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NEPEJIIK CKOPOYEHL, YMOBHHX INO3HAYEHb
5G - 5-e nokoniHHA MOOUTEHUX Mepe.
IoT (Internet of Things, 1oT) — InTepHer pevcii.

LTE (Long Term Evolution) — Ha3ea MoOUILHOIO [POTOKOJY Nepejladi
JNaHuX.

BC — Gazopa cTaHUis — Lle CUCTEMHHMII KOMILIEKC NIPUHManbHO-TIEpeNaBalbHOT
anaparypH, o s3filicHioe UeHTpaltisoBaHe OOCIYroBYBaHHA TIpYIH KiHIIEBHX
aDOHEHTCLKHX NPHCTPOTB.

GSM - GlobalSystemforMobileCommunications — MixHapoJHHii cTaHzapT
A1 MODLTBHOTO HM(POBOTO CTUIBHHKOBOIO 3B'A3KY 3 PO3AUIEHHSM KaHaly 3a
npuniunoM TDMA Tta BucokHM piBHeM Oe3lekH 3a paxyHOK WHGPYBaHH: 3
BLAKPHTUM KITIOYEM.

IP — InternetProtocol — npoTokon Mepe;keBoro piBHA U1 NepeaaBaHHs
JaTarpaM Mik MeperkaMu.

SMS — Short Message Service — nmocayra oOMiHy (mepenadi i mpuiiomy)
KOPOTKHMH TEKCTOBHMH TOBIJIOMJICHHAMH B TEJIEKOMYHIKaLIHHHX Meperkax.

LTE - Long Term Evolution — na3Ba MoOUIbHOTO NpOTOKONY nepeiaBaHHs
paHux; npoekr 3GPP, cranpapr 3 BaockoHaneHHss UMTS jans 3anoBoneHHs

MalOYTHIX OTped V MIBUIKOCTI.



BCTVII

AKTHBHE 3pOoCTaHHA Mepex MOOUIBHOIO 3B'S3KY TPHBAE€ 1 ChOIO/HIL
MoO3#ITHBOCTI, AKI BLAKPHBaIOTE MOOUIBHI TEXHOMOTII, JaBHO BHHLLIA 3a Meki
roNocoBHX cepgiciB. ExcrioHeHnianbHe 3pocTanHs Tpadiky B Mepekax Mo BChOMY
CBITY MOACHIOETHCA IIHPOKHM MOIIMPEHHAM MPHCTPOIB, MIAKIIOYEHHX 10 MEepekK
MOOITEHOTO 3B'A3KY.

AKTyanbHICTE pobOTH: y Tipolieci po3BHTKY MOOITBHHX Mepek 10 HHX
npea'aBagoThCA HOBI 1 30BCIM 1HILI BUMOTH. BeKTOp pO3BHTKY TEXHOJIOrIH nparHe
MABHIIATH TIPOAYKTHBHICTH 1 30IIBIIHTH KUTLKICTH MOMIMBOCTeil. Tak, KpiM
ICHYFOUHMX TEXHOIIOTIH TPETHOTO | YETBEPTOIO MOKOJiHb, 3'ABUIAacA TEXHOIOTIA, AKa
JI03BOJISIC  BUPILIYBATH 3aBjaHHsA, sIKI He Morid OyTH BHpillleHI B paMKax
MOOITBEHOTO 3B'A3KY TIOTIEPeIHIX MOKOTIHb. [ paMoTHa iHTerpanifa iCHYI0YHX | HOBHX
TEXHOJIOIH Tpu3Bele 10 NIJBHLICHHS SIKOCTI HOCHYI | CTBOPCHHS BeJIMKOI
KL1BEKOCTI HOBUX IOCIIYT.

Pe3ynbTaToM po3BHTKY TEXHOJIOTIH CTala MosBa Mepei MAToro MOKOIIHHS
(5G). OuikyeTtnes, mo nicas 2022 poky Mepeski geTBepToro nokoninus (4G) 6yayTh
JOMIHYBATH B YChOMY CBITI, TOMY MO3KHA4 TOBOPHTH HE MpO 3aMIHY ICHYIOYHX
TexHoJorii Ha cranmapt S5SG, a npo iX pPO3BHTOK 1 JOMOBHEHHS HOBHMH
TeXHOJIOTISIMM  PajiiofIoCTyIy, PO3po0leHHMH /IS KOHKPETHHX ClLeHapiiB i mij
KOHKPETHI YMOBH, IILTi.

OseBH/IHO, 1O TOABA MEPeK HOBOTO MOKOMIHHA MO PALY NPHYHH Mae
HalOLMBIIY aKTyalbHICTh B BelMKHX MicTax. lle moe'a3aHo 3 BMCOKMMM 3amUTaMu
Mo IBHAKOCTI Mepefadl AaHHX, TPONYCKHOI CIPOMOKHOCTI, MICTKOCTI Mepeikl, a
TaKoX 3 BAMOTAMH JI0 MaJoro 4acy BIATYKY | HH3bKOMY €HEProCnoKHBaHHIO
MOOITBEHUX MPHCTPOIB.

O6’eKT nocnizKeHHs — MpoLec 3B 13Ky v MOOUILHINH Mepexi craHaaptry SG.

[Ipeamer nocniKEHHA — METOAH pO3PaxyHKY OCHOBHHX XapaKTepHCTHK

Mepeski 3B’A3KYy cTanaapty 5G.



Meroa focnipKeHHs — AaHATITUYHHIL 3 BHKOPHCTAHHAM KOMIT IOTEPHUX
TEXHOJIOT'Ti.

Meta poboTH — MOIEpHI3allis Mepeki 3B'A3KY Ha OCHOBI €BPOMNEHChKOTo
cravaapty 5G.

BusieneHHs akTyanbHHX npobieM cydyacHHX Mepesk 3B A3KY JA03BOJIAE BKa3aTH
BUMOTH [0 TEXHOJNOTiH n’AToro MNOKOJIHHA, CHOPOTHO3YBaTH CLeHapii iX
BMKOPHMCTaHHA, a NOTIM PO3IJIAHYTH LUIAXH NEepexoiy Ta criBicHyBaHHA mepex 4G

Ta 5G.



PO3JILI 1. 3ATAJILHUI AHAJTI3 OCHOBHIUX CTAHJIAPTIB
CTLIBHHKOBOI'O 3B’ A3KY

1.1 IcTopist Ta PO3IBHTOK CTLILHHKOBOTIO 3B”13KY

EBomionis cTUIBHHKOBOTO 3B'A3KY HE CTOITE Ha MICII, a/uKe 3 KOKHUM JTHEM
pocTe noTpeba B 301bIICHHA] IIBHIKOCTI 00pOOKH Ta AKOCTI Mepenavl JAaHuX. 3a
BECh Yac ICHyBaHHA MoDiIbHOT Mepei, MOJKHA BUIINMTH Taki nokoninua: 1G, 2G,
3G, 4G 1a Hoge 5G.

[Tepure nokomuHs mobuILHOTO 3B'A3KY (1G)

O}iliitHOI 1aTOK HAPOIKEHHA MODLTBHOTO 3B'A3KY BBaKaeTheAd 3 KBITHA
1973 poky, Konu 71aBa miIpo3anTy ModilbHoro 3s'a3ky Motorola MapTin Kynep
satenedonysas [xoento Edreny, kepiBHHKY HAYKOBO-I0CTIIHHIBKOTO BiaauTy AT
& T Bell Laboratories, Ha skBagiii Bynuii Heto-Hopka. Lli xsi komnasii 6yam npn
3apodaenHi MoOiTbHOT Tenedonii. 1lg Texnosnoris Oyna KoMepliHHO BOpoBaKeHa
uepes Kibka pokis, y 1984 potii, y BHITIALI MOOITBHAX MEPEK MepPIIOro MOKOTIHHA
(1G), aki GasyBaTHcs Ha aHAJIOTOBOMY METO1 nepenavi iHdopmartii [1].

OCHOBHUMM CTaHAapTaMH aHaloroBOro MoOinbHOTO 3B'S3KY ctann AMPS
(Advanced Mobile Phone Service) (CILIA, Kananma, llentpansHa Ta IliBneHHa
Amepuka, Asctpanisn), TACS (Total Access Communications System) (Anrnis,
Itanis, Icnanis, Apctpia, Ipnanaia, Anonis) i NMT (Nordic Mobile Telephone)
(CxannunaBcbKl KpalHH Ta baraTo 1HIIHX KpaiH). by i 1HIN ananoroBl cTanapTH
moGinbHOrO 38'33KY - Z-450 y Himeuunni ta [opryranii, RTMS (Radio Telephone
Mobile System) B Itanii, Radiocom 2000 y ®panuii. 3aranom, MoOLILHHIT 3B'S30K
MepLoro MOKoMIHAA ABAAB coOOI0 KJIANITHK HECYMICHHX cTaHaapTis [1].

Ha mouarky eBomonii |G HIXTO HaBiTh He AyMaB Mpo MOCIYTH mepenayi
JaHMX - e OyJIM aHanoroBi CHCTEMH, po3pobieHi Ta MoOyAOBaHI BHKIIOYHO LIS

rOJ0COBHX JI3BIHKIB Ta JeAKHX IHIIHX CKPOMHHX (YHKMOIH. Bynn momemu, ame



OCKUIbKH Oe31poTOBUIl 3B'S30K OUILLI CXMIBHHWIl 10 IIYMIB 1 CIOTBOPCHb, HIXK
3BUYAIHUA JAPOTOBHII 3B’ 30K, UBHIKICTE Nepejaadl Oy/ja HelMOBIPHO HU3bKOK.
Kpim Toro, y 80-X pokax IiHa XBHJIMHH pO3MOBH OyJa HacTUIbKH BHCOKORO, 110
mMoOGinbHHMIT TenedoH MokHa Oya0 BRaXaTH po3kimmno [1].

Vi anaioroBi cTaHAapTH, BHKOPHCTOBYIOTH 4acToTHY (AM) abGo dazosy
(®M) moaynaumiro 418 Nepenadi MOBHM Ta MaHIMyJAlLll 4acToTol [0 mepeaadi
Kepyrouoi iHdopmaiii. Lleil MeTon Mae psag CYTTEBMX HEMONIKIB: MOKIHBICTD
NPOCAYXOBYBaHHS PO3MOB IHIUHMH YYaCHHKaMH, BIJICYTHICTb €(DeKTHBHHX METOIB
OOpoTHOM 13 3aBMUPAHHAM CHTHAMIB il BIUIMBOM HABKOJMIIHBOIO JaHmapTy Ta
Oynaigens abo wepes pyx yuacHukiB. [Ins nepenayi iHpopmMaiii no pizHMX KaHanmax
BUKOPHUCTOBYIOTBLCH Pi3Hi JAUIHHKH YACTOTHOIO CHEKTPY - BAKOPHCTOBYEThCS METO/
MHOKHHHOTO JOCTYTY 3 HacTOTHUM nouiom kaHanis (Frequency Division Multiple
Access - FDMA) [2].

3 uuM GeslocepelIHLO MOB'A3aHHH T'OJIOBHHH HE0JIK aHAIOTOBUX CHCTEM -
BIJIHOCHO HH3bKa TMPOMYCKHA 3/aTHICTh, 110 € HAclIKOM HeAOCTATHRO
pallioHaTbHOr0 BHKOPUCTaHHS BHIINEHOI CMYTH 4YacTOT TPH PO3MNOIiUl 9acToT
KaHams [2].

Hpyre nokonisasa MoOinkEHOTO 3B'A3KY (2G)

Y 1982 poui CEPT (¢panu. Conference européenne des administrations des
postes et téelécommunications) cTBopuia podouy rpyny nia Hazeoro GSM Special
Group (tppasu. Groupe Special Mobile) nna BuBHeHHA Ta po3BHTKY € BpONeHCBKOTO
CTIZILHUKOROTO MOOIIBHOTO 3B’ A3KY 3arajbHOTO 3aCTOCYBaHHA - JIPYTe TOKONIHHA
cucteM MoOulbHOTO Tenedony (2G). Haspa pobouwoi rpymun GSM  Takox
BHKOPHCTOBYBaJIacH AK HazBa cucTemu MoOipHOTO 38'A3KY. Y 1989 porii 000B'A3kH
CEPT 6ynu nepenani €BponedchKOMY iHCTHTYTY TeTeKOMYHIKalliiiHUX CTaHAapTIB
(ETSI). Cnouarky GSM npuzHagascs JiHie Juis kpaiH-ydacHuus ETSI[1].

Opnak y GaraThox IHINHX KpaiHax Takox peanizopaHo GSM, Hanpuknan y
Cxianiii €sponi, Ha Banszekomy Cxogi, B Asii, Adpui, THXoOKeaHCBKOMY peTioHi

Ta ITiBHiunii AMepuui (3 noxigroro GSM mig mazeoto PCS1900). Hazga GSM
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cTaja o3HadaTH «rj1odalbHa cHcTeMa MODUILHOrO 3B'S3KY», 1O BIANOBILAE i1 CyTI
[1].

[Mepuii MoOUIbHI Mepeski apyroro nokodiHua (2G) 3'asumuca B 1991 pori.
["onoBHOM TXHBOW BIIMIHHICTIO Bijl MEpeX Mepuioro rnokoidiHHs Oye nudpoBuii
crnioci® nmepemayi iH(popMalii, 3aBASKH SKOMY 3'SBHBCS CepBic 0OMIHY KOPOTKHMH
TEKCTOBUMHM NoOBiAoMAeHHAMI SMS (anri. Short Messaging Service). , Ky dDarato
XT0 noawOuB. [1pu Oy 1IBHUIITEI Mepe APYroro NMoKomiHHA €Bpona ninuia nuisxom
CTBOpeHHA €auHoro ctanaapty - GSM, B CLLIA dinbiicts Mepex 2G Oyayeaim Ha
ocHoBi ctanaapty D-AMPS (Digital AMPS), skuii € momudikaiicio aHaloroBoro
AMPS. Jlo peui, came 1 oOcTaBHHA MpH3BeTa 0 CTRBOPEHHA aMepHKaHCBKOT Bepcii
cranjapry GSM - GSMI1900. 3 posBuTkOM 1 nNouwHpeHHsM [HTepHery s
MODINBEHMX TIpHCTpoiB Mepek 2G OyB poszpobaennit WAP (Wireless Application
Protocol - nporokon GesgporoBoi nepefadl AaHMX) - MPOTOKO Oe3poTOBOIO
JloCTyNy [0 pecypciB nodanbHol Mepexi IHTepHer OeznocepeHbBO 3 MODUIBHHX
Tenedonis [1].

Crangapt GSM  BHKOPHCTOBYE  JIOCTYN  J0  JEKIIBKOX  CTaHIii
MYILTHIUIEKCYBaHHS 3 YacOBHM MOJAUIOM (YLILIbHeHHAM KaHalmie - TDMA), uio
JIO3BOJISE PO3MILIYBATH 8 rOJI0COBUX KaHATIB OJIHOYACHO Ha OJIHIH Hecy4il 4acToTi
[4]. GSM nigTpumye IHTeHcnBHY niepeaady (270 kOit / c), 3abesneuye poymiHr
(ToOTO AaBTOMATHYHHI MOHITOPHHI Tepexoay MOOLTBHOTO KOPHCTYBaya 3 OAHIET
KOMIPKH B IHOIY), BK/JIIOYAac IHTErpallild MOBH, JaHHX Ta 3B'A30K 13
3aralbHOIOCTYTHHMH MepexaMu [4].

IcHy€ AeKinbKa BUIB CTAHAapTIB CTLILHMKOBOTO 3B A3KY, a came: GSM-900,
AKMI Mpalioe B 4acTOTHUX JianmazoHax, B Mexax 890-960Mru. Ta wmikpo
CTITLHUKOBHH 3B"A30K, AKMI BHKOHYE cBOK poboty B Mexkax 1710-1880 M [1].
Big Toro, wo Imona criulbHUKA € HeBe/MKOK Ta NPUCYTHE BellMKe 3aracaHHsi,

3'ABHIAck | Ha3Ba: « MIKpO CTITbHHKY [4].



11

3aranbHa apxiTektypa GSM 300paena Ha Pucynky 1.1. YV koxkHiil gie
Oazopa cranuin BTS (BaseTranscieverStation), skumil 3abesnedye npuHioM Ta
nepefavyy pagiocurHanis abonenrtam. BTS mae miamasoH 4acToT, BUIMIHHHH Bij
aianazoHiB cycigHix cot. MobGineHMi ocepenok mnpocayxoye cycimdi BTS i
nopigomise xoHTponepa ©Oasopux cranuiii (BSC - BaseStationController) npo
AKICTE npHiHoMY 3 THM, 100 BSC mir BuacHo nepeiitd Ha notpidHy komipky BTS.
Lentp komyTauii (MSC - MobileservicesSwitchingCentre) 3ailicHioe KOMyTalito i
MapupyTH3alito, HampapIgioYs BUKIHKH NoTpiOGHOro aboHeHTa, y TOMY YHCI i
30BHIILHI MEPEsKI 3arallbHOTO KopucTyBaHHa [6]. baza nannx 30epirae iH(popmatiiro
Npo  MICIE3HAXOKEHHS KOPHCTYBayiB, TEXHIYHI XapakKTEpPUCTHKH MOOIIBHHX
cTaHLlii, Xani Ui 1neHTHdIKalil kopuctyBauis. Ha Pucynky 1.1 nokasaHa cxema

poGOTH 11LOTO CTaHAAPTY.

HLR

M5

i

|

VLR ALIC |

' |
|

PSTN

 —

BTS /

BTS f—~ BSC H MSC | ISpN
| |

// BTS | Datu

|
Networks
! OMC l
: | Operation Suppart |
I

Subr -
MS | uhsy siem

Pucynok 1.1 — CrpykrypHa cxema pobotu craniapty GSM

CteopenHs ctanaapTy GSM MokHa po3iIMTH Ha JIBa eTaru:
[Mepwmii etan, Aakuii novasca B 1991 poitl. ¥ uMcno mnociyr Uboro eramy
BXOJSATE: Mepeaapecallii BHUKIMKY, 73adopoHa BHKJIMKY, 4YeKaHHS BHKIHKY,

YTPHUMaHHS BHKITHKY, T100albHAN POYMIHT.
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3 pO3BHTKOM TEXHOIOITH CTUILHMKOBMX Mepex aboHeHTaM HajlaBalucs
J0/1aTKOBI [OC/TYTH.

Hpyruii etan po3putky GSM — 3aBepiunpes B 1997 potli i pazom 3 nocayramu
Meporo eTany Hajgag aboHeHTaM HOBI MOCTYTH: BU3HAYEHHA HOMEpa BUKIHKAH901
NiHil, aHTHBH3HAYHHK HOMEepa, TPYMOBUI BHKIHK, CTBOPEHHS 3aKpHTOI IPYIH,
iHopmallia Npo BapTICTh PO3MOBM, Mopaja MIOAO OIUIATH, OOCIYTOBYBaHHA
JI0IaTKOBOT JIiHIT, MPHIIOM KOPOTKHX TEKCTOBHUX MOBIIOMIIEHb, CHCTEMa TOJTOCOBHX
MOBIIOMJICHB.

[MopiBusiHO 3 IHOUIMMH  HIHPOKO-BHKOPHCTOBYBAHHUMH  LIH()POBHMH
crangaprami. GSM 3alesnevye kpauly Ta BHILYy eHEproepeKTHBHICTb, AKICTB,
Oe3nexy Ta KOH(QIIeHUIHHICTD CIIUTKYBaHHs.

OcHoprHi nepeBarn mepex 2G mepen IXHIMH TMONEpPeIHHKAMM TIONATATH B
ToMy, WO TenedoHHI po3sMOBH MM(pyBalIuca 3a JoloMorol uugposoro
wudpyeanus; Cucrema 2G Hajlala NOCAYId nepejadi 1aHux, nodnHawouu 3 SMS-
MOBIIOMIIEHE.

3poctatoua norpeba MOOGILTLHUX KOPHCTYBa4YiB y BHKOpHCcTaHHI IHTepHeTy 3
MOOUIBHHX NPHCTPOIB CTaJa OCHOBHOWO PYLIIHHOK CHIOK CTBOPEHHS Mepex
nokominaua 2.5G, sake cramo mnepexomom Mk 2G 1 3G, Mepexi 2.5G
BUKOPHCTOBYHOTh TI CaMi CTaHIapTh MoOineHOTO 3B 3Ky, O W mepexi 2G, ane
NiATPUMYIOTH TeXHonorii makeTHoi nepeaaui gaHux y mepeskax GSM — GPRS
(3araneHa naketna paaionepenada), EDGE (Posmmpena mBHIKICTE mniepeaadl
nanux juis GSM Evolution). BukopucranHsa nakeTHOT nepeiadi JaHUX 103BOIHIIO
30IIBIUMTH  WBHAKICTE 0OMiIHY iH(popmauiero no 384 Koit/c npu poboti 3

IHTepHeTOM 3 MODITBHIX NpHCTPOTB 3amMicTh 9,6 Kbit/c y mepexax 2G.

Tpete nokoniHEg MoOL1BEHOTO 3B'33KY (3G)
[lepexin no Tperboro nokomiuuA (3G) cTas MOAANBLIIMM PO3BUTKOM MEpEK
MoOiTBEHOTO 3B'3KY. 3G - 1e cTaHaapT MoOUTLHOTO MU(pPOBOTO 3B'A3KY, AKHI Mij

abpesiaryporo  IMT-2000 (anrn. International Mobile Telecommunications -
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MbKHapoaAHUH MoOUIBHMIA 3B'a30k 2000) ob'ennye n's1s cranpapris - W-CDMA,
CDMA2000, TD-CDMA / TD-SCDMA, DECT (Digital Enhanced Cordless).
TenekomyHikamii). 3 mnepepaxoBaHMX KommoHeHTiB 3G JMine rmepiui TpH
NpeACTaBIfoTs co00K0 MOBHOIIHHI CTaHAapTH MOOLIBHOIO 3B'3KY TPEThOTO
nokomiaa. DECT - we crangapt OesapotoBoi Tenedonii ana goMaurHix ado
o(icHHUX uinel, AKMA MOKHA BHKOPHCTOBYBATH TIMLKH [AJiA OpraHizalii TOYOK
JIOCTYIY B IIMX Mepekax B paMKax MOOINbHHX TeXHONOTI# TPeThOTo MOKOJ HHSIL.
Cranpapt IMT-2000 pae viTke BH3HaueHHA mepex 3G - MoOinbHA Mepexa
TPETHOTO MOKONIHHA 03Ha4a€ IHTErpoBaHy MODUTBHY MepeKy, Aka 3abesneyvye: /i
cTallloHapHUX aDOHEHTIB IBHAKICTh 0OMIHY iH(opMattiero He MeHie 2048 kbiT/c,
JUtst aDOHEHTIB, [0 PYXA0Thes 3 MAaKCHMAllbHOO LIBHJKICTIO. 3 kKM/To] - 384 kOIT/C,
A YYacHHKIB, AKI pyXaloThed 3 MakcHManbHow mBHakicTio 120 km/roa - 144
kOit/c. s rnobanbHOrO CYNyTHHKOBOIO NOKpUTT Mepexi 3G moBHHHI
3abesneyyBaTH IBHAKICTL 00MIHY He MeHLIe 64 kOiT/c. [IpoTOKOIH MHOKHHHOTO

JOCTYIY 3 KOJOBHM TIOJILTIOM € OCHOBOK) BCIX CTAHAAPTIB TPEThOro NMOKOMIHHA.

1.2 Yersepre nokoainus ModinbHoro 3s's3ky (4G)

Y bepesni 2008 poky cektop pamio3p's3ky MikHapoaHoro corosy
eslekTpo3e'asky (MSE-P) BuznauMB Kilbka BHMOI /IO MIKHAPOJHOI'O CTaHJapTy
mMobITbHOT Oe3npoToBoi mMpoxkocMyrosoi Mepexi 4G, AKMA OTpUMaB Ha3By
cneundikamiid  International Mobile Telecommunications Advanced (IMT-
Advanced). Bumoru 1o mBuakocti nepejadi qaHux i aborentis: 100 Moit/c mae
HajlaBaThca BHCOKOMOOIMBEHHM aboHeHTaM (HampuKiad, moTaram i apToMobinsam) i
1 I'Git/c ManomobinpHUM aboHeHTaM (HalpuKiaj, MIoXoJaM 1 CTallloHapHUM
aboHeHTaMm) [2].

Ockinbku nepuni  Bepcii  mobuibHoro  WIMAX  (anrn.  Worldwide

Interoperability for Microwave Access) i LTE (anrn. Long Term Evolution)
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HNITPHMYIOTH LUBHAKICTE 3HaYyHO Hisk4y 3a 1 I'Gir/e, 1X He MojkHa HasBaTu
TexHoJlorisMHy, o BianosyawTs IMTAdvanced. HaBiTh #SKINO NOCTAYAILHHKH
MOCAYT YacTo Ha3uBalOTh iX TexHonorii 4G. 6 rpyans 2010 poky ITU-R Bu3HaB, 1110
4G BRaKAEThCA HaliMEpeIORIIIO TEXHOIOTIEH.

OcHOBHOIO, 0a30BOI0 TEXHOJOMEH YETBEPTOr0 MOKOJNIHHA € TeXHOIOrid
OpPTOrOHATLHOTO 4acToTHOrO ¢TucHeHHA OFDM (Orthogonal Frequency Division
Multiplexing). /lns makcuManbHOT IIBMJIKOCTI Mepejiadl TakoK BHKOPHCTOBYEThCS
TEXHONOTIA nepeaadi AaHMX 3a AonoMoror N aHTeH 1 iX MpHiloMy 3a 10TOMOTO
M anten - MIMO (anrn. Multiple Input / Multiple Output - 6araro Bxoais / Gararo
BHUXOIIB). ¥ 11iif TeXHONOTIT nepenaBanbkHa Ta MPHMATEHA aHTEHH PO3TAILLIORAHI Ha

BijicTani, no0 J0CATTH HH3LKOT KOPEIALil MiJK CYCITHIMH aHTEeHAMH.

LTE

Texunonoria LTE € 0OCHOBHMM HampsMKOM PO3BHTKY Mepex MODOIILHOTO
3B'A3KY TpeThoro nokodainHA (3G). ¥ ciuni 2008 poxy Third Generation Partnership
Project (3GPP), wmikHapomHa acouiallif, sKa 3aiiMaeTbcid  PO3pOOKOIO
MepcrneKTHBHMX CTaHAapTiB MoOINBHOTO 3B'A3KY, 3atRepauna LTE ax nactynHWi
CTaHAApT IS MOOLTEHHX IIMPOKOCMYTOBHX Mepek micmas UMTS [1].

MixHapoaHHii coro3 enekTpo3s’a3Ky odpas aBi TexHonorii — LTE-Advanced i
WirelessMAN-Advanced (na ocHoBi ctanmapty WiMAX) sk crammaptd nis
0e31pOTOROIO WMPOKOCMYTOBOI0 3B A3KY HeTBepToro nokoiidys (4G). BianoeiaHo
JI0 KpHUTepiiB, JefKi eKCrnepTH BBaKaiOTh CTaHjapToM ©Oe3poToBOro 3B'A3KY
4eTBEPTOrO MOKOJIIHHSA TEXHOIOTIT, AKi 3a0e3MmeuyloTh MiKOBY LIBUAKICTL Nepeiadi
nanpx 100 M6it/c y pyci Ta 1 I'6it/c y crauionapaomMy BHKopHcTanHi. Po3smupeni
mepexxi LTE 1 WIMAX, 4xi B MapkeTHMHTOBMX LIASX uvacTo HasupawTh 4G, He
BiANOBiAAlOTL BUMoram, onyOnikoBauum ITU (iXxHg npomyckHa 37aTHICTb
npUOIH3HO BTPHYI HHXKYA 3a BcTaHOBNEHI kKpHuTepii). LTE 3abesneuye TeopeTHuHy

NIKOBY IIBMAKICTH mepeaadl ganux o 3264 MOit/c Bin OazoBoi cranuii o
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kopHcTyBaua (ae-taxro 5-10 Moit/c) 1 g0 172.8 Moi1/c y 3BOpOTHOMY HAlpPAMKY.
Jnst nopiBHAHHS, Mepex1 Apyroro nokoiHHs: (2(G) TeopeTHYHO 3/1aTHI 3a0e31e4uTH
MiKOBI MIBHIKOCTI Nepeaayi gaHux 3a texnosnorieto GPRS 56-114 Koit/c 1 no 473,6
K6it/c 3a gonomororo EDGE. Mepexi Tpersoro nokosinng (3G) 3abesneqyoTh

IWIBHJKICTH Nepejfadl JaHux Jo 3.6 Moir/c.

LTE Advanced

VY tpagxi 2012 poky Takexipo Hakamypa, ronosa podoyoi rpymu 3 GPP Radio
Access Networks Working Group, aupexkrop NTT DoCoMo Radio System Design
Group, ony0aikyBaB pe3yabTaTH TONBOBHX BHMpoOyBaHb MepcneKTHBHOT
texHonorii LTE Advanced, sika npencrasnse codbow HOBUM eTan y pO3BUTKY
MoOITBHAX Mepex. llIBMakicTe mepenadi JaHWX, 3adBiaeHa B il cmenndikamii,
noBHHHA cTaHOBUTH | I'0iT/c y HanpaMky no abonenTa Ta 500 MOiT/c Bi1 aboHeHTa.
Excnepumentn, mnposeneni B Mepexi DoCoMo, niaTBepAHIM  BUCOKY
nponykTuBHicTh LTE Advanced na TecToBiii TepuTOpii, AKa Mokaszaaa MIBHIKICTh
600 Mbit/c Buu3 1 200 M6iT/c Bropy B yMOBaX LIUIBHOTO MicTa Mill 4ac pyxy B
apToMobini [3].

LTE Advanced — e nactynue nokominas mepexxk LTE, deTBepTe mokominna
moOiTbHOTO 3B’A3KY. BinpizHserbes Big «bazoporoy» LTE Oinblion mBHIAKICTIO
nepeaavi JaHMX | MOMJTHBICTIO MOIIMPIOBATH OJIMH | TOM e CMTHal Bipa3zy Ha
KUIbKa JianasoHiB. Jlid UHX Mepek Takok € po3podKa crnpAMOBaHMX aHTeH. AKI
3MOJKYTh TIepefaBaTH CHrHall TimbKM B Hanpamky abonenta. Kpim Toro, LTE
Advanced miaTpuUMye MOKIIMBICTH peTpaHcAAlil — AOCTYMY 10 Mepeki OJHOTO
MPHCTPOIO Yepes IHIHH [3].

Takox cnin 3asHauuTH, o TexHonoris LTE moxe npanroBatd B OUIbLUIH

KUJIBKOCT1 HaCTOTHHX JIala30HIB, HDK 1HINI TeXHOIOri MOOLIEHOIO 3B'3KY.
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Pucynok 1.2 - PosnoineHHsa 4acTOTHUX PECYPCIB MiK TEXHOIOTIAMH

1.3 [lnanyBauus ta Texnosorii crangapty LTE

KopoTko po3risaHeMo fAKi B3arani iCHYHOTh cTaHaapTH Ha ocHoBl Tabmuui 1.1

Tabmuua 1.1 — lokoniHHA cHeTeM MOOIITBHOTO 3B’ A3KY

[MToxoninug HaliMeHnyBaHHs cTaHIapTIB
0G PTT, MTS, IMTS, AMTS, Mobitex, Autotel/PALM, ARP
1G NMT, AMPS, Hicap
2G GSM, iDEN, D-AMPS, 1S-95, PDC, CSD, GPRS, HSCSD,
WiIDEN
2.75G EDGE/EGPRS, CDMA2000 (1xRTT)
3G UMTS (W-CDM A, FOMA), CDMA2 00 0, TD- SCDMA,
WIMAX
3.5G UMTS (HSPA. HSDPA, HSUPA), CDMA2000 (EV-DO
Rev.A)
3.75G UMTS (HSPA+), CDMA2000 (EV-DO Rev.B/3xRTT)
4G WIMAX, LTE

5G

WIMAX, LTE, CDMA
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Tak sk craHgapTH YeTBEPTOro MOKONIHHA 3apa3 HalOUIBLI akTyallbHi, Ta

MalTh Kpalll XapakTepUCTHKH Ta TEXHIYHI IOKasHUKHM HDK IHII, XOTLIOCh

[POBECTH MOPIBHAHHA B IXHLOMY [1aHYBAHHI.

Pizunuga LTE 3 iHWMMH cTapgapTaMi B I[UIaHYBaHHI Ta NoOYAOBI Mepexi

HapeaeHo B Tabauii 1.2

TaGauua 1.2 — PizHHLA MiK cTaHAApTaMH B [IaHYBaHHI

inTepuet, VoIP

Cranaapru
HaiimenyBanus —
LTE GSM WCDMA
KomyTanin [TaxeTis ( Yepe3 [lakeTiB Ta [TakeTiB Ta KaHATIB
[P) KaHasliB
[Mepenaua OFDM By3sbkocmyrosuii | [llnpokocmyrosui
CHI'HAJIY Ta CUI'HA CHIHAJL
ingopmanii
HasBHicTs Hassra nia
)EryasipHOT , BHCOKOILIBUIKICHOT
RELIOD BiacyrHs HasigHa w
METOAHKH Ta
NJIAHYBAHHSA HU3bKOLIBHJIKICTHOT
nepenadi
ILianysanusn Posnojin
YACTOTHOIO aprMeHTiB CMYTH .
dop b Posmosin He notpedye
pecypey CHCTEM1 M1K
KOpUCTYBadaMu AACTOTHITR
RHRTY kaHaimis Mixk bC
bC
Tpadix ponosuii, | Tpadik honosmii,  Tpadix donoswii,
, . MOTOKOBE BIIEO, MOOLTEHH MOOUTLHHIT
Ipogins Tpagiky : .. . :
MOOITEHUH iHTEepHeT, IHTEpHET,

[MOTOKOBE BIJIE0
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[Mponosikenns Tabnuui 1.2 — PisHULS MK CTaH1apTaMH B IU1aHYBaHHI

VolP - chcrema

MacoBoro
Moga - CMO 3
00CTyroByBaHHs W C—
(CMO) 3 Moga - CMO 3 ; %
BlJMOBaMH BLIAMOBaMU Mobims it
O0cayropyBanusa S i yepramu i
iHTepHer - CMO 3 | inTeprer - CMO 3 ;
; ; MpIOpHTETaAMH.
Yepram 1 YEepram 1 ot ;
MpIOPATETAMHU MpPIOpPHTETaMH e
b - : CMO 6e3
[loTokose Bineo - e
CMO bes P
3ATPHMOK

Etanu mnanyBanHs Mepexi MobinbHoro 3B’ a3ky crangaptie GSM, WCDMA,

LTE — maseneno B Tadmum 1.3

Tabauusa 1.3 — Etanu nuaHyBaHHS CTaHIAPTIB

Crannapr

Eranu IIaHyBaHH A

Lad

GSM 1.
. BusHa4deHHs MPOCTOPOBUX MapamMeTpiB Mepeki
. BusHadeHHs napaMeTpiB 0a30BHUX CTAHLIH (BUXOASA4H 3

BuGip TMny YacToTHOTO KaHamy

Olo/KeTy BTpaT)

. CKlnagaHH4 4acTOTHOTO IIany

WCDMA ik

ad a

LTE I

w1

BusHauenus KinbkocTi Kananis Tpadiky Ha CTUILHUKY
3a/1eKHO BL BHYTPIIIHEOCHCTEMHHX TEPELIKO,

(3aBaHTaKEHHS MepesKl)
BusHayeHHs MPOCTOPOBHX NapaMeTpiB MEPEiKl

. Pospaxynok napamerpiB 0a3oBuX CTaHUIA (BHXOASYH 3 TOIO,

10 CHTHAJI TPYTIOBHI; PO3paxyHOK 3a MUTOTHAM CHTHAJIOM )
Po3noaineHHs Ko/I0BUX 3/IBHTIB MO CEKTOpam

BusHaueHHS NPOCTOPOBHX MapameTpiB Mepeski

YacroTHe NniIaHyBaHHA

OniHKa MpoTyCcKHOT 37aTHOCTI NP 3aaaHoMy Tipodini Tpadiky

00CITyTOBYBaHHSA, BUXOAYH 3 Tpadiky

. YTouHeHHA MapamMeTpiB Oa30BHX CTaHIIH Ta 30HH
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[sunxocti, siki texHonoris LTE mMoxe 3abe3n1euu T B HU3XIITHHX Ta BUXITHUX
kaHanax ( Bl DazoBoi cTaHIlll 10 MOOUIBHOIO HNPUCTPOIO 1 Ha3aj ), 3ajlekarb Bl
DaraTboX BaKJIMBUX (aKTOpiB — MeTOMy AYIUIEKCYBaHHA KaHaliB, JOCTYITHOTO
Aiana3zoHy 4acToT, THITY MOJIYAALIT Hecy4ol, MeTOY KOAYBaHHA JaHHX, CTiHKICTh
70 Tepellkol, BUKOpHcTaHHA TexHonoriii MIMO, BdTpaTta pecypciB ynpaBiliHHA,
TPHBANICTh UMKTIYHHUX npedikciB Ta iHue [9].

[TonepesHto o1iHKY NapaMeTpiB 3ariaHoBaHoi Mepexi craniapty LTE moxna
3[1HCHUTH 3a TPhOMa CLIEHApiAMM, AK MoKazaHa Ha Pucynky 1.3, a caMe: okpeme
3'ennanns (Single-Downlink), okpema cota 3 Oaratbma kopucTyBadamu (Single-
Cell MultiUser), 6arato cot 3 Garatema kopuctypadamu (Multi-Cell Multi-User)

[9]

Pucynox 1.3 - Cuenapii juist oliHKH napaMeTpis mepeski cranapry LTE

Single-Downlink — cuenapiii y sSIKOMy OLIHIOETbCS JIMIIE OAMH HHM3X1IHUI
KaHan MK 0a30BOoK CcTaHmierwy Ta aboOHeHTCHRKHMM OOMagHAHHAM  OIHOTO
KOpHCTyBada. 3 OOKY IUIaHyBaHHS TaKHM YHHOM MOKHA MPEBIPUTH [apaMmeTpH
o0CHyroByBaHHs Ta MepepaxyBaTH iX Jyis KOpHCTYBada KaHaly, a Takox

edeKTHBHICTEL anroputMmiz MIMO [9].
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Single-Cell Multi-User — cuenapiit, y sikomy 3’€HaHHS OLIHIOETbCH Ha
npeaMeT MoTeHLialy aKTHBHUX KOpPHCTYBa4diB B OJiHIH Komipul (cora). Lle takox
103BOJIAE JOJATKOBO JOCTIAKYBATH MapaMeTpH pagioMepeiki 3 ypaxyBaHHAM
BCEpeIMHI CTIMBHUKOBOTO 3aBaHTAKCHHS | MpoNeIyp MiaHyBaHHA pajlio pecypciB,
a TakoK eheKTHBHICTh DaraTokopucTyBaubkHX pexumie MIMO [9].

Multi-Cell Multi-User - cuenapiii, B AKOMYy OLIIHIOIOTBCA OCHOBHI MapamMeTpH
mepexi. Jlo3Bonse JocmiKyBaTH BCi TapaMeTpH peanbHOT pajioMepexi 3

ypaxyBaHHAM BHYTPIIIHBOCHCTEMHHX MEPELIKOA BiJ CYMDKHHX cOT [9].

1.4 Texuonorias MIMO

Texnonoria MIMO (Multiple Input Multiple Output) — e BHKOpHCTaHHA
KiZTbKOX aHTeH Ha MpUHManbHIi | NepenaBiIbHIi CTOPOHAX, J103BOJAE 30IMBIINTH
NPONYCKHY 3AaTHICTh 0€3 pO3MIHPeHHA CMYTH 9acTOT abo 30iNbIIeHHA NOTYKHOCTI
CUTHTY. Y 1 TexXHoJori MWBHIKICT, Mepedavl [JaHHX 3pocTae  Maibke
NpONopiiifHO KiNBKOCTI aHTeH 1 fAKICTh CHTHATY TMOKPAIUIYETLCA 3a paxyHOK
NPHIAOMY CHIHATY Yepes JeKUTbKa aHTeH OHOYaCHO.

Jnst Mobinsuux cucreM ocoOnuBUi inTepdeiic npejacraBnse TEXHOIOIs
Multi-User MIMO (MU-MINO), wmo nossonsie 3abesmeuyBaTtH mnepegaqy
Hezale)KHHX TIOTOKIB JIAaHHX PI3HHM KOpHCTYBadaMm oJiHodacHo. [lana TexHomoris

300paxena Ha PucyHky 1.4.
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PrcyHok 1.4 — Texnosoria MIMO

€ kinbka BapiaHTie BukopucTaHHs MIMO — mns nifBuiieHHs aDoHeHTCBKOT
€MHOCTI, TO/i AK pi3Ha iH(opMaLlia nepeacTbcs 3 pi3HUX aHTeH 1 LIS TIOKpaLleHHA
NOKpUTTA. Y JIPyroMy BHIAIKY OJMH 1 TOH JKe CHIHaJI MepelacThesl 3 JeKUIbKOX
aHTeH. lndopmains, 1Ka 103B0/159€ aDOHEHTCLKOMY [IPHCTPOI KOMOIHYBATH CUTHAI

BiJI PI3HUX @HTEeH, 110 MiJABHILIOE HOro AKOCTI.

1.5 YacToTHe NJIAHYBAHHS

Ha croropgsiluHiii JeHb Outblua wacTHHa Mepex LTE mpaitoe B mapHOMY
cnexTpi B pexumi FDD (Frequency Division Duplex) - wacToTHHii po3HOC BX1AHOTO
| BHXiHOTO KaHamy, MPH SAKOMY TPHIOM i Tlepeiava curHamy BinOyBaroThes Ha
pi3HMX yacToTax), ane iHTepec go mepex LTE TDD npoaos:kye 3pocTaTH -TaK, Bee
Oinbnre Kpain, axi BnpoBawKytoTh TexHonoriio LTE, ski miarpumytots pexum TDD

(Time Division Duplex) — npuiiom i mepefadi cHrHany BiOyBalOTBCA Ha OJIHIN
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YACTOTI, ajle 3 NMOJAIIOM 3a yacoM. TexHosoris Hailkpalle MAXoAUTh 118 101aTKIB,
1O MaKTh HecHMeTpHYHHI Tpadik.

Beboro nig texHonorito LTE sugineno nonan 40 aianaszonis gactoT (bands),
npH 1koMY BHKOpHcTaHHA crniektpa ans LTE mae perioHansHi ocoOauMBOCTI.
Hanpuknaz, B CILIA Haiibiiew nonyaspaumy € gianasonn 700 MI 1 (B ocHOBHOMY,
band 13 i band 17) iIAWS (AWS band (Advanced Wireless Services band) - napxi
4acToTH B aianazoHax 1710-1755 MI'u (mepenayva) i 2110-2155 MITu (mpuitom) (1,7
/2,1 ITu), B €poni - gianazonu 1800 MI'u (band 3) i 2600 MI'u (band 7), B
nepcnektusi - 800 Ml (band 20). B Anonil nepmi 3anycku LTE BinOynuca B
mianazoni 800/850 MI'u; 1,5 I 1,7 T i 2,1 I'Tu (B 3anexHOCTI B oniepaTopa).
Benukuii iHtepec B cBiTI nop'ssandii 3 pedapminrom wacror GSM s ix
sBukopucTtaHia B Mepemkax LTE. Ocobnuso 1e crocyerbes mianazony 1800 MI', a
B Jeskux Bumaakax — 900 MI'u. ITpu usomy OUIBLICTE PeryasiTOPIB CXBallOE
TEXHOIOINYHO  HeWTpalbHMH  MIAXid, [pH  HKOMY  OIEeparopH  MOXKYTh
BHKOPHCTOBYBATH HasiBHI Yy HHX YacTOTH He3aJIe7KHO BIJl KOHKPETHOI TEXHOJIOTII.

Pozsutok LTE Ha yactoti 1800 MTI'u B cepentbomy Ha 60% exoHOMidHIILE,
HiZK OyAIBHHLITBO Mepek B BHCOKOYACTOTHHX Jlana3oHax. BHKOpHCTaHHA LBOTO
nianasoHy J03BOJISE CKOPOTHTH 4ac BHXoay TexHonorii LTE Ha pHHOK i
NPUCKOPHTH HOTO POZBUTOK. Y OLIBII BUI'THOMY CTAHOBHILI OTTMHATHCSA TI KOMIaHIT,
AKI 3MOMKYTh mpoBecTH pedapminr anga HukHIX uactor 800-900 MIu, ne
posroprannsa mepex LTE B xinbka pasig nemeBine, Hix B manazoHax sume 2 [T

PozropTanHsa Mepek B HU3bKOYACTOTHIN obnacTi cnekTpa Guibin npuBabnneo
3 TOUKH 30pY BUTPAT | ONTHMAIBHO MIXOAMTE ISl TIOKPHTTA PailOHIB 3 HH3BKOIO
UIABHICTIO HaceleHHA (mepeaMicTs 1 ciibebki paifonn). Husbki wactoTH, B
NMOpPIBHAHHI 3 BUCOKMMH, 3a0e3MeyyloTh iCTOTHO Kpaille NPOHUKHEHHA BCepeinHI
Oy/iBens 1 Be/IHKY IUIOLY MOKPHTTS, 110, 3 ojHoro 00Ky, Ao3Boise 3abesneqyuTi
3B'I3KOM BEITHKI TEpHTOpii, a 3 IHIIOTO - cepHo3HO 0OMeKYe UIILHICTE DA30BHX

CTaHILill 1 3aroCTpPIOE MPoOIeMy BHYTPICHCTEMHOT iHTepdepeHLLii.



23

Bucoki 4acTtoTH BLAMIHHO MAXOASTs [uis nodyaoeu cucreM LTE B perionax 3
BUCOKOK LLUIBHICTIO HACe/IeHHs, e IOTPIOHI BUCOK] LUBHJKOCTI [epedadl JAaHHux.
Opnak AKIIO MpalloBaTH TUIBKM B BHCOKOYAcTOTHOMY Alafa3’oHi, TO HEMHHYYe
BHHHKaOTh MpobieMn 2 palionokpuTTaM. DeMTOCTIIkHIKH, BCTAHORIEHI B MICIIAX
3 BHCOKOIO KOHIIeHTpalieto aboHeHTIB (Tpadiky) 1 B NpHMILIEHHSX, JONOMAraloTh
3MEHIIHTH «TiHBOBI» 30HH B TMOKPHTTI. @DeMTOCTUILHHKH HeoOXigHI 1A
MOMIMNIIeHHS NOKPUTTA Mepexi Ha nepuiux nosepxax OyiBenb, B MiIBATbHHX
NPUMIILEHHAX 1 Ha CKJIaJax, 4 TaKoK A1 BHPILIEHHA aDOHEHTCHKHX MpoOIieM,

MOB'A3aHHX 3 EPEBAHTAKEHHAM MEPEKIB TOAHHMITIK.

1.6 llepesarn ta negoamikn LTE

Iepesarn LTE:

eBucoka mpomyckHa 37aTHICTh: BHCOKA WIBMAKICTH TNepeiadi JaHWX MOKe
OyTH JOCATHYTA SK B HU3X1IHIN JiHIT 3B'43KY, TaK 1 B BUCXiIHIH NiHil 38 A3Ky. Lle
BHKIMKA€ BUCOKY MPOMYCKHY 3/aTHICTb.

eHusbka 3arpuMka: 4ac, HeoOXIIHMH M1 [IAKIIOYEHHA [0 Mepexl,
3HAXO/IUTLCS B Jlana3oHl coTeHb MUICEKYH. 1 Telep cTaHy eHeprosbepexeHHs
MOJKHa BBOIHTH 1 BHXOIHTH JIYKe HIBHIKO.

oFDD i TDD Ha oaniii mnardgopmi: aymieke 3 wactoTHUM nojinom (FDD) i
aymaeke 3 THMuacoBuMm  noauiom  (TDD), oOMaBi cXeMH  MOKYThH
BHKOPHCTOBYBATHCS Ha OJIHIH MiaTgopmi.

e Yynopa BlacMo/id 2 KIHLUEBHM KopHcTyBadeM: ONTHMIZ0BaHA CUIHAI3allis
JUTSl BCTAHOBIICHHS 3'€/IHAHHSA 1 IHIUMX Mpoleayp paaioiHTepdeiicy 1 ynpasliHHs
MODIIBHICTIO 11 Olibllie MOMINIIKMIA B3acMOAiS 2 KOpUCTyBadeM. 3MeHILIeHa
saTpuMKa (1o 10 Mc) a7st Kpaioi B3aeMo11i 3 KOpHCTyBadeM.

e besmogne 3'eanannn: LTE Takox Oyae miatpuMyBaTi OesinoBHE 3'€AHaAHHS 3

ICHYIOUMMHM MepexkaMHu, TakuMu sk GSM, CDMA i WCDMA.,
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ellizkitoun i rpaii: KOpUCTYBaueBi He NOTPIOHO BPY4YHY BCTAHOBIIOBATH
ApaiiBepH /1 MPHCTPOi. 3aMiCThb ILOTO CHCTEMa aBTOMATHIHO PO3Mi3HAE MPHCTPIH,
3aBaHTAKYE HOBI JpaiiBepn Aas oOllajHaHHA, AKUO e HeoOXiQHO, 1 MOYMHAE
MpaloBaTH3 3HOBY MIIKITIOYEHUM TPHCTPOEM.

e[Ipocra apxiTekTypa: 4epe3 MPOCTHH apXiTEeKTYpH HHU3bKI eKCrTyaTalliiiHi
uTpat (OPEX).

Hepoaikun LTE

e BincyrHicTs HacTynHocTi 1o TexHonorii UMTS / HSPA.

e HeoOXiiHiCcTE MoJlepHi3allli TpaHCIIOPTHOT Mepexi ollepaTopa 3B'A3KY, s

SIKICHOIO HAJaHHs NOCayr.

BHCHOBKH 10 IEPIIOTO PO3AiMy

Omxe, y HmaHoMy po3faini Oyno posTIAHYTO ICTOpiK0 Ta pPO3BHTOK
CTI/ILHUKOBOTO 3B’A3KY, 4YeTBepTe MOKOJIIHHA MOOUIBHOTO 3B'43KY Ta Horo
texHonorito LTE, anani3 apxitektypH, 1 ckiagoeux. I[Ipoeeaeno nopiBuaxdHA LTE
3 IHIIMMH HaHOLTbII MOIHPEeHHUMH cTaH1apTaMu, Takox MpoBeaeHo JOCTIKEHHS
nepeBar Ta HEAOMIKIB JaHOro cTaHaapty. TexHonorii MoOUTBHHX Mepex
PO3BHBAIOTHCA B CTPIMKOMY TEMII1, 1 TOMY MOTpiOHa OLIbIIA IBHIKICTE, POMTYCKHA
31aTHICTh, 3aralbHHUI MPHPICT 3aBaHTAKEHHA, BUBAHTKEHHA | MEHITY 3aTPHMKY.
Mepexa LTE nana noOpwuii pesyabTar y BCIX KOMIOHEHTAX Y NOPIBHAHHI 3 OLibLl

JaBHIMH TEXHOJIOTIIMH NepLoro, Apyroro Ta TpETLOTO MOKOJiHb.
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PO3JILI 2. 3ATAJIBHII OI'JISAJT TEXHOJIOIT 5G

2.1 o rake 5G

[HmyeTpis MoOUIBHOTO 3B’A3KY PO3BHBACTHCA HEHMOBIPHOIO IHBHJKICTIO |
CTalla D,i'_'LHi'El-O 3 IOJIOBHHX OLIOp I100abHOI0 €KOHOMIYHOIO PO3BUTKY. Hemae
CYMHIBY, 1110 TeXHOJIOTii MODUTLHOIO 3B A3KY 3MIHIOIOTh KHTTH Ta poboTy HtojieH i
[POAOBKYBATUMYTL MaTH BEJIHMKHI BIUIMB H4a collalbHUH po3suToK. Tomy
3aJ1eXKHICTE 1 MONUT Jiojell Ha MOOLILHUH 3B'S30K nocriiHo 3poctae. B ocranni
PoKH vy cepi MOGITEHOTO 3B'A3KY 3’ IBHBCSA KOHKYPEHTOCTIPOMOKHUIT Bi3Hec, mio
MPH3BENo 0 MIBHIKOTO PO3BHTKY TEXHOIOTIH MacoBoro 30epiraHus Ta oOpobkH
naHux. Tum gacom 6yno 3pobneHo Garato NMpoOpHBIB Y AOCTIKEHHAX 1 po3podui
[poLecOpiB LWITYHHOIO IHTENGKTY Ta anapaTHoOro 3abesledeHHA peallbHOro 4acy.
[Tosiga 1MX HOBHX TEXHOMOTIH PoOMTH KHTTA mMojaeH 3pyudimM. Kpim Ttoro,
OLTBIINI BUKIIVMK CTaBCs Mepes] CyuacHUMM TEXHOIOTISIMU MODUTEHOTO 3B'S3KY.

Tomy 5G cTHKacTbCA AK 3 BRIHKHMH MOATHBOCTAMM, Tak i 3 npobnemamu. s
kopucTyBaviB bavenns SG Take: «iHpOpMAaIIA HATXOIWTh TAaK, AK BH 1IbOTO XOYeTe,
1 BCe 3aBiAM Ha 3B’A3Kky». MU Ha BioacH1 o4l BIAYYEMO HeHaxKeplUBUIl DeHKker
iH(popMauiidHoi epu. MeTta enoxu 5G — nodyayBaTH CTIHKY, 3py4YHY Ta eKOHOMIYHY
iHopMalliiny ekocHereMy Uit moleil. YV possutok 5G OyIyTh BKIOYEH] Pi3HI
(pyHKWT 1HpOpMALITHHOT epH, 1 KOPUCTYBayl 3MOXKYTh HACOJOMKYBATHCH OLIbLL
3PYHHHM 1 PO3YMHHM KHTTAM. 3 pOCTOM MOMYIAPHOCTI MOOIIBHUX IPHCTPOIB THITH
Ta KIJIbKICTh MOOITbHUX TEPMIHATIB PI3K0O 3pOCTAKOTh. Y MaHOYTHbOMY 04iKY€ThCH,
1110 MOTMT Ha JOCBij BIPTYATLHOI peaibHOCTI Ta IONMOBHEHOI PeanbHOCTI, TIONHUT Ha
XMapHe 30epiraHHd MacHBHHX OQICHHX [aHHX, Oe3ApoTOBE KepyBaHHA
BHpOOHWHHMHI a0 BHPOOHHYHMMH TpolecamMy, ANCTAHIIIAHY MEIHHYHY XIpypriio,
aBTOMaTH3allile B IHTeNeKTyalkHIi Mepexi, Oe3neky pyxy Ta iHIIE acrneKkTH

BHMararoTh He TiJIbKH BHCOKOI LIBHJKOCTI nepejadi Aanux 5G, ane i BIANOBI B
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pealbHOMY Yaci 3 Maiike HyJIboBOK 3arTpumMkoro. Kpim toro, ciijl BpaxoByBaTH

3HHKEHHS BUTpaT Ta eHeprosoepexkenns [11].

2.2 Cranaaprusanis

3GPP (3rd Generation Partnership Project) — 11e ankgHC ceMu oprafizailii, aKi
po3poOAAIOTE Pi3HI TENEKOMYHIKaLiiiHI cTanAapTH, cepell SKUX € i 1HLII TapTHepH.
Pons 3GPP nonsrae y QopmyrnioBaHHI TeXHIMHMX BHMOT, OILHII MPOMO3MILA i
OCTATOMHOMY NPHIHATTI cTaHAapTiB. ¥ cepemuni 2017 poxy Oyna npHiiHaTa Bepcid
Release 3aransHoro craHnapty. Bepcia Release Oyna npuiinaTta B 2019 poni. Okpim
po3pobkn  saranbHoi  apxiTekTypH, 3GPP Takok pospobnse craHaapTH
pamiorexHosorii 3G New Radio (NR) 14 HoBHX jllanasoHH 4acToT, BHALICHI V1A
5G [8].

ETSI (European Telecommunication Standard Institute), €pponeiicbkuii
IHCTHTYT TeNeKOMYHIKaWiHHHX cTaHjapTiB, sAkuid ¢ uinedom 3GPP 1 €
HaHaKTUBHIIIMM Y cdepi po3podku ctaHaapTis 5G.

IETF (Internet Engineering Task Force) po3pobuse piluenHs jjs MoiepHizaltii
nporokony IP ans niarpumku  BipTyanizauii MepexeBux dyHkuiii (NFV).
Hanpuknan, IETF pospodus texronorito SFC (Service Function Chaining), fxa
3'€JIHy€ BIpTyasi3oBaHi KOMMOHEHTH apxiTekTypu 5G, Taki sk Oa3oBi craHmii,
CEpBICHI IIJTIO3M Ta MaKeTH JaHMX, B €AMHHI MapuipyT. Lle 103BoiAe THHAMIYHO
cTBOprOBaTH Ta 3B's3yBatH ¢yHkuil BipryarsHol Mmepexi (VNF). IETF TicHo
cnienpamoe 3 3GPP [10].

ITU (MiKHapoOHHH COMO3 €IeKTpo3B’A3Ky) — me areHtctBo OOH,
postamosaHe B KeHeBl, AKe 3aliMacTbCA CTAHAAPTH3ANICIO IMPOKOTO CrekTpy 19
TEMEeKOMYHIKaIlIiHUX TexHonoriil. 3okpeMa, KOOpAHHYe pobOTY 3i CHiTBHOTO

BHKOPHCTAaHHA PalioyacTOTHOIO CIIEKTPY, B TOMY YHc/l And Mepexk SG.
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OKpIM UMX TPbOX OCHOBHHUX KOOPAMHYIOYHX OpraHisalliif, € HU3Ka IHUIMX, V
SIKHX BeJIeThCsl cHCTeMaTH4Ha pakTHYHa poboTa 3 po3podku cradaaptis IMT2020
(5G).

SGPPP (5G Infrastructure Public Private Partnership) BBaxkaeTbca ogHHM i3
NPOBLIHMX NapTHEPCTB 31 cTtanaapTHsanii 5G. Oprasizanis cTaBATh nepes coboro
amMOITHI LUTI IMOA0 PO3BHTKY BAMOr 1o Mmepexi 5G, nanpuknan, 1000-xpathe
30iMbIIeHHS TPOMYCKHOT 3[aTHOCTI Mepeiki, 3HWIKEHHS eHeprocrnokKHBaHHA
KiHIIEBHX MpHcTpoiB Ha 90%, 3Ha4yHe CKOpOYEHHA Yacy Ha CTBOPEHHA HOBHX
CepBICIB 1 cepBiciB, NMOBHe Ta Oe3neyHe MOKPUTTS Mepeki Ta 3 HEe3HAYHOR
3aTPUMKOR Mepeavi JaHuX TOLIO.

NGMN Alliance (M0OB1IbHI Mepexki HOBOTO MOKOMIHHS). AJIbSHC MOOUILHHX
MEpEeK HAaCTYITHOTO MOKOIiHHA Tpaljloe Hajl cTaHAapTusalicto pany pittens 5G. o
CKJIaly allbiHCy BXOAUTH MEHEIKMEHT MPOBIIHHX AMEPUKAaHCBKUX ONepaTopis:
AT&T, U.S. Cellular 1 Verizon.

OkpiM BHIIe3a3HAYEHOTO, ICHYIOTh Taly3eBl Ta PerioHalbHI OpraHisaiii, TaKi
sk 5G Americas, Small Cell Forum, siki Tako podasTh 3HaYHNI BHECOK Y pO3po0Ky

Ta cTaHgapTh3auio pimens 5G [10].

2.3 Cuenapil BHKOPHCTAHHA TA BHMOI'H

Cuenapii 3actocyBantst 5G 0XOIUIIOIOTEL YCI acleKTH MOBCAKICHHOIO JKUTTH,
poboTu, po3Bar i1 TpaHCIOpTy, a De3pOoTOBHIl 3B'A30K JeMOHCTPYBATHMe pi3HI
XapakTepHCTHKH B pPI3HUX BUNaakax. Hanpukian, paloHu 3 nepepaHTaxeHUMH ado
winbHUMH 20 MOOUIBHUMH HPUCTPOSMH, TaKl K JKUTIOBI paioHH, CTAIMIOHH Ta
TOProBi 1EHTPH, XapaKTepH3YBATUMYThCS BHCOKOI MIUIBHICTIO Tpadiky Ta
BEMHKOK KUTBKICTIO CTIOMVYEHb, TOMI AK TPaHCTIOPTHI 3acobH, Taki AK MeTpo Ta
BHCOKOIIBH/IKICHA 3aJ113HHLIA, MaTHMYTh BUCOKY Oe3apoTosa MoOUIBHICTE. B tanuil

yac MoOOIMEHMI 3B'A30K ueTBeproro mnokoniHHA (4(GG) He MOXKe 3a70BOJBHHTH
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BUMOIM [IeAKMX BMUIAJKIB 3 BUCOKOI LIUILHICTIO TpadiKy, BEJIHKOK KIILKICTIO
NJKIH04eHb 2400 BUCOKOK MOOUILHICTIO.

Y MICIAX CKYMYeHHA NrofeH, TakuX AK CTaXioOHHW, e MOTpidHAa HaaBHCOKa
IIBHICTE Tpadiky Ta HaABHCOKa UILUTBHICTH 3B’A3KY, HAM MOTPIOHA IIBH/KICTH
nepeaadi 6e3ipOTOBOTO 3B’ A3KY TaKa jK BHCOKA, SIK IIBHAKICTh ONTHYHOTO BOIOKHA,
mod BUKOHYBaTH Taki onepaiii, Ak nepegada ¢oTo, mMepeqaya Bieo, MNOTOKOBE
BiJIeO B peabHOMY dYaci Ta iHII Mociayru. Y cleHapisx MBHIKOI MOOLTBHOCTI,
TAKHX AK BHCOKOILUBHJIKICHA 3alli3HMLM, IUUIBHICTH Tpadiky Ta CHOMyuYeHHs €
BIJIHOCHO HMIKYMHMH, HiZ Ha cTagioHax. OCKUIbKH IBH/IKICTh BUCOKOIIBH/IKICHHX
noiznie moxe mnepermmysBati 200 Km/ron, BenWKHMH TOMHT Ha CHCTEMH
0e3(poTOBOI0 3B'M3KY € MIATPUMKA BUCOKOIUBHIKICHOT MODITBHOCTI.

Hespaxarouu Ha Te, M0 3apa3 MM MacMo 3pyvHHE gocTyn fno [HTepHery.
MOJIOBMHA HALIOro CBITY BCe e HeJOCTYIHA. 3 pO3BHTKOM 1 3MiHaMH [HTepHeTy
Horo Bazk/IMBICTh 3pOCTac MPOHOPLUIHHO, 1 Bce OlibLIe MPUCTPOIB MAKIHOYAIOTLCH
OJIHH 70 OAHOro. 3apa3 Mmija’ €JHaHuX TPHCTPOiB y KilbKa pa3iB Oinblle, HLK
HaceleHHa 3eMi, BKIIOYHO 3 JeAKHMH TPHCTPOSAMH, K BaKKO MiAKITIOUATH, AKi
3HAXOAAThCA MiJ BOA0 ado 1103a 30HOK MOKPHUTTA CYNYTHHMKIB, 1 iX KUIBKICTh
3pocTae, TOMY BakAWBO BIINOBIIaTH BHMOTaM UIHPOKOTO TMOKPHTTA. ¥
MaiOyTHROMY.

OudikyeTbhed, 1o Tpapik MOOUILHHX AaHuX OyJe JeMOHCTPYBaTH 3HayHe
3pOCTaHHA MPOTArOM TPHBAJIOrO mepiogy B MaidytHbomy: 3 2010 no 2020 pik
3pocTaHHA rnobanbkHoro Tpadiky MoOITEHUX AaHKuX 3pocio Ginkin Hik y 200 pasis,
a3 2010 nmo 2030 pik BoHO 3pocTe Oinbu Hisk y 20 000 pa3is.

OTxe, BUXOAAYH 3 BHILE3a3HAYEHHX BUMOT, 3aranbHl mimi SG taki: Habararo
IBHIIIE, edeKTHBHIIIE Ta po3yMHime [9].

o0 3a10BONILHUTH NOTpeON KOPHCTYBa4iB Y Pi3HHX BHIIAJKax, HeoOXilHa
koMOiIHaliA PI3HUX TEXHOJOTIH /A JAOCATHEHHA BHMOI 10 npoayktHeBHOcTI S5G.
Hanpuknazn, naamiiibHa 06e31poToBa TEXHOMOTiS MOXKE CHOPHATH MOKPAILIEHHIO

IIBHAKOCTI Mepeiavi JJaHuX, MUIBHOCTI 3" €IHaHHA Ta IIIILHOCTI 00CTyroByBaHHA
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3a paxyHoK 30UIbLIEHHS IIBHOCT] posropTaHHs 0asoBUX craHLid. TexHosoris
AHTEHHHX PelLiTOK MOXKe 3HAYHO N1 ABHILNTH e(heKTUBHICTL BHKOPUCTAHHS CIIEKTPY
3a paxyHOK 301bLIEHHA KITbKOCTI aHTeH, [0 BaAIHBO [UIA MOKpallleHHs MiKOBO1
IIBMJIKOCTI nepejiayi JaHuX, MIBHIKOCTI Mepeiadi JAaHHWX, WIUILHOCTI 3B’A3KY Ta
IIIJIBHOCTI 0OCTYrOBYBaHHS.

11106 3a710BONLHHTH NOTPeOM KOPHCTYBa4iB Yy pi3HHX BHMaldkax, HeoOXiIHa
KOMOIHAIlS PI3HHX TeXHOIOTIH IUIA JOCATHEHHS BUMOT 10 MpoaykTuBHOCTI 5G,
HaBeJeHHUX y Tabauii Buue. Hanpuknazn, HaauineHa 0e31poToBa TEXHOIOTIA MOKe
CPHUATH MOKpaIIeHHO MBHIAKOCTI Mepeaadi AaHMX, [IBHOCTI 3°€HaHHA Ta
IITBHOCTI OOCIYTOBYBAHHSA 3a paxyHOK 320UIbIIEHHS IUTBHOCTI PO3rOPTAHHA
OazoBux craHUiil. TexHonoris aHTeHHHX peLNTOK MoOKe 3HAYHO [11BHILHTH
eheKTHBHICTL BUKOPHCTaHHS CMIEKTPY 3a PaXyHOK 30i1bIIIEHHS KiTBKOCTI aHTEH, 110
BaK/IMBO JUISl TIOKpAILEHHs [MMIKOBOI IIBWAKOCTI Iepejadl JaHMX, LIBUIKOCTI

nepeadl JaHux, WITLHOCTI 3B A3KY Ta WUTLHOCT] 00CTYTOBYBAHHA.

2.4 5G Ta Intepuer Peueii

Hapomxenns 5G 0yno 3Ha4HOK Mipol BUKIHKAHE MAacOBHM 3pOCTAHHSAM
MoOLIBEHOIO InTepHety Ta lHTepHeTy peyeii (IoT), 1 3acTocyBanus 5G B OCHOBHOMY
MOJATaE B PO3BUTKY LMX JBOX Mepexk. MobGinsHnit [HTepHeT, SK HOCIH OCHOBHOTO
OizHecy MODIILHOrO 3B'A3KY, B OCTaHHI POKM BHIC 3HAYHWIl BHECOK Y PO3BHTOK
pisHUX ranysei indopMaliiinnx nocayr. PisHi nocradanbHUKH OCHYT ClIOBHA
BUKOPUCTAIM CBOI pecypcH Ta NOC/IYrH Ta po3poOMIH psj CYYAaCHMX «CBIKHX»
JloaTKiB. 3apa3 kopHcTyBadl 6a4aTh Bee OUIbLIe 3pyYHHX (PYHKII, peanizoBaHHX
3a J0NOMOro MoOUIBHOTO IHTEpHeTY, a MONHUT Ha BIPTYAILHY PEalbHICTL 1
JIOMOBHEHY pealbHICTL B IFPOBIH 1HJAYCTpIl TUILKK 3poctae. 3 [oAajiblLINM
pPO3BUTKOM MOOLIBLHOrO IHTepHETY IUBHIKICTL Mepejadi iHpopMalii 3pocre B

THCAYY pasib.
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[oT € ineansHuM NpUKIaoOM MOBHOIO BUKOPHCTAHHS TEXHOJIOrH HOBOIo
nokosiHHA. Ha BCIX pIBHSX JKHUTTA JIKOAH MOXKYThH BHKopHcToByBaTH loT, mo6
KepyBaTH BHPOOHHUTBOM 1 KMTH OBl MpOpaxoBaHO Ta AHHAMIYHO, JOCATAaTH
«PO3YMHOIO» CTaHy Ta MOKpallyBaTH BUKOPHCTAHHS PECYPCiB, a TaKOXK piBeHb
NpoAyKTHBHOCTI mipani. [oT, AK OCHOBHMI IHCTPYMEHT I peasizauii po3yMHOTO
KUTTS, poOOTH Ta BHPOOHHUTBA, POSLIMPIOE KOMYHIKALIK «IHOQHHA-TIONHHAY,
WTHOIHHA-pedb» 1 «pid-peub». 3actocyBaHHs [oT Haa3BMuaiiHO IHPOKI,
BRJIIOUAKOYH 3aXMCT HABKOIHIIHLOIO CEPEIOBHINA, IHTENEKTyalbHHH TPaHCIOPT,
rpomajckky Oesneky, aepikaBHy poOOTy, JoMainHio Oe3nexy, IHTeNeKTyanbHH
NPOTUTIOKEKHIH 3aXMCT, MOHITOPHHT HAaBKOJIMIIHBROTO CEpPEIOBHINA, KepyBaHHSA
OCBITJIEHHSIM, OXOpPOHY 3/10pOB’sl, BLACTeKeHHs XapyoBHX IPOJVKTIB, CUIbChKe
rocno/1apcTBo, MOHITOPUHI CHCTEMH BOjlOTIOCTa4aHHA. 30ip iH(opmarii Ta barato
iHmux nepepar. MoxkHa ckaszatd, mo loT crane me ojHi€l0 «BaKIMBOK
HPOAYKTHBHOK CHIIOOY, KA CIIPUSTHME Nporpecy cycniibersa. ToMy BakIHBO
NITPHMYBATH PO3BHTOK [HTepHeTY pe4ei, a po3BHTOK IHTepHETY peyeil 3anekHTh
BIZI PO3BATKY KOMYHIKaliHHWX TexHomorii. [inkoM MOKIHBO, [0 B TOH MOMEHT,
Ko/H IHTepHeT peveii cTaHe 3BHUHHM 1 yKe NOUHPEHHM aCTeKTOM HAILOIO KHTTH,
nepenaya iHopManii Oy/ie 1yKe 4acTo MiK MPHUCTPOEM, TKTHHOK Ta JTHIHHO,
I LS 3MiHA HE TiIbKM TpHHECe KUTTE3IaTHICTh | MOMJIMBOCTI, ane i CTBOPHTh

BEITHKHH BHKIHK 115 MOOUILHOTO 3B'A3KY.

2.5 Hpnakicrs 5G

3HayHe 30UIbIIEHHS NPOIYCKHOI CIPOMOIKHOCTI 1 MPAKTHYHOI LIBHIKOCTI
epeaadl JaHux norpedyrTh 3HAYHOIO POIMIMPEHHA 1 MABHIICHHA eheKTHBHOCTI
BUKOPUCTAHHS CHEKIPa, a TakokK BKpad BHMCOKOT [IUILHOCTI NIAKINOYEHB, WO
HegocshkHo s cravaaptrie LTE / LTE-A nagite npu ix ypockonanensi. Tak,

peanizauis MepeikK I'STOro [MOKOIIHHS, ©0cOOMHBO [MMIJABHIIEGHHS [IBUJKOCTEH
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nepejadl faHux, MoTpedyI0Th CYTTEBOIO 3DUILLICHHS YaCTOTHOTO pecypey. OaHuM
3 plweHs wici npobiemu € pedapMIHI  4acTOT — [pouedypa 3aMiHH
BUKOPHCTOBYBAHOI ~ pafioTeXHONOTl Ha BHAUIEHHX  ofepaTopy  3B3KY
paniogactoTax. Hanmpuknaz, 3a noro/uKeHHaAM 3 perynaropom, 3anyck eNodeB LTE
Ha wYacToTax, BHAUIEHHX onepatopy nia 2G abo 3G papiomepexi. s
HaZIBAAKICHUX mocayT 3G uboro cnekrpy Oyae HeaoCcTaTHbO, HEOOXIIHHH HOBHI
cnexkTp B Aianazonax sumie 6 M. Tak, na BeecriThili pagiokondepenuii B 2019
poui (WRC-19) 6yno BHaineHo A0AaTKOBI 4acTOTHI AianazoHu Buuie 6 ['T'u ans
MOOITbHOTO 3B'A3KY. Mepexkam moOuibHOrO 3B'a3Ky mn'atoro nokoainaa (5G)
BIIacTHBRI BUcOKI mBHakocTi (o 20 ['6it / ¢ mo minil «eHu3» 1 10 10 I'6iT / ¢ no ninii
«Bropy»). Takox ouiKyeThbCsl 3pocTaHHs pealbHOI HIBHKOCTI Ha oJiHOro aboHeHTa
a0 100 Moit / ¢ 1 binbure. [lepepaxoBaHi BHIlle 3HaYeHH:A 3011bIIEHHA MIBU/IKOCTI
JOCTaloThesl 3a paxyHOK MMIJBHILEHHS clleKTpalbHol edekTHBHOCTI Mepek 5G B
JIeKUJIbKA pa3iB y HOPIBHSAHHI 3 MepeaMHt HeTBepToro NoKoiHHs. Lle B cBolo Yepry
cTano JOCTYNHHM 3a PaxyHOK 3acTOCYBaHHSA TakHX TeXHIYHHMX piilleHb: Massive
MIMO, BukopucTaHHsa HoBOI Bepcii pazioinTepdeiicy New Radio, 6inbin mmpoka

CMYI'a H4CcTOT.

2.6 OcobausocTi apxiTekTypn onopuoi mepexi (Core Network) 5G

OcobnuBicTe apxiTekTypu Mepexi 5G monsrae B ToMy, MO TpajuiliiiHe
MOHATTSA «@PXITEKTYpa Mepeki», 3aCHOBAHOI Ha anaparHuX pienHax, B Mepexi 5G
Brpadac akTyalbHicTh. Tomy 5G wacTilie Ha3MBalOTh HE MEPEKCIO, & CHCTEMOIO,
abo «rnardopMotoy, M1 AKOW MaeTbesl Ha YBasl Iulardopma nporpaMHa, a He
anaparna. Axmo mepexi 1/2/3 / 4G Oyaysanucs Ha 0a3sl anaparHHX pillieHb
(obnannanus), To matdopma 5G Oy ayeTbes Ha 6a3i NporpaMHUX pillieHb, 30KpeMa,
nporpamHo-koHQirypyrouux mepex SDN (Software Defined Network), a Takoxk

BipTyanizauii mepexesnx ¢pyukuiin NFV (Network Function Virtualization).
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Gyukuii 5G peanizylorbes B BIpTyansHMX nporpamMHux ¢yukuisx VNF
(Virtual Network Function), sxi npantotorts B HbppacTpykrypi NFV. Pianuns Mixk
UMM CXO3KHMH 32 3BYYaHHAM MOHATTAMM nojsrae B Tomy, o VNF - ue gyHkiis,
a NFV - ue texnonoris. ¥ cow uepry, NFV peanizyersca y dizuvniii
iHpacTpykTypi gata-uentpis (data center, DC, uentp obpodku nanux, [10[), Ha
Oazi cranaapTHoro komepuiiHoro obnaananaa COTS (Commercial Off The Shelf).
YerarkyBanna COTS Bxatovae Juiie TpH BHIM CTAaHIapTHMX. OO HEIOPOTHX
NPHCTPOIB - cepBep (0OUMCTIOBAIBHUI NPHCTPiil), KoMyTarop (MepexeBHii

MPHCTPiH) 1 cHeTeMa 30epiraHHs JaHUX (IPUCTPiH 30epiranHs).

Peanizauis drysuii y sar gl Peanizauin dyHmuisi y surnsal
anapatroro ofinagmaees NPOrPAMHAX AOSATHIS
e P Mporpasse
“peAp Jabenewennn
e Q00 cors

By o i i i
— Ofinagranma
E - - oS
* Usnaxe poiropTasHe

o JHnmErs MTOMAX BRTPAT

+ Agile

TRAHCDOTsELEN

4400
'EEE
ol il

¢ [loarsi Sac posropTanne
+ Bema saTpata
« Hewmac rHyssocT

Pucynok 2.1 - [lepexin no ipryansHux naathopm SDN/NFV B 5G

Takum yuHOM, oOnagHaHHA TpaJMUIHHHX Mepek MOOUILHOTO 3B'SI3KY
3aMIHIOEThCS Ha ﬂpﬁl"pﬂMHi CYTHOCT i._. NpaooTh: B JaTa-1IEeHTPpaX Ha CTAHJIAPTHHX

cepBepax i BipTyanbHux MammHax VM (virtual machines).
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Jas peanisauii nporpaMHux (YHKUIH, KpIM BIpTYalbHUX MalllUH, TakKoXK
Oy/JyTb BHKOPUCTOBYBaTHCH [IpOIPaMHI KOHTeiHepH (containers), a TaKox
MporpamMHa apXiTeKTypa MiKpocepBIciB (microservice).

Poznosinena apxitextypa mepexi MobineHoro aoctyny D-RAN (Distributed
RAN) B Mepeskax 4G nocTymoBo eBOMIOLIOHYE 10 HeHTpanizoBaHii apxitektypi C-
RAN (Centralized RAN).

B apxitextypi 5G ¢yHKIIT onopHoi Mepeki peani3yloThCs B LIEHTPATbHOMY
xmapi Central Cloud (Cloud RAN), Ha BipTyaneHux MammHax VM, Baxnusy poib
y po3BUTKY Mepek 5G rparuMyTh Takoxk rpanngHe xmapa (Edge Cloud), 3okpema,
texHonoris MEC (Mobile Edge Cloud), a Takox «nuctotymanse» (Fog Cloud).

Bipryams3anis Mepexi Ha 06a3i NFV / SDN nHeoOxijHa Takok JUlst Jyke
kopucHoi dyHkILT 5G: norivHoi Mepexkesoi Hapizku (Network Slicing). TexHomnoris
Network Slicing nossonsie Ha 0a3l €quHoro odeary (Iyny) MepekeBUX pecypciB
BUPOONATH JOTYHUI MO Mepex Ui pI3HHX THOIB nocayr 5G, SKUM [0TpIOHI
pizHi TexHonorii pamionoc Tynmy RAT (Radio Access Technology), 3 pizanmu
XapakTepHCTHKaMH cepeloBuil nepenadi ganux. Ile, rpybo kakyum, Hapizka
MepeKeBHX pecypciB MiJ pi3Hl THOM Tpadiky, npuuoMmy ans koxhoro Craiica
(OykBanbHO - MIMATKa MEpPEki) MO¥KE BHKOPHCTOBYBATHCA CBOA TEXHOJOTIA
nepeaadl  JaHMX. 3aBIAKM  THYYKOCTI  MIAXOAY MOKHA  3a0BOJIBHWUTH
Halpi3HOMAHITHILI 1 HABITH CYNepevnBl BUMOTH KOPHCTYBa4iB Pi3HUX THMIB. s
nepeaaql BeO-gannx uiakom niaxeaute LTE - Horo motpibno Tunbku Tpoxu
J00NpaloBaTH, MIABHIIMTH ITBH/IKICTD.

Jlna mepenaui JaHMX 3 MaJeHBKOK 3aTPUMKOI Oylle BHKOPHCTOBYBATHCA
crielliaTkHUI chaic, AkHi HasmBaeThes ultra-reliable low latency communication.
Bin no3gonge nepenasaTH [aHi 3 BKpail HU3BKOK 3arpumkoro. SAxkmo B LTE
MIHIMAIIbHA TPUBAJIICTS [lepeadi 0/iHa MUTICeKYHIa, TO TYT MIHIMallbHa TPHBATICTh
nepeaadl TpHBATHME YacTKH MINICEKYHIM, a HaJIMHICTE Oyae ay:Ke BHCOKOM, 10
99,9%.
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Oxkpemuii cinaiic B pamxax 5G siaseneno loT. Bin go3Boaste nepegasatu JaHi
BEJIMKHM YHCIIOM NPHCTPOIB 3 HU3BKHM EHEProCclOKUBAHHIAM.

Kpim Toro, Oyme cnalc is BHCOKOMIBMAKICHOI nepenadi AaHUX B
MiniMeTpoBOMY JianasoHi. ToOTo B gianaszoni wactoT Bix 30 mo 300 T
Hanpuknan, B 3BuudHoMy miamasoHl 2-5 ITn mmpiHa BHKOPHCTOBYBaHOTO
4acTOTHOTO KaHaly, B AKOMY MepelaroThes JaHi, BUIHOCHO HEBENMKa 1 CKIalae
onuHuIl, pigme - necatkd MIm. YV miamasoni 40-70 I'Tu goctynmHoro st
BHKOPHCTAHHA CHeKTpa ICTOTHO Oidblie, MO A03BOJHTH 30IMBIIHTH IIHPHHY
4acTOTHOTO KaHaly 0 coTeHb i THeay MI'i i 6iibine. Takum 4rHOM, MUTIMETPOBHH
AianasoH - 1€ NMPaKTHYHO «EKBIBAJIEHT HECKIHYEHHOCTI» [ OMepaTtopis (B ceHcl
o0csry JocCTyNMHUX KaHalebHUX pecypciB). IlpobGnema nonsirac B TOMy, 11O
JIOBO/IUTLCSA TMEpeaBaTH /aHi TUTbKH MPHCTPOIB. SAKI 3HAXOAATLCA B MPAMIiH 30HI
BH/IHMOCTI, 1HAKIIe SKICTh CHIHATY pisko najtae [7].

Y nepHoMmy ceHcl 5G cTaHe «WIMCTKOBHM [HUPOroM», L0 MOEAHYE pi3HI
TEXHONOrI, BHKOPHCTAHHA KOKHOI 3 SAKHX ﬁyﬂe BH3IHAYATHCHA B 34ISHKHOCTI BIJ

BHMOI' KOHKPETHOTO KOpHCTYBada.

2.7 Texnoaorii 5G New Radio (5G NR)

Y 3B'S3KY 3 BACOKHMH BUMOTaMHU, 110 Mpe/'SBIATLCA /10 HOBOrO CTaHIApTY
MOOIIBHOTO 3B'A3KY SG, Oyam po3poliieni 30BCiM HOBHI panioiHTepdeic | Mepexy
pagiogoctyny. Hosuii pajtiointepdeiic, skuil otpumap Hassy 5G New Radio abo
5G NR, 29 3anoponbHAE 3pocTarodi NoTpedn y MoGIILHOMY 3B'A3KY.

Pospobka 5G NR abo 5G New Radio € kitoueM o 3abesnevendHs pobotu
cHeTeMH MoDinbHOro 3B'A3KY 5G 1 3abe3nevye psaja ICTOTHHX MepeBar B MOpIBHAHHI
340.

5G NR Oy pospobnenuii 3 Hynq 3 ypaxyBaHHSM BMMOT i 3 ypaxXyBaHHSIM

KpalIuX TeXHOTOT1i 1 METOIIB.
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5G NR BukopuctoBye MoJIysuito, hOpMH CUTHAIE 1 TEXHOJIOrT JOCTYITY, AKi
JO3BOJISATL CHCTEMI 3a[0BOJILHHTH [OTPedH, cepe/l IHIIOIo, [0CIyl 3 BHCOKOH
LIBMAKICTIO Mepeaadl JaHuX, THX, KoMy NOTpiOHa HM3bKA 3aTPHMKA, a TAKOX THX,
KoMy moTpifHa HeBelMKa IIBH/KICTh Mepe/ayi AaHHuX | TPUBAIHIE Yac aBTOHOMHOT
pobotn [8].

Hoge pagio 5G 3aaTHe 3a0€30€UUTH 3B'A30K 114 JIYKe BHCOKOT CMYTH 4acToT
3 TIepeavyero MoTOKOBOTO BIJIEO, @ TAKOK 3B'A30K 3 MATOI0 3ATPUMKORD 1A 3B'SI3KY
3 INCTaHLI{HMM YTIPABIiHHAM TPaHCIIOPTHHM 3ac000M, a TAKOK 3B'A30K 3 HU3LKOIO
IIBHIKICTIO Mepefadl AaHuX 3 HHU3bKOM TMPOTNYCKHOI 3JATHICTIO IS 3B'A3KY
MallHHHOTO THNY. Y HOBOTO pajio, BHKOpHCTOBYBRaHoro i 5G, € Kilbka
ocobiImMBOCTeN:

e HoBuil pamio¥acTOTHHI CIEKTP: BUKOPHUCTAHHS MOOLIBHOTO 3B'3KY
CTPIMKO 3pocTae, a ILg TeXHOJOris niaTpuMye Habarato Oinblie A0AaTKiB.
Hessaxaroun Ha Te, Mo eeKTHBHICTL BUKOPHCTAHHA CIEKTpa OyiAe MoimmieHa,
TEXHONOTIA He 3MOsKe 3a10BOJTBHHTH BEIHYE3HHH MOTIK 3pOCTaHHA BUKOPHCTAHHS,
TOMY MOTpiOHO DUIbIIE CrIeKTpa.

€ Takosx nepepara 01Tkl BHCOKHX YacTOTHHX iana3oHiB, AKa MOJATaE B TOMY,
1110 BOHH HabaraTo WMpLe, 1 BOHM MOKYThb 3abe3nedyBaTH HadaraTto UPLIT CMYTH
[POIYCKaHHA CUIHATY 1, OTHe, NIATPUMYBaTH Hadarato BULLY LWIBH/KICTD lepeiayi
naHux. HemomikoM B esKHX aclieKkTax € Te, 1o BOHH 0yayTh MaTH HabaraTo OLIbI
KOPOTKHI Jiana3od, ale Ue TakokK € I[epeBarolo, OCKUILKH Le TAKOK [103BOJISE
DaraTopa’oBo BHKOPHCTOBYBAaTH Hadarato OUIBLLIY YaCTOTY.

e  Ontumizosannit OFDM: mie Ha paHHbOMY eTarni Oyiao NpHHHATO
pitieHHA BuKopucToByRaTH hopmy OFDM sk dopmu xBuai ansg nepmoi gazn 5G
New Radio. Bin gyxe ycnimHo BUKopHcTOBYBaBcs 3 4G, HOBITHIMHE CTaHAapTaMH
Wi-Fi 1 Ddaratema IHIIHMH CHCTEMaM# | BHABHBCS ONTHMATBHMM THIOM dopMH
CHTHamy Juia  Oesmiyi  pisHMX gojatkie  aaa  5G. 3aBagky  JI0JaTKOBIH
00YHCIIOBANILHOT MOTYHKHOCTI, 10CTYIHOKW U1 5G, MoxkHa 30 3acTocoBYBaTH pi3Hi

(popmu onrrumizaiti. Konkpernoio sepeiero OFDM, BHKOpHCTOBYBaHOT B HU3X1/1HIH
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minif 3e's3ky 5G NR, e nuxmivnuit npedikc OFDM, CPOFDM, 1 ue Ta % dopma
xBuil, Ky LTE npuiinse ais curaany B HU3XIIHLH JIHIT 3B'A3KY.

e Beamforming (dopmysannus npomenis): Beamforming - wue
TEXHOJIOTisf, fKa cTana peanbHICTIO B OCTAHHI POKHW | TIPOTIOHYE P iCTOTHHX
nepesar ana 5G. PopMyBaHHA MTPOMEHSA I03BOJIAC HANPaBHTH MPOMIHB Bi Da3zoBoi
cranLii 1o MobuibHOro Tenedony. TakuM HHHOM, ONTUMATbHUH CHIHAT MosKe Oy TH
K NepejaHii Ha MoOLIBHUIL TesledoH, Tak 1 OTPUMAaHHH B1J] HBOTO, 8 TAKOXK YCYHEH1

MepelIkoan iHIITHM MOOIUTLHIM TIPHCTPOSM.

NpoMixe ANA KOHKPETHOD
MOBINLHOrO TenedoHa

Cxemu npoMenHn
AHTEHA

Pucunox 2.2 - Konuenuis (opMyBaHHS TiarpaMi ClpAMOBaHOCTI aHTEHH,

fKa BUKOpHCTOBYeThCA 3 5G NR

[Tepexin Ha OiNbII BHCOKI YacTOTH [03BOJIAE BHKOPHCTOBYBATH AHTEHH
HabaraTto MeHINOro Ppo3Mipy 1 MOKIMBICTH MPOrpaMyBaHHS BHCOKHMX PpiBHIB
cnpaMoRraHocTi. Ha yactotax sumie 24 I'T'u, /le aHTeHH MeH1IIe, € MOAJIIHBICTE MaTH

BHCOKOTPO/IYKTHBHI MPOMEHeYNPaBifArdl aHTeHH, AKI MOKYTb TOUYHO HaNpap/sTH
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NOTYKHICTE Ha JaHuil MOOLILHUI TenedoH, a Takoxk 3abesneqyBaTH MOCHICHHS
npuiiMaya B LLOMY HAIPAMKY.

e MIMO: MIMO, kuibka BXOAIB 1 BHXOMIB BHKOPUCTOBYBAJIMCH B
Darathox Oe3ngpoTorux cucTeMax Big Wi-Fi 1o notouHol crinsHuKoBOT cucTeMu 4G,
I e 3a0e3nedye AeAKl 3HavHI noninienHa. B pamkax 5G MIMO crane oaHicio 3
OCHOBHMX TexHonorid. 5G Oyae B MOBHIH Mipl BHKOPHCTOBYBATH IepeBaru
Oararokopuctypalskoi MIMO, MUMIMO, e BoHa Oyjle HaJaBaTH MOJK/IMBOCTI
MHOKHHHOTO Joctyny go MIMO 3a paxyHok BHKOpPHCTAHHSI PO3NOJUIEHOTO
[IPOCTOPOBOIO PO3TALLYBAaHHSA PI3HHX KOPUCTYBayiB.

[lpu peanizauii uporo gNB (0azopa ctannis 5G) sinnpasnse CSI-RS
(oropHH cHrHan iH(GopMaLii Mpo cTaH KaHa1y) Ha pi3He odnaHaHHs KOPHCTYBaya,
a MOTIM B 3a5Ie7KHOCTI Bifl BianoBigei gNB obuncioe npoctopoBy iHGOpPMALIiO 175
KOJKHOTO KopHucTyBaya. Bin BHKOpHCTOBYE 1O indopMalilo 118 obuucaeHHd
HeobXiaHol 1H(opMaLii LI MaTpHUl Nonepeanboro koxysaHus (W-Matrix), ae
CHMBOJIH JIaHUX KOHCTPYIOIOTBCA B CHTHATIH Il KOKHOTO 3 €I€MEHTIB aHTEHOH
peiTkn gNB.

MHOKHHHI TOTOKH JaHHX MaloTh CBOI BJIacHI Baru, AKi BKIO4aKTh (Pa3osi
3pYIUEHHS U1 KOAKHOIO IOTOKY, 100 GopMH CHrHalB KOHCTPYKTHBHO 3aBasKaslH
npuiiMada. Lle MakcHMi3ye MOTYIKHICTH CHIHANY U1l KOPUCTYBaya, a TaKoK
MIHIMI3Y€ CHTHAI 1, OT/Ke, MepellKOH JUIs IHIIHX KOPHCTYBa4iB,

Takum umnom, gNB Moke cninkysaTHcs 3 JCKUILKOMa IPHCTPOAMH
OIHOYACHO 1 He3alle)KHO, BUKOPHCTOBYIOUH NpocTopoBy iH(opmailio. Le o3nayae,
mo 5G MU-MIMO nossonse UE npautosatn 6e3 HeoOX1IHOCTI 3HAHHA KaHany abo
104aTKOBOT 00poOKH U1 OTPUMAaHHA [MOTOKIB JaHHX.

MU-MIMO na nHu3XigHOMY KaHali 3Ha4uHO 301TBLIITYE MPOMYCKHY 31aTHICTE
auten gNB. Bin MaciutabyeTbes 3 ypaxyBaHHAM MIHIMaIbHOI KUIbKOCT1 anTeH gNB
I CYMH KUIBKOCTI TpPH3HA4YEeHUX A1 KOPHCTyBada MPHCTPOIB, MOMHOKEHOTO Ha

KIIBKICTB anTeH Ha ofuH npuctpiit UE. Lle o3navae, mo 3 pukopuctanuam 5G MU-
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MIMO cucrema Moke JocarTd  30UIBIICHHS — IPONYCKHOT  31aTHOCTI,
BUKOPHCTOBY104M aHTeHHI peltiTkl gNB 1 Habararo npocTiwi npucrpoi UE.

e MeroJ CHIBHOIO BHKOPHCTAHHS  CHEKTpa: BelWMKa 4acTHHA
panxioyacTOTHOTO CHEeKTPY, Xo4a i po3no/iieHa, BHKOPHCTOBYETLCS Hee()eKTHBHO.
OpuH 13 3aNpoNOHOBaHUX METOIB - CMNUIbHE BHKOPHCTaHHA CHEKTpa.

e  Mani coTH: OCKITEKH TIOTPIOHO YUITBHEHHS Mepexi s 3a0e3mnedecHHSI
HeOOXIIHHX MOMIMBOCTEH [epejadi JaHHX, [PONOHYETbCH OuUlbLl  LIHPOKe
BUKOPHUCTAHHA MallMX COT | Mepesk Malux coT. Mepeka Manux coT - ue rpyna
nepejaBpanbHUX 0az0BMX CTaHIIH 3 HHU3BKMM  EHEProCMOKHBAHHAM, AKI
BUKOPHCTOBYIOTh MUIIMETPOBI XBHJI sl 30iMbIICHHA 3arajbHOi NpPOMYCKHOI
3fnatHocTi Mepexi. Mepexka manux cot 5G npaiioe HUIAXOM KOOPAHHAILT FPYTIH
MaTMX COT JUIA PO3MOALTY HABAHTAKEHHA | 3MEHINEHHA CKIaaHOCTI (i3H4HHX

MepeLkol, ki CTaloTh OLIbLI BAKIMBHMH HAa MUIIMETPOBHX XBHIISIX.

2.8 Crpykrypa curnaais 5G NR

[Mowatn cnix 3 Toro, mo CP-OFDM e pitmernsaM U1 HH3XITHOTO | BUCXiTHOTO
KaHamy 38'43Ky. TOX, BUCXIZIHUM KaHAIOM Ha3HBAETHCA KaHan abo NiHig nepeaayi
BiJl KOpHCTyBaua a0 0a3oBoi cTaHull, a HU3XIAHMM - BiA Oa3zoBoi craHuii o
KopucTyBada. LI kaHanu, a came BHKOPWCTOBYBaHI /s HUX BHAM abo TiABHIH
MOJYJIsNiT, MOXKYTh OYTH O/iHaKOBHMM abo PI3HUMM, 110 HAlPaBIEHO B Mepiily
Yepry Ha NMiABHILEHHA UITBHOCTI KaHamiB 1 Ha epeKTHBHICTS 3B'A3KY. [l ocTanHIM
BH3HAUEHHAM MM PO3YMIEMO 1 eHeproeeKTHBHICTb, 1 3MeHIIeHHS Yucia DITOBHX
IOMUIIOK.

B octanHi poku 10CTIIHHKH, 1110 NPallioTh B 00s1acTi 6e3/poTOBOrO 3B'13KY,
BUBYAIH PI3HI (POPMH CHTHANIB 3 JCKUIBKOMAa HECYYHMMHM, TPOIMOHYIO4YH Oesny
BapiaHTiB Uit pafiogoctyny 5G. Tak, curHanM, 5Ki BHKOPHUCTOBYIOTH

MYJILTHIUVICKCYBAHHA 3 OpPTOTrOHAIBHHM HacTOTHHM p(ﬂﬂiﬂﬂ‘l!llm {Grthogonal
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frequency division multiplexing, OFDM), nobpe miaxoasts uist gymiekcHoi pobotu
3 TUMYacOBHM [0/1i10M. BoHN NIATPUMYIOTE NPOrpaMu, YyTAMBI 0 3aTPUMOK, |
BiKe [POIEMOHCTPYBaNH YCIIUIHY KOMEpLIHHY peamisaiifo 3 e(eKTHBHHM
OnpaliOBaHHAM CHIHAIIB 13 Bce OUThIL ITMPOKOR CMYTORO Nporyckanssa. Kpim Toro,
BHCOKA CHeKTpadbHa e(eKTHBHICTb 1 cyMicHicTh cHraanie OFDM 3 MIMO
JOTIOMaratTh 3aJ0BOJIBHHTH MOTPedM 1IBOrQ HOBOTO TJA00ATBHOTO CTaHIApPTY
CTIZILHNKOBOTO 3B'3KY B YaCTHHI eKCTpeMalbHUX IIBHAKOCTEH nepenayi JaHux i
IIBHOCTI KaHamiB.

3aBAAKH METO/aM OIIHKM | BHPIBHIOBAHHA CHIHAIBHHX KaHaliB CHIHAIM
OFDM /1eMOHCTPYIOTE BHCOKY CTIHKICTE B 4YaCTOTHO-BHOOpUMX pajiokaHanax.
Ojuak, sK [paBulo, B KaHali [PHCYTHS THUMYAcoBa JIMCHepCis: YacTHHH
nepelaHor0  CHTHATY  MPHAMAOTBCA 3 PI3HUMH  3aTPHMKaMM  depe3
OaraToNpOMIHHICTh MOIIMPEeHH 1 BiloOpaeHb. B pesyibTari oproroHalbHICTh
BUOIPKOBO BTpayacThes, FABIACThCs 1HTepdepeHilis Ak Mix OiTaMH Bcepe/ldHI
CHMBOJITY, TaK 1 M cumBonamu. /s 3anodiranns nepekputra B modatok OFDM-
CHMBOJy BCTAaBMSIETbCA [MKTIYHMIA npedikc, 1m0 MICTUThL KiHIeBi OiTH
nonepeaHLOro cuMBomy. [IpHKpinHBIIK Komnilo KiHig cumBoay OFDM ao movatky
CHMBOJY (11e 1 € UHKI4YHHIH npedike), npHiiMay Moske Kpalile o0polaaTH MOMUITKH
CHHXPOHI3allli | 3ano0iraTh MIZKCHMBO/IBHI MEPENIKO/IH.

DFT-S-OFDM € pimeHHaM 3 Oilbll BHCOKOH e(eKTHBHICTIO caMe Ui
BUCXIJHOTO KaHany 3B'A3ky. Curnans OFDM BononiioTk OfIHIEID HEraTHBHOMO
PHCORO - BHCOKHM 3HaYeHHAM BITHOIIEHHA MIKOBOTO PIBHA MOTYHKHOCTI CHTHANY JI0
cepeiHkOr0 piBHA (peakto-average power ratios, PAPR). Ockiibku mificHItoBay
MOTY:KHOCTI BHcoKoT 4acToTh (Y M) B Mo6inbHOMY NMPHCTPOT CIOKHUBAE HAHGIMBIIY
KITBKICTh €HEeprii, po3poOHHKH CHCTEMH XOTIIH O OTpUMaTH CTPYKTYPY CHIHATY,
o IMmATpUMYe BHcokoedeKTHBHUH pexum  pobotn  YM-nepenasaua npu
OJIHOYAacHOMY 3aJ0BOJIEHHI crekTpanbHHX BHMor 5G. Jlng BucxXingHoro xaxamy
3BSI3KY (a e JiHig Bid KopucTyBada Jo Oa3oBoi craHuii) Texnonoris 5G NR

npornoHye ans kopuctyBada ycratkyBanHs (User Equipment, UE - GykBanbHo
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«IPU3HAYCHE JUIS KOPUCTYBaYa YCTaTKYBaHHD), MA€ Ha yBa3l He TUILKH MOOLUIbHI,
aJle 1 cTallloHapH1 NpUCTpoi) MOAUIHBICTE BUKOopUcTaHHa CP-OFDM-mMoayisuii abo
¢opmu  curnany ridpuanoro dopmaty, 3saHoro OFDM 3 aucKpeTHHM
nepetBopeHHam ®yp'e (Fourier ftransform spread OFDM, DFT-S-OFDM).
Bukopucropytoun texuonorito DFT-S-OFDM, nepeaasay MOIyJO€ Bel NijiHeCy4i
OJIHAKOBHMH JaHHMH (pHcyHOK 2.3). Lle 3HHKY€E BIJIHOIICHHSA MIKOBOIO 3HA4YCHHA
110 cepejIHbOTO, 30epiraiyn cTIHKICTh 10 ed)eKTiB MHOTOIY4YeBOCTH, | 3abe3nevye
THY9KHil po3noin yactoT migHece OFDM. ¥V tux Bunajaxax, konu PAPR 3 CP-
OFDM woske cranosutu 11-13 ab, ana supimenns na ocnosi DFT-S-OFDM

CMOKHMBaHHA BapiOEThCA B Mekax 6-9 nb [9].

2.9 OcHoBHI TexHoaorii

HammmpokocMyroBrii MoOIIBHHH 3B’ A30K

[Mocnyru, axi mpononye 5G, BiiaouarTh BrnpoaukeHHs Extreme Mobile
Broadband (eMBB).

MobutbHHH yabTpamMpokocmyrosiil 38°a30k (eMBB) € oanicio 3 Tpbox
OCHOBHHMX mnocnyr, Bu3HadeHnx s 5G. eMBB cnowatky OyeB po3iMpeHHAM
ICHYIOUUX nocayr 4G 1 0JIHIEIO 3 neplux nocnyr 5G, JoCTYNHUX I TOKY KK,

¢eMBB wmoxkHa BBaxaTH nepliumM eTanoM 5@, OXOIUIEHHM OHOBIEHHAM
crangaprie 3GPP Release 15. pyru# eran 5G poswuproe nocayru eMBB s
Oinbut Tpancdopmautiiinux gogarkie URLLC 1 mMTC i € yacTHHORO BHITYCKY.

BasBuM sk npHknaa nigkiarodedi apromoduni, nepuwa gasa nocayr eMBB
3abesnedye BAOCKOHAICHY aBTOMOOUILHY 1H(GOpMalliHO-PO3BAKAILHY CUCTEMY.
TaKy SIK CTOBILIEHHS TIPO JOPOKHIIA pPyX y peanbHOMY Yaci, BUCOKOLIBHIKICHHI
mocTyn 10 IHTepHeTy, TIOTOKOBE Bileo B peanbHOMY Haci abo Bimeoirpu 4K 3D.

Hpyruii etanm — e aBTOHOMHI TpaHCIMOPTHI 3acobu B MacoBomy maciuradi, AKi
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MOJKYTh 3 €JIHYBaTHCA Ta B3aEMO/IATH 3 IHIIHMH TPAHCHOPTHUMM 3acobamu Ta
HABKOJIMILIHLOO JIOPOIKHBLOIO IH(pacTpyKTypoOtO.

[Tpu BukopucranHi eMBB 5G Mae 0ocarTH TpbOX Pi3HUX XapaKTepHCTHK:

* Binblia npomyckHa 3MaTHICT — IIMPOKOCMYTOBHIT JocTyn wmae OyTH
JOCTYITHHM Y TYCTOHACEIEHHX pailoHax, SK y NPUMIILEHHAX, TaK 1 Ha BIAKPHTOMY
MOBITPI, TAKHX AK LUEHTPH MicT, oicHi OyaiRm abo rpoMaachki Micid, Taki AK
CTa/IlOHN YK KOH(epeHII-1IeHTPH.

* Postpeni MOKIMBOCTI MIAKIIOYEHHS — IIMPOKOCMYTOBHH JOCTYN Mae OyTH
JIOCTYTTHHH CKpi3b. 00 3a0e3neunTn Oe3nepedIHHHNA AOCTYN KOPHCTYBaYa.

* binkia MoOIBEHICTE KOPUCTYBaYiB — 3a0e3Me4nTh MOOIUTBEHI IMPOKOCMYTORI
MOCIYIH B TPaHCMNOPTHUX 3acobax, W0 pyXaloThesd, BKIOYAKO4M aBTOMOOLII,
apTODYCH, MOT3AN Ta JMITAKH.

L1 kareropii BapiaHTIB BUKOPHCTAHHS MAaTHUMYThb pI3HI BUMOTrW. Y cleHapii
rapsdoi TOYKH, /[l CHOPTHBHA [OoJis Mac 0araro KOPUCTYBAdiB, HANPUKIA/L
rasaadis, Oyiae moTpidHA AyiKe BedWKa MPOMYCKHA 3JaTHICTh, 00 3a10BONBHHTH
notpebM BCIX KOPHUCTYBawiB, ajie Mi KopucTyBadi OyayTh cTaTHuHUMH ado
PyXaTHMyThCS TOBUIBHO, TOMY BHMOIM /0 MOOUIBHOCTI OYAyTh HH3LKHMH.
Hasnaku, HamaHHa nocayr eMBB nacakupaMm y BHCOKOHIBHIKICHOMY MOi3i
BHMaraTMMe BHCOKOIO piBHS MOOINBHOCTI, alleé MNpOMyckHa 3/aTtHicTe Oye
HIBKYOK, HDK Y Tapsa4iil Touil.

Ilepmie Bukopuctanna eMBB 3o0cepekeno Ha ciokHBHOMY PHHKY Ta notpedi
B KpalloMy Ta IIBWIIIOMY 3’ €IHaHHi 118 00po0KH BUCOKOAKICHOTO BIZIEOKOHTEHTY,
3pOCTalOuOMY BMICTI, CTBOPEHOMY KOPHCTYBauaMH, 1 HalIMX OYIKYBaHHAX
MOKIMBOCTI TPAHCTIOBATH TE, L0 MH XO4YEMO, J1e MH X04eMOo, KOJTH MH Xouemo 0e3
niKIIoYeHHs 10 Mepex Wi-Fi.

Onnak eMBB — e He JMile cnoKHBaHHS MYJIbTHMEIIHHOTO BMICTY [UIA
po3BakaNpHHUX 1IA€H, BIH mATpHMYyBaTHME CIPAMOBaHMH JOCTYM 10 A0AATKIB 13
XMapHUX MPOCTOPIB MO J0po3i Ha poOOTY, BiAJANEHNX MpaLliBHUKIB Y MO, SKUM

noTpibHO cninKyBaTHeA 3 Oek-ogicom, abo HINOTO IHTENSKTyaabHOTo odicy, Ae BCi
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npucTpoi maKnodeHi dessporoBuM criocobom Ta 0e3 npobiem. 3pewrroto, e
3a0e31e4HTh 3aCTOCYBAHHA IporpaM BijJ MoBHoro 3aHypeHHs y VR ta AR Jj0
BiZIEOCMIOCTEPEIKEHHA B peaTbHOMY 4aci Ta BIPTYIbHHX 3ycTpivei i3 360° Bigeo,
B3a€MOJII€H0 B PeallbHOMY 4Yaci Ta HaBiTh MOMKIMBOCTAMM NEPEKnaly B pealbHOMY

yacl 41 6araToMOBHHX YHACHHKIB.

MacoBHH MIEMAIIHHHUH 3B'A30K

Mepexki 5G  pospobisitorses  UIs OLUITPUMKH  LIMPOKOINO  CHEKTPY
BHCOKOBHMOIJIMBHX TOCAYr 1 [0OJATKIB ILUISXOM pO3LIMPEHHA MEepekeBHX
MOK/IMBOCTCH A1d 3a0esneyeHHs HAA3BHYAHHOI MPOAYKTHBHOCTI, BKIKOYAIOYH
NiATPUMKY MacoBO MiAKIIOUEHHX MPHCTPOIB Y KOHTEKCTI MIKMAIIMHHOTO 3B 3Ky
(MTC).

MTC — ue koMyHiKalliiHa napajurma, y AKii Kilbka NpHcTpoiB abo «peyeil»
nijkstodeni 1o [HTepHeTy abo Geznocepe/THBO MIAKITIOYEH] Ta CHUIKYIOTBCA PazoM
13 He3HaYHUM BTPYYaHHSM JIIOJMHH abo Oe3 Hboro. B enoxy 5G byio po3podieHo
HoBi nogarku s MTC, saxi obcnyroByloTh BenH4e3sHY KilbKIiCTh «peyeiin,
npejacrasistoud Tak 3sandd MacuBHuiH MTC (mMTC) abo macusuuit Intepuer
pededd (mloT). LI MammMHKu 3 aBTOHOMHHM 3B'SI3KOM CTBOPSITH OUILLI CKJIAHMIA
MOOUILHHH Tpa(ik «MaHHa-MamuHa» (M2M).

BUKJIMK MacH BHK/IHKAB PO3BHUTOK HOBHX Oe3/IpOTOBHX TEXHONOTIH st L€l
KOMYHIKaLiiiHoT napagurmu, ocoOsineo B obmacti npuctpois M2ZM. OcCHOBHOO
MeTOI0 € po3pobka cHcTeM, SIKi MOXKYTh MiATPHMYBATH BeNH4e3HY KUIBKICTD
HEAOPOIHX [IPHCTPOIB, pO3TAlIOBAHMX Ha BEIAMKIA TepUTOpPIi, CHOKHBATH
HaZHW3BKY €HEPrilo Ta MiATPHMYBATH Pi3Hi THIH MOCTYT.

3apa3s pi3Hl opraHisallii Ta MocTa4yalbHUKH MOOUIBHHX MEpEiK po3pobisioTh
pitnensa A niaknodedHs mMTC. Axiedt spobinero Ha Bukopuctanti 5G 1 LTE
(4G), a TakoxK HeMUEeH31HHUX AUISHOK cnekTpy yepes LPWAN.

mMTC npononye loT MoXIHBICTE poO3MWIMPHTHEA BiJ 0OMexKeHoro

CIHOKHBAHHS KOPHCTYBaYaMy 10 3araibHol abo 1HGpacTpyKTypHOT 3py4YHOCTL, 1O
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BUKOPUCTOBYETHCS KOMEPUIHHHUMH Tady3sMH Ta oprafizalisiMH JIepikKaBHOro
cektopa. mMMTC Mae noreHUia]l KPHTHYHO BIUIHHYTH Ta 3MIHMTH [1OBCSK/JICHHE
KUTTA BENHKO! KITBKOCTI HAceNeHHA WIAXOM PO3BHTKY «PO3YMHHMX» MicT, Je
InTepHet ycworo (IoE) cTRoproe MoBHICTIO NMOB’A3aHe CYCIITBCTRO.

mMTC npononye loT MOKIMBICTL PO3IIHPHTHCH BiJg 0oOMeKeHOro
CMOAKHBaHHA KOPHCTYBayaMu /10 3aranbHoi abo iHppacTpyKTYpHOT 3pY4YHOCTI, 1O
BUKOPHUCTOBYETHCSH KOMEPIUIHHUMH Taldy3sMH Ta OpraHizamisiMi JepKaBHOTO
cexktopa, mMTC mae noTeHlial KPHTHYHO BIUIMHYTH Ta 3MIHUTH TOBCAKIEHHE
AKUTTS BENHKOI KINMBKOCTI HACENEHHS LUIAXOM PO3BHTKY «PO3YMHHMX» MICT, e

InTepHeT ycroro (IoE) cTBoproe MOBHICTIO MOB'A3aHE CYCITINBCTRO.

Hanzeuuaiino Haaiiaui MOOINBHMIT 3B'A30K 3 HH3BKOI 3aTPHMKOIO

Hapnaniitne 3’eaHaHHs 3 HM3bKOIO 3aTpumkoro, abo URLLC, € oanum 13
CepeiciB, K1 NIATPUMYHTECH cTadapTom 5G New Radio (NR), sk ue nepejdaueto
3GPP. llocnyrn pans npucTpoiB, IO 3ameiaTh BIA 3aTPHMKH, TaKHX AK
aBTOMaTH3allis BHPOOHHWIITBA, ABTOHOMHE BOIHHA, NpoMHcToBHH I[HTepHer i
po3yMHI Mepeski abo poOoTH30BaHI Onepaliii.

Onnieto 3 knrodosux ocobnuBocteil URLLC e LL abo HH3bKa 3aTpHMKa.
Huspka zaTpyMKa Bak/IMBa JUIS aBTOHOMHHX npucTpois. Huseka 3aTpHMKa
J103BOJIAE ONITHMIZYBaTH Ballly MepesKy J11 00poOKH HEHMOBIPHO BeTHKHX 0OCAriB
JaHWX 13 MIHIMATBHOIO 3aTPHMKO0. Mepeki MOBMHHI aganTyBaTHCA JI0 BETHKHX
oGcATiB 3MIHHMX AaHMX Y peanbHoMY 4aci. 5G zabezneunts poboTy Hiel mocmyTH.
URLLC e, MabyTh, HaiilepCrNeKTUBHIIIMM [OMOBHEHHAM [0 MaiOyTHIX
moknnBocted 5G, ane BoHo Takoxk Oyiae HaicknamHimmm; URLLC sumarae sxocti
obcayrosyBanHs (QoS), fAKa NMOBHICTHO BIIPI3HAETBCA Bil MOCAYr MOGIIBHOTO
WHpoKOoCcMyToBoro  3p’sa3ky.  Bin  3a0e3nednTs  Mepemi  MHTTEBUMH
IHTEIEKTYaNbHHMH MOCTYTaMH.

URLLC rapantye s3atpumky | mc ado wmenme. IIfo® nocartm Husbkoi

3aTPUMKH, YCi TPHCTPOi MaloTk OYTH CHHXPOHI30RaHI Ha OJIHI YacoRBiii OCHOBI.
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Inrepdeiic Ha ocHOBI Hacy € Lie ojHiel0 YacTHHOW MoxutMBocteit SG URL. Ile
BU3HA4YUTh Yac, HeoOXIIHHI JUIs yIIpaBIiHHS TpadikoM.

[Tocnyra 3 HU3BKOK 3aTPHMKOK Ta BHCOKOK HaAIHHICTIO BKIOYAE KillbKa
KOMIIOHEHTIB: IHTErpOBaHY CTPYKTYPY Kajpy, HEHMOBIPHO WIBHIKY peakllii,
ed)eKTHBHE YIIPaBIIHHS Ta CINUIbHE BHKOPHCTAHHS PECYpCiB JaHHX, OE3KOIITOBHY
nepeaavy Ha OCHOBI BHCXIOHOT /TiHIT 3B’A3KY Ta BIOCKOHAaNEHI CXeMH KOTyBaHHA
KaHallB.

HaazBuuaitHO HaaiHMH 3B’A30K 13 HU3BKOK 3aTPHMKOI — i€ MOBHHH
ITPOBHI ABHTYH /LA KOMYHIKaIIHHHX TEXHOMOTIH ¥ CyHacHy ernoxy. 3aBsikH LibOMY
MM MOXKEMO BHKOHYBAaTH AMCTaHILiHI omepailii, 3MyHIIyBaTH Haill aBTOMOOLTI

i31MTH ©e3 Hac 1 3HaYHO MIJBUIIHTH [POJYKTUBHICTL MAllIHH.

2.10 Ilporpamui moayai i mepexei GpyHKuii

Mepeska 5G Brirouae B cebe HACTYIHI OCHOBHI NPOTPaMHi MOyl | MEpesKeBi
(pynkwii (NF):

o  (yHKIA ynpaeaiHHA AocTynom i moOunsHicTIO (AMF - Access and
Mobility Management Function);

e (yHKig ynpasninns ceciamu (SMF - Session Management Function);

¢ ¢yukuig nepeaavi gauux kopuctysadis (UPF - User Plane Function);

®* MOAYJb KepyBaHHsi daHuMu Kopuctysadie (UDM - Unified Data
Management);

e yHipikorana 6aza manux (UDR - Unified Data Repository);

® cucrema 30epiranns HecTpykrypoanux ganux (UDSF - Unstructured
Data Storage Function);

e (yskuia rubopy mepexeroro mapy (NSSF - Network Slice Selection
Function);

e (yukuis ynpasninns noaitukamu (PCF - Policy Control Function);
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e (yHkuis 3abe3nedenns B3aeMofil 3 3oBHiHIMKM aogaTkamu (NEF -
Network Exposure Function);
e cxosuiue Mepexkesux ¢pyukuiil (NRF - NF Repository Function);
e npuxnagHa pyHkiig (AF - Application Function);
e (yHKIIA M ITPUMEKH 0OMiHY KOPOTKHMH TEKCTOBHMH
NOBIJOMISHHAMH 3a Joromoroto nporokoiy NAS (SMSF - SMS Function);
ApxitekTypa Mepexki 5G 3 TOUKH 30py CepBic-0pICHTOBaHOI B3a€MOJIil pizHNX

mepeskeBHX (PYHKLIH Ha [UIOLIMHI YIIpaB/IIHHA NokazaHa Ha PucyHky 2.3

PCF UDM

Npef Nudm |

=N N2 N4

UE / (R)AN NS UPF NG DN

Pucynok 2.3 - Apxitektypa Mepexi 3G 3 TOUKH 30py CepBiC-OpIEHTOBAHOT

B32EMO/IIT pi3HHUX Mepe:KeBUX (PYHKIIIH Ha MUIOIIMHI YIIPaBITiHHSA
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BHCHOBKH /10 IPYTOTO pO3IiTY

Mepeiki MOOINTLHOTO 3B’ A3KY I°ATOr0 MOKOJIHHA MaloTh i CBOI MpodnemMu Ta
HEI0JIKH, BUPILIEHHA AKHX TAKOK € BEIHKHM 3aBJaHHSM [PH NPOEKTYBaHHI Ta
posroptanni 5G mepex. [lnd 11b0ro BHKOPHCTOBYETBCS PAId TEXHOMOTIH, IO
JIO3BOJISIOTE J1OCAITH BUCOKMUX [OKa3HMKIB [IpW MNepejadl JaHHX. ApXITeKTypa
Oazopux craduii gNB mMepexi MoOUIBHOrO 13B'SI3KY  11'ATOrO  MOKOJIHHS,
nponoxosada 3GPP. sapisie cobolo nofaiblinid PO3BUTOK 11€0J0ITT pO3NOALICHHX
Oazosux cranuiil 1 "Cloud BBU" i mae nekuibka piBHIB Ta iHTepdeiicia. Miznuna
apxirexktypa 5G Moxke OyTH NoaileHa Ha BIpTyalbHi Mepexi afo ciol, wio
BIKJIIOYalOTL B cebe pi13Hl (yHKWIT Ta MaloTh BIMIHHI OJHA BLI OJHOI
XapakTepHCTHKH. 3aranoM, apxiTekTypa Mepek I[1'AToro MOKoMiHHA poOHTE

BEJIMKHH KPOK B MailOyTHE Ta OCHOBYEThCH Ha HOBUX TEXHONOTSIX.
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PO3/ILN 3. TIEPEXUI BUI LTE JIO 5G

3.1 BapiaTnu nepexoay sin LTE po 5G

Ha choroanimuiii jeHh TPUBA€ AKTHBHE 3POCTAHHA Mepek MoOUIbHOTO
3e'93Ky. Tomy pesylbTaToM PO3BUTKY TeXHOIOrIH € [osiBa Mepexk ['8Toro
nokomiHua (5G). BeakacTbes, 110 Mepeki yeTBepToro nokodiHHs (4G) OyayvTs
JIOMIHYIOYHMH B YChOMY CBITI 1 micis 2022 poky, 4epes Lo MOXHA FOBOPUTH He
[1PO 3aMIHY ICHYIOYHX TeXHOJO0r1 Ha 5(, a npo iX po3BUTOK 1 J0NOBHEHHS HOBUMH
TEXHONOTIAMH PATIOAOCTYTY, MPHIHAYSHUMH 1A KOHKPETHHX CIICHApiiB | TIeBHHX
LLITEN.

3 MmeTow peanizanii gaHoi ctpaterii 3GPP 3anponoHyBaR Kibka MOMKIHBHX
cueHapiis (abo onuii) nposamkenns 4G (LTE) 1 5G (NR). Bei onuii posiieHi Ha
JIBl OCHOBHI IpyTH:

1. Standalone (SA) - nepeafadaroTh BUKOPHCTaHHS TIJTbKH OJIHIET TEXHOIOTIT

paaiogoctyny (LTE abo NR - New Radio);

2. Non-Standalone (NSA) - sukopucranns 1 LTE i NR, mo cnpouye

posropTaHHs Mepexk 5G Ha NOYaTKOBOMY eTalll.

Ina posropranns 5G 3a cueHapiem Non-Standalone Heobx11Ha MoepHizaLia
Oaszosux cranuiid mepexi 4GLTE no pisus eLTE (abo enhanced LTE) 3 meroro
NIATPHMKH po3liMpeHoro (YHKIIOHANY B3aemolli 3 OazoBMMM craHuismu 5G
(gND).

BaxknueumM acnektoM ans peamizauii Non-Standalone onuiil, € KoHUenuis
nojgiiHoro nigxmoverns (Dual Connectivity), cnenndikorani 3GPP ta notpiGHe
nigKAouYeHHA KopuceTyBaabHHIBKHX TepMiraniB (UE) B ctani RRC_CONNECTED
OJTHOYAcHO 10 JBoX OazoBux ctanuiin (Master eNb i Secondary eNb). Peanizamia
NonStandalone Haknagae 101aTKOBI BUMOTH JI0 CKAATHOCTI KOPHCTYBATEHHIBKHX

tepminanis (UE), Brnroyaroun 3abesrnedeHHs ojHovacHoT poOoTH JBOX MOAEMIB,
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30UIbILeHUI po3Mip Oydepa npuiiomy 1 10/1aTKOBE HABAHTAXCHHS Ha [POLICCOPHI
pecypcH piBHa PDCP auis BliHORIEHHS NOPSIKY NPOXO/UKEHHS [TaKeTIB.

Bapiantu posroptku 5G B pexkumi Standalone ta NonStandalone 300paneno
Ha Pucynky 3.1:

- 00’ egHaHMH pekuM 3 MyIbTHIIAKTIoueHHAM (NSA), a came: E-UTRA-NR 3
noasiiinuM  nmiakmodenHaM  (ENDC), nepexin 1o BipTyalbHHX miaatdopm
SDN/NFV B 5G;

- aBTOHOMHHIi pekuM (SA) aBox Tumie: NR B aBToHOMHOMY pernmi (NR SA),
E-UTRA 3 niakmodentsiv g0 SGC (E-UTRA/SGC).

1018

EPC

eNB (MN) en-gNB (SN) ng-eNB (SN)

5G( 56GC
NG-RAN NG-RAN :
gNB ng-eNB

PucyHok — 3.1 BapianTn posropriu 5G B pexknmi Standalone Ta Non-Standalone

Lle Bce mepeabavac BHKOpHCTaHHA TUILKM OJHIET TexXHomorll, abo cymicHe
ICHYBaHHA JIBOX [OKOJIIHb, 110 CHPOLLye posropTaHHsa Mepexk 5G Ha M04aTKOBOMY
eTani. 3BicHO, HacTaHe 4ac, Koiu 5G NOYHYTH CTABUTH Bike Ha Oasi Standalone
apXiTeKTYp. 1 Lle 1acTh 3MOTY PO3BHHYTH MepeKy I ATOro MOKOIIHHA 1ile Oinblie |
we kpawe. Cxoxa dyHkuil, nobynosa 4acToT Ta apXITEKTYpH [ABOX OCTAHHIX

MOKOJIIHE Jal0Th 3MOTY X 1HTerpatii.



3.2 OcuoBHi nepeparn Ta HeaoJiku Mik cranpaapramu LTE 1a 5G

J_IIIH HarisaaHoro Buay HeJIONIKK Ta nepesard MIi¥K JIBOMA CTaHapTaMi

HapeaeHo B Tabanm 3.1:

Tabmuus 3.1 — lepesaru Ta negoniku Misk cranpapramu LTE ta 5G
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nepejaydl JaHux

20 rrabaiit B ceKyHy

Cranpaptv
XapakTepuCcTHKH
5G LTE
Tpadix nannx 50 excabaiit/micsLb 7.2 excabalT/MicALb
JlocTynHuii cnekTp 30Tru 3Tu
[likoBa WIBMAKICTH

| rirabaiiT B cexynay

LH11bHICTE 37 € 1HAHHA

1 MUILHOH 3’€1HAHL HA
KM?

100 Tuesy 2’eaHaHb Ha
KM?

3arpUMKa I1aKeTiB

( riaT)

Meniue | MunceKyHIH

=~ 10 MuTiCEKYH

3.3 Budip obmagnanus 118 modynosn Mepeki 5G

Radtii Crod
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Pucynok 3.2 — ApxiTeKTypa CUCTeMH PajlioTOMOK st leMoHcTpali 5G



50

Pajpiorouka

- ONTUMI30BaHWH Y NPUMILLEHH] HaAKOMIIAKTHHII pajionpuiiMay
- CTpuMaHuH | MPOCTHH B YCTAHOBIL

- O/1HO- Ta IROCMYTORI Bepcii

- Bepcii FDD ta TDD

- Panio Ta sxuBieHHA dyepes LAN-kabenb

RDI

- CAT 6A 3 inTerpoanoo notyxHicTio go 160 M (NR) Ta mo 200 M (LTE)
- JlonaTkoBe BOJIOKHO 3 / De3 KHBIIEHHS

- CurHan, cuaxpoHizaitis Ta OAM

Buyrpimmiii pagionpuerpiii

- 19-mr0liMOBe KpIMJIEHHA B CTIHKY abo HacTiHHe KpinnaeHHs, 1,5U
- JKusnenns Ta ynpapiiHHs V1S paloTO40K

- HesanexHui qianasol yacror

- FDD / TDD nporpamue 3abe3neveHHs paiio

- Binnanennii abo po3mitieHuii cnijibHo 3 6a30BOI0 CMYTOK

OcHoBHA cMYTa 10 paaio3B’A3Ky

- BosokHo (CPRI)

OcnoBHa cmyra (RANCompute)

- 19-mrolimoBa onopa 114 MOHTa)Ky B cTiHKy, 1U
- OcHogHa cmyra RDS + MicroRadio

- 3BOpPOTHHII 3B'A30K, CHHXPOHI3alliA Ta De3neka
Cnocid nepeaaBanun

- MOTpibHO MpuHaiiMHI 2 ['6iT /¢

Sapo mepexi



Single Band LTE

Single Band NR

-400 M6ir/c

-2T2R

-40 MI'u IBW

-2243: 2x 50 MB1 (FDD)
Miarpavka 3G. 4G
-Mianazouu: B1, B3, B7
-Poamip: 14 cM 30BHIMHIH
alaMerp, S ¢M BHCOTa

-Bara: 420 rpam (450 rpas 3
KPOHINTEHOM)

- 100 MI'u IBW

- 4x 250 MB1 (TDD)
- IMiarpuvka 4G. 5G / NR
- Mianason: B78A (Q3 2019)

- Posuip: sossimsHifl mamerp

20 eMm

- Bara; 1100 rpan

Pucynok 3.3 — [NopiBHsHHS paioTOYOK

Baseband 6630 (5G NR ado LTE)

- Posmip 44,5x483x350 mm

- Bara 6,5 kr

- 19-mwiiMoBaa cTiHKa

Pucynok 3.4 — 3oBHiwuHiii surasa BaseBand 6630

51
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IRU 2242 (LTE)
- Poamip 30x280x350 mm
- Bara 3,7 kT

- 19-mroiiMoBe KpinuieHHs B cTiliky 3 kopnycom IRU (1U)

Pucynok 3.5 — 3osnimnii surnan [RU 2242

IRU 8846 (5G NR)
- Posmip 67x445x350 mm (1,5U)
-Bara 8,6 kr

-19-mro0iiMoBe KpITLUIeHHs B CTIHKY

PucyHok 3.6 — Sosniwuniil Burnsa IRU 8846

Icuye aBa cuenapii modvaoBH Mepexi Beepeanni OyaiBJi.
Iepumii cuenapiii € oaHoONepaTopHUM PpIlLEHHAM JUIS BEIHKMX MEpPEKEBHX
CLeHapiiB 3 IHTEHCUBHUM BHYTPILLIHIM 1 30BHILUIHIM TpagikoM.
Jpyruii cnenapiii  doxycyeTbcs Ha cnuibHOMY OYIIBHAITBI Ta CHUTbHOMY
BUKOPHUCTAHHI JeKIILKOX oTlepaTtopis 115 epeKTHBHOTO PO3B'A3aHHA 3a/1a4
JIOCTYTTY Ta MOKPamieHHs 1HBECTHITIH.
Kpim Toro, nepeadadeno MOAKIHBICTL CHiTbLHOTO KopucTyBanua LampSite Sharing
HaJae MOM¥JIHBOCTI OUM(pyBaHHA KiMHAT A4 Bizyam3aiii O & M 1 moTped Benukoi

E€MHOCTI pi3HHUX Oi3Hec-Moeneil onepamopis / 61adcHuKie.
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3.4 OcuoBHi po3paxynku L1s nodyrosun mepexi SG

OcHOBHI pO3paxyHKH JUl po3TalllyBaHHs Ta MofeltoBanHs bC Ha ocHOBI
LTE - 5G.

ITepen THM, SIK BUKOHYBaTH pO3paxyHKH MOTPIOHO 3aHECTH BXIAHI AaHI 710
Tabmumi 3.2.

Tabmuus 3.2 — Bxinni nasi 17151 po3paxyHKiB

; Cwmyra sactot, Ml
Teputopis ! Yucno
Cranjapr, mo Ha . Ilnoma 3oHK
30HH Ha DazoBy abOHEeHTIB
BHKOPHCTOBYE .~ | aDOHEHTCBKY .| obcayrosyBaH
obeyroByBaH , CTaHIIK : Mepexl, ;
= Thesl link CTaHLiIO L Hsl, KM~
8 (upiink) (downlink) e
. 6710—
M. JIyOHu LTE - 5G 6785 6805-6880 478 29.93

[Teput 3a Bee, nepen monenosandsam bC Ha kapTi 1aHOT MICLLEBOCTI, NIOTPI1OHO
BU3HAYUTH KUIbKICTh CTIIBHMKIB B MICT1, iKa HeoOX11Ha 115 3a0e3neyeHHs 3B A3Ky
Ta aboHenTchbkol emHocTi. [biowmy, pamiye 1boro CcTUIBHMKA, Ta KUILKICTD

aboHeHTIB, AKI Oy1yTh 00CIYrOBYBaTHCH B MEKax OJIHOTO CTUIBHHKA.

3a OCHOBY CTLIBHHKOBOIO 3B’A3KY — Bi3bMeMo KiacTep THNY 4/12, 300paieHHil Ha

Pucynky 3.7.

Pucynkok 3.7 — Tun knacrepy 4/12
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Jauuii tun knacrepy Mae 12 cekTopiB, a KOXKEH CTUIBHHK Mae [0 TpH

4acToTHHX KaHaiH. [lepiu 3a Bee, 3aHecemo BX1aH1 AaHl qo Tabmmui 3.3, a came Bel

yactorHi Mianasonu s uplink (1) ra downlink () .

Tabnuus 3.3 — [lianazoHu Beix YacroT Ui Knacrepy Ty 4/12 uplink (T) ta

downlink (|)
Newn | Ne cexropa| OPHnK (ng 6;: io 67124 | Downlink (b}a)r?fﬂs-ﬁaﬂm

L. [ 6710-67102 6805-6805 2
2 2 6710.2-6710.4 6805,2-6805 4
3 3 6710.4-6710,6 6805.4-6805-.6
4 4 6710.6-6710.8 6805,6-6805 8
5, 5 6710,8-6711 6805.8-6806
6. 6 671167112 6806-6806.2
7. 7 6711,2-6711,4 6806,2-6806.4
8. 8 6711,4-6711.6 6806,4-6806.6
9, 9 6711,6-6711,8 6806,6-6806.8
10. 10 6711,8-6712 6806.8-6807
i 11 6712-6712,2 6807-6807.2
12. 12 6712.2-6712.4 6807,2-6807.4

OcKinbKH U181l po3paxyHky OyB oOpaHuil knacrep Tuny 4/12, 10 B KOKHOMY

CTUIBHUKY OyzZe no 3 cekropH. Temep motpibHO cKIacTH po3MoAUl HacTOTHHX

KaHadlB JUIA BCIX CTIIbHHKIB A0 Tabmam 3.4.

Tabnuus 3.4 — Po3mo/1il 4aCTOTHUX KaHaliB, 115 BCIX CTUIBHHKIB JaHOTO THITY

Klactepy
| CTUILHUK
Homep cekropy Uplink (1), MI'iy Downlink (), MI'u
1 cekrop 6710-6710.2 6805-6805,2
5 cekrop 6711.6-6711.8 6806.6-6806.8

9 cekrop

6713,2-6713.4

6808,2-6808 4




[Tponosikenns Tabnuui 3.4 — Posnoain yacTtoTHHX KaHalliB, JJI8 BCIX CTUIBHUKIB

JaHOro THITY KIacTepy

2 CTUILHUEK

Homep cekropy

Uplink (1), MT'u

Downlink (), MI'iy

2 cekTop 6710.4-6710,6 6805.4-6805,6
6 cexTop 6712-6712.2 6807-6807.2
10 cexTop 6713,6-6713.8 6808 ,6-6808.8
3 CTITBHHUK
Homep cektopy Uplink (7). MI'a Downlink (]), MI'n
3 cekTop 6710,8-6711 6805,8-6806
7 ceKkTop 6712,4-6712.6 6807,4-6807,6
11 cextop 6714-6714,2 6809-6809 2
4 CTITBLHUK
Howmep cextopy Uplink (1), MT1t Downlink (), MI'
4 cekTop 6711.2-6711.4 6806,2-6806,4
§ cexrop 6712,8-6713 6807,8-6808
12 cextop 6714.4-6714.,6 6809 4-6809,6

[MTicns 3anecenns aanux no Tabnwuui 3.4, oTpUMaHO TakWK pe3yiibTar:

- 3aranpHe YMCIIO YACTOTHNX KaHaliB Y KaacTepi, ckiaanae — 12 oJuHHLb.
- 3aranpHe YMCIO YACTOTHUX KaHAMiB Y CTUTBHHKY, CKAagae — 3 OAMHMILL.
BianosigHo 3a KUIBKICTIO YaCTOTHHX KaHATIB Y KOMIpL, a came 3 OIMHULII,

3riado 3 Tabnuuero 3.4, orpumano 21 kanan tpadiky.

3a nomomorow Tabmuui Epnanra, notpibHo BH3HAYMTH YUCIO CEPEIHBOTO
Tpadiky 3a roguHy /18 0QHoro aboHeHTa, B HaHOLIbLI 3aBaHTAKEHHH Jac.

3BEpHYBIINCH 10 TaOIHIl OTPHMYEMO Taki pe3yIbTaTH:

- Jomyctumuii Tpaik y cTUlbHUKY Ae—=13.7 Epa, ue npu puiw = 2 %
BIJIMOB.

3rigHo X JaHHX, MOTPIOHO 3HAHTH 3a JOMOMOTOI0 KalnbkyasTopa Epnanra -
4UCI0 cepeHbOTo Tpadiky And oqHoro adoHeHTa, B HaildiNbIN 3aBaHTaXKeHHH Yac.

Tak sk, JlyOHu - e cepenre 3a posmipoMm micto. CepenHii Tpaik B KOXKHOTO
aboHeHTa CTaHOBHTH - Ao = 0,015 Epa.

BuKoHY€eMO po3paxyHKM:
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- 3rilHo JaHuX, NOTPIOHO PO3paxyBaTH MAKCHMAILHE YUCIO aDOHEHTIB,

B MeKaX OJIHOTO CTUILHUKA, 33 (POPMYIIOHD:

A .. ABY ..
Me =52 = oo =913 [a6],

ne A — nonmyctumuii Tpadik y cTinbHNKY, Epn;
Ay— cepenHiii Tpadik aboHeHTa B HalOLIbIL HapaHTaxKeHHH dac, Epi.
- Tenep moTpiOHO BU3HAYMTH KITBKICTH TOTEHIIIHHUX aOOHEHTIB B JaHiH

Mepexi, 3a GopMyno:

Ny, =2Z-p-p+-S=1,1-1050-29,9 = 34 534 [oc],

ne Z — 3amiaHoBaHA nond puHKY (£ = 80 %, He BpaxoBYHOUH HacelcHHS,
crapuie 12 pokis, Ta JITHIX JIl0Jiei);

L — [POHHKHICTh JaHOTO TUITY cepBicy B YKpaiHi (V18 CTIILHUKOBOIO 3B S3KY
p=1,1);

p — UIUIBHICTh HACENEHHS, YON/KM? , PO3PAXOBYETHCS K BiIHOUICHHS
KiZIbKOCTI HaceneHHs B MICTI Ny, J10 TUIOILT TEPHTOPIT, AKY 3aHMac MICTO, Srep!

S — mroia TepuTopii, Ha AKIH PO3TOPTAIOTL CUCTEMY CTUIBHHKOBOTO 3B SI3KY,
KM,

- JaninorpidHO BH3HAYMTH TNPOIYCKHY 31ATHICTH AAHOI Mepexi, s

AKICHOTO Ha/laHHA MoCyT aboHeHTaMm, 3a (PopMYyJI0k0:

Ay, =N, - A, = 34534 - 0,015 = 268,

ne Ay — IHTeHCHBHICTD Tpadiky oaHoro aboHeHTa, B HalOITbII HaBaHTaKeHH I
yac;
N, — KiIbKICTh HOTEHLIHHUX ADOHEHTIB B MEpekl.

- TenepnotpibHo BH3HAYHTH KIMBKICTE OA30BHX CTaHIIH, 3a opMyNOIO:
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Nge = 24 = 2°% — 27(6¢],

Agc 99

ne A, — IPONYCKHA 3/1aTHICTE MEPEKI;
Ape — IHTEHCUBHICTE TpahiKy, 10 CTBOPIOETLCS Ha OHIM Da30B1iH cTaHLUil.
- Ha nanomy erani HeoOXiJTHO BU3HAYHMTH KIJIbKICTb CTUIBHUKIB B MICTI,
3a hopMyIoH0:
_ qu:ep __ 47800

Qer = My 913 = 52[(_.'['],

ne My, — 3aranbHa MUoma Juis po3MillieHHA CTUIbHUKIB;

M. — MaKCcHMalbHO TOTYCTHMA KITBKICTh 20OHEHTIB B CTITEHUKY.
- Ilicas Toro, siK cTana BiIOMA KUILKICTh CTUILHUKIB B MEpeskKi, He0OXiIHO

3HAUTH 3arajibHy njiomy oJHoro CT UILHHKA, 32 q}OpM}fHDI{)I

5, 29,9 .
Ser = =% === = 0,575 [km?],
Ger 52
1€ Syep — MIIOLIA JAHOT MEPEIKi;
or — KUIBKICTH CTUILHHKIB B JIaHIi MepeiKi.

- KiHuesum pozpaxyHkoM, Oylde BU3IHA4YeHHs pajiycy CTUIbHUKA, 3a

hopmyJioro:

V8. _ ¥0,575

o= Joes  voes 0,937 xm],

e Sep — 3aranbHa TUIONIA CTUTBHHKA.
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Bei wi obpaxosani gaHi noTpidoHo 3aHecty 1o Tabnuui 3.5.

Tabmmug 3.5 — O6paxosani jaHi

KinbkicTb 4acToT B CTUIBHUKY 3
KinbxicTb yacToT B Ki1acrepl Ty 4/12 12
Honycriume 4Heio abOHEHTIB B CTUIBHUKY .M 13
KinbkicTh noTeHiiHUX aGOHEHTIB B Mepeki, Ny 34 534
IlponyckHa 31aTHICTE Mepexl, Ay 268
KinbkicTs 6a30BHX cTaHiLil B Mepeski, Ngc 27
UKo CTiIBHUKIB B MEPEKI, (o 52
[Tnoma cruibHHKA, Sey (57
Paziyc KoKHOIo CTUIBHUKA B JaHiil Mepexd, R, 0,937

3.5 PosTamryBanHsa 1a Moaemosanns bC crannapty 5G

INeorpadgivune micue 30HH 00CTYTOBYBAHHSA
Jlydouu — we wmicro B [lonrapcekiii obmacTi, aaMIHICTPaTHBHHI LEHTP
Jlybencekoro paiioHy.
Hacenenns JTyGen He ayke Benuke, a came — 47845 ocib, cranom Ha | Gepesns
2018 poxky.
[Tnoima nporo micta craHoBHTh — 29 93 km?

Hyxw

Lot Eoveriias
Hopasw Bepesorn

Binewasing
Mrap Cyxa Conoi
B o i f::,'n.l'l'nu.

Lynngh IMacwss

Barynnm
i BEasok

yrawiLy CanomMUp

KynmEBaxa Tenw

Bl
Bralinox
I sed Hasapies

LLbepieimea

K i
Dt rcagpisss Epieny



59

Pucynox 3.8 — micto JIybuu
CeoroaHi JlybHH — 3HaYHHMIl NPOMUCIOBHH, €KOHOMIYHHH 1 KyJIbTYPHHIi
eHTp. B micTi Garato 3aBofiB, 3aKkialiB HABYaHHs Ta IHIIHX iHppacTpykTyp. B
TenepimHii yac MOOINBHME 3B’A30K B MICTI Oaxae OyTH KpaumM. TOMY MIO
MOCTIHHO 3’ ABMSIOTLCA MOJTOMKH Ha Ha30BHX CTaHIIAX, IHOAL HE BUCTAYAE LIHAKOCTI
nepenavi ganux. lye piako BHHUKAe NepeHaBaHTaeHHs Mepexl. KokHOro poky
B MICTO NpHi3AKae Darato /el Ta TYPHCTIB B 0310poByi Ha3u. MoOinsHMii 3B’ 130K
MOCTI{HO EBOJIIOIIOHY€E Ta PO3BHBAEcTbCA, caMe ToMy JIyOHam A IUBHAKOTO
PO3BHTKY HeOOXI/IHHH AKICHMH Ta BHAKMH MOOLTBEHUIA 3B A30K.
Tenep oTpumaBmIKM BCi pe3ynbTaTH, € MOXKIMBICTE 3MOJIENIOBATH aHAIIOT
Da30BOT craHlil Ha KapTi MicueBocti Micta JlybHu, 3a fonoMoroto nporpamu Atoll.
Ha nepeuHHOMY eTami BXOAy B nporpamHe 3a0esnedyeHHA, 3yCcTpiyae BIKHO 3
HalawTyBaHHaM nopty. Jlis nodarky norpibHo HaMAWITYBaTH MOPT SK MOKA3aHO
Ha PucyHky 3.9,

- Terywes yoTpodicTen -~ Mapamerpel cBAZM
|N¢2 :J _t] Mopr:
Kovsioregi | _] |COM47: FPint5E3 >
Cropocte COM-nopra:
Monent: jaTan 77 = 50 5

MNapons gocTyna P-l

Maponk onepatopa | a0
M0 YA DA EHLRD:

Yeraroeurs I

|Fagoec minop:

[ PacumpesHeid sypHan ] J
[~ WHeepTUpOBaTL COCTORHME ASHENKHORD
AlHES

| [NpoBepka nﬁﬂaul MaparisTpbl pﬁupmuwml INouck o6opuaoEaHUA |

Pasynsrar:
0 nporparme.., Cepenc otopuAoEaHMs |
|YeTpoicTE BEACYEHD [
] OrtieHa | MNpurdeHuTs l

Pucynok 3.9 — [lanenb HanawryBaHHs 1opry
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Hani norpibHo 3aBaHTaXHUTH KapTy MICLEBOCTI Ha caifti [15], ta

CKOPHCTYBaTHC NaHe/LIIo HaNallTyBaHHs, 9K 10Ka3aHo Ha Pucynky 3.10.

P EE W sk v 1HGHI lenglate L0 e S B 1E L e
v Y 5 & | AIE 25m Ldban |3 mcton »
= T1E wiH; - Dievee Liban M sectan] =
REDE o s BBER 35N R [3 vecion)

15 MH; - Subeaban (1 secion|
15 MH; - Livbsan [3 smcaces|
3% MHz - Urtan (4 sechon

Pucynok 3.10 — [laHens HanamtyBaHb 1 BctaHoBaeHHA bC

Y BikHI, Mo BiaKpunocdA, notpidHo Bubpatu bC, fAKa 3a10BUTEHAE BHMOTH
napameTpis, uo Oynu pospaxosani Bumle. OOoB’s3k0BO noTpidHO BHOpaTH

HalalITyBaHHA urban — napamerp, skl patoe JuLe Uig MicTa pucyHok 3.11.

Stathan Template Properties

Stalm'laml

Avadatle Tengplates

135 Mg - Dense Urban (3 sectors) =

|2.5 ¥z - Derge Urban {4 sactors) —""&&'——J
1.5 Mz - Buwal {1 sectors) Eropattes
s Ei - iiﬁ I‘}J::tnu'i —J

| 3.5 Mz - Urban (4 sectors) _._JE'

_ s |

Dwfaul Tenglete: |35 M2 - Lrban (3 sectors) =

Pucynok 3.11 — Bubip koudiryparii BC

[Ticas subopy kondirypauii bC notpibHo 1T HanamTyBaTH SIK MOKazaHO Ha

Pucynxky 3.12.
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< ol

hach B

] [ cocien sen>

|

oesnedenns Attol. Ha Buxoni orpumyemo taku

T wrc

Pucynok 3.12 — [Tanens nanamrysanng bC

Ak

Garintal 1ok | Cursinctirn | Tionctmate | Fskaoity | Propgeiie| Dinpiy |

B asxn

s

[Ticnst nmosepxHesoro Hanamrysanud bC noTpibHo 3aBaHTakKHTH KapTy
JaHoro paifoHy B [IporpaMmHe 3a

pesynbTaT, fK 300paxeHo Ha Pucynky 3.13.

Lt Y &1

TTye Lk - L
] -3 \a A am
Mﬁ.—u f%m ..“_ﬁ M:m._ w...__..-..

i

sviBuz [

Pucynok 3.13 — Kapra 3araibHoi 3a0y/10BH JJaHOro paHoHY
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[Ticnst 3apaHatameHHs kapTu wicuieeocti B [13, Maemo MomnuBicTb
posramysard Bl bC Ha HalBHIUI TOYKH JaHOIO perioHy, Wod MoxHa Oyilo
nodaunTH AK Mpalioe PO3MOBCIOKEHHA CHIHATY MK HHMH, AK 300paieH0 Ha

Pucynxy 3.14.

Pucyrok 3.14 — Pe3yabsTaT NOKPHTTA 3afaHoi TEpHTOPIT A1d 2-X cTaHIiiH

IMicns BukoHaHOi omepauii, CHOCTEPIraeTbes HE3aJ0BUIbHE MOKPHTTH
CHrHany, Ak 300paxkeHo Ha Pucynky 3.14. Tomy Oynu BupilieHo 106aBUTH LIe OAHY

bC Ha maHy TepuTOpiio, AK 300paxkeHo Ha PucyHky 3.15.

Pucynok 3.15 — PesyasTaT noKpUTTA 3a1aHoi TepUTOPIT A1 3-X cTaHLii
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byno posmiuieno tpu BC Ha HaliBUIIMX ToYKaX, 11100 Oy 118111 He BILTMBAIK Ha
PO3IIOBCIO/KeHHs CUrHany. Sk BUHO 3 PreyHKy 3.15, HaBiTs 3-x BC He joctaTHbO
ISl BHpileHHA AaHoi mpobaemu, ToMy Oyao NpUHATO pillieHHs 301IBLIMTH

MiJICKICHHS aHTeH Ha 2 ab, nane nigcuwienns 3obpaxkeno Ha Pucynky 3.16.

Pucynok 3.16 — Peaynwrar nicis 36inbeHHs NiICHICHHs Ha aHTeHax

Pe3ynpTat, SIKMH noxasano 30UIbIIEHHS MiJICWIEHHS Ha aHTeHax 30BCIM He

3a710BOJILHAE BUMOrH. ToMy Oyno npuiiHaTo pitleHHs godaputH me oany bBC Ta
3MIHMTH KYT HaXHJIy aHTEH.

30UTbIIEHHS KYTY HaXWIy BIUIMBAE Ha allbHICTh PO3MOBCIOIKEHHS Ta
MNOKPUTTS cUrHany Big pafiopeneiroi cranuii (PPC). [lpuknan kyTy naxuny
300paxkeno Ha Pucynky 3.17.

S

\ i

\ .

Y .
E \\\. “"“-.
z \ b
\ \\‘x
\\. \._h.\
'\\ '».‘\‘“
Ll ““‘"
Temin ()

Doman ()

Pucynok 3.17 — Kyt Haxuiny Ta JanbHICTh NOKPUTTS paiopeneiHol craniii
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3anekHICTh JaJbHOCTI PO3MOBCIYUKEHHA Ta MOKPMTTA Bif Haxuay PPC
306paneno B Tabnuui 3.6.

Tabnuug 3.6 — 3anekHicTb 1aTbHOCTI PO3NOBCIOIKEHHS Ta MOKPUTTS BiJl HAXWITY
PPC

Kyt naxumy " Dmin | Dmax Kyt maxuny | Dmin Dmax
©) (m) (m) () (m) (m)
0 285 W 10 105 429
1 245 o0 11 98 343
2 213 0 12 92 285
3 189 e 13 87 244
4 170 o0 14 82 213
5 154 o0 15 78 189
o 4|« 16 74 170
7 130 | 1719 | 17 | 71 “ 154
8 120 859 18 67 141
0 112 572 19 64 130

KpiM a3uMyTIB | KYTiB aHTeH, crocid po3MilleHHs aHTeHH TaKOK Mae BEIKHKH
BIUIMB Ha [epellKoiH IHWMX CcTUlbHUKIB. HenpaBuibHe posMilleHHs 0a3zoBol
CTaHIii MoOKe MaTH 3HaYHWH BMNAWB Ha MNPOAYKTHBHICT 11  CTUILHHKA.
HaiirosiosHilla BuMora — aHTeHn 6a30Bo1 cTaHuii NOBMHHI OYTU BCTAHOBJEHI TaMm,
oo He OYI10 MeperKko/1 U FoJIOBHUX MPOMEHIB.

3riiHo po3paxyHkaM, posmiileHHaM bC Ta Tabnuil HaiOUIbll BUTIAHHM €
BapiaHT 3 KyTom Haxuiny B 10°, Tomy obHpaemo B mporpami KyT Haxuay B 10°
zamicTh 15°. [Ticas Toro, sk godaBHiack e oaHa yerBepTa bC, MOMKHA 3MIHHTH YKT
Haxumy PPC. [Iporpama ckoMnoHyBasia po3paxyHKH Ta B3sja 10 yBard qobap/ieHHA

noaatkooi bC Ta Buaana Takii pe3ynsTaTH, SK 300pakeHo Ha Pucynky 3.18
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Pucynok 3.18 — PesyabTat posnoBcioxeHHsa curaany g 4-x bC Ta
PeryJoBaHHA KyTa HAXUIly aHTeH

[licns  JgaHOro  MOJIEMIOBAHHS — MOXKHA  CKOPUCTYBATHCh — MOJEILIIO
po3nosciopkeHHs curaany Okamypa-XaTtTa UIS CrpoLleHHs Ta HarisHOTo BHIY.

sIK 300paxkeHo Ha PucyHky 3.19.

Pucynok 3.19 — posnoBcrouKeHHA CHTHATY 32 Moaenmio OkaMypa-XaTTa
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BHCHOBKH /1o TPeTLOTO po3jLLy

Y TpeTboMy po3iUli AMIUIOMHOT po0OoTH, OyJIM BHKOHaHI PO3paxyHKH
OCHOBHHUX XapaKTepPHCTHK CHCTEMH CTUIRHMKOBOTrO 3B°a3Ky. Ha ocHOBI BUKOHaHMX
oOuncnens, Oyna 3mopenboBaHa BC Ha Tepuropii micta Jlyouu. Buxonani
PO3PaxyHKH OCHOBHHMX XapakTEPHCTHK CHUCTEMH CTUIBHMKOBOTO 3B’A3KY, a came:
JOTYCTUME YHCI0 A00HEHTIB B CTUILHHMKY, IPOMYCKHA 3[aTHICTh MEpexi, KillbKiCTh
0a30BHX CTaHMiii, YHCIIO CTUILHUKIB, IIJI0IIA CTIUIBHHKA, padiyc KOKHOTO CTIIbHHKA
B JaHii Mepexi. byno obuncneno, akum Oyae OanaHc NMOTY/KHOCTI Ta BTpaTH Ha
Tpaci. Henomikie He Oyno BUABIEHO, TOMY MOHA 3pOOMTH BHCHOBOK, 11O CHCTEMA

Ha/JiiHa.
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BHCHOBKH

B naniii poGoTi, 010 BHKOHAHO BCi TIOCTABIIEH] 3aBIaHHsA B MOBHOMY 00cs3.
[lpoananizopaHo OCHOBHI CTaHAapTH MOOINBEHOTO 3B'A3KY, HaBEIEHO CHEKTPH
4acToT Ta cxeMH iX pobotn. IlpoananizoBanmii ocHoBHHil ctanmapt LTE, Ta
BUKOHAHO NOPIBHAHHA AaHoTo cTaHaapTy 3 5G. PosrianyTo nepeparu Ta HeloJIKH
LIMX CTaHIapTiB.

[lepen BHKOHAHHAM OCHOBHHX PO3paxyHKiB, Oy710 BH3HA4Ye€HO, fKe came
obnaaHaHHsA Oy/e BAKOPHCTOBYBATHCH B PO3paxyHKax AaHoro THIy 38’ s3Ky. B xomi
poboTti obGpaHo, AKOK caMe Oyje aHTeHa, BHcOTa Ti MiIHOMY Ta KyT Haxuimy.

bynu  BHKOHaHI  pO3paxyHKM OCHOBHHX  XapakTepHUCTHK  CHCTEMM
CTIIBHMKOBOTO 3B'A3KY, a camMe: JIOMYCTHME HYHWcI0 abOHEHTIB B CTIJIBHHKY,
[POIYCKHA 3JATHICTH Mepeki, KUIBKICTH Da30BHX CTAHLIH, YUCIO CTUIBHHKIB,
[U10111a CTUILHHKA, palyc KOXKHOIO CTUILHHKA B 1aHIH Mepexi.

Ha ocHoBi BHKoHaHHX oD4HcIeHE, B TporpaMHoMy 3abesneqenni Atoll, dyna

3MOJIe/ILOBAHA CHCTEMA CTUILHHKOBOTO 3B'A3KY Ha TepuTopii Micta JIyOH#.
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JOJATOK A

GENERAL ANALYSIS OF THE MAIN STANDARDS OF CELLULAR
COMMUNICATION

A.1 History and development of cellular communication

The evolution of cellular communication does not stand still, because the need
to increase the speed of processing and the quality of data transmission is growing
every day. During the entire existence of the mobile network, the following
generations can be distinguished: 1G, 2G, 3G, 4G and the new 5G.

The first generation of mobile communication (1G)

The official date of birth of mobile communication is considered to be April 3,
1973, when the head of Motorola's mobile communications division. Martin Cooper.
called Joel Engel, head of research and development at AT & T Bell Laboratories,
on a busy street in New York. These two companies were at the birth of mobile
telephony. This technology was commercially implemented a few years later, in
1984, in the form of the first generation (1G) mobile networks, which were based on
the analog method of information transmission. [1]

The main analog mobile communication standards were AMPS (Advanced
Mobile Phone Service) (USA, Canada, Central and South America, Australia),
TACS (Total Access Communications System) (England, Italy, Spain, Austria,
Ireland, Japan) and NMT (Nordic Mobile Telephone) (Scandinavian countries and
many other countries). There were other analog mobile communication standards -
Z-450 in Germany and Portugal, RTMS (Radio Telephone Mobile System) in Italy,
Radiocom 2000 in France. In general, the mobile communication of the first
generation was a patchwork of incompatible standards. [1]

At the beginning of the evolution of 1G, no one even thought about data
services - they were analog systems designed and built exclusively for voice calls

and some other modest functions. There were modems, but since wireless
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communication 18 more prone to noise and distortion than conventional wired
communication, transmission speeds were incredibly slow. Also, in the 80s, the price
per minute of talk was so high that a cell phone could be considered a luxury. [1]

All analog standards use frequency (AM) or phase (FM) modulation to transmit
speech and frequency manipulation to transmit control information. This method has
a number of significant disadvantages: the possibility of listening to conversations
by other participants, the lack of effective methods of combating the fading of
signals under the influence of the surrounding landscape and buildings or due to the
movement of participants. Different parts of the frequency spectrum are used to
transmit information on different channels - the method of multiple access with
frequency division of channels (Frequency Division Multiple Access - FDMA) is
used. [2]

The main drawback of analog systems is directly related to this - relatively low
throughput, which is a consequence of insufficiently rational use of the allocated
frequency band when distributing channel frequencies. [2]

The second generation of mobile communication (2G)

In 1982, CEPT (French: Conférence européenne des administrations des postes
et télécommunications) created a working group called GSM Special Group
(French: Groupe Spécial Mobile) to study and develop European cellular mobile
communications of general application - the second generation of mobile phone
systems ( 2G). The name of the GSM working group was also used as the name of
the mobile communication system. In 1989, CEPT's responsibilities were transferred
to the European Telecommunications Standards Institute (ETSI). Initially, GSM was
intended only for ETSI member countries. [1]

However, many other countries have also implemented GSM. such as Eastern
Europe, the Middle East, Asia, Africa, the Pacific, and North America (with a GSM
derivative called PCS1900). The name GSM came to mean "global system of mobile

communication”, which corresponds to its essence. [1]
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The first mobile networks of the second generation (2G) appeared in 1991.
Their main difference from the networks of the first generation was the digital way
of transmitting information, thanks to which the short messaging service SMS
(English Short Messaging Service) appeared. , which many loved. When building
second-generation networks, Europe followed the path of creating a single standard
- GSM, in the USA, most 2G networks were built on the basis of the D-AMPS
(Digital AMPS) standard, which is a modification of analog AMPS. By the way, it
was this circumstance that led to the creation of the American version of the GSM
standard - GSM1900. With the development and spread of the Internet for mobile
devices of 2G networks, WAP (Wireless Application Protocol - wireless data
transfer protocol) was developed - a protocol for wireless access to the resources of
the global Internet network directly from mobile phones. [1]

The GSM standard uses access to several multiplexing stations with time
division (channel compression - TDMA), which allows placing 8 voice channels
simultaneously on one carrier frequency [4]. GSM supports intensive transmission
(270 kbit / s), provides roaming (that is, automatic monitoring of the transition of a
mobile user from one cell to another), includes the integration of speech, data and
communication with public networks. [4]

There are several types of cellular communication standards, namely: GSM-
900, which operates in frequency bands, within 890-960MHz. And micro cellular
communication, which performs its work in the range of 1710-1880 MHz [1]. The
fact that the area of the honeycomb is small and there is a large attenuation gave rise
to the name: "Micro honeycomb". [4]

The general GSM architecture is shown in Figure 1.1. Each has a base station
BTS (BaseTranscieverStation), which provides reception and transmission of radio
signals to subscribers. A BTS has a frequency band different from the bands of
neighboring cells. The mobile cell listens to the neighboring BTS and informs the
base station controller (BSC - BaseStationController) about the reception quality so

that the BSC can switch to the required BTS cell in time. The switching center (MSC
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- MobileservicesSwitchingCentre) carries out switching and routing, directing the
calls of the desired subscriber, including to external public networks [6]. The
database stores information about the location of users, technical characteristics of
mobile stations, data for user identification. Figure A.l shows the scheme of

operation of this standard.
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Figure A.1 — Structure diagram of the GSM standard

The creation of the GSM standard can be divided into two stages:

The first stage, which began in 1991. The services of this stage include: call
forwarding, call barring, call waiting, call holding, global roaming.

With the development of cellular network technologies, additional services
were provided to subscribers.

The second stage of GSM development was completed in 1997 and, together
with the services of the first stage, provided subscribers with new services:
identification of the calling line number, anti-identifier of the number, group call,
creation of a closed group, information on the cost of the call, advice on payment,
maintenance of an additional line, reception of short text messages, voice message
system.

Compared to other widely used digital standards, GSM provides better and

higher energy efficiency, quality, security and privacy of communication.
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The main advantages of 2G networks over their predecessors were that
telephone conversations were encrypted using digital encryption; The 2G system
provided data transmission services starting with SMS messages.

The growing need of mobile users to use the Internet from mobile devices
became the main driving force behind the creation of networks of the 2.5G
generation, which was the transition between 2G and 3G. 2.5G networks use the
same mobile communication standards as 2G networks, but support packet data
transmission technologies in GSM networks - GPRS (General Packet Radio
Transmission), EDGE (Extended Data Rate for GSM Evolution). The use of packet
data transfer made it possible to increase the speed of information exchange to 384
Kbit/s when working with the Internet from mobile devices instead of 9.6 Kbit/s in
2G networks.

The third generation of mobile communication (3G)

The transition to the third generation (3G) became the further development of
mobile communication networks. 3G 1s a mobile digital communication standard,
which under the abbreviation IMT-2000 (English International Mobile
Telecommunications - international mobile communication 2000) combines five
standards - W-CDMA, CDMA2000, TD-CDMA / TD- SCDMA, DECT (Digital
Enhanced Cordless). Telecommunications). Of the listed 3G components, only the
first three represent full-fledged third-generation mobile communication standards.
DECT is a wireless telephony standard for home or office purposes, which can only
be used to organize access points in these networks within the framework of third-
generation mobile technologies.

The IMT-2000 standard provides a clear definition of 3G networks - a mobile
network of the third generation means an integrated mobile network that provides:
for stationary subscribers, the speed of information exchange is at least 2048 kbit/s,
for subscribers moving at the maximum speed. 3 km/h - 384 kbit/s, for participants

moving at a maximum speed of 120 km/h - 144 kbit/s. For global satellite coverage,
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3G networks must provide an exchange speed of at least 64 kbit/s. Code division

multiple access protocols are the basis of all third generation standards.

A.2. The fourth generation of mobile communication (4G)

In March 2008, the radio sector of the International Telecommunication Union
(MSE-P) defined several requirements for the international standard for mobile
wireless broadband 4G, which was called the International Mobile
Telecommunications Advanced (IMT-Advanced) specification. Data rate
requirements for subscribers: 100 Mbps should be provided to highly mobile
subscribers (eg trains and cars) and 1 Gbps to less mobile subscribers (eg pedestrians
and stationary subscribers) [2].

Because the first versions of mobile WIMAX (English Worldwide
Interoperability for Microwave Access) and LTE (English Long Term Evolution)
support speeds well below 1 Gbps, they cannot be called IMT Advanced
technologies, even though service providers often call them 4G technologies. On
December 6, 2010, ITU-R recognized 4G as the most advanced technology.

The main, basic technology of the fourth generation is the technology of
orthogonal frequency compression OFDM (Orthogonal Frequency Division
Multiplexing). For maximum transmission speed, the technology of data
transmission using N antennas and their reception using M antennas - MIMO
(English Multiple Input / Multiple Output - many inputs / many outputs) 1s also used.
In this technology, the transmitting and receiving antennas are spaced to achieve low
correlation between adjacent antennas.

LTE

LTE technology is the main direction of development of third generation (3G)
mobile communication networks. In January 2008, the Third Generation Partnership

Project (3GPP), an international association that develops forward-looking mobile
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communication standards, approved LTE as the next standard for mobile broadband
networks after UMTS [1].

The International Telecommunication Union has chosen two technologies,
LTE-Advanced and WirelessM AN-Advanced (based on the WiMAX standard) as
standards for fourth-generation (4G) wireless broadband. According to the criteria,
some experts consider the standard of wireless communication the fourth generation
of technology that provides a peak data transfer speed of 100 Mbit/s in traffic and 1
Gbit/s in stationary use. Advanced LTE and WIMAX networks, often referred to as
4G for marketing purposes, do not meet the requirements published by the ITU (their
bandwidth is about three times lower than the established criteria). LTE provides a
theoretical peak data transfer rate of up to 326.4 Mbit/s from the base station to the
user (de facto 5-10 Mbit/s) and up to 172.8 Mbit/s in the reverse direction. For
comparison, second-generation (2G) networks are theoretically capable of providing
peak data transfer speeds of 56-114 Kbit/s using GPRS technology and up to 473.6
Kbit/s using EDGE. Third generation (3G) networks provide data transfer speeds of
up to 3.6 Mbit/s.

LTE Advanced

In May 2012, Takehiro Nakamura, head of the 3GPP Radio Access Networks
Working Group, director of NTT DoCoMo Radio System Design Group, published
the results of field tests of the promising LTE Advanced technology, which
represents a new stage in the development of mobile networks. The data transfer rate
stated in this specification shall be 1 Gbps to the subscriber and 500 Mbps from the
subscriber. Experiments carried out in the DoCoMo network confirmed the high
performance of LTE Advanced in the test area, which showed a speed of 600 Mbps
down and 200 Mbps up in a dense city environment while driving in a car [3].

LTE Advanced is the next generation of LTE networks, the fourth generation
of mobile communications. It differs from "basic" LTE by a higher data transfer rate
and the ability to spread the same signal to several bands at once. For these networks,

there is also the development of directional antennas that will be able to transmit a
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signal only in the direction of the subscriber. In addition, LTE Advanced supports
the possibility of retransmission - access to the network of one device through
another [3].

It should also be noted that LTE technology can work in more frequency bands

than other mobile communication technologies.
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Figure A.2 - Allocation of frequency resources between technologies

A.3 Planning and technologies of the LTE standard
Let's briefly consider what standards exist in general based on Table A.l

Table A.1 - Generation of mobile communication systems

Generation Name of standards
0G PTT, MTS, IMTS, AMTS, Mobitex, Autotel/PALM_ ARP
1G NMT, AMPS, Hicap
2G GSM., iDEN, D-AMPS, 1S-95, PDC, CSD, GPRS, HSCSD,
WiIDEN
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Continuation Table A.1 - Generation of mobile communication systems

2.75G EDGE/EGPRS, CDMA2000 (1xRTT)

3G UMTS (W-CDM A, FOMA), CDMAZ2 00 0, TD- SCDMA,
WiMAX
3.5G UMTS (HSPA, HSDPA, HSUPA), CDMA2000 (EV-DO
Rev.A)
3.75G | UMTS (HSPA+), CDMA2000 (EV-DO Rev.B/3xRTT)
4G WIMAX,LTE
5G WIMAX, LTE, CDMA

Since the standards of the fourth generation are now the most relevant, and have

better characteristics and technical indicators than others. we wanted to make a

comparison in their planning.

The differences between LTE and other standards in network planning and

construction are shown in Table A.2

Table A.2 - Difference between planning standards

Standards
Name LTE GSM WCDMA
Switching Packages (IP) Packages and Packages and
channels channels
Signal and
information OFDM INAOWOANE | g b disi gnal
W signal
transmission
Availability of a zi\Vﬂilab]E o
M high-speed and
regular planning ) .
Absent Available high-speed

method

transmission
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Distribution of

Allocation of

Frequency fragments of the
resource planning system band frequency Doss ot need
between BS users | channels between
BS
Backgrqund t‘raﬁic, Background Bz}ckgr{mn.d
streaming video, J traffic, mobile
1 _ traffic, mobile
Traffic profile mobile Internet, S Internet,
VolP > streaming video
The language is
VoIP is a CMO CMO with
with failover. The language is disclaimers.
Mobile Internet - CMO with Mobile Internet -
SMO with queues disclaimers. SMO with
and priorities. Mobile Internet - queues and
Streaming video - | SMO with queues priorities.
Service SMO without and priorities. | Streamin g video -
delays SMO without
delays

The stages of planning a mobile communication network of GSM, WCDMA,

LTE standards are given in Table A.3
Table A.3 — Standards planning stages

Standard '
GSM

RN

loss budget)

Stages of planning

Selection of the type nf"frequency channel
Determination of the spatial parameters of the network
Determination of parameters of base stations (based on the

8. Drawing up a frequency plan
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Continuation Table A.3 - Standards planning stages

WCDMA 5. Determination of the number of traffic channels on the cell
depending on intra-system interference (network loading)
Determination of the spatial parameters of the network
Calculation of parameters of base stations (based on the fact
that the signal 1s group: calculation according to the pilot
signal)

Distribution of code shifts by sector

Determination of the spatial parameters of the network

.

LTE
Frequency planning

Estimation of bandwidth for a given traffic profile

© = o Lo

Refinement of parameters of base stations and service area

based on traffic

The speeds that LTE technology can provide in the downlink and outbound
channels (from the base station to the mobile device and back) depend on many
important factors - the method of channel duplexing, the available frequency range,
the type of carrier modulation, the method of data coding, resistance to interference,
use MIMO technologies, consumption of management resources, duration of cyclic

prefixes, etc. [9]

A preliminary evaluation of the parameters of the planned LTE network can be
carried out under three scenarios, as shown in Figure 1.3, namely: single connection
(Single-Downlink), single cell with many users (Single-Cell MultiUser), many cells
with many users ( Multi-Cell Multi-User).[9]
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Figure A.3 - Scenarios for evaluating network parameters of the L'TE standard

Single-Downlink — a scenario in which only one downlink between the base
station and the subscriber equipment of one user is evaluated. From the planning
side, in this way, service parameters can be checked and calculated for a channel
user, as well as the efficiency of MIMO algorithms. [9]

Single-Cell Multi-User — a scenario in which the connection is evaluated for
the potential of active users in a single cell (cell). It also allows for additional
investigation of radio network parameters taking into account intra-cell loading and
radio resource planning procedures, as well as the effectiveness of multi-user MIMO
modes. [9]

Multi-Cell Multi-User - a scenario in which the main parameters of the network
are evaluated. Allows you to explore all parameters of a real radio network, taking

into account intra-system interference from neighboring cells. [9]
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A.4 MIMO technology

MIMO technology (Multiple Input Multiple Output) is the use of multiple
antennas on the receiving and transmitting sides, allowing you to increase the
bandwidth without expanding the frequency band or increasing the signal strength.
In this technology, the data transfer rate increases almost proportionally to the
number of antennas and the signal quality is improved by receiving the signal
through several antennas at the same time.

For mobile systems. a special interface 1s the Multi-User MIMO (MU-MINQ)
technology, which allows for the transmission of independent data streams to

different users at the same time. This technology is shown in Figure A 4.
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Figure A4 — MIMO technology

There are several options for using MIMO - to increase subscriber capacity,
while different information is transmitted from different antennas and to improve
coverage. In the second case, the same signal is transmitted from several antennas.
Information that allows the subscriber device to combine the signal from different

antennas, which increases its quality.
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A.5 Frequency planning

Today, the majority of LTE networks operate in the paired spectrum in the FDD
(Frequency Division Duplex) mode - the frequency difference of the input and
output channels, in which signal reception and transmission occur at different
frequencies), but interest in LTE TDD networks continues to grow - yes, more and
more countries implementing LTE technology support the TDD (Time Division
Duplex) mode - signal reception and transmission occur on the same frequency, but
with time division. The technology 1s best suited for applications with asymmetric
traffic.

In total, more than 40 frequency bands (bands) have been allocated for LTE
technology, while the use of the spectrum for LTE has regional features. For
example, in the USA the most popular bands are 700 MHz (mainly band 13 and band
17) and AWS (AWS band (Advanced Wireless Services band) - paired frequencies
in the ranges 1710-1755 MHz (transmission) and 2110-2155 MHz (reception ) (1.7
/ 2.1 GHz), in Europe - bands 1800 MHz (band 3) and 2600 MHz (band 7), in the
future - 800 MHz (band 20). In Japan, the first launches of LTE took place in the
band 800/ 850 MHz; 1.5 GHz; 1.7 GHz and 2.1 GHz (operator dependent). There is
a lot of interest worldwide in reforming GSM frequencies for use in LTE networks.
This is especially true for the 1800 MHz band, and in some cases, 900 MHz, while
most regulators favor a technology-neutral approach where operators can use the
frequencies they have, regardless of the specific technology.

The development of LTE at a frequency of 1800 MHz is on average 60% more
economical than the construction of networks in high-frequency bands. The use of
this range allows you to reduce the time to market LTE technology and accelerate
its development. Those companies that can carry out reforming for the lower
frequencies of 800-900 MHz, where the deployment of LTE networks 1s several

times cheaper than in the bands above 2 GHz, will be in a more favorable position.
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The deployment of networks in the low-frequency region of the spectrum is
more attractive from the point of view of costs and is optimally suitable for covering
areas with low population density (suburbs and rural areas). Low frequencies,
compared to high ones. provide significantly better penetration inside buildings and
a large area of coverage, which, on the one hand, allows providing communication
to large areas, and on the other hand, seriously limits the density of base stations and
exacerbates the problem of intra-system interference.

High frequencies are excellent for building LTE systems in densely populated
areas where high data rates are required. However, if you work only in the high-
frequency range, problems with radio coverage inevitably arise. Femtocells installed
in places with a high concentration of subscribers (traffic) and indoors help reduce
"shadow" areas in the coverage. Femtocells are necessary to improve network
coverage on the first floors of buildings, in basements, and in warehouses, as well

as to solve subscriber problems associated with peak hour network congestion.

A.6 Advantages and disadvantages of LTE

Advantages of LTE:

» High bandwidth: High data rates can be achieved in both the downlink and
the uplink. This causes high throughput.

» Low Latency: The time required to connect to the network is in the range of
hundreds of milliseconds, and power-saving states can now be entered and exited
very quickly.

* FDD and TDD on the same platform: Frequency Division Duplex (FDD) and
Time Division Duplex (TDD), both schemes can be used on the same platform.

» Excellent end-user interaction: Optimized signaling for connection
establishment and other radio interface procedures and mobility management further

improved user interaction. Reduced latency (up to 10ms) for a better user experience.
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* Seamless connectivity: LTE will also support seamless connectivity with
existing networks such as GSM, CDMA and WCDMA.

« Plug and play: the user does not need to manually install device drivers.
Instead, the system automatically recognizes the device, downloads new drivers for
the hardware if necessary, and starts working with the newly connected device.

« Simple architecture: low operating costs (OPEX) due to simple architecture.

Disadvantages of LTE

* Lack of continuity to UMTS / HSPA technology.

* The need to modernize the transport network of the communication operator
for quality service provision.

Conclusions

So. in this section, the history and development of cellular communication, the
fourth generation of mobile communication and its LTE technology, the analysis of
the architecture and its components were considered. LTE 1s compared with other
most common standards. A study of the advantages and disadvantages of this
standard was also conducted. Mobile network technologies are developing at a rapid
pace. and therefore require greater speed, bandwidth, overall growth in uploads,
downloads, and lower latency. The LTE network performed well in all components

compared to older technologies of the first, second and third generations.
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NOJATOK B

Hamonanuunil yumepenter «llonrasenka noamexnen meni 10pis Konapamosas
Hapa s Ho-HayROBNA HCTITYT (HDopMaiiiEs TexHoaoril 1@ podoToTextkn

\

KADEIPA ABTOMATHKH. ENNEKTPOHIKI TA
TENEKOMYHIKALLIH

KBAMGIKAIIHA POBOTA MATICTPA

HA TEMY: «MoaepHi3oBaHa CHCTEMA CTLILHHKOBO
3B's3Ky M. JIVOHH HA 0CHOBI €BpONEHCBLKO
cramaapry 5G»

BHKOHAR: eryriest mynn 601-TT Anamenso MK,
KEPIBHHEK: k.ru. toucut Coxon [ B,

OBEKT JOCHIKEHHSA — npouec 38'43KY v MoDLILHIHA Mepesxi cTania "

NPEAMET JOCALUIKEHHA —  METO/H POIPAXYHKY OCHOBHHX XAPAKTEPHCTHE
38’ 83Ky cranaapry 50,

META JIOCOIKEHNHSA — MOJICPHIZAIA MEPERK] 38" 43Ky HA OCHOBI €BPONCICHKONG
cranpapty 3G.

METO/ JOCHIAKEHHS - aHamiTHHEHUI 3 BHKOPHCTAHHAM KOMIT FOTCPHHX TCXHONOIH

3AJAUL JOCTLIKEHDL
= DETpYHTYBANEN HEOGXUHOCTI POATOPTANNA CHOTEMN CTUTEHHROBOTE I8 AIKY,
- BuGip oGaaanumms CHCTEMH CTUIRHHKOBOTD 78" 8IKY.

= POTpaxyHOK DCHORHIY XAPAKTEPHCTHE CHCTEMH CTUIRHHEDROMD 18 7Ky,
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Crinsnmxonnil 38 30K — OUGHH 13 BREB MOBITEHOND Do’ 13Ky, B 0CHOB] #KOTO
JEHITE cTUILIROR. Mepeska. Tobio,
ocoliMRicTs CTUILHHEDBOMG 10 8IKY (O0Arar B
TOALY, HG0 SOHE HOKPICTH AVIMTREN Ha
WCTUTRHHENY, U0 BHIHIMACTLER S0HIMH
DOKMITTA arpesiy Gazonnx cranmii. Ha
Pucynky 100paseHa YIRra I LHEHA CXEMa
MOOYIORN CTURHIKHAOT MEPel,

TMokoainua cucrem MobiJLHOTO 3B SI3KY

MoxoniunA HasimeRyBaHHA cTalaapria
i"ﬂ:_ MTS, IMTS, AMTS, Mobitex, Autotel/PALM, ARP

LR . A5, Hicao

GSM, iDEN, D-AMPS, 1S-95, PDC, CSD, GPRS, HSCSD, WiDEN

- EDGE/EGPRS, CDMA2000 (1xRTT)
UMTS (W-CDM A, FOMA), CDMAZ 00 0, TD- SCDMA, WiMAX

[ UMTS (HSPA, HSDPA, HSUPA), CDMA2000 (EV-DO Rev.A)
. UMTS (HSPA+), COMA2000 (EV-DO Rev.B/3xRTT)

. WIiMAX, LTE

| WiMAX, LTE, CDMA
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INopisusnnsn mix LTE 1a 5G

XApuKTepucruKn '
paKkTep 3G LTE

Tpadix nannx 50 excabaiit/micain

7.2 excabaiit/Micsis

Jlocrynnmii cnextp - 30T 3lmm

Mikosa wamAKIcTL mpcﬂaq_'l"

JANNX 20 viraGaiit B cexymLy 1 rirabaiir B cexynay

HIswicrs 3'comnnsg

1 miniion 3'capane, na kM2 100 THesy 3 CIHANL Ha KM

JarpaMKn naKeTin

= 10 mimicexyna
{ ninr)

Menure 1 misticexynan

Standalone (SA) - nepeabauatoTs BUKOPHCTAHHA TUILKH OHICT TeXHONOrT
pagionoctyny (LTE abo NR - New Radio);
Non-Standalone (NSA) - suxopucranns i LTE i NR, mo cnp

posropraHis Mepek SG Ha NoMaATKOBOMY CTalll,

ﬂ_ I—
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Bubip obaaananns 1is Moaeosanas mepexi 5SG

{ —_—
m - JoBHiHIi surypa BaseBand

— 3opuimnii surman [IRU 8846

dom, = e s "

>3 WY -

S — 3ouimHii Burnan Dot 44

QENe
TLE

3a OCHOBY CTUIBHHKOBOIO 3B'S3KY — Oy10
obpano knacrep tamy 4/12. Jlannii THI K1acTepy
Oys oOpanuii 3a iloro 3aBajoOCTIHKICTh, amgXke BiH
MA€  BEJMKMI 3axMcHMil iHTepsas. B uwsomy
 Kjactepl HasBHO |2 cexTopiB, a KOKEH CTUIbHHK
| MQ€ M0 TPH YaCTOTHHX KAHAITH.
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Oopaxosaui aauni

KinskicTh YacTor B CTIALHKKY

Kinskicts yacror B knactept Ty 4/12
Aonycrime ywcno abouentie B crinbHmry M.
RinexicTe noteHulkHMX aGoneHTiB B Mepewmi, Ny
TponycKHa 3naTHICTS mepewi, A,

Hinexicte Gazosux cTaHuin B mepemi, Ny
Hucno crifbHmkie B -M.EL'IEH-L_qm

Nnowa cTinuHuKa, 5.,

Pagiyc HomHoro crinbHmia B ganin mepesi, R

Kapra 3araabnoi 3a0y1081 1aH0ro paiony
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[liciia sapanaraxenns kapru micuesocri s [13,
MAEMO MOKIHBICTE postamyeati aei BC wua
HAHBHIL TOYKH JIAHOTO Periony, mod MomHA
Oyno nodauMTH AK Npalioe Po3NOBCHKEHHA
CHIHAY MK HHMH

[licna BuKOHAHOT Onepatlii, CHOCTEPIracTLCA
}]lﬂaﬂﬂﬂi][BHL’ NMOKPHTTH CHI'HAITY, 1K
jobpaxeno suute. Tomy Gynn  BHpilmcHO
nobasuTh nie oany bC na nany TepuTopiio, AK

| 300paxkeHO HA AAHOMY PHCYHKY.

H i
.J‘"‘-
I'd
7
i

[==TTT]

301IbIICHHA KYTY HAXHITY B
JANBHICTE
MOKPHTTH CHTHAIY Bil pag
craumii (PPC).

S1

PO3MOBCIO/UKCHH
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Posnoscrokenns curuany sa mozesuno Oxamypa-
Xarra

BHCHOBKH

B naniii pobori, 6yi10 BHKOHAHO BCI NOCTARICHI 3aBAAHHA B [IOBHOM
[Ipoananizoeano ocHOBHI CTaHAAPTH MODLIBHOID 3B'H3KY, HABEICHO CIIEKIPH
cxemu ix poboru. [lpoawanizopauni ocvosuuit crannapr LTE, rma 8
nopisHANHA Janoro cravgapry 3 5G. PozmanyTo nepesarn Ta HEAQIIKI
CTaHAPTIR.

[lepen BHKOHAHHAM OCHOBHHX PO3PAXyHKIB, DY10 BH3HAYEHO, AKE camMe OOJaana
Gy/ie BUKOPHCTOBYRATHCH B PO3PAXYHKAX JAHOIO THITY 38 83ky. B xoxi poGors of
AKOIO came Gyae aHTeHa, BHCOTA 1T MiZHOMY Ta KYT HaxHiIy.



53

BucuHoBkn

Byan  BHKOHAHI  PO3PAXYHKH  OCHOBHHMX  XapPakTePHCTHK  CHETEM)
CTUILHHKOBOIO 3B A3KY, @ Came: JONyCTHME umeao adoHenTis B CTUILIE
HPOIYCKHA BUATHICTL MEPKI, KUIBKICTE OA30BHX CTAHUIN, YMCAO CTUIBH
MDA CTIMBHIKA, PATIVC KOAHOTO CTINBHHEA B aHIH MEpexi.

Ha ocsosi sukonannx obuncnens, B nporpasuoMy sabeanesenni Atoll, 6

IMOEABOBAHA CHCTEMA CTUIBHIKOBOIO 3B'M3Ky Ha TepHropii micta JIyon

JIsiky10 3a yBary!
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AxujoHepHe ToeapucTeo , YrpalHoska
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TparcnopTHa akagemia Ypainn

defepayin zanizHuYHVKE YipaiHe

YipalHCeKWi QepiaBHUN YHIBRpCHTET
JanisHW4YHoro TpaHcnopTy

35-a mikHapogaHa «HchopmaLinHo-
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IHEOPMANINHO-KEPYHY] CHCTEMH HA FATIZHHYHOMY TPAHCNOPTI

TE3W CTEHIOBUX JIONOBIJEH TA BUCTYIIIB
YUYACHHUKIB KOH®EPEHLI

HIGHLIGHTS OF REPORTS AND PRESENTATIONS OF
PARTICIPANTS TO THE CONFERENCE

THKCST, 2022 Mad nogarox)
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IEe PN ABIDED-RERY XS] CHECTEMR

BA 343213 THOMY TFABCOOPRPT]

Cogn1 T B _womp daysem
Adouenxo M. K., mazicmpanm
{Hayioraisuud yuisepcumem rllotmascyra
naximaxnina iweni K pin Kendpamuoxas)
¥R 621.39

MOIEPHIFOBAHA CHCTEMA
CTLILHEKOBOT O 3B'A3KY M. TVEHH HA
OCHOBI € BPOIMIEHCBROI'O CTAHAAFPTY 5G

Ha cuorogsinnnit mess TPHMBIE WTUEHE SPOCTIRRE
MEpEE MODITRHOTC 38'MZEY. TOMY DesVIRTETOM POIENTEY
TexHogorill € DoZBa mepex n'sToro moxomEEx (3G
Braxzaerricz, mo uepeii wermeproro noxenimma (4G}
GYAYTE TOMIMYEOTHME ¥ VOEOMTY cEITL I micnz 2022 pory,
weps: MmO MOMKI FODOPNTE Me OpO I3MINY ICHYKTE
rexsomemi® ma 3G, 2 mpo fx posEmrox 1 gomosmemss
HOEMMH TEXSOTOTLEMY PAIIONGCTYY, MpHUIHsdesmEME I78
EOREPSTHER COSHapLE | TERRIT TUTei,

3 weros peamzamil  gsmedl  crpareri JGFP
IEEPONOHEYEAR ELTHEA MOETHENE cmexapiz (abo ommuk)
enposamiesEy 4G (LTE) 1 3G (WR) [1]. Bor ommi
POSILNEE] H2 JB1 OCHORMI TPYINE:

1. Btandalone (BEA) - mepesSamaioTs EMEOPHCTANNE
Timsxn opmird rexmonori pamomocnvmy (LTE afe NRE -
Mew Eadio);

2. Mon-Standalone (WEA) - ssxopserasms 1 LTE 3

EPC

eNB (MN) en-gNB (5N)

| NG-RAN

NE, mo copommye poiroprasss sepex SG Ea
nowaTEoEOsy eTam

Oz posropramzs 5G 32 cmemaprew Non-Standslone
Beo0RIZ=2 MOSEpEISAmS 0330BEX craEmE mepemt 4G-
LTE a0 pizrx =LTE (ade evhamced LTE) 3 mermo
ILITPEMER POSMEPERECTD QVHEMOELTY EBiaenmodil 3
Sazosmum crammizum G (gNb).

Barnwmma acoseros aza peamisami MNom-Stamdalone
omuiff, € koHDemms DofEiiiwore mmenowsEmi (Dual
coemmdizopami JGPP 12  norpibme

eram RREC_CONNECTED ogsowacko S0 geox Sasomsnc
eranmit (Master &b | Secondary eNb). Peamsams MNon-
Standzlone Eaxnazse JomaTROEL BEMOME Jo CRTEI=0CT
ropuCTYEATMEMmEIMX TepanEams (UE),  mrmowssowm:
IADIMENAEEE OOHOTICHCOI PodoTH  IEON  MOTRMIE,
sOimmenmii pomip oydepa opmitody 1 ZomATROER
HEAEANTANSHES M3 OpouscopHl pecyped pizns FDCP anm
TLTHOSREHEY NOPAIEY DPOXCTEenEs makeTis [21].

Bapiawre poiroprin 3G £ pesms Standalons 13 Non-
Standalone (pae_ 1)

- b eqmzmE pesone = MyTETEmAEToTeEnEn (NEA),
3 canse: E-UTRA-NR 1 poseiiwe mormosesss (EN-
D). mepexin Ao erpryzmeam: mardopy SDNMNFV = 5G;|

- agTomoumER pexmw (SA) mzox mums: NE =
aEETORMAEONy peapa (MR 53), E-UTEA 3
maxmovesna 30 3GC (E-UTRASGC).

56
ng-eNB (SN) : gNB (

MN)

Pue. 1. Baptawrs porropren 5G & pexwnrt Standalone 12 Non-Standalons

e sce oepeafawac mEmOpmcTAMEE TiDnEM ommicl
Texmoneril, abo cyMicMe lemyRaNME JBOX DOKOTINE, MO
smpomyve poaropranEn aMepex 3G ma nowaTxonosy erami
Jziemo, uacrase sac zonm 30 nowsyTe crasurm Ems Ea
fasi Stamdzlone apxivesTyp, i 08 220T3 3MOrY possHEYTE
MEpEEY I ETOTD e OUIRMIS 1 TIE EPATER.
Cresn domemil, oofy20Ra 307107 T2 apKITesTIpm 380k

Concor BEREOPECTAENY JXepea
1 é?'bm Cymas. The 3G Network Archriectare, 2020, =
[ =
2 Zhang L, Zhao G, Imran MLA. (eds.) Intemst of
Things and Semsors Wetworks m G Wiralese
Commumications. 2019, - 2124 ¢
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