForVoice));
nrHelper->SetGnbBwpManagerAlgorithmAttribute("GBR_CONV_VIDEQ", UintegerValue(bwpldForVideo));
nrHelper->SetGnbBwpManagerAlgorithmAttribute("GBR_GAMING", UintegerValue(bwpldForGaming));

nrHelper->SetUeBwpManagerAlgorithmAttribute("GBR_CONV_VOICE", UintegerValue(bwpldForVoice));
nrHelper->SetUeBwpManagerAlgorithmAttribute("GBR_CONV_VIDEQ", UintegerValue(bwpIldForVideo));
nrHelper->SetUeBwpManagerAlgorithmAttribute("GBR_GAMING", UintegerValue(bwpIdForGaming));

NetDeviceContainer enbNetDev =
nrHelper->InstallGnbDevice(gridScenario.GetBaseStations(), allBwps);

NetDeviceContainer ueNetDev =
nrHelper->InstallUeDevice(gridScenario.GetUserTerminals(), allBwps);

randomStream += nrHelper->AssignStreams(enbNetDev, randomStream);
randomStream += nrHelper->AssignStreams(ueNetDev, randomStream);

NS_ASSERT(enbNetDev.GetN() == 4);
/] - e- First GNB:

// BWPO, the TDD one
nrHelper->GetGnbPhy(enbNetDev.Get(0), 0)->SetAttribute("Numerology", UintegerValue(0));
nrHelper->GetGnbPhy(enbNetDev.Get(0), 0)

->SetAttribute('Pattern"”, StringValue("FIFIFIFIFIFIFIFIFIF|"));
nrHelper->GetGnbPhy(enbNetDev.Get(0), 0)->SetAttribute("TxPower", DoubleValue(4.0));

// BWP1, FDD-DL
nrHelper->GetGnbPhy (enbNetDev.Get(0), 1)->SetAttribute("Numerology", UintegerValue(0));
nrHelper->GetGnbPhy(enbNetDev.Get(0), 1)

->SetAttribute("Pattern", StringValue("DLIDLIDLIDLIDLIDLIDLIDLIDLIDLI"));
nrHelper->GetGnbPhy(enbNetDev.Get(0), 1)->SetAttribute("TxPower", DoubleValue(4.0));

// BWP2, FDD-UL
nrHelper->GetGnbPhy (enbNetDev.Get(0), 2)->SetAttribute("Numerology", UintegerValue(0));
nrHelper->GetGnbPhy(enbNetDev.Get(0), 2)

->SetAttribute('Pattern", StringValue("ULI UL |ULIULIULIULIULIULIULIULI"));
nrHelper->GetGnbPhy(enbNetDev.Get(0), 2)->SetAttribute("TxPower", DoubleValue(0.0));

// Link the two FDD BWP:
nrHelper->GetBwpManagerGnb(enbNetDev.Get(0))->SetOutputLink(2, 1);

/—— Second GNB:

// BWPO, the TDD one
nrHelper->GetGnbPhy (enbNetDev.Get(1), 0)->SetAttribute("Numerology", UintegerValue(1));
nrHelper->GetGnbPhy(enbNetDev.Get(1), 0)

->SetAttribute('Pattern"”, StringValue("FIFIFIFIFIFIFIFIFIF|"));
nrHelper->GetGnbPhy(enbNetDev.Get(1), 0)->SetAttribute("TxPower", DoubleValue(4.0));

// BWP1, FDD-DL
nrHelper->GetGnbPhy(enbNetDev.Get(1), 1)->SetAttribute("Numerology", UintegerValue(1));
nrHelper->GetGnbPhy(enbNetDev.Get(1), 1)

->SetAttribute("Pattern", StringValue("'DLIDLIDLIDLIDLIDLIDLIDLIDLIDLI"));
nrHelper->GetGnbPhy(enbNetDev.Get(1), 1)->SetAttribute("TxPower", DoubleValue(4.0));

// BWP2, FDD-UL
nrHelper->GetGnbPhy (enbNetDev.Get(1), 2)->SetAttribute("Numerology", UintegerValue(1));
nrHelper->GetGnbPhy(enbNetDev.Get(1), 2)

->SetAttribute('Pattern", StringValue("ULI UL |ULIULIULIULIULIULIULIULI"));
nrHelper->GetGnbPhy(enbNetDev.Get(1), 2)->SetAttribute("TxPower", DoubleValue(0.0));




// Link the two FDD BWP:
nrHelper->GetBwpManagerGnb(enbNetDev.Get(1))->SetOutputLink(2, 1);

) Third GNB:

// BWPO, the TDD one
nrHelper->GetGnbPhy (enbNetDev.Get(2), 0)->SetAttribute("Numerology", UintegerValue(2));
nrHelper->GetGnbPhy(enbNetDev.Get(2), 0)

->SetAttribute("Pattern”, StringValue("FIFIFIFIFIFIFIFIEIFI"));
nrHelper->GetGnbPhy(enbNetDev.Get(2), 0)->SetAttribute("TxPower", DoubleValue(4.0));

/| BWP1, FDD-DL
nrHelper->GetGnbPhy(enbNetDev.Get(2), 1)->SetAttribute("Numerology", UintegerValue(2));
nrHelper->GetGnbPhy(enbNetDev.Get(2), 1)

->SetAttribute("Pattern”, StringValue("DLIDLIDLIDLIDLIDLIDLIDLIDLIDLI"));
nrHelper->GetGnbPhy(enbNetDev.Get(2), 1)->SetAttribute("TxPower", DoubleValue(4.0));

// BWP2, FDD-UL
nrHelper->GetGnbPhy(enbNetDev.Get(2), 2)->SetAttribute("Numerology", UintegerValue(2));
nrHelper->GetGnbPhy(enbNetDev.Get(2), 2)

->SetAttribute('Pattern", StringValue("ULI UL |ULIULIULIULIULIULIULIULI"));
nrHelper->GetGnbPhy(enbNetDev.Get(2), 2)->SetAttribute("TxPower", DoubleValue(0.0));

// Link the two FDD BWP:
nrHelper->GetBwpManagerGnb(enbNetDev.Get(2))->SetOutputLink(2, 1);

)/ —— Fourth GNB:

// BWPO, the TDD one
nrHelper->GetGnbPhy(enbNetDev.Get(3), 0)->SetAttribute("Numerology", UintegerValue(3));
nrHelper->GetGnbPhy(enbNetDev.Get(3), 0)
->SetAttribute("Pattern”, StringValue("FIFIFIFIFIFIFIFIEIFI"));
nrHelper->GetGnbPhy (enbNetDev.Get(3), 0)->SetAttribute("TxPower", DoubleValue(4.0));

// BWP1, FDD-DL
nrHelper->GetGnbPhy(enbNetDev.Get(3), 1)->SetAttribute("Numerology", UintegerValue(3));
nrHelper->GetGnbPhy(enbNetDev.Get(3), 1)

->SetAttribute("Pattern", StringValue("'DLIDLIDLIDLIDLIDLIDLIDLIDLIDLI"));
nrHelper->GetGnbPhy(enbNetDev.Get(3), 1)->SetAttribute("TxPower", DoubleValue(4.0));

// BWP2, FDD-UL
nrHelper->GetGnbPhy (enbNetDev.Get(3), 2)->SetAttribute("Numerology", UintegerValue(3));
nrHelper->GetGnbPhy(enbNetDev.Get(3), 2)

->SetAttribute("Pattern", StringValue("ULI UL |ULIULIULIULIULIULIULIULI"));
nrHelper->GetGnbPhy(enbNetDev.Get(3), 2)->SetAttribute("TxPower", DoubleValue(0.0));

// Link the two FDD BWP:
nrHelper->GetBwpManagerGnb(enbNetDev.Get(3))->SetOutputLink(2, 1);

// Set the UE routing:

for (uint32_t i = 0; i < ueNetDev.GetN(); i++)
{
nrHelper->GetBwpManagerUe(ueNetDev.Get(i))->SetOutputLink(1, 2);

}

/] When all the configuration is done, explicitly call UpdateConfig ()

for (auto it = enbNetDev.Begin(); it != enbNetDev.End(); ++it)

{
DynamicCast<NrGnbNetDevice>(*it)->UpdateConfig();

}




for (auto it = ueNetDev.Begin(); it != ueNetDev.End(); ++it)
{

DynamicCast<NrUeNetDevice>(*it)->UpdateConfig();
}

// From here, it is standard NS3. In the future, we will create helpers
/[ for this part as well.

/[ create the internet and install the IP stack on the UEs
/Il get SGW/PGW and create a single RemoteHost
Ptr<Node> pgw = epcHelper->GetPgwNode();
NodeContainer remoteHostContainer;
remoteHostContainer.Create(1);

Ptr<Node> remoteHost = remoteHostContainer.Get(0);
InternetStackHelper internet;
internet.Install(remoteHostContainer);

/[ connect a remoteHost to pgw. Setup routing too

PointToPointHelper p2ph;

p2ph.SetDeviceAttribute("DataRate", DataRateValue(DataRate("100Gb/s")));

p2ph.SetDeviceAttribute("Mtu", UintegerValue(2500));

p2ph.SetChannelAttribute("Delay", TimeValue(Seconds(0.000)));

NetDeviceContainer internetDevices = p2ph.Install(pgw, remoteHost);

Ipv4AddressHelper ipv4h;

Ipv4StaticRoutingHelper ipv4RoutingHelper;

ipv4h.SetBase("1.0.0.0", "255.0.0.0");

Ipv4interfaceContainer internetlplfaces = ipv4h.Assign(internetDevices);

Ptr<Ipv4StaticRouting> remoteHostStaticRouting =
ipv4RoutingHelper.GetStaticRouting(remoteHost->GetObject<Ipv4>());

remoteHostStaticRouting->AddNetworkRouteTo(Ipv4Address("7.0.0.0"), Ipv4Mask("255.0.0.0"), 1);

internet.Install(gridScenario.GetUserTerminals());

Ipv4InterfaceContainer uelplface = epcHelper->AssignUelpv4Address(NetDeviceContainer(ueNetDev));

/I Set the default gateway for the UEs
for (uint32_t j = 0; j < gridScenario.GetUserTerminals().GetN(); ++j)
{
Ptr<Ipv4StaticRouting> ueStaticRouting = ipv4RoutingHelper.GetStaticRouting(
gridScenario.GetUserTerminals().Get(j)->GetObject<Ipv4>());
ueStaticRouting->SetDefaultRoute(epcHelper->GetUeDefaultGatewayAddress(), 1);
}

// Fix the attachment of the UEs: UE_i attached to GNB_i

for (uint32_t i = 0; i < ueNetDev.GetN(); ++i)

{
auto enbDev = DynamicCast<NrGnbNetDevice>(enbNetDev.Get(i));
auto ueDev = DynamicCast<NrUeNetDevice>(ueNetDev.Get(i));
NS_ASSERT(enbDev != nullptr);
NS_ASSERT(ueDev != nullptr);
nrHelper->AttachToEnb(ueDev, enbDev);

}

/*

* Traffic part. Install two kind of traffic: low-latency and voice, each
* identified by a particular source port.

*/

uintl6_t dIPortVideo = 1234;

uintl6_t dlPortVoice = 1235;

uint16_t ulPortGaming = 1236;

ApplicationContainer serverApps;

/[ The sink will always listen to the specified ports
UdpServerHelper dIPacketSinkVideo(dIPortVideo);




UdpServerHelper dlPacketSinkVoice(dIPortVoice);
UdpServerHelper ulPacketSinkVoice(ulPortGaming);

// The server, that is the application which is listening, is installed in the UE

// for the DL traffic, and in the remote host for the UL traffic
serverApps.Add(dlPacketSinkVideo.Install(gridScenario.GetUserTerminals()));
serverApps.Add(dlPacketSinkVoice.Install(gridScenario.GetUserTerminals()));
serverApps.Add(ulPacketSinkVoice.Install(remoteHost));

/*

* Configure attributes for the different generators, using user-provided

* parameters for generating a CBR traffic

*

* Low-Latency configuration and object creation:

*/

UdpClientHelper dIClientVideo;

diClientVideo.SetAttribute("RemotePort", UintegerValue(dIPortVideo));
diClientVideo.SetAttribute("MaxPackets", UintegerValue(OxFFFFFFFF));
diClientVideo.SetAttribute("PacketSize", UintegerValue(udpPacketSizeVideo));
dIClientVideo.SetAttribute("Interval”, TimeValue(Seconds(1.0 / lambdaVideo)));

/[ The bearer that will carry low latency traffic
EpsBearer videoBearer(EpsBearer:GBR_CONV_VIDEO);

/[ The filter for the low-latency traffic
Ptr<EpcTft> videoTft = Create<EpcTft>();
EpcTft::PacketFilter dlpfVideo;
dlpfVideo.localPortStart = dIPortVideo;
dlpfVideo.localPortEnd = dIPortVideo;
videoTft->Add(dlpfVideo);

/I Voice configuration and object creation:

UdpClientHelper dIClientVoice;

diClientVoice.SetAttribute("RemotePort", UintegerValue(dlPortVoice));
dIClientVoice.SetAttribute("MaxPackets", UintegerValue(OxFFFFFFFF));
dIClientVoice.SetAttribute("PacketSize", UintegerValue(udpPacketSizeVoice));
dIClientVoice.SetAttribute("Interval"”, TimeValue(Seconds(1.0 / lambdaVoice)));

/] The bearer that will carry voice traffic
EpsBearer voiceBearer(EpsBearer::GBR_CONV_VOICE);

// The filter for the voice traffic
Ptr<EpcTft> voiceTft = Create<EpcTft>();
EpcTft::PacketFilter dlpfVoice;
dlpfVoice.localPortStart = dIPortVoice;
dlpfVoice.localPortEnd = dIPortVoice;
voiceTft->Add(dlpfVoice);

/| Gaming configuration and object creation:

UdpClientHelper ulClientGaming;

ulClientGaming.SetAttribute("RemotePort", UintegerValue(ulPortGaming));
ulClientGaming.SetAttribute("MaxPackets", UintegerValue(OxFFFFFFFF));
ulClientGaming.SetAttribute("PacketSize", UintegerValue(udpPacketSizeGaming));
ulClientGaming.SetAttribute("Interval", TimeValue(Seconds(1.0 / lambdaGaming)));

// The bearer that will carry gaming traffic
EpsBearer gamingBearer(EpsBearer:: GBR_GAMING);

/[ The filter for the gaming traffic

Ptr<EpcTft> gamingTft = Create<EpcTft>();
EpcTft::PacketFilter ulpfGaming;
ulpfGaming.remotePortStart = ulPortGaming;
ulpfGaming.remotePortEnd = ulPortGaming;
ulpfGaming.direction = EpcTft::UPLINK;




gamingTft->Add(ulpfGaming);

/*

* Let's install the applications!

*/

ApplicationContainer clientApps;

for (uint32_t i =0; i < gridScenario.GetUserTerminals().GetN(); ++i)
{
Ptr<Node> ue = gridScenario.GetUserTerminals().Get(i);
Ptr<NetDevice> ueDevice = ueNetDev.Get(i);
Address ueAddress = uelpIface.GetAddress(i);

/[ The client, who is transmitting, is installed in the remote host,

// with destination address set to the address of the UE

if (enableVoice)

{
dIClientVoice.SetAttribute("RemoteAddress”, AddressValue(ueAddress));
clientApps.Add(dlClientVoice.Install(remoteHost));

nrHelper->ActivateDedicated EpsBearer(ueDevice, voiceBearer, voiceTft);

}

if (enableVideo)

{
dIClientVideo.SetAttribute("RemoteAddress", AddressValue(ueAddress));
clientApps.Add(dlClientVideo.Install(remoteHost));

nrHelper->ActivateDedicated EpsBearer(ueDevice, videoBearer, videoTft);

}

// For the uplink, the installation happens in the UE, and the remote address
// is the one of the remote host

if (enableGaming)
{
ulClientGaming.SetAttribute("RemoteAddress",
AddressValue(internetIplIfaces.GetAddress(1)));
clientApps.Add(ulClientGaming.Install(ue));

nrHelper->ActivateDedicated EpsBearer(ueDevice, gamingBearer, gamingTft);
}
}

/[ start UDP server and client apps
serverApps.Start(MilliSeconds(udp A ppStartTimeMs));
clientApps.Start(MilliSeconds(udpAppStartTimeMs));
server Apps.Stop(MilliSeconds(simTimeMs));
clientApps.Stop(MilliSeconds(simTimeMs));

/[ enable the traces provided by the nr module
/I ntHelper->EnableTraces();

FlowMonitorHelper flowmonHelper;

NodeContainer endpointNodes;
endpointNodes.Add(remoteHost);
endpointNodes.Add(gridScenario.GetUserTerminals());

Ptr<ns3::FlowMonitor> monitor = flowmonHelper.Install(endpointNodes);
monitor->SetAttribute("DelayBinWidth", DoubleValue(0.001));
monitor->SetAttribute("JitterBinWidth", DoubleValue(0.001));
monitor->SetAttribute("PacketSizeBinWidth", DoubleValue(20));

Simulator::Stop(MilliSeconds(simTimeMs));




Simulator::Run();

/*

* To check what was installed in the memory, i.e., BWPs of eNb Device, and its configuration.

* Example is: Node 1 -> Device 0 -> BandwidthPartMap -> {0,1} BWPs -> NrGnbPhy -> Numerology,
GtkConfigStore config;

config.ConfigureAttributes ();

*/

/[ Print per-flow statistics

monitor->CheckForLostPackets();

Ptr<Ipv4FlowClassifier> classifier =
DynamicCast<Ipv4FlowClassifier>(flowmonHelper.GetClassifier());

FlowMonitor::FlowStatsContainer stats = monitor->GetFlowStats();

double averageFlowThroughput = 0.0;
double averageFlowDelay = 0.0;

std::ofstream outFile;
std::string filename = outputDir + "/" + simTag;
outFile.open(filename.c_str(), std::ofstream::out | std::ofstream::trunc);
if (outFile.is_open())
{

std::cerr << "Can't open file " << filename << std::endl;

return 1;

}
outFile.setf(std::ios_base:fixed);

for (std::map<Flowld, FlowMonitor::FlowStats>::const_iterator i = stats.begin();
i!= stats.end();
++)
{
Ipv4FlowClassifier::FiveTuple t = classifier->FindFlow (i->first);
std::stringstream protoStream;
protoStream << (uint16_t)t.protocol;
if (t.protocol == 6)
{
protoStream.str("TCP");
}
if (t.protocol == 17)
{
protoStream.str("UDP");
}
outFile << "Flow " << i->first << " (" << t.sourceAddress << ":" << t.sourcePort << " ->"
<< t.destinationAddress << ":" << t.destinationPort << ") proto "
<< protoStream.str() << "\n";
outFile << " Tx Packets: " << i->second.txPackets << "\n";
outFile <<" Tx Bytes: "<<i->second.txBytes <<"\n";
outFile <<" TxOffered: "
<< i->second.txBytes * 8.0 / ((simTimeMs - udpAppStartTimeMs) / 1000.0) / 1000.0 /
1000.0
<<"Mbps\n";
outFile <<" Rx Bytes: " <<i->second.rxBytes <<"\n";
if (i->second.rxPackets > 0)
{
/I Measure the duration of the flow from receiver's perspective
// double rxDuration = i->second.timeLastRxPacket.GetSeconds () -
// i->second.timeFirstTxPacket.GetSeconds ();
double rxDuration = (simTimeMs - udpAppStartTimeMs) / 1000.0;

averageFlowThroughput += i->second.rxBytes * 8.0 / rxDuration / 1000 / 1000;
averageFlowDelay += 1000 * i->second.delaySum.GetSeconds() / i->second.rxPackets;




outFile <<" Throughput: " <<i->second.rxBytes * 8.0 / rxDuration / 1000 / 1000
<<" Mbps\n";

outFile <<" Mean delay: '
<< 1000 * i->second.delaySum.GetSeconds() / i->second.rxPackets << " ms\n";

// outFile << " Mean upt: " << i->second.uptSum / i->second.rxPackets / 1000/1000 <<

/[ Mbps \n";

outFile <<" Mean jitter:
<< 1000 * i->second jitterSum.GetSeconds() / i->second.rxPackets << " ms\n";

1
"

"

}

else

{
outFile <<" Throughput: 0 Mbps\n";
outFile <<" Mean delay: 0 ms\n";
outFile <<" Mean jitter: 0 ms\n";

}

outFile << " Rx Packets: " << i->second.rxPackets << "\n";

}

double meanFlowThroughput = averageFlowThroughput / stats.size();
double meanFlowDelay = averageFlowDelay / stats.size();
double throughputTolerance = meanFlowThroughput * 0.001;

outFile << "\n\n Mean flow throughput: " << meanFlowThroughput << "\n";
outFile <<" Mean flow delay: " << meanFlowDelay << "\n";

outFile.close();
std::ifstream f(filename.c_str());

if (f.is_open())
{

std::cout << f.rdbuf();
}

Simulator::Destroy();

/[ called from examples-to-run.py with all default parameters
if (argec == 0 && (meanFlowThroughput < 0.709696 - throughputTolerance | |
meanFlowThroughput > 0.709696 + throughputTolerance))
{
return EXIT_FAILURE;
}
else
{
return EXIT_SUCCESS;
}
}

Katta avtiotolxa mepapatikd anoteAéopata:




Flow 1 (7.0.0.2:49153 -> 1.0.0.2:1236) proto

Tx Packets: 250

Tx Bytes 132000

Tx0ffere 1.056000 Mbps

Rx Bytes: 131472

Throughput: 1.851776 Mbps

Mean delay: 6.214487 ms

Mean jitter: 3.967415 ms

Rx Packets: 249
.3:49153 -> 1.0.0.2:1236) proto UDP
250

132000
Tx0ffered: 1.856008 Mbps
Rx Bytes: 131472
Throughput: 1.851776 Mbps
Mean delay: 4.083309 ms
Mean jitter: ©.026101 ms
Rx Packets: 249

Flow 3 (7.0.0.4:49153 -> 1.0.0.2:1236) proto UDP
Tx Packets: 250
Tx Bytes: 132000
1.056000 Mbps
132000
Throughput: 1.856000 Mbps
Mean delay: 3.780094 ms
Mean jitter: 0.607000 ms
250
.5:49153 -> 1.0.0.2:1236) proto UDP
Tx Packets: 250
Tx Bytes: 132000
Tx0ffered: 1.856008 Mbps
Rx Bytes:
Throughput:
Mean delay:
Mean jitter: ©.050500 ms
Rx Packets: 250
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Flow 5 (1.0.0.2:49153 -> 7.0.0.2:1235) proto UDP
Tx Packet 100
Tx Bytes 128000
Tx0ffered: 1.024080 Mbps
128000
1.024000 Mbps
3.252855 ms
Mean jitter: ©0.018000 ms
Rx Packets: 100
149154 -> 7.0.0.2:1234) proto UDP
50
6400
Tx0ffered: ©.051200 Mbps

Rx Bytes: 6400
0.051200 Mbps
3.245712 ms

0.002857 ms
Packets: 50
1.0.0.2:49155 -> 7.0.0.3:1235) proto UDP
T 100
2 128000
Tx0ffered: 1.024000 Mbps
Rx Bytes: 128000
Throughput: 1.824080 Mbps
Mean dela 1.679998 ms
Mean jitt 0.008571 ms
Rx Packets: 100
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1.0.0.2:49156 -> 7.0.0.3:1234) proto UDP
Tx Packets: 5@
Tx Bytes: 6400
Tx0ffered: ©.051200 Mbps
Rx Bytes: 6400
Throughput: ©.851200 Mbps
Mean delay: 1.674284 ms
Mean jitte ©0.002857 ms
Rx Packets: 5@
Flow 9 (1.0.0.2:49157 -> 7.0.0.4:1235) proto UDP
Tx Packets: 100
Tx Bytes: 128000
Tx0ffered: 1.024000 Mbps
Rx Bytes: 128000
Throughput: 1.024000 Mbps
Mean delay: 0.912328 ms
Mean jitte 0.008750 ms
Rx Packets: 100
Flow 10 (1.6.0.2:49158 -> 7.0.0.4:1234) proto UDP
Tx Packets: 5@

Tx Bytes: 6400
Tx0ffered: ©.051200 Mbps
Rx Bytes: 6400
Throughput: ©.051200 Mbps
Mean delay: ©.888927 ms

Mean jitter: ©.003214 ms
Rx Packets:
Flow 11 (1.6.0.2:49159 -> 7.0.0.5:1235) proto UDP
Tx Packets:
Tx Bytes: 128000
Tx0ffered: 1.024000 Mbps
Rx Bytes: 128000
Throughput: 1.624000 Mbps
Mean delay: ©.525265 ms
Mean jitte 0.014554 ms
Rx Packets: 100
Flow 12 (1.0.08.2:49160 -> 7.0.0.5:1234) proto UDP
Tx Packets: 50
Tx Bytes: 6400
Tx0ffered: ©.051200 Mbps
Rx Bytes: 6400
Throughput: ©.851200 Mbps
Mean delay: ©.498034 ms
Mean jitter: ©.005179 ms
Rx Packets: 5@

Mean flow throughput: 08.709696
Mean flow delay: 2.385233
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3.5. [lagaderypa 5

IMapatiOetal o kwdKAg, Tov XENotono)Onke:

/>(->f

* \file cttc-error-model.cc

* \ingroup examples

* \brief Error model example with fixed MCS: 1 gNB and 1 UE, multiple packets with varying fading
* conditions.

*

* This example allows the user to test the end-to-end performance with the new

* NR PHY abstraction model for error modeling by using a fixed MCS. It allows the user to set the

* MCS, the gNB-UE distance, the MCS table, the error model type, and the HARQ method.

*

* The NR error model can be set as "--errorModel=ns3::NrEesmCcT1", for HARQ-CC and MCS Tablel,
* while "-—-errorModel=ns3::NrLteMiErrorModel" configures the LTE error model.

* For NR, you can choose between different types of error model, which use

* different tables and different methods to process the HARQ history, e.g.,

* "——errorModel=ns3::NrEesmIrT1", for HARQ-IR and MCS Table2.

* You can fix also the MCS index to use with "--mcs=7" (7 in this case), which refers




* to the configured MCS table.

*

* The scenario consists of a single gNB and a single UE, placed at positions (0.0, 0.0, 10), and
* (0.0, ueY, 1.5), respectively. ueY can be configured by the user, e.g. "ueY=20", and defaults

*to 30 m.

*

* By default, the program uses the 3GPP channel model, Urban Micro scenario, without shadowing and
* with probabilistic line of sight / non-line of sight option. The program runs for 50 seconds and

* one packet is transmitted every 200 ms from gNB to UE (donwlink direction). The packet size can

* be configured by using the following parameter: "--packetSize=1000". The channel update period is

*150 ms, so that every packet encounters a different fading condition.

*

* This simulation prints the output to the terminal. The output statistics are
* averaged among all the transmitted packets.

*

* To run the simulation with the default configuration one shall run the

* following in the command line:

*

* /ns3 run cttc-error-model
*

*/
using namespace ns3;
NS_LOG_COMPONENT_DEFINE("CttcErrorModelExample");

static Ptr<ListPositionAllocator>

GetGnbPositions(double gNbHeight = 10.0)

{
Ptr<ListPositionAllocator> pos = CreateObject<ListPosition Allocator>();
pos->Add(Vector(0.0, 0.0, gNbHeight));

return pos;

}

static Ptr<ListPositionAllocator>

GetUePositions(double ueY, double ueHeight = 1.5)

{
Ptr<ListPositionAllocator> pos = CreateObject<ListPositionAllocator>();
pos->Add(Vector(0.0, ueY, ueHeight));

return pos;

}
static std::vector<uint64_t> packetsTime;

static void
PrintRxPkt([[maybe_unused]] std::string context, Ptr<const Packet> pkt)
{

/| ASSUMING ONE UE

SeqTsHeader seqTs;

pkt->PeekHeader(seqTs);

packetsTime.push_back((Simulator::Now() - seqTs.GetTs()).GetMicroSeconds());

int
main(int argc, char* argv[])
{
uint32_t mcs = 13;
const uint8_t gNbNum = 1;
const uint8_t ueNum = 1;
double totalTxPower = 4;
uintl6_t numerologyBwp =4;
double centralFrequencyBand = 28e9;




double bandwidthBand = 100e6;
double ueY = 30.0;

double simTime = 10.0; // 50 seconds: to take statistics
uint32_t pktSize = 500;

Time udpAppStartTime = MilliSeconds(1000);

Time packetInterval = MilliSeconds(200);

Time updateChannelInterval = MilliSeconds(150);
bool isUl = false;

std::string errorModel = "ns3::NrEesmCcT1";
CommandLine cmd(__FILE__);

cmd.AddValue("simTime", "Simulation time", simTime);
cmd.AddValue("mcs", "The MCS that will be used in this example", mcs);
cmd.AddValue("errorModelType",
"Error model type: ns3::NrEesmCcT1, ns3::NrEesmCcT2, ns3::NrEesmIrT1, "
"ns3::NrEesmIrT2, ns3::NrLteMiErrorModel",
errorModel);
cmd.AddValue("ueY", "Y position of any UE", ueY);
cmd.AddValue("pktSize", "Packet Size", pktSize);
cmd.AddValue("isUL", "Is this an UL transmission?", isUl);

cmd.Parse(argc, argv);

uint32_t packets = (simTime - udpAppStartTime.GetSeconds()) / packetInterval.GetSeconds();
NS_ABORT_IF(packets = 0);

/*
* Default values for the simulation. We are progressively removing all
* the instances of SetDefault, but we need it for legacy code (LTE)
*
/
Config::SetDefault("ns3::LteRlcUm::MaxTxBufferSize", UintegerValue(999999999));

Config::SetDefault("ns3::NrAmc::ErrorModelType", TypeldValue(Typeld::LookupByName(errorModel)));
Config::SetDefault("ns3:NrAmc:: AmcModel",
EnumValue(NrAmec::ShannonModel)); // NOT USED in this example. MCS is fixed.

// create base stations and mobile terminals
NodeContainer gNbNodes;
NodeContainer ueNodes;

MobilityHelper mobility;

double gNbHeight = 10.0;
double ueHeight = 1.5;

gNbNodes.Create(gNbNum);
ueNodes.Create(ueNum);

Ptr<ListPositionAllocator> gNbPositionAlloc = GetGnbPositions(gNbHeight);
Ptr<ListPositionAllocator> uePositionAlloc = GetUePositions(ueY, ueHeight);

mobility.SetMobilityModel("ns3::ConstantPositionMobilityModel");
mobility.SetPosition Allocator(gNbPositionAlloc);
mobility.Install(gNbNodes);

mobility.SetPosition Allocator(uePositionAlloc);
mobility.Install(ueNodes);

/*

* Setup the NR module. We create the various helpers needed for the
* NR simulation:

* - EpcHelper, which will setup the core network




* - IdealBeamformingHelper, which takes care of the beamforming part

* - NrHelper, which takes care of creating and connecting the various

* part of the NR stack

*/

Ptr<NrPointToPointEpcHelper> epcHelper = CreateObject<NrPointToPointEpcHelper>();
Ptr<IdealBeamformingHelper> idealBeamformingHelper = CreateObject<IdealBeamformingHelper>();
Ptr<NrHelper> nrHelper = CreateObject<NrHelper>();

/[ Put the pointers inside nrHelper
nrHelper->SetBeamformingHelper(idealBeamformingHelper);
nrHelper->SetEpcHelper(epcHelper);

/*

* Spectrum division. We create one operational band, with one CC, and the CC with a single
* bandwidth part.

*/

BandwidthPartInfoPtrVector allBwps;

CcBwpCreator ccBwpCreator;

const uint8_t numCcPerBand = 1;

CcBwpCreator::SimpleOperationBandConf bandConf(centralFrequencyBand,
bandwidthBand,
numCcPerBand,
BandwidthPartInfo::UMi_StreetCanyon);

OperationBandInfo band = ccBwpCreator.CreateOperationBand ContiguousCc(bandConf);

/*

* Attributes of ThreeGppChannelModel still cannot be set in our way.
* TODO: Coordinate with Tommaso

*

/
Config::SetDefault("ns3::ThreeGppChannelModel::UpdatePeriod", TimeValue(updateChannellnterval));
nrHelper->SetChannelConditionModelAttribute("UpdatePeriod", TimeValue(MilliSeconds(0)));
nrHelper->SetPathlossAttribute("ShadowingEnabled", BooleanValue(false));

/*
* Initialize channel and pathloss, plus other things inside band.
*
/
nrHelper->InitializeOperationBand(&band);
allBwps = CcBwpCreator::GetAllBwps({band});

Packet::EnableChecking();
Packet::EnablePrintingy();

/*
* Case (i): Attributes valid for all the nodes
*
/
// Beamforming method
idealBeamformingHelper->SetAttribute("BeamformingMethod",
TypeldValue(DirectPathBeamforming::GetTypeld()));

// Core latency
epcHelper->SetAttribute("SluLinkDelay", TimeValue(MilliSeconds(0)));

// Antennas for all the UEs
nrHelper->SetUeAntennaAttribute("NumRows", UintegerValue(2));
nrHelper->SetUeAntennaAttribute("NumColumns", UintegerValue(4));
nrHelper->SetUeAntennaAttribute(" AntennaElement",
PointerValue(CreateObject<IsotropicAntennaModel>()));

/[ Antennas for all the gNbs
nrHelper->SetGnbAntennaAttribute("NumRows", UintegerValue(4));
nrHelper->SetGnbAntennaAttribute("NumColumns", UintegerValue(8));
nrHelper->SetGnbAntennaAttribute("AntennaFlement",
PointerValue(CreateObject<IsotropicAntennaModel>()));




/[ Scheduler

nrHelper->SetSchedulerAttribute("FixedMcsD1", BooleanValue(true));
nrHelper->SetSchedulerAttribute("FixedMcsUl", BooleanValue(true));
nrHelper->SetSchedulerAttribute("StartingMcsD1", UintegerValue(mcs));
nrHelper->SetSchedulerAttribute("StartingMcsUl", UintegerValue(mcs));

/[ Exrror Model: UE and GNB with same spectrum error model.
nrHelper->SetUlErrorModel(errorModel);
nrHelper->SetDIErrorModel(errorModel);

// Both DL and UL AMC will have the same model behind.

/I Note: NOT USED in this example. MCS is fixed.
nrHelper->SetGnbDIAmcAttribute("AmcModel", EnumValue(NrAmc::ShannonModel));
nrHelper->SetGnbUIAmcAttribute("AmcModel", EnumValue(NrAmc::ShannonModel));

nrHelper->SetUePhyAttribute("TxPower", DoubleValue(total TxPower));
uint32_t bwpld = 0;

/I gNb routing between Bearer and bandwidh part
nrHelper->SetGnbBwpManagerAlgorithmAttribute("NGBR_LOW_LAT_EMBB", UintegerValue(bwpld));

// Ue routing between Bearer and bandwidth part
nrHelper->SetUeBwpManagerAlgorithmAttribute("NGBR_LOW_LAT_EMBB", UintegerValue(bwpld));

NetDeviceContainer gnbNetDev = nrHelper->InstallGnbDevice(gNbNodes, allBwps);
NetDeviceContainer ueNetDev = ntHelper->InstallUeDevice(ueNodes, allBwps);

int64_t randomStream = 1;
randomStream += nrHelper->AssignStreams(gnbNetDev, randomStream);
randomStream += nrHelper->AssignStreams(ueNetDev, randomStream);

/*
* Case (iii): Go node for node and change the attributes we have to setup
* per-node.

¥/

/[ Get the first netdevice (enbNetDev.Get (0)) and the first bandwidth part (0)
// and set the attribute.
nrHelper->GetGnbPhy(gnbNetDev.Get(0), 0)
->SetAttribute("Numerology", UintegerValue(numerologyBwp));
nrHelper->GetGnbPhy(gnbNetDev.Get(0), 0)->SetAttribute("TxPower", DoubleValue(totalTxPower));

// When all the configuration is done, explicitly call UpdateConfig ()

for (auto it = gnbNetDev.Begin(); it = gnbNetDev.End(); ++it)
{

DynamicCast<NrGnbNetDevice>(*it)->UpdateConfig();
}

for (auto it = ueNetDev.Begin(); it != ueNetDev.End(); ++it)
{

DynamicCast<NrUeNetDevice>(*it)->UpdateConfig();
}

// create the internet and install the IP stack on the UEs
/I get SGW/PGW and create a single RemoteHost
Ptr<Node> pgw = epcHelper->GetPgwNode();
NodeContainer remoteHostContainer;
remoteHostContainer.Create(1);

Ptr<Node> remoteHost = remoteHostContainer.Get(0);
InternetStackHelper internet;
internet.Install(remoteHostContainer);




/[ connect a remoteHost to pgw. Setup routing too

PointToPointHelper p2ph;

p2ph.SetDeviceAttribute("DataRate", DataRateValue(DataRate("100Gb/s")));

p2ph.SetDeviceAttribute("Mtu", UintegerValue(2500));

p2ph.SetChannelAttribute("Delay", TimeValue(Seconds(0.000)));

NetDeviceContainer internetDevices = p2ph.Install(pgw, remoteHost);

Ipv4AddressHelper ipv4h;

Ipv4StaticRoutingHelper ipv4RoutingHelper;

ipv4h.SetBase("1.0.0.0", "255.0.0.0");

Ipv4interfaceContainer internetlplfaces = ipv4h.Assign(internetDevices);

Ptr<Ipv4StaticRouting> remoteHostStaticRouting =
ipv4RoutingHelper.GetStaticRouting(remoteHost->GetObject<Ipv4>());

remoteHostStaticRouting->AddNetworkRouteTo(Ipv4Address("7.0.0.0"), Ipv4Mask("255.0.0.0"), 1);

internet.Install(ueNodes);

Ipv4InterfaceContainer uelplface;

uelplface = epcHelper->AssignUelpv4Address(NetDeviceContainer(ueNetDev));

/I Set the default gateway for the UEs
for (uint32_t j = 0; j < ueNodes.GetN(); ++j)
{
Ptr<Ipv4StaticRouting> ueStaticRouting =
ipv4RoutingHelper.GetStaticRouting(ueNodes.Get(j)->GetObject<Ipv4>());
ueStaticRouting->SetDefaultRoute(epcHelper->GetUeDefaultGatewayAddress(), 1);
}

/[ assign IP address to UEs, and install UDP downlink applications
uintl6_t dIPort = 1234;

UdpServerHelper dIPacketSinkHelper(dIPort);
ApplicationContainer txApps;

ApplicationContainer sink Apps;

NodeContainer txNodes;

NodeContainer sinkNodes;

Ipv4InterfaceContainer sinkIps;

if (isU1)

{
sinkIps.Add(internetIplIfaces.Get(1));
sinkNodes = remoteHostContainer;
txNodes = ueNodes;

}

else

{
sinkIps = uelplface;
sinkNodes = ueNodes;
txNodes = remoteHostContainer;

}

/I configure here UDP traffic
for (uint32_ti=0; i < txNodes.GetN(); ++)
{
for (uint32_t j = 0; j < sinkNodes.GetN(); ++j)
{
UdpClientHelper dlClient(sinkIps.GetAddress(j), dIPort);
dIClient.SetAttribute("MaxPackets", UintegerValue(packets));
diClient.SetAttribute("PacketSize", UintegerValue(pktSize));
dIClient.SetAttribute("Interval", TimeValue(packetInterval));

txApps.Add(dlClient.Install(txNodes.Get(i)));
}
}

sink Apps.Add(dIPacketSinkHelper.Install(sinkNodes));
for (uint32_t j = 0; j < sinkApps.GetN(); ++)




Ptr<UdpServer> client = DynamicCast<UdpServer>(sink Apps.Get(j));
NS_ASSERT(client = nullptr);
std::stringstream ss;
88 << j;
client->TraceConnect("Rx", ss.str(), MakeCallback(&PrintRxPkt));
}

/[ start UDP server and client apps
sinkApps.Start(udpAppStartTime);
txApps.Start(udpAppStartTime);
sinkApps.Stop(Seconds(simTime));
txApps.Stop(Seconds(simTime));

// attach UEs to the closest eNB
nrHelper->AttachToClosestEnb(ueNetDev, gnbNetDev);

/[ enable the traces provided by the nr module
/[ nrHelper->EnableTraces();

Simulator::Stop(Seconds(simTime));

auto start = std::chrono::steady_clock::now();
Simulator::Run();

auto end = std::chrono::steady_clock::now();

uint64_t sum = 0;
uint32_t cont =0;
for (auto& v : packetsTime)
{
if (v <100000)
{
sum +=v;
cont++;
}
}

std::cout << "Packets received: " << packetsTime.size() << std::endl;
std::cout << "Counter (packets not affected by reordering): " << +cont << std::endl;

if (packetsTime.size() > 0 && cont > 0)
{
std::cout << "Average e2e latency (over all received packets): " << sum / packetsTime.size()
<< "us" << std::endl;
std::cout << "Average e2e latency (over counter): " << sum / cont <<" us" << std::endl;
}
else
{
std::cout << "Average e2e latency: Not Available" << std::endl;

}

for (auto it = sinkApps.Begin(); it I= sink Apps.End(); ++it)
{
uint64_t recv = DynamicCast<UdpServer>(*it)->GetReceived();
std::cout << "Sent: " << packets << " Recv: " <<recv <<" Lost: " << packets - recv
<< " pkts, (" << (static_cast<double>(packets - recv) / packets) * 100.0
<<" % )" << std::endl;

Simulator::Destroy();

std::cout << "Running time: "
<< std::chrono::duration_cast<std::chrono::seconds>(end - start).count() <<"s."




<< std::endl;
return 0;

Kat ta avtiotoiyya mepapatikd anoteAéopata:

2 S ./ns3 run cttc-error-model
received: 45
(packets not affected by reordering): 45
e2e latency (over all received packets): 323 us
e2e latency (over counter): 323 us

Sent: 45 Recv: 45 Lost: @ pkts, ( @ % )
Running time: 15 s.

: ey |
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3.6. Ilapaderypa 6

ITapatiBetal o kwdKAg, Tov XENotomo)Onke:

/**

* \file cttc-error-model-comparison.cc

* \ingroup examples

* \brief Error model example comparison: TBS for all MCSs.

*

* This example allows the user to compare the Transport Block Size that is obtained

* for each MCS index under different error models (NR and LTE) and different MCS Tables.
*

* The NR error model can be set as "--errorModel=ns3::NrEesmCcT1", for HARQ-CC and MCS Tablel,
* while "-—-errorModel=ns3::NrLteMiErrorModel" configures the LTE error model.

* For NR, you can choose between different types of error model, which use

* different tables and different methods to process the HARQ history, e.g.,
*"—errorModel=ns3::NrEesmIrT1", for HARQ-IR and MCS Table2.

*

* There is no deployment scenario configured, the example directly computes the TBS
* for all MCSs of the configured error model and MCS Table, assuming numerology 4
* and 100 MHz of channel bandwidth.

*

* This simulation prints the output to the terminal, showing for each MCS: 1)

* the TBS that fits in 1 OFDM symbol (whole bandwidth) and 2) the TBS that fits

*in 1 OFDM symbol and a single RB.

*

* To run the simulation with the default configuration one shall run the

* following in the command line:

*

* ./ns3 run cttc-error-model-comparison
*

Wi




using namespace ns3;

NS_LOG_COMPONENT_DEFINE("CttcErrorModelComparisonExample");

int

main(int argc, char* argv[])

{

std::string errorModel = "ns3::NrEesmCcT1";
CommandLine cmd(__FILE_);

cmd.AddValue("errorModelType",
"Error model type: ns3:NrEesmCcT1, ns3::NrEesmCcT2, ns3::NrEesmIrT1, "
"ns3::NrEesmlIrT2, ns3::NrLteMiErrorModel",
errorModel);

cmd.Parse(argc, argv);

/*
* TODO: remove all the instances of SetDefault, NrEesmErrorModel, NrAmc
*
/
Config::SetDefault("ns3::NrAmc::ErrorModelType", TypeldValue(Typeld::LookupByName(errorModel)));
Config::SetDefault("ns3::NrAmc::AmcModel", EnumValue(NrAmc::ShannonModel));

/| Compute number of RBs that fit in 100 MHz channel bandwidth with numerology 4 (240 kHz SCS)
const uint8_t numerology = 4;

const uint32_t bandwidth = 100e6;

const uint32_t numRbsInBandwidth = bandwidth / (15e3 * std::pow(2, numerology) * 12);

Ptr<NrAmc> amc = CreateObject<NrAmc>();
amc->SetDIMode();

std::string tbs;
for (uint32_t mcs = 0; mcs <= amc->GetMaxMes(); ++mcs)
{
std::stringstream ss;
ss << "\nResults for DL (UL only in NR case): MCS " <<mcs <<". TBS in 1 RB: ["
<< amc->CalculateTbSize(mcs, 1) << "] bytes. TBS in 1 sym: ["
<< amc->CalculateTbSize(mcs, numRbsInBandwidth) << "] bytes.";
tbs += ss.str();

}
std::cout << "NUMEROLOGY 4, 100e6 BANDWIDTH, Error Model: ";
std::cout << errorModel << ". Results: " << std::endl;

std::cout << tbs << std::endl;

return 0;

Kat ta avtiotolxa mepapatikd anoteAéopata:




t B ./ns3 run ctitc-error-model-comparison
NUMEROLOGY 4, 18@e6 BANDWIDTH, Error Model: ns3::NrEesmCcT1l. Results:

s for DL only in NR case): TBS in [@] bytes. TBS 1 [8] bytes.

s for DL only in N ) TBS in [0] bytes. TBS i [11]
for only i TBS in [8] bytes. TBS i [14]
for DL only in N TBS in RB: [©] bytes. TBS i [20]

s for DL only in N 5S¢ TBS in RB: [0] bytes. TBS i [25]

s for only in N TBS in RB: [1] bytes. TBS i [31]
for only i 6. TBS in RB: [1] bytes. TBS i [38]

s for only in N TBS in RB: [1] bytes. TBS i [44]

s for only in N 8. TBS i RB: [1] bytes. TBS i [52]
for only i 9. TBS i RB: [1] bytes. TBS i [58]

bytes.
bytes.
bytes.
bytes.
bytes.
bytes.
bytes.
bytes.
bytes.

for only i H TBS i RB: [1] TBS in 1 [58] bytes.
s for only in N TBS 1 RB: [2] TBS in 1 s [66] bytes.
s for only in N TBS i RB: [2] e TBS 1 [75] bytes.
s for only in N TBS i RB: [2] TBS i S [86] bytes.
for only i TBS i [2] TBS in 1 [97] bytes.
for only in N TBS 1 [0] TBS in 1 [109] bytes.
only i SE TBS i [0] TBS 1 [116] bytes.
only i TBS i [e] TBS 1 S [117] bytes.

for only i TBS i [e] TBS in 1 [126]

s for only in N € TBS 1 : [l es. TBS in 1 = [137]

s for only in N se) TBS i [1] e TBS 1 [151]

only i ) TB8S i [1] TBS i [165]

only i TBS i [2] TBS in 1 : [179]

only i TBS 1 TBS in 1 s [193]

only i : T8S i es. TBS i [207]

only in N TB8S i TBS in 1 [221]

only i TBS i 4 TBS in 1 [235]

only in N s TBS 1 TBS in 1 [246]

only i e) 78S i TBS 1 [257]
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3.7. llagaderypa 7

IMapatiOetat o kwdKAg, oL XENOotoTmo)OnKe:

/3(-*
* \ingroup examples
* \file cttc-nr-demo.cc
* \brief A cozy, simple, NR demo (in a tutorial style)
*
* This example describes how to setup a simulation using the 3GPP channel model
* from TR 38.900. This example consists of a simple grid topology, in which you
* can choose the number of gNbs and UEs. Have a look at the possible parameters
* to know what you can configure through the command line.
*
* With the default configuration, the example will create two flows that will
* go through two different subband numerologies (or bandwidth parts). For that,
* specifically, two bands are created, each with a single CC, and each CC containing
* one bandwidth part.
*
* The example will print on-screen the end-to-end result of one (or two) flows,
* as well as writing them on a file.
*
* \ code{.unparsed}
$ ./ns3 run "cttc-nr-demo --PrintHelp"
\endcode

*

*

/%

* Include part. Often, you will have to include the headers for an entire module;




* do that by including the name of the module you need with the suffix "-module.h".

*

#include "ns3/antenna-module.h"
#include "ns3/applications-module.h"
#include "ns3/buildings-module.h"
#include "ns3/config-store-module.h"
#include "ns3/core-module.h"

#include "ns3/flow-monitor-module.h"
#include "ns3/internet-apps-module.h"
#include "ns3/internet-module.h"
#include "ns3/mobility-module.h"
#include "ns3/network-module.h"
#include "ns3/nr-module.h"

#include "ns3/point-to-point-module.h"

/*
* Use, always, the namespace ns3. All the NR classes are inside such namespace.
*/

using namespace ns3;

/*
* With this line, we will be able to see the logs of the file by enabling the
* component "CttcNrDemo"
*
/
NS_LOG_COMPONENT_DEFINE("CttcNrDemo");

int
main(int argc, char* argv[])
{
/*
* Variables that represent the parameters we will accept as input by the
* command line. Each of them is initialized with a default value, and
* possibly overridden below when command-line arguments are parsed.
*/
/[ Scenario parameters (that we will use inside this script):
uintl6_t gNbNum = 1;
uint16_t ueNumPergNDb = 2;
bool logging = false;
bool doubleOperationalBand = true;

/[ Traffic parameters (that we will use inside this script):
uint32_t udpPacketSizeULL = 100;

uint32_t udpPacketSizeBe = 1252;

uint32_t lambdaULL = 10000;

uint32_t lambdaBe = 10000;

// Simulation parameters. Please don't use double to indicate seconds; use
/[ ns-3 Time values which use integers to avoid portability issues.

Time simTime = MilliSeconds(1000);

Time udpAppStartTime = MilliSeconds(400);

/I NR parameters. We will take the input from the command line, and then we
/[ will pass them inside the NR module.

uint16_t numerologyBwpl1 = 4;

double centralFrequencyBand1 = 28e9;

double bandwidthBand1 = 100e6;

uint16_t numerologyBwp2 = 2;

double centralFrequencyBand2 = 28.2e9;

double bandwidthBand2 = 100e6;

double totalTxPower = 4;

/] Where we will store the output files.
std::string simTag = "default";




std::string outputDir ="./";

/*

* From here, we instruct the ns3::CommandLine class of all the input parameters
* that we may accept as input, as well as their description, and the storage

* variable.

*/

CommandLine cmd(__FILE_);

cmd.AddValue("gNbNum", "The number of gNbs in multiple-ue topology", gNbNum);
cmd.AddValue("ueNumPergNb", "The number of UE per gNb in multiple-ue topology", ueNumPergNb);
cmd.AddValue("logging”, "Enable logging", logging);
cmd.AddValue("doubleOperationalBand",

"If true, simulate two operational bands with one CC for each band,"

"and each CC will have 1 BWP that spans the entire CC.",

doubleOperationalBand);
cmd.AddValue("packetSizeUll",

"packet size in bytes to be used by ultra low latency traffic",

udpPacketSizeULL);
cmd.AddValue("packetSizeBe",

"packet size in bytes to be used by best effort traffic",

udpPacketSizeBe);
cmd.AddValue("lambdaUll",

"Number of UDP packets in one second for ultra low latency traffic",

lambdaULL);
cmd.AddValue("lambdaBe",

"Number of UDP packets in one second for best effor traffic",

lambdaBe);
cmd.AddValue("simTime", "Simulation time", simTime);
cmd.AddValue("numerologyBwp1", "The numerology to be used in bandwidth part 1", numerologyBwp1);
cmd.AddValue("centralFrequencyBand1",

"The system frequency to be used in band 1",

centralFrequencyBand1);
cmd.AddValue("bandwidthBand1", "The system bandwidth to be used in band 1", bandwidthBand1);
cmd.AddValue("numerologyBwp2", "The numerology to be used in bandwidth part 2", numerologyBwp2);
cmd.AddValue('centralFrequencyBand2",

"The system frequency to be used in band 2",

centralFrequencyBand2);
cmd.AddValue("bandwidthBand2", "The system bandwidth to be used in band 2", bandwidthBand2);
cmd.AddValue("totalTxPower",

"total tx power that will be proportionally assigned to"

"bands, CCs and bandwidth parts depending on each BWP bandwidth ",

totalTxPower);
cmd.AddValue('simTag",

"tag to be appended to output filenames to distinguish simulation campaigns",

simTag);
cmd.AddValue("outputDir", "directory where to store simulation results”, outputDir);

// Parse the command line
cmd.Parse(argc, argv);

/*
* Check if the frequency is in the allowed range.
*If you need to add other checks, here is the best position to put them.
*

/
NS_ABORT_IF(centralFrequencyBand1 > 100e9);
NS_ABORT_IF(centralFrequencyBand2 > 100e9);

/*
* If the logging variable is set to true, enable the log of some components
* through the code. The same effect can be obtained through the use

* of the NS_LOG environment variable:
*

* export NS_LOG="UdpClient=level_info | prefix_time | prefix_func|prefix_node:UdpServer=...




*

* Usually, the environment variable way is preferred, as it is more customizable,

* and more expressive.

*/

if (logging)

{
LogComponentEnable("UdpClient", LOG_LEVEL_INFO);
LogComponentEnable("UdpServer", LOG_LEVEL_INFO);
LogComponentEnable("LtePdcp", LOG_LEVEL_INFO);

}

/*
* Default values for the simulation. We are progressively removing all
* the instances of SetDefault, but we need it for legacy code (LTE)
*
/
Config::SetDefault("ns3::LteRlcUm::MaxTxBufferSize", UintegerValue(999999999));

/*

* Create the scenario. In our examples, we heavily use helpers that setup

* the gnbs and ue following a pre-defined pattern. Please have a look at the
* GridScenarioHelper documentation to see how the nodes will be distributed.
*/

int64_t randomStream = 1;

GridScenarioHelper gridScenario;

gridScenario.SetRows(1);

gridScenario.SetColumns(gNbNum);
gridScenario.SetHorizontalBsDistance(5.0);
gridScenario.SetVerticalBsDistance(5.0);

gridScenario.SetBsHeight(1.5);

gridScenario.SetUtHeight(1.5);

// must be set before BS number
gridScenario.SetSectorization(GridScenarioHelper::SINGLE);
gridScenario.SetBsNumber(gNbNum);
gridScenario.SetUtNumber(ueNumPergNb * gNbNum);
gridScenario.SetScenarioHeight(3); // Create a 3x3 scenario where the UE will
gridScenario.SetScenarioLength(3); // be distribuited.

randomStream += gridScenario.AssignStreams(randomStream);
gridScenario.CreateScenario();

/*

* Create two different NodeContainer for the different traffic type.

* In ueLowLat we will put the UEs that will receive low-latency traffic,
* while in ueVoice we will put the UEs that will receive the voice traffic.
*/

NodeContainer ueLowLatContainer;

NodeContainer ueVoiceContainer;

for (uint32_t j = 0; j < gridScenario.GetUserTerminals().GetN(); ++j)
{

Ptr<Node> ue = gridScenario.GetUserTerminals().Get(j);

if j % 2=0)

{

ueLowLatContainer.Add(ue);
}
else

{

ueVoiceContainer.Add(ue);

}
}

/*
* TODO: Add a print, or a plot, that shows the scenario.
*/




/#(>

* Setup the NR module. We create the various helpers needed for the

* NR simulation:

* - EpcHelper, which will setup the core network

* - IdealBeamformingHelper, which takes care of the beamforming part

* - NrHelper, which takes care of creating and connecting the various

* part of the NR stack

*/

Ptr<NrPointToPointEpcHelper> epcHelper = CreateObject<NrPointToPointEpcHelper>();
Ptr<IdealBeamformingHelper> idealBeamformingHelper = CreateObject<IdealBeamformingHelper>();
Ptr<NrHelper> nrHelper = CreateObject<NrHelper>();

/[ Put the pointers inside nrHelper
nrHelper->SetBeamformingHelper(idealBeamformingHelper);
nrHelper->SetEpcHelper(epcHelper);

/*

* Spectrum division. We create two operational bands, each of them containing
* one component carrier, and each CC containing a single bandwidth part

* centered at the frequency specified by the input parameters.

* Each spectrum part length is, as well, specified by the input parameters.

* Both operational bands will use the StreetCanyon channel modeling.

*/

BandwidthPartInfoPtrVector allBwps;

CcBwpCreator ccBwpCreator;

const uint8_t numCcPerBand = 1; // in this example, both bands have a single CC

/[ Create the configuration for the CcBwpHelper. SimpleOperationBandConf creates

/[ a single BWP per CC

CcBwpCreator::SimpleOperationBandConf bandConf1(centralFrequencyBand1,
bandwidthBand1,
numCcPerBand,

BandwidthPartInfo::UMi_StreetCanyon);
CcBwpCreator::SimpleOperationBandConf bandConf2(centralFrequencyBand2,

bandwidthBand?2,

numCcPerBand,

BandwidthPartInfo::UMi_StreetCanyon);

/| By using the configuration created, it is time to make the operation bands
OperationBandInfo band1 = ccBwpCreator.CreateOperationBand ContiguousCc(bandConf1);
OperationBandInfo band2 = ccBwpCreator.CreateOperationBand ContiguousCc(band Conf2);

/*

* The configured spectrum division is:

* Band1 I Band2:
* CC1 I CC2

* BWP1 I BWP2
¥/

/*

* Attributes of ThreeGppChannelModel still cannot be set in our way.

* TODO: Coordinate with Tommaso

*

/
Config::SetDefault("ns3:: ThreeGppChannelModel::UpdatePeriod", TimeValue(MilliSeconds(0)));
nrHelper->SetChannelConditionModelAttribute("UpdatePeriod", TimeValue(MilliSeconds(0)));
nrHelper->SetPathlossAttribute("ShadowingEnabled", BooleanValue(false));

/*

* Initialize channel and pathloss, plus other things inside band1. If needed,
* the band configuration can be done manually, but we leave it for more

* sophisticated examples. For the moment, this method will take care

* of all the spectrum initialization needs.

*/

nrHelper->InitializeOperationBand(&band1);




/*
* Start to account for the bandwidth used by the example, as well as
* the total power that has to be divided among the BWPs.
*
/
double x = pow(10, totalTxPower / 10);
double totalBandwidth = bandwidthBand1;

/*
* if not single band simulation, initialize and setup power in the second band
*/
if (doubleOperationalBand)
{
// Initialize channel and pathloss, plus other things inside band2
nrHelper->InitializeOperationBand(&band2);
totalBandwidth += bandwidthBand?2;
allBwps = CcBwpCreator::GetAllBwps({band1, band2});
}
else
{
allBwps = CcBwpCreator::GetAllBwps({band1});
}

/*

* allBwps contains all the spectrum configuration needed for the nrHelper.
*

* Now, we can setup the attributes. We can have three kind of attributes:
* (i) parameters that are valid for all the bandwidth parts and applies to

* all nodes, (ii) parameters that are valid for all the bandwidth parts

* and applies to some node only, and (iii) parameters that are different for
* every bandwidth parts. The approach is:

*

* - for (i): Configure the attribute through the helper, and then install;

* - for (ii): Configure the attribute through the helper, and then install

* for the first set of nodes. Then, change the attribute through the helper,
* and install again;

* - for (iii): Install, and then configure the attributes by retrieving

* the pointer needed, and calling "SetAttribute" on top of such pointer.

*

¥/

Packet::EnableChecking();
Packet::EnablePrintingy();

/*
* Case (i): Attributes valid for all the nodes
*
/
// Beamforming method
idealBeamformingHelper->SetAttribute("BeamformingMethod",
TypeldValue(DirectPathBeamforming::GetTypeld()));

/I Core latency
epcHelper->SetAttribute("SluLinkDelay", TimeValue(MilliSeconds(0)));

// Antennas for all the UEs
nrHelper->SetUeAntennaAttribute("NumRows", UintegerValue(2));
nrHelper->SetUeAntennaAttribute("NumColumns", UintegerValue(4));
nrHelper->SetUeAntennaAttribute("AntennaElement",
PointerValue(CreateObject<IsotropicAntennaModel>()));

// Antennas for all the gNbs
nrHelper->SetGnbAntennaAttribute("NumRows", UintegerValue(4));
nrHelper->SetGnbAntennaAttribute("NumColumns", UintegerValue(8));
nrHelper->SetGnbAntennaAttribute("AntennaElement",




PointerValue(CreateObject<IsotropicAntennaModel>()));

uint32_t bwpldForLowLat = 0;
uint32_t bwpldForVoice = 0;
if (doubleOperationalBand)
{
bwpldForVoice = 1;
bwpldForLowLat = 0;
}

/] gNb routing between Bearer and bandwidh part

nrHelper->SetGnbBwpManagerAlgorithmAttribute("NGBR_LOW_LAT_EMBB",
UintegerValue(bwpldForLowLat));

nrHelper->SetGnbBwpManagerAlgorithmAttribute("GBR_CONV_VOICE", UintegerValue(bwpIdForVoice));

// Ue routing between Bearer and bandwidth part
nrHelper->SetUeBwpManagerAlgorithmAttribute('NGBR_LOW_LAT_EMBB", UintegerValue(bwpldForLowLat));
nrHelper->SetUeBwpManagerAlgorithmAttribute("GBR_CONV_VOICE", UintegerValue(bwpldForVoice));

/*

* We miss many other parameters. By default, not configuring them is equivalent
* to use the default values. Please, have a look at the documentation to see

* what are the default values for all the attributes you are not seeing here.

¥/

/*
* Case (ii): Attributes valid for a subset of the nodes

¥/
// NOT PRESENT IN THIS SIMPLE EXAMPLE

/*

* We have configured the attributes we needed. Now, install and get the pointers
* to the NetDevices, which contains all the NR stack:

*/

NetDeviceContainer enbNetDev =

nrHelper->InstallGnbDevice(gridScenario.GetBaseStations(), allBwps);
NetDeviceContainer ueLowLatNetDev = nrHelper->InstallUeDevice(ueLowLatContainer, allBwps);
NetDeviceContainer ueVoiceNetDev = nrHelper->InstallUeDevice(ueVoiceContainer, allBwps);

randomStream += nrHelper->AssignStreams(enbNetDev, randomStream);
randomStream += nrHelper->AssignStreams(ueLowLatNetDev, randomStream);
randomStream += nrHelper->AssignStreams(ueVoiceNetDev, randomStream);
/*

* Case (iii): Go node for node and change the attributes we have to setup

* per-node.

¥/

/I Get the first netdevice (enbNetDev.Get (0)) and the first bandwidth part (0)
// and set the attribute.
nrHelper->GetGnbPhy(enbNetDev.Get(0), 0)
->SetAttribute("Numerology", UintegerValue(numerologyBwpl));
nrHelper->GetGnbPhy(enbNetDev.Get(0), 0)
->SetAttribute("TxPower", DoubleValue(10 * log10((bandwidthBand1 / totalBandwidth) * x)));

if (doubleOperationalBand)
{
/I Get the first netdevice (enbNetDev.Get (0)) and the second bandwidth part (1)
// and set the attribute.
nrHelper->GetGnbPhy(enbNetDev.Get(0), 1)
->SetAttribute("Numerology", UintegerValue(numerologyBwp?2));
nrHelper->GetGnbPhy(enbNetDev.Get(0), 1)
->SetTxPower(10 * log10((bandwidthBand? / totalBandwidth) * x));




}
// When all the configuration is done, explicitly call UpdateConfig ()

for (auto it = enbNetDev.Begin(); it != enbNetDev.End(); ++it)
{

DynamicCast<NrGnbNetDevice>(*it)->UpdateConfig();
}

for (auto it = ueLowLatNetDev.Begin(); it != ueLowLatNetDev.End(); ++it)
{

DynamicCast<NrUeNetDevice>(*it)->UpdateConfig();
}

for (auto it = ueVoiceNetDev.Begin(); it != ueVoiceNetDev.End(); ++it)
{

DynamicCast<NrUeNetDevice>(*it)->UpdateConfig();
}

// From here, it is standard NS3. In the future, we will create helpers
/[ for this part as well.

// create the internet and install the IP stack on the UEs
// get SGW/PGW and create a single RemoteHost
Ptr<Node> pgw = epcHelper->GetPgwNode();
NodeContainer remoteHostContainer;
remoteHostContainer.Create(1);

Ptr<Node> remoteHost = remoteHostContainer.Get(0);
InternetStackHelper internet;
internet.Install(remoteHostContainer);

/[ connect a remoteHost to pgw. Setup routing too

PointToPointHelper p2ph;

p2ph.SetDeviceAttribute("DataRate", DataRateValue(DataRate("100Gb/s")));

p2ph.SetDeviceAttribute("Mtu", UintegerValue(2500));

p2ph.SetChannel Attribute("Delay", TimeValue(Seconds(0.000)));

NetDeviceContainer internetDevices = p2ph.Install(pgw, remoteHost);

Ipv4AddressHelper ipv4h;

Ipv4StaticRoutingHelper ipv4RoutingHelper;

ipv4h.SetBase("1.0.0.0", "255.0.0.0");

Ipv4InterfaceContainer internetlplfaces = ipv4h.Assign(internetDevices);

Ptr<Ipv4StaticRouting> remoteHostStaticRouting =
ipv4RoutingHelper.GetStaticRouting(remoteHost->GetObject<Ipv4>());

remoteHostStaticRouting->AddNetworkRouteTo(Ipv4Address("7.0.0.0"), Ipv4Mask("255.0.0.0"), 1);

internet.Install(gridScenario.GetUserTerminals());

Ipv4InterfaceContainer ueLowLatIpIface =
epcHelper->AssignUelpv4Address(NetDeviceContainer(ueLowLatNetDev));

Ipv4interfaceContainer ueVoicelplface =
epcHelper->AssignUelpv4Address(NetDeviceContainer(ueVoiceNetDev));

/I Set the default gateway for the UEs
for (uint32_t j = 0; j < gridScenario.GetUserTerminals().GetN(); ++j)
{
Ptr<Ipv4StaticRouting> ueStaticRouting = ipv4RoutingHelper.GetStaticRouting(
gridScenario.GetUserTerminals().Get(j)->GetObject<Ipv4>());
ueStaticRouting->SetDefaultRoute(epcHelper->GetUeDefaultGatewayAddress(), 1);
}

// attach UEs to the closest eNB

nrHelper->AttachToClosestEnb(ueLowLatNetDev, enbNetDev);
nrHelper->AttachToClosestEnb(ueVoiceNetDev, enbNetDev);

I




* Traffic part. Install two kind of traffic: low-latency and voice, each
* identified by a particular source port.

*/

uintl6_t dlPortLowLat = 1234;

uint16_t dIPortVoice = 1235;

ApplicationContainer serverApps;

/I The sink will always listen to the specified ports
UdpServerHelper dlPacketSinkLowLat(dIPortLowLat);
UdpServerHelper dIPacketSinkVoice(dIPortVoice);

/I The server, that is the application which is listening, is installed in the UE
serverApps.Add(dlPacketSinkLowLat.Install(ueLowLatContainer));
serverApps.Add(dIPacketSinkVoice.Install(ueVoiceContainer));

/*

* Configure attributes for the different generators, using user-provided

* parameters for generating a CBR traffic

*

* Low-Latency configuration and object creation:

¥/

UdpClientHelper diClientLowLat;

dIClientLowLat.SetAttribute("RemotePort", UintegerValue(dlPortLowLat));
diClientLowLat.SetAttribute("MaxPackets", UintegerValue(OXFFFFFFFF));
diClientLowLat.SetAttribute("PacketSize", UintegerValue(udpPacketSizeULL));
dIClientLowLat.SetAttribute("Interval”, TimeValue(Seconds(1.0 / lambdaULL)));

// The bearer that will carry low latency traffic
EpsBearer lowLatBearer(EpsBearer::NGBR_LOW_LAT_EMBB);

/I The filter for the low-latency traffic
Ptr<EpcTft> lowLatTft = Create<EpcTft>();
EpcTft::PacketFilter dlpfLowLat;
dlpfLowLat.localPortStart = dIPortLowLat;
dlpfLowLat.localPortEnd = dIPortLowLat;
lowLatTft->Add(dlpfLowLat);

/[ Voice configuration and object creation:

UdpClientHelper dIClientVoice;

dIClientVoice.SetAttribute("RemotePort", UintegerValue(dIPortVoice));
diClientVoice.SetAttribute("MaxPackets", UintegerValue(OXFFFFFFFF));
diClientVoice.SetAttribute("PacketSize", UintegerValue(udpPacketSizeBe));
dIClientVoice.SetAttribute("Interval”, TimeValue(Seconds(1.0 / lambdaBe)));

/] The bearer that will carry voice traffic
EpsBearer voiceBearer(EpsBearer:GBR_CONV_VOICE);

// The filter for the voice traffic
Ptr<EpcTft> voiceTft = Create<EpcTft>();
EpcTft::PacketFilter dlpfVoice;
dlpfVoice.localPortStart = dIPortVoice;
dlpfVoice.localPortEnd = dIPortVoice;
voiceTft->Add(dlpfVoice);

/*

* Let's install the applications!

¥/

ApplicationContainer clientApps;

for (uint32_t i = 0; i < ueLowLatContainer.GetN(); ++i)

{
Ptr<Node> ue = ueLowLatContainer.Get(i);
Ptr<NetDevice> ueDevice = ueLowLatNetDev.Get(i);




Address ueAddress = ueLowLatIpIface.GetAddress(i);

/[ The client, who is transmitting, is installed in the remote host,

// with destination address set to the address of the UE
dIClientLowLat.SetAttribute("RemoteAddress", AddressValue(ueAddress));
clientApps.Add(dlClientLowLat.Install(remoteHost));

/[ Activate a dedicated bearer for the traffic type
nrHelper->ActivateDedicatedEpsBearer(ueDevice, lowLatBearer, lowLatTft);

}

for (uint32_t i = 0; i < ueVoiceContainer.GetN(); ++i)

{
Ptr<Node> ue = ueVoiceContainer.Get(i);
Ptr<NetDevice> ueDevice = ueVoiceNetDev.Get(i);
Address ueAddress = ueVoicelpIface.GetAddress(i);

// The client, who is transmitting, is installed in the remote host,

// with destination address set to the address of the UE
dIClientVoice.SetAttribute("RemoteAddress", AddressValue(ueAddress));
clientApps.Add(dlClientVoice.Install(remoteHost));

/[ Activate a dedicated bearer for the traffic type
nrHelper->ActivateDedicatedEpsBearer(ueDevice, voiceBearer, voiceTft);

}

/[ start UDP server and client apps
serverApps.Start(udpAppStartTime);
clientApps.Start(udpAppStartTime);
serverApps.Stop(simTime);
clientApps.Stop(simTime);

/[ enable the traces provided by the nr module
/[ nrHelper->EnableTraces();

FlowMonitorHelper flowmonHelper;

NodeContainer endpointNodes;
endpointNodes.Add(remoteHost);
endpointNodes.Add(gridScenario.GetUserTerminals());

Ptr<ns3::FlowMonitor> monitor = flowmonHelper.Install(endpointNodes);
monitor->SetAttribute("DelayBinWidth", DoubleValue(0.001));
monitor->SetAttribute("JitterBinWidth", DoubleValue(0.001));
monitor->SetAttribute("PacketSizeBinWidth", DoubleValue(20));

Simulator::Stop(simTime);
Simulator::Run();

/*

* To check what was installed in the memory, i.e., BWPs of eNb Device, and its configuration.

* Example is: Node 1 -> Device 0 -> BandwidthPartMap -> {0,1} BWPs -> NrGnbPhy -> Numerology,
GtkConfigStore config;

config.ConfigureAttributes ();

*/

/[ Print per-flow statistics

monitor->CheckForLostPackets();

Ptr<Ipv4FlowClassifier> classifier =
DynamicCast<Ipv4FlowClassifier>(flowmonHelper.GetClassifier());

FlowMonitor::FlowStatsContainer stats = monitor->GetFlowStats();

double averageFlowThroughput = 0.0;
double averageFlowDelay = 0.0;




std::ofstream outFile;
std::string filename = outputDir + "/" + simTag;
outFile.open(filename.c_str(), std::ofstream::out | std::ofstream::trunc);
if (‘outFile.is_open())
{

std::cerr << "Can't open file " << filename << std::endl;

return 1;

}
outFile.setf(std::ios_base::fixed);

double flowDuration = (simTime - udpAppStartTime).GetSeconds();
for (std::map<Flowld, FlowMonitor::FlowStats>::const_iterator i = stats.begin();
i = stats.end();
++)
{
Ipv4FlowClassifier::FiveTuple t = classifier->FindFlow (i->first);
std::stringstream protoStream;
protoStream << (uint16_t)t.protocol;
if (t.protocol == 6)
{
protoStream.str("TCP");
}
if (t.protocol == 17)
{
protoStream.str("UDP");
}
outFile << "Flow " << i->first << " (" << t.sourceAddress << ":" << t.sourcePort << " ->"
<< t.destinationAddress << ":" << t.destinationPort << ") proto "
<< protoStream.str() << "\n";
outFile << " Tx Packets: " << i->second.txPackets << "\n";
outFile <<" Tx Bytes: "<<i->second.txBytes <<"\n";
outFile <<" TxOffered: " <<i->second.txBytes * 8.0 / flowDuration / 1000.0 / 1000.0
<<"Mbps\n";
outFile <<" Rx Bytes: " <<i->second.rxBytes <<"\n";
if (i->second.rxPackets > 0)
{
/I Measure the duration of the flow from receiver's perspective
averageFlowThroughput += i->second.rxBytes * 8.0 / flowDuration / 1000 / 1000;
averageFlowDelay += 1000 * i->second.delaySum.GetSeconds() / i->second.rxPackets;

outFile <<" Throughput: " <<i->second.rxBytes * 8.0 / flowDuration / 1000 / 1000
<<"Mbps\n';

outFile <<" Mean delay: "
<< 1000 * i->second.delaySum.GetSeconds() / i->second.rxPackets << " ms\n";

// outFile << " Mean upt: " << i->second.uptSum / i->second.rxPackets / 1000/1000 << "

// Mbps \n";

outFile <<" Mean jitter:
<< 1000 * i->second jitterSum.GetSeconds() / i->second.rxPackets << " ms\n";

"

}
else
{
outFile <<" Throughput: 0 Mbps\n";
outFile <<" Mean delay: 0 ms\n";
outFile <<" Mean jitter: 0 ms\n";
}
outFile <<" Rx Packets: " << i->second.rxPackets << "\n";

}

double meanFlowThroughput = averageFlowThroughput / stats.size();
double meanFlowDelay = averageFlowDelay / stats.size();

outFile << "\n\n Mean flow throughput: " << meanFlowThroughput << "\n";
outFile <<" Mean flow delay: " << meanFlowDelay << "\n';




outFile.close();
std::ifstream f(filename.c_str());

if (f.is_open())
{

std::cout << f.rdbuf();
}

Simulator::Destroy();

if (argc == 0)

{
double toleranceMeanFlowThroughput = 0.0001 * 56.258560;
double toleranceMeanFlowDelay = 0.0001 * 0.553292;

if (meanFlowThroughput >= 56.258560 - toleranceMeanFlowThroughput &é&
meanFlowThroughput <= 56.258560 + toleranceMeanFlowThroughput &&
meanFlowDelay >= 0.553292 - toleranceMeanFlowDelay &&
meanFlowDelay <= 0.553292 + toleranceMeanFlowDelay)
{
return EXIT_SUCCESS;
}
else
{
return EXIT_FAILURE;
}
}
else if (argc == 1 and ueNumPergNb == 9) // called from examples-to-run.py with these parameters
{

double toleranceMeanFlowThroughput = 0.0001 * 47.858536;

double toleranceMeanFlowDelay = 0.0001 * 10.504189;

if (meanFlowThroughput >= 47.858536 - toleranceMeanFlowThroughput &é&
meanFlowThroughput <= 47.858536 + toleranceMeanFlowThroughput &&
meanFlowDelay >= 10.504189 - toleranceMeanFlowDelay &&
meanFlowDelay <= 10.504189 + toleranceMeanFlowDelay)

{
return EXIT_SUCCESS;

}

else

{
return EXIT_FAILURE;

}

}
else
{
return EXIT_SUCCESS; // we dont check other parameters configurations at the moment
}
}

Kat ta avtiotolxa mepapatikd anoteAéopata:




: S ./ns3 run cttc-nr-demo
Flow 1 {(1.6.0.2:49153 -> 7.0.06.2:1234) proto UDP
Tx Packets: 6000
Tx Bytes: 768000
TxOffered: 10.240000 Mbps
Rx Bytes: 767744
Throughput: 16.236587 Mbps
Mean delay: 0.271518 ms
Mean jitter: 0.030006 ms
Rx Packets: 5998
Flow 2 (1.0.0.2:49154 -> 7.0.0.3:1235) proto UDP
Tx Packets: 6000
Tx Bytes: 7680000
TxOffered: 102.400000 Mbps
Rx Bytes: 7671040
Throughput: 102.288533 Mbps
Mean delay: 0.835065 ms
Mean jitter: ©.119991 ms
Rx Packets: 5993

Mean flow throughput: 56.258560
Mean flow delay: ©.553292

Ewkova 18: Mepauatika AnoteAéouara Mapadsiyuatog 7
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