EONIKO METXOBIO IIOAYTEXNEIO

XXOAH HAEKTPOAOI'QN MHXANIKQN
KAI MHXANIKQN H/Y

TOMEAX XYYXTHMATOQN METAAOXHX
ITAHPO®OPIAX KAI TEXNOAOI'TAYX YAIKQN

AmoooTtikéc Teyvikéc Awnyeipiong Padwomopov og Etepoyevi Aiktoa

ATTAQMATIKH EPI'AXIA

Hoavteing E. Agpéveyag

EmBriénov: Anuntpa — Ocodwpa Kaxiapdvn

Kadnynrpia E.MLIT

AbMva, Mduog 2018






EONIKO METXOBIO IOAYTEXNEIO

XXOAH HAEKTPOAOI'QN MHXANIKQN
KAI MHXANIKQN H/Y

TOMEAX XYXTHMATOQN METAAOXHXE TIAHPO®OPIAX KAI
TEXNOAOI'TAX YAIKQN

s
o
A
o
-
a
>

AmoooTtikéc Teyvikéc Awnyeipiong Padwomopov og Etepoyevi Aiktoa

AITAQMATIKH EPI'AXIA

Hoavteing E. Agpéveyag
Empiénov:  Anquntpa — Ocodmpo Kaxkiopdvn

Kadnyntpia E.MLIT

Anpntpa Kaxkiapdvn  Nuoiaog Ovlovvoyiov IaxwPog Beviépng

Konyntpo EM.IT  Koabnynmg EM.IT  Kabnynmg E.M.IT

Abnva, Mduog 2018



Agpéveyoag E. ITavteAng

Authopoatovyog Hiektpoldyog Mnyavikdg kor Mnyovikodg Yrnoroyiotdv E.MLIIL.

Copyright © MavteAng Aspéveyag, 2018

Me erupUAagn mavtog Sikawwpatog. All rights reserved.

AmayopedeTal n avILypaY], amofnKevon Kol Slovour TG Tapovcas epyacioc, €& 0OAOKANPOL 1
TUHOTOC OWTNG, Yo, EUTOPkd okomod. Emitpémeton m avotdmmon, amobhikevorn Kot Sovour yio
OKOTO U1 KEPOOGKOTIKO, EKTULOEVTIKNG 1 EPEVVNTIKNG QVOTG, VIO TNV TpobmdOeon vo, avapépetal
M Ty Tpoérevong Kot va dtatnpeital To mapodv ppvopa. Epotiuate mov apopodv ) xpron g
€PYOoiag Yio. KEPOOGKOTIKO OKOTO TPEMEL VoL amevHHVOVTUL TPOG TOV GUYYPAPEQ.

Ol amdOWYELS Kol TO. COUTEPAGLLOTO TOV TEPIEXOVTUL GE OVTO TO EYYPAPO EKPPALOVV TOV GLYYPAPEN

Kot 0ev mpémel vo. epunvevdel 1L avtimpocwnevovy Tig emionues Bécelg tov EOvikod Metodfiov
[ToAvteyveiov.



ITEPIAHYH

Ta oOyypova moAvkvyelmtd acHpuata diktva 4G, LTE kot ta avapevopeva diktoa
Sng yevidg €govv avdykn mpdcfacng oe véeg {dvec Aettovpyiag (a0E1000TOVUEVES KOt
un). To Mo mepropopévo padopdopo omortel amodotikdtepn OStayeipion. Térog,

ATOPOLTNTN Elvol Kot 1) Aod0TIKY| Sloyeipion TV TOp®V 163 V0G.

[Ipdcbeta, To TOAVKLYEAWMTA SIKTLO, LITOPEPOLY ad opOdIVAKEG Tapepforéc. H
OVTILETOTICT OLTOV TOV TopEUPordv elval onuavtikny ywoo T PBeitiotonoinomn g
am6d00Mg TovG. [ o Adyo avtdv mpémet va vioBeBel Eva oy SLUOPP®ONS Kot
TOAAOTAN|G TpocPacnc. Mia térola teyvikny amoterel 1 OFDMA, mov av&dvel
YOPNTIKOTNTO, TOV  OIKTOOL KOl  GUVOLALETOL HE  TIG TEXVIKEG  TOALUTAMV
keparootoyeiov MIMO koar Massive MIMO. Ta cvotjuota Massive MIMO
YPNOOTOoVV Ywpikny moAvmAesio kot cvuPdArovv oty mepotépw adENCN NG

AOPNTIKOTNTOC.

AO6Y® ToVv avEavOpeEvoy aplBol XpPNoTOV TOV AGVPUATOV IIKTH®V 1) KOYEAMKT] TOVG
duataln yivetor TokvoTEPT], APOL YPNGUYLOTOLOVV SUPOPETIKOVSG TOTOVS KLWYEADV Koil
teyvohoyidv mpooPacng. H ocvvépyeia avty odnyel omn dnuovpyio €repoyevmdv

OIKTV®V GTO OTTOln £XEL GTPOPEL 1) EMGTNUOVIKT EPELVOL.

IMa toug mopomdve Adyovg 6t STAOUOTIKY epyacio TpocopotdOnKay aiyopifpot
avaBeong padromopwv o MIMO-OFDMA moAvkoyermtd 6iKTvo 1060 HELOVOUEVOD

(WiIMAX) 660 kot etepoyevodc (WiIMAX-WiFi) diktdov.
Aé€eic Khewowa

Kvoyelwotd diktva,4G,etepoyevn| diktva, OFDMA,MIMO,RRM,MSNR,opodtavikég
TopeUPOrES



ABSTRACT

Modern multicellular wireless 4G, LTE networks and future to come 5th generation
networks need access to new spectrum territories (licensed or not). The already
limited spectrum requires more efficient management. As a conclusion the more
efficient management of our recourses is essential.

Furthermore, multicellular networks suffer from co-channel interference. To confront
these interferences, it is crucial to improve its efficiency. For this reason, a
modulation and multiple access scheme has to be adopted. OFDMA is one of such
tecniques that increase the network capacity and it can be combined with MIMO and
massive MIMO multiple antenna tecniques. Massive MIMO systems contribute to
further capacity increase using spatial multiplexing.

Due to the increasing number of users of the wireless networks cellular architecture
becomes denser, using different types of cells and access tecniques. This cooperation
leads the scientific research in heterogenous networks.

For all the reasons spotted above in this thesis radio recources management
algorithms are simulated in MIMO-OFDMA multicellular network, standalone
(WiMAX) and heterogenous (WiMAX-WiFi).

A historical retrospect of the wireless network is presented in section 1
The key features of the MIMO-OFDMA system is described in section 2.

The radio recourses management tecniques that are presented in contemporary
bibliography are depicted in section 3.

The simulators of standalone and heterogenous networks are described and a
presentation of the results is made in sections 4 and 5.

The outcome of the research is summarising in section 6 and suggestions for future
study and research are made.

Keywords

Cellular networks,4G,Hetnet, OFDMA,MIMO,RRM,MSNR,Co-Channel Interference
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Kepdiaro 1: Teyvoroyikég yeveéc
UGVPUUTOV OIKTVMV

Ta acvppata oiktva Ppiokovrar ta televtaio ypdvia 61O EMIKEVIPO TOL
EPELVNTIKOD KOl EMYEPUATIKOD EVOLUPEPOVTOG,KOOMG Ol OCVPUATEG EMKOIVOVIEG
OTOTEAOVV TO TTLO YPTYOPO OVOTTUGGOUEVO TUTUA TG PLOUNXaviog TOV ETKOVOVIDV.
Eivor Aomdv okOMYo 610 mPAOTO KEPAAOO NG epyociag va yivel avagopd oty
e€EMEN TV TEYVOAOYIOV OGUPUATOV JIKTO®V, Ol 0Toleg YOoVOPIKE KOAOTTOLV Lo
dexaetia, divovrag Eppacn otig mo ovyypoves (4G,LTE advanced,5G). Ev cuveyeia,
OVOADOVIOL GUVOTTIKA T  YOPOKTNPOTIKA Tov kupltotepowv IEEE  mpotdimwv
acLPUATOV OIKTO®V, €V TEAOG, KATOYPAPOVTAL TO KIivTpo 7OV OONynoov otnv
ekmdvnNon ¢ MMAOUATIKAG. Xty ekova 1-1 PAémovpe cuykevipoTikd v eEEMEN
TOV TEYVOAOYIKDV YEVEDV KOl TOV OVTIGTOL(®V TEXVOAOYIDV KOl TPOTL®V OTMG OVTH
0o avaeepBobv otV Topeia TOV KEPUAAIOV.
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Ewova 1-1: EEEMEN acvpudtov texvoroyidv [1].

1.1 Aiktvo TPpOTNG YEVIAG

H npodm™ yevid aclppotov SKTHmOV KWWNTAG EMKOW®VIOG AEITOVPYNCE Yo
Tp®d TN Popd t0 1979 oty lanwvia amd tnv NTT (Nippon Telephone and Telegraph),
NTov avaAoyuoh ONUOTOG Kol EELNPETOVCE POVO QOVNTIKES KANGEL. Avo ypdvia
apyotepo emektadnie n Asrtovpyio kot oty Evpdnn pe kvplotepa cuotiuoTo TO
NMT (Nordic Mobile Telephone) xou to TACS (Total Access Communication
System) [1]. H Itaiio ypnowonotovoe avrtictoyo o RTMI (Radio Telefono Mobile
Integrato), n T'oAAia to radio Com 2000. H Avtikr T'epuavia, n [optoyario kot 1
Noétiog Agpikn ypnopomolovcay to Tpodtumo C-450, evd o1 KvNTEG EMKOIVOVIES OTIG
H.IL.A. Baciotnkav (1982) oto AMPS (Advanced Mobile Phone System) [2].

Ta mopomdveo ocvotiuote givol Yyvootd o¢ oyfuoate OuwAng olaipeong
ovyvotrag (frequency division duplex scheme, FDD), xafd¢ ypnoiomoiovv 4vo
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KavaAo: (o) To gvbeiog HETAOOONS, TOVL YPNCLOTTOLEITAL Y10 LETAOOGT CUAT®V OO
10 otafud PBdong mpog ta Kvntd tepuaTikd, (B) To avticTpoPo KOvAAL, TO OTOio
YPNOUOTOIEITOL Y10 LETAOOCT CNUAT®V Omd TOL KVNTA TEPUATIKA TPOG 6TO GTAOUO
Baonc. Emiong, Pacilovtor omv moAlomAn mpoécPacn pe dwipeon ovyvotntag
(Frequency Division Multiple Access, FDMA). Qo1660, 0 Bootkdg AOYog mTov
gykatodeipdnKov to Tapandveo cuoTHOTH Eival OTL OV EMETPEMAV T SIEKTEPAIMON
SEBVOV POVNTIKOV KANCEWV, TNV €QAPLOYN HEBOI®V KPLTTOYPAPNONG, OTOTE NTOV
€0KOAN 1 VTOKAOTY TOVG, Kol dgv mapovsialayv oTp®Gio. GTIC NAEKTPOUAYVNTIKES
(H/M) mapeppoiréc, ol omoiec ennpedlovv tnv moldtnto TV KAfcewv [2].

1.2 Aiktva ogotepng yeviag 2G-2.7G

H devtepn yevid kivnmg emkowvmviag Eekivnoe to 1991 ot dwviavdio amd ™
Radiolinja pe ™ ypnon tov mpotdmov GSM (Global System for Mobile
Communications) [3]. To apétvmo GSM enektdbnke oty vorowtn Evpodmn kot
xpnoonomOnke cuvolkd o mave and 212 yodpes. H lonwvia ypnoiomrotovoe to
npotvno PDC (Personal Digital Cellular ) 1 JDC (Japanese Digital Cellular), evéd oe
peydro pépog g Aciag, omv Avotpoiio kot ot Kevipikn ko Nota Apepicn
ypnooromdnke to mpotumo IS-95. g H.ILA. ko otov Koavadd ypnoipomombnke
10 pdTVTo iDEN [2].

Ta cvotuata de0TePNS YEVIAS, OVAAOYO UE TOV TUTO TOAAOTANG TpdSPaocng
7OV Ypnoonoleito, dakpivovray e TDMA (Time Division Multiple Access) kot o€
CDMA (Code Division Multiple Access) [2]. Ta Bacikd tng mieovektipato ftay OtL
TEPAV TOV QOVNTIKOV KANGE®V LIOGTNPWAV TNV OTOGTOAN KOl ANYYN YPOTTOV
unvopdatov (Short Messaging Service, SMS), kafd¢ kot pPNVOUATOV TOADUEC®V
(Multimedia Messanging Service, MMS). T6co ot ewvnTiKéG KANoES, OGO KOl T
UNvOHOTO. MNTOV  YNEWKAE KPLTTOYPOPNUEVA, TPAyHo mov mapesiye peyohdtepn
npootacio Evavtt Tov vrokAondv. [Ipdcheta , enétpene KaAOTEPT EKUETAAAELGT TOV
dwbéopov evpovg Cmvng (bandwidth), apov a&lomolovoe TIG SVVATOTNTEG TNG
ynowakng texvoroyiag. Téhog, oe avtiBeon pe v TPOTNS YEVIAG KIVNTN EMKOWVOVId,
dlevkolvve TV meplaymyn (roaming) deBvav kKAnoewv [2].

211 cLVEYELD, 1) AVATTTUEN TEYVOLOYIDV LETAYWOYNG TAKETOV 001 YNGE GTO. diKTLO
2.5 G -po petafotikn teyvoroyio pHeTaEd ™G 2nG kot 3ng yevide. Ta diktva antng
™mg yevidg ypnowomoincav cvotiuata mov ovopdotnkav GPRS (General Packet
Radio Service), ta omoia vrootNpilav TPOTOKOALL OCVPUATOV EPUPUOYADV OT®G
MMS, enkowvovio pécw e-mail ko tpdésPacn otov maykdésuo wotd (World Wide
Wireless Web) [2].

Yt apyés tov 2003 otig HILA. ta diktva GSM eEeriydnkav oto diktoa
EDGE (Enhanced Data Rates for GSM Evolution) ané t Cingular (2.7G). O Baocikdg
AOyog avtng TG eméktaons Nrtav n swoaynyn s S8PSK kwdwomoinong, n omoia
enéTpene MOAD TOYOTEPN peTaPOpd dedouévev. Emiong, m teyvoroyion EDGE
UTOpOLGE Vo €papLOCTEL OlYmg T ¥p1oN TPOSHETOL VAIKOV 1| AOYICUIKOV amtd TOVG
xPNoteG TV TEYVOAOYIOV TG GPRS [4].

1.3 Aiktva Tpitng yeviag 3G-3.75G

Ta diktva Tpitng yevidg dpyioav va Asttovpyodv to 1998, evd n epumopikn Tovg
ekuetdArevon Eexivnoe otn Notio Kopéa (2002) and v SK Telecom pe to diktvo
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1IXEV-DO mov ftav Paciopévo ot teyvikn moAlaning npocPacng CDMA.Avtd ta
diktua avartoyOnkav Adym g tpoomdbeiag g AtebBvoig 'Evoong Tniemucovovidv
(International Telecommunication Union, ITU) va dnuovpynoet éva d1ebvéc diktvo
7oV va. Agttovpyel og vpog cvuyvotitov 2000 MHZ. To mpdtumo mov dnpovpynonke
ovopdotmke IMT 2000 (International Mobile Telephone) [2], evd To mo yvwotd
diktva eivar to CDMA2000, to WCDMA (Wideband Code Division Multiple
Access) kot o UMTS (Universal Mobile Telephone Service) [4]. Ta kvpiotepa
TAEOVEKTNLATO, AVTNG TNG YEVIAG MTtav M PeATiopévn pon dedopévav, Nyov Kot video
o€ VYNAOTEPEG TOYVTNTES, M TOPOYN VLANPESING TNAEOIAOKEYNG, Ol LYNAOTEPES
TovTTeS internet, mobile tv, kabmg kot 1 Tapoyn vanpesiog thonynong GPS.

> ovvéyewn ténkov o Aettovpyio Ta diktva 3.5G HSDPA (High Speed
Downlink Packet Access), ta omoio. amoteAobV Lo ELaQPOG PEATIOUEVT EKOOYN TOV
dwktowv tpitng yeviag UMTS. H teyvoroyia avt vrootipile vynAdtepeg ToyvTNnTEG
uetadoong mokétmv dedouévov (uéxpt 8-10 Mbps kot 20 Mbps yio cvethpota
noAamhdv gl0ddwv kar e£0dwv (Multiple Input Multiple Output, MIMO). Xtv w0
YEVIA OVIKOVV KO ToL GUUTANP®UaTIKA diktua twv HSDPA, yvootd wg diktva 3.75G
HSUPA (High Speed Uplink Packet Access), ta omoia Peltiooav T vanpeoisg
email, kaBdc ko o real time person to person gaming [2].

1.4 Awktva tétaptng yeviog 4G

To mpdto doxyootikd 4G diktvo katackevdotnke oty lomwvia to 2005,
amoterel eméktaon g 3G texvoroyiag, mPoceépel peyolvtepo €0pog Ldvng Kot
vroompilel meplocoTEPes vanpesieg. O AOYOC avamtvéng TV VE®V  JIKTO®OV
opeidetal omnv avéykn mpocPacng OAMV TV YPNOTAOV KIVNTNG TNAEPOVING GTO
SldikTvo pPéow HG KOG TAATEOPLOG (EV TPOKEWEVD TV TAaT@Opua IP), katt
mov dev mopeiyov ta velotdueva diktoa (my. 3G). H ovykekpiuévn miatodppo
TPOGEPEPE OKOUN UEYOADTEPN ACPAAELN KO VYNAOTEPES TOYVLTNTEG PONG OEOOUEVOV
(100 Mbps- 1Gbps), Baciletar oV TE)VIKN TOAMOTANG TPpOSPacng pe opboymvikn
dwaipeon ovyvotrtag (Orthogonal Frequency Division Multiple Access, OFDMA) kot
vioBetel teyvoroyieg MIMO.

Ot Kup10TEPEG PEATIDOELS AVTOV TOV OIKTVMV GE GYECT| LE TO TPOYEVESTEP
aQOPOVV GTIG TOAD UEYUAVTEPEG TAYVTNTES TPOGPACNS GTO internet, 6T dSLVOTOTNTA
vrootpiEng tAedidokeyng péc® video Yo TOAAOVG YPNOTEG, OTIS VANPEGIES
TAElOTPIKNG, oV THAEOpAOT, LYNANG evkpivelag, Katd mopayyeiio video ko
videogames (video and videogames on demand) [2].

Ta Kuprdtepa dikTva TOV avaTTHYONKAY Y10 EUTOPIKN EKUETAAAELOT LE OKOTO
va kohoyoov Tig mpovimobéoelg mov B€ter ) ITU yia ta diktva té€Taptng yevidg ivor To
WIMAX (Worldwide Interoperability for Microwave Access) kot to LTE (Long
Term Evolution). IMap’'6io avtd n npodtn ékdoon tov WIMAX kor to LTE dev
KATAPEPOV VO EKTANPDOGOVY TO GKOTO TOVS , apoV 0duVATOVGAV VO, ETLTLYXOLY PLOUO
petadoong dedopévov > 1 Gb/s. T 10 A0y0 avTOV avagEpovtal Guyva O SIKTLO
3.9G. Avt6 odnynoe oto oyedtacud tov diktvwv LTE Advanced kot Mobile WiMAX
Release 2.
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1.5 Aiktva 4G+(LTE advanced)

Ta Aiktva LTE advanced oyedidotnkoav dote vo, KOAODWOLV TIG adLVOUIES TV
LTE mnpdvrag tic mpodmobicelc mov 1€0nkov and v ITU yia ta diktva 4G ota
€A Tov 2009 ko TpotvmomomOnkoay to 2011 otnv 10 éxdoon e 3GPP [5].

To KOpla YopaKINPIOTIKA TOVG ElvaL:

AvéEnpéveg Tayvtnreg aryuns 3Gbps oty kdtm C(evén ko 1.5Gbps oty avo.
BeAtiopévn paopatikn andooor 30bps/Hz

AvEnpévog apBpdc Tantdypova EVEPYDOV YPHOTMV

Koaibdtepn kdAoyn ota 6pra tov koyehov(cell edges)

Mo va emrevyBolv to mapamdve yivetor ypnon VEOV TELVOAOYI®V OT®G
evioyvpévng ypnong kepardv MIMO (8X8 oty kdtw Cevén kot 4X4 oty dve) Kot
kOpPwv petaymyng (relay nodes).Ot kopfot petoywyng eivor otaduoi faong yopning
1GYVOG EYKATECTNUEVOL GTIS OOLAUKPVGUEVES TEPLOYES TOV KLYWEAMY Kot o€ hotsSpots,
EVIOYVOVV T YOPNTIKOTNTA, SELPVVOLV TNV TEPLOYN KAAvyNg, Ogv amartodv
XPNON OTMTIK®OV vdV, evd vrootnpilovv teyvikég ocvuvabpoiong (carrier aggregation)
6mov M TANpoopia dlavéuetal o EmC Kol 5 @épovia cvuvictdoeg (component
carriers) TPOKEWEVOL Vo PEATIOEL 1 YOPNTKOTNTA TOL OKTVOV. ¢ €K TOVTOV, 1|
BeAtiopévn yopntkomta kot kKaivyn tov LTE Advanced ovverdyetor
dkandtept eELINPETNON TOV XPNGTAOV, KAODS Kot TNV eKUETAAAEVOT Acpatog >100
MHz vroompilovtog moAd peydAovg pvOupovg petddoone dedouévav. Tlpochera,
TOAD oNUAVTIKY] €ivol Kot 1 SuvaTOTNTO TOV TPOGPEPOLV T GVYKEKPUUEVE dTKTLO Kot
apopd oty a&lomoinon Tewv TepoyEVOV JKTOOV [6].

[ToAéc etaupleg xvntOv  emkowvoviov maykoopuiong (mwx. EE, Ericsson,
Vodaphone, Swisscom) vmootpifovv v Agttovpyia diktvmv teyvoroyiag LTE

Advanced, to omoio avagépovv g 4G+ kot vrootnpilovv tayvnTeg and 1,5 £og 3
Mbps [7], [8].[91.[10].

1.6 Aiktva épmtng yeviag 5G

H endpevn yevid acOpLoToV SIKTO®OV OVOUEVETOL VO £XEL EUTOPIKT] EQOPULOYN
puéxpt o 2020. H mpdtn mpoondbeia vo opiotovv Kot vo avarntuyfovv Eekivnoe 10
2012 pe to project g Evponaikng "Evaong MENTIS, to 2013 o1 etapeiec Huawei,
Samsung kot NSN Eexivnooav Tig TpmdTEG €pYUcTNPLOKEG dOKIUES, evd To 2014 o1
Bopxerdvn mapovoidotnke to project SG PPP (5G Public Private Partnership).

Ta diktva mEumNG Yeviag Ba mpémetl va gival oe BEon va e&umnpetncovy Tov
exfeticd  av&avopevo aplBpd TOV YPNOTOV KOl VO IKOVOTOWUV  OTOLTHGELS
HEYOADTEPNG KATLOKOG:

1000 @opéc peyardtepo evpog Ldvng,
EKOTOVTOTAAGLOG OPOUOC GLVOEIEUEVOV XPNOTOV,
99,9% o1beoyoTnTOC,
eEumpétnon 1000 popég pLeyaldTEPOL OYKOL OEOOUEVMOV aVE TTEPLOYN,
10 og 100 popég peyardtepog puOuog Hetdooong 0edoUEVOV,
Beitioon kotd 10 @opéc Tov YPOHVOL EKPOPTIONG TOV UTOTOPIDOV Yol YOUNANG
KatavdAwong  ovokevdv  polikov  emkowoviov  (Massive  Machine
Communication, MMC),
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® 5 popég petopévoc Aavidvov ypoévog End-to-End (E2E). [davikd Ims.
o Toyvmra kdtw Levéng (downlink) > 1Gbps[3],[11].

Ady® TV  ovENUEVOV  OTOITHCE®V, WHEAETAOVIOL TEXVIKEC —OIOJOTIKNG
dwyeipiong Tov bSOV PACHOTOS (AWENCT YOPNTIKOTNTOAS SIKTVOV) £0TIALOVTOG
oe KaToAANAOTEPEG cuyvotteg (6GHZ-300GHZ), evod emdidketan kol 1 Pertioon
™mg eveuiog TV OKTHmV avtdv. TlapdAinAa, emedn 0o vmootnpileton 1
emavaypnoonoinon eacuoatog (frequency reuse) axoun Kot 6e TOAVTANOVGLILOKA
oevapio. (multiple terminals), to diktva véag yevidg Oo mpémel va eivon og Béomn va
dwayeplotovy TG opokavolkés mapepPoréc (Co-Channel Interference, CCI), ot
omoieg Oa elvon mepiocdtepo €vioves. Emopévog, kpivetor avaykaio 1 onpiovpyio
evOg eviaiov TPOTLTO Yo OAES TIC YMPES, 6TO 0moio B pmopovV vo, GCLUHOPPOOOHV
€0KoAo OAOL Ol TAPOYOL KIVNTNG TNAEQOVING TOYKOOCUIWS. XTo TAOIGLO OVTAG TNG
TPOTVTOTOINGCNG  OVOUEVETOL VO, XPNOLUOTomOBovy  avopeTodoTeC omd  TUKVA
KOTOVEUNUEVEG KUWEAEG Kol €LOLN  POSOCLOTHUATE KOODG Kot  TEYVOLOYieS
nolanAng mpocPoong, 6nwg BDMA (Beam Division Multiple Access) kot FBMC
(Filter Bank Multi-Carrier) [4],[11].

[Tpoxeyévou va eEumnpetBel o peydiog aplpnog twv ¥pnoTdv 1 oPYLITEKTOVIKN
TV OIKTOOV Ypetdletal arlayés, apobd o€ T0605T0 80% 01 Yp|oTES GLVIEOVTAL LE TO
diktvo evad Ppiokovion evtdg Kmmpiov kot poévov to 20% Otav Ppiokovtal oe
eEotepwcd mepPdrrov. ‘Olot, Opme, tehkd eSummpetodvior amd €vav eEmTePKo
otafud Pdong oto kévrpo kébe KLYEANC, TPAYHO OV onpaivel OTL AoV TO GNHA
nepvhel péca amd Toixo avEdvovior ol amMAELES Kol EMNPEALOVTOL OPVNTIKA M
EVEPYELOKT] KO QAGHATIKT armddoon kabmg Kot o puBudg petadoong dedopévav (data
rate). T to AOyo avtd givar avaykaio va xpnouononfodv GLGTHUATO KEPULMDY
Massive MIMO [4],[3].

Y10 onueio oavtd o&iler va  avagepBovv  oplopéveg  tEXVOAOYiEg OV
OVOTTOOOOVTIOL MG OLTOVOUES EUMOPIKEG  VANPECieg, OAAG  avapévetal va
ypnooromBodv kKupiwg ota diktva TEUTTNG YEVIAS:

Network Function Virtualisation (NFV)

[Ipdkettonr yloo o apyITEKTOVIKY SIKTVOV TOV EMTPEMEL TO OLYWPIGUO TOL
VAMKOV omd TO AOYIGUIKO. LKOTOC TNG YpNomg texvorloyudv virtualisation givor M
EMAOPLVGT TOL VAKOV TMV GLOKELAOV TOL YPTCLULOTOOVVTAL, aPOV  EMPapHveTon
CLVEYDS AOY® TOV OWEAVOUEVAOV avayk®v Tov ypnotav. Etot servers peydiov
@optov (High Volume Servers), d10kx0mteg KaODS Kot amoOnKeLTIKOS YHOPOS UTOPOLV

Vo OVTIKOTOOTOO0UV LE EIKOVIKOVG OmoONKELUEVOLG O HEYAAN KEVTPO OEOOUEVOV
(data centers) [2],[12],[11].

Software Define Network (SDN)
Amotelolv eméktoon tov NFV O6mov ot moapdpetpor mov agopodv Tnv

ToToAOYio EVOG dkTHOL Oa pmopovv va pubustovy pécm tov software [2],[12],[11].

Etepoyevn Aiktvo (Heterogeneous Networks -Hetnet)

Ta etepoyevn dlktva amoteAovV pol S1ATaEn TOAVKLYEAMTOV OIKTOMOV TTOV
oLVOLALOVY JLOPOPETIKOVG TOTOVG KVWEADV (LLAKPO, KO, PEUTTO) KOl TEXVOAOYIDV
npocPaonc(2G, 3G, 4G). Epeavilovv peydin svel&ia ,apov mpocapudloviol oty
TOToAOYi0 TNG TTEPLOYNG OV KaAvmTovy [11].
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1.7 Ta xoprotepa IEEE standards

Ta acvppato diktva €yovv mpotvmomoinbel COUP®VO HE TNV OIKOYEVELD

npotonwv IEEE 802.Ta onuavtikdtepa €€ avtav givar:

IEEE802.15 (AcVppara Ipoocomkd Aiktva, WPAN): Xe avtd avikovv to
ZigBee kot Bluetooth, éyovv euféleia mepimov 10m, yapaxtnpilovior omo
YOUNAO KOGTOG Kot LUKPT KATAVAA®OT) 16Y0OC.

IEEE802.11 (Aovpuato Tomkd Aiktva, WLAN): Ztnv katnyopio avth aviket
10 Wi-Fi. Amotehodv o omd Tig 7o Ol0ded0UEVEG Kol YPIYOPO EUTOPIKA
avamtuooopeveg  Katnyopiec diktomv. H guféieta toug xvpaiveron amd 50m
péypt 150m, avéroya tnv £ykaTAGTOON. XVVNO®G ¥PNOILOTOIOVVTOL Y10l GOVOEST)
Kwntov tepuatikov (Laptop, Smartphones, Tablets) og hotspot o€ agpodpduia,
Eevoooyela, KagE, evad omoteAohv aSlOmIoT ADOY Yl HOVUHES OIKLOKES
EYKATUGTAGELS OCVPUATOV IIKTO®V KaBDS Kot GE Ypoapeia

IEEE802.16 (Acvppata Mnrpomohtikd Aiktve WMAN): Xmv katnyopio
avt oviket to WIMAX. H guPéleid tovg wvpaivetor oto 4-10km  xon
EMTLYYAVOLY VYNAOVG pLvOUOVG petddoong oe peydieg amootdoels. Xvvhwg,
ypNoomotovvTal ¢ diktva koppov (backhaul).

IEEES802.20 (Acvppata Aiktva Evpeiag Ileproyns, WWAN): ‘Exovv epféreta
nepimov 35Kkm kot v10BeTovV TEYVIKEC TOAVTAEEIRG Omwg ot OFDM ko HC-
SDMA.

IEEE802.22 (Acvppata Ieprpeperoxa Aiktva, WRAN): Xpnoyonotoodvron
O€ OYPOTIKEG TTEPLOYES e EMAYIOTOVG YPNOTEG Kot Exovv euPéreta 30-100km.

Ytov Ilivoka 1-1 wopovctdlovtal GLYKEVIPOTIKA TO. KOPLOL  TEXVIKA

YOPOKTNPLOTIKG TV TTpoavapepbévimv tpotinmy.[14],[15],[16],[17]

HPOTYIO IEEE EMITOPIKH EYPOX TAXYTHTA TEXNIKH
ONOMAZIA LYXNOTHTQN  (Mbps) MPOZBALHE/
(Ghz) AIAMOP®QYHX
802.11a Wi-Fi 5 54 CSMA-CA/
(802.11b/802.119g (2.4/2.4 (12/54 OFDM
/802.11n) 12471 5) /600) (CCKI/DSSS,
CCK, OFDM
/OFDM
802.15.1 Bluetooth 2.4 1/3 TDD/

8DPSK, DQPSK

802.15.4 ZigBee 2.4 250 CSMA-CA/
BPSK, OQPSK,
ASK, DSSS

802.16 WIiMAX  10-66 32-134 OFDMA/

(802.162/802.16¢) (2-11/<6) (70/75) OFDM

802.20 MBWA <35 1/0.3 HC-SDMA/
OFDM

Mivexag 1-1: Ta kopiotepa IEEE mpdtona (IEEE standards) acvppétov diktdov.
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1.8 Kivntpo ™G SUTA®UOTIKNG

To dBéoo paopa, Kabmg Kot 1 EKTEUTOUEVT 1GYVG OTOTELOVV TOVLS POcTKOVS
TOPOLG €VOC GLUOTNHOTOG OGVPUATMOV ETIKOWOVIOV. XLVVETADGS, €ivol CMUOVTIKO vol
a&lomoloHvtal amodoTIKE Kol Vo pUnV omatoAdvtol daokoma. Ouwmg ot olyypoveg
TEYVOLOYIES OIKTOH®V £Y0VV KATAAAPEL TO PEYOADTEPO HEPOG TOL SLOBEGILOV PAGLOTOC
OAOYIOTO, GUVERMG EIVOL OmapOiTTN 1 OEPEVVNOT TEYVIKAOV SIKOOTEPTG KOTOUVOUNG
tov. [Iépa amo v kaTovour| Tov S100£G1L0L PACIATOG CNUAVTIKY Eivat Kot 1) dikoun
KOl OmOd0TIKOTEPT KOTAVOWUY] TMV VITOPOPEMV OTO TEPUATIKE, Kabdg m ypnon
TEYVIKAV EMAVAYPNOLOTOINONG SuyvOTNTOG UTOPEl VO TPOKOAEGEL OUOSIVAKES
TOPEUPOLES OVALEGH GTA TEPUATIKE YELTOVIKOV KLWEA®V. AvTtd cvpfaivel 0tav o
OLVTEAEGTNG Emavaypnolponoinong eivar 1 kot av&dver n mhavotnto o TEPUATIKE VoL
EKTELYOLV GTOV 1010 LITOPOPEN e GLVETELN VO aoppLpBovv amd To chGTN UL

Oocov apopd 6tV 16Y0, 6TO GLYYXPOVO TNAETIKOWVOVIOKO TepPariov e€attiog
™G AnpPOPAENTNG GUUTEPIPOPAS TOV OGVPUATOV SLVAOV, PAVOUEVAE OGS 1) GKEDAOT
N avékAiaon, n dtbAacn kat ot dwoheiyelg emnpedlovv T0 TPOEIA 160G TOV TPOG
LETAO0ON ONUATOV, VO TOPOTNPOVVTOL Kot EVTOVvES TAPEUPOAES amd T YEITOVIKA
diktvo, AOY® pun ocvvepyoatikotnrog MetaEy tov. Ilpdcobeta, or gveueic @opntéc
ovokeLég (smartphones, tablets) kotavoldvovy apkem) 6Y0, APoD aKOUA KOl OTOV
dev otéAvouv N Aapfavovv TAnpogopieg avalntovv Aydtepo Bopufmdn Kavailo Kot
Bpiokoviot oe avapovr] yuo Ay dedopuévav. Avtd €xel og amotédeoua Ty peimon
mg odpkewog Cong ¢ umatopioc.'Etol, kobictator amopaitntn kot - coen
a&lomoinon g exmepmopevns 1oxvog (avénon g dwapketag {ong g pratapiog Tov
KIvnNTov Tteppatikov, ékbeomn telkod ypnotn oe H/M medio petopévng évraong),
OTOTE TO EPEVVNTIKO EVOLAPEPOV EGTIALETAUL OE GYETIKEG TEYVIKES AvABESTG 1GYVOC.

Extoc amd v amodotikny alomoinon tov mOp®V,oNUAVTIK) givol kol M
OVTILETMOMICT TOV JAEIYE®VY KOl 1] Lel®OT TOV TaPEUPOADY Amd TIC OTOIEG VITOPEPEL
0 acOpuaToc OlawAog , Omwg mpoavagEpOnke. Xto GUYYPOVO OCVPUOTO diKTLO
napovctaleTar avENoT TOV OHOSWAMKAV TapeUPoAdY, AdY® NG XpPNoNG TV
ELOLAOV POPNTAOV GLCKELAOV KOl TNG EPUPUOYNG TNG TEYVIKNG EMOVOYPTCLUOTOINCNG
oLYVOTNTOG.

[Na wmv oavipetomon/egopoidven  OAwv  tov  mopomdve, Kabictatot
AmOPOATNTN M XPNON AVAAOY®V TEYVIKAOV. ¢ €K TOVTOV, TNV TeAELTOio dekaETio M
EMIGTNUOVIKT] KOWOTNTO KOl O EMYEPNUATIKOG KOCUOG GTPEPOLY TIG TPOCTADELES
omv [oAhamdn TIpocPaon pe Awipeon Xvyvomrog (n.y. OFDMA, BDMA, FBMC).
H teyvikn avt) owupel 10 dwobécio €0pog 6e oTEVOTEPOL €VPOVE VITOPOPEIG UE
amotédeopa v e€opdivvon Tov Eviovav dielyemv. Emiong otpépovral kot ota
ovotnuata kepotddv massive MIMO mov Ponfodv otnv peiwon tov opodtov MK®V
nopePPormv, evd PeAtidvel TV amdOOCN TNG EKTEUTOUEVNG EVEPYELNS KOL TNV
(QOGLLOTIKT) OTOJ00T).

AopBdavovtoag véyw ta TpoavapepBEvta, To omoio. AmoTEAOVY Kot T0 Pactkod
KivTpo ™G MOPOVCOS TPOSTADELNS, GTO TAAICIOL TNG OUTAMUATIKNIG OlEPELVOVTOL
KOTOMV EKTEVOVG HEAETNG TNG OYETIKNG PrpAoypapiog dikaieg teyvikég aSlomoinong
nopwv (ev mpokepéve vrogopeic OFDM, 1oy0g avd vropopéa OFDM) pe kon yopicg
yvoon kavaiov. IIpog v idwo KatevBuvor, HEAETOVTOL KOl TEYVIKES TOL OPOPOVV
o€ €1EPOYEVN OlKTLA, TO OTOiloL €YOVV MG KOWO OOUIKO TOVG GLOTATIKO TO GYNUQ
OFDMA. TlopdAdnAa, emewdn 1 ovénon G OIKTLOKNG YOPNTIKOTNTOS KOl 1
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Bedtimon g pvOuomdooong elvol OLGLOCTIKEG OMOITHGELS TOL TPEMEL VO
wKavomomoovy ot texyvohoyieg 5G  ovvdvaoctikd pe v eopdAvven H/M
napeuPor®dv, o610 Pacikd AGEovo TNG OWMAMUATIKNG CLUTEPIAOUPAVETOL Kot T
evooudtoon g massive MIMO tomoAoyiog.
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Kepdiaro 2: Xvomnota Massive MIMO-
OFDMA

M amd TIC oNUOVTIKOTEPEG TEYVIKEG TOALTAESiog Kot Sapudpemong sivar 1
noivmie€io opBoymvikng dwaipeong ovyvoétrag (OFDM). Xpnotponoteitor apketd
0T0 ACVPUATO TOAVKVYEAWMTA SIKTVA TV VEOTEP®V TEYVOLOYIKMV YEVEDV ACLPUATOV
diktvwv (4G,LTE,LTE advanced), kafod¢ kot ota mpotvme 802.11 (WiFi), 802.15.1
(Bluetooth), 802.15.3.a, 802.16(Wimax), 802.22(WRAN). A@ob a&lomotel
OTOTEAECUOTIKA TO dlaBEcIo pdoua, vrootnpilel HEYOAN YOPNTIKOTNTO dEGOUEVDV
Kol StbETeL avtoyn ot TapeUPOAEG AOY® QotvouEV@V TOAAATAGV Oladpopmy. H
teyvikn OFDM  oavopévetor vo  ocvvolaotel  pe TOL CULOTHUOTO Mmassive
MIMO(avagépovior oty Pipiloypaeio ko w¢ Very Large MIMO, Hyper MIMO,
Full Dimension MIMO, Large Scale Antenna Systems[18]) ota diktva 5G
OTOYEVLOVTAG GTNV aENCT ™S PLOUATOOOONG HE EKUETAAELGT] TOV TEPLOPIGUEVOL
dabéoipov paouatog [19]. Arotehodv Eva oo To ONUAVTIKOTEP VEQ TEID EPEVVIC
OTOV TOUEN TOV TNAETIKOWVOVIOV Kol Bacilovtal 6tov yeyovas 0Tt 060 TEPICCOTEPES
Kepaieg mepthopPdvouy ot TOUTOOEKTEG GE €vol GUCTNUO. OCVPUATNG KETAOOONG,
1660VG MEPLGGOTEPOLS Pabovg erevBepiag Oa £xel To kKavdAl dibdoons, avEdvovag
état Tov puiud kot v aélomotia g petadoong [20].

2.1 H teyvikiy OFDM/ OFDMA

Ye atd 10 KePAAo apykd avaivetor o OFDM(2.1.1) nopmodéktng. Emiong,
AVOQEPETOL O AOYOG HEYIOTNG TTPOS PECT] 10XV GE GUGTNUATO LE TOAALATAES PEPOVGES
ovyvotnteg (2.1.2.5) ko lodystor 1 €vvola TOV SPOPIGUOD GE OGVPUATO HEGO
dddoong (2.1.2.6). Télog, KOTOYpAPOVTOL TO TAEOVEKTUOTO KOL TO LELOVEKTHLLOTO
m¢ OFDM (2.1.2.8). v vrogvomra 2.1.3 mapovotdletor N TeYVIKY TOAAATANG
npdcPaong pe opboywvikn dwaipeon cvyvoéttag OFDMA, eved oty 2.1.4 yiveton o
EMUPOVEIOKT GUYKPIOT TOV TEYVIKOV TPpoOcPacns pe dwipeon cvyvomntag (OFDM,
BDMA, FBMC).

2.1.1 H teyvikig OFDM

H OFDM 06mm¢ xd0e texviKn| S1apop@mong e TOAATAEG PEPOVTES YPIlel TNV
pon} Twv Tpog petadoon bits (data stream) oe mapdAinieg vmopoég pe ypnom
HeTaTponén oelplakol og TapdAinio (S/P). Ot poég avtéc amotelov Ta. cOuBola TG
OFDM (OFDM symbol), ta omoia Stoapop@dvoviol Ympiotd yOpm amd SlopopeTIKN
eépovoa. ocvuyvotnta fn.(subcarrier frequency) Xvvendc kabe kavait dapeitar og
TOAAG vTokavaAla Kot kdOe copuPoro cvoyetileton pe €va vrokavdil. Ta vrokavaiio
oVTA SOUOPPOVOVTAL YOPLOTA Kol Emerta afpoilovior Yoo vo dNUIOLPYNGOLY TO
LETAOIOOUEVO GTLLOL.

Av ka1l Ka0e VTOKAVAAL EIGEPYETAL GTNV TEPLOYN GLYVOTHTOV TOL YEITOVIKOD
T0V,0eV  TTPOKOAEITAL OlaKOVOAKY — mopepPoAn Adym g opboywvidtntag Tmv
yerrovikav vrnoeopéwv (Ewova 2-1, 2-2). Amapaitntn mpodmdébeon yia v
dwmpnon ¢ opboywvidontoag eivolr M amdCTOCT TOV  JO0YIKOV UEYIOTOV
(daonua daympiopod tev vrokavaimv) Af va givor aviiotpdemg avaAoyn g
dwipkelag ovuPorov. Emiong, v vo peiwbBodv mEPOITEP® Ol GLVETEEG TV
SwAelyemv, Ba mpémer o padlodioviog va givor ypovikd apeTAPANTOS KOTd TN
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dwpkela petadoong evoc OFDM ocovpuporov mpokepévov kKabe vmopopéag va eivor
eminedoc g mpog Tig drodeiyels. o va woydel avtd Ba mpémel 1 dibpkela GLUPOLOVL
va gtvat LKpdTePT TOL YPOVOL GLVOYNG:

Ts < (At)c (2'1)

eva 1o gVpog {dvng kKabe vmogopéa Ba mpémel va eitvar pikpOTEPO TOV €VPOLS {DOVNG
GLVOYNG:

Bs < (Af)c (2'2)

Epdoov minpodvian or EE (2-1) wor (2-2), eivor epiktd vo peiwbel m
TOALTAOKOTNTO GYXESIAGHOV TOV OEKTI OMOSUOPPMOONG VIToPopéwy. To onua Tov
Oa TpoKVYEL KOTA TNV OTOSAUOPPMOGCT) OAOKANPDVETOL GTNV SLAPKELN TEPLOSOVL EVOG
ocuuporov dote vo avoktnBel n TANpoopia Tov EEpovtog. Emimiéov onuavtikn
araitnon vy v OFDM glvar kot 1 ypappitkdtnto 610 GUGTHUATO EKTOUTNG KOt
Mymc. H amovoia ypoappkdéttog emnpedler v opboymvidtmra Kot dnpovpyel
avemBounteg mapepPorés [21],[22],[23].

Af

Ewova 2-1: Zopporo OFDM kot dtdotnpa Stoymplopod Tov vrokovoldy.[24]

Ch.1 Ch2 Ch3 Ch4 Ch.5 Ch6 Ch.7 Ch.8 Ch9 Ch.10

AMAAAAAAAA

Frequency

Savings in bandwidth

-t

. : el
: (b) . Frequency

Ewova 2-2: H Amodotikotepn a&lonoinon tov pdopatog oty OFDM.[25]
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2.1.2 H RF aAiveioa tov OFDM opmooéktn

10 onpeio avtd mpénel va dwbel 101aitePN EUEOACT OTIC ONUAVTIKOTEPES Pabuideg
0V ovotNuatog ekmounmng kot Aqyng ™mg OFDM (kmdwomoinon padiodicviov,
Slpopemon  cvpPorov,  gloay®yn  KUKAIKOU — mpoBépatog,  Oapdpemon-
ATOSAUOPPMGT))

2.1.2.1 Kodwomoinon paortodioviov

Kmdwkomoinon padiodiaviov o€ Eva ynelokd TNAETIKOVOVIONKO GOGTNO vt
N ewoywyn wheovdlovcog TANpoeopiag otV pon  dedopévev, 1 omoia
YPNOUOTOIEITAL GTOV SEKTN KATA TNV OTOSIOUOPP®OT Yo Vo, 010pOdVEL GPAALLOTO
OV TPOKLATOVV Kot TNV petddoon. Xtnv OFDM yivetar ypnon UNyYoviGpoV
nponmtikng dopbwong cpaipudtmv (Forward error correction, FEC) og cuvdiaopo
pe SlepmAokn cuyvoOTNTOG 1Y/KaL XPOVOUL.

O porog g depmrokng otnv OFDM egivor va anmhoBodv to cedipota otnv
pon TtV bitS ®otE Vo PNV LIAPXEL LYNAN CLYKEVIPMOOT CEOAUATOV KOl VO
d10pBwOoHV o VKON OO TOV ATOKMOIKOTOINTY.

YovOmg  XPNOUOTOIOVVTOL  GUVEMKTIKOL KOOIKEG G€ OULVOLIGUO e
Kmdwonoinon Reed-Solomon. Avdueoa ota 2 otpdpoto TG KOSIKOTOINong yivetot
npoobetn Sepmrokn. Ot kddkeg Reed-Solomon emidéyovianr yio v e&mtepikn
KOOKOTOoINGoM, 0ol ot GuVEAKTIKOT kKMOIKeS Vitterbi kaTd TNV E0OTEPIKN TPOKOAOVV
PUES oPOAUATOV OTAV 1] GLYKEVIp®OT c@dApatov givar vynin. Ot Reed-Solomon
KOOKESG etvar KatdAAnAot yia tnv 010pBmon T£T010V TOTOV GPAAUAT®V.

Ta vewtepa cvotuata mov Pacifovior otmv OFDM, ypnoipuomolovv kmotkeg
LDPC(Low Density Parity Check) ka1 Turbo ot omotoi amodidovv oto. Opta TOL
Bewpnuatog Shannon yio diacvio AWGN (Additive White Gaussian Noise) [21].

2.1.2.2 Avopopomon ocopforov

H axoAiovbio and bits g 6600v g OFDM dwopopedvetor o cvpufora
LEC® YPOUUIKOV YNOLOKAOV TEYVIKOV SLUUOPPOONG. XTIG TEXVIKES OVTEC 1| akoAovBia
€10000V avtioToryiletor 6 GOUPOAN TOL dlaYPAUUATOS AGTEPIGHOV. O1 SIHOPPDOCELS
VYNNG TaENg (ekmounn meplocodtepmv bits/cVpBoro), eivar Arydtepo a&lomoTe,
aQeov TO OMNUEI TOVL OOTEPICUOV amEYOLV KPOTEPES amootdoels. Omote 1
mBavotto ovaktnong Aavlacpévov ymoeiov avédveror. Xvvnbog emiéyovior ot
teyvikég QPSK ka1t M-QAM(16-QAM,64-QAM,128-QAM,256-QAM) [23].

2.1.2.3 Avapopomon OFDM

Metd v Owpdpewon ovuférlov mn oceploky akolovbio amd pryodikd
ovpPoia, mov €xel onuovpyndei, OEpyeTor amd Evav UETATPOTEN CEIPLOKO OCE
TOPOAAANA0,0mOTE  TPOKVTTEL ol TAPIAANAN  okoAovBic N  ocvuforwv  y[0],
x[1],....xIN+1] oto medio g cvyvoTNTag TOL OTTOloL AVTIGTOLYOVV GTO GOUPBOAX TPOG
petdooon oe kébe vmokavdAlLZtmv ovcio mn  akoAovBio y[n] eivor mpoidv
derypotoAnyiog N onueiowv evog onpotog X[t] cuveyovg ypovov.

I tov Adyo avtdv epapudlovpe avtiotpogo petacynuatiopnd @ovpié (IFFT)

YVvVenag :
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j2mni
] = =SNG X[le v 0sn<N+1 2-1)

H axolovBia mov mpokdntel aviiotolyel ot ypovikd delypota Tov onpotoc. To

oe&l uépoc g 100TNTaG eKPPALEL TO XPoviKd detypa mov aviiotolyel oe dhpoicua
j2mi

oLVUPOADV OV €yovV JpoPPMOEL GE Eva VITOKAVAAL e]? ,omov Ts n d1dpkela
ocuopuporov kot i=0,...,N-1. O apBudc N ekppdlel tov aptOpd tov vToEepOHVIOV,TO
omoio. mpémel va. améyovv peTaEy tovg omdotacn 1/Ts. v ovvéyelo oe KAOe
obuporo mpootibetor o KLVKAIKO Tpobepa. To ypovikd delypoata X[-p],..., X[-N+1]
OV ONUIOLPYOVVTOL OTMOG TEPLYPAPETAL TOPUKAT® SEPYOVTAL OO TUPEAANAO GE
oeplakd petatpoméa kot petotponéo DIA(YyNelokd e avaAoyikod) 0mOTE TPOKVTTEL
10 onua Paocikng (odvng X(t) tng OFDM mov petapépetor Yopm amd cvyvotrta fo pe
Gvo petotpont) cuyvotntog [23].

2.1.2.4 KukAwko IpoOepa

"Eote dlavrog dtakpitod ypdvov kot X[n] pa gicodog unkovg N. To kukdikd
tpoOepa(CP) opiletar g {X[N-p].....c......... Xx[N-1]}xor omotedeiton amd TG W
tehevtaieg TIHES TG akolovbiog y[n]. ['a kdOe akorovbia 16630V unRKovg N awTég ot
1 tehevtoieg TWég ewodyovion oty apyn. Omdte mopdyetan pa véa akolovdio X[Nn],-
u<n<N+1 pnxovg N+p 6mov X[-pl,..., X[-N+1]= X[N—p], . . ., X[N—1], x[0], . . .,
X[N—1]. Zvvendc X[n-K] = X[n —K]n yio—p<n—-K<N-1.

AlGpkeia cuppBolou (Ts)

KukAIKS TTpoBepa (Tep)

- > - -

T o e R
A

TeAeuTaia y deiyyaTa TTpOCTIBEVTAI OTNV ApPXN

Ewéva 2-3: Kvkiikd mpdbepa kot dtdpketo cuporov.

Oewpmvtag €i60do X[N] kot kpovotikn amdkpion kavoiov h[n] tote n £€odog
y[n], 0 <n <N -1 10V KOvaAoD givar:

y[n] = x[n] * h[n]

=y ks h[k] X[n-K]

=y ko hlklx[n — kn

=X[n] & h[n] (2-2)
omoTE €10GYOVTAG €vo KUKAIKO Tpdbepo otnv €i0000 TOL KOVOAOV,M YPOLUIKI
ocvvéMEN mov oyetileton pe v y[n] yivetanr koA yio 0<n<N-1. Av mépovue tov

€v0v OlaKp1td petacynuaticpd Povpté g ££600V TOL KOVAALOD VO TV ATOLGIN
BopOpov mpokvmTEL:

Y [t] = DFT{y[n] = x[n] ® h[n]} = X[{JH[t], 0 <t <N -1 (2-3)
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Ondte n akorovbia €160d0v X[n] 0<n<N-1 pmopei va avaktBel and v y[n]
yw h[n] yvootd, pécm Tov avticTpoPov dlokprtov petacynuaticpod Povpié:

X[n] = IDFTLY [tI/H[t]} = IDFT{DFT{y[n]}/DFT{h[n]}} (2-4)

AoV N y[n] éer urog N+u ta tpdTo P detypota dev ypetdlovtal yioo va
avaktOei n x[n] Ady® Tov TAEOVAGHOV OV E1GAYEL TO KUKAKO TpdOELLaL.

Av vroBécovpe 0tL ) y[n] drpeiton o pmAok dedopévemv unKovg N e KukAKO
npobepa oe KabBe pmlox,toéte TO MPMOTO W Oelypoata g y[n] ¢@Beipovion Adyo
StaovuPoAKNG TapepPoAng mov opeileTon oto TeEAevTaio 1 delypata g ¥[n] Tov
wponyobuevov UnAdk.To kukAkd mpdOepa ypnoilpomotettal yioo v €5QAEYN NG
SloLUPOMKNG  TapeUPoAng a@od TO TPAOTO U Yneio TOL TPOKOAOLY TNV
dtcvpuportkn mapepPfoin umopovv va ayvonfodv ydplg amdAELD TG TANPOPOPIaG
™G opykng axoiovBiog. e ocvveyn ypovo avtd Godvvopel e ypnom YPOVIK®OV
Swomudtov eOAAAENS Tm (xpdvog kaBuoTEPNONS 014000MC) OVAUESH GTO UTAOK
¥POVIKNG dtdpretag NTs.

Avo petovektTipata tng xpNons KukAkov tpobépatog ivat:

e vmapyet o emPdapovon N/ mov odnyel o peiwon tov pubpod petdooons Katd
N/(N+p), apob og kb pmhok glodyovtal [ ynelo.

e XYmatoAdTor M 10Y0G MOV EKMEUMETOL KATOL TNV OTOGTOAN TOV KUKAIKOU
poBépatog, agov ta | yneio aroteAovv TAgovdlovoa TANpopopia.

Ymv OFDM n e&icodoc Swupeital oe umAok dedopévav peyébovg N mov
aroteAoOv to. ocvpPora g OFDM. Xe kdOe ocvopPoro mpootibetar €va KuKAKO
TPOPed DOTE VO TPOKAAESEL TNV KUKAIKY GUVEMEN TNG €10000V LE TNV KPOLGTIKN
andkpion tov kavoilov. Ta ostypoata g €£6dov mov emmppedlovtol amd v
Swovpuporkry moapeppforn petaEL TV ovuPorwv g OFDM  otov  0ékm
amopokpovovior. Ta  vrOAowma  Osiypoto  OvVOKTOVIOL HE  YPNON  OLOKPITO
uetacynuaticpov dovpié [23].

2.1.2.5 Adyoc Méyietnc-npoc-Méong Ioyvog o€ cvotinato
NE TOAAATTAES PEPOVGES GVYVOTNTES

O Aoyog péytotng mpog péom oy PARP(Peak to Average Power Ratio) yia éva,
ONULO GLVEXOVS/SLOKPLITOV YPpOVOL 0pileTal C:

_max|X()|* , _  max|X[n]|? i
PARP (0= E[X(t)]? /= E[|X[n]]? (2-5)

omov E[.], etvou n péom .

Ortav o PARP givar younidc 101e o1 evioyvtés 16x00G Tov TOUToH AEITOLPYOVV
amod0TIKA otn Ypapupiky mepoyn. H ypoappkn Asttovpyla eivan amapaitntn yo v
ATOPLYY] TOPALOPPDOCEWV, OTOTE BEAOLUE M UEYIOTN TN TNG OYLOS VO UMV
amokAivel moOAD amo v péon .Xvvnbog eEetdlovpe v mbavoétta o PAR va
Eemepva éva katdEAl. OToTe:

P(PAR>Po)=1-(1- ™)y (2-6)
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Oewpovtoc N vropopeic mov mwpokvmtovy amd v £€£0d00 ¢ Pabuidag wot
anoteAovV Tuyaieg petafAntég Xn (6mov 0<n<N-1) mov akolovbolv katavoun Gauss,
T0TE:

2]:E|X(2]|.|.E|X§|+E|)(§|+ ---+E|X12v+1|:1 (2-7)
N

1
E[|X[n]|]2 = [ﬁE|X0+X1+X2+ et XN 41l

[davikd n péylom ) epeaviCetar 0tav To onuoto afpoicTouy GUVEKTIKA
OmOTE:

1
[WE|X0+X1+X2+ e +XN+1|]2:|N/\/N|2:N (2-8)

To omoio otV mpdé&n dev givor moAd Thovo ,omdte 1 Péylom Tun eivorl apkéTal
dB pkpoétepn tov N, yevikd o PARP avédver ypoppikd pe v adénon tov
vroeepdvtov N. Ondte mpokvmtel Eva onpaviikd tradeoft ,kabdg and ) pa BE ov e
peydao aplpd vroeepoviov kot amd v GAAn younido PARP.I'a v peiwon tov
PARP, ypnowonowdvtar  didpopes  teyvikés Omwg  clipping, pn  YPOLLUIKN
TOPALOPPMGT GTOVE EVIGYVTEG 16YV0G Kol EI0TKEG TEXVIKEG Kwdkomoinomng [23].

2.1.2.6 H &vvoira 10V 010.pOPLGHOV GTO UGVPUUTO HEGO
owaooong

270, CLOTNUOTE OCVPUATOV ETIKOWVOVIOV TO ONUO AOY® TOV OKEOAGEWV
axolovOel moALOTAEG S1adpopés S1Ad0oNG e OMOTEAESHO TO OVTIYPO@E TOL Vo
VIOGTOVV  JPOPETIKEG  omocPécels, oMobnoelg ¢done, kobvotepnoels Kot
napapopemoels. Etol, otov déktn eivor mBavd va  gpgovictodv  avemBounteg
napepPoréc, mov vrofabuilovv 10 onua egartiog TV TOAVOd®V dadeiyewy GTOV
diavio [26]. M katnyopio mapepfordv Adym moAvodmv Swodelyemv eivar ot
dakavolkég [23].

Otav 10 €0pog {dVNg ToL CNUATOG EIvVOL HEYAAO GUYKPLTIKA LE TO €0pog LdVNG
oLuvoyns, T0Te T ddpopa eEpovta Ba VTOGTOVV SPOPETIKOL Poblod SloAeiyels
otav améyovv amdoTOon HEYOAVTEPT Oomd TO €Opog LOVNG GLUVOYNG. ZE QU TNV
TEPIMTOON TO KOVAAL ElvaL EMAEKTIKO OC TPOG TNV GLYVOTNTAL.

Edv n o1dpketa copforov tov ofjpatog eivar apketd pukpodtepn and tov xpdvo
ouvoyns, tote 0 dlawlog Bewpeitanr apydv dSohelyewv. e avtifern mepintmon o
dlavdog vroeépel amd ypnyopes SWAEIYElS. XNV TPOTN TEPITTOON VRAPYOLV
dupopeg TeYVIKEG Mote va exkTiunbel 10 kavdil. Eved éva kavai pe ypnyopeg
StaAelyelg etvar apkeTd OVGKOAO VoL LITOAOYIGOEL.

Mo v avIeTOTIoN TOV TOPATAVE QOVOUEVOV YPNOLLOTOLOVVTOL TEXVIKEG
SLPOPIGLLOV, OTIOV ATOGTEAOVILE AVTITYPOPO TOV CUATOC HEGH 0md TOAAG kovao. H
veviKn Wéa etvar 0Tt kdmowa amd to aviiypaga Bo vrootobv Pabiég duheiyel, evad
évag apluoc avtiypapmv 0o gtdoel 6Tov 06Kt avaALOI®TOG, OTOTE ALEAVOLUE TIC
mBavotnteg va eEACPOAGOVUE OPKETH €VEPYELD, (OTE Vo, peTadobel TO c®GTO
ovpPoro. ‘Otav 0 SPOPICUOS OPOPE GTNV GLYVOTNTA, TO GO SOUUOPPDVETOL GE
QEPOVTO OV amEYOVV HETAED TOLG amdGTAGN TOVANYIOTOV ion He TO €0pog Ldvng
OLUVOYNG. XTNV TMEPITTOGT] TOV £YOVUE JAPOPICUO ¥POVOL TO ONUO UETAIIOETOL GE
ypovooylopéc(slots) pe ypovikn amodctacn peyolvtepn 1 ion ToL ¥pOVOL GUVOYNG.

INUOVTIKY TEXVIKN O1pOPIoUOD OmOTEAEL EMIONC O JPOPICUOS MG TPOG TO
Y®po. O d109popIopdg MG TPOG TO YMPO UTopel va gival €ite SLAPOPIGUOC OC TPOG TOV
OEKTN, OTOV TO ONUO OO TOV TOUTO QTOVEL GE TEPIGGOTEPOLS OO EVOV OEKTEG UE
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ypnon apyrtektovikng SIMO (Single Input Multiple Output), site w¢ Tpog Tov TouTd
ue yprion MISO (Multiple Input Single Output). X dgvtepn, to 1010 oNua
HETOOIOETOL A0 TOAAOVG TOUmovg o€ éva Oéktr. H texyvikny avty Peitidover v
a&lomotio g petddoonc. H Pertimon pmopel va petpnBel pe 1o kEPA0G dlopopIGHO
(diversity gain) mov opiletol ®¢ 0 YvOuEVO TOV aplBUoD TV TOUTMV ETHL TOVG OEKTEC
(NT*NR ). [26]

Ye MIMO(multiple input multiple output) cvothuoTo ¥pPNCIHOTOIEITOL TOTIKT
nolvmhe&ia(spatial multiplexing),6mov dapopetikég poég dedOUEVOV TOAVTAEKOVTAL
OTOV EKTOUTOVG Kot petadidovror o dwapopetikd kavaro(spatial channels).Eivau
apoPaine amokAeldpevn pe tov Stadoplopd wg mpog tov xwpo.0 Stadoplopds wg mpog
TOV XWPO aufdAvel TNV aLOTLOTIO TOU CUCTHUOTOC VW N XWPLKA TTOAUTIAEE LA aufAvel Toug
puBUOL peTAS0ooNG,TPOKUTTEL £T0L éva trade-off petagy twv duo. [27]

Téhog VILapPYOVV TEYVIKES S10POPICUOD OC TPOS TNV TOAWOT, TV Kotevhuven
KOl TIG KEPOUES

H OFDM ypnowonotel kata kHplo AOyo S1apopiopd 6To TeEdIo TG CLYVOTNTOS
o0& GLVOLAGUO UE BLAPOPIoUO MG TTPOG TOV XPpdvo.[28]

2.1.2.7 Arodwapopewcn OFDM

To ofua mov AapPdvet o déktng givar tng popeng Y[t] = x(t) * h(t) + v(t), 6mov
v(t) givar o Tpocheticdg B6pvPog. AoV petatponei oe onpo Paoikng (OVNG HE KAT®
LETOTPOT GLUYVOTNTAG, Kol TEPACEL Ao Pabumepatd QIATPO DGTE VO ATOKOWYOLLE TIC
vyicvyveg ovviotdoeg, oEpyetat amd A/D ( avoloylkd oe yneuokd) HETATPOTEN
wote va detypatoneBel. Ondte petd tnv derypaTtoAnyia Qovue:

y[n] = x[n] * h[n]+v[n] , -n<n<N-1. (2-6)

Ta mpodto p cOpPoro mOL OMOTEAOVY TO KUKAKO TpdOepa apaipovvtal. Xm
ocvvéyxewn to. N Oelypato TOV TPOKLATOVY OEPYOVIOL Ad GEPLIKO GE TOPAAANAO
LETOTPOTEN KO UE EQAPUOYN pHeTacynurotiopod Povpié (FFT) mpokvmtet:

Y [t] = DFT{y[n] = X[n] ® h[n]} = X[{JH[t], 0 <t <N — 1. (2-7)

Y ovvéyew yiveton petatpomn g €£odov tov FFT amd moapdAinio oe
CEPOKO UETATPOTED KOl OTOSWOUOPPMOT GLUPOAOL ®doTte Vo avaktBel 1
nAnpoopia [23].

2.1.2.8 A& oroynon OFDM amodrtapnop@mons

Amd v avdivon mov éywve oto mponyovueva yivetar eavepd mog 1 OFDM
enpaviCel onUOVTIKA TAEOVEKTHILOTO TO, OTTOT0L Etvat:

Avoocia oTIg EMAEKTIKEG SLOANYELG

Avtoyn otic mapepuPorég

Meiwon tig dracvpuporkng mapepfoing (ISI)

YynAn @acpatikn anddoon

Amodotikn vAomoinon ypryopov petacynpaticpod ®ovpié (FFT)
Avtoyn og pawvopeva 6tevig {dvng

Amhovotepn e€iowon kavaiiov [21], [22].

Ao ™V GAAN gpeavilel onUavtikd petovektnuota kadmg xet:

®  Yynio AOyo péylotng mpog Héon 1oyb
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e EvawsOnoia og petatonioelg e cuyvoOTITAG TOL KOVOALOV.

Meimwon g amddoong Tov puhuov petdooons Adym KUKAIKOU TpobEpnatog

o A¥OInon KOTaVOACKOUEVNG 10YVOG AOY® KLKAIKOU TPOoBEUOTOC Kot avENUEVOL
PARP

e EBvaicOnoia og ohicOnon Doppler [21], [22].

Mo avtodg tovg Adyovg otar emdpevo divetar EUQaoT KVpimg o€ amodOTIKEG
TEYVIKEC OLOUOIPACHOD TOV PAGLOTOG Kol LElmOoNG TNG 1oYVOG,.

2.1.3 H RF aAvoioa tov OFDMA moumod£kt

Ta mheovekmuota ™g OFDM  mov avoeépOnkav oTiG TPONyOOUEVES
TAPAYPAPOVS 00NYNOAV GTNV XPNON TNG GE CLOTHHOTA TOAAATANG TpOcPaocng. 'Etot
obyypova acvpuata diktvo omog WIMAX, WRAN, LTE ypnoyomoiodvv v
noAAOmAY)  mpdcPaocm pe opboywvikn owaipeon ocvyvotrog OFDMA o¢ teyvikn
TpoOcPacnc.

2tmv OFDMA yiveton dtapotpacpoc tov daféciuov topmv 1060 610 Tedio Tov
xpovov (ouddeg cvuPorov OFDM) 660 kot 610 medio ¢ ocvyvotrag (vrosvuvola
VITOKOVOALDV).

Y10 medio g ovyvotntog 1 OFDMA dwpel 10 Kavail 6€ VTOKOVAAOL LE
opBoywvikt| daipeomn cuyvotnTag. XT0 MEGi0 TOL YPOVOL, GE KABE YpNoTn datiBevion
YPOVOCYIGLES IOV amoteAovvTol amd OFDM copfola o oepd. Ze avtiBeon OpmG e
v OFDM, d¢v amodidovtal og évav xpnotn 10 cLVOAO TV vrokavaldv (Euwova 2-
4) og o, YpovosyIoUr], PO HOVO €vo. uEPog tovg. To pikpodTEPO  GUVOLO ATd
VIOKAVAALL TOV PopovV va dobovv og éva yprotn ovopdletatr Resource Block (RB)
oL amoteAEl TV doutkny povade tov mhoiciov g OFDMA (Ewodva 2-4). To
cvotpa arogacilel mésa RB Ba amodoBovv oe éva ypnot. 'Etot emruyydveton n
nolhamAn mpocPoon [29].

Ymv Ewoéva 2-5 Brénovpe to RB g OFDMA o¢ diktva LTE. Kdabe slot
amoteAeitat amo 7 ovuPfola evd og kaOe cOuPoro avtiotoryovy 12 vrokavdaiia [30].

OFDM OFDMA

sub-carrers
sub-channels

Time Tirme

Ewova 2-4: Awpotpacpdc topwv coyvomrog otig OFDM kar OFDMA.[31]

36



LTE RESOURCE BLOCK

A
1
Fl 2
Rl s
E|l v
Q B
u C
A
El r
N R
C |
E
Y| R
s

TIME

SLOT(7 OFDM SYMBOLS)

Ewova 2-5: To Resource Block tov LTE dwtowv.

2.1.4 XOykpron teYViK®OV Ttpocfaong pe owaipeon ovuyvotTnTog
Ynrdapyovv apketéc evoraktikég e OFDM teyvikég mpocfaong mov o pumopovoay
va ypnowonomBovv ota diktva 5G.Or kupdtepeg givar 1 FBMC oty omoila éva
oUVOAO TOPAAANA®V GUUPOA®V peTadideTton pHECm g TpAmelog OLOUOPPOUEVDV
eiltpov(filter bank)[32],[33] ka1 1 BDMA 6mov o otafudg Bhong eknéumet To onua
oe (o opBoydviar déoun, m omoio Jwopeitol GTOV YHOPO MOTE VO OTACEL GTA
tepuatikd[34].Etvor Aowmdév oxkoOmyo va yiver ovykpion avapeco otig €V AOY®
teyvikég kot v OFDM pe Baon t Piproypapic. H FBMC éyer peyardtepn
nolvmilokotnta amd v OFDM Adyw g ypnong g tpaneloc o¢iltpov.
Xpnowonolel Op®G amodoTikotepa 10 dnbéoipo evpog Lavne. Téhog €xel koAvTEPN
QOGLOTIKY] amdO0GT, PO AOY® TOV GIATPOV O£V VILAPYOLV EMKAAVYELS LETOED TOV
QOCUATOV TOV YEITOVIKOV LTOKAVOAIDV, Kol £Tol OmoTeAel KOAVTEPN €m0y Yl
yponon oe yvootikd diktva[34],[35].Zta MIMO ocvotqpoto 1 ypnon g FBMC
dnuovpyet apketovg mepopiopovs. Etor mpotpdrar 1 OFDM[34].Adé v dAAn
mievpd 1 BDMA eivar o véa teyvikn mov avortoydnke wote va aglonombei ota
diktva tedevtaiog yevidc. Avripetomniler amodotikotepa to {ftnua tov PARP mov
npokvtel oty OFDM,eppavilel peyodldtepn xopntikoOTTa,0é10molel BEATIOTA TOVG
TOPOVG GLYVOTNTAG Kol XpOvov evd €xel pehetnBel kor m ypnon g oe MIMO
ovotuarta[36],[37].
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2.2: Yvotipata Massive MIMO

Tao cvoTiHOTE CVTA CTOTEAOVVTOL QIO GUGTOLYIEC EKOTOVTIAO®MV KEPULDY, TOV
eELINPETOHV LEPIKES OEKADEG YPNOTMV KOl YPNCOTOOVV Ywptk molvmietio og
ovvovaopd ue TDD. H yopikn molvmAe&ioo (Spatial Multiplexing) emtpénel oe
SPOPETIKEG POEG OESOUEVOV VO EKTTEUTOVTOL TTPOG OLOPOPETIKOVG YPNOTEG GTNV 1010
xpovikny Bupida kot va ypnoyomoovy idleg  ovyxvotnteg (Emavoyypnoipomoinomn
ovyvotrtov-frequency reuse) [19]. O oplOudg TV ¥pPNOTOV 7OV UTOPOLV VO
eEumpetnBody towTOYpova  meplopiletarl amd TV advvapic vo vrwoloyiobel m
Katdotaon Tov kavaiov (Channel State Information, CSI) ywo anepiopioto aptOuod
teppotikdv [20]. Tto Kepdhowo 2.2.1 yivetar GuVOTTIKY TOPOLGIOOT TOV massive
MIMO padrodiadiov, eved 6to 2.2.2 yivetal avopopd 6To TAEOVEKTILOTA TOVS EVOVTL
TOV oVUPATIKOV ©¢ Tpo¢ v yopntikdtrta. Télog, oto 2.2.3 afoloyeitor o
p0d108iLAOG.

2.2.1 Xopnrikétnta massive MIMO

Yta ovpPotikd point-to-point MIMO pe M: kepaieg exkmopmon ko My Kepaieg
oéktn, Kabe ypnomg eCvmnpeteitoan o EeY®PLOTE YPOVIKA UTAOK HE YPNOM
nolvmAeéiag dwaipeong ypdvov M/kar cuyvotNTas. AV OE®PNGOVLUE TKOVOTOINTIKA
vynid SNR, n @oopoatiky amodoor (bits/second/Hz) pe p tov avapevopevo SNR
npoceyyiletol oc:

C~min(MMy)logz (p), 6mov p>>1 (2-8)
hip o hime
Evo av Oeopnoovpe H=| : ™V andKPIoT TOV KOVAALOD, LE
hMr,l hMr,Mt

xp1oMN Tov Bewpnpatog Shannon TPOKHTTEL Yo TV YOPNTIKOTNTA!

Czlogzdet(erXMt'*'Mit HH") (2-9)

Ta Massive MIMO, avtifeta, £xovv v dtoutepdtnta vo unv Agttovpyohv 6To
mpes  Opro Shannon, aAld va to mpoceyyiCovv. ‘Etot, moapovcidlovv d1dnteg
KMpdkoong KAMpokovouy mopd v avénon tov peyéfovg tov cvotnuoatog. H
JpopoToincT ToLG MG TPOG T0 BewpnTikd Opto Shannon éykertarl oto 3 TOPAKATO
YOPUKTNPLOTIKAL:

1. Moévo o otafuog Baong yvopilet o CSI e kdto (evénc.

2. H avénon tov otabuov Pdong etvar ToAlamAdcio g avEnong Tmv Yp1oTovV

3. Xpnowomotel Yok Tpo-K®motkonoinon otny moAvmAiedio kdtw {evéng Kot
YPOUUIKY amok®dikonoinon oty amomoAvmAeéio dvm (evéng [19].

‘Etor, 1 yopnrikdémra ekepdletor g K4t Opro kot e€aptdtor amnd Tov
alyopifpo mpo-Kmdwkomoinong mov ypnoipomoteitor. o mapdderypo, xotd v
TexviKn Zero Forcing n yopntikomto ekppaletot oc:

MtXp
C> Mrlogz(1+Mr (1+p)) (2-10)
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2.2.2 O massive MIMO padrodioviog

Yta massive MIMO givat apketd onuavtiki n HETPNor 1oL KavaAlov. o v
ektipmon tov kavaiov (CSI) petpiétar m amodKpion ocvyvotntag Kae Kovailoh
petdooonc. Metd ™ pétpnon tov Kavailov mpénel va aSlomombet to CSI dueca, mpv
n «ivinon «Kamowv ypnotn emnpedost ™V ondkplon TOL KavaAlV. XvvnBmg
epapudletar dumiegio dwipgong ypoévov (TDD). H TDD vmeptepel g dumheiog
daipeong ovyvomrog (FDD) ota peyding kiipokog cvotiuata(ewova 2-6), apov
amortel ypovo ty >Mr Yo TNV amocTtoA Kabe opBoydviog axorovding mAdTOV amd
toug ypnotes. H FDD, avtibeta, ypeidletonr emmiéov ypdvo 2t¢>2Mt Y10 amocToAn
opBoydVieV akolovbidv and Tovg otabpovg Pdong katd v Katw (eHEN mov mpémet
otV GLVEXELD Va EKTEUPOOVV amd Tovg xpfoteg (tattd). ZvvoAikd, ararteiton xpovog
2tg+ ty >2M+M; 1o v FDD, peyoivtepog omd 1o tu > M g TDD. Z10 mopakdtm
oua PAémoope oO6tt pe v TDD pmopel va e&umnpembBel cvotnua moAd
ueyaAdtepwv dactacewmv and o6t pe tnv FDD [19].

4 ms Slot 35 km/h mobility
250

200
150
100

50

Number of Service Antennas

0 25 50 75
Number of Active Users

Ewova 2-6: H vrepoyn g TDD évavti tng FDD og cuotiuato peyding kiipaxac.[19]

A@o¥ vroroyicbei to CSI mg ovvolo Twv cvvapthoenv petapopds (hij) yo
oAa To kovaMa ov oynuatilovior avapesa og kdbe kepaia (1...Mr) kot teppatikd
hip o howme
(1..My) mopdyeton n amodKplon TOL Kavoiov: H= : : . Otav ot
hMr,l hMr,Mt
YPNOTES (TEPHOTIKG) OMOGTEAOVY T O£SOUEVA TOVG GE HOPPY] GUUPOA®Y KATH TNV
dvo (evén oynuatilovion amd kdbe kepaio ot €lcodol Tov wivaka aviyvevong, o
omoiog vmoloyilel T0 ofua pe xpnom kdamowov aAyopiBuov cvvnBmg ypoppKoh
(Ewova 2.7 ).

[Mopakdteo PAEmovpe 10  TPOTO VWOAOYIOHOD Yoo TOLG  OaAyopiBuovg
MR (maximum ratio) kot ZF(zero forcing) [38].
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S=HHY S=(H"H)™ H"Y

Mivexog 2-1: Enséepyacio onpatog kata v dve (evén otig massive MIMO.

- [ivakag
S2 | Aviyveuosig

KxM

2

Korjpara Mkepaiss Kxprioreg

Ewéva 2-7: Ave (evén otig massive MIMO.

Avtiotorya oty kato (evé€n ywo v mpokwdikomoinon (Ewova  2.7)
cupuporifovrag pe * tov culuyn kot T 1oV avaceTpoEo TPOKLTTEL:

X=H’S X=H"(HT H")'S

Mivokog 2-2: Encéepyacio onparog kata v Kato (evén oto massive MIMO.

M>>K

Xi|

2

nlvaxug ; N
TIpoKWw3IKOTIoINANG \
2 KM CSI(H)

Iy

Karjuara Mkepaie Kxpn:

E

Ewéva 2-8: Kdtm (evén otig massive MIMO.
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2.2.4 A&rworoynon massive MIMO pao10o10:0A0v

Ot massive MIMO gpeavifovv opketd TAEOVEKTNUATO OAAG KOL 10 GELPA OO
TEPLOPICUOVE TOV ATOTEAOVV OVTIKEIHEVO £PELVOC OTOV TOUEN TWV OCVPUOTOV
dktov S5G. Mapokdtom avaeépoval To CNUAVTIKOTEPA £ AVTAOV.

IMieovekTpato

o Beltioon yopnrikdtntog o 10 popég AOY® TG TOTIKNG TOALTAEEIOC.

® Beltioon anddoong axtvoBoroduevne evépyetag ¢ 100 popéc apod Aoyw tov
HEYAAOL OplOLOD KEPOLMDV 1) EVEPYELD, CLYKEVIPMVETOL GE UIKPOTEPEG TEPLOYES
TOV YDPOV.

e MeyoAdbtepn evpwotio ®G TPOg TG TOPEUPOAEG OKOVGLEG KOU OKOTUES
(jamming).

o Mewouévn kabBvotépnon tov ypdévov andkpions. Kabog to ofjuo petadidstor and
10 otafud Bdong mpog 10 TEPUATIKO, aKOoAoVOEl TOANATALG S1adPOUES, AdY®
QovoOpEV®VY oKkédaomG, avdkiaong kot tepifBiaonc . Otav to oo eTaoel TEMKA
0TO TEPUATIKO TPOKAAEL TAPEUPOLES TOV PELDOVOLV CNUOVTIKA TV AapPavOpevn
oy kKot to TEpuHatTiKo TEQTEL o Pabiég  SaAelyec.Ot dwdeiyelg avtég
TpokaloOV avénon g kabvotépnong tov ypdvov amdkpiong (latency), apov
v va. AneBovv dedopéva amd To TEPUATIKO TPETEL TPOTA VO oTafepomonBel n
KatdoToon Tov kavaioy. Xta cvotiuata Massive MIMO ot Babiéc darelyelg
umopel va avTleTOmToOoVV HECH TOL GYNUATICHOD OEGUNG OO TO EKTEUTOUEVAL
onuate €vog peydAov aplBpov kepoumdv, omote M KoBvoTEPNOM GTO YPOVO
AmOKPIOTG LELDVETAL.

o Amiomoinon tov 10 MAC otpopatog apov Adym g teyxvikng OFDM oce kdbe
TEpLOTIKO umopel va avatedel mAnpmg to gvpog {dvng.

e Evkoln khudkmon (scalability).

o Mewwuévo KOGTOG LAOTOINONG 0OV Ol aKPLPOl VIEP-YPAUMKOT EVICYVLTEG TV
50W, avtikaBiotavtor amd yiladec eOnvotepoug pe 1oyd 6660V TG TAENG TOV
mwW

Ilepropropoi

e [lBavn avénon kdotovg AOY® peydiov apBuod (A/D ko D/A) petatpoméwv,
KkaBmg Tpénel va oyedactovv ekatovtdoeg RF aAvoidec.

o Avinuévn ecmTepIK] KATOVOA®ON 16YX00G Yo TOV LIOAOYICUO TOL GY|LLOTOG
Baokng Covng.

®  AVAyKN Y10 TEPIGGOTEPO PEOALGTIKA LOVTEA YOPAKTIPIGHLOD TOL KOVOALOD.

e Molvvon onuatoc mddtov (pilot contamination). Otav 1 cvotoyio. mOL
eEummpetel To TEpUATIKG GLGYETICEL TO GNA TAOTO pe TNV avTioTOoLyN aKoAoLOin
mov oyetiletan pe va TepUATIKO TOTE OTNV EKTIUNGN KAVOALOD TOV Ba TPpOKVYEL
nopePPAiAeTorl Kot EVag YPOUUKOS GUVOVOGHOS ad KOVIAO GAA®Y TEPLATIKMOV
OV AVTIGTOLYOVV otV 1010 akoAovBia. ‘Etot, mpokdmtovy mapepforég otnv ave
Kot Katw (evén. To @awvdpevo avtd avagépetor cuyva oty Bifloypapio mg
poéAvvon onuoatog mAotov. Ilpokdmter AOY® TG  €mOvVOYPNCLLOTOINCNG TOL
oNuatog MAOTOL Kot elvar evrovotepo ota massive MIMO omd 6t ota
ovpPotikd.

o Koalumpapiopo Pabuovounong (resiprosal calibration). Xta massive MIMO to
Kalumpdpiopo Babpovounong eivar moAd onuovtikd kabog ekel Pacilel v
Aertovpyio g m TDD mov cvvnbwg ypnotpomoovy. To vikd TV otabudv
Bdong Kot o1 ekmopmol TV TEPUATIK®V 0V eivan mhvta Padpovounuévo petald
v kot kT (ebénc kot avtd Bo pmopovce va amOTEAECEL OMNUOVTIKO
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TEPLOPLOTIKO TOPAYOVTO. TNV TPAEN VILAPYOLV OPKETEG OOKIUACUEVEG ADGELS Yo
TO KOMUTPAPIoUa, GXETIKN avapopd vapyet otny [39].
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Kepdiaro 3: Teyvikég RRM yio OFDMA
GLUGTNLOTA

I'o vo TAnpovvTot ot Tpodiaypapés Tov obyypovav acvpuatov (4G,LTE) kabohg kat
TOV ToAvovapevouevoy 5G SIKTOOV oV TEPIYPAPOVTOL GTO TPMOTO KEPAANO TNG
dumhopatikng(1.4-1.6).eivar amapaitntn n amodotikn aflomoinon Tov SlobEcIov
padopacpotoc.Ta mopardve Jdiktva KoOMTL KLYEA®TO VTOQEPOVY €mionNg amod
évioveg opodtowMkéc moapepPorég mov mpémer va  e€opoivvOovv.ivetar €tot
TPOPAVIG M oNuacio TOV TeXVIKOV dtoyeipiong padtordpov(RRM-Radio Resources
Management Technigues).Ot teyVvikéc avTég 6ToYEDOVV:
e Xmv avénon tov throughput
e XNV €AOYIOTOTOINGN TNG EKMEUTOUEVNG 1OYVOG KOl TOL
latency.
e Xmv PeAtotomoinon tov QOS KOl TG PUCUOTIKNG
amOd00Ng
Ta mepiocdtepa OUMG amd To TOPATAVED €ivol apolPoimg amoKAEIMUEVH,0TOTE Ol
TEYVIKEG EMKEVTIPOVOVTAL GE UEPIKA £ AVTMOV.ETO KEPAAMO avTO YiveTan apykda(3.2-
3.5) e avookomnon TOV onuovTIKOTEPOV TEYVIKGOV (skdvo 3.1) Pdoer g
Broypapiag. v 3.6 avagépovial TEXVIKEG OV YPNOLULOTOOLV TO Kovaitl. TE€Xog
Tapovclaloviol oplopéveg Tpotevopeveg texvikég (3.7.1-3.7.4),mov peAeTdVIOL OC
Tpo¢ TV moivmhokotnta (3.7.5) ko avolveton o deiktng dikaosvvng (3.7.6).

e R WA

OEQPIA ac
OFDM OFDMA MAAIFNION
ARC — [cENTRALIZED NON | HETNETS
COOPERATIVE
FEC DISTRIBUTED E;;;;;;;;; [ RELAY |
NASH NTWWS
MARGIN BARGAIN
| LDPC — ADAPTIVE (NBS)

COGNITIVE

NTWS
HUNGARIAN
RATE (NBS)
ADAPTIVE
INTERFERENCE MULTICELLULAR INTERFERENCE
AVOIDANCE NTWS MITIGATION
DYNAMIC | STATIC STATIC ‘DYNAM!C
CELL FREQUENCY
OORDINATION REUSE
INTERFERENCE | INTERFERENCE
TRADITIONAL ‘ —
CENTRAUZEDF FEaU NG RANDOMIZATION| |CANCELLATION
REUSE
SEMI
DISTRIBUTED .HEHEEH. BEAMFORMING -
cooRONATED]
DISTRIBUTED
FRACTIONAL
FREQUENCY
AUTONOMUS REUSE
DISTRIBUTED
[ PFR

Ewéva 3-1: Teyvikég avabeong padonopov(H didkpion tov teyvikdv KobdG kot 1 doun Ttov
kepalaiov givar faciopévn oty ddaktopikn dtatppn [1]).
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3.2 Teyvikég avaBeonc nopov oce OFDM cvotipoata

Ta diktva avtd Kavouv yprion tov Texvikav link adaption. O teyvikég link adaption
KOTAVEROLY TOVG JtaB€oIovg TOpovg pe otdyo TV avénon g pvduoamddoong pe
TapdAAnlo éleyyo g oyvog(adaptive modulation and coding-ACM,adaptive power
control-PC) [40],[41] .Emiong m o0mO60006m TOVG PEATIOVETOL WHE  TEYVIKEG
Kodkomomong yw peiowon tov oeaipdtov.Ot cuvnbéotepeg eivar 1 ARQ oty
omoio, G& MEPUTTMOT EVIOMIGUOV CQOAUATOC, O 0EKTNG {NTA TNV EMOVEKTOUTY TOL
eMaTopatikod Takétov dedopévev kot 1) FEC, émov yveton mpoomdbeio d10pOwong
10V o@dApatoc [41]. Ze kavaho pe Babiéc draAnyelg kot dtaAnyelg Rayleigh yivetan
yoron ¢ LDPC(low-density parity-check)[42] ev® oto MIMO OFDM
ypnowonoteitar oe cuvovacud pe ta oxfuata Alamouti kow SVD (singular-value
decomposition)[43],[44].

Mo apketd onuavtikr texvikn link adaption givar n water filling. Zmv teyvikn avty
oto. Kavalo pe tov peyordtepo SNR avartifeviar mepiocdtepa bits mAnpoopiog
(avartepn TaEN cvpPporov). Ta bits(bts) mov Ba avatébovy vroroyilovtor and o 6p1o
Shannon[45] :

SNRs ))
SNRnorm+NoiseMargin(dB)

bts=mod(logz(1+ (3-1)

SNRs o onpotofopufikog Adyoc tov s vrogopéa, SNRnorm 1 Stapopd g
TPAyUATIKNG 1 TV Bempntiky Tiun kot Noise Margin to nepidmpio Bopvfov yia to
erdyioto BER[46].

Télog oto0 [47] mpoteivetar pia TexVIKN e otolyeio Tov erxavainmtikov water filling
oe yvootikd OFDM odiktvo pe pikpdtepn mOALTAOKOTNTO OnO TOV KAMGIKO
emavoinmtikod water filling.

3.3 Tgyvikég avabdeong mopov Yo tny MU-OFDMA

Y& GLOTNHUOTO PE TOAAOVG (PN OTEG,Elvol SVGKOAO Yo €va ypMotn va yvopilel v
Katdotacn tov kavaiov (CSl) twv vmoAoinwv. Ta ocvotnuoto oavtd &ival
TOAVKVYEAMTA, OTTOTE KAOE OAAOYT] OYETIKT LE TNV OvAOEST KOVOAMDV Kol TOV EAEYYO
™G 1oxVog Bo EMNPEACEL TIG YEITOVIKEG KLWEAES, ooV eVOEYETOL VO ALENCEL TIg
opokavolMkég mopePoréc. TELOG 0 OYKOG TV OEOOUEVOV OV JLOKIVOUVTOL Eivat
apkéta  peydrog.Ot mapamdve mopdyovteg KAVOLV  OpKETO  TOAVTAOKO T®V
dwapotpocud moépwv oe moAvypnotikd cvotiuate OFDMA(MU-OFDMA).Ou mo
onuoavtikés texvikés o OFDMA  diktva  elvar ot katoveunuéveg Kot ot
CLYKEVIPOUEVESG, VA Uil OELTEPT SLAKPLON YIVETOL OVAUESO GTIS TPOGOPUOGUEVOL
neplfwpiov (margin adaptive) koi mpooapuocuevov pvOuov(rate adaptive) .Xtig
ovykevipouéves texvikég[48] ot mopor avorifevtar amd Tov otadud Pdaong mov
Yvopilel TIG avVAYKES TOV TEPUATIKOV.AVTiOETa, OTIC KaToveunUEveS Teyvikég[49] ta
KIVNTE TEPLATIKG POVA TOVS TPOooTafovv va dtacparicovv éva eninedo QO0S,elvar wo
AmOd0TIKEG Omd TIS TPMOTES, OUMG YPNOLUOTOOVY TO KOVOAL avadpaons TO 0moio
emPapovet 10  ovomua. Ocov  aeopd TG TEYVIKEC — TPOCUPHLOCUEVOD
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neplBpion,6TOYEVOVY GTNV  EANYIOTOTOINGN TNG GLVOAKNG 10YV0G, VIO TOLG
TEPLOPIGHOVE TOL otabepod pvBuod petddoong kot BER[50].Amd v dAAn, ot
TPOGOUPUOGHEVOL pLOUOD €YoV GTOYO TNV EMAOYN KOTAAANAOL PLOUOL UETAOOOMG
ywo. TV enitevén Tov amortovpevov QoS.[51]

3.4 IMoryvio0eopnTIKES TEXVIKES avaBeoNC TOPOV GE
OFDMA cvotiporta

Mo S10QpopeTIK TPOGEYYIoN Yo TNV OO KATOVOUT TOL QAGHOTOSC KOt TNG 10YVOG
oto. OFDMA ovotiuato omotehovv ot oAyopiBuor dtayeipnong mOpwvV oL
Bacilovtar oty Oeswpio moryviov.To teppotikd amoteloblv TOVG TOiyTEG €VOG
motyviov pe otoéyo v €0peon ¢ PEATIOTNG KaTA pareto  Avong , ®oTE  va
eCacpariovior v kébe teppotikd to mpodaypapdueva emimeda  QOS, yio v
gvpvOun Aettovpyia.  TOL Oowtoov. 'Ot Adoelg pmopet  va glva
ovvepyoTikég(cooperative), 6mov Ta TEPUATIKA GLVTOVILOLV €K TOV TPOTEPMOV TIG
KIVIOEL, TOLG, M WU ovvepyotikég(non  cooperative), Omov  T0  TEPUOTIKG.
aviayovilovtol pHe 6Komd TNV HEYIGTOTOINGT TG POGUOTIKNG TOVS AmOd0oNG Kot TNV
EAOL(IGTOTO O™ TNG KOTAVAAGKOUEVNG 10YVOG TOVG VIO TEPLOPIGUEVOLG TOPOVC.

Y10 [52] mopovcldleTol o U] GLVEPYOTIKY TPOGEYYIOT,0MOV TEPUATIKE Y mPIg
peTaEL Tovg TapePorég aviaymvilovtal yia TpoOGPacn 6Tovg TEPLOPIGUEVOVG TOPOVG
TOV O1KTVLOL.XT0 [48] €xovue évav €KOVIKO dtoTnT| OV EUTOSILEL TO TEPUOTIKG VoL
YPNOUOTO0VV TO 1010 KOVOAL Kol HEWDVEL TOVG PLOUOVG UETASOONS TOVG,O0TOV Ol
opodtovAkes mopeprPorég kot ot pvBuoi petddoong Eemepvoiv Eva mpokaBopiopuévo
eminedo.

[Mopadeiypa ocvvepyatikov motyviov amotedei to [49] Omov yivetor ypnion g
NBS(Nash bargain solution) cg cuvévacuo pe v Hungarian. xomdg tov maryviov
elvar M peyrotonoinon tov pvORod HETASGOONG TOV GLVOAKOV GUGTNUOTOS LE TOVG
TEPLOPICUOVS TOL EAGYIOTOV OOUTOVUEVOD PLOUOD HETAOONG KOl TNG UEYIGTNG
EKTEUTOUEVNC 16700¢ KkaOe Teppatiicod. H moAvmhokdmta Tov alyopiBuov eivor O(K?
logzN +K*) pe N tov apBud tov vrmopopéav kot K tov ypnotdv.Zmv idio katnyopio
aviKouv Kot To  maiyvie oto  omoicn ot mopor  dmuomporovvtar(Auction
Games)[53],[54].

3.5 Teyvikég avadeong mopov og diktva 4G

Ymyv mopaypapo 3.5(3.5.1-3.5.4) mapovoidlovtar or tEYVIKEG ovhbeone TOpwV
OYETIKEG HE TO OlKTLO TETAPTNG YEVIAG OV GLVAVTOVTOL otV PiAoypoaeio. Apyikd
YIVETOL OVOADTIKY] TEPLYPOPN] TOV TEYVIKAOV TOL OPOPOLV OTO TOAVKVWYEAMTA
dikrva(multicellular networks) evéd otv cvvéyeia otig TexVikéc mov oyetilovtotl pe
yvootikd diktva (cognitive networks), diktva petoyoyng (relay networks) ot
etepoyevn diktvo (HetNets).
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3.5.1 Teyvikég avadeonc TOP @V 6€ TOAVKVWYEAMTA dIKTVLO
(Multicellular Ntws)

XMV TopAypapo VT TEPLYPAPOVIOL Ol TEYVIKEG TOL £YOLV CYESIOCTEL Yo
TOAVKVYEA®MTA OikTLO.O1 TEYVIKEG Yoo VTA TOL diKTLOL UITOPEL Vo elvan elte TEYVIKEG
amopuyng mopeppordv (IATs, Interference Avoidance Techniques) 1 TeyviKég
petpracpot mapepforov(IMTs,interference Mitigation Techniques).

Yt [ATs avoikovv ot teyvikés emavaypnoiponoinong ocvyvotnroc(Frequency
Reuse).Ze avtég ovykataiéyoviar ot KAacwkég reuse-1,reuse-3 kabmg kot to LovTéAa
Khoopatikig — emavaypnowonoinong  ovyvomtog  FFR(Fractional — Frequency
Reuse).Ilépa and tig Frequency Reuse teyvikéc otmv kamnyopia twv I[ATs
ooumePAaUPAvVOVTOL Kol Ol TEXVIKEG OLOKLYEAIKOV cuvtovicpov(centralized,semi-
centralized,Coordinated-Distributed, Autonomous-Distributed).

IMTs teyvikég amotelobv o1 TeYVIKEG TLYOOMOiNoNG mapeuPoimv(interference
randomization),axbpwong mapepporov(Interference Cancellation) kot Tpocapproync
déoung(adaptive beamforming).

3.5.1.1 Frequency Reuse-based Schemes (Xtatwn
TPOGEYYIoT)

H ypnon teyvikav FFR ya v dwyeipion Ioyvog kouw Odcpatog ctoxgvovy oty
BeAtiotomoinon g Pacpatikng amddoong kot tov SINR. Kabe koyédn dwnpeiton o
o ecotepikn(inner subregion) kot (o eEwtepik| meployn(cell edge subregion) .H
dwipeon yivetoaw Pdhoet  xoyedkng oaxtivag 1 SINR,0pm¢ vmhpyer mbovotnta
TEPUATIKA Vo avTioToyloBovv 6e AdBog vomeployn. TéAOG oTIg TeEXVIKEG VTEC TTAVTAL
yiveton Tpoomafeia ekTipnong Tov Adyov enavoypnoytonoinong cvyvotntog FRF.

Or mo whoowég TeXVIKEG emovaypnoomoinong ovyvotnrog eivar ot Reuse-
N,otoyévovv oy avénon tov SINR kot v peiwon tov CCL Xty nepintoon mov
KGOe ypnoG Umopel vo ETOVOYPNGILOTOGEL TO O0OEGIHO QA0 YOPIG KavEVA
TEPLOPICUO MG TTPOG TNV TTPOGPacn oe TOPOLE GLYVOTNTAG Kot avabeong 1oxvoc N
teyvikn ovoudletar Reuse-1(Ewova 3-20). AvEAVEL TIC OUHOSIOVAIKEC KOl TIC
dwaxvyehkéc mapepPoréc (ICIlinter-Cell Interference), ool ot otobuoi Pdong
EKTEUTOVY TTOAD LYMAGL emimeda 10YVOG Yoo vo. ELTNPETHCGOVY TO. TEPUATIKG TTOL
Bpiokoviat ota Opo TV KuyeA®V.ZTov avtinoda Tov Reuse-1 teyvikdv Ppiokovat
ot Reuse-3,mov dtoupovv 10 edopo oe 3 opboymvieg vromeproyés. Kdbe vromeproym
avtictoyel oe Swpopetikés koyéres. Ot Reuse-3 (Ewova 3-2B) avtipetonilovv
OTOTEAECUATIKA TIC TOPEUPOAES, OUMG eUPOVICOVY PELOUEVN QOGUOTIKY OTOd00T,
ondte Kou yopnTikdTnta [55].
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1
FREQUENCY BAND FREQUENCY BAND

(o) )

Ewova 3-2:(a) Teyvicn Reuse-1,(B)Teyvikn Reuse-3

IMa tovg mapamdve Adyovg avamtHOnKayv TEXVIKES GTIC OTTOIES Ol TILEG TOV EVEPYOV
FRF(FRFeff) eivoar peta&d 1 kot 3.Ta TEpUOTIKA TNG ECMTEPIKNG TEPLOYNG EYOLV
TPOGPaCT 68 OAO TO VTOPAGHLO. TTOL TOVG AVTIGTOLKEL Yewypapikd. Ta TeppoTiKd 6To
opo TV koyehdv €yovv mpdoPacn oto 1/N tov vmogdopatog. Ilapadeiypota
11010V TEYVIK®OV €iva ot SFR(Ewova 3-3a) «at ot PFR(Ewova 3-3p) .

Y1g SFR ot vmomepoyég tov @acpatog tov cell edges, mov avtictoyovv oeg
yertovikovg otafpovg PBaong, eivar opBoyaovieg petald tovg. Xtic PFR ota inner
regions avatifevtol Ta vrokavaiia Tov Exovv avoredel ota cell edges twv yeirtovikmv
T0VG KLWeA®V. H cuvoAikn petadddpevn oyig ivon otabepn pe ta cell edge regions
va Aapfavovv vynAadtepa emineda oyvog amd ta inner. Mépog Tov @dopatog pévet
aypnoomointo ywo Vv oyd woyvovv ta idwa pe Tig SFR.O FFReff vmoAoyileton og:

FRFeff = bw/(bwin+bwout/3) >1 (3-2)

Onov bw 10 cuvolkd Pdopa,bwin To VIOEAGHA TV inner subregions Kot bwout twv
cell edge subregions[55].
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Ewova 3-3:(a) Teyvikn SFR,(B) Teyvikh PFR

M dAAN Katnyopio texvikov eivolr ot €Eumveg TEYVIKEG EmAVAYPNCLLOTOINGoNG
ovyvotmrog (Inteligence Frequency Reuse,IFR),avortoydnkov dote va KaAOWoLuv Tig
oA0 ko avéavopeveg amouthoels o QoS tewv oOyypovev diktvwv.Epeavifovv
LLELOUEVES OLOSIOVAIKES TTOPEUPOLES, BEATIOUEV PACUATIKY] ATOS00T] KOl AVENUEVN
YOPNTIKOTNTO GE GYEOT UE TIG TPONYOVUEVES TEXVIKEC. M1a TETOW TEXVIKN TPOTEIVETOIL
oto [56].

H woavikn Bedpnon tov eEayovikdv kKuyweddv Oev 10Y0EL OTNV TPOYUATIKOTNTO.
Ady® amoAeldv 0140001 Kol TNG oKiooNg 01 KLYEAEG £x0ovV oo apolBddos, onote
Ol TTOPOTAV® TEXVIKEG OV €IVOIL OTOJOTIKEG GE £TEPOYEVT] OlkTL. MEAETN TEYVIKNG
EMOVOYPTOLOTOINGN S GLYVOTNTAG GE PEAAMOTIKO TTEPIPAAOV amotehei ) [S7].

Téhog, o1 otoatikég TEYVIKEG Ogv €lvol OMOOOTIKEG O TOALCLYVACTO OIKTLA
(aepodpda, y®PoOLG €otioong K.A.T), Omov 1N oamaitnon Yy Peitioon TV
TOPEYOUEVOV VINPECIOV KOl 01 OPOOIALAIKES TapeUPorEC elvarl €vioveg, KabBhg dev
AopBavouv v’oOYV TV KIVITIKOTNTO, KOU TNV KOTOVOWUY TOV TEPUATIK®OV. ETot
npoteivovral texvikés FFR pe duvopkn avabeon vropopémv vnd otabepn avdbeon
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1000G6[58] kat 10 avtioTpoPo[59].01 dvvapkég texvikéc avdbeons padlondpmy Tov
ocuvavTOvIot 6TV PBiAloypagia TEPLYpAPOVTOL GTIV ETOUEVN TOPEYPOPO.

3.5.1.2 Cell Coordination Schemes (Avvapikn Ilpocéyyion)

Mo v kdAoyn TV adVVIPIOV TOV GTATIKOV TEXVIK®V, TOL avapEépdnkay otnv
TponNyoOUEV)]  TAPAYpaPo, avamtuxdnkav ot ovviovicpéveg  teyvikég. Ot
OUVTOVIGUEVEG TEXVIKEG Olakpivoviol avaAioyo pe Tov aAdydpiBuo avdabeong 1oybog
(dvadikog, Kotovepeévog), v kevipikrp ovtotnta. (RNC,MTs,BSs) OV
onpovpyet v Aota embopuov (wish list) kot tov mapdyovta mpog Pertictomoinon
(1ox0¢,puOpamdSoon, TapeUPOrEG).

>11g ovykevipopéveg teyvikég (centralized), évac RNC (Radio Network Controller)
OTOTEAEL TNV KEVIPIKY] ovTOTNTA OV pE Yvon Tov CSI kdbe teppoticod evnuepmvel
10V 6ToOHOVE Bdong yia v avabeon topwv [59].

XMV TEPIMTOON TOL 1 KEVIPIKY] OvTOTNTA OVOOETEL TOVG TOPOVG GTOVG GTAOUOVG
Baong (BSs), ot omoiot Tovg dwaporpdlovv ota TeppaTIKd, avTi yia angvbeiag avabeon
ota MTs ot teyvikég ovopalovton nu-katavepeévec(semi-distributed,sd)[55].

Ot NUI-KATOVEUEEVEG TEYVIKEG OUMG O OIKTLOL PE LYMAN KvnTikOTNTO, dEV €lvan
anodotikés. Emiong, vmbpyel peydAn ocopeopnon oty KEVIPIKY] OvioTTo 0pOL
OLYKEVIPOVEL OAN TNV TTANPOoQOpia GYeTIKd pe Tig TopepPorés. Etol mpoékvyay ot
ovvtovicpuéveg-kataveunpuéveg(coordinated distributed, cd) teyvikés. O cuvtoviopdc
yiveton og eminedo otobudv Paone péom g demapng X2[60], dote o€ mepintmon
ypnyopov Soielyewv va amogebyovior ot kabvotepnoels. H mapovoia kevipikng
ovVTOTNTOG Elvar Un avorykaio,evd Pmopovv va cuvolaetovy pe texvikég SFR[61] .

A&leg avagpopdg gtvat, emiong, ot avtovopec-katavepséves(autonomous distributed,
ad) teyvikés. Xtig teYVIKEG awteg kGOe otafudc Pdong avoabétel avTOVOUN TOVG
ndpovg ywpic vo amorteitol cuVTOVIGHOS HeTa&d Tovg. H avéBeon yiveton pe faon v
mAnpogoptd mov AapBdvoovv ot BSs and ta MTs. 'Exouvv peiopévn molvmiokotnta
Kol pkpdtepeg Kabvotepnoelg apov ot otabpol fdong dev avtaiildcovv TAnpopopio
LLE GKOTO TOV GLVTOVIGHO.[62]

3.5.1.3 RRM peg tgyvikég petprocpov mopeppfoicov (IMTs)

O amlovotepog RRM adkydpiBuoc avdabeong padiondpwv givar o oepraxoc. Exel kabe
évag omd Toug N PHOTEC decpevEL To TpGOTA SN vIoKaVEAo amo eva svvoro C tov bt
otafuov Paong [63].Ztmv ewdva 3-4 amewcoviletal ovTH N TEXVIKN Yo 3 YELTOVIKOVE
otafuotg Paong mov eEumnpetodv Eva TepUOTIKO 0 Kabévag. O alyopiBuog ivor o
axolovboc:

CCp(L:Sn)

Cp—Cp\C (3-3)
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Ewéva 3-4: Avabeon padlondpmv e Tov GepLoKod ahyopidpLo.

Aev  yopokmnpiletor ©¢ €vELNG 0EOV  Ogv  aVTILETOTICEL TG OMHOSIOVAIKEG
napepPporéc Etor avamtoydniay ot teyvikég tuyatomoinong mapeppforcv (interference
randomization 1| Pseudo-Random Permutation 1 Random),ot omoieg npocmafoiv va
anocvoyeticovv Topepporeg tomov CCI kar ISI[63].H avabeon vrokavolidv yiveron
yevdotuyaia pe Tov akdAovBo Tpdmo:

Cb«—randsample(Sn, Cp)
Cp<—Ch\C (3-4)

ZyMUoTikd 1 ovabeom vToEOpe®V Yo 3 YEITOVIKOVG 6TaovS flong Tov
e&umnpeTohv eva TEPUATIKO 0 KOBEVAG e YELSOTLYOIO TPOTO PAIVETOL TOPAKATM.

y

15 BS
@
AL E = ]a s - B
2" BsS
@
/% 1 23|45 ...19...[32| N-1 |N|
3™ BS

1t MT
OF
3nd BS

Ewova 3-5: Avafeon padondpwv pe tov adyopidpo Random.

Y& GLOTHUOTO TOAAATANG TPOGPAoNS TO GNHe AYNG xavel TV opBoywvidTnTo ToV
0€ TEPIMTMOOT EVIOVMV SIOKVUAVOE®MY GTO TTEI0 TOV YPOVOV,0TOTE TO GO TPEMEL VL
avakt0el.Opmg o un ovyypoviopévo dlavAio 1 dadikacio avdktnong Umopel vo
nmpokaAécsel opodtowMkéc mapeppormv (CCI). Ta v avTHETOTION OVTOV TOV
QOVOLEV®V  YPNOHOTOOVVTOL  TeYVIKEG  aKkOpwong  moapepPorov(Interference
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cancellation), ot omoiec pe v Ponfelo aviyvevtdv ToAlomAdv ypnotedv (MUD)
aviyvebouv  To  Aaupovopeva  GHOTO PE TO  KPOTEPO UECO  TETPAYWOVIKO
opdAua(MMSE), @®ote va ovaktibovov opbd. Awaxpivovior oe oeiprokég(SIC-
Successive Interference Cancelation) kot mopddinieg(PIC-Parallel Interference
Cancellation). Ot SIC og kG0e Pripna aviyvedoVV TO 1GXVPOTEPO OO TO, EKTEUTOUEVQ
onpata. Metd v eKTiUNoT TOL GNUOTOC, TO KAOE GNUO ETOVOKATACKELALETAL KOt
petadidetor ywpig mapepPforéc. H dwndikacio cvveyiletor yio OAOvG TOLG XPNOTEC.
2115 PIC aviyvevovtar 6A01 01 YpoTES TOLTOYPOVA, YIVETOL EKTIUNOT TV CNUATOV Kol
aKvpdvetol PEPOg TV TopeUPoAdv. Ot oelplokés VREPEYOVY MG TPOG TNV
YOPNTIKOTNTO,OUMC Ol TAPAAANAEG  amOOO0VY  KOAVTEPAL OTOV Ol  YPN|OTEC
eEumnpetodvtal pe v 0w 10x0. AOY® KOGTOVE NG VTOOOUNG TOVL OEKTN OVTEC Ol
TEXVIKES £IVOL GV UPOPES Y10 TTPAKTIKEG EQAPLOYES[64].

Ocov agopd 115 TeyviKég dopdpemong oéouncg(beamforming), Pociovrior o
OLYKEVTIPMOOT NG dEoUNG TG Kepaiag o€ onueio TPOGTTOONG, TOV UEYIGTONOLEL TO
emBuuntd onuo. AToTEAOVVTOL QIO TIG TEXVIKEG TPOGOPUOOTIKNG déoung(adaptive
beamforming), ot omoieg evioydOVY TO GNUA GE GLYKEKPIUEVES KOTELOVVGELS, DOTE VL
HETPLACOVV  TIC TOpPeUPOAES, Kou TIG TEYVIKEG peTaymyng Oféoung(switched
beamforming). Ot teyvikég petayoyne oéoung katevbdovovv tovg AoPovg oe
npokabopiopéves  katevBovoels. Téhog ot teyvikég Tuxaiag  SUOPP®ONG
déoung(random  beamforming),mov  ewcdyovv  dwAnyelg  toyaie  oe 3
o TAGEIG(YDPOC,XpOVOC,cuyxvoTNTa), TpoTIn®dvTol otoe MU-OFDMA cvotiuoara.

3.5.2 Teyvikég avabdeong TOPMV 6€ YVOOTIKA diKTLO
(Cognitive Ntws)

Ta diktva avtd oamotelodv pio mbavhy Avon ywo v Pertioon ™S EUCUATIKNG
amOd0oNG TMV  OCLPUATOV  OIKTV®OV HE  TOPAAANAN  aflomoinon  Tov  un
0OEL00TNLEVAOV TTEPLOYWOV TOV PUSOPAGHATOSC. To BactKd YopaKINPIOTIKO QVTOV TOV
OwTOmV  glvar O6tL ot ypnoteg (tepuoTikd) yopilovtol o€ TPOTEVOVIES Kol
devtepevoviec. Ol TPMOTEVOVTEG YPNOTEG, TOL OMOTEAOVV TOVS AOEL0O0TNUEVOLS
KOTOYOVLG TOL PASIOPAGOTOS, EXOVV TPOTEPAOTNTA TNV TPocPact o mOPovs.Ot
OEVTEPEVOVTEC YPNOLOTOLOVY TUNUOTO TOV QAGHLOTOS TMV TPOTELOVIOV VIO TNV
npobmoOeon OTL M EKMEUTOUEVT] 1OYVG TOVG OV dNUIOVPYEL GTO TP®TEHOV OIKTLO
napePPoréc kot o amartovpevo Q0S tovg mapapéver otabepd.Ta diktva CN €yovv
OTOYOOTIKO YOPOKTIPO KOL Y10 VO TETVYOVV TOVG GITOLTOVUEVOLS PLOLOVG HeTAOONG
YPEWLOVTOL OTOTEAECUATIKEG TEXVIKEG OVAOESNG TOPMV e EAEYYO TNG 1OYVOS OTMG
070 [65]. AAAEG TEXVIKEG LE XPNON TOV YIVOREVOL €DPOLG LOVNEG-16YDOC TEPLYPAPOVTOL
010 [66] ,évo ta [67],[68] avapépovy teyvikég avdbBeong oe YvooTikd dikTvo TOv
kavouv yprion OFDMA.

3.5.3Teyvikég avdBeong mopov o diktva petaymyng (Relay
Ntws)

51



H oOAo kat aufavopevn XwpNTIKOTNTO TWV OUMUPBATIKWY OCUPUATWY SIKTUWV
emudoptilel Toug otabuoug Baong kal eival acUpudopn amnod anoyn KOoToud.MauTo
TOV AOYO TIPOTILHWVTOL oUXVA Ta Siktua KOUPwV HeTaywyng mou BeATwvouv Tnv
KAAUYN OTIC QTIOUOKPUOUEVEC TIEPLOXEC UE TIAPAAANAN UELWON TOU KOOTOUG Kol
anooupdopnon Twv otabuwv Baong.Zta SiKtua aUTA To OHPA HECW TWV KOUBWV
HETAywyYNG emavampowbeital Tmpog Toug xpnoteg mou  Pplokovtal  oOTLg
OTMOMOKPUOUEVEG TIEPLOXEG TwV KUPeAwv[69]. H amAolotepn amo TIG TEXVIKEG
enavanpowbnong eivat n AF(amplify-and forward), 6mou to orjpa ekMEUMETOL TTPOG
TOV KOUPBO PETAYWYNG OE O XpOVLIKH Bupilda Kal oTnv EMOUEVN 0 KOUBOG LETOYWYNG
TO €VIOYXVEL TIPLV TNV EMAVEKTOUMA Tou. Eva mapadelypa LeAETng yla adyopiBuoug
Slaxeipnong ¢paopatog os Siktua Tétolou tUTou Bactopéva otnv OFDMA amotelel
to [70]. ‘AM\eg texvikég eivat n DF(decode-and-forward), o6mou Tto onua
KWOLKOTIOLE(TAL OTO KOUPBO HETAYWYNAG KOL OTOCTEAAETAL, HLO UEAETN  TEXVIKNG
avaBeong loxvog eivat n  [71]. TéAog, OUXVA OUVAVTIAUE KOL TNV TEXVLKA
CF(compress-and-forward) émou to orjpa cupriEletal Kal LeTa mpowBeital[72].

3.5.4 Teyvikég avadeong TOP@V 6€ £TEPOYEVI] diKTLA
(HetNets)

Ta etepoyevny Alktoa amotelobv pia S1dTaln TOAVKLYEAWTOV SIKTO®OV TOV
TEPLOUPEVOLY S POPOVS TOTTOVG KLYEADV LE OLUPOPETIKA EMITEDD EKTOUTNG 1GYVOG
(nakpo,miko,eéumnto, kOpPmv petaymyng). Xvvovalovv texvoroyies (2G,3G,4G) «ot
npotokora mpdsPacng(WiFi,WiMax,kepdraio 1.8). Exovv npotumorombei omd v
3GPP oty otoifa LTEa g pa Adon ya tig av&avopeves avlykeg TV acLpuitmv
OIKTVV GE YOPNTIKOTNTOKAALYN GE OMOUAKPVUGUEVEG TEPLOYES TMV KLYEADY Kot
amodoTIKN EKUETAAAEVOT TV dabéciumy padtondpwv. EppaviCovv peydin svehéia,
agov mpocopuolovial oMV TomoAoyio NG mEPOYNG mov  kaAvmTovv[73].Ta
ocvvdvalopeva diktva dev  elvor mhvta ovpuPatd kol amouteiton  KOTAAANAN
enefepyacia, MOTE VO LTOPEGOLY VAL AEITOVPYNGOVY GOV EVVIOT0 diKTLO. Apyikd, Yo
TNV OMOTEAEGHOTIKY a&lomoinon TV O00EcIL®MY TOP®Y TPEMEL VO LETPLAGTOVV Ol
dupopes TapeUPOALS (SLOCLUPOAIKN,0LOKOVOALKT ). ZYETIKES TEYVIKES EKUETAAAELONG
TOL padloPacpatoc Tapovolaloviat oto[74].

XopaktnploTikd ToPASELYIO ETEPOYEVOVG OIKTVOV €ival OLTO TOL TPOKVTTEL
a6 0 cvvdvacud Tov mpotumev WIiF kot WIMAX. Xpnowonoteitol apkéto otny
npan, kabdg cuvdvalel TNy 0KOAN Kot YOUnAoD KooTovg gykatdotacn tov WiFi
YO EMUEPOVS HUKPOTEPEG YEWYPAPIKES TEPLOYES LE TNV HEYAAVTEPT OKTIVOL KAALYTG,
TIG HeyaAvTEPEG TOOTNTEG Kol pLOROLG peTddoong kot To vynAodtepo QOS Tov
WIMAX [75]. 'Exovv avomtuybei d10popeg TeVIKEG GUYKAONG TOV EKUETAAELOVTOL
TIG OUOLOTNTEG TV S0 TPoTLTT®YV. [0 Tapadetypa 6to[ 76] mpoteivetal pa “yépupa’
ovykhong evd ta. OFDM kavdiia dtopotpdlovtar oeprokd. Xto [77] mpoteivetan
évag alyopiBuog yuo v Olayeipnon tov mOpov ce Eva TETOO OIKTLO HE YPNOM
acapovg eréyyov(fuzzy control). ‘Evac acaepng evanpetntg(fuzzy server) emiéyet
7o10 diKTLO Kot TOLOG oTadpog Ba eumnpetoet kKabe Teppatikd pe Paorn 1o SNR tov
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teppotikov.E&icov amodotikoi ivar kot ot adydpiBpor mov Pacilovion oty Bewpia
Tolyvidv,oto [78] mapovoidletal vag dikatog alyopOpog avdbeons cuyvotnTOV UE
YPNOT EVOC “TTALYVIOLOV YPEWKOTING .

3.6 Teyvikég avaBeonc mOpmv pe yvoon g KatdoTo.61)S TOV
paotodravrov(CSI).

Ot alyopiBpol mov Kvovv ¥pNomn Tov KOvAALoD OvVASPOCoNS GTOXEVOVY GTNV
e aylotomoinon G eKmEUMOUEVNG 1oYX00G N otV PeAtiotonoinon tov puOupov
petdooong.

THeTIKO PE TIG TEYVIKEC €AOlOTOTOINONG 1oY00G, €vag amd TOVG TPMOTOVG
alyopOpovg mov mpotdbnkav mapovcidletor oto [79].0 akydpBupog avtdg dev
umopel vo. eQopprootel 6 TOAVKLYEA®TA diKTVa, 0TdTE Oev AapuPAvEL VI OYIV TIC
OHOOIWAIKES TTapePPoréc. Me v €€EMEN TV acVLPLOTOV SIKTVWV peAeTHONKOV
TEYVIKES V1o Bertiooon Tov QoS Kot TV OVTILETOMTIGT) OLOSIOVAIK®V TOPEUPOADV.ETO
[80] mapovcualetan teyvikn epapudoyun ce OFDMA xvyedotd diktvo.H teyvikn
0T YPNCLOTOLEL TPOGUPUOGTIKY SLAUOPPMOT Kot TPOCSTOOEL VO AVTILETMTIGEL TIG
TapeUPOLES KO SLOANYELS. ZTOXEVEL GTNV IKOVOTOINGT TV OMOLTHCEDV TOV YPTOTOV
o€ QoS exppaldueveg oc mpog to BER.

E&ioov onpavtikéc givar ot TeyviKEg mov emkevTpOVOvTaLl 6TV PelTicTomoinon
oV puOLoY petddoong.Ztmyv [81] mpoteivetar alydpBpog eréyyov ¢ 16x00G TTOL
OmOCKOTEL oTNV avENCN NG YOPNTIKOTNTAG OTATE Kol TOv puvOpov petddoonc.H
TEYVIKN YopileTon o€ 2 6TAO10.ETO TPMOTO GTAO0 GTAS0 EPapUOleTanr 0 aAydpBpog
maxmin yia Tov voAoyiopd Tov SNR yia ka0e ypriot e dyvooto v 16y0,0md TovV
TEPLOPICUO UG EAAYLOTNG ATOLTOVUEVIG YOPNTIKOTNTOG. XTN] GLUVEYEWD GTO OEVTEPO
oTAd10 avdAoya TV pLOUETOS00T) EMAEYETOL TO KATAAANAO GO SLOUOPPOONG.XTO
[82] ovvumoroyileton pe ypnon mbavotntov(outage probability) kot n kKivnTikdtnTo
TOV (PNOTOV.

Ymv  wpdaén  elvor  apketd OVOKOAO VO €YOLUE  TANPN  YVOGCN  TOL
POOLOSIVAOD,ETCL LEAETHOMNKAY TEPIGGOTEPO PEAACTIKG GEVAPLOL LE LEPIKT YVOON
ToV KovaAlov[83],[84].

Yg auTnV TNV Kotevbuvon oty Topodco SUTAMUATIKY TPOTEIVETAL 1] YPTOT TOL
alyopiBpov MSNR(3.7.4) o omoiog ekpetodeveTor 10 Kavai oavadpacng,ce MU-
MIMO-OFDMA moAvkoyehmoto diKTLO.

3.7 lIpotewvopeveg RRM teyvikég

2V TopAypoPo OUTY TPOTEIVOVTOL OPIGUEVEG TEXVIKES OL 0moieg £yovv peAetnOel.
Apyd avo@EPoVTol TEXVIKES ETAVOYPNOUYLOTOINCNG CLYVOTNTOS OV OEV ATOLTOVV
YVOOT TOL KAVOAL0D, OTOTE LIEPEYOLV MG TPOG TNV TOALTAOKOTNTO. XTN CLUVEXELN
napovotdletar o aryoptOpoc MSNR mov anartel yvdorn tov kKavoiiod avadpacng.O
eV AOY® OAYOPIOLOG TPOCOUEIDVETOL OTO TAAIGIO TG SUTAMUATIKNG TOCO GE O1KTLO
WiMAX(kepdAato 4) 6co kar o WiFi-WIMAX etepoyevég diktvo(kepaiato 5). Ot
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TOPUTAvVE aAYOpOpol Guykpivovtol ®¢ mpog TV moAvmAokotnta. I[TapdAinia
€104 yETOL 1) £VVOL0L TOV OEIKTN d1KaloGHVNG.

3.7.1 BeATiopévn TEYVIKI ETOVAYPICLUOTOINONS CLYVOTNTOS
(FFR)

Ye auty v teyvikn [85] o1 kvyérec ywpiloviaw oe inner wxou cell edge
subregions.Xti¢ inner avatifetar 1o 1610 vroovvoro vmokavaimv.XTic cell edges
avtiotoyyiletar kKAdoua Tewv vroloinwv vrokavaAldv.Toa vrosvvolo tov cell edges
etvar apoifaing opboyovia.Ta mapoamdve coppaivovv kot ot kilaowkés FFR.H
dpopad Eykettar oty avdbeon woyvoc. To eninedo ioyvOG e TO 0Tol0 EKTEUTOVTOL TO
vrokavaio kabopiletar dSuvapikd Kot StopEpeL amd KOWEAN o€ KuyEAN.Av votedel
OTL Ol E0MTEPIKEG VIOTEPLOYES AopuPavouy T.y. to. vrokaviie 1-64(1° vroovvoro
VIOKOVOM®V) og emimeda oyvog pl,p3,p5,p8 k.Am.,or e€mtepikés Aapupdvovv to
emopeva vrosvvora(kidopa) .y 2°, 3° , 4° ,5° (avtiototyel ota vrokavaila .y 65-
80,81-96,97-112, k.A.m).KdBe xhdopa PBpioketan oe dapopetikd eminedo oyvoc.H
OVTIGTOIY1T VITOKAVOMAOV Kol 10Y0D0G GTIS VIOTEPLOYES TOV YMPOL LE YPNON TNG
Bertiopévng FFR yiveton (swkova 3-5) Baoetl g mapakdtm oyéong:

K1=K>=K3

K1, cell 1= {SB1(P1, Rin), SB2(P2, Rc)}

K1, cel 2= {SB1(P3, Rin), SB2(P4, Rc)}

Kz, cetn 3= {SB1(Ps, Rin), SB2(Ps, Rc)} (3-5).
K, cell 4= {SB1(Ps, Rin), SB2(P7, R¢)}

Omnov K o1 kuyehol topeic,Pj ta enineda 1oy00g, SBita vtochvora vropopémv Kot
Rin ,Rc ™ vmomepioym tov ywpov(inner,cell edge).Xmv cuvéyeta yivetar 1 avabeon
ToVG oeplakd(e.3-2).

Cell 1 Cell 3 X

R
—— L.
F ' Band r
Cll2 requency Ban cen s Frequency Band
T

1

]

Frequency Band Frequency Band
. Cell-edge sub-region
. Inner sub-region sub-bhand “ sub-bands

Ewéva 3-6: Behtiopévn FFR yia 4 tomovg kuyekdv.[85]
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3.7.2 Teyvikn 01000061 KOVOAM®OV ELAYLOTIG

enavaypnowponroinons (RAJSS)

v Teyvikn RAJSS[86] apyikd 1 kvyelkr meployn Sloupeitar €KOVIKO o€ 2
OUOKEVTPEG VIOTEPLOYES Me Paon o mpokabopicpevn amdotaon PD ( Ewova 3-3).
Ot ypnoteg mov Ppiokovior OTNV  €0MTEPIKY TEPOYN  OTOOVTAL  TOPOLG
yevdotuyaia.Ot ypnoteg mov anéyovv amodotaon eo¢ kKo CD and to veo ypnot
Bewpovvton mapepPoreic(CJ).Ot emtepikoi ypHoTEC FEGUEDOVY TOVG TOPOLG TOL dEV
xpnoorotovviot ond mapepPoieic. Xy nepintmon, OUMS, TOV eV LLAPYOLY GAAL
dféotpa kavaio Tote 0eoUEVEL KATO10 oo avtd.O adyopBuog etvar o axkdiovboc:

If ConCej* =0

Cpe Cp

C« Randsample (Sn, Cb)

Cbe Co\ C @-7)
else

Cpe ConCqj*

Un< Randsample (Sn, Cb)

Cbe Cu/ Un

Omnov n ot ypnorteg, b ot otabuoi Bdong kot Ce* To vTokavaiia TOL dev
EMOVOLYPNGLOTOLOVVTOL OTTO TOVS YEITOVIKOVG GTOOOVS BACTC.

H teyvuc avt vepéyer TV mponyodpeveov ®WG TPOS  TO BER, 1o
throughput ko v dikaoohvn, OpmG Exel LEYAADTEPT TOAVTAOKOTNTO.
Distance = CD

f e &  Critical Jammcrs

Available .;irlrlrl |nr E'\\

Ewéva 3-7: Kotavou Tov gpacpatog oTic kuyéheg pe v teyviky RAJSS. [86]

')

e Distance < CD

3.7.3Teyvikn 0006001 KOVOAAOV UE EKOVIKI] KOATATULGT TNG
emEaveng Tov Kuyelav(BAJSS)
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H teyvikp BAJSS Swupei 11c e€dmlevpec Koyédec € | EIKOVIKEG YEWYPOUPIKES
vromepoyéc,idlag éktaong(Gi blocks). Xtn ouvéyelion o dwwbéoio vrokavaiio
opodomotovvtat oe Fi vrosvvora kat avristoriloviar otic Gi. AkorovBwg oto Nt
Kkvntd teppatikd tov b otabpod Phong avatiBevton Sn vmokavdi tov Fi
VTOGLVOAOL, OV avTioToLEl 0TV Gpn LTOTEPLOYT, GTNV OO0 AVIKEL TO TEPUATIKO.
Av 6la to vrokovéiie ™G Gpn vromeployng eivar decpeLIEV TOTE GTO TEPUATIKO
avatifetor vtocHvoro omd 1o pumhok Gpk mov améEyel LeYOAVTEPT OMOGTAGT OO TO
opotno tov(ewodva 3-9). H avabeon vrokavotdv pe tnv BAIJSS meprypdpetar amo
OV aAyop1Opo :

if length(FGp,n) #0
Cn« randsample (Sn, FGpn)
FGpn— FGpn\C
Co—Cp\C
elseif length (FGpn) =0
C« randsample (Sn, FGp,x) (3-8)
FGpk— FGpok\C
Co—Cp\C
else
C«randsample (C, Sp)
C—C\Ch

end

z \ BSM [ 7T ¢ g B 519 /
=l z 5, .
2 “8y | T |4 N
 [BS3 15 18 BS7| H
o [P 21| 6 | Jo- A1
- N\ 2ol 57 | fa= /s |
' 7
all 14| 5 |32 Nl
- |BS4 BS6 gl
) \ 21| & |}9- /
8 | T 4
. / BS16 1.1 5 | 3 BS17 \

-15 =1 5 = =z

Ewéva 3-8: Kotavow Tov gpacpatog oTic kuyéheg pe v teyviki BAJSS. [86]
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3.7.4 Teyvik] 000061 KOAVOALDV UE LEYLGTOTOING] TOV
onuotofopuvfikov Aéyov(MSNR)
e avtifeon pe Tig mponyovueveg mpotevopeveg texvikéc o MSNR amattel yvaoon tov
KOVOALOD avAdPaoNG. TN TEYVIKN OVTH, 0OV EVIOTIGOOVV T SLOOEGTLLO VITOKOVAALLL
oV otafpov Pdong o omoiog eummpetel 10 veosloeABOV TeppaTiKo,VTOAOYIlETON O
onuotofopuPikog tovg Adyog(SNR). TTpokeévov va vroroyiobei o SNR yio Odo ta
VTOKOVAAQ, TPETEL VO, EIVAL YVOOTH 1) OTOKPIoN EMINEd®V SLOAEIYEWDV. T GUVEXELN
to. vrokovilo toaStvopovvror Pacet SNR kot avtd pe Tig vymAdtepeg Tiuég
avatifeviot 610 TEppatiKd.O adydpiBuog eivar o €€Ng:
i<—0
for 1:S:|Cy|

—i+1

SNRns =[ m*Ht*w*[w*Ht*m]

SNRpk<— SNRns

end (3-9)

SNRn«s0rt(SNRy)

Cm—CﬁN R

Cne—Cu{(|Cb|-Sn+1) :|Cb|}

Cp<—Cp\ Ch
O 7 ovpPoiriler tov avaotpopocvlvyn mivaxka, Ht eivar n oandkpion enimedmv
SLAYE®Y,M TO 101001AVLGHO TOV TEPLEXEL TNV UEYIOTN WO0TIUY TOL Tivaka Ht *Ht,
ko W=(Ht*m)" to Bapoc tov KepaooToLyeion EKTOUTNG.

3.7.5 AlyoprOuiki] TOAVTAOKOTNTO TPOTELVOUEVOV TEYVIKOV

H oAlyopBuukn moAvmAokodtnta tov TeEYVIKOV ovabeong padlomdpmv,eaptdron
Kupimg amd t0 péyedoc tov dKTvOV,T0 TANBOG TOV KLWEADV Kol TOV aVOTIOENEVOV
VIOKOVOAMODV,TOV OHOKEVIPOV TEPLOYDV ove KOWEAN ,Tn ¥pNon N OxL TOL KAVAAL0D
avadpaonc. Xt oeplakn teyvikn(Sequential) mpémer va capwboldv ta TpmdTaL Sh
vrokavéMa mpv ovateovv otov N mov sfummpeteitan omd Tov oTabUd Pdong
b Tvvémmg M morvmhokdTnTo. sivon g Taéng Tov O(Sn).Ztv Random mpénet va
capwbodv ola ta drobéotua |Cp| vmokavaiia tov otabpov Pdonc b yia v avabeon
SnumokoavaAidv ondte 1 moAvmAokdtnta ivar O(|Cp|*Sn).Ztn PeAtiopuévn FFR pénet
va copwhel To GUVOLD TOV VITOKAVOAM®V TNG PACUATIKNG VTOTEPLOYNG OTNV OToin
avikel to teppotikd apa £xet moivmAokdtta Of(|Co|/2)*Sn)}. Zxetucd pe v teyvikn
RAJSS cupporifovpe pe Jp tovg mapeppolreig(Jammers) tov b stodpov Paong ko
Ce* ta vmokavdAia mov Ogv €xovv emovaypNCOTONOel amd TOVG YEITOVIKOVG
otafpovg Pdaong. H moAvmlokdtnta mov mpokOTTTEL Yoo TNV avabest Sh vToKOVOALDV
eivor Of(Jp +1)*| Cej*[* Sn)}.O aryopBuog BAISS ot yeipdtepn mepintmon amartet
NV GAPMOON TOV J TETPAYDOVOV TOV YETOVIKOV KVWYEADV TNG TPEYOVCAG KLYEANG KOl
oV |Cb| viokavétidy tov b otabpod Paonc.Omdte Yo v avédeon Snumokavaiidv
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n moAvmhokotnta givor: Of[(Jb +1)*length(F)+| Co|]* Sn)}.Télog, otov MSNR yio v
avaBeon evog vmokavollon S mpénel vo. evtomioBoiv apykd olo to dtabéoiua |Co
VIOKOVAMO. XN Guvéyeww to S mpémel vo ocvykplBel pe ta To ToStvounuéva
vrokaviie. o v avaBeon Snp vmokavoldv zmpokvmter Ofsum(1:|Cp|)*Sn)}.
YUVOTTIKA Ol TOAVTAOKOTNTEC TMV TPOTEWOUEV®OV OAYOPIOU®OV GLYKEVTIPOVOVTOL

otov mivako 3-1.

AATOPIOGMOX RRM IMOAYIIAOKOTHTA

Sequential O(Sn)

Random O(|Cb[*Sn)

Behtiopévn FFR O{(ICol/2)* Sn)}

RAJSS O{(Jp +1)*| Co*[* Sn)}

BAJSS O{[(Jo +1)*length(f)+| Co[]* Sn)}
MSNR O{sum(Z:|Cb|)*Sn)}

MMivoxog 3-1: AkyopBuikn morlvnrokdtnta RRM teyvikdv

3.7.5 Agiktng Awkaroovvig [Fairness Index]

H xotavour mépwv oe moAloOg ypnoteg eivol onuoviikd va yapoktnpiletor amd
dkatoovvn. H dikawocbvn og éva acppato diktvo pmopel vo petpnbet péow tov
deiktn  dwcaroovvng(FI-Fairness Index). O yevikdg opiopdg ovtod TOoL  OgikTN
ocOpemva pe v pekétn tov Raj Jain(88),(89) eiva:

3 (X1, X2...Xn) = Z'EX)L (3-9)
i=1

Omnov n ot ypnoteg kat Xi 01 TOPOL TOL KOTOVELOVTOL GTOV | ¥pNOTH.
H avéBeon ndépwv Bewpeitar andAvta dicoun otav J=1 kot ddwm yia J=0. loydet

0<J<l (3-10)
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Kepdahioro 4: IThot@oppa Tpoconei®ons
owktvov WIMAX

210, TPONYOLUEVO KEPAAALO £YIVOV  GOQON TO TAEOVEKTNLOTA TNG TEXVIKNG
dwapopewong OFDMA og cuvdvacpd pe v teyvoroye massive MIMO
(kepdrowo 2) koBMG KoL 1 XPNON TOVG GE €TEPOYEVN OlKTLO (TAPAYPOUPOC
3.5.4). 'Epgaon 860nke, emiong, omv avaykaio amodoTikn dlayeipton tov
POOIOPACOTOS LEGH KOTAAANA®V aAyopiOumy (kepdAaio 3). o tn peAét
OA®V TOV TOPOTAV®D, OALL KoL YEVIKOTEPO Y10l TN UEAETN TNG EMOPOONC TNG
EQUPLOYNG VEDV TEYVOLOYIDV Kot aAYopifumv ot 6Oyypova acHpUaTe KTV
yivetow ypnon mpocopstmtev. Ot mpocopolwtég sivor gite emmédov (evéng
(link leveD[90] 7 emmédov cvomuatog (System level)[91]. Zta mhaicia tng
TOPOVGOG SIMAMUATIKNG Tpocopolndnke oe mepiPdrov matlab eva diktvo
teyvohoyiag WIMAX. Zg avtiv v evotnto mapovctdleTal 1 TAaT@OpLo TOV
Standalone WiMAX diktHov. X1o diktvo avtd peLetOnKav opiopévol €K TV
alyopiBumv avébeong mOpwV oL AvaPEPONKAV GTO TPONYOVUEVO KEPAANLO.
2T1C eMOUEVEG TOPAYPAPOVS OVOADETOL O KOOKAG TOL TPOGOUOLOTH Kot
emenyeiton 1 ddikacio TPOGOUOIWGELS He KOTAAAN O Oloypdppota pong.
Téhog, yivetoar KOTOYPOPY] TOV OTOTEAEGUATOV KOl TOV — GYETIKOV
CUUTEPACUATOV.

4.1 ApyITEKTOVIKI] TOV TPOGOUELMTI)

To molvkKvyeA®TO SiKTLO, TOV KOTACKEVLAGTNKE, OamoteAeital amd 1 1 2
daxturiovg (tiers) mov avomtdocovtar TEPLE TG KEVIPIKNG KLYEANG,CVUVETMG
and 7 M 19 xoyéheg oe oynua Kavovikov eEayavov. Kabe kuyéhn €xel axtiva
R=1Km dwupeitan og 3 toueic tov 120° éxaoctoc.Or otabpoi Paong(BS’s)
tomofeTobviol oto kévipo kdbe efaydvov(ewova 4-1), n apibunon tov
Koyelmv elvar Kota ocvpPoocn kot dev emmpedlet v OdlKacio TV
TPOGOLEUDGEDV).
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Ewéva 4-1: Koyehikn didtaén WiMAX dictvov.

H xepaio kabe otabpod Pdong eivar katevbouvtikny tpudv decudv. O KHplog
AoPog g kepaiag katevBuveTan eni Tng dryotopov kdbe Topéa (60°,120°,300°).
To duaypappa axtivoforiog kKabe kepaiag opileTat pécw e oy€omng:

f(9) = Gps—min [lZ(%,Amax)z] (4-1)

6mov Gps 10 KEPOOG TG Kepaiag Tov BS(14dBi), @345 10 £0pog nuiceog 10y00g
Kot Amax n péytot andoPeon g kepaiog (20dB). To diktvo ypnoipomrotet
teyvoroyia MIMO wote va vrootnpilel molvypnotikodtnta. [ tnv ToAAamAn
npocPacn yivetaw ypron g teyvikng OFDMA. Xto onueio avtd mpénet va
toviofel OtTL M oxetikn 0éomn TOV KWWNTOV TEPUATIK®OV (YPNOTES) MOV
gloépyovior  oto Oiktvo Oev  petafdietor  kdto v OdpkeEld  TOV
TPOGOUOIDGEMY. XTOV MNUOTATIKO OUTOV TPOGOUOLOTH OAOKANPGONKAY o
oelpd and oevapla. Kabe oevaplo oamoteleitar amd 300 Monte Carlo
npocopoldoels. Metd to mépoag kébe MC ot mdpot amodeopedovrarl pe oKomod
TNV EMAVEKYDPLOT] TOVG GE VEOLG YPNOTEG OIVOVTAG SVVAIKO YOPOKTIPO GTO
dikTVO, 0VTWG MGTE VA Yivouv peaMoTIKEG Ol Tposoueldoets. [Ipy v évapén
Kabe oevapiov pvOuifovtar ov mapdyovteg tiers, vmokovdAie avd ypHotn,
MARB0¢ KEPULDOV EKTOUTNG, OAYOPIOLOC avAOESTG VTOKAVAAL®DY Ko 1| LEYLOTN
mBovotnto amokAelopod mov emefnyeitor mopokdTe. Xtov wivaxko 4-1
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napovctdletar o ovvoro tov mapapétpov tov WIMAX dwtdov yio kdde

GEVAPLO TOV TPOGOLOLOONKE.

ITAPAMETPOX TIMH

Axtiva koyéing(R) 1km

Ap1Opog daxktvriov(tiers) 1-2

Ywyog ctadpod Bacng(BS)/kivitov 30m/15m

TeppdTikov(MT)

Kevtpun} ovyvotnta Asrtovpysiog 2,5GHz

YuvoMKo €0pog Cavng Aertovpyeiag 10MHz

Evpog {dvng @épovrog 156,25KHz

Teyvui] orapdpemong QPSK

Teyvucn worharing Tpocfacng OFDMA

Ynoxavaire ava BS 64

Ynoxkavaie ave MT 2 3 4

IIA00¢ kepar®dv ekmopmic/Aqyng(Mr/Mt) 2/2  2/25 2/50

Movtého d14600mG Okomura-Hata
(ex0éng omwAeidvy 3,5)

Avdypoppa oxtivofforiog Broadside Gain=14dBi

Front-to-back ratio=20dBi
Ebpog nuiceng 1oybog(3dB)=70
Tymkn oewéxkiion ckioong 8dB

SNR 9,6 dB

Méyiotn w60 ava BS/IMT 43dBm/30dBm

Eningdo Oppikod Oopovpov -104dBm

IMBavoTNTO 0TOKAELGHOD 5% 15% 30%

IA00g MC mpocoporidoswy 300 500

Mivaxag 4-1: [Topdapetpot dictvov WiMAX

o

To npmTo oTAdI0 KAOE TPOoGOUOi®OoNG ival 1 €16000G VEOV XPNOTOV KOL 1|
emAoyn tov otalfpov Pdaong mov Ba Tovg eEuaNPETNOEL. LT GUVEKELD, APOD O
YPNOTNG YiveTan O0ekTOC amd TO GVOTNUO VTOAOYILOVIOL Ol GLVOAKES TOL
ATMOAELES OG TTPOG TOV 6TaBO Paong mov tov e&umnpetel. To endpevo 61dd10
elvar mn avdéBeon vmokovoldv otov ypnotn pe Pdon TOov mPOg HEAETN
alyopOpo kot T€Aog 1 avdbeon 16x00¢. Xe MEPINTOOTN TOL 1 LITOAOYILOUEVN
poc avabeon woyvg Eemepdoel to 1W, n elvan pikpodtepn amo 0 mov givan
adLVOTO GE TPAYLOTIKEG GLUVONKES ,0 ¥PNOTNG APOLpEiTaL amd TO S1KTLO Kot Ot
agalpovuevol ypnoteg (remove counter)  avédvovion kato 1. Xe kdbe
TPOoTABELD. 16000V VEOL YPNOTN UETPMVTOL Ol CUVOAMKEG TPOCTAOELES Yia
oOvdeon ypnotdv oto diktvo(ZILtrials) alia kot ot ot agapodevol ¥pNoTeg
(AX,remove_counter) dote va vroloyiletor  mBavoTTa amokAelcpuov(ITA,
Probability_Failure)mov opiletar mg HA=§—§.’OTOW 1oy0eL i_z); =ITAmax OmOV
[MAmax M mpokabopiopévn péylotn mbavomta  amokiswopod mn MC
olokAnpovetat. Ta peyédn mov eEdyovrol amo tov TPpocopolmt eivar n pnéon
YOPNTIKOTNTO TOL SIKTHOV,N HECT] 16YDG TOL KATOVOADVEL KOl 1| LEGT 1GYVG
avéd ypnom. IHopoaxdro(ekdvo 4-2) PAémovpe T0 SWUYPAUUO PONG TNG
Aertovpyelag tov mpocopowwt) ywo. kdbe MC .Ta dibpopo otdd g MC
TEPLYPAPOVTOL OVOAVTIKE GTIG EXOUEVES TAPOLYPEPOVE.
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MC START

OXI
MC END —_—

Bnua 1(4.2) trials=trials+1

ni MT randomly located requests access

ni MTs pathlosses(PL) calculation for all BSs

()]

<
R nw MT is rejected

NAI

nth MT is allocated to BS b with the minimum
pathlosses(PL)

ni MTs totallosses(TL) calculation

Bnuo 2(4.3) i > BS b requests for S subcarriers to be assigned
to Nty MT

S2remaining
subcarriers

S subcarriers are assigned to ni MT

nih MT is removed

Ps,» power is assigned per subcarriers to n
Bnua 3(4.4) MT

| remove_counter=

[0)4

remove_counter +1

ni MT complies
with power

constrains

NA=

(remove_counter/trials)*100

Ewovad-2: Aopn MC npocopoimong WiMAX duktoov.
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4.2 Eic0d0¢ yp1o6T1) 670 6iKTLO KOl €mAoyn eEunpeTnTn
ota0pov paonc

H eloodog vewv ypnotov (kivntov tepuatikov MTS) yivetar oeprokd. Ot
ovvietaypéveg kdbe veostoehBévioc MT elvor toyaieg petofAntég mov

akoAoVOoVY TV Kovovikn Katavoun (cvvaptnon rand) kot mepropiCovral omd
TOL YEDOYPOPIKA OPLOL TOV JIKTVOV. ZVUVETNDS TPOYPUUUOTIOTIKA 1oYVEL:

xmin = -(1 + 2*tiers) *R+R/2; xmax = -xmin; (4-2)
ymin = -(1 + 2*tiers) *R*(sqrt (3)/2); ymax = -ymin; (4-3)
X = xmin + (xmax-xmin) *rand; (4-4)
Y = ymin + (ymax-ymin) *rand; (4-5)

Omov Xmin, Xmax, ymin, ymax o, Katm Kot Gve Oplo. TOV GUVTETAYUEVOV TV
MT’s X,Y ot cvvtetayuéveg tovg, tiers o aptudg tov daktodiov,R 1 axtiva
™me Koyéine. Xe kabe mpoomdbein e66do0v véov MT ot dokuég(trials)
av&avovtar kato 1. T va eEummpemBel 10 kdBe véo MT amd 1o diktvo
vroAoyilovtor apykd ot andieleg tov Adyw dddoong(Pathlosses) wg mpog
O6Aovg Tovg BS's. Katdmv tov axdlovbwv topadoymy :

o Kevrpun ovyvotra Acttovpysioc=2.5GHz,
¢  Yyog otabuov Bacng(BS)=30m
e  Yyog kivntov teppdrikov(MT)=15m

Ko pe xprion tov poviédov Okomura-Hata pe exBétn amwisidv 3,5

TCpOKﬁTC‘ESIZ Path LOSSGS:10A((137'4 + 35.2*log10(distance))/10) (4-6)
Omnov distance n evkleida amdotacn tov MT amo tov BS.
Ymv ovvéxeww ot PathLosses afpoilovion pe g oandAeleg AOY®
okiaong(shadowing).H okiaon akolovbei tnv Kovoviky katovoun kot £xel
TUTIKY omOKAlon 6=80B cuvvenmg o mepPdiov matlab vroroyiletan wg e€ng:
shadowing=8*randn(1,BSs); 4-7)
Ao ta mapandve abpoicpata (Pathlosses+shadowing) evtoniletal to
EMAYIOTO KOl GVLYKPIvETOL pE TO KaTOPAL Tov 133,4dB (6p1o g evaucOnoiog
TOV O€KTN).ZE TePInT®OT oL To eAdyIoTO dBpotcua dev vepPaivel avtd TO
opro tote o MT avatiBetar mpog e&umnpétnon otov avrtiotoryo BS. Ze
avtifetn mepintwon 10 MT amoppinteTon amd 10 cHGTHA Kot TpooTadel va
e1oéllel 10 emopevo MT,n dwadikacio avtr cuveyiletor péypt va emrevydei
oLVOEDT GTO JIKTLO .Z€ MEPIMTMON GUVEYOUEVOV ATOTVYNUEVOV TPOCTOOELDV
0 TPOGOUOIWTAG HETPE HOVO TV TpdTN 0md Tig dokuég(trials). Metd tnv
avdBeon tov MT og BS,vmoroyilovtal 0t GUVOMKES ATMAELIES TOV ¥PHOTY
®oTe va ANeOovV VI OYNV 0TOV EAEYYO TG 1oYVOE TOL OMOTEAEL ETOUEVO
0TAO10 TNG TPOGOUOIMONG. ZTIG GUVOMKEG AMMAEIEC TPEMEL VO, CLUTEPIANPOET
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Kot 0 ovvteAeoTNC Yoviakng eEacbévnong tov BS (ATTENUATION) ondte
vroAoyileTon o Topéag otov omoio avinkel To MT pe v dadikacio g
toueonoinong(SECTORIZATION). Mg képdog kepaidv Gain MT=0dBi yia to
MTs kot Gain_ BS=14dBi yia. tovg BSs éyovpie tedikd :

TOTALLOSSES(dB) = Pathlosses+shadowing +ATTENUATION-Gain_BS-
Gain_MT) (4-8)

2T0V TPOCOUELMTN 01 TIES petpovvion o€ Watt cuvenmg:
TOTAL_LOSSES per MT=(LOSSES*ATTENUATION)/(Gain_BS*
Gain_MT) (4-9)

Onov LOSSES= Pathlosses+shadowing

2NV ENOUEVN TOPAYPAPO TEPTYPAPETOL 1) avEBeST vITOKAVOAIDY 6To. MTS.

4.3 Ava0eon vIOKAVIALOV GTOVS YPNOTES

Metd Vv €i60d0 kdbe vEov ypNoTn GTO HIKTLO KO TNV EMAOYT TOV GTAOLOD
Baong yivetar avéBeon vrokavalodv oto MT's pe Bdon tov adydpbuo mov
éxer  emAéye.  Ov  odyopipor  mov  pehemOnkav  elvor o1
SEQUENTIAL(3.5.1.3),RANDOM(3.5.1.3) kar MSNR(3.7.4). To min0o¢ tov
VTOKOVOAM®OV oL decpevel kdbe MT kabopiletal kot TV TOPAUETPOTOINOT
npw Vv évapén tov MC. Ze kdbe otabud Paong avtiotolyovv 64 vToKavailo
evd oe kdbe MT avaribevioanr 2,3 11 4 vrokavAaAle avdloyo TO GEVAPLO. X&
nepintwon mov 1o mAN0og Tov vrokoval®v ta omoia oteiton to MT elvan
LEYOADTEPO a0 TO TANOOC gvamopeivoviov mpog d1dfecn VTOKAVOAMY TOV
BS 10te 10 MT agapeiton amd 10 diktvo Ko o petpnng remove_counter
av&avet kata 1.

4.4 Ava0eon ko £AeYY0G 1oYVOG

Ta cOyypova acvppota dikTvo VTOEEPOVY Ad OpOdWAKES TTapepforéc. O
LETPLACUOG KOl 1) KATAGTOAY] QVTAOV TOV TOPEUPOADY glvol oNUOVTIKOS Yo TNV
avénon g yopNTIKOTTOS Kot TV PeAtioon g amddoons tovs. Baoikog
TOPAYOVTOG YOl TNV OVIUETOTICT TOV OHOOILAIKAOV TopeUPoridv sivar o
ENEYYOG TNG EKTEUTOUEVNC 1GYVOG TPOG TOL TEPLOTIKA Kol KUPIMG TOL TEPLOTIKA
nmov  g&ummpetodvioar  amo  otabuovg  PACNG  YETOVIKOV  KLYEADV.XTOV
TPOGOUOIMTY OV YPNCLUOTOMONKE GTNV TOPOLGO SMAOUATIKY 1 avdOeon
woyvog yivetar emdvovtag 1o 0KOAoLOO ypappKd COOTNUN, ©OCTE Vo
ocvvunohoyifoviar ot cuvolMkég omdieleg ovd MT kot to OHOSIOLAIKA
TEPUOTIKA (TEPUATIKA TOV EKTEUTOVY GTO 1010 VITOKOVAAL).

Pn,s
— TLy i —_ —_ N Tlnk
SNRns = ——p—=>P, s = SNRns *(Z =1 Prs =2 +1*TLy, ) (4-10)
n=1,TLnrl-+I n#n’ nl
n#n ,

Onov s ta vrmokavaio mov avatibevtar oto Ny MT ,n" to opodtowikd
TEPLLOTIKGLK Kat | 01 Topglg oToVg 0moiovg avikovy ta N kat N’
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Metd v avaBeon 16y00¢ EAEYXETAL OV 1) VITOAOYIGUEVT EKTEUTOUEVN 16Y0C
mpoc 10 MT egivan peyorvtepn amo 0 ko pkpdtepn omo 1W.Av to MT dev
mAnpet Kamolov amd awtovg ToVg 2 TEPLOPICHLOVS apatpeitatl and to dikTvo, 0
petpntig remove_counter oav&daver kato 1,00 oyetikol mivokeg Tov
TPOCOLOIMTI AVOVEDVOVTOL Kot Tpocmadel va e16€A0L To emdpevo MT.

4.5 Anoteléopata Tposopnotd@ce®v otktvov WIMAX

Ta cévoplo Twv TPOCOUOIDGE®Y, OV EKTEAEGHNKOV GTO HELOVOUEVO SIKTVLO
pHe okomd TN UEAETN TNG YOPNTIKOTNTOG KOl TNG KATOVAA®MONG 1GYVOG TOV
SKTHOV, OCLYKEVIPOVOVTOL GTO Topakdte wivaka (4-2). X ouvvéyewn
TOPOVGLALOVTAL TO, ATOTEAECLLATO LLE LOPPT] YPOUONUAT®OV, OCTE VO, GLYKPLOOVV
oL TeYVIKEG avdbeong VROKOVOAMAOV TOL  pHeAeTHONKOV ©G TPOg TNV
KATOAANAOTNTO, TOVG GTNV OVIIUETOMION OUOdOVMK®V Taperfoiav. Télog,
vroAoyileTon o deiktng ducotocvvig woyvog PFI pe xpnom g oyéonc:

n pp2
PRI = 2= P g7y

NI Pi
Omnov Pi 1 1006 kaBevog amo toug N xproTec.

H mhatedpua éxetl delktn dikodovvng ico pe 1 yia tovg mdpovg cuyvotnTog,
a@o¥ otV évapén kabe MC Bewpodpe 0Tl 6TOVG EELTNPETOVUEVOVS YPTOTES
avatifetot o 10106 ap1OUOg LTOKAVAALDV.

IMOavoTn AlyoprOpog YroKkava,
T0 avadeong

Mo avao
ATOKAELG )
pod xpiioT
SEQUENTI
AL
RANDOM
MSNR
5% SEQUENTI 2 3 4 2125
AL
RANDOM
MSNR
5% SEQUENTI 2 3 4 2/50
AL
RANDOM
MSNR
15% SEQUENTI 2 3 4 2/2
AL
RANDOM
MSNR
15% SEQUENTI 2 3 4 2/25
AL
RANDOM
MSNR
15% SEQUENTI 2 3 4 2/50
AL
RANDOM
MSNR

30% SEQUENTI 2 3 4 212
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AL
RANDOM
MSNR
30% SEQUENTI 2 3 4 2/25
AL
RANDOM
MSNR
30% SEQUENTI 2 3 4 2/50
AL
RANDOM
MSNR
5% SEQUENTI 2 3 4 212
AL
RANDOM
MSNR
5% SEQUENTI 2 3 4 2/25
AL
RANDOM
MSNR
5% SEQUENTI 2 3 4 2/50
AL
RANDOM
MSNR
15% SEQUENTI 2 3 4 2/2
AL
RANDOM
MSNR
15% SEQUENTI 2 3 4 2/25
AL
RANDOM
MSNR
15% SEQUENTI 2 3 4 2/50
AL
RANDOM
MSNR
30% SEQUENTI 2 3 4 212
AL
RANDOM
MSNR
30% SEQUENTI 2 3 4 2/25
AL
RANDOM
MSNR
30% SEQUENTI 2 3 4 2/50
AL
RANDOM
MSNR

Mivakag 4-2: Levapia tpocopotd@cedvWiMAX

Apyikd, GLYKEVIPOVOVTOL TO GYETIKA HE TNV YOPNTIKOTNTO omoteléopota. o
300MC,1 tier, 2 MT ka1 mbovotTo anokAeiopod 5%, 15%, 30%. ITapatnpeiton
(ewoveg 4-3,4-4,4-5) 611 pe v ovénon TV VITOKAVOAOV avEa ¥pHoTI UEIDVETOL 1|
xopNTIKOTNTA Yiotl avEdvovtor ot OpodaAKEG TapEUPOAES, apov givar mbBavoTepo
o1 ¥pNoTEG VA €OV TPOGPUOT GE KOWA KOVAALL,LE OTOTEAEGLLO VO, OTOPPITTOVTIOL
nePlocOTEPOL ¥pNoteg.Me v avénon g mBavoTNTag OMOKAEIGHOD ovEAveTon 1|
YOPNTIKOTNTO, KOODC €5’0plopov emiTpémel peyoAdTEPO Femove_counter, omote
EKTEAOVVTOL TTEPIGCOTEPES AMOTVYNUEVEG TTpoomdfeleg péxpt v Anén g MC 1o
omoio teivel va avENoetl Tov aplipod Tov YpNoTOV 6TO0 GUVOAO TOVS KAOMDS avéavetat o
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YPOVOG TV TPOGOUOIDCEMV.ATO TAEVPAS alyopiOumy 0 GEPLUKOC VOTEPEL APOV TO
TPOTO, TEPUOTIKA KAOe oTabpov PBdaong ekméumovv ota 1010 vIToKavaio. Avtd
av&avet TIG OPOOIVMKES TAPEUPOLES LLE AMOTEAEGUA TN LELMOT TNG YOPNTIKOTNTOC.
O RANDOM avtayovitetor tov. MSNR pe tov mpdto va vrepioydet yuoo 3
vrokavaAMo avd ypnotn. Amo v aAAn mhevpd o MSNR £yel otabepd peyorldtepn
YOPNTIKOTNTA Y10 4 VTOKAVAALL OVE XPNOTN.

Axolov0wg avEdvetor o apBudg Tov kepormv ekmounns (MT). Qote va peretndei n
enmidpaon mov Ba £xel avtd oty amdéoon tov MSNR.Ot dAdot 2 akydpiBuot dev
KAVOLV YPNOT TOL KOVOALOV, otoTe dev ennpedlovtal. Me v adénon tov Kepomv
ekmoumng oe 25 (ewodveg 4-6,4-7,4-8) mopotmpeiton po pikpn  peimon g
XOPNTIKOTNTOS TOL d1kTOHOL OTav yiveral xprion tov MSNR.AVTO £xel og amotéleopa
va vreptepet mAéov o RANDOM tov MSNR kot yia 2 vrokavaio avé ypnom.[a 4
vrokavaia ové xpnot o MSNR g&akorlovBel va £xet kKadbtepn anddoon.

2V cvvéyxeto avénonke kot GALO 0 aplBpdOg TOV KEpo®Y KTOUTNG o€ S0

(ewdveg 4-9,4-10,4-11).H mepoartépo avénomn tov kepoudv ekmoumig av&dver
yopntikdTnTa otV nepintwon tov MSNR yo mbBavomta 15% kot 2 vrokoavaiio avé
xpnom.
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Ewovad-3:Xopntotnra WiMAX cevapo 1.1(tier=1 Mt=2 PF=5%)
PF 15% Tier 1 Mt 2
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Ewovad-4: Xopntotnra WiIiMAX cevapio 2.1(tier=1 Mt=2 PF=15%)
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Ewévad-5:Xopntkotnro WiIMAX cevdpio 3.1(tier=1 Mt=2 PF=30%)
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Ewovad-6:Xopntotnro WiMAX cevapio 1.2(tier=1 Mt=25 PF=5%)

68



PF 15% Tier 1 Mt 25
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Ewovad-7:Xopntotnra WiMAX cevapro 2.2(tier=1 Mt=25 PF=15%)

PF 30% Tier 1 Mt 25
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Ewovad-8:Xopntkotnro WiMAX cevdpio 3.2(tier=1 Mt=25 PF=30%)

PF 5% Tier 1 Mt 50
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Ewévad-9: Xopntkotnro WiIMAX oevdpio 1.3(tier=1 Mt=50 PF=5%)
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PF 15% Tier 1 Mt 50

Mean number of active MTs
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Ewovad-10: Xopntikotnta WIMAX ocevapio 2.3(tier=1 Mt=50 PF=15%)
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4-12,-4-20) n omoio givot OT®MG avapevoTay avaioyn g xopntikoTtag.Ot Ypopikés
TapacTacelg g péomng loydog yio OAa To Tapamdve cevapla peaviovv akppdg o

1010 potifo pe ™ yowpnTIKOTNTOL.
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Ewovod-11:Xopntwommra WiMAX cevapio 3.3(tier=1 Mt=50 PF=30%)
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Ewovad-12: Zvvolkn Méon Ioyog WIMAX cevapio 1.1(tier=1 Mt=2 PF=5%)
PF 15% Tier 1 Mt 2
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Ewovad-13: Zvvolkn Méon loyog WiMAX cevipro 2.1(tier=1 Mt=2 PF=15%)
PF 30% Tier 1 Mt 2
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Ewovod-14:Xvvorikn Méon Loydg WIMAX cevapio 3.1(tier=1 Mt=2 PF=30%)
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Ewovod-15:Zvvoriky Méon Ioydg WIMAX cevdpio 1.2(tier=1 Mt=25 PF=5%)
PF 15% Tier 1 Mt 25
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Ewévad-16:Xvvoikn Méon Ioydg WIMAX cevépro 2.2(tier=1 Mt=25 PF=15%)
PF 30% Tier 1 Mt 25
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Ewovad-17:Zovolkn Méon loydg WIMAX cevapio 3.2(tier=1 Mt=25 PF=30%)
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PF 5% Tier 1 Mt 50
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Ewovod-18:Zvvorikny Méon Ioydg WIMAX cevdpio 2.3(tier=1 Mt=50 PF=5%)
PF 15% Tier 1 Mt 50
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Ewovad-19:Zvvolikn Méon loydg WIMAX cevapio 2.3(tier=1 Mt=50 PF=15%)
PF 30% Tier 1 Mt 50
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Ewovad-20:Zovolkn Méon loydg WIMAX cevapio 3.3(tier=1 Mt=50 PF=30%)
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Mo v aocearéotepn e&aywyn CLUTEPACUATOV GYETIKAOV LE TNV GYD TOL
KOTOVOADVEL TO O1KTVLO LTOAOYIGONKE HEC® TOV TPOGOUOLMTN N 1GYVG VA TEPUATIKO
(ewoveg 4-21,-4-29). I'evikd mapatnpeitol 0Tt PeYaAo HEPOG TG 100G
eCowkovopeitatl. H péyiotn 1oy0¢ mov pmopel va katovalmoel Ka0e tepuatikd eivat 1o
1W. Evtéhet, Omwg @aivetatl amnd o OTOTEAEGLATO GE KOVEVA GEVAPLO 1|
KaTavaAoKOUEVT 1oyY0G dev Eemepva T 285MW.To mocosto g 16Y00g ToL
eEowovopettar etvon 71,5% ,mpdypa mov Kab1otd 10 d1KTVLO PLAMKO TPOGS TO
nepPdiov, evd 1o peydro amdbepa 1yvog umopel va ypnooromel yio v
e&ummpémnon akdo TEPIECOTEPOV TEPLLATIKOV.

PF 5% Tier 1 Mt 2
0.3 T T

I Prsrandom
[ Pmsmsnr
o [ IPmssequential | -

0.25

Mean Power per MT
o
I o
(9] N

o
[N

0.05

3 4
Allocated subcarriers per MT

Ewéovad-21:Méon loyig ava teppoatikd WiMAX oevapro 1.1(tier=1 Mt=2 PF=5%)
PF 15% Tier 1 Mt 2
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Ewovad-22:Méon loyig avo teppatikd WIMAX cevapio 2.1(tier=1 Mt=2 PF=15%)
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Ewovod-23:Méon Ioyig ava teppatikd WiIMAX oevapio 3.1(tier=1 Mt=2 PF=30%)
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Ewovad-24:Méon loydg ava teppaticd WiMAX cevapro 1.2(tier=1 Mt=25 PF=5%)
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Ewovod-25:Méon Ioydg ava teppatikd WiIMAX oevépio 1.2(tier=1 Mt=25 PF=15%)

PF 30% Tier 1 Mt 25
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Ewovod-26:Méon loyig ava teppatikd WiMAX oevapro 1.2(tier=1 Mt=25 PF=30%)
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PF 5% Tier 1 Mt 50

0.3
- Pmsrandom
- Pmsmsnr
0.25 [ IPmssequential | -

Mean Power per MT
o
a I
[$)] N

4
o

0.05

3
Allocated subcarriers per MT

Ewovod-27:Méon Ioydg ava teppatikd WiIMAX oevépio 1.3(tier=1 Mt=50 PF=5%)
PF 15% Tier 1 Mt 50
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Ewovod-28:Méon loyig ava teppatikd WiMAX oevapro 2.3(tier=1 Mt=50 PF=15%)

PF 30% Tier 1 Mt 50
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Ewovod-29:Méon Ioydg ava teppatikd WiIMAX oevépio 3.3(tier=1 Mt=50 PF=30%)
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A@obd oloxAnpmbnkayv ta cevapia yo. 1 tier o apiBudc toug avéndnke o 2. Zyetikd
HE TN YOPNTIKOTNTO, OTMG KOl GTO TPONYOVUEVE GEVAPLN,TOPATNPEITOL avENOT LE
mv avénon ¢ mBavoTnTag OomoKAEIoUOD Kot peiwon pe TV avénon tov
vrokavolMov avd ypnotr. Emiong o Xeprokodg alyopiBuog amodidel yeipdtepa amd
T0uGg GAAovg 2. Ot Adyor mov cvuPaivouy avtd £govv avorvdel mapandve. AEov
avaeopds sivar mwg 1 amddoon tov RANDOM Bertidveton aichntd yoo 2 wor 4
VITOKOVAAMO avé ypnotn pe v avénomn g mlavomrag amokieiocpov. Etotl evo yua
IMA(PF) 5% epopaviCet v idwo (2 vrokovdiia swdvo 4-30) ko yepoOTEPN
yopntikodTnTa (4 vrokovaiia gikova 4-30) amo tov MSNR yia ITA 30% (gwkova 4-32)
tov Eemepvhel. Ty mepintoon tov 3 vrokavaAov ova ypnotn v [HA 5% mo
amodotikdg eivar 0 RANDOM, duwg pe v avénon g o 15% (gwova 4-31) ko
30% amodider koivtepa o MSNR. T'io ta vméhowma cevaplo 1 YOPNTIKOTNTA
akolovBel 1o 1d0 potifo YowTd Ko dev  cvpmEPAaUPAVOVTAL Ol  YPOPIKES
TOPACTAGELS TV amotelecpdtov. TéLog, mapovstalovtal ot Ypopikeg mopAGTAGELS
™mg yopnTKdTHTOG HOVo Yo tov MSNR, mote va pedetn0el n enidpaomn mov £xet o
avtiv M avénon tov mANBovg tewv Kepoawdv exkmoumng. o pikpn ITA(5%) n
xoOPNTIKOTNTO OV eMMpedleTol aictnTd amd v adHENCT TV KEPALDV EKTOUTNG OE 25
kot 50. X nepintoon mov N ITA avénbel oe 15% epopavileton pio pukpn peiwon g
yopntikdétTag Yoo 3 vrokavaila kot Mt=50. Otav n ITA eivar 30% av&aveton m
xopnTikdTTa OTAY 01 Kepaieg ekmounng avEnbovv and 2 og 25 yia 2 vokovéiio avé
ypnot. ['a 3 vrokavdiio epeavifeTor P pkpn peimon g yopntikottog yo 25
KEPOLEC EKTOUTNG.
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Ewévad-30: Xopnrkotnro WiMAX oevdpuo 4.1(tier=2 Mt=2 PF=5%)
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Ewévad-31:Xopnukotnra WiMAX cevapio 5.1(tier=2 Mt=2 PF=15%)

PF 30% Tier 2 Mt 2

300 . .
I RANDOM
I MSNR
250 [ ISEQUENTIAL | |

200

150

100

Mean number of active MTs

50

3 4
Allocated subcarriers per MT

Ewovad-32: Xopnrkotnra WiMAX cevapio 6.1(tier=2 Mt=2 PF=30%)
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MSNR tier=2 snr=9.6dB

I \it=2 PF 5%
[ Mt=25 PF 5% | |
[ IMt=50 PF 5%

Capacity

3
subcarriers per user

Ewovad-33: Xopnrkotnta WiIMAX pe yprion tov MSNR(tier=2 Mt=2,25,50 PF=5%)
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Ewovod-34:Xopnrikotnro WiIMAX pe xprion too MSNR(tier=2 Mt=2,25,50 PF=15%)
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MSNR tier=2 snr=9.6dB
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Ewovad-35:Xopntkotnra WIMAX pe xprion tov MSNR(tier=2 Mt=2,25,50 PF=30%)

Oocov agopd ) cuvoMKN HéESN oy0 akoAovBEel To 1010 potifo pe TV YOPNTIKOTNTA.
Mo mBavoétta 5% wor 15% 1 avénon tov kepardv ekmoumng dev emnpedlel v
am6doon Tov JikTvov. o avTOV ToV AOYO0 Yo aVTEC TIG TIMEG TG TOAVOTNTOC
AmOKAEIG OV TTopovotdlovtotl ta amotedéopata povo yoo Mt=25(ewdveg 4-37,4-38).
Xe autfv VvV mepinton ta 2 ypoeruate epeoavitoov to ido potifo vy 3 won 4
VIOKOVAAMO avl ypnotn. Zta 3 vmokavdia avd ypnomm o MSNR katavaidvet
neplocotepn oyv amd tov Random ywo ITA 5% pe tov Sequential vo katavoldvet
mv Ayotepn. Avrtifeta ota 4 vrokavaiio Sequential ko Random Bpickovtor ota
dw emimeda pe tov MSNR va givat evieddg asOUQOopog amd TNV Aroyn e 1oYVOC.
Mo 2 vroxavdiia avé ypnotn ko Mt=2 pe v avénon g A oe 15% war 30%
napatnpeitar 1 60 Ko peyodvtepn efokovoumon evépyswog amd tov MSNR
OLYKPITIKA pe TOVG OAAOVG 2. Awmpavtag otobepry v IMA oto 30% Ko
avédvovtog otadtakd tig Mts oe 25 (swova 4-40) ko 50 (swdvo 4-41) éyovue
petmon g 1oyvog Yo 4 vrokavaAla Kot avénon yu 2.
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Ewévad-36: Zvvol) Méon loyog WiIiMAX cevipio 4.2(tier=2 Mt=25 PF=5%)
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Ewovod-37: Zvvohkn Méon loyog WIMAX cevapro 5.2(tier=2 Mt=25 PF=15%)
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Ewévad-38: Zvvolikn Méon loyxog WIMAX cevipio 6.1(tier=2 Mt=2 PF=30%)
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Ewovod-39: Zvvohkn Méon loydg WIMAX cevapro 6.2(tier=2 Mt=25 PF=30%)
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% PF 30% Tier 2 Mt 50
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Ewovod-40: Zvvorkn Méon Toyog WIMAX cevapro 6.3(tier=2 Mt=50 PF=30%)

H péon 1oy ava teppatikd eaivetor va unv emnpedaletat and to tAnbog tov Mts
KaBdG oev eppavifoviot Sapopég 6Ta ATOTEAEGLOTA TWV TPOGOUOIMGEWV. I't avTdV
70 AOY0 TOPOKAT® TOPOLGIALOVTOL O1 YPAPIKES TAPUCTACES Yoo Mt=25 (ewdveg
4-41,4-42,4-43).To diktvo e€okovopei mepimov 10 70% g 16Y00g, dedopévov 0Tt o8
KOVEVO a0 TO, GEVAPLOL OEV KaTAVOAL®VEL TEplocdTEPa amd 300mWV.
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Ewovad-41:Méon loydg ava teppatikd WIMAX cevapio 4.2(tier=2 Mt=25 PF=5%)
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Ewovad-42:Méon loyog ava teppaticd WiMAX cevipro 5.2(tier=2 Mt=25 PF=15%)
PF 30% Tier 2 Mt 25
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Ewovad-43:Méon loyog ava tepuaticd WiMAX cevapro 6.2(tier=2 Mt=25 PF=30%)
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Ene1on ot akydpiOpor RANDOM kot MSNR gpoaviovv peydio avioyovioud g
TPOG TNV YOPNTIKOTNTA Y10 TV EEAYMYY] GUUTEPAGUATOV EKTEAEGON KAV TO 1O10L
oevapla yuo 500 MCs.H avénon tov MTS dev ennpedlet v yopntikdtnto. Movadikn
e€aipeon N mepintwon mov avénbovv oo 2 ce 25 yio mboavotTa 15% kau 1 tier dmov
av&avet TV YOPNTIKOTNTO TOL SIKTOOVL e ¥pron Tov MSNR.Xe avti v mepintwon
0o MSNR vreptepei oo RANDOM yua 4 vrokavaiio ava xpnotn.Ze 6Aa to vTOAOITO
oevapla vepéxet 0 RANDOM.O Adyog ot 0 MSNR diver peyadvtepn Eppaon otnyv
ToOTNTA TOV KavaA®dv mov avotifevioupéyioto SNR) kot yaAdet Tnv toyaidmma
otV onoia Baciletor o RANDOM.
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Ewovad-44:Xopntotnra WiMAX 500MC(tier=1 Mt=25 PF=5%)
PF 15% Tier 1 Mt 2
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Ewovad-45:Xopntcotnra WiMAX 500MC(tier=1 Mt=2 PF=15%)

2
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Ewovad-46:Xopnrkomnta WiIMAX 500MC(tier=1 Mt=25 PF=15%)
PF 30% Tier 1 Mt 50
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Ewovad-47:Xopnrotnta WiMAX 500MC(tier=1 Mt=50 PF=30%)
PF 5% Tier 2 Mt 50
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Ewévad-48:Xopnrkotro WiMAX 500MC(tier=2 Mt=50 PF=5%)
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Mean number of active MTs
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Ewovad-49: Xopnrkotnta WiMAX 500MC(tier=2 Mt=50 PF=15%)
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Ewovad-50: Xopnrkotnta WiMAX 500MC(tier=2 Mt=25 PF=30%)

H péon oy0g axorovbel Ommg fTav avapeEVOLEVO TNV YOPNTIKOTNTA.
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Ewovod-51:
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Tvvoliky Méon Ioyog WiIMAX 500MC(tier=1 Mt=25 PF=5%)
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Ewovad-52: Zvvolkn Méon Ioyog WiIMAX 500MC(tier=1 Mt=2 PF=15%)
PF 15% Tier 1 Mt 25

4.5 T

.
I Prandom
[ IPmsnr a

4t

35

3t

Mean Total Power

N I

Allocated subcarriers per MT

Ewovad-53: Zvvolikn Méon Ioyog WiIMAX 500MC(tier=1 Mt=25 PF=5%)

PF 30% Tier 1 Mt 50

35

T
I Prandom
[ IPmsnr

30 [

N N
o (4]
T T

Mean Total Power
o

o

4

2

Allocated subcarriers per MT

Ewévad-54: Tvvolikn Méon loyvc WIMAX 500MC(tier=1 Mt=50 PF=30%)
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Ewovad-55: Zvvolkn Méon Ioyog WiIMAX 500MC(tier=2 Mt=50 PF=5%)

4.5

4

3.5

3

25

2

Mean Total Power

1.5
1
0.5

0

Ewovo4-56:

Mean Total Power

Ewovod-57:

PF 5% Tier 2 Mt 50

T

I Prandom
[ IPmsnr i

Allocated subcarriers per MT

3

PF 15% Tier 2 Mt 50

90

80 -
70
60 -
50 -
40
30 -

20

Tvvoht Méon Ioyde WiIMAX 500MC(tier=2 Mt=25 PF=30%)

T
I Prandom
l:l Pmsnr 7

1 o

Allocated subcarriers per MT

Yvvoikn Méon Ioxdg WiIMAX 500MC(tier=2 Mt=50 PF=15%)

PF 30% Tier 2 Mt 25

2

3
Allocated subcarriers per MT

90

- Prandom
|:| Pmsnr
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Téhog amd v péom oxd ava ypnot oeaivetor ot 1o diktvo eEakorovbel va
e€ikovopel Ta idwa enimeda 16yvog pe To oevipla twv 300MCs.

PF 5% Tier 1 Mt 25

0.3 T
I Pmsrandom
[ IPmsmsnr
0.25 4
E o2f 1
.
@
a
@
2 0.15 1
o]
o
c
3
s 01r 1
0.05 1
0 . .
2 3 4

Allocated subcarriers per MT
Ewovad-58:Méon loydg ava teppaticd WiMAX 500MC(tier=1 Mt=25 PF=5%)

PF 15% Tier 1 Mt 2
0.3 T T

Il Pmsrandom
[ IPmsmsnr

Mean Power per MT
o
N o
[¢;] N

o
[N
T

3 4
Allocated subcarriers per MT

Ewéovad-59:Méon loyig ava teppoticd WiMAX 500MC(tier=1 Mt=2 PF=15%)
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03 PF 15% Tier 1 Mt 25

T
Il Pmsrandom
o [ IPmsmsnr

0.25 1

Mean Power per MT
o
Y o
(9] N
1 1

e
-
L

2 3 4
Allocated subcarriers per MT
Ewovad-60:Méon loyog ava tepuaticé WiMAX 500MC(tier=1 Mt=25 PF=15%)

03 PF 30% Tier 1 Mt 50

- Pmsrandom
:] Pmsmsnr

Mean Power per MT
o
&

2 3 4

Allocated subcarriers per MT
Ewovad-61:Méon loyog ava tepuaticé WiMAX 500MC(tier=1 Mt=50 PF=30%)
PF 5% Tier 2 Mt 50

0.3

I Prsrandom
[ 1Pmsmsnr

Mean Power per MT
o
~ o
w N

o
N
T

2 3 4
Allocated subcarriers per MT

Ewévad-62:Méon loyig ava teppoticd WiMAX 500MC(tier=2 Mt=50 PF=5%)
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03 PF 15% Tier 2 Mt 50

T
-Pmsrandom
:]Pmsmsnr
0.25 1
£ o2t 1
@
%
$o1sf 1
o
o
c
3
s 01r B
0.05 - 1
0 | |
2 3 4

Allocated subcarriers per MT
Ewovod-63:Méon Ioydg ava teppaticd WiMAX 500MC(tier=2 Mt=50 PF=15%)
PF 30% Tier 2 Mt 25

0.3 T T
I Prsrandom
—_— :]Pmsmsnr
0.25 a
E o2t .
[0}
Q
o5t .
1S
o
c
3
s 01f b
0.05 [ b
0
2 3 4

Allocated subcarriers per MT

Ewovad-64:Méon loyig ava teppaticd WIMAX 500MC(tier=2 Mt=25 PF=30%)

Me ypnon tov mapakdte cevapiov vroloyicOnke o PFI péow g oyéong (4-11). Ta.
anoTELEG O, GLYKEVTPMONKOV 61OV akdlovBo mivaka. Zeympifovv o Sequential yio 2
vrokavdAioe kot o Random vy 4 6mov o PFI ayyiler v povada. T'evikd ot 3
alyopBpot etvar oxetikd dixkatot apod £yovv PFI > 0.5355.

MT =2 MC = 300
SEQUENTIAL RANDOM MSNR

Yrokavaiwa/xpiotn ¥4 3 4 2 3 4 2 3 4

Mivakag 4-3: Yroloyloudg PFI WIMAX
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4.6 Xovoymn kKeparaiov

Y10 kedAao 4 mEPLYPAPNKE O TMUICTOTIKOG TPOGOUOIMTNG TOV HUEUOVOUEVOL
WIMAX 61KTO0V 7OV KOTOOKEVACTNKE OTOL TAOIGLA TG €V AOY® SUTAMUOTIKNG. ZE
avtdv Tov  mpocopowmdnkov ot alyoptBpor RANDOM SEQUENTIAL kot MSNR
KOl TOL OTOTEAECUOTOL OTEIKOVIGTNKAY GE YPAUPIKES TopaoTAcelS.Ol Tpelg akydpifpuol
oLYKpPIONKOY ®G TPOG TNV AmOS0GT TOLG GYETIKA HE TN YOPNTIKOTNTO Kol TNV
KOTOVAA®GON 10Y00G TOV SIKTOOL KOl VTOAOYIGTNKE Kol O OEIKTNG SIKOOCVLVNG TNG
1oyvog toug. ['a ™ yopntikdmTa Bynrav ta e£1g cupmepdouata
e O SEQUENTIALegupaviler ™ yxepdtepn amddoomn,  apov avEAVEL TIC
OHOOTVAIKES TTOPEUPOAEG KOOMDC Ta TPpDTO TEPUATIKG KAOE oTadpov Paong
EKTEUTOVY GTO. 1010 LVITOKAVAALOL.
e O MSNR é£pyetan de0TEpOg 0TO TEPIGTOTEPQ TOV GEVAPimV. O AdYog etvar 4Tt
0 &v AOY®m aAyopiBuog divel peyaddtepo PApog oty avabeon KovoA®V pe
KOADTEPO SNT,GLVENMG TLO TOLOTIKADV.
e H tuyaia ¢don oo RANDOM eEacporilel peyaldtepn yopntikoma ond
T0VG 2 dAhovg akyopiBuovg.
H xotoavédioon oyvoc akolovbel ) yopnrikdotnto.Eniong egoucovopeitor to 70%
™m¢ loyvog apod M péon toyxdg ava ypnot dev Eemepvd to 300MW eved kdbe
VIOKOVAM pmopel va Katavaimocet péypt 1W
Téhog, Ocov agopd To Ociktn dwkaooHvng OAot ot aiyopiBuol Bewpodvrtal
dtkanot. EEaupetika  amotedéopato pe PFlI oxeddv povéda eppoviCovv yuoo 2
vrokavaAlo kow o Random yia 4 .

[Tépav amd 1 ocvykpion TV oAyopiBumv ®g TPOg ™ YOPNTIKOTNTO Kol TNV 1YV
peAetnnke m emidopacn mov eiye 610 KAVAAL M aOENCN TOV KEPALOGTOLKEI®V
exmoumg otov aiyopifpo MSNR.IIpocopoimOnkay cevapla pe 2,25 ko 50 kepaieg
ekmounng kabdg o MSNR «éver yprion tov kavaiov(CSl).Ilopatnpribnke Ot 1
avénon touvg and 2 oe 25 av&aver ) yopntikotnto yuo. [TA 30% ko 2 tiers otav
avatifBevtor 2 vmokavdAo ovo ypNoTn, oLEAVEOVTOS TNV EKTEUTOUEVT] 1GYV TOV
JKTVO.
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Kegpaiao 5: MAaT@Oppa TPOGOROLwONG ETEPOYEVOVG
Swktvov

Me Bdon 1o diktvo NG TPoNyoLUEVNC evOTTOG OMUOVPYNONKE €va €TEPOYEVEG
diktvo TéTAPTNG YeVIdG. XTo etepoyevéc diktvo 1o diktvo WIMAX(macronet)
ovvemkovpeitar and évo pkpotepo WiFi(piconet) diktvo. Tnv mapdypago 3.5.4
avaeEéptnkay To TAEOVEKTAUOTO TNG OVYKAMONG TV 2 ouTdv Tpotumev. To
devtepevov diktvo ypnotpomolel v teyvikn OFDMA yio v moAlamAn tpodcPaon
Kot 1 Aettovpyio Tov €xel 6ToY0 TV omocvpeopnon tov WIMAX (ntpotedov diktvo).
210 KEPAANLO VT YivETaLl EKTEVIS OVOPOPA GTOV TPOGOUOLMTH Kol TALPOLGLALoVToL
TOL OMOTEAEGLOTOL TV TTPOGOUOLDCEMY TOV ETEPOYEVOVS OIKTVOV.

5.1 ApytteKTOVIKI] TOV TPOGOUOLOTY

Onwg kot oto standalone diktvo Tov TPONYOVUEVOL KEPAANIOV, TO ETEPOYEVES HIKTLO
armoteleitar amo 1 M 2 tiers(7 1 19 kvyéreg). Ot otabpoi Baong tov WiFi
tomofetovvTal o€ amoctacn R/2 (6mov R 1 aktiva g kKoywéAng) amd Toug
avtiototryovg Tov WIMAX(gwcova 5-1).

L U L U U L U

4 - zapg i

3T “ o9
om /] o>m
2 % mg .\n gn
| ﬁ’

xPp1
0 ml15 ... ..
o‘nl ‘m
10 ’
mio0 =m5 =M
iSl28HEe ml?
Nl ’ o |

II.L.L

Ewéva 5-1: Kuyehkn d1dtaén £1epoyevoids SIkTHov.
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H xepaio xéOe otabpov Pdong tov eivar opotokatevBovrikn pe vyog 10m, képdog
11dBi kot SNR 5dB. Adyw ¢ opotokatevbuvtikdtTog Katd tov vIoloylopud tmv
GUVOMK®V omwAeudv veogioeAdoviog MT yivetar ypriion g (4-9). Opwg to
Attenuation Oswpeiton otabepd kot apeAntéo. IMapakdtm cLYKEVTIPOVETOL TO GOVOAO
TOV TOPAUETPOV TOV ETEPOYEVOLS dKTVOV(TTivakag 5-1)

ITAPAMETPOZ TIMH

Axriva koyéing(R) 1km

ApOpog daxtvriov(tiers) 1-2

Ywyog 6tadpov Bacng(BS macronet)/ (BS 30m/10m/15m

piconet)/kivntot teppatikov(MT)

Kevrpu) ocoyvéotnta Aertovpyeiog 2,5GHz

Yuvoliko £vpog Lovng Aettovpyeiag 10MHz

"Evpog {avng @épovtog 156,25KHz

Teyviki orapopeong QPSK

Teyvikn moArhamiig npocPaong OFDMA

Yrokavaia ava BS 64

Yrokavaio ava MT 2 3

I 00¢ kepar®dv ekmopmic/Ayng(Mr/Mt) 2[2  2/25 2/50

Movtélo dradoong Okomura-Hata
(exbétng amwiemdv 3,5)

Awaypoppa oxtivofforiog macronet Broadside Gain=14dBi

Front-to-back ratio=20dBi
"Evpoc nuiceng 1oyvog(3dB)=70
Képdog kepaiag piconet 11dBi

Tuvmki awékiion okiaong 8 Db

SNR macronet/ piconet 9,6 dB/5 Db

Méywotn oy ava BS/ macronet/ piconet/MT 43dBm/43dBm /30dBm
Eninedo Ogppikod Oopvpov -104dBm

IMOavétnTa amrokielopov 30%

IMM00g MC mpocopordcemv 300

o

Mivaxag 5-1: [apdapetpot etepoyevoig S1KTHOL

O1 MC mpocopoudoelg mov ekteléchnkayv 6to £1epoyevég 6ikTvo amotelohvtor amo 3
BAuorto, avtiotorya pe to standalone, pe povn dwapopd 6t oto Prjpa 1 apéomg petd
TOV VTOAOYIOUO TV OTMAEIDV Aoy® d1ddoong (pathlosses) yio to MT mov arteiton
obvdeon,epocov  dev  Eemepvoblv 10 Oplo  tev  133,4dB, emdéyetan 10
vrodiktvo(WIMAX- macro,WiFi-pico) mov 0o 10 efumnpetiost. v cvvéyela
avatifevtat Topot cvyvotntag (Prua 2) otov e€vmmpetnty BS (macro-pico). o v
avdBeon vrokavaladv otovg BSS dev yivetar ypnon tov ceplakod adyoptOpov, apov
BeopnOnke acHUPOPOC Yo TOLE AOYOVS oL ovaEEPONKaY oty Tapdypopo 4.4.
Télog yivetar LTOAOYICUOG TNG EKTEUTOUEVNC 1GYXVOG HE EMIALGY] TOL YPOLUIKOV
ovotiuotog (4-10) avaroyo to vrodiktvo (mMacro-pico) mov e€vmnpetei o MT kot
éheyyoc o1t m woyver 0<P<1l W.H MC oloxinpdvetror Otov Eemepaotel m
npokabopiopévn ThovoOTNTO AToKAEIGUOD (E1KOVA 5-2).
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MC START

NAI
NA<MNAmax
|
Bnua 1(4.2) trials=trials+1
|
ni MT randomly located requests access
I
nth MTs pathlosses(PL) calculation for all BSs
|
OXI
PL<PLmax
nw MT is rejected

NAI

ni MT is allocated to network with the
minimum pathlosses(PL)

nih MT is allocated to BS b with the minimum
pathlosses(PL)

|
nth MTs totallosses(TL) calculation

Buo 2(4.3) H BS b requests for S subcarriers to be assigned
to ny MT

S=remaining

subcarriers

S subcarriers are assigned to nin MT

ng MT is removed

Ps,» power is assigned per subcarriers to ni
Bnua 3(4.4) MT

remove_counter=

remove_counter +1
OXI -

ni MT complies

with power
constrains

NAI nA=

(remove_counter/trials) *100

Ewova 5-2: Aopun MC mpocopoioong tepoyevong S1ktHov.




5.2 ATOTELEGLOTO TPOGOUOLAOGEMDY ETEPOYEVOVS OIKTVOV
Xtov mivoko 5-2 glvol CUYKEVIPOUEVO, TO GEVAPLOL TOV TPOGOUOUDGEDY TTOL

ekteEléctniay oto €tepoyevég diktvo. To diktvo WIiFI éxet SNR 5dB eved 10 WIMAX
9,6dB.

Yevapuo Tiers IMBavoTnTo AlyoprOpog AlyoprOpog Ynokavaio

AmokAelcpov Avafeong ovaBeong ave. ypRioT
WIMAX WiFi (WiIiMAX,WiFi)

30% RANDOM RANDOM (2,2),(2,3),(3,2) 212
30% RANDOM MSNR 22) 2/2,2/25,2/50
30% RANDOM MSNR (2,3) 2/2,2/25,2/50
30% RANDOM RANDOM (2,2),(2,3),(3,2) 2/2
30% RANDOM MSNR 22) 212,2/25,2/50
30% RANDOM MSNR (2,3) 212,2/25,2/50

Mivakag 5-2: ZEVAPLO TPOGOUOIDCEWDY ETEPOYEVOVS IKTVOL

Apywcd Tapovstalovtol ot YPAaQPIKEG TOV APOPOLV TN YOPNTIKOTNTO Y10 TO GEVAPLL
uel tier. v mepintwon tov cevopiov 1 (ewova 5-3), 6mov o akyopduog avédeong
eivar 0o (RANDOM) kot ota dvo vmodiktva, to WIFI gupavifel peyoldtepn
YOPNTIKOTNTA Y10 2 VITOKAVAALL avad ¥pNnotn. Avtd givar Aoyikd apod to WIiFi éxet
pikpotepo SNR ko dpo eppoviler peyodvtepn ovoyn oto 06pufo Kot oTIg
TopEUPOLEC e OMOTEAEGHO TNV EG0YWYN TEPLGGOTEPOV YPNoT®V. A&loonueimto
emiong etvor OTL pe v avénon TtV vIoKovVOA®V avd  xpnotn o€ éva amo To 2
vrodikTLa Kot dpa T Helmon TG YOPNTIKOTNTAG TOV, LEMVETOL 1] XOPNTIKOTNTA KOt
Tov GAlov. Etolr @aivetor 1 COUTANPOUATIKY AETOLPYElR TOV  VLTOJKTO®V
WIMAX,WiFi (napdypagoc 3.5.4). opotnpeiton, emiong, mmg He TNV ¥PNoT TOL
MSNR oto WiFi ko1 tov Random oto WIMAX yio 2 vrokavaiio avd ypnot
avEAVETOL 1] YOPNTIKOTNTO TOV &€TEPOYEVODC O1KTVOL (oevaplo 2 ewdvo 5-4).H
YOPNTIKOTNTO QTAVEL TN UEYIGTN TIUN NG Yo 25 Kepaieg ekmounmng. Avti 1 avénon
opeiketon otnv avénon g yopntkomrag tov WIiFi mov odnyel oty €icodo
nepLocdtep®V Ypnotdv kot 6to WiMAX. ‘Evog aptBudc ypnotdv mov aroppintovioy
oto standalone WIMAX diktvo pe omotédeopa tnv avénon tng mbavotmrog
anokAglopod TAéov eEumnpetovvtat amd to WiFi divovrag oto WIMAX tov xpdvo va
efummpetoel  peyoAuTeEpo aplBpd KvNTOV TEPUOTIKOV. XTNV TEPIMTOON TOL
avénBovv ta vrokovaAla avd Kivnto tepuatikd oto WiFi og 3 (oevaplo3 swkova 5-4),
mpdypa mov odnyel ot pelwon ™S YOPNTIKOTNTOS TOV, TPOKAAEITAL 1 HEIWON TNG
yopntikodttag kot tov WiMAX. Me v adénon tov Kepoidv ekmoumc avavetot 1
yopntikodtta oto WIiFi. Oumg, n xopnTikoTTo Tov £1EPOYEVONE SIKTHOV TAPAUEVEL
LKPOTEPT) GLYKPITIKA LE TO oevdplo 2 (gwova 5-4). Xe oxéon pe v avtiotoyn
nepintwon tov cevapiov 1 ot ypnoteg etvan mepiosodtepot, onote 0 MSNR vrepioydet
00 RANDOM wg mpog v yopntikdmra 6to diktvo WiFi.
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Mean number of active MTs

PF=30% tiers=1 Mt=2

Mean number of active MTs

350 . .
I \WiMAX(RANDOMWIiMAX/RANDOMWiFi)
| [ WiFi(RANDOMWiMAX/RANDOMWiFi)
300 [ JHetnet(RANDOMWiMAX/RANDOMWiFi)
250
200 -
150
100
50
0
(2,2) (2,3) (3,2)
Allocated subcarriers per MT (WiMAX,WiFi)
Ewéva 5-3: Xopntikdtnta etepoyevoig diktdov cevdplo 1
PF=30% WiMAX/WiFi carriers=2/2
350 T T T
I \ViMAX(RANDOMWIMAX/MSNRWiIFi)
[ WiFi(RANDOMWIMAX/MSNRWiFi)
300 [ _H ) -
etnet(RANDOMWIMAX/MSNRWiFi)
250
200 [
150
100 [
50
0

2 25 50
number of server Mts

Ewova 5-4: Xopntikdmmro e1epoyevods SIKTOOL 6eVEplo 2
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PF=30% WiMAX/WiFi carriers=2/3

300 T

I \ViMAX(RANDOMWIMAX/MSNRWiIFi)
[ WiFi(RANDOMWIMAX/MSNRWiIFi)
250 F — [ IHetnet(RANDOMWIMAX/MSNRWiFi) | -

200 - .

150 - .

100 .

Mean number of active MTs

50 4

2 25 50
number of server Mts

Ewévo 5-5: Xopntikdtnra £1epoyevong diktdov cevapilo 3

211N GUVEXEWD GUYKEVTPAOVOVTOL Ol YPOPLKES Y10 TI GUVOAIKT HEOT 10YD GTA TOPUTAVED
oevapua. ['evikd mapatnpeite 6Tt to vodiktvo WiFi kKotovaidvel onuovtikd Ayotepn 1oy0
a6 10 WiMAX. Movadikn e€aipeon 1 tepintwon tov cevapiov 1, 6mov avotibevral 3
vokavaAtlo avé ypnot oto diktvo WIMAX (gikdva 5-6 otiin 3). Le avth Vv nepintoon
ta 2 vrodiktva KoTovaAldvouy wepi to 10W pe to diktvo WIMAX va eEotkovouet
TEPLOCOTEPT) LOYV. XTa EXOUEVA 2 GEVAPLO Y1 25 KEPUIEG EKTOUTNG 1] KOTOVOAMOKDUEVT
10y0¢ TOL £TEPOYEVODG IKTVOV TalipveL TNV edylotn Tn ¢ (ekdveg 5-7,5-8).

PF=30% tiers=1 Mt=2

35 . :
I \iMAX(RANDOMWIMAX/RANDOMWiFi)
| [ WiFi(RANDOMWIiMAX/RANDOMWiFi) |
30 [ IHetnet(RANDOMWIiMAX/RANDOMWiFi)

Mean Total Power

(2,2) (2,3) (3,2)
Allocated subcarriers per MT (WiMAX,WiFi)
Ewéva5-6:Xvvorkn péon Loyig etepoyevoig diktvov cevapio 1

100



PF=30% WiMAX/WiFi carriers=2/2
40 . . T
I \ViMAX(RANDOMWIiMAX/MSNRWiFi)
35 | R [ WiFi(RANDOMWIMAX/MSNRWIFi) i
[ ]Hetnet(RANDOMWIiMAX/MSNRWiFi)

Mean Total Power

25 50
number of server Mts
Ewéva5-7:Xvvorkn péon Loydg etepoyevoig diktvov cevapio 2

PF=30% WiMAX/WiFi carriers=2/3

35 T T
I \ViMAX(RANDOMWIiMAX/MSNRWiIFi)
| ] [ WiFi(RANDOMWIiMAX/MSNRWIFi) |
30 [ JHetnet(RANDOMWiMAX/MSNRWiFi)
25 h
o
3
o 20 r i
S
L
c 15 i
4]
(0]
=
10 [ ]
5 = -
0
2 25 50

number of server Mts
Ewéva5-8:Xvvorkn péon Loydg etepoyevoig diktvov cevapio 3

Yyetika pe TN péomn woyv avd yYpNoTN, MEPLOCOTEPN 10YLG €EOIKOVOUEITOL GTO
eTEPOYEVEC OiKTVO GTNV TEepinTtmon Tov oevopiov 1, 6mov t0o WIMAX déyetan
Mybtepovg ypnotec. Otav oniadn avatiBevtor 3 vrokavdiio avd Xpnotn, Omov
e€owkovopeitatl 79% g 1oyvog (ewova 5-9 otin 2).
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Mean Power per MT

PF=30% tiers=1 Mt=2

I \ViMAX(RANDOMWiMAX/RANDOMWiFi)
018 | — [ WiFi(RANDOMWIMAX/RANDOMWiFi)
[ ]Hetnet(RANDOMWiMAX/RANDOMWiFi)

Mean Power per MT

(2,2) (2,3) (3,2)
Allocated subcarriers per MT (WiMAX,WiFi)
Ewéva5-9: Méon Ioybdg etepoyevoig diktdov ava teppatikd cevapio 1

02 PF=30% WiMAX/WiFi carriers=2/2

I \WiMAX(RANDOMWIMAX/MSNRWiIFi)
0.18 1 — [ WiFi(RANDOMWIMAX/MSNRWiFi)
[ IHetnet(RANDOMWIiMAX/MSNRWiFi)

2 25 50
number of server Mts

Ewéva5-10: Méon Ioydg etepoyevong S1KTOOL OVaL TEPLOTIKO GEVAPLO 2
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PF=30% WiMAX/WiFi carriers=2/3

0.25 : .
I \ViMAX(RANDOMWIMAX/MSNRWIFi)
[ wiFi(RANDOMWIiMAX/MSNRWiIFi)
[ ]Hetnet(RANDOMWiMAX/MSNRWiFi)
02 F .
|_
=
& 0.15 i
Q.
o)
2
[e]
o
c 01F .
©
(0]
=
0.05 ]
0

25 50
number of server Mts

Ewéva5-11: Méon Loydg etepoyevoig Siktvov ava Teppratikd cevapto 3

2y ovvéyelo avédvetor o aplBpdc tov daktuAiiov oe 2.ITapatnpeitor Kot Tl 1
CUUTANPOUATIKY] dpdon TV 2 SKTLOV.MEyo YopnTkoTnTa gpeavifetor yuo 2
Kepaleg EKMOUTNG Kat 2 VIToKavAaAlo ava ypriotn otav ypnotponoteitor o MSNR oo
WiFi w¢ adyopbpog avédeong.

PF=30% tiers=2 Mt=2

1000 . .
— I \ViMAX(RANDOMWIMAX/RANDOMWiFi)
900 - [ WiFi(RANDOMWIMAX/RANDOMWIF) | |
[ ]Hetnet(RANDOMWiMAX/RANDOMWiFi)
800 .
700 .
600 .
500 .

400

300

Mean number of active MTs

200

100

(2,2) (2,3) (3,2)
Allocated subcarriers per MT (WiMAX,WiFi)
Ewova 5-12: X@pntikdtnta etepoyevong dikthov cevapio 4
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PF=30% tiers=2 WiMAX/WiFi carriers=2/2

1000

] 1 |

800 - I \ViMAX(RANDOMWIMAX/MSNRWiIFi)
[ WiFi(RANDOMWIiMAX/MSNRWiFi)

700 | [ IHetnet(RANDOMWiMAX/MSNRWiFi)
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Ewova 5-13:Xopntikdtnto e1epoyevons S1KTOOL GEVAPLO 5
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Ewova 5-14:XopnTtikdtn o TepoyeVOns SIKTOOV GEVAPLO 6

H 1oy0¢g axoiovBel v yopnrikdmTa.
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Ewéva5-15:Zvvorn péon loydg etepoyevoig diktdov cevapro 4

PF=30% tiers=2 WiMAX/WiFi carriers=2/2

120

I \iMAX(RANDOMWIMAX/MSNRWiFi)
[ WiFi(RANDOMWIMAX/MSNRWiIFi)
100 | — [ JHetnet(RANDOMWIMAX/MSNRWiIFi) |

60

20

25
number of server Mts

Ewova5-16:Zvvorkn péon loydg etepoyevong diktdov cevapto 5
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Ewéva5-17:Zovolikn péon loyde etepoyevong diktvov cevdpio 6

Ao v péon oy ava xpnot yivetor ovepn 1 neydAn e&otkovounon 1oybog Tov
ayyilet to 78%.
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Ewéva5-18: Méon Ioydg etepoyevodc S1KTOOL avo TEPUATIKO GeVapLo 4
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5.4 Xovoyn keparaiov

210 KeQPAAOO S5 TEPLYPAPNKE O TMPOCOUOIMTNG TOL ETEPOYEVOVLS OIKTLOV TOV
Kataokevdotnke otnv mapovoa gpyacio.To diktvo WIMAX cuvenikovpnnke amod
eva 0iktvo WIFI.To omoTeléopoto anelkovioTnKay 6€ YPoQNUaTe. XTOV TopuKIT®

TivoKO  GUYKEVTPAOVOVTIOL Ol

napatnpnoelg Yo to 2 diktva  (Standalone-

hetnet). AkoAovOei 1 GOYKPLoN TOV 2 SIKTO®V KO TO. GYETIKG GLUTEPAGLLOTO.

[Mapatnpnoeis WiMAX | ITapatnpnoelg Hetnet ZUUTIEPACUATA
Ikavomomtikdg Meydiog aptBpog H ypnon tov WiFi vrodiktoov
apOuog eEumnpetoduEVOV TPUTAOGLACEL TNV GLVOAKY
e&umnpeTodevov YPNOTOV. YOPNTIKOTNTO
YPNOTOV.
Meyolvtepn daiveton n couTANPOUOTIKN
Meyaidtepn YOPNTIKOTNTO EPPAVIfETOL |  AEITOVPYELN TOV VTOSIKTO®V
YOPNTIKOTNTO ue ypnon tov Random oto WIMAX,WiFi

eupaviet o
aAyopiOpog Random.

WIMAX kot oo MSNR
oto WIiFi.Otav givan
HEYIOTN M XOPNTIKOTNTA
KOl TOV 2 IKTOVOV

Do Tpog 10
nepPdrov,eEotkovopet

D1k Tpog 10
nepBdrov,eEokovouel To

To dvktio WiFI givot apketd
OIKOVOULKO GTNV KOTAVAA®O)

10 70% 1tng 1ov0G. 78% 1oyv0¢. 600G
KoAvtepn MIMO Koivtepn MIMO H avénon tov kepardv
tonoloyia(MSNR tomoAoyio( MSNR EKTOUTNG OV PEATIDOVEL TNV

aAyopBpog) yw aAyOpP1OLOG) Yo OYETIKA yopnTikotnTo, Tov WiFi
GYETIKA LEYAAO peyoro apOpuo

apOud ypnotov(ITA
30%) etvon o1 25
Kepoles EKTOUTNG Yo
2 VTOKOVAAMA OVA

ypnotadv(ITA 30%) sivar ot
2 kepoieg exmopmng yio 2
VITOKOVAALOL OVEL PN OT.

XPHOT.
Mikpr| avoyn oto Meyoidtepn avoyr ctov To vrodiktvo WiFi
06pvpo. 8opvpo. amocvpeopel to WIMAX omo

BopuPadelg ypnoteg AOY®
pikpotepov SNR,divovtdg tov
™ dLVVaTOTNTA VO
eELINPETNOEL TEPLGGOTEPOVG
XPNOTES.

Mivakog 5-3: ZOYKPLOT] LELOVOUEVOD KO ETEPOYEVODS HIKTHOV
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Ke@diaro 6: Zoumepdonato Kot HEALOVTIKY
gpyooia

6.1X0voyn ko Zvpmepacpata

XMV TopovcO OWMAMUOTIKY €pyacio HEAETHONKAV apylkd TeXVIKES Olayeiplong
QAacpoTog Kot avéfeong mOpmv mov cvvavidvtol otn ovyxpovn PBifioypaeia. Ot
ONUOVTIKOTEPEG MO  OVTEG TIC TEYVIKEG OQQOPOVV  OIKTLOL TETOPTNG  YEVIOG
(molvkvyedmTd) Ko diktva wov ypnotpomoovy v texvikn OFDMA. Melet)Onkav
1060 TEYVIKEG TTOV OEV OIOUTOVV TI) YVAOOT TOV KOVOAOD 0G0 Kol TEXVIKEG LE YVMDON
NG KOTAGTAONG TOV POSLOdIOOAOD.

211 GUVEKEWN TPELS €5 OLTOV TOV TEYVIKOV TPOCOUOIMONKaY G £vav MHeTOTIKO
npocopeiwt) OFDMA pepovopévoov dwtvovr WIMAX, kabmg kot evog £Tepoyevong
OkTOOVL. XTO £TEPOYEVES OlKTLO éva pkpdTEPO dikTvo WiF1  Tomobeteitan evtog TV
Koyel®mv Tov diktoov WiIMAX. Enedn 1o diktvo WiFi gppavilel peyaddtepn avoyn
010 06pvPo armocvueopel To diktvo WiMAX amd Bopufddeic ypnoteg avéavovtog
GLVOALKN YOPNTIKOTNTA TOL O1kTvOoL. Ot TpelS alydpldol Tov TPoGopoONKAY Kot
alohoynOnKav ®g TPog TV amdO0GT] TOVG CGYETIKE UE TN YOPNTIKOTNTO KOl TNV
Kotaviloon oydog eivar o Zepuokds (Sequential),o Wevdotvyaiog Avdabeong
(Random) kot 0 MSNR. Am6 avtovg o amodotikds vanpée o Random yio Adyovg
oL TTEPLYPAPOVTOL GTO KEPAANLO 4.5.

O aiyopiBpog MSNR anowtel yvoon g katdotaong tov kavaiod (CSI) T to
AOy0  ovtdv  ypnowomombnke otn  peAétn ¢ texvikng MIMO.  Agov
TPOYLOTOTOWONKAY  TPOCGOUOUDCELS  YI0L  SLOPOPETIKO  aplud  KeEPUOGTOLYEI®V
exmopumng (Mt=2, 25, 50), mapatnpnnke 0Tt 1 aOENON TOV KEPOUDV EKTOUTNG OEV
emmpedlel ooOntd ™ yopnTikKdéTNTO Kol TV 1)1 Tov diktHov. O AdYog elvar 6Tl 0
aAyop1Oog avTOG E0TIALEL OTNV TTOLOTNTO KO Ol GTNV TOGOHTNTO TOV KOVUAIDY TOL
avotifevrot.

Téhog, voAoyioTNKE HECH TPOGOUOIMGEMY Kol 0 OEIKTNG dkalocHYNG TOV OIKTVLOV
WIMAX pe v epapuoyn tov moporave aiyopiduwv,PFI.

6.2 Melhovtiki) Epyoacia

Onwg avaeéphnke oty Topovca £pYacio 0 TPOGOUOIMTNG TOCO TOV HELOVMOUEVO
0G0 KOl TOV ETEPOYEVOLS OIKTOOVL gpPavilel ev pépel otatikn cvoumepipopd.’Etot
elval dVoKoAo va e&ayBoOv TANP®S ACPOAT] CLUTEPACUOTO Y10 TEPLOYES LE MEYAAN

109



mon kot évtovn xkwvnrikoétta. Ilpdcobeta ta diktvo Sng yevidg avapévetor va
EYOVV TLKVOTEPN KLWEAIKN d1dtaln yio TV e£umPETNON TOL OA0 Kot OEAVOLEVOL
ap1duov tev yprnotmwv [92]. Ipoteivetatl, Aowtdv, | HETAPOAN TOV GUVIETAYUEVOV TV
KWWNTOV  TEPUATIKOV Kotd v didpkelo tov Monte Carlo pe ypnon kotdAining
ouvvaptnong Kotavounc. Emiong m tomofétnon tov kepatoctoryeiov tov piconet Oa
yiveton dvvopikd, 0o copmeptnEHovV Kot GALOL TOTOL KLUYEADY pE UIKPOTEPT 1OYV
omwg femtocells kot kopPor petaymyng (relay nodes).O apBpdg tov KvyeAdv Kot
KOUPov pikpotepng euPéretag avd pokpokvyéAn Ba avéndei apov Ba £xovv tov
poro evepyov onueiov tpdoPacng(WiFi hotspots).

[Tépa amo TV apyLTeKTOVIKT TOL O1kTHOL Ba NTav AEL0 ekTEVESTEPNG HEAETNG TO BENQL
™G EMAOYNG SIKTVOL Kot 6Tapov Baong mov Ba e&ummpetel Tov ypnotes. Mia mbovn
gm0y givor 1 xpHon kémoov acapovg aryopibuov(fuzzy), mov Aappdaver vedyny
pa oepd and tapdyovieg dnwg o SNR,n exnepnduevn 1oydg Tov BS, 01 anmdieieg Tov
MT «.A.n[93].1pocBeta ot mépor twv BS pupmopovv va avariBevior pe
naryviobewpnrikég uebddove M| va dnporpatovvrot (rapdypapog 3.4).

Avtikeipevo €pguvag TPOKEITOL VO OMOTEAECEL KL 1 €QOPUOYN GAA®V TEXVIKMOV
avafeong padloPACUATOG HE YVOOT TOL padtodicwiov (Tapdypapog 3.4) wépav Tov
MSNR. Mg tov tpdémo avtd pmopodv va, diepevvnBodv TEPUUTEP® TO TAEOVEKTILLOTOL
¢ massive mimo teyvoloyiac. Téhoc, mepiocodtepn Eppacn Bao d00ei 6NV epapuoyn
VE®V  TEYVIK®V Yo TNV ToAAamAN mpdoPaocn avii g OFDMA o6mwg n
BDMA(rapdypapog 2.1.4).
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