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AHOTAIIA

B wmaricrepchkiii poOOTi 3M1MCHEHO MOCIHIKEHHS CIOCOO0IB IMiABUIIECHHS
MPOITYCKHOI CIPOMOKHOCTI Mepex LTE, sk oauH 13 cnoco0iB BUpIlIEHHS TpoOieMu
nepeBaHTaXeHHsT 0a30BUX CTaHIIM, 3HUKEHHS IIBUAKOCTI Mepeaadl AaHUX 1 Opak

pecypciB rereporeHHUX Mepex crannapty LTE.
[IpencraBneHi TeXHIYHI BHUMOTHM Ta YMOBH BHUKOPHUCTAaHHS HENIIEH31HHOTO
cnekrtpa B alana3oHi 5 ['T'1 B pi3HUX perionax cBity. HaBegeHo MOpiBHAHHSA MEXaHI3MIB
oprasizaiii 10CTymny 0 KaHaJly IpH CHOUIbHINA POOOTI pi3HUX TEXHOJIOT1HA PagloIOCTyIy

B miama3oHi 5 I'T'm.

ANNOTATION
The master's thesis investigates ways to increase the bandwidth of LTE
networks, as one of the ways to solve the problem of base station congestion, reduce
data rates and lack of resources of heterogeneous networks of the LTE standard.
The technical requirements and conditions for the use of unlicensed spectrum in
the 5 GHz band in different regions of the world are presented. The comparison of
mechanisms of the organization of access to the channel at joint work of various

technologies of radio access in the range of 5 GHz is resulted.



PE®EPAT

CtpykTypa Ta 00cAr mMaricrepcbkoi podouru. Marictepcbka poboTa
CKJIQJIa€ThCS 3 BCTYIY, YOTUPHOX PO3ALTIB, BUCHOBKIB, IEPENIIKY JKEPEIT MOCUTAHHS.
3aranpHuil 00cAr ckjaaae 67 CTOPIHOK, 3 SIKUX OCHOBHUM 3MICT BUKJIAJEHO Ha
CTOpIHKaX JPYKOBAHOTO TEKCTY, MaricTepchka podorta mae B cob1 29 pucyHkis. [lepenik
JpKepelt ocuIaHH HapaxoBye 24 HallMeHyBaHHS.

Kawuosi ciioBa: LAA, LTE, Wi-Fi, HenineH3iiHuiA CIEKTP, TPOITYCKHA
3IaTHICTh, arperaiis, 4G

O0’exT nocigkeHHs : HeNUEH31iHuM paaioyacToTHuid noctyn mepexi LTE

Merta i 3apa4i JOCJTiKEHHS !

— aHaJli3 TEeXHOJIOTIH AJisl MiABUILIEHHS MpoIyckHOi cipoMoxkHOCTI LTE ;

— BHOIp Kpaioi TeXHOJIOT'1i;

— po3paxyHKH €(eKTUBHOCTI BUOPAHOT TEXHOJIOT1I;

— pO3paxyHKH BUKOPHCTaHHS 9acTOTHOrO pecypey miast mepex LTE i Wi-Fi
OKPEMO;

— mnopiBusaHHsA TexHosnorii LTE ta Wi-Fi - moOymoBa cymimnieHoi Mepesxi
LTE + Wi-Fi.

MeToau nociiakeHHsl. TeXHIYHI BAMOTH Ta YMOBH 3aCTOCYBaHHS
paziodacToT B HE JIeH30BaHOMY criekTpi 5 I'T'11 mo BchboMy CBITY, a TaKOX
MOPIBHSHHS MEXaHI3MIB CIiBICHYBaHHS PI3HUX TEXHOJOT1H paaio qoctymy. OcobauBa
yBara npuauIseThCcs onucy criBicHyBaHHS cxeM Wi-Fi ta LAA Ha ogunH
paJlovyacTOTHHM KaHaJl y He JieH30BaHoMy cekTpi 5 I'Tu. Bukonatu orinky

e(eKTUBHOCTI BIPOBaKEeHHsS cyMicHuX TexHogorii LAA, LTE, Wi-Fi.
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IHEPEJIIK CKOPOYEHD

3rd Generation Partnership Project - koHcopiiym, sikwuii

po3pobiise crierudikaiii s MoOUIEHOT TeedoHii Long-

Term Evolution - moBrorpuBaiuii po3BUTOK
Licenssed-Assisted-Access — mileH31iHII TONOMDKHHUI TOCTYIT
LTE-Unlicensed — Hemiuensiiiuuii LTE

Wireless Fidelity - rexrosoris 6€31p0oToBO1 TIOKAIBHOT MEpexki
Short Range Device - npucTpiii kopotkoro pazaiyca aii Universal
Mobile Telecommunications System - YuiBepcaibia MoGiibHa
Tenexomywnikariina Cuctema

Orthogonal Frequency Division Multiplexing - Texuosorii
OPTOTOHAJIBHOT'O YaCTOTHOTO PO3HECEHHS

Evolved Packet Core — [lakeTthe siapo

Evolved NodeB - 6a3oBa cramniiist mepexi ctangapry LTE Mobility
Management Entity - cy0'ekt ynpasiints moOuIsHICTIO Policy and
Charging Resource Function - ®yHKIlis pecypciB MOJTITHKH Ta 3apsAay
Global System for Mobile Communications — rio6anbHuii cTaHIAPT
1 (poOBOro MOOUTBHOTO 3B’ SA3KY

General Packet Radio Service - makeTHHi pagio3B’ 130K
3araJbHOTO KOPUCTYBaHHSI

Multiple Input Multiple Output - MmeTox mpocTopoBoro

KOJIyBaHHS CUTHATY

Universal Mobile Telecommunications System - VuiBepcansHa
Moob6insHa TenexkomyHikaiiHa Cuctema

Worldwide Interoperability for Microwave Access - HamaHHS
YHIBEpPCAIBHOTO O€3/IPOTOBOTrO 3B'A3KY HA BEJIMKUX BIICTAHSIX JJIS
LIUPOKOTO CIIEKTPY MPUCTPOIB

Radio Local Area Network - Pazio jokanbHi Mepexi
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WAS DFS Wireless Access Systems - cuctemu 6e31poToBoro goctyny Dynamic
TPC EIBII Frequency Selection - nunamiuamii BuOip yactot Transfer Power

Control - kepyBanHs nepenadero motyxkuHocti Equivalent Isotropically
LWA Radiated Power - ExBiBajsieHTHa 130 TPOITHO-BUIIPOMiHIOBaHA

HOTYXHICTh

LTE & WLAN - arperauis texnosnoriit LTE i WLAN
Aggregation
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BCTYII

Mepexi MOOUIBHOTO 3B’43KY MNPOMIUIM CKIaJAHMM HUIAX €BOJIOLIIHOrO
PO3BUTKY, TMPOTATOM SIKOTO HaJaBaii aOOHEHTaM MOXJIUBICTH OOMIHIOBATHCS
iHpopMalliero Ha BigAadi. 3 poKaMu PI3HOBUJ Tpadiky, a pa3oM 13 TUM, BUMOTH [0
MPOMYCKHOI 3JaTHOCTI 3MIHIOBAIKCS, BUMAraruu MpHU [bOMY YJOCKOHAJICHHS MEPEK
1U1st 3a0€31eyeHHsl He0OX1AHOT AKOCT1 OOCITYyTrOBYBAaHHS 3 KIHIIS B KIHEIIb.

2018 o3HaMeHyBaBCs ISl YKPAHIIIB MPHUXOJ0M HOBOTO CTaHIAPTY MOOITBHOTO
313Ky - LTE a6o 4G. Tpu ocHOBHI rpaBui puHKY MOOUIbHOIO 3B's13Ky - "KuiBcTap",
Vodafone VYkpaina 1 lifecell - orpumanu moxnuBicte OyayBatu 4G-mepexi B
YKpaTHChKUX MICTax, BUTPABIIM TEHIEPHU HA BIAMOBIIHI YaCTOTH. 3a OCTAaHHI KUIbKa
POKIB B CBITI 3aroBOPWJIA MNP0 JOIUIBHICTh BUKOPHUCTAHHS HEJILEH31HHOTO
paaioyacToTHOTO crekTpy Juis TexHosorid LTE. Jloctyn 1o Takoro cnexkTpy BUIBHUH
(HemnileH31MHuI), B HOMY MPAIOI0Th Pi3HI MpUCTpoi Manoro paniycy aii SRD (Short
Range Device), B TOMy 4ucIi 1 IpUCTPOT Iepeaayi 1anux, Bigomi mix HazBowo Wi-Fi.

Hamip BHKOpHUCTOBYBAaTH HENILEH31MHUM CIEKTp BUKIMKAHO, HacaMIIEpen,
HeoOXimHicTIO oTpuMaTu i Mepex LTE nomarkoBuit pamiodacToTHHM pecypc 1 10
TOTO K 3 BUIBHUM JIOCTYIIOM 110 HbOTO. [[y1s1 Horo peasnizaiii CbOroAH1 po3risgatoThCs
nekinbpka pimenb. JIBa 3 Hux - LAA-LTE (Licensed-Assisted- Access-LTE) i LTE-U
(LTE-Unlicensed) - mpunyckatots npuenHanns Wi-Fi- cnekrpa B miamazoni 5 I'Th
IIUISIXOM HOTo arperyBaHHs 3 oCHOBHUM (JrineH3iitHuM) ciektpoMm LTE. [Hmie pimenHs
- LWA (LTE & WLAN Aggregation) - moxsrae B inTerpaiii camux texHosorid LTE i

Wi-Fi, o € HepssMUM BUKOPUCTAHHSAM HEIIIEH31MHUX paiodacToT.



12

PO3/1JI1 CTPYKTYPA TA OCHOBHI XAPAKTEPUCTUKH
TEXHOJIOI'LI 4G

1.1 Crpykrypa Ta 0OCHOBHI XapaKTepPHCTHKH

LTE[1] - Long Term Evolution (anri., JloBroctpokosa eBoutorist). Ko BueHi
nosoawin 10 po3ymy 3G (Bin ke UMTS, Bin ke WCDMA) B pamkax npoekty 3GPP,
BOHHU «pO3paxyBaJIUCs Ha neplmi-napyrui». [lomosuna craina
«nokpyuyBatu» 3G 10 HSPA: ne Oynu MiHOpHI JOOMpaIoBaHHs paaio- iHTepdency
npu 30epexeHH] OCHOBU - MPUHILMITY KoAoBoro noauty kananis (CDMA). [InanyBanu
3aKIHYUTH MIBUIKO, TOMY Ha3UBaJu MK COO0I0 KOPOTKOCTPOKOBIN eBoIONI€0. [HITY
NOJIOBUHY CTYypOyBaJIM MUTAHHSAM: a 110, AKIIO aOOHEHTH 3a0a)kaloThb MOOLIBHOTO
IHTEpHETY Ha IIBUJKOCTI Ha TOpsSAoK Buime, HbK B 3G 3Biacu 1 €BOJIOIA
nosroctpokosa - LTE. Mapkertonoru, no peui, yacto HazuBaioth LTE 4G.

LTE Bxmrouae B cebe mepexy panmiogoctyny (Evolved Universal Terrestrial
Radio Access Network, E-UTRAN) i Baockonanene maketne sapo (Evolved Packet
Core, EPC).

Mepexa LTE noGynoBana sik cykymnHicTh HOBUX 0a30Bux ctaHiliii eNB (Evolved
NodeB a6o eNodeB), ne cycinai eNB 3'egnani mik cobor intepdeiicom X2. eNB
nigkmodeHi 1o EPC 3a nomomororo inTepdeiicy S1. Ha puc.1.1 mokazaHno B3aemoito
HOBHX €JIEMEHTIB B apxiTekTypi mepexi: S-GW (Serving Gateway) - o0GCiIyroBytooTh
nuto3iB, mo Mictate [IO ympaBmiHHA 1o mnporokonry MM (MME - Mobility
Management Entity).
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Cwesow]  [werson |

EPC

} E-UTRAN

Pucynok 1.1 — Cnpomiena apxitexktypa mepexi LTE

VY Mepexi panio noctyny pamio-intepdeiic mik UE 1 eNB 3xilicHeHuit Ha OCHOBI1
TEXHOJIOT1i OPTOroHaIbHOTO YacToTHOTrO po3HeceHHs (Orthogonal Frequency Division
Multiplexing, OFDMA). Po6ora EPC 3acnHoBana Ha texunoiorii IP. Taky ctpykrypy
BigHocaTh 10 All-IP Network (AIPN).

Crpykrypa mepexi LTE npuenena na puc. 1.2. Anpo mepexi EPC (Evolved
Packet Core) ckiamaetscsi 3 obOciyroByrodoro mmio3y S-GW (Serving Gateway),
HUII03y Uit BuxoAy Ha makeTHi mepexi P-GW (Packet Data Network Gateway),
CTPYKTYpH VIpaBIiHHSA 10 MpoTtokoiny Mobility Management MME (Mobility

Management Entity) , mo's3anoi 3 S-GW 1 eNodeB curnansuumu intepdeiicamu.

HSS
T
Other .
MME PCRF
MME /

S-GW S5 P-GW

7
"——\_\\___ —— Ycnyru IP-onepatopa

Pucynok 1.2 - Ctpykrypa mepexi LTE

E-UTRAN '.\
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Oynkuii eNodeB (Evolved NodeB)

eNodeB 00'ennye B co0i PpyHKIIITi 6a30BUX CTAHIIIM 1 KOHTPOJIEPIB MEPEX 3- IO
MOKOJIIHHS:

- 3abe3meuye nepenayvy Tpadiky 1 CUTHai3allii Mo pajioKaHany,

- yHOpaBiisie pO3MOJUIOM pasiiopecypceis,

- 3a0e3neuye HacKpi3HUM KaHan Tpadiky g0 S-GW,

- MOIATPUMYE CUHXPOHI3aLII0 Mepeay 1 KOHTPOIIOE PIBEHb MEPEUIKO B COTE,

- 3abe3rneuye mu@paluio 1 MUTICHICTD Mepeaayl mo pajaiokaHaty,

- Bubupae MME 1 opranizoBye curHajabHuil OOMIH 3 HUM,

- BUpOOJIsie CTUCHEHHS 3arojioBKiB |IP-nmakeris,

- TIATPUMYE MOCTYTH MYJIBTHMEIIHHOTO MOBJICHHSI,

- TpU BUKOPHCTaHHI CTPYKTYpPH 3 MiJCHIIFOBaYaMH IOTY>KHOCTI Ha aHTCHOIO
IIOTJIi OPraHI30BY€E YIIPABIIIHHS aHTEHAMHU 3a CcrelialbHuM iHTepdeticy luant.

IaTepdetic S1, sk mokazano Ha puc.l.2, miaTpumye nepeaady gaHux 3 S-GW 1
curnamizamii uepe3 MME. Bigznaunmo, o eNB moxxe maTu 3'€eTHaHHS 3 JIeKLIbKOMa
S-GW.

[aTepdeticu X2 BUKOPUCTOBYIOTH JIJII OpraHi3allii XeHJI0Bepa MK CYCIIHIMHU
0a30BUMH CTaHI[ISIMH, B TOMY YHCJi 1 IpU OaJlaHCYBaHHI HAaBaHTAXKEHHS MK HUMH.
IIpu oMy iHTEepdeiicn X2 MOXyTh OyTH JIOTIYHUMH, TOOTO JJIs iX opraHizaiii He
000B's13k0BO peanibHe ¢izudHe 3'eqHaHH Mixk ENB.

OyHkI11T 00cTyroBytouoro nuio3y S-GW:

- MapuIpyTu3allis nepeaHnX MaKkeTiB JaHuX,

- ycTaHOBKa sikicHux nokasHukiB (Quality of Service, QoS) mocinyr, 110
HAJAI0ThCH,

- Oydepu3amis naketiB s UE, ski nepeOyBaroTh B cTani Idle Mode,

- HaJaHHS OOJIKOBHUX JIAHKWX JJIs Tapu(iKallii Ta OIIaTH BAKOHAHUXITOCTYT. S-
GW € sKkipHOi CTPYKTYpOIO, 110 3a0e3nedye MOOUTbHICTS a00HEeHTIB. KoxkHy

npamrotouy UE o6cnyroBye mesauit S-GW. Teopetnuno UE moxxe Oytu
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MOB'13aHA 3 IEKUIbKOMA NAaKEeTHUMH MEpeKaMu; To/1 i OyayTh 00CIyroByBaTH KiJibKa
cepsepiB S-GW.
®dynkuii P-GW (Packet Data Network Gateway)

lnro3 st Buxoay Ha makeTHi mepexi P-GW opranizoBye TOUKy J0CTyIy 10
3oBHIHIX [P-mepex. BiamoBinHo P-GW € skipHuM 0UTI030M 1711 3a0€3MEYEHHS
Ttpadiky. Ao aboneHT Mae crarnunuil [P-aapecy, To P-GW iforo aktusizye. ¥ pasi,
AKII0 a0OHEHT MOBUMHEH OTPUMATH Ha 4ac ceaHcy 3B'sI3Ky auHamiunuil [P-aapecy, P-
GW 3anutye ioro 3 cepsepa DHCP (Dynamic Host Configuration Protocol) abo cam
BukoHye HeoOximHi ¢ynkuii DHCP, micns yoro 3abesneuye noctaBky IP-ampecu
abonenta. Jlo ckmamy P-GW Bxoaute PCEF (Policy and Charging Enforcement
Function), sixuii BXoauTh 3a0e3mneuye SKICHI XapaKTEPUCTUKH MOCIYT Ha 30BHIITHBOMY
3'enHaHHl yepe3 iHTepdeiic Sgi 1 QuibTpariito naketiB nanux. [lpu obciyroByBaHHI
aboHeHTta B nomamHid mepexi GyHkmii P-GW 1 S-GW MoxyTh BUKOHYBaTH SIK JBa
pi3HUX, Tak 1 oauH npuctpiil. [aTepdeiic S5 saBnse coboro TyHenbHuit 3'eqHanHss GPRS
a6o Proxy Mobile Ipv6. SAxmo P-GW 1 S-GW 3HaxoasTeCs B PI3HHUX Mepekax
(Hampukiaz, mpu oOCIyroByBaHHI aDOHEHTa B pOYMIHTY), TO iHTepdeiic S5 3aMIHIOIOTH
iHTepdeiicom S8.
®dyukuii MME (Mobility Management Entity)

Kepyrounit 610k MME Hacammepen MmATpUMye BHKOHAHHS IIPOIEAYP
nporokoily Mobility Management: 3a0e3nedeHHs Oe3neku poOOTH B Mepexki IpHu
nigkmoueHdi UE 1 subip S-GW, P-GW. MME nos'szaauit 3 HSS cBoei mepexi 3a
nornomororo iHTepdeiicy Sé6a. Intepdeiic S10, mo 3'exnye pizHi MME, no3Bose
ob6ciyropyBatu UE npu mepemimmeHHsaX aO0OHEHTa, a TAKOXK MPHU HOTO 3HAXOJKEHHI B
POYMIHTY.
®ynkmii PCRF

Policy and Charging Resource Function (PCRF) o cyTi siBiisie co6010 Kepyroumii
cepBep, 1m0 3abe3medye IEHTPaTi30BaHE YIPABIIHHSI pecypcaMu Mepexi, OOmiK i

TapuQIKaIio MOCIyT, M0 HATAIOTHCS. K TUTbKU 3'ABISIETHCS
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3alMT Ha HOBE aKTUBHE 3'€HaHHs, 1 1H(popmalis HagxoauTs Ha PCRF. Bin ouinioe
HasBHI B HOro po3mopsipkeHHI pecypcu Mepexi i Hampasisie B PCEF mumio3y P-GW
KOMAaH/IH, SIKi BCTAHOBJIIOIOTh BUMOTH JI0 SIKOCT1 MOCIYT 1 10 iX Tapudikaii.

bazosi crannii LTE wmictare pagiomonyni (BoHu »x mpuitmaui, TRXwu), 610k
uudposoi 00podku curnany (BBU), intepdeticui mnatu (FE / GE noptu, enextpuusi,
ontuuHi). Pagiomonyni 6yBatoth BUHOCHI - RRU. MOHTYIOTECS TOOIM3Y aHTEHU (151
3MmeHiieHHs BTpaT B BY-¢dinepi), no BBU mnigkmoudaroThess mo ontuii (CTaHgapT
CPRI). Bce sk B BC 3G, ane Ha3uBaroThesa kpacuBo - evolved NodeB (mocniBHo -

MPOJYKT eBoIoLIi «By31a by, Tooto Bnacue bC 3G).

Pucynok 1.3 — ba3zosi craniii mepex 4 G

A ockinbku BC pi3HMX cTaHAapTiB OUIBIIE CXO0Xi, YUM BIIPI3HSIIOTHCS,
BUPOOHUKH IIBHJIKO 370Tagajucs pPOOUTH BcEe «B OJHOMY GiakoHi». PimeHHs

HasuBaeThes SingleRAN. Oxgna bC na 3 crangaptu: GSM, 3G 1 LTE.
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Jlnst LTE B SIKOCT1 aHTEH LUIKOM MiAIAAYTh 3BUYaliH1 MAHEIbHI aHTEHU 3 KpOC-
noJyigspuzaiiero. Bonu, Hanpukiiana, BUKOpUCTOBYIOThCA B Mepexkax GSM 1 B 3G. Ane
TYT € pi3HuLA,- ko B GSM 1 3G nBi nosspuzanii 3a3Bu4ail BUKOPUCTOBYIOTHCS Ha
npuiioM, a Ha mepeaady Tuibku oaHa (cxema 2Rx / 1Tx), To B LTE 06uaBi nonspuzarii
3a1isTH1 TI0 TIOBHIM, 1 Ha IpuioM, 1 Ha nepeaady (cxema 2Rx / 2Tx). Ile HeoOxigHO JIst
peanizanii Texnonorii MIMO2x2. Ha nepmomy erami BrpoBagkenus LTE mporo Oyzae
IoCTaTHBLO. Jlami mponmycKHy 3/1aTHICTh CEKTOpAa MOXHa OyJie 30UTBIITUTH, T0JABIIN I11e
1o OJiHIM Kpoc-mos1 anTeH1. Buiine cxema 4Rx / 4Tx 1 MIMO4x4. T'onoBHE po3HECTH
aHTEHH B IIPOCTOP1 HA JJOCTATHIO BiACTaHb (0J13bKO 10 TOBXKUH XBUIIb).

Yacroru LTE

Ha Biaminy Bin iHImux cranpaptiB MoouibHOro 3B's13ky LTE He npus's3anuii 10
SIKOTOCh KOHKPETHOTO Jiana3oHy 4actoT. B npomy ioro cumna. Pozpoonuku (3GPP)
Bu3HauMiau TnoHax 30 jmiama3oHiB, IS SKUX BUPOOHUKH MOXYTh BHITYCKaTH
cranmaptHe pagioyctatkyBanHs LTE. Crogu nmorpanuiu Sk 4acTOTH, BUKOPUCTOBYBaHI
3apa3 mig iHmn cramgaptd (Hampukian, 900, 1800 (GSM), 2100 (UMTS), 2500
(WiMAX), Tak i1 "HoBi", Hanpukiaa 700-800 Mrix (Tak 3Banuii "nuudpoBuit quBineHn").
3p03yM1I0, IO aJIeKO HE BC1 3 MOXKJIMBHUX J1alla30HIB 3HAWIYTh IMIUPOKE MOITUPEHHS B
ceiti. [IIBuamie 3a Bce, B pe3ynbrari "BukuBe" He OUIbII 4-5 miama3oHiB. MOXKIIMBI
cepen HUX:

- 800 Mru (3GPP band 20) - Bunineno abo mianyerses miax LTE npaktuyHo y
BCIX €BPONEHCHKUX KpaiHax, BKJIOYaroud Pociro; BUTIIHHMIA 3 TOYKH 30py BUTpAT HA
3a0€3MeUeHHsI CYIIBHOTO TOKPHUTTS; 00JIalHAHHSA BUITYCKAETHCS BCIMa MPOBITHUMH
BUPOOHUKAMU;

- 2,5 I'ro (3GPP band 7) - Buninenuit abo mnanyerses mig LTE npaktuano y
BciX kpaiHax €Bporm 1 A3ii, BKIrouaroun Pocito; oOmajgHaHHS BUITYCKAETHCS BCiMa
MPOBITHUMH BUPOOHUKAMH.

- 1800 MTI't (3GPP band 3) - O6yzae 3BUTbHATHCS B Mipy 3MEHIICHHS KUTBKOCTI
GSM-only TenedoniB 1 po3mmupeHas NOKpUTTS 3G XOopomuid 3 TOYKH 30Dy
3a0e3MnedeHHs] B MEpeki Oanmancy MiX eMHICTIO 1 mOKpuTTsaM; GSM-omepaTopaMm 1acTh

MOXJIMBICTh 3a0IIAJUTH 332 PaxXyHOK IEPEBUKOPUCTAHHA IHYPACTPYKTYpU MeEpexi
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noctyny (mpuiiMadi, aHTEHHW); OOJaJHAHHS BUITYCKA€ThCs Oaratbma MPOBITHUMH
BUPOOHUKAMHU.

B3zarani, BuOip npaBuibHOro aiana3ony s po3Butky LTE - 3aBmanHs He 3
npoctux. B HMWXKHIX Jlana3oHax, J€ BCE€ BIIMIHHO 3 MOKPUTTAM, IpoOsema 3HAUTH
CMYTy J0CTaTHbOi Ayig moBHOIiHHOro LTE mupunu. ¥ BepxHix 3a3Buyail no0pe 3
4acTOTHUM pecypcom, ane bC moTpibHo ctaButH uepe3 koxkHi 400-500 metpiB, 110
3aBJIaCTh BENMKMX BHUTpar. MMosipHO, Ginpmicts Mepex LTE, amanoriuno GSMy,
OyIyTh JBOX-/1alla30HHI.

IIBunakocti LTE

MakcuMalnbHi MIBUAKOCTI Tepeaadl JaHuX - KIIOYOBUM TMOKA3HUK SKOCTI
CTaHJApTy JUIA KIHIIEBUX KOPHUCTYyBadiB. MOJKHa JIOBFO TOBOPUTH IIPO TEOPCTHYHI
MOKJIMBOCTI PI3HUX CTaHAApTIB, MEPCHEKTUBU iX PO3BUTKY 1 Tak [aji, aje Te, IO
aboHeHTaM y Bxke mpairorounx mepexax LTE moctymni mBuakocti 6inbmie 100 M6it /
¢ - ue Qaxr. | e TUIbKM MOYaTOK CBITIIONO0 MaOYTHBOIO: TOCATHEHHS B Mepexxkax LTE
mBuaKkocten 1o 1 ['61T / ¢ - mutanHs nekuibkox pokis. [lIBuamie 3a Bce, moTpideH Oyae
YeproBU MPOPHUB, K B Teopii pamio3B's3Ky, Tak 1 B TEXHOJIOT1i BHPOOHHUIITBA
€JIEMEHTHOI 0a3u.

[Toxpurts LTE

3ona nokputts oaHiei BC B LTE moxe O6ytu abcomotHo pizHoto. [lepmr 3a Bce
IIe 3QJICKHUTHh BiJl BUKOPHUCTOBYBAHOT'O Jiala30HY 4YacTOT. SIKIIO TOPIBHATH KpakHi
BapiaHTH, TO TUIoNIa MOKpUTTs oaHiel eNodeB, mo npamroe B camomy HwkHbOMY LTE-
nianazoni (700 MI'11) BUSBIS€ThCS, TIPU IHIIUX PIBHUX, B 5-6 pa3iB OijibIle, HDK JJIs
6a3u, axa mpaitoe B 2.5 ['Tu. B ymoBax mickkoi 3a0y0BU pajilyc CTUIBHUKH, TAKHUM
YUHOM, MOK€ OyTH Bil KUIBKOX COTEHb METpIB 10 JeKiibkox kimomertpiB. I]o
cTtocyeTbes pexkopay no nanbHocTi i BC LTE, Bim 6yB BcTaHOBIeHHH B X011 Tpaiin
rpenbkoro omneparopa Cosmote Ha oOnagnanai Huawei Ha moyaTKy IbOTO POKY - Ha

Bimcrani 102 xm Big BC Oyna orpumana mBHAKICTE mepenmaudi 135 MO6it / c.
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3BUUaiiHO, 1€ Oysa mpsiMa BUAUMICTH 1 OJUH aOOHEHT B coTe. AJie 3 TOYKH 30Dy

IrpaHUYHUX MOKJIHMBOCTEH CTaHOAapPTy - AOCHUTH IICPCKOHIINBO.

1.2 AxkryanbHicTb TexHoJiorii 4G

Sxumo norpeba B 3G s yKpaiHCbKMX KOPHUCTYyBaudiB Oylia OYeBHUIHOIO [2] -
MoOUTHbHUY 1HTEepHeT Edge 3aHanTo mMoOBLILHUN It KOM(POPTHOTO BUKOPUCTAHHS, a
notpeba B 3B'A3Ky Ha Xxoay, 06e3 npus'szku 10 mepexxk Wi-Fi, Bxe chopmyBanacs, To 3
4G He Bce Tak O4eBUAHO. I[Ipo TEXHONOri0 MNPUHHATO TOBOPUTH B KOHTEKCTI
IMIBUAKOCTEH, pijille - B KOHTEKCTI EMHOCTI Mepexi. AJie € 1 MEHIII OYEBMJIHI peyl, IS
AKUX MOTP1OHI MEepexk 1 HACTYIMHOTO MOKOJIIHHS.

Jnst kopuctyBauiB: LlIBuakicTs

IBunkocti Mepex 3G MOCUTH Uil BCIX ICHYIOUHMX CIEHApiiB BUKOPUCTaHHS
MoOuIpHOTO 1HTEpHETY. Omepatop lifecell 3asBisie mpo MakcUManabHY IIBUIKICTH B
CBOIX Mepexkax - 63 MOiT / ¢, ane 115 peaibHUX KUTTEBUX CIIEHApiiB BOHA HEIOCSKHA
- OoTpiOH1 K MIHIMyM MOOUIBHI MPHUCTPOI 31 CEIUBIYHOI XapPaKTEPUCTHKOIO, SKHX
IPaKTUYHO HEMae Ha pykax y aboHeHTiB. llIBuakicts 42 MOIT / ¢ OUIBIN JOCSIKHA JJISI
yKpaiHChKUX OMepaTopiB, 1 ii JOoCUTh HaBiTh Jia neperisany Bimeo B Full HD-mgo3Bomi
(sx110 HEMa€e 0OMEKEHb 3 OOKY oreparopa).

Jlns omepatopiB: EMHICTb MEpexi

4G nmae OUIBIY MIMPUHY KaHay, TOMY B MICLAX, /i€ HABAHTAXKCHHS Ha MEPEKY
BUIIE, ONepaTopaM Tpebda BUKOPUCTOBYBATU MEHIIIE 00JIaJHAHHS JIsi 0O0OCIYyrOByBaHHS
Oinpmoro umcna aboHeHTiB. Lle 0coO0nMMBO BakKJIIMBO B IIEHTPI BETUKHX MICT, OIS
TYPUCTUYHUX O0'€KTIB 1 B IHIIMX MICIIX CKYITYEHHS Jtofed. Pe3ynbrart - kpara sKicTh
3B'I3KY, Kpallluii KOPUCTYBaJbHHUIIbKHHN J0CBin. 4G HE MOXKHAa Ha3BaTH 1JI€aIbHUM

CTaHJApPTOM JJI1 PO3BUTKY IHTEPHETY peueil.
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[Ipote, BiH OUIBIIE MIAXOAUTH, HIK BCl onepeaHi (i, UMOBIpHO, Tipiie, Hix 5SG,
sKa 11e nepedyBae B cTaHi po3poOku). [HTepHeT peueit - ckiagoBa "po3yMHUX" MICT.
JlaT4uKK O3BOJSIOTH YIPABIATH pecypcamMu OUIbII TOYKOBO (HANpUKIIAJ, MpUOUpaTH
CMITTI B MIpy 3aBaHTaXEHHS KOHTEHHEpIB, CTEXUTH, J€ BEIUKI BHUTpPATU
€JIEKTPOCHEPT1i, KOHTPOJIOBATU PoOOTY cBiTIO(OPIB 1 T.A4.). Lle exkoHOMUTH pecypcu
MICTY, pOOUTH MOT0 3py4HillIe 1 Oe3MeyHIlIe.
CrenianbHi Mepexi

Ha 6a3i 4G MoxuuBe OYJIIBHHUITBO CHELIAIbHUX MEPEX MPIOPUTETHOIO 3B'SI3KY
U1l moTped MmicTa (Mo mpaBil KaxydH, 1€ 0yso MOXJuBO 1 10 4G, ajne MOXKIMBOCTI
TaKMX MeEpexX OyJau MeHIe, a BapTICTb OOCIYyroByBaHHs - Buile). Hampukian, y
Benukiit bputanii B 11boMy poli 3amyckaioTh Mepexxy Emergency Services Network
(ESN), sika mpaitoe Ha 6a31 4G 1 J03BOJISIE EKCTPEHUM CITy>kKOaM MIBUAIIE OTPUMYBATH
iHopMaIlito nMpo noaii B MICTi, BUKOPUCTOBYBATH JJIsi OTPUMAHHS OUTBII JOKJIATHUX
BimoMocTel 1HTepHEeT. Tak, Jikapi B JIKapHSIX OTPUMYBATHUMYTh BIIOMOCTI MpPO
MaIli€HTIB BiJ OpWrax MIBUJIKOI JOMOMOTH, TOXEXHI - OauuTH CTaH TMOXEX1 3
BepTosiboTa. [lomimis 3MOke IUIMTHCS OJWH 3 OJHHMM BIie0 3 HATUIBHHX Kamep,
NEPETBOPIOBATH CBOI aBTOMOOLI1 B TOUKH JIOCTYITY TOIIO.
Jlna puHKy

[TosiBa HOBOi TeXHOJIOT1T 30UIBIINTG SK MPOAAXK TEPMiHAIIB 3 MiATpUMKOO 4G,
TaK 1 PO3BUTOK CEPBICIB, ¢ I Mociyra moTpidHa. be3ayMoBHO, KOpUCTyBadl MOYHYTh
BUTpayvaTu OUIbIIE, alie 1 OTPUMYBATH, 1O CyTi, TeXK. 4G - 11e 1 Meperiisa/ Bileo Ha X0y,
i rpu 1 T.a. OnepaTopu B)K€ MOYAIU MPUBYATH CBOIX aOOHEHTIB JI0 TSAKKUX CEPBICIB -
TaKUM, SIK ayJi0- 1 BIIEOCTPIMIHT, HAPUKIIAJ, 3aBISKN HeTapu(ikoBaHOTO Tpadiky Ha
Megogo, Youtube, BnacHux ceppicax. OaHi TpONOHYIOTh HeTapudikoBaHUN Tpadik,
i - 1o 10 I'b B micsiie  6e3 Tapudikartii. 3a ciioBamu IBana IllectakoBa, MapKETHHT -
nupekropa Megogo B YkpaiHi, sl meperisiay oHnaH-Bineo B Micsiup 10 I'b - e

Hebararo.
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Ane SKUI0 TUBUTHUCS HA OOCSTH CIOXUBAaHHA TpadiKy yKpaiHCbKMMHU aboHeHTamu, 10
I'b - ne Garato. Y mepexax HACTYNHOI'O MOKOJIIHHS BUTpaTU Tpagiky 3pOCTYTh, 11O
OyJe CTUMYJIIOBATH MOSABY IJIATATh AOOHEHTIB 1 PO3BUTOK CEPBICIB.
s kpainu

Hocnimkennss CBITOBOro 0OaHKy IMOKa3ylOTh, IO MPOHUKHEHHS IIBUIKICHOTO
IHTEPHETY 1 PO3BUTOK €KOHOMIKHM TICHO MOB'I3aH1 OJIMH 3 OJHUM. 3a JaHUMU JIKepena,
IpU 3pOCTaHHI YMCla MIAKIOYEHb 0 WIBUAKICHOTO 1HTepHETY Ha 10% 3pocTaHHs

€KOHOMIKH CTaHOBHUTH 1,3%.

1.3 IIpo6sieMa nepeBaHTAKEHHS 0a30BUX CTaHIIiil, 3SHUKEHHSI IIBUAKOCTI

nepeaavi

3a0e3neuena TtexHosorieto 4G TEOPETMYHO  MaKCHMallbHa  IIBHJIKICTh
moOiupHOTO IHTepHETY n0 375 MOIT / cex., A cepeaHs MIBUAKICTh CKauyBaHHS B
yMOBaxX HOPMAallbHOTO HaBaHTaxeHHs ckiamae 20 MoOir / cek., Illo mo3Bosse
3aBAaHTAXXUTU THTEPHET-CAalT MUTTEBO. CepeHs BUXiIHA MBUIKICTE ckiagae 10 Moit /
cek., A makcuManbHa - 10 50 MOiT / cek.

Texnomoris LTE - me mporpecuBHUN 1 3py4yHWUN CTaHIAPT, SKUA J1O3BOJISE
MEIIKAHIIM NMPUBATHUX OYIWHKIB JIETKO OTPUMYBATH OE3IPOTOBUM IHTEPHET B CBOE
xutino. OnHak OyBaroTh BUNaAku, komu curHan LTE mpamtoe He B moBHY cuiy -
KOPUCTYBa4yeB1 HE BUCTAYA€ IIBUIKOCTI.

YMoOBH, SIKi MOXKYTh BINTMHYTH Ha MIBUAKICTH Mepeaadi qanux|3]:

- HasBHICTh TIOKPHUTTS MeEpeXi, Ha SKE MOXKE€ BIUIMBATH 3HAXOJKEHHS
MIPHUCTPOIO OJIEP’KyBaya B MPUMIIICHH] 3 YTPYJHEHUM MPUAOMOM CUTHAITY, HAITPUKIIA,
B MOBAJbHUX MpUMIMIEHHAX. KpiM TOTO, MOraHWM MNPUWOMOM MOKHAa OOMEXKYBaTH
TOBIIIMHA CTIH OY/IBIII, MaTepiaiu, 3 SKUX MOOYI0BAaHUN OYIWHOK 1 iHIITI 00CTaBUHU. 32
MEXaM{ TPUMIIMIEHHS HAa CHOPUUHATTS CHUTHATY MOXYTh BIUIMBAaTH OCOOJIMBOCTI
penbedy HAaBKOIHUITHBOTO CEPEIOBHUINA, BiACTaHb 10 0a30BO1 CTaHIi, MTOTOJIHI YMOBHU

Ta IHII1, U0 BIUIMBAIOTh Ha Mepelavy pajiloCUrHany, GakTopu.
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- MEepPEeBAaHTAXKEHHS MEPEXK1 - B OKpPEMI MEpIoAM Ha MIBUAKICTh NEpenayl JaHUX
MO>K€ BIUIMBATU CTPIMKE 30UIbLIEHHSI HAaBaHTAXXEHHS, HAIIPUKJIIA, MiJ yac (pecTuBais,
B MICIISIX HAJ[3BUYAMHUX MOAIH 1 T.I. SIKIIO MiJ Yac KOPUCTYBAHHS MOCIYTOI0 B CEKTOPI
0a30BO1 CTaHIIll KOHCTATYEThCA MEPEBAHTAXKEHHS 1 Y KOPUCTYBayiB B JAHUX YMOBAaX
3HIKYETHCS IIBUAKICTh NEpenayl JaHUX, ONepaTop BIpPaBl MPOBECTH SK MaHyalIbHY,
TaK 1 aBTOMaTUYHY 3MIHY MMapaMeTpiB MIAKIIOUEHHS, 1100 YCYHYTH MOPYLIECHHS.

. (GyHKII0HAJIBH1 0COOJIMBOCTI KIHIIEBOTO PHUCTPOIO.

Ineonoriuno [4] crangapt 4G 3aMUCITIOBaBCS SK CTaHIAPT 1€ KIOYOBUMHU
NOKa3HUKaMU € MacoBe OOCIYyroBYBaHHS BEJIMKOI KUIBKOCTI 3alMTIB 1 3BUYAWHO
NOKa3HUK HIBUIKOCTI. 3a paxyHOK TOro, IO II€ 30BCIM IHIIE CEpeJOBUIIE AOCTYIY
TEpPMiHAIIB B CIEKTPi, B IIbOMY CTaHAApTI Oyae oOciykeHo Ouibllie MOOUIbHUX Ta
THIITUX TEPMIHATIB B SIKIMCh TOUIIl CKYITYEHHS, CTaIIOHU, BOK3aJId, 1.T.1.

ToMy HE OYIKYeThCS SKHXOCHh IJI00QIBHHUX 3MiH B IIBHUIKICHUX TOKa3HHKAaX B
naHui yac. IcHyIOTh MeBH1 BUMIPIOBAJIbHI KOMIUJIEKCH, SIKI TOKa3yIOTh BY3bKl1 MICIIS Ha
(b13UUHOT MEPEki CTUTLHUKOBOTO orepaTtopa. [ TaM-Taku € HaJl YUM MpalioBaTH.

IBunmie 3a Bce Ha nepmoMy eramni 4G OyJie sIK €lIeIOH PO3BaHTAXEHHS MICIb
HaWOLIBIIIOTO CKYIMUEHHsI aOOHEHTIB, s Mepex 3G, mepexi 5SG OynyTh 3'IBISATHCS
TUIBKHM TOJ1, KOJHM 3pocTarounii Tpadik MiX TepMiHaizaMu 1 6a30BUMH CTAHITIIMH Oy
pocTH 1 MpoIyKTUBHOCTI Mepex 4G He Oyne BUCTauaTH, came Ha (pi3UYHOMY PiBHI.

Toni OyayTh moTpiOHI OB APiOHI OCEPENKH po3TaIllyBaHHs 0a30BUX CTaHIIIH, 1

BOHH BC1 MOBUHHI OyTH B)K€ MOB'SI3aH1 MDXK COOOI0 ONTUYHUMHU MEPEKaMH 3B'SI3KY.
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1.4 BucHoBkHu 3 po3ainy 1

Texnonoris LTE - 1ne nporpecuBHHN 1 3py4HHMHA CTaHAApT, SIKUA JO3BOJISIE
MELIKAHLSIM MPUBATHUX OYJMHKIB JIETKO OTPUMYBAaTHU OE€3ApPOTOBUN IHTEPHET B CBOE
xuTino. OnHak OyBaroTh Bumajku, konu curdHan LTE mpamtoe He B MOBHY cuiy -
KOpPHUCTYBau€Bl He BHCTayae MBHAKOCTI. Jlyig pimeHHs i€l npobieMu HeoOXITHO
orpumatu ansa Mepexx LTE nomatkoBuil pagioyacTOTHHI pecypc A0 TOrO K 3 BUIbHUM
noctynoM a0 Hboro. IligBumieHHst npomyckHoi 3natHocTi Mepexk LTE moxnuse
[UIIXOM BUKOPHUCTAHHS HENILEH31MHOTO PajioyacTOTHOIO CriekTpa B aianazoHi 5 [Ty
AK OJMH 13 CHOCOOIB BHpIUIEHHS NPOOJEeMH MEepEeBAHTAXKEHHA 0a30BHUX CTaHIIIMH,
3HIDKCHHSI IBHJIKOCTI Tiepefadl JaHuX 1 Opak pecypciB TeTepOTCHHUX MEpPex

cranaapty LTE
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PO3/I1JI 2 HEJIIEH3IMHUM CIIEKTP B JIAITA30HI 5 I'Tu TA YMOBH
HMOIr0O BUKOPUCTAHHSI

OuikyBaHe 3pocTaHHA MOOUTLHOTO TpadiKy JaHHUX MOB'A3aHO 13 BIPOBAIHKCHHIM
Tpaiky HOBUX IIMPOKOCMYTOBUX TIOCIYT Ta 3amyCcKoM O€3IpOTOBOrO 3B'SI3KY.
[lepenaua yepe3 MOOUIbHI MEPEK1 BellMue3Ha 1 0yie MPOJOBKYBATH 3pOCTATH ILIBUJIKO.
OuikyeTbesi, mo B 2021 poui pyx AaHUX MOOUIBHOTO 3B'A3KY 1O BCHOMY CBITY, SIK
OUIKY€ThCS, AocarHe 587 ek3abalT Ha pik, TOOTO B CIM pa3iB Ouiblle, HiXK OyB Tpadik
MoOUTbHOTO Tpadiky mo BchkoMmy cBiTYy B 2016 poui. Tpadik Bix 0e31poTOBHX Ta
MOOUTBHUX TMPUCTPOIB CKJIAJaTUME JABI TPETUHHU 3aranbHOro oocsry tpadiky IP no
2020 poKy, OCKUIbKHM pI1YH1 a00OHEHTH NOTPEOYIOTh OUIBIIOT MPOMYCKHOT 3AaTHOCTI 1715
nepeaavi BEJIMKUX 00CATIB JaHUX. 3 METOIO 30UIBIICHHS €EMHOCTI MEpeXi MOOLILHOTO
3B'SI3Ky OyJ0 BH3HAYEHO HM3KY TEXHOJIOTIUHHUX PIIIEHb [JIsi BUKOPUCTAHHS

HEJTIIEH30BaHOTO CIIEKTpa, IO J03BOJUJIO CTBOPHUTH JOJATKOBUH pPaaiodyacTOTHUM

pecypc.

2.1 Po3noain kaHagiB y yactotHomy aiana3oni S I'T'n

Becwr Heminen3oBanuit miama3on 5 [T mogineHwit Ha Tpu MiAAiana3oHH, IS
KOXXHOTO 3 sKUX BigBemeHa cmyra y 100 MI'm [4]. Taki gacToTHI mijiiana3oHu
OTpUMAJIM HA3BY HEJIIEH31MHOI HaIloOHAIBHOI 1H(QOpMaIiitHOi 1HGPACTPYKTYpHU
(Unlicensed National Information Infrastructure), mo He TOTPeOYIOTH OTPUMAaHHS
minen3ii. ns cimeiictBa cranmaptiB 802.11X BHUKOPHCTOBYIOTHCS HACTYITHI CMYTH:
HkHid UNII - 1 Big 5,150 I'T'o mo 5,250 I'T'; cepenniit UNII - 2 Bim 5,250 I'T'r no
5,350 I'Tm; cepenniii po3mmupennit UNII — 2 extended Big 5,470 [T mo 5,725 I'T;
BepxHid UNII - 3 Bim 5,725 I'Tu nmo 5,825 I'T'm. BigmoBimao mo [4], 4acTOTHHMI

PO3MOIUT ITUX KaHATIB MOKHA MPEACTABUTH SIK HA puc. 2.1.
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Hitemiit nianazoH Cepensiit nianazox Bepxuiii nianazon

36 40 44 48 52 56 60 64 149 153 157 161
L L L] L L]

30 MI'q 30 T | 20 M 20 M

5.150 5180 5200 5220 5240 5260 5.28( 5300 5320 5350 5725 5745 5765 5785 3805 53256 Iy

Pucynok 2.1 — Po3nozin kananiB y yacTtoTHoMy aiama3oni 5 [T

BizncTaHp MK HOCIMHMMHM YacTOTHHUX KaHajiB cTaHOBUTH 20 MI'1, 1e o3Hauae,
10 TpU BUKOPUCTaHHI KaHaliB i3 cMyrow Af = 20 MI'u moxkHa orpumatu A0 23-x
KaHAJIIB, SIK1 HE OYIyTh IEPETUHATUCH TOJTOBHUMHM Ta O1YHUMH TETIOCTKAMHU CIICKTPY Ta
BIJIMBATH OJIMH Ha OJHOTO, a npu 3actocyBaHHl Af = 40 MI', MmoxxHa otpumatu a0 12
kaHaiiB. KpiM Toro, B JaHOMY Jliana3oHi MOKHa (pOpMYyBaTH KaHAIM 31 CMyroo Af =
80 MI't ta Af = 160 MTI'i, sixi BukopuctoBye cranaapt 802.11ac. €quHuM HEI0IIKOM
IIbOTO € 3aKOHOJABCTBO KpaiH, IO HE 3aBXKIW JO03BOJISE BIJIbHO BUKOPHCTOBYBATH
HEJTIIEH30BaHUN J1alma30H MOBHICTIO 0e3 mo3Bosty. Hampukian, cepemHiii 4acTOTHUM
mianmazon Bim 5,260 Tn mo 5,725 I'Ti BUKOPUCTOBYETHCS Il PaJiOOKAIIMHUX
CHUCTEM, TOMY BHKOPHCTaHHS TaKUX KaHaJIIB MOTpedye HasABHICTh (PYyHKIII
JTUHAMIYHOTO BUOOPY YaCTOTH, SIKa HAJIA€ MPIOPUTETH JJISI TOUKU JOCTYIY Ta KJI1€HTIB.
B takomy BUmaaKy TOYKa JOCTYIY IMOCTIHHO CKaHy€ CEpeIOBHUINE Iepeaadi Ta mpu
HAsBHOCTI BHUIIPOMIHIOBAHHS paJapiB MOBHHHA aBTOMATHYHO 3MIHUTH YaCTOTHUM
KaHall Ha BUTbHUN. Takox, y MaitOyTHbOMY JUtsl 4acTOTHOTO Aianazony S5 I'T'p MmoxyTh
3'SIBISITUCH CUCTEMU TIepeaadi IHIMMUX cTanaapTiB, Taki sk LTE-U — mepexi yeTBepTOro
MOKOJIIHHS 'y HEJIIEH30BaHOMY 4YacCTOTHOMY Jiana3oHi, SKi B CBOI 4Yepry Jis
6e3mpoBinanx kaHamiB 802.11 OyayTh SBIATHUCH SIK JHOJATKOBI IIyMu ab0 CHCTEMH i3

00pOTHLOOTO 32 YACTOTHHUM pecypc.
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2.2 BukopucTtaHHs HejdineH3iHHOTro cniekTpy B Aiana3oni 5 I'T'n

OCHOBHOIO METOI BUKOPUCTAaHHS HENIIEH31MHOro crnekTpy B Alana3oHi 5 [T e
OTPUMAaHHS JOJATKOBUX pagioyacToTHUX pecypciB ana mepexi LTE. Kpim Ttoro,
JOCTYI JI0 HENIIEH31MHOro CIEeKTpa HEOOMEKEHHM, KOJU MPALIOI0Th PI3HI MPUCTPOL
SRD (mpuctpiii KOpoTKoro paiaiyca Aii), Bkiarowatoun Wi-Fi Ta pasmionokaiiiHi
npuctpoi. Ha BeecBitHiil koHbepeniii pagio3s's3ky (WCCO03) Ha nepuioMy etari Oyinu
BU3HAYEHI HACTYIMHI 4acTOTHI miama3zoHu 5150 - 5350 Ml 1 5470-5755 MI'u nns
WAS (cuctemu 6e3aporoBoro aocryiy), Bkiodaroun RLAN (Panio mokanbHi1 Mepexi)

(puc.2.2) [ 6].

- ()
o [ )
o ) L
. i
| .

5150 5350 $470 5728 $825 sx75  Macrora, Mlu
— 23 APV e— -— =30 abw [

Pucynok 2.2 — He ninen3idinumii ciektp B aiana3oni 5 ['T1 B pisHUX KpaiHax

YMOBU BUKOPUCTaHHS IIUX CMYT, B TOMY YHCII 1 PEryJsTOPHI acleKTH, Oyiau
BukianeHi B Pesomromii 229 (BKP-03), nepernsnyroi nani Ha BKP-12. 11i ymoBH Taki
[7]:

e WAS / RLAN B cmy3i wacror 5150 - 5250 MI'm mnoBuHHI
BUKOPUCTOBYBATHUCS TUThKH ycepenuni npuMitieHs (Indoor) 3 EIBII, mo He nepesutiye
sHavueHHs 200 MBT (miaeHicTs EIBIT 10 MBt / 1MI'11 a60 exBiBanenTHo 0,25 MBt / 25
x['m);



27

e WAS /RLAN B cmysi yactot 5250- 5350 MI'u He oOMexeH1 3aCTOCyBaHHAM
Indoor 1 moBuHH1 Matu Taki *k 3HaueHHs EIBIL, kpim toro, mo3Bonsierscs EIBII 3
MakcuMalibhuM 3HaueHHsM 1 Bt (muieHicTs EIBII 50 MBT / 1MI'n) mpu gotpumanHi
J0JTATKOBUX BUMOT 10 KYTOBUH MAacIli MiTHECEHHS HaJl TOPU30HTOM;

e WAS / RLAN B cmy3i yactor 95470- 5725 MI'n maroTh OOMEXEHHS
MaKCHUMaJIbHOI MOTYKHOCTI nepefaBaya piBHeM 230 mBt nmpu makcumanshii EIBIT 1
Bt (minenicTs EIBIT 50 MBt / 1MTI'n);

e WAS / RLAN B cMmy3i yactot 5250- 5350 MI'1; 1 5470-5725 MI'11 noBuHHI1
BUKOPUCTOBYBAaTH aBTOMAaTHYHE KEPYBAaHHS IMOTYXKHICTIO TepeaaBava i 3a0e3MeunuTH
"mom'sikIIeHHA" TMOTYKHOCTI B cepenqHboMy Ha 3 nb mono ii makcumymy. Ilpu
BiJICYTHOCTI TaKOT'0 KOHTPOJIIO - 3MCHIIIMTH 3Ha4eHHS MakcuMaiibHOi EIBII Takox Ha 3
nb. Jlana Bumora mnpoaukToBaHa 1 Pexomenmamieto MCE-P M.1652 [8]. Cmyra
pamiodactor 5725-5875 MI't Buninena mis npuctpoiB ISM (Industry, Scientific and
Medical) B psial kpaiH, sk MOKa3aHO Ha pHUC. 3, KpiM Toro, cmyra o 5850 MI'1 na
NEePBUHHINA OCHOBI PO3MOJUIEHA IJIsg PaloJIOKAIlIMHUX TMPUCTPOIB, IO BHMArae
3acTocyBaHHs AuHaMiuyHOro BuOopy vactor DFS (Dynamic Frequency Selection).

CrniBicHyBaHHSI Pi3HOMaHITHUX TEXHOJIOTIH pamiogocTtymy - Takux sk LTE Ta
Wi-Fi, a Takox BUKOPHUCTaHHS MEXaHI3MIB JOCTYIY 0 KaHATIB - € HEOOXITHUM IS
CIIBICHYBaHHS Ta CYMICHOCTI, MIiHIMI3aIlii B3a€EMHHX TIE€PEIIKOJ Ta ITIABUIIICHHS
edexktuBHOCTL. Y Bunaaky cucteM Wi-Fi B pi3HuUX perioHax, Hampukian €Bpora,
Snonist, Crionyyeni llltatu Amepuku Ta iH11 yactuHu cBity, DFS (qunamiuynuit BuOip
gactoT) pasom 13 TPC (kepyBaHHS mepenadyero MOTYKHOCTI) Ta YHI()IKOBaHUMH
CXeMaMH 3aBaHTaKEHHS KaHAIIB OyJM BUKOPUCTaHI B HellilleH30BaHOMY criekTpi 5 [T
JUTSL TIOM'SIKIIIEHHS TIEPEIIKO/T Ha ICHYIOU1 paHillle po3MOoIiI CIeKTpa B Tid caMiid cMy3i

JUIsL POOOTH paaiojIoKaltii, st mokazaHo B Ta0mui 2.1
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Tabmuusg 2.1 Bumoru no Bcbomy periony B 5 I'T'11 HenmieH31MHOMY CIEKTPY

Yacrora,MI'11 g%gg- 5250- gg;g- gg%g-
5350
Maxkcumym EIRP. MBt 200 1000 1000 25
MakcuMalbHa CIIeKTpalibHa IITBHICTS,
MBr /Ml 10 50 50 -
moTyxHIicTh TX, Macka BUKHIIB
LBT & .
MexaHi3M CHiBiCHYBaHHS LBT] DFS/TPC LBT
. Beepemu
Pocist Miclie3Haxo/[KeHHS Beepeui } Hi/330BHI
) ki nopiBaioe 0.1 %, Bucora anTeHn <
JonaTtkoBi BUMoru SMeTpiB.
MexaHI3M CriBICHYBaHHsI LBTILBT & DES/TPC i
€Bpona B
Micue3HaxomKeHHs mg}elll)e BcepennHi/330BHi
MexaH13M CIIBICHYBaHHS ] DES/TPC i
CIOA Micue3HaxomKeHHs HBIESII)e BcepennHi/330BHi
JlonaTkoBi BuMOrH FCC Part 15.247, 15.401-407
Kurait MexaHi3M CIiBicHyBaHHs ) DFS/TPC ) )
uran p . Bceepenu
Micue3HaxomKeHHs Bceepenuni - Hi/3308Hi
MexaHi3M CIIBICHYBaHHSI L BTILBT & DES/TPC j
Snonis Micne3HaXomKeHHS Beepenuni Eﬁgggg‘}‘ﬁ -
MakcumanbHa 10BXHHA BUOYXY (4 ms),
JonaTkoBi BUMOTrH MaxkcumalibHHN TIPUPICT aHTEHU
DFS/TP
MexaHi3M CITiBiCHYBaHHSI - DFS/TPC|C (5470- -
5670)
Kopes Micue3HaxomKeHH Eggll)e Bcepenuni/330BH1
. MaxkcumalibHH TPUPICT aHTEHU
JonaTtkoBi BUMOTH

€Bponeicrkuii po3MmoLT pagiodacToT B Aiamazoni 5 ' mokazano Ha puc.2.3.
€poneiiceki nokymeHTH CEPT m0OmOBHIOIOTH YMOBHU BHKOPHCTAHHS IEPEPAXOBAHUX
CMYT Y9aCTOT HHM3KOKO HAI[IOHAJTHHUX BUMOT. /[0 TakWX JOKYMEHTIB HajeXaTh 3BITH 1

pimennst CEPT (ECC) ERC Report 67 (1993 r.), ERC Report 72 (1999), ECC Report

192 (2014 r.) [8], CEPT Report 57 (2015 .) [ 9], ECC / DEC
(04) 08 (2004) [10], a Takox cranapr ETSI EN 301 893 [11].




29

3 1 | 1 : >
5925 Hacrora,
Ml

Pucynok 2.3 — Po3mupenns aianazony 5 I'T'n B €Bpomni

B sxocTi yMOB 111 HUX OyJnM B34T1 32 OCHOBY paHIIl€ OMNHUCAaHI BUMOTU ISl CMYT
5150-5350 MI'1t 1 5470-5725 MI', nonoBHeH1 aume mexanidmMamu FDS 1 TPC. Pazom 3
TUM, BIA3HAYEHO, 1110 MOTPIOHI HOB1 MEXaHI3MU MOM'SIKIIEHHSI KOH(JIKTIB, K1 rapaHTyBaJld

0 6€3KOH(IIKTHE PO3MOJILT CIIEKTPa B I0JJATKOBI CMYTH YaCTOT MK BCIMa KOPUCTYBaYaMH.

Tabmuis 2.2 HeninensiiHi mosiocu 4acToT B aiana3oni 5 I'T' B Ykpaini

ITonocu,Mru Texnoorii TexuiuHl BUMOTH JlonmaTkoBi JlomaTkoBi
BUMOTH| YMOBH|
5725-5875 Hecnenianizosani Makc. EIIM 25Po6ounii 1k BucoTa miaBicy
npwiaau-SRD MBT10,1 a6o LBT |anTen HE
3arajbHOTO I"apmonizoBanwmid OutbIIEe SM
3aCTOCYBAaHHS CTaHapT
ETSI EN 300 440
5150-5250 [IpucTtpoi mokambHUX Makc. EIIM 100 - Tubkn B
MEpPEXK MBT MeXax
I"apmoHizoBaHwMiA noOynoBu
5250-5350 CTaHapT| - Tineku Ha
ETSI EN 301 893 oopty
MOBITPSTHUX
CyJliB
5650-5825 - Tinpku Ha
oopty
MOBITPSTHUX
CyIliB
5150-5350 [Ipucrpoi 3 |Maxkc.EIIM200 Bt TPC
MPSIMAM Makc.cnekTpanbHa B 3aunHeHux
PO3LIMPEHHAM mitbHicTs EIIM MOMIIIEHHSX
CIEKTpYy Ta 10MB1/MI'g
5470-5650 iHmuMu  BugamMu  |(Makce. EIIM 1Bt TPC -
MO TyJISIIIT Makc.criekTpaibHa
mipHicTs EIIM
50MB1T/MI'1g
5650-5850 Makc.EIIM200MBT TPC B
Makc.cniekTpanbHa 3aUMHEHHMX
mineHicTs EIIM MOMIIIIEHHIX
10MB1/MI'1t
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YkpaiHa

3 ypaxyBaHHSIM MIDKHApOAHOTO Ta €BPOINEHCHKOrO PO3MOJAUTY B CTaTycl
HEJIIEeH31MHOr0 CheKkTpa YKpaiHi BHAUIEHI CMYrH 4acToT B niama3zoni 5 I'Tm, ski
HaBeJIeH1 B Ta0J1. 2.2 3 yMOBaMU iX BUKOPUCTaHHS.
3arajJbHUMU BUMOTaMU JJIs LIUX YaCTOT € HACTYIIHI YMOBH:

® 3aCTOCOBYBaHI OpUCTPOI TMOBHMHHI  BIANOBIIaTH  BCTAHOBJIECHUM
TEXHIYHUM XapaKTEPUCTUKAM;

® HE [NOBMHHI CTBOPIOBATHU HEMIPUITYCTUMUX MEPEUIKO/ 1 HE MOBUHHI BUMAraTu
3aXUCTY Bij nepeukon 3 6oky iHmux PE3;

® IPUCTPOIO MIUISITal0Th peecTpariii.

BiamoBigHO 10 3aKOHOJABCTBA TEpepaxoBaHI CMYTHM BUJIUICHI PIIICHHSIMH
HepxaBHoi komicii 3 pamgiogactoT (Y/IUP) [13, 14], a craTyc HenilEeH31MHOTO CIIEKTpa
BU3HAYEHO THUM, IO YMOBU BHUKOPUCTAaHHS CMYI HE BHUMAaraloTb OTPUMaHHS
BIMOBIAHUX M03BUIbHUX JOKYMeHTIB (pimeHb ['KPY 1 703BONIB HAa BUKOPHUCTAHHS

paziodacToT abo paJaiovyacTOTHUX KaHAiB)

2.3 CranaaprTu3auisi B o6Jacrti ""Hejinensiiinoro LTE"

bazoBi cranmaptu B il obnacti Gopmyrorbes B pamkax 3GPP. Sk yxe
3aznavanocs, acriektu no LTE-U 6ynu mocmimxeni B pamkax LTE-U ®opymy, ane y
B3aemoii Takox 3 3GPP. 3aranbHi eranu ctangapTu3aii mokasaHi B Tabi. 2.3

Ta6mums 2.3 Eranu cranmapruzarntii «aeninen3iiaoro LTE»

Eranu [Ilo 3po6ieHo

I'pyaens 2013p. Qualcomm Ta Ericsson mpe3eHTyBaiu B
3GPP MPOTO3UIIIO LTE-
U(ITiBnenna Kopes)




[IponoBxenHs Tabauui 2.3
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Ciuenb 2014p. Hedopmanbna  3yctpiu  3GPP 3
omneparopaMu B [Tapuxi o
NEPCIEKTUBAM LTE B
HENIIEH31HHOMY CHEeKTPi.

bepesens 2014p. Jluckycis Ha TUIEHApPHOMY 3aciaHH1
3GPP (Snonis)

Yepsens 2014p. Ceminap B Codis-AnTHnodic.
Pesynpraru:
CrnnaHoBaHUM MYHKT JOCHIIKEHHS |
BepecHi 2014; 3ampomoHOBaHa Ha3Ba
LAA-LTE; y3romkenuii pgiama3oH 5
ITI, 006OB’sA3KOBICTh  TJIOOATHLHOTO
pIIIEHHS; HEOOXIAHICTh ~ CIPABETUBOTO
icuyBanns LTE 1 Wi-
Fi

Bepecens 2014p. Cxsanena crangapru3airis B 3GPP(TSGH
RAN) B pamkax 13 penizy. ['onoBHa
MeTa  JOCHIIKeHb  —  JIONOBHUTH
MEXaHI3MHU CYMIIIEHHS
LAA-LTE i Wi-Fi

Bbepesens 2016p. 3aBepmienns aociimkens B 3GPP, Oyne
Bu3HaueHnii wmexaHisMm LBT. Rel’13
Takox Oyze Bkitouatu pimenas LWA Ta
HOBY  (yHKmioHampHICT eNB 3
yIpaBIiHHS
MoOUTBHICTIO Tpu LW A
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Texuiunuii 38iT 3GPP TR 36.889
B npoToko:i BUKJIaJeHl TEXHIYHI BUMOT'H, BKIIOYAIOUU €BPONENUCHhKI BUMOTH 10
npouenypu LBT 1 aBromatnune perymoBanns notyxkHocti TIIK (auB. Tabmn. 2.4).

Tabnuus 2.4 Bumoru 3GPP no mexanizmy TPC

Texnomorii [Tonoca Makec. [inpHICTH [Tpumitka
yactot, MI'nEIBII, 1bm makc.EIBIT, ibm/MI 't

WAS/RLAN  |5150- 23 10 Kananu
5350 20MTI'n i
5470- 30 17 40Mru
5725

FBA 5725- 33 23 Kananu
5875 10MTI'g
5725- 36 23 Kananu
5875 20MTI'1

TPC noBuHeH 3umkxyBaTu MakcuMaiibHy EIBII Ha 3 ab (5 n1b niist WFA).

TPC He motpelyeThes i1 KaHaiB B yacToTi 5150-5250MI 1.

be3 TPC natiBuiii gomyctumi 3HadyeHHs MakcuMmanbHoi EIBII 3Hmkatrecs Ha

3 nb.

Bim3nauaeTbes, 1m0 3a paxyHOK BUTpaTH pecypcy Ha BukoHanHs LBT cumin
OUIKYBaTH 3HIKEHHS MpomnyckHOoi 31aTHOCTI LTE B HemineH310HHIA YaCTUHI CIIEKTPY
10 30% (3a ominkamu Intel Ta Nokia) Ta ofHOYacHOTO MiABHINEHHS B CyMiXHUX Wi-Fi
10 50% (3a ominkamu Nokia). Take cHiBBITHOIICHHS 3aJ€KUTh BiJl CIOCOOY peanizarlii
LBT
Bumorn o mexanizmy LBT s 6a30B0i THMYAacOBOI CTPYKTYpH (ppeiimy.

e  UYac nomyky BiTbHOTO KaHaia- MiHIMYyM 20 MKC

e  Yac 3aHATTS KaHaja — MIHUMYM 1Mc, MmakcumMyM — 10mc
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e Ilepiog ouikyBaHHs — MiHIMYM 5% BiJ 4acy 3aHSTTS KaHasa
e  (dikcoBaHull yacoBUil PpeiiM — yac 3aHATTS KaHasla + nepio]] OUiKyBaHHS
e UYac mnepengaui KOPOTKMX CUTHAIIB YIPaBIIHHSA — MAaKCUMaJIbHUN
poOounii nukiI 5% B rpaHUIX MEpPIOAY crocTepekeHHs S0mc
Crannmapt ETSI EN 301 893

Lle#t rapmoHi3oBaHuil €Bponeiicbkuid ctannapt BigHocuThes 10 WAS / RLAN (5
ITu) 1 no dikcoBanoro 6Ge3aporoBoro nocryny BFWA (5,8 ITm) [12]. B HpOMY
BU3HAYeH1 TexHiuHi BuMoru g0 mexaHizsmy DFS. Cornacno R & TTE- nupextuse [6]
BIIMOBIAHICT, TapMOHI30BAHOMY CTaHJAPTy JO3BOJIsi€ BUPOOHMKAM TOCTAYaHHS
oOalHaHHS Ha MUPOKHUIA PHHOK.

Hoxymentu LTE-U Forum
[epenik WX TOKYMEHTIB HACTYITHHA:

e ¢NB Minimanshi Bumoru g0 LTE-U SDL v1.0 (2015-02 (mompaBka 10
3GPP TS 36.104);

e LTE-U SDL Cuernudikarii cnixurts V1.0 (2015-02)

e LTE-U [pouenypa CSAT TS V1.0 (2015-10);

e LTE-U Texuiunuii 3Bit npo cuiBicuyBauus 1t LTE-U SDL V1.0 (2015-
02);

e UE Minimanehi Bumoru s LTE-U SDL V1.0 (2015-02) (3minu 10
3GPP TS 36.101).

B mepepaxoBaHuUX JOKYMEHTaX POOWTHCS BHUCHOBOK 1 JIAIOTHCS PEKOMEHJAIl.
Bimsnauaetscs, mo LTE B HemnmineH31MHOMY CIIEKTpi HaJa€e ICTOTHUM BIUIMB HA JIFOYHI
Wi-Fi, skmo He 3acTOCOBYyBaTH MEXaHI3MH CYMICHOCTI [WX TexHojorid. I[lpu
HagBHOCTI Takux MexaHi3miB LTE-U Bene cebOe nmo BigHOmIEeHHIO 10 "3Bu4aiHoro”" Wi-
Fi He ripme (HaBiTh Kpamie), HDK Take X Wi-Fi, i B mimomy 3amina By3na Wi-Fi
s'eqHanasM LTE mokpaiye nponyckHy 31aTHICTh CyMbKHHX KopucTyBadiB Wi-Fi . Ha
puc. 2.4 moka3aHa CTyMiHb IMiJBUIIEHHS MPOMYCKHOT 3/TaTHOCTI 3aJIMIIUBIINXCS BY3JIiB

Wi-Fi npu BripoBaxenni LTE-U.
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Tax, npu 3amiHi 1BoX 3 BocbMH By3niB Wi-Fi 3'ennanp LTE-U nponyckHa 31aTHICTD
CyCiIHIX (3anummBIIMXCs) mecTd By3niB Wi-Fi nmigsuimyerbes Ha 16%, npu 3amiHi

4oTupbhoX By3NiB Wi-Fi Take miiBuIiieHHs] CTAHOBUTH 38% .

80

38% 69
7.0

. 0 16% 58
b,

5.0
5.0
40

3.0

1.0

Cp. NpONyCKkHas
cnocobuocts Wi-Fi (MGur/c)

0,0
SWiF 6WI-F 2LTE-U AWIF4LTE-V

Pucynok 2.4 — IligBumienns nponycknoi 3nataocti WI-Fi mpu LTE-U.

B saxocti pekomennaniii no cymicaunrsy LTE-U 1 Wi-Fi 6e3 mexanizmy LBT (B
KpaiHax, Jie He moTpioHe 3actocyBaHHs LBT) onucano HacTymnHe:

* B HENIIEH3I0HHOMY CIIEKTpPi po3MilyeThesi Bropunuuii cotrok SCell;

*  BUOMpaAEThCS KaHA 3 HAMMEHIIIMM PIBHEM MEPEUTKO, BUKIIOUITh KaHal
LTE-U inmoro onepatopa;

e  000B'SI3KOBUH MEPIOTUIHUN KOHTPOJIb BUKOPUCTOBYBAHOT'O KaHATY;,

*  po6ouwnii mukn SCell moBuHeH OyTH TakuM:

. SCell yBiMkHeHa: niepefaya Bignosiauo 10 Rel'10 ta mani; - SCell
BUKIIFOUYEHO: IPUITUHEHO Tepeady, BKIIOUAUU Mepeaady CIIyKOOBUX CUTHAIIB;

. LIUKIIN Bxu. / Bukin. marots TpuBaricTs Bix 10 mo 100 mc 3
MOKJIMBICTIO afanTarii

*  yac OesnepepBHOI nmepeaadyi 0OMexeHO;

*  SCell BuMuKaeThCs1, KO HeMae aOOHEHTCHKUX MPUCTPOIB B 30H1
oOciyroByBaHHs a00 HEMa€e JTaHUX TS TISpe/Iadi.

Pexomennaiis MCD-R M.1652-1
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. B pexomenpanii BukianaeHi BUMoru g0 mexadismy DFS, nazBanoro B ii
pociiicbkiii Bepcli 3 JauHaMiuHOI YacTtoTHOK cenekiiero ([JJUC), sax meTtomom
ocia0JIeHHsl 3aBaJ NpPU CHOUIBHOMY BHUKOPHUCTaHH1 pajaioyacTtoTr B giamazoni 5 I'Tr
npuctpoiB WAS / RLAN Ta panio-3acobamu pajiioBu3HaueHHs (pajgapamu). YKaszaHi
BUMOTH 1100 BUSBJICHHS CUTHAJIIB B/l paJlapiB 3 piBHEM, 1[0 MIEPEBUIIYE MIHIMATIbHUN
piBeHb (-62 1bM 11t ipucTpoiB 3 MakcumaiabHoto EIIM menme 200 mBt 1 - 64 nbwm nis
npuctpoiB 3 makcumanbHow EIIM Bin 200 MBt 1o 1 BT). Kpim Toro, nmpuctpoi WAS /
RLAN mnoBuHHI 3[1ACHIOBATH TMEPEBIPKY JOCTYIMHOCTI KaHajlB 3a pPaxXyHOK ix
IpOCIYXOBYBaHHS MpoTsroM 60 ¢ Juisi BUSHAUYEHHS TOTrO, MPALIOE YA B LIbOMY KaHall

pazap 4u Hi.

2.4 BHCHOBKH 3 po3aiity 2

Hamip BHWKOpHCTOBYBAaTHM HENINEH3IMHUIA CIIEKTp BUKIUKAHO, HacaMIIEpe],
HeoOXimHicTIO oTpuMaTu i Mepexk LTE nomarkoBuii pamiodacToTHHI pecypc 1 A0
TOTO 3 BUIBHUM JIOCTYIIOM 110 HbOTO. [[)Ist Hioro peasnizarii CbOTOAHI PO3TISIAI0THCS
nekinbka pimenb. JIBa 3 Hux - LAA-LTE (Licensed-Assisted- Access-LTE) i LTE-U
(LTE-Unlicensed) - mpunyckatots npuenHanns Wi-Fi- crnekrpa B miamazoni 5 I'Th
IIUISIXOM HOT0 arperyBaHHs 3 oCHOBHUM (JrineH3iitHuM) ciektpoMm LTE. [Hmie pimenHs
- LWA (LTE & WLAN Aggregation) - mossirae B interparii camux texaosoriid LTE i
Wi-Fi, o € HenpssMUM BHKOPUCTAHHSM HEIIIEH31IMHUX paiodyacToT (IeTalbHIIE B
HACTYMMHOMY po3aiti).B manomy posaini Oynu poO3TIsSHYTI YMOBU BHKOPHCTAHHS
HENIIEH31MHOTO CHEeKTpy. Y TMepepaxoBaHUX JAOKYMEHTaX pOOJAThCS BHCHOBKHU 1
naloThes pexomeHpaarii. Bimsnauaetscsa, mo LTE B HemineH3iHOMY CHEKTpi Mae
CyTT€BHIA BIUTUB HA Jirounii Wi-Fi, K0 He 3aCTOCOBYBATH MEXaHI13MHU CyMICHOCTI ITHX
texaosorii. [Ipu HasBHOCTI Takux MexaHi3MiB LTE-U nmoBoauThcst mo BiTHOMICHHIO 710
"3pruaitHoro" Wi-Fi He ripiie (HaBiTh Kpare), Hix Takuid xxe Wi- Fi, 1 B oMy 3amina
By3na Wi-Fi By3nom LTE mokpamrye nmpomyckHy 3AaTHICTh CYMDKHHX KOPHCTYBadiB

Wi-Fi .
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PO311J13 CTAHAAPTU30OBAHI PIINIEHHSA

3.1 LAA-LTE

VY Bunycky 13 3GPP BBeneni nBi rexnosorii LWA (LTE & WLAN Aggregation)
ta LAA (JileH30BaHUN JONOMDKHMM JOCTYI) $IK pIMIEHHS JUIsi BUKOPUCTAHHS
Heninen3oBanoro crektpy st mepexi LTE. Texnomoris LWA Bumarae cykymHUX
LTE ta WLAN Ha piBHI NPOTOKOJY KOHBEPTEHIIlI MaKeTHUX JAHUX, 10 JO3BOJISE
nepenaBatu Tpadik BucxigHoi diHii Ha LTE Ta Hu3xigny miHio sk Ha LTE, Tak 1 Ha
WLAN.

Ile pimenns € 6a3zoBum B cranaaprax 3GPP (Rel'l3) 1 nperennye Oytu
I00aJbHUM TapMOHI30BAaHUM PIlICHHSAM. SIK yXe MiJKpECIIoBalocs, BOHO Oyay€eThCs
Ha ¢yakiionanbHocTi LTE mo arperyBanns crnekrpa (CA) 1 nepeadavae 3acToCyBaHHS
MexanisMy LBT. BaxmuBum € ToW (Qakr, 1m0 arperyerbcs KOMIIOHEHTa 3
HENIIEH31MHUX YaCTOT € BUKIIIOUHO JTOJATKOBOI (BTOPUHHOI), SIK TTOKa3aHo Ha puc. 3.1.
Ha nepBuHHOT Hecy4oi (JIileH31WHUN CHEKTP) MOPsIA 3 OAHUMU TaHUMH TEepeAaeThes 1
cimyx00Ba iHpopmarlis (KOMaHIN YIIPABIIHHS).

HexinensiHHHi ciekTp
Bropunsza _necy!u(LTE)
~THIIe OaHi

-Uplink (ormioHameHo mmue & TDD) "y
-nepesara A garmm({Downlink)

Carrier
Aggregation

Downlink
LAA  Tinensiitmmii CIEKTP

Iepeurna Hecyua (LTE)

-yTIpaBmiHHA WA 000X Hecywix
-FDD/TIDD
-nepesaru ga Mosu (Uplink)
-XeHIoEep

Pucynok 3.1 — Arperaris gyactot npu LAA-LTE

Ils oOoB'I3kOBa yMOBa BUKIMKAHI THUM, IO HENINEH3IWHUNA CHEKTp Mae

HerependayyBaHy 1 MIBUIKO MIHJIMBY €JIEKTPOMArHiTHy 0OCTaHOBKY 4Yepe3
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BUIBHUI OCTYIy 0ararbox KOpPHCTYBauiB /10 HbOTO, II0 HE MOKE rapaHTyBaTH BHCOKY
AaKiCTh miepenad. Kpim Toro, i3 3a3HayeHOi NMPUYMHM HEOOXiAHI CHelialibHI 3aXO/u,
COpsIMOBaHI Ha 3MEHIIEHHA KOHQIIKTHMX CUTyalld 3 IHIMMH mnpamorouumMu PEM.
TakumMu ~ 3axoaMH  pO3MVISLAAIOTBCA ~ MPOCIYXOBYBaHHS ~ KaHaly — Mepen
BunpoMidioBanHsiM LBT, a Takoxx oOMexxeHHs poOodoro uukiay (mepepuByacTa
nepenava) [2, 7-9, 12]. 3a momomMorow UX MPOLEAYpP 3AIMCHIOETHCS TUHAMIYHUN
BuOip BuUibHUX KaHaliB (CCA), a mpu iX BIICYTHOCTI - CIpaBeJJIMBE MOALUT HaliMEeHII

3aBaHTAXKEHOI'0 KaHaIy 3 IHIIUM IPUCTPOEM, SIK MMOKa3aHo Ha puc. 3.2. [15].

JAuHaMiYHHHA BHOIp BLUIBHOTO KaHAIY

YacoBHi po3moai.T KaHATIY

Pucynok 3.2 — Jloctyn no kanany npu LAA-LTE

Ha Bigminy Big mporo, PCell (mepBuHHa KOMipka) Ha JIIIEH30BAaHOMY CHEKTpi
arperyetbes 3 SCell (BTopuHHA KOMIpKa) Ha HemineH3iiHoMy cnektpi (puc.3.2). PCell
CIY)XKUTh JJIs TIepefadi JaHUX KOpucTyBada Ta ciyx00Boi iHpopmariii. [Ipore CC
(KOMIIOHEHTH1 HOCIi) y HEJIIEH30BaHNX CMYyrax BUKOPHUCTOBYETHCS SK JOJATKOBA

(BTOpMHHA) KIIITUHKA BUKJIIOYHO JIJIS TIEpeiayi Janux kopuctysada[13].
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(<<R>)

LTE licensed
i spectrum

() vy,

Unlicensed spectrum

p——
-

Pucynok 3.3 — JlineH3iiHUM TOMTOMDKHUI JOCTYTI

Cnig 3a3HaunTH, 110 TexHooris eLAA (po3mupenoi LAA), onucana y BUIyCKy
14, no3Bosisie arperyBaTH JIIEH31MHI Ta HEJIIEH31HHI Jiana30HU CIEKTPIB IS
MEPBUHHOTO Ta BTOpUHHOTO KaHaiiB. LAA moxe BukopuctoByBatu FDD (Frequency

Division Duplex) abo TDD (Time Division Duplex) y mnepBuHHOMY Ta
BTOPMHHOMY KaHajaX. [lmanyBaHHS Tpadiky MO JOJATKOBOMY KaHANYy - 1€ (QYHKILiS
TAy Tpadiky, Taka SK YyTJIUBICTb 3aTPUMKH, IIBHUIKICTH PyXy Ta OITHUMI3aIlis
3aBaHTaXeHHS Tpadiky. [ns immiemenrarii texunomyorii LAA (puc.3.4.) icuye 4
crieHapii, 1o po3risiaarTees y Bunycky 13 [14]. Ha nogatok go BmpoBamxenus LTE +
LAA motpibni HOB1 MoOUIbHI nipucTpoi LTE, 31aTHI mpairoBaTé B HENIIEH30BAaHOMY

CIIEeKTpi, 1 MAalOTh MEXaHI3MH JId CIPaBENIMBOTO PO3MOAUTY CIEKTPYy MIX

KOpUCTyBayaMH.
cartier(s) | by 5
T dalbeckbul rarmerd)
(Nun-<o-docaled) .
| | ~ Smll el
F: Unlkensed g My B Unlkensed Ly
carrier(s) carrier(s) T T
(Ot ] G ol

\ J\ nd,

Pucynok 3.4(a) — Cuenapii posropranns LAA
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F1: Licensed F1: Licensed %)
carrier(s) | Macroes) carrier(s) Mt
Ieal ano-lheal
hotc khaut
e F2: Licensed *
F1: Licensed
carrier(s) " 7 carrier(s) 'i' ?
Idcal hachhaul [ Small cell
- (Cslocsted) 3

F3: Unlicensed T T F3: ?’nlkensed T T

carrier(s) carrier(s)
\ (Cawler ] Somal celt \ ( Clustr |

/ Y

Pucynok 3.4(0) — Cuenapii po3ropranus LAA

HeoOxinHO MiAKPECTUTH, IO BUKOPUCTAHHS HENIIIEH30BAaHOTO CIEKTpa SK
J0JJaTKOBOT'O JIialia30Hy 4acTOT - 4Yepe3 Te, M0 BOHO OyJI0 BHITAJKOBHAM 1 IIBHIKO
3MIHIOBaHUM EJICKTPOMArHiTHUM CEPEJIOBHUIIEM - HE MOXE TapaHTyBaTh BHCOKY QoS
(SIKICTh CcepBiCy): MOTYKHICTh CUCTEMU Ta 3aTpUMKY. KpiM Toro, HeoOXiH1 crelrianbHi
3aX0J¥ JUISl 3MEHIICHHS KOHQIIKTY 3 1HIIUMHU PaJiOCICKTPOHHUMH MPHUCTPOSMH, IO
IPAITIOIOTh Y Til caMiil cMy3i.

B 13 pemni3i BKa3yrOThCA HACTYITHI MEXaHI3MHU SIK 3aci0 BUPIIICHHS KOH(IIIKTIB
[15]:

= LBT (Listen Before Talk);

= DTX (Discontinuous Transmission Mode)

DFS (Dynamic Frequency Selection);
= TPC (Transmit Power Control) Bumoru no mexanismy criBicHyBanus LBT
Tun ycyHeHHs Mepeniko Ta MeXaHi3M CIPaBeJIMBOTO CIIBICHYBAHHS 3aJIeKaTh
BiJl PUHKOBUX Ta PETIOHAJIBHUX PETYISATOPHUX pexuMiB. LI KoHIemIisi € OCHOBOIO
cxemu LBT (ocHoBHa Bumora B €Bpomi Ta SmoHii) a7 ONTHUMAaIbHOI B3a€MOJIii
npuctpoiB LAA ta Wi-Fi y Heminen3oBanomy crektpi. Y cxemi LBT BusBieHo
nocTynHICTh opieHToBaHMX KaHamiB CCA (4ucTuil TOCTYI 10 KaHAy) SIKUA BUKOHYE

aJanTHBHY Tepeaady Ha OCHOBI 3MIHHOI IIKaJM 4acy, sika oxoruroe 1-10 muricexyHa

[16]
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Bussnenns eneprii (ED) 3actocoByeThest y nmoeanansi 3 npouenyporo CCA s
3abe3neucHHs edekTuBHOI cxemu cmiBicHyBanHs Mibk LTE ta WIi-Fi, omHouacHo
MIHIMI3yIOYM BIUIMB €(QEKTUBHOCTI B pe3ylbTaTi pO3MOAUTY pPECypciB Haj
HEIIEH30BaHUM CIEKTpOM. BUsiBIeHHs eHeprii 1a€ 3MOry BKa3aTu, YM JOCTYIHHUI abo
3alHATHN KaHal. SIKIo BUSBJIEHI PIBHI €HEPrii € HIKYMMHU 3a MOPOrOBY BEIUYUHY,
KaHaJl BBAXKAE€TbCS YUCTUM, 1 By30J1 JIAA moske nepeaaBatucs. [Hmmmu cnoBamu, LAA
MPOJOBKY€E MOHITOPUHI €HEPreTUYHUX PIBHIB, IOKU KaHAJ HE BBAKaTUMETHCS SICHUM,
1 BCTAaHOBITIO€ BUMAJKOBE BiAXWIECHHA. Lle ae MOXKIIMBICTh PO3MOYaTH Mepeaavy micis
TOro, Ik KaHaj Oyje Mpo30puM Ha MiHIMalbHUU TepMiH. [lpuknan mporo mpoiecy

UTIOCTPYEThCS HA puc. 3.5.

CcCA Backolf
— —_—
LTE+LAA ( l {' I
LAA CCA reports LAACCAreports  LAA CCA reports
medium as idle medium as busy madium as idle
CCA Backof!
Wi-Fl ﬂ F I
Wi-Fi CCA reports Wi-FI CCA reports
medium as busy medium as idle

Pucynok 3.5 — LAA 1 Wi-Fi cniiBicHyBaHHs

B ocnoBHomy mexanism LBT - 3 Touku 30py uitkoi ominku kanamy (CCA) -
MOAUTSIETBCS HA JBa TUIH yacoBoro nomeny: Frame-based Equipment (FBE) Ta Load-
Based Equipment (LBE). fx nmoka3zano Ha puc.3.6, npunymenus npo FBE, eNB a6o
UE Bukonye CCA mj1s1 KOKHOTO 1nepiony (ikKCOBaHOTO Kaapy, 1 mepenada JaHuX MOXKe
OyTW 3amyleHa JUIIe TOJi, KOJMU BUPINIEHO OYHCTHUTH KaHal. TUM yacoM BUOYX
nepenadi OOMEKEHUWU MaKCHUMaJIbHUM 3HA4YeHHSM (4Yac 3acelieHHs KaHaly), m1o0
MIATPUMYBATH OaJaHC JOCTYIy JI0 KaHATY 3 IHITUMHU CYCITHIMH By3JIaMH. 3 1HIIIOTO

ooky, LBT 3 LBE pobuts eNB a6o UE ormiHroBaTH KaHajd TUIbKH TOMI, KOJIW JaHi

HaIXoIaTh y Oydep (puc.3.6).
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Stay sient for the next
fixed frame period
No
Transmit and occupy Remain fr
St Apply Initia Channel the channel for  —>1{ for5%Of
CCAe 20
ik e? /Yes | fiofoms cor

Pucynok 3.6 — Pexxum po6otu LBT na 6a3i FBE

3.2 LTE-U

Le pimenns ineaTuydo onucanomy Buiie LAA-LTE 3 tieto nuie pizHUIEIO, 1110
He BUMarae 3actocyBaHHsS MexaHismy LBT. MexaHi3aMoM, SIKHil BUKOPHUCTOBYETHCS B
LTE-U nns 3HMmXeHHS KOHMIIKTHUX CUTYAIllH, € MPOIEeAypa, 110 BCTAHOBIIOE POOOUHI
kst (Duty Cycle) mis nepepuBuactoi nepenaui. Duty Cycle 1opiBHIOE BiZICOTKY Yacy
poOOTH TPUCTPOIO HA Tepeaady, BUMIPSHOTO MPOTATOM (HIKCOBAHOTO THUMYACOBOTO

(dperiMma, sIK OKa3aHo Ha puc. 3.7.

Duty Cycle Perad
@ P

LTEOH
LTEOn % > LTEOn

>
\ ) [ ] time
Duty Cycle Wi Fiaccoss gaps
when LTE & off

% of cycle LTE is actve

Pucynok 3.7 — Po6ouwnit ukn LTE-U

Cnin 3azHaunté ocobmmBocTi R'13, axi BrmmmBatote Ha pimenHs LAA-LTE i

LTE-U. Ilo-niepure, HeTINEH31MHNIA CTIEKTP arperyeThes TUTBKU B
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Downlink B ¢popmi SDL, 1 Tinbku B HacTynHOMY R'l4 mianyeThcst arperyBanHs Horo i
B Uplink. Ilo-gpyre, R'l13 Bu3Hauae KiIbKICTh arperoBaHUX KOMIIOHEHT, piBHE 32
(3amicTh 5), 1110 BiAMOBIAAE MUPHUHI arperoBaHoro kanany 640 MI'n [4]. Lle po3muproe
MO>KJIMBOCTI LIOJI0 MPHUETIHAHHS HEJILEH31MHOTO CIEKTpa 1ICTOTHOI MIUPUHU, OCKUIBKH

riaHoBaHa cMmyra B Alana3osi 5 ['T'u mictuts 775 MI'L.

3.3 LWA

Ha puc. 3.8 nosicitoerbcst ocHoBHUM nipuHin LWA [15]. ¥V LWA, tak camo, sk
1 Ipu ABOX mornepeaHix pimeHHsax, Wi-Fi (HemineH31iHui CriekTp) BUKOPUCTOBYETHCS

TUIBKHM a1 nepegadi B Downlink.

Pucynok 3.8 — Ilpunuun LWA

I'onoHa mepeBara LWA monsrae B ToMmy, IO JJIi HHOTO TMOTPIOHI HEBEIHUKIi
3MIHM B ICHyIO4YOMY oOjamaHaHHl (mocutb oHoBieHHs [I3, B Tomy wumcmi i B
a0OHEHTCHKUX TPUCTPOSX) 1 YCTAaHOBKA HOBUX TO4YokK joctynmy Wi-Fi mpu
HeoOxigHocTi. Ha puc. 3.9. mokaszani npuknanu peanizanii LWA npu cymimenomy i

HECYMIIIEHOMY PO3MIIeHHI.
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eNBLTE*WI-Fi
'n

IloxpaTTR
LTE LTEUs
(o) 1
§ ¢\B
@ Wih
Uk
Iloxperra WiFi

Cymicer# cuenapii HecymicrrE coerapis

Pucynok 3.9 — Cuenapii LWA

3.4 BucHoBKH 3 po3ainy 3

Y nma"noMmy po3auni MPOBEAEHUM aHaji3 pillleHb IS peaiizailii 10JaTKOBOTO
paniodactotHoro pecypcy s LTE 1 posrnsinyTo Tpu pimenns. JIpa 3 oux - LAA- LTE
(Licensed-Assisted-Access-LTE) i LTE-U (LTE-Unlicensed) - mnpumyckamoTh
npuennanus Wi-Fi-cniektpa B aianazoni 5 I'T1y nuisixoM Horo arperyBaHHs 3 OCHOBHUM
(minen3iitaum) criektpom LTE.

Tpere pimenas LWA - arperysanus 3'emnanb LTE 1 WIi-Fi sk cnocio
o0'eTHaHHS JIIIEH3IHHOTO Ta HEJIIEH31MHOr0 CIEKTPIB - PO3POOJSETHCS B paMKax
3GPP (Rel'l3) i € HOBOI0O (BIOCKOHAJIEHOIO) anmbTepHaTHBOIO 1O B3aemonii LTE 3
WLAN. VnockoHaneHHS TOJIATaE B arperyBaHHs JaHUX, 10 MEPEeNarThcs Ha PIBHI
Mepex pamiogoctyny LTE 1 Wi-Fi, ne 6a3zoBa cranmiss LTE po3noainse maketn qaHux
JUIsL Tiepenadi uepe3 KOKHY Mepexy. llum 3a0e3medyeThcs Kparne yHpaBIiHHS
pecypcamu B 000X 3B'sI3KaX 1 MOMINIIYETHCS €()EKTHUBHICTh BUKOPUCTAHHS CIIEKTPA B
miammazoni 5 I'Tm B TOpIBHSAHHI 3 paHilIe 3amporOHOBaHOW TexHoJoriero Wi-Fi

Offload. Omumcane pimieHHS OpIEHTOBaHE Ha BUMANOK, koimu y omeparopa LTE €

ctpykrypa Wi-Fi.
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B mactymHomy posaimi mpoBeaeHo mopiBHsSHHA TexHosorii LTE ta Wi-Fi.
[MpuBenena modymnosa cyminienoi mepexi LTE + Wi-Fi qyis po3BanTaxeHHs Mepex Ta
MPOBEICHUI aHajl3 MOXJIMBUX LUISXIB BUPIMIEHHS MpPOOJIeMH ME€pPEBaHTAXKEHHS

MEpEexKi, 11 BUOOPY Kpaioi TexHousorii st mooyaosu mepexi LTE + Wi-Fi.
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PO3/LJ1 4 PO3PAXYHKHU EGEKTUBHOCTI TEXHOJIOI'TH JIJIA
3BLJIBIIEHHA €EMHOCTI LTE, HIOPIBHAJIbHUM AHAJII3

4.1 3anexnicTs npomyckHoi 31aTtHocTi Mepexki LTE Bix kinbkocTti anTeH Ta
3aJ1esKHICTh MPONYCKHOI 31aTHOCTI LTE+ LAA Bix BiqHOIIEHHS CHMTHAJI/IIYM Ta

IIMPUHH KAHATY

Jlns LTE B sIKOCT1 aHTEH LUIKOM MiAIAAyTh 3BUYaliHI MTaHEJIbHI aHTEHU 3 KPOC-
noJisipu3aiiero. Bonu, Hanpukiaj, BUKOpUCTOBYIOThCs B Mepexax GSM 1 B 3G. Ane
TYT € pizHUI,- kim0 B GSM i 3G aBi monspu3alii 3a3Bu4ail BUKOPUCTOBYIOTHCS Ha
npuiioM, a Ha nepefavy Tuibku ojHa (cxema 2Rx / 1Tx), To B LTE 06uaBi nonsipuzariii
3aJligH1 10 TOBHIM, 1 Ha MpUiioM, 1 Ha nepenauy (cxema 2Rx / 2Tx). Ile HeoOxiaHO Ass
peanizanii Texnonorii MIMO2x2. Ha nepmiomy erarni BripoBamkenns LTE nporo 6yne
JOCTaTHRLO. [lami mponmyCckHy 3/1aTHICTh CEKTOpa MOYKHA Oy/e 30UIbIINTH, JOIABIIH 1I1e
0 OAHIN Kpoc-ToJispu30BaHiii anTeHi. Buiine cxema 4Rx / 4Tx 1 MIMO4x4. T'ooBHe
PO3HECTH aHTEHH B MPOCTOP1 HA IOCTATHIO BiJicTaHb (0713bKO 10 TOBXHWH XBHWIIb).

[IBuakicts nepenaui nanux LTE + LAA cyTTeBO 301IbITYETHCS 3 301IBIIICHHSIM
KUTBKOCT1 TIepeJaBalibHOI Ta MPUMMaNbHOI aHTEH, MPOMYCKHOK 3JaTHICTIO KaHAy:
KOJIM IIHPHUHA CMYTH NPOINyCKaHHsA KaHany mmpia, emHicTh LTE + LAA Ounpmia.
[Isuakicts nepenaui nanux LTE + LAA nopisatoe 575,1 Mo6it / ¢ (st MIMO 4 * 4,
W (/ + f, = 40 MI'un), Ha ogHOYacHO IIBUAKICTH mepenadi nanux LTE 6e3
BukopuctanHs TexHosorii LAA (mis MIMO 4 * 4, = 20 MI'n) nopiBaroe nume 287,5
MO6it / c. Puc.4.1 npencrasisie 3B's130k MK mBUAKICTIO Tiepenadi ganux LTE + LAA

cuctemu MIMO 1 pomycKHOO 3/IaTHICTIO KaHAITY.
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SISO MIMO(2*2) SMIMO(4*4)
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Pucynok 4.1 — 3B'130k Mixk mBuaKicTio nepenayi ganux LTE + LAA cucremu MIMO 1
MIPOITYCKHOIO 3/IaTHICTIO KaHATYy.

4.2 TlinBumenHs arperauis oneparopa LTE+LAA

Arperariist oneparopa (CA) mo3Bosse omeparopam MoOuTbHHX Mepexk (MNO)
ob'emnatu OaratokommoHeHTHI Hocii (CC) y mocTymHOMY CHEKTpi, 1mo0 CTBOPUTH
MIUPIIMK KaHaT MPOMYCKHOI 3JaTHOCTI JiJIsl 30UIbIIEHHS TPONYCKHOI CIIPOMOIKHOCTI Ta
3arajibHO1 OTYKHOCTI MepexeBux ganux. CA mozBossie MNO miaBUIIUTH IIBUIKICTH
nepenadi JaHUX 1 MOXKe OyTH BUKOPUCTaHWMNA I 00'€THAHHS JIIIEH30BAaHOTO Ta
HEJTIIIEH30BaHOTO CIIEKTPY OIlepaTopa, a TaKOXK y HU3XIHIA, BUCXiTHIA abo 006o0x [2].
LTE-Advanced Pro 3 Bepcii 3GPP 13 (Rel-13) mo3Bomsie arperamito Mmakcumym 32
KOMITOHEHTHUX HOCIiB 13 cmyroto mnpomyckanHs a0 20 MI'1 koxna. Kpim Toro,
MOKpAIleHa arperaiisi arperaii marpumye ayomroBanHs 4actotHoro nmoainy (FDD), a
Takox ayomroBanHsa yacy (TDD). Tomy 3arampHa mpoImmycKHa 37aTHICTh KaHAIy MOXKE

nocsratu 100 MI'u. Ha puc.4.2
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HaBEJICHO TMPUKIaJ arperamii Mm'ssTHKOMIOHEHTHUX HOCIIB y MeXaX OJHI€I YaCTOTHOT

CMYTU CYMDKHUM CIIOCOOOM.

100 MHz

Carrier 1 Carrler 2 Carrier3 Carrier 4 Carier 5

Pucynok 4.2 — Arperanis BHyTpIIIHbO YaCTOTHOT'O HOCII KOMIIOHEHTHUX HOCIiB 5 *
20 MI'
OCKUTBbKH kOJI€H 3 IMX MOCTaYyalbHUKIB MOCIYT HE Mae OEe3MepepBHOTO CHEKTPY
100 MTI'u, B LTE-Advanced icHytoTh Tpu pi3HI peXMMHU arperaiii HOCIiB: arperarfis
MDKCMYTOBOi CYMDKHOI, BHYTPIIIHBO YaCTOTHOI HECYMDKHOI Ta MDK OapBHOI
anapatypu. Ha puc.4.3 300paxeHo MpUKIIaa arperaiii TPHKOMIIOHEHTHUX HOCIIB, 110
3HAXOJATHCS B PI3HUX Jl1alla30HAX YacTOT

Ilomoca A ITonoca B

B

Carrier 1 Carrier 2 Carrier 3

Pucynoxk 4.3 — Arperaiiisi MiXK J1ialrta30HHOTO HOCISI KOMITIOHEHTHUX HOCIiB

3 %20 MI'

3 ¢13UYHOT TOUKHU 30py 30UIbIIEHHS MBUAKOCTI nepenayl qaHuX (Jdovn) B LTE

MOXe OyTH BU3HAYCHO 3a TaKOI (GOPMYJIIOH0:

ﬁdﬂpﬂ = Er- X I}'H_s x 1{][":' X NHIMU

ne, Cr - MBUAKICTb KOAYBaHHA; Irps- pO3MIp TPAHCIOPTHOTO OJIOKY

BUMIPIOETHCS B OiTax (61T); Nmimo - HOMep miepenadi Ta mpuiiomy anTteHa. Ha

pucyHKY 4.la moKa3aHO CHIBBITHOIICHHS MK IIBHUAKICTIO Iepeaadi JaHUX CHCTEMU
MIMO 1 npomyckHOI0 31aTHICTIO KaHamy. Pe3ynbpratu po3paxyHKiB HaBe[eHI B TaOIHII

4.1.
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Tabmuus 4.1 MakcumanbHa WBUAKICT nepenayi nauux LTE+LAA

[IpomyckHa 31aTHICTh 1,4 3 5 10 15 20
kaHany(MI i)

KinpkicTh niiHECYUNX 12 150 300 600 900 1200
MakcumalibHa KUTbKICTb 6 15 25 50 75 100

pecypcHUX OJI0KIB

Monynsiist Ta Ko CXeMu 28 28 28 28 28 28
Tun moxynsii 64QAM| 64QAM| 64QAM| 64QAM| 64QAM| 64QAM

[Hpexc TpancopTHOTO 26 26 26 26 26 26

0110KYy, ITBS
Posmip GrroKy(6iT) 4392 11064 18336 36696 55056 75376
[IBuakicTe SISO 4.2 10.6 17.5 35.1] 52.5 71.9
mepenati MIMO(2*2) 8.4 21.1 35.1 70.1] 1051 1438
nanux LTE
MIMO(4*4) 16.8 42.2 70.1 140.1 210.1 287.5

[IBUAKICTH MIMO(4*4) 33.5 84.4 139.9 280.1 420.1 575.1
nepeaayi
aHUX
LTE+LAA

4.2 Ouinka epeKTUBHOCTI po3ropranus TexHouaorii LAA

Ominka eexkTUBHOCTI BNPOBaHKeHHS TexHoiorii LAA mMoxxe OyTu mocsarHyTa
3aBJSKM BUKOPHUCTAHHIO PaliogacToT y HellneH30BaHOMY criekTpi 5 I'T. 3 Touku 30py
¢b13uuHOT TOUKHK 30py MOXIIHBE 301nbeHHs MOTY)HOCTI LTE Moxke OyTu Bumnpasmane
HacTymHO Gopmyoto [llenHona:

)
C= I 1+—
fo x loga(1 +2)

Bunno, mo Tam, ae 3HaxomauThcs C, TMOTYXHICTh KaHATY BHMIPIOETHCS B

Merabitax 3a cekyHay (MOit / ¢); a kaHan f mpomycKHa 37JaTHICTh BUMIPIOETHCS B

Merarepuax (MI'm); 1 curnan ~ 10 CHIBBITHONICHHS iHTEepdepeHIIll BUPaXXaeTbCA B
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neuubenax (nb). EdexTuBHa €MHICTP MHOXXMHHOTO BXIJHOTO MHOXHHHOT'O BUXOJY

(MIMO) BU3HAYAETHCS 3a TaKo0 dbopmyoro:
S
C=Mxf xlogzl[l—l-ﬁjl

e 3asBieHo M, 1ie uncio nepeaaBaibHO1 Ta npuiiMatouoi antenu [10]. 3B'130k
MDK MOTYkHICTIO cucteMu MIMO 1 mpornycKHOO 3/1aTHICTIO KaHAly MOKa3aHa Ha PHC.

4.4.

800 [

—~©— LTE+LAA (SISO)
X s LTE+LAA (MIMO 2°2)
700 | ~—®— LTE+LAA (MIMO 4°4)
+— LTE+LAA (MIMO 8°8)

600 |

Mbps

SNR [dB]

Pucynok 4.4 — 3B'130k Mixk notyxHicTio cucteMu MIMO 1 TpomyCKHOO 31aTHICTIO

KaHaly

[Toganemy cucremy 30UIBIIEHHS TOTYXKHOCTI MOYKHAa CTBOPHUTH HUISXOM
arperamii Jinenzopanoro Hocis LTE 3 omgaum abo kinbkoMa HeJiIEeH30BaHUMHU
oneparopamu B pgiamazoni 5 I'Tm. [ns ominku motyxHocti LTE, BUKOpHCTOBYIHOUYHM
texHoaoriro LAA, mu oOunciaumo emuicth cuctemu LTE + LAA momo SINR

(CmiBBigHOIIEHHS cUTHAN-TIepenTkoaa) (puc.4.3.2) 3a Takoro GopMyIoro:

h)
C=Mx(Wy;+ [f;) xlogz(1 —|—E}

Hle Wy - mpomyckHa 31aTHICTh KaHally y HenmineH3zoBaHomy cruektpi 5 I'Tig

(MI'n).
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[Hotyxnicte LTE + LAA Oinbma BinnoBigHO A0 puc. 4.4 1 4.5, OCKUIbKM BOHA
BUKOPUCTOBY€E arperamito JineHzoBaHoro Hocis LTE 3 ogaum abo Kuipkoma
HeNIIEeH30BaHUMHU HociaMU B Aiana3oHi S I'Tu. Ilpore notyxuicts LTE + LAA 3HauHO
30UIbIIY€EThCA 3 30UIBIIEHHAM KUIBKOCTI NE€pelaBajibHUX 1 NPUMUMalbHUX AaHTEH
NMIJMQ, 30uibllieHHST NPOMYCKHOI 37aTHOCTI KaHaimy Ta 30utbiieHHs SINR.
[Moryxnicte LTE + LAA nopisatoe 796,1 Moir / ¢ (s MIMO 4 * 4, Wy + f4 =
40Mry, 1 SINR=201b), B Toii uac sixk smHicTh LTE 6€3 Bukopucranus texuomnorii LAA

(mgs MIMO4*4, f4 =20MTI'n, SINR=20 n1b) nopisutoe nurie 388,6M0OiT / c

1600 T T 3

1400 } _ /s

~etn= LTE (8180 p 4
i LTE(MIMO 4°4) '.'
= LTE(MIMO 8°8) > 5
1200 == LTEHLAA (SISO) 4
re . o
=8r = LTESLAA (MIMO 4°4, /s
=== LTE+LAA (MIMO '8 >

800 }

Mbps

600 -

400 ¢

200 ¢

SNR [dB)

Pucynok 4.5 — LTE+LAA CuiBpigHomerHst MK pisHuMU MIMO Monensmu

4.3 Po3paxynku e(eKTHBHOCTI BHKOPHUCTAHHS YacTOTHOIO pecypcy st
Mmepesxk LTE i Wi-Fi okpemo. IlopiBusanns texnoJoriii LTE ta Wi-Fi. Ilo6ynoBa

cymimenoi mepe:xi LTE + Wi-Fi

Hucnepciitai  Bigmianocti Mk LTE Ta  Wi-Fi  #aGopom TexHomorii
pamiooCcTyIy 3 TOYKHA 30py MPOTOKOIIB, mporeAayp Ta crangaptie PHY / MAC
(pi3uunuii Ta CcepenHii KOHTPOJb JIOCTYMy), a TaKOX BIICYTHICTh OYAb-SKHX

crienudikariii 11t TOM'IKIICHHS B3aEMHUX MTEPEITKOT MOKIUBOCTI,
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MIJKPECIIOI0Th HEOOXIIHICTh CTBOPEHHS TAKUX MOMXJIUBOCTEH Yy HEOJHOPITHOMY
PO3MOALI PAAIOIOCTYy HENIIIIEH30BAHUX PECYPCIB CHEKTPY.

VY Bunaaky cuctem Wi-F1 Hemae MexaH13My yOpaBIIiHHS MOTYKHICTIO, a MPHU
JOCTYII1 10 KaHaTy nepeiada BiI0yBaeThCsl 3 MAKCUMAJIBLHOIO JIOCTYITHOIO MOTYKHICTIO.
3 iHmoro Ooky, y Bumaaky cucreM LTE, mepemaua BinOyBaeTbCs KOXEH MIAKAAP
(iHTepBan 1 wimicekyHn), 1o moTeHmiiiHO Onokye cuctemu Wi-Fi y ¢izuunii
OJIU3BKOCTI, SIKI HAMaraloTbCid OTPUMATH JOCTYN JO CHUIBHUX HENIIeH30BaHUuX
pecypciB CIIEKTY.

Jlns migBuineHHs epeKTUBHOCTI crieHapiiB excrutyaranii cuctem LTE ta Wi- Fi
BukopuctoByrOThCs EICIC (mokpaiiieHa MiKKJTITUHHA 1HTEepdepeHIliiiHa KOOpIUHAILIS ).
EICIC npononye mNONIMNIIUTA METOAM 3HWKEHHS MIKCHUCTEMHHUX TIEpENIKO] uepes
Bukopuctanus ABS (maiixke mopoxHix cyOKaapiB), 10 JO3BOJISIE By3JlaM 3 HU3bKUM
piBHEM €Heprii BAKOPUCTOBYBATH 111 CYOKaJIpy HAa KParo KOMipKH.

Opnak By3on LTE + LAA Biakiouae mociayru KOpUCTYBadiB y BCiX cyOKaapax
ABS, 110 103BOIsIE YHUKHYTH a00 3MEHIIUTH BIUIMB MEPEIIKO] Ha 3arajbHl pecypcu
HelineH3oBaHoro crnekrpa. Ha nomaroxk no ABC, mo6 crnpusiTé iHTEIEKTyaJbHOMY
CIIBICHYBaHHIO, Tpeba 30upaTH aJanTUBHUN KaHal 30HAYBaHHS B cuctremax Wi-Fi, a
TAaKOX BUKOPHUCTAHHS CHCTEMHU YIPaBIIHHS MOTYXHICTIO, opieHToBaHMM Ha SINR
(Signal to Interference plus Noise Ratio) B cucremax LTE. Ilpuknanu nopiBusinus LTE
[ Wi-Fi HaBeneni B Tabnuii 4.2

Ta6:.4.2 TlopiBusiuus Texuonorii LTE ta Wi-Fi

LTE Wi-Fi

JlianmazoH migHecyunXx, KI 11 15 312.5

KinpkicTs nmigHeCydInx| 1200 56

EdextuBHicTs cucTeMu (312.5 xI'* 56)/ 20 MI'n =
(15kHz* 1200)/ 20 MI't =

(FDD) 0.9 0.875

TpuBasicts cuMBOITY, pPS 66.7 3.2
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[Iponos:xenns tadbuiti 4.2

[Muxniaamii mpedike 4.7 ps 800 ns (400 ns)
EdexTuBHiCTh CUCTEMU 3.2/(3.2+ 0.8) =0.8
66.7 / (66.7+4.7) = 0.934
(TDD) 3.2/(3.2+ 0.4) = 0.889
3aranpHa €()EeKTUBHICTh 0.875*0.8=0.70.875*
0.9 *0.934 =0.841
0.889 =0.778

Pesynbrat MopemoBaHHS 1uX crparteriii cmiBicHyBanHs LTE / Wi-Fi Ta
pPO3paxyHKIB €(QEKTUBHOCTI, IO BHUKOPUCTOBYIOTh paalO4acTOTHUN CHEKTp, SK
MoKa3aHo Ha puc.4.6, mokaszanu, 1o NpoAyKTUBHICTE cucremu LTE mnepeBuirye
npoaykTuBHICTh cucteMu Wi-Fi, ne cuctema LTE no3Bonsie oTpuMyBaTH MiKOB1 JaH1
ctaBku Ha 8-15% Ouibme, Hik cuctemu Wi-Fi. Kpim Ttoro, mpu obGuucieHHi
MaKCHUMAJIBHO JIOMYCTUMMX BTpAT JiHINA BIMOBIAHO 10 puc 4.7 eHepreTuuHu OrKeT
kaHany LTE crae kpamum, Hixk kanan Wi-Fi, na ~ 14 ab.

|
S =L TE wWiFi

0,8

0,6

0.4

0,2

0

Pucynok 4.6 — IlopiBasuus npoayktuBHocTi LTE 1 Wi-Fi (EmHICTS )
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Puc. 4.7 — 3anexHicTh NPUINHATHOT BTpATH Mepeaadi Bijl IIIOI1 HABaHTaXKECHHS

LTE Bxkmtouae B cebe mepexy pamiomoctyny E-UTRAN (Evolved Universal
Terrestrial Radio AccessNetwork) 1 Bmockonaiiene naketse sigpo EPC (Evolved Packet
Core) [17]. Illo crocyetbest mepexxk Wi-Fi, To moctyn uepe3 T/ Wi-Fi moxe Oytu
nosipenoto (Mmepexi Wi-Fi  omepartopchkoro kijacy 3 O€3MEYHUM METOAOM
ayteHTudikamii) 1 HemoBipeHux (rpomazackki BinkpuTi TJIHotspots, aomamrHi
0e3/IpOTOBI JIOKAJIBHI MEPEkK1 KOPUCTYBAUIB).

Jist 3a6e3neueHHst poOOTH TEXHOJIOT1I po3BaHTakeHHs depe3 Wi-Fi HeoOxinHo
BBECTH TaKi €JIECMEHTH.

1. Homammniii arent HA (Home Agent) - MmapmpyTu3aTop B JOMaIHIA MEPExKi,
B SIKHI HarpaBJstoThes makeTu 3 mepexxk Wi-Fi. Takoxx HA Bigmpasisie makeTH, 1o
npuiinuin B EPC, abonentcrkomy tepMminany (User Equipment, UE) uepe3 mepexy
Wi-Fi [18].

2. llnro3 wmobinmeHOTO noctymy MAG (Mobile Access Gateway), skuid

BificTeKYy€e pyx aboHeHTchkoro Tepminany UE 1 moBimomisie mpo 1ie B EPC.
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3. Skip ympasninus moOineHicTIO LMA (Local Mobility Anchor) - e okpemuii
Bunagok HA nns B3aemonii aii 3 MAG. LMA npus'asye cBiit [P agpeca no [P agpecoro
UE, mo6 mnakern, mo npudnum B EPC, Binmpasnsiaucs pam uyepes MAG
kopuctyBauesi [19]. [lns HenOBIpEHUX JTOCTYIY BUKOPUCTOBYIOTHCS TAKOX J0JATKOBI
KOMITOHEHTH.

4. VYnockonajaenuil nuto3 g naketHux ganux ePDG (evolved Packet Data
Gateway), sikuii Bukonye ¢yHkiiro MAG B noBipenux mepexax [20].

5. Hmo3 6e3aporoBoro goctyny WAG (WirelessAccess Gateway), sxuii €
MapuipyTuzaTopoMm, HanpamHux naketu B ePDG. WAG rapantye, 1o mNakeTu
BianpasistotTees B EPC 1 mo na UE npuxoaste naketu Tinbku 3 ePDG [21].

Crpyxkrypa mepexi LTE + Wi-Fi npusenena na puc. 4.8

OnepaTtopchbki IP-
cepeicu (IHTEpHET,
IMS, PSS,..)

Henosipenui JoBipeHnii
J0CTYH AAA JocTyn

Pucynok 4.8 — Ctpykrypa 06'eqnanoi mepexi LTE + Wi-Fi

[Ipu B3aemozii BUKOPUCTOBYIOThCS MOOUTBHUN mpokci-npoTokon I[P Bepcii 6
PMIPv6 (ProxyMobile IPv6) na intepdeiicax S2a i S2b i1 IP mporokon, skwii
BUKOpUCTOBYE Bepcito 6 moBepx Bepcii 4 DSMIPv6(Dual Stack Mobile [Pv6) Ha
iTepdeiici S2¢. [Ipotokon PMIPv6 [21] 3a6e3neuye B3aemomito Mixk MAG 1 LMA
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JUIsL JTOBIPEHOi JOCTyIy,a TakKoX BpaxoBye Bukopuctanns WAG 1 ePDG pans
HenoBipeHux goctyny (momatkoBo MiK UE 1 By3snom ePDG opraHi3oByeTbhes
TYHEJIbHUM 3'€IHAHHS 3 BUKOPUCTAHHSAM MPOTOKONy Oe3neku [Psec [22]).

[Iporokon DSMIPv6 minTpumye MOXKIUBICTb (OPMYBaHHA TYHENIB 3
BUKopucTaHHsaM skIPv4, tak 1 IPv6. [ po6oTu 1aHOro MpOTOKOJy HE Ma€ 3HAYEHHS,
AKUWU TUI JIOCTYNy BHUKOPHCTOBYEThCA (ZOBipeHHIl abo Henosipenwit) [23].
OyHk1ioHyBaHHS npoTokody DSMIPv6 3HauHO mpocTiiie, NpOoTOKOA yHIBEpCaIbHUN
s 06ox BuaiB goctymy Wi-Fi 1 He BuMarae BeIMKOiI KIUIBKOCTI J0JIaTKOBUX
enemeHnTiB. OHaK peanizailis bOro MpPOTOKOJy BUMarae, o6 oro miarpumysas UE.
Ouyinka echexkmusnocmi enposaoscenns Wi-Fi offloading.

Ha pwuc.4.9 npencrasineHo po3noin BuaiB Tpadiky 3a craHoM Ha jrotuid 2015
POKY 3TrilHO MOOUTRHOMY 3BiITYy KoMmmanii Ericsson [24]. Sk «Baxkkoro» tpadiky
OyneMo po3TJisiiaTH Bifeo, ayjio, 3aBaHTaXEHHS 1 OHOBIICHHs mporpam. Came 1ei

Tpadik IPONOHYETHCS pO3BAHTAKYBaTH B Mepexki Wi-Fi.

CermenTH
@ Cyicanii aoctyn 0 daitais

® Bizeo
&0 Aymio
@ Ieperasa Bed-cropiHok
JocTyn 30 comiaTbHHX Mepex
® 3asanTaxeHHN Ta OHOBJEHHS MPOTpaM
@ 3ammudposani sani
0 Inme

Pucynok 4.9 — Posnozain tpadixy

3pobuMoO  OIIHKY e(EeKTHBHOCTI BIPOBAKEHHS PO3BAHTAKEHHS MEPEXKi
crarnapry LTE 3a nomomororo Texnomnorii Wi-Fi 802.11n mns neatpy XKuromupa. s
OIIIHKU TPOMYCKHOI 3JJaTHOCTI 1 €MHOCTI Mepexi 0e3 3aCTOCYBAaHHS PO3BAHTAXKCHHS

gyepe3 Wi-Fi BukoprucToBy€emMO aHi mpo cepeHi 3HAYCHHS
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CHEeKTpalibHOI ePeKTUBHOCTI OAHIET cTUIbHUKU Mepexi LTE [25] 1 po3paxyeMo

CEpEelIHIO MPOMYCKHY 3/1aTHICTh CTUIbHUKHU 0a30Boi cTanuii LTE (eNB) [26]:

Repp = Seppaverage * W, Mbum/cex

e SFppaverage , CEpENIHs CIEKTpaibHa e(PeKTUBHICTD, O1T/c/I'11;

W — mmpuna kanama, MI'n.
Jlani po3paxyemo cymapHy Nponyckny 3aaTHicTh Mepexi LTE y nanpsimMky
710 abOHEHTa!

Ryw = Raonp * Noyg. T011/c

Jle Reng- cepenns nporyckHa 3aatHicts eNB, Moit/c, Neyg-unuciio eNB

Po3paxyemo ycepennennii Tpadik abOHEHTa B TOJIMHY HAWOLIBIIIOTO HABAaHTAXKEHHS
(F'HH):

Tm=Nbir

Rpy = . Ko1T/C
NgsNpp=ty

e Tm BenmuuuHa Tpadika BUKOpUCTaHA KopucTyBadeM 3a micaib (b), Npic uncno it B

Oaiiti (0O1T),
Ng - gucno ai0 B MicsIIi;

N ph- KUTBKICTh TOAWMH HaWOUIBIIOr0 HABAHTAXKECHHS; th - UUCIIO CEKYHJI B TOJIMHI,
C.

Ycepennennii Tpadik abonenTa Ha niHii «BHH3» B [ HH:

RDL = REH ¥ SDL . Eﬁi.I."IC

He Spp uacTtka Tpadiky, 10 IPHUMAAAE HA JIHII0 «BHU3». EMHICTh MEPEXKI CKIIaje

I3 3acTtocyBanHsM manux mpo ctarmapT 802.11n Oynm mpoBeAeH! aHAIOTIUHI
po3paxyHku st Mepexi ctangapty LTE, mio BUKOpHUCTOBYe pO3BaHTaXEHHS 4Yepe3

Wi-Fi. Pe3ysibTaTn po3paxyHkiB HaBeseHi B Tabu. 4.3.
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Tabmuus 4.3 Oninka epeKTHBHOCTI 3acTocyBaHHs TexHodorii Wi-Fi
offloading

[TapameTp bes I3 3acTocyBannsm Wi-Fi offloading
SACTOCYBAR 1 00T /km? [200T kM2 |350T T/ xm?
a1 Wi-FI
offloading

Cepenns npoIryckHa 51 97

3natHicTh eNB / T]I, MOit

/¢

CepenHst MBUIKICTD 1,7 9,7

nepenavi«Baxkoro»

Tpadiky, Moit / ¢

[Tnomra mokpurTs Mepexi (69
LTE,xm2
[1no11a NOKpUTTS MEepexi

46 92 160
Wi-Fi s po3BaHTa)KCHHS
mepexi LTE, km2(3
ypaxyBaHHSIM
MOBEPXOBOCTI 320y 10BH)

MaxkcumalibHa €EMHICTD 38 7028 13987 24426
Mepexi, TUC. YOJI.

3rimHo  Tabn. 4.3 cepeaHs IIBHJAKICTh TIepeaadi JaHUX B MeEpexi 3
BUKOPUCTaHHSIM pO3BaHTaKEeHHs yepe3 Wi-Fi BUsBIs€ThCS OUIbINE 32 paXyHOK TOTO,
mo 3actocoByioTbest T/l crammapry 802.11n. ¥V cydacHHX cHCTeMax paaiofoCTymny
MOXHa MaKCHMaJlbHO BpaxyBaTH YMOBHU TOIIUPEHHS PaiOXBWIb B KaHaNl 3BSI3KY 1
aJanTyBaTUCA JIO HUX HUIAXOM BHOOPY HANOUIBII MiAXOIANIOI CXEMHU MOJYISI i
koxyBaHHs MCS. Kanmpatypua ammiitynna monyisis QPSK / 16QAM / 64QAM
MOXK€ KOMOIHYBAaTH 3 TEPEIIKOJOCTIHKHM KOAYBAHHSIM 3 PI3HUMHU HIBUIKOCTSIMHU Ha
pizaomy Bigmanenui Big T/, [Jlns migTpumanHs SKOCTI TMOCIYT, IO HAJAIOTHCS
JOIUTPHO PO3TIISAATH INBHIKICHI TOKa3HWKM Ha BupaideHHs 30 m Bim T/, Ilpm

pO3paxyHKax JI0 yBarv MpuiMasocs CIiBBIIHOMICHHS BIAKPUTO] i
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3a0y/0BaHOi MICIIEBOCTI, piBHE 1: 3, cepeaHs MOBEPXOBICTh - 5 TOBEPXIB. Y
MaiiOyTHbOMY 3acTOCyBaHHS HOBoro cranaapty 802.11ac [27] mo3BoauTh 30UIBIIUTH
IIBUJIKICTH niepenadl ganux B Mepexi Wi-Fi no 2340 M6it / ¢ Ha paaio-iHTepdeiicy.
Cepennsi MBHUAKICTh Mepeadl «Ba)KKOro» Tpadiky BU3HAUajacs 3 pO3paxyHKY
10 aktuBHuX kopucTiauiB Ha 1 cextop eNB abo T Wi-Fi. «Baxkuit» Tpadik Oyne
nepeaaBaThCs 3 OUIBLIOI0 IIBUAKICTIO, 10 HOJIMIIUTh SIKICTh MOCIYT, 1110 HAAAIOThCS.

[Tnoma nokpurts mepexi LTE cranoBUTH

Sire = Senp * Neng (KME}

ne Senp - TIOIIA TIOKPUTTS TPUCEKTOPHA calTy, KM2; Neng - unciio eNB. Tomi

HeoOxiHe uncio eNB 11 mokpuTTs BCbOro MicTa CKJajie

Sire Scne
Neng = < =

eNg SE‘P-'B

ITnoma Xutomupa ckinagae Scie = 69 KM2, a 3 ypaxyBaHHSIM IOBEPXOBOCTI
3a0y/0BH IUIOIIA TOKPUTTS AopiBHIOE 153 kM2. [lnoma MOKPUTTS TPUCEKTOPHOIO
calTy B yMOBax CepeJHbOT MIChKOT 3a0yJ0BU CTAaHOBUTH Senp = 0,54 kM2.

Taxum ynHOM, HeoOXigHEe uncio eNB 1 nmokputts meHTpy Micta ckiane Nens
= 130, pore 11e KUIBKICTh eNB He 3a0e3neuye HeoOXiaHy eMHICTh B 740 THC. YOJOBIK

HaceneHHs 1eHTpy (Tabn. 2). 3a pe3ynbrataMu BUKOHAHUX PO3PaxyHKIB IpHU

minerocTi 350 TJI / kM%cex Wi-Fi 3Moske mokputn Teputopito JKuToMupa, TOBHICTIO
3a0e3Ieuyourd MIUPOKOCMYTOBUM JIOCTYIIOM B IHTEpHET HE TUIBKHM JKHTENIB, ajie 1
JIIOJICH, 0 3HAXOIATHCS B IIEHTPI Ha poOOTi, HA MPOTYJSHII, a TAKOX MPHDKIKHUX 1
TYpHUCTIB, IO B IIJIOMY CTaHOBUTH OnuM3bko 2,5 MiH. bimbm TOro, €MHICTH TakKoi
noennanoi Mmepexi LTE + WIi-Fi Ha manmii MmomeHT mepepuinye B 10 pa3 morpedu
HEeHTpy MicTa (Tad. 2). Y 3B'S13Ky 3 UM Ha TIEPIIOMY €Tarll BIPOBAPKEHHS TEXHOJIOT11
JIOULTHHO po3ropratu Mepexy WI-Fi B MicIIIX MacoBOTO CKYIYCHHS JIIOJICH, JIe TOCTPO

CTOITh MUTAHHS HECTA4l PECYPCIB.
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OCKUIBKM CHOCTEpIra€ThCsl JaBUHOMOAIOHE 3pocTaHHA Tpadiky, TO PO3IIISIHYTHM
rpaHUYHUN BUNANOK Oyne akTyaidbHuil depe3 7 pokiB. Hampukian, mo 2019 p.
3arajibHOCBITOBOT Tpadik maHux Bupocte B 10 pasis [21], Takum YHHOM,
cepeanpoMicauHuii Tpadik (BenuuuHa Tm ), TEHEPYETHCS TIEK K€ KUIBKICTIO
aOOHEHTIB, TakoXk 3pocte B 10 pa3ziB. ¥ 1iil curyanii HeoOXiAHY IPOMYCKHY 3JaTHICTh
3a6e3neuars 200 TJ[ / km%(puc. 3). Tlotpe6u KopucTyBadiB GYayTh IPOJOBXKYBATH
pOCTH eKCHOHEHLIaNbHO [24], Tomy Bxke A0 2022 p mocTaHe HEOOXITHICTh B TIOBHOMY

nokpuTTi 1eHTpy Kuromupa wmepexero Wi-Fi onepatopcbkoro kiacy, ToOTO B

posropranti 350 TJI / kM (puc. 4.10).

CepensaboMicsigre 1500
CIIOJKHUBaHHA

Tpadiky

1000

100 TI/xB. kM 200 TO/xB.kM 350 TI/KB.KM
2014 2019 2022

Pucynok 4.10 — Orinka eeKTUBHOCTI BIIPOBAIXKEHHS TEXHOJIOT1] pO3BAaHTAKECHHSI
yepe3 Wi-Fi

Mopemosanns npouenypu nepexony UE 3 mepexi LTE B Mepexy
Wi-Fi

Posrmstnemo ainsaky micteBocTi 1 kM2, V 1IeHTp1 JUISTHKA po3TaiioBaHa 0a3oBa
ctraniis eNB. Paniyc onniei cotu eNB B ymoBax cepennboi Micbkoi 3a0yaoBu - 0,53 M
[22]. Hocmimkyemo noBeAinky UE-aOoHEHTIB, 1110 3HAXOIATHCS BCEPEINHI CTUTBHUKH.
AOGOHEHTH PO3MONUIECHI Ha MIUJISHIII MICIIEBOCTI BHUMAJAKOBO MO PIBHOMIPHOMY 3aKOHY
po3noniny. KinbkicTs aboneHTiB Ha nusHii 1 kM2 npuiimemo piBauM 1000. KinpkicTs

TJI Wi-Fi na ginsaii micieBocTi Oyaemo
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OpUIMaTH PI3HUM, UISI TOTO 1100 AOCHIAUTH KUIBKICTh AOOHEHTIB, SIKI Mepeduui 3
Mepexi LTE B mepexy Wi-Fi, npu piznoi minbHocti TJ] Ha 1 xM2. [{ns BU3HAUYECHHS
3MIHM MIKOBOi IMIBUAKOCTI nepeaadi aanux B Mepexi LTE npu mepekiani yactuHu
aboHeHTiB B Mepexxy Wi-Fi mpumyctumo, 1o B 30Hi aii eNB 3Haxoautscs 20 akTUBHUX
aboHeHTIB. 3rigHo Tabia. 4.3, cepeaHs nporyckHa 3aaTHICTh eNB ctanoButh 51 MOit /
¢, cepeans mpomyckna saataicts TJ[ Wi-Fi 802.11n - 97 Mo6ir / c. Ilpuknan
JOOCIIPKYBAHOI JUISHKM MICIIEBOCTI, pO3MOAUTY Ha HbOMY aOOHEHTIB, IpPHU 30HI

ob6cnyropyBanHs 1 eNB 1 minsHOCTI 100 TJI / kM2 HaBeneHo Ha puc. 4.11.
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Pucynok 4.11 — Po3nosiis1 abOHEHTIB 1 TOYOK JTIOCTYNY HA MICIIEBOCTI, JIe TOYKAMH
1o3HaueH1 aDOHEHTH, KBaJIpaTaMH - TOYKH JIOCTYITy, KOJIO - MEKa 30HH

ob0cnyroByBaHHs eNB

UE npuennyetscs mo TJI, SKIIO BOHA po3TalioBaHa B 00JacTi CTUIBHHKH 3
notounuMm Cell-ID. miero o6mactio Oyae Komo, onrcaHe HABKOJIO MIECTUKYTHUKA 30HH
oO0cnyroByBaHHs oaHiel anTeHu eNB. Paxiyc miei o6nacti r = 0,53 M. ['pyHTyrouncs Ha

MTOJIOXKEHHI KOKHOTO a00HEHTa, MOKHA OIIHUTH KitbKicHO Y UE,
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aki niakmouunucs no T/, 3 ypaxyBanusam toro, mo UE notpamise B 3ony aii T[] Wi-

Fi, axa ckinanae 30 m. Pe3ynbTat MojieItoBaHHs NpecTaBieHuit Ha puc. 4.12.
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Pucynoxk 4.12 — Kinekicts UE, nepeBenenux B Mepexxy Wi-Fi

Bxe mpu 200 T/ /kM? BenmurHa aGOHEHTIB, mepeBeieHUX B Mepexy Wi-Fi,
nepesuiye ynciao 3anumupmuxcs B mepexxi LTE. Tlpu 350 T[T / km2 mepexy Wi- Fi
BUSIBIISIETHCS TTOBHICTIO HakianeHoi Ha mepexxy LTE, B pe3ynbrati 9oro Bci aOOHEHTH
orepaTopa BHUABISAIOThCS B 30H1 nii Wi-Fi omeparopcbkoro kiacy. Ha puc. 4.13, a,
MoKa3aHui Tpadik 3ajJe HOCTI CepeIHhOI MIBUIKOCTI mepenadi nanux B mepexi LTE
Bia mipHOCTI T/I.
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Pucynok 4.13 — 3anexHICTh CepeIHbOI MBUIKOCTI Iepenayi ganux: B mepexi LTE Big

IIUTBHOCTI TOYOK MOCTYITY (a);B Mepexi Wi-Fi Bixn kinbkocTi aboHeHTIB (0).
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IBunkicte nepenaui ganux B mepexi LTE 3HauHO 3pocTae mpu 30UIbIIEHH]
uibHOCTI TJI: UMM BUIE MIUTBHICTH, TUM OLIbllla WMOBIPHICTH TOTO, IO aKTUBHUI
aboneHT notpanuth B 30Hy aii T Wi-Fi. [Ipu minsHocTi 350 T/l / kM2 MIBUAKICTH
nepenaul nanux B Mepexi LTE BusBnserscs piBHoto 51 MOiT / ¢, B Toil yac sk 0e3
BUKOPHUCTaHHS TEXHOJIOT1i po3BaHTaxkeHHs yepe3 Wi-Fi BoHa ckiazae nuuie 2,6 Moir /c.
Ha puc. 4.13, 0, HaBeJieHa 3aJIEKHICTh IIBUKOCTI Mepeaadl fanux B Mepexi Wi-Fi nos
abonenTiB ogHiel T/] Big uncia aOOHEHTIB, MAKIIOUYCHUX 10 el T/I.

Hlineaicte 350 TJI / kM2 3abesneuye mnepeknan B Mepexy Wi-Fi Bcix 20
aKTUBHUX a0OHEHTIB, SKIIO 1€ HeoOXimHo. HapiTe sikmo mpumyctutd, mo Bci 20
aOoHeHTIB Oynu mepesesneHi B Mepexy Wi-Fi uepes oxny TJI, mBuakicte nepemadi
JAHUX JJIsI KOXKHOTO 3 HUX ckiane 3,9 MOir / ¢ (puc. 4.13, 6). AxOu 111 aboHEeHTH
3Haxoauiucs B Mmakpomepexi LTE, mBuakicte cranoswia 0 2,6 Mo6ir / ¢. Takum
YUHOM, MPU CAMOMY HEBJAJIOMY BapiaHTI MONajaHHs BCiX aDOHEHTIB B 30HY i1 OAHIET
TJ Wi-Fi mBuzakicte nepegaui nanux 3pocte B 1,5 pasu. [Ipu Bcix IHIIUX BUIAIKaX
MIBUIKICTH Oyjae Buie, 3rigHo puc. 4.13,6. HasgBHICTh TOBHOTO MOKPHUTTS HE 3aBXKIU
nependavae mepeBeficHHS Bcix abOoHeHTiB B Mepexy WIi-Fi, Tak sk HeoOXigHO
BpaxOByBaTH KOHKpETHI 3HaueHHs HaBaHTakeHHs Ha eNB 1 T/I, a Takox ii Bug. B
MaiOyTHbOMY TIpH 30UTbIICHHI HAaBAaHTAXKEHHS MOXXYTh BUHUKATH BHUIAJKH, Ko TJ1
Wi-Fi 6yne nepeBanTakeHa, i aOOHEHT Oy/Ie JMIIATHCH MTIKIIOYCHUM 10 MEPEXKI uepe3
eNB, ne3Baxkaroun Ha Te, mo Oyzae mepedyBatu B 30H1 aii TJI. Buxoasuu 3 1p0ro,
OJIHMM 13 3aBJaHb MOJAIBINIMX JOCTIDKEHh B JaHi oOjacti € OallaHCyBaHHS
HaBaHTaXXEHHA B 3-BMmimieHMX Mepexxax LTE + Wi-Fi 3 BukopucTtanHsIM Takux
anroput™MiB [28], sk amnroputm mnepenoBHeHHs(Spillover), NHUKTIYHMIA 3BaXKEHUH
anroput™m (Weighted Round Robin) 1 anroputwm, sikuii BUKOPUCTOBYE MPABUIIO MEHIII

3aBaHTaxxeHoto yepru (Least Load First).
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4.4 BucHoBKH 3 po3aiay 4

HaiiOinbil nepcrneKTUBHOIO TEXHOJIOri€r0 aiig po3BaHTakeHHs Mepex LTE e
texHojorigs Wi-Fi. B naniif poOoTi npoBeeHUI aHali3 MOAKIMBUX HUISIXIB BUPIILIECHHS
npoOJieMH TEPEBAHTAKEHHS MEpPEXki, IO JOBOAUTH mepeBara TexHosorii Wi-Fi Ta
nodynosu wMepexi LTE + Wi-Fi, ne B crpykrypy Mepexi LTE nomani Taki
KOMIIOHEHTH, Ik MAG, LMA, ePDG 1 WAG. OtpumaHi pe3ynbTaTH pO3pPaxyHKIB i
MOJIEJIIOBAHHS MOKa3yl0Th €()EeKTUBHICTh BIPOBAHKEHHS J1aHOI TEXHOJOTII 32 paXyHOK
3pOCTaHHsS IIBUAKOCTI Tepenayl AaHuX, 30UIbIIEHHS KIIEHTCHKOI 0a3u, YCYHEHHS
npo6sieM B pagio-nokputts. Lli ¢pakTopu poOasiTh TEXHOJIOTIIO0 PO3BAHTAXKEHHS MEPEXKi

LTE uepe3 mepexi Wi-Fi npuBabiauBoto aJ1s1 orepaTopiB MOOUIBHOTO 3B'A3KY.
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BUCHOBKH

JlocniapkeHO MUTaHHS MIABUILEHHS MPOIyCKHOI 31aTHOCTI Mepex LTE nuisixom
BUKOPHUCTAHHS HEJIIEH31MHOr0 pajioyacTOTHOIO CreKTpa B aiama3oHi 5 I'Th sax onuH
13 crmocoOiB BUPIIIEHHS TPOOJeMH TNEepPEeBAHTAKECHHS 0a30BUX CTaHIlINA, 3HUKECHHS
LIBUAKOCTI Nepenayl JaHux 1 Opak pecypciB rereporeHHux mepex crtanaapty LTE.
[IpencraBieni TeXHIYHI BUMOTH Ta YMOBHM BUKOPUCTAaHHS HEJIIEH31MHOro CIEKTpa B
mianazoHi 5 ITu B pi3HMX perioHax cBiry. HaBeneHo NOpIBHSHHS MeXaHI3MIB
oprasizalii I10CTyIy 0 KaHajly MpHU CHUIbHIA poOOTI PI3HUX TEXHOJOT1H paglolOCTyIy
B mianazoni 5 I'T'1: FBE (Frame Based Equipment) 1 LBE (Load Based Equipment).

Ocob6nmBy yBary npuaiieHo onucy cuiuibHoi podotu LTE + LAA 1 Wi-Fi na
oJlHOMY kaHail B aiana3zoHi 5 [T, ne B crpykrypy mepexi LTE + LAA BkitoueHi Taki
HOB1 TEXHOJIOT1YHI pimeHHs s opranizamii poctymny, sk FBE, LBE, LBT 1 CCA.
BukonaHo o11iHKY e()eKTUBHOCT1 BIPOBAKEHHs TexHoJorii LAA.

BiamoBigHo 10 npoBeaeHux po3paxyHkiB nmotyxHicTb LTE + LAA 6inbira (puc.
4.414.5), ocKiIbKM BOHa BUKOPHUCTOBYE arperaiito JimneH3zoBadoro Hocis LTE 3 ogaum
a00 KUTbKOMaA HENIIEH30BaHUMHU HOCIAMH B aiara3odi 5 ['T.

B pamkax wmopgemroBaHHS mporecy cmuibHoro icayBamus LTE / Wi-Fi
IpeACTaBICHI Pe3yJbTaTH PO3paxXyHKIB €(EKTUBHOCTI BHUKOPHUCTAHHS YaCTOTHOTO
pecypey mias mepesxk LTE 1 Wi-Fi B okpeMo, 3al1eXHICTh MaKCHMAJIbHO TOIMYCTUMHUX
BTpaT Ha JIHIT 1010 3aBaHTa)XEHHS CTUILHUKH, PE3yJIbTaTH PO3PaXyHKIB IIBUIKOCTI
nepemadi gaHux 0e3 3acrtocyBaHHS TexHoyorii LAA, 3alexHicTb MPOIYCKHOI
3natHocTi Mepexi LTE Big KiITbKOCTI aHTEH 1 3aJIeKHICTh npomyckHoi 3gaTHocTi LTE +
LAA Bin BiTHOCMHU CUTHAJ / IIIyM 1 ITUPUHHA KaHAIY.

Ha mizmcraBi mpoBeieHOro JOCIIKEHHSI MOXHA 3pOOUTH BHCHOBOK IIPO TE, IO
MOCTYNOBE BIPOBAXKEHHS JIaHOT TEXHOJIOTIi J03BOJISIE YCIIIIHO CIHPABISITUCA 3

mpo0JIEMOI0 TIepeBaHTAKCHHsI 0a30BUX CTaHIIIH 1 Opak
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pecypciB Mepex MOOUIBHOTO OlepaTropa B BEIMKUX MICTaX 4epe3 MOCTiIMHE 3pOCTaHHS
Tpadiky. [lokazaHo, 1110 BUKOPUCTAHHS HEIIEH3IMHOIO pPajioYaCTOTHOTO CIEKTPY B
niana3oHi 5 I'T'u B mepexi LTE + LAA cyTTeBo 30UIbIIIY€ IIBUAKICTD NEpeAayl JaHUX.

Takox onucano nodynosy mepexi LTE + Wi-Fi, ge B ctpyktypy mepexi LTE
noJaHl Taki komrnoHeHTH, ik MAG, LMA, ePDG 1 WAG. Otpumani pe3ylibTaTu
pPO3paxyHKIB 1 MOJENIOBaHHS TMOKa3yloTh €(QEKTUBHICTh BIPOBAKEHHS JaHOI
TEXHOJIOT1i 3a PpaxyHOK 3pOCTaHHS MIBHJAKOCTI Tepeaadl JaHuX, 30UIbIICHHS
KJIIEHTCHKOI 0a3M, yCYHEHHs IPO0JIeM B paJioNOKPUTTS (CepeaHs MBUIKICTh Mepeaayi
JaHUX B MEPEXK1 3 BUKOPUCTAHHSAM po3BaHTaxkeHHs uepe3 Wi-Fi BusBnseTscs Ouiblie
3a paxXyHOK TOT0, 110 3acTocoBytoTbes TJ1 cranmgapty 802.11n).

B naniii po6oTi npoBeAeHUI aHali3 MOXKJIUBUX INUISAXIB BUPIIIEHHS MPOOIeMHU
NEpPEeBaHTAXKEHHS MEpexXi, 110 MOBOAUTH mepeBary TexHosorii Wi-Fi ta moOynosu

mepexi LTE + Wi-Fi.
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