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Modern researches in field of mobile network depend on network infrastructure in a
specific region. Nowadays, the actual issue is refor ming of the existing frequency range for LTE
deployment. The most common band is 900/1800 MHz, which in usual licensed for the GSM
networks. It known that LTE net-work core can be easily integrated with the existing GSM
infrastructure. The convergent base stations had been already known which can operate with
GSM/LTE/WCDMA simultaneously. Therefore, the urgent task is implementation of radio
inter face based on spectrum sensing between different technologiesin the same band. This work
is devoted to building effective frequency planning networks for LTE technology on the existing
GSM band. While making frequency planning of LTE technology, we take into account the
presence coverage of existing GSM network. Thus, we consider two different methods of
frequency planning: soft and fractional. Both of these methods of frequency reuse well described
in LTE. In both cases, the whole frequency band divided into two groups. One of them used by
the subscribers located inside the cell as well as on it edges, the other — only in-side the cell.
Deploying LTE coverage on GSM spectrum may arise the situation when oper ating frequencies
of GSM base station can fully interferewith one of the LTE bands. We propose modified method
of soft frequency re-use, which lies in exception of conflict bands from an inside-cell frequency
band. At the border of the cell, we propose to use coor dinated service that is providing serviceto
the subscriber by multiple base stations, in order to achieve higher throughput. This technology
lies in synchronizing multiple base stations in time and frequency in their interaction via optical
channel. Using a joint processing method, we obtain a significant increase in throughput at the
border of the cell, which compensates some drawbacks of the soft frequency reuse method. One
of the options for deploying L TE network is construction of a common network between several
operators. It is a widespread practice these days and leads to the solution for a number of
problems, which are connected, in particular, to the lack of spectrum for 3rd and 4th gener ation
networks deployment. Given the global experience, we consider the following mode of
cooper ation between operators. two or more operators carry out reforming of their own bands
to release continuous frequency band, mer ging of which forms a common frequency band. From
the set of architectural solutions, we chose two models in which we will be interested. Gateway
Core Network — main principal of which liesin closer interaction in a network control segment
and allows to install shared mobility management entities as well as common radio access
network. Multi Operator Core Network — uses separate MM E modules, which, in comparison to
GWCN, allows to de-crease amount of service traffic in transport network and to smplify the
setup of each core network. According to Ukrainian circumstances and the need of CAPEX
reducing in theinitial stage we proposeto usea GWCN mode.

Key words: LTE technology, frequency planning, methods of frequency reuse,
coor dinated multipoint, Network sharing.



IIpoanasyi3oBaHO BMKOPMCTAHHA HOBHUX MeETOAIB TNMOBTOPHOI0 BHUKOPUCTAHHS YaCTOT.
3anponoHoBaHo MoAedb e()eKTHBHOIO YACTOTHOIO PO3MOALTY HA OCHOBI YHUKHEHHSI KOHQUIIKT-
HHX cMYT 3 TexHoJiorielo GSM. Po3riisiHyTo ajJropurM KOOPAHMHOBAHOTO 00CIYyroBYBAHHSI JJIsI
3MeHIIeHHs MiKKoMipkoBoi iHTepdepenuii. IlpoananizoBano HeoOXinHicThL mnepepo3moginy
YACTOTHUX pecypciB MiK omeparopamMu 3B sI3Ky 3 METOI0 OTPUMAHHSI HellepPepBHOI CMYTH ISl
BIPOBa/KeHHs TexHoJiorii LTE. 3 MeToro oTpuMaHHsl BeJIUKOI KiJIBKOCTI YaCTOTHUX pecypciB
3alpONOHOBAHO 31IHCHIOBATH CHUIBbHY ekciiyaranio mepexi LTE. lna ontumansHoi modyno-
BH MYJIbTHONIEPATOPHOI MePEKi € 3aponoHoBaHo BuKopucTanus apxirekrypu GWCN.

KarouoBi cioBa: texnosoris LTE, yacTtoTHe niianyBaHHsl, METOM MOBTOPHOIO BHKO-
PHCTaHHS YACTOT, KOOPAMHOBaHe o0cayropyBanns, Network sharing.

Beryn

[Totpebu mocrymy mo IHTepHETY /Ui MOOUILHUX aOOHEHTIB MPHU3BEIH 10 PO3POOJIECHL TEXHOIOTIH
GPRS (General Packet Radio Service), EDGE (Enhanced Data rates for GSM Evolution) CDMA, UMTS.
[Ipore mi TexHomnorii He 3a0e3meuyrOTh HEOOXIIHY BEIWYHHY MPOIMYCKHOI 34aTHOCTI A KOMQOpPTHOI
poboTH B Mepexi [HTepHer, HampHKIIaj Meperisaay BHUCOKOSKICHUX MOTOKOBUX BifleodaillliB 4u mpoBe-
NeHHsI BineokoHdepeniiin. Came a1 3a0e3medeHHss MOOUIBHOTO BUCOKOIIBHAKICHOTO THTEPHETY pO3p00-
nena texuosoris LTE (Long Term Evolution), sika 31aTHa 3a0e3nedyBaTi MPOIMYCKHY 3[aTHICTh MMOHA]
100 Moirt/c.

Ha BinMminy Bij iHIIUX cTaHIapTiB MOOUIBHOTO 3B’ 513Ky, LTE He npuB’si3aHa 10 IKOTOCh KOHKPETHO-
To Jliana3zoHy 4acToT. Bubip yacToTHOr0 pecypcy 3BOJAMTHLCS JI0 JBOX OCHOBHHUX BapiaHTIB: BIIPOBAKEHHS
TEXHOJIOT1l B HOBOMY, HEBUKOPHUCTAHOMY JIialla30Hi Ta BIPOBA/KCHHS MEPEKi BIKE HA BUKOPUCTOBYBAHHX
YaCTOTHHX pecypcax, CyMDKHO 3 IHIIMMH TEXHOJOTISIMH. Y TEpUIOMY BHIIAJKy Bill OIepaTopiB 3B’ S3KY
BHMAraloThCsl 3Ha4YHI 3aTPaTH PECypCiB Ha KYIIBIIO YaCTOTHOTO CIEKTPa, MPOIENypPy OTPUMAHHS JilleH31H
JUISl TIEBHOT TEXHOJIOT11, MPaKTUYHO MOOY0Ba HOBOI MEPEXKi 3 HyJIA. Y PyroMy BUTIQJIKY 3aTpaTh PecypciB
€ 3HaYHO MEHIII, OCHOBHA MpolieMa 3BOJUTHCS 10 MAKCHUMAIBHO €eKTHUBHOTO BHKOPUCTAHHS CIIEKTPA,
JUist 3a0e31MeUeHHsI TOBHOIIHHOTO ()YHKI[IOHYBaHHS TEXHOJIOT'1H.

BrpoBamkenns LTE na wactorax GSM nae 3mory onepatopaM OTpEMaTH TOPIiBHSHO IIHPOKY CMY-
Ty JUTSL TOYaTKOBOI EKCILTyaTallil Mepexi 3 MepCreKTUBOI0 3pOCTaHHS CMYTH, BHACII/IOK IepeXxoy aboHeH-
TiB GSM Ha HOBY TexHojorito. OnepaTop MaTHMYyTh 3MOTY €KOHOMHUTH 32 PaxyHOK SIK IEepPEBUKOPHC-
TaHHS CIIEKTPa, TaK i MepEeBUKOPUCTAHHS IHPYPACTPYKTYPH MEPEXKi TOCTYIY.

[IpaBHiIBHUE PO3MOUT YACTOTHUX PECYPCIB JIO3BOJHTH OllepaTopaM Haie(eKTHBHIIIE BIPOBAJAUTH
texHonorito LTE nHa Tepuropii YkpaiHu B KOpOTKOCTPOKOBHIA Tepioj] Oe3 3HAYHHMX 3aTpaT pecypciB.
BripoBajpkeHHsT Mepeki 4eTBEpTOro IOKOJIHHS 3BOJIUTHCS IO JBOX OCHOBHHX CTpaTeriii: moOynoBa
crinpHOT MynbTHONEpaTopHoi LTE mepexi abo mobymoBa LTE mepexi omepaTtopoM Ha BIacHHX
YaCcTOTHHUX pecypcax.

YacroTHe nuianyBanus L TE mepexi

Jnist oTpuMaHHS HalKpaimx MOKa3HUKIB criekTpaibHoi edexTrBHOCTI LTE HeoOXinHo MiHIMIZyBaTH
rmapaMerTpH, 0 OOMEKYIOTh MPOMYCKHY 3JaTHICTh CHCTEMH, a caMe BEIWYUHY iHTepdepeHuii. Po3piz-
HSIOTh MDKKOMIPKOBY iHTepdepeHIito Ta iHTepdepeHIlito BcepeIuHi KOMIpKH. 3acTOCYBaHHS TEXHOJIOTIi
OFDMA no3zBonsic ycyHYTH OCTaHHIO. JIJisi 3MEHIIEHHS MDKKOMIPKOBOI iHTep(epeHIlii MpOornoHyeThCs
3aCTOCOBYBATH TaKi METOIU. HOBI METOAM MOBTOPHOTO BUKOPUCTaHHs 4YacToTHHX KanamiB ([TBY) rta
KOOpAMHAIIISA POOOTH CYCiIHIX 0a30BUX CTaHIIH.

Hosgi meronu [1BY nossrarote B TOMY, 110 J1jIs aOOHEHTIB, SKi iepeOyBatoTh y OmvxHil 30H1 aii BC,
3HAYCHHS C/1I € BETMKUM, MDKKOMIpKOBa iHTepdepeHItis BiACyTHs, BAKOPUCTAHHS METO/IB 3 KOC]IlliEHTOM
[1BY OGinbliie Big OAWMHMIN MPU3BOIUTH JIMIINE IO BTpATH YaCTOTHUX PECypCiB Juii aOoHEHTiB. Tomy
texuouorist LTE Ha BinMiny Bin TexHoumorii GSM 3a0e3neuye MOKIMBICTh KOXKHIN 0a30Bili cTaHIIl Mepexi
BUOIPKOBO BHJIUIATH CMYTH YaCTOT i MMOTY)KHICTh KOPHCTYBAdaM, 3aJISKHO BiJl X pO3TalllyBaHHS B COTI.

Hogi meroau [1BY monsirarote y po3AiieHHI BChOTO YaCTOTHOTO PECYpCY Ha JBi TPYIH: OCHOBHA Ta
npyropsiaHa. Ilepina 3 HUIX BUKOPHUCTOBYEThCS JUIsl 00CIIyrOBYBaHHsI aDOHEHTIB, 1110 Mepe0yBaloTh Ha MEXI
Iii craHIii, TOOTO 1M HaJAEThCs JIHIIE YACTHHA HAsBHUX pecypciB. JpyropsaHa rpyna BUKOPUCTOBYETHCS
JUIsl HaJIaHHS 00CTYrOBYBaHHsI aDOHEHTaM, M0 Iepe0yBaroTh y OMIKHIN 30H1 KOMIPKH.

85



Po3pi3HstoTh 1Ba OCHOBHI Meromu: 4actkoBe [IBY (B OmwkHiil 30HI chiibHA cMyra sl BCiX
KOMIPOK; JIJISl JaJIbHbOT 30HM KOXKHIH KOMIpIIl B MeXaX aHCaMOJII0 BUALICHA IICBHA CMyTa i 00CIyroBY-
BaHHs aOoHeHTiB) Ta M sike [IBU (cmyra BumineHa st aboHEHTiB Ha Mexi aii BC, Moke BUKOPHUCTOBY-
BaTHUCh i aboneHTamu mobnusy bC).

a) 0)

Puc. 1. Memoou uacmxogozo (a) ma m’ sxoeo (6) [IBY

Puc. 2. Ilopisusinns memoois IIBY 3a nponycknoio 30amuicmio

[NopiBHIHHS X METO/IB JEMOHCTPYE, IO Kpallly CIeKTpalbHy edekTuBHICTh Mae M’ sike [IBY.

Jlyis 30UIBIIIEHHS MPOITYCKHOI 3aTHOCTI Ha MeXI Iii 0a30BOi CTaHIli Hepen0adyeHO BHUKOPHCTaHHS
TEXHOJIOTIT KOOPJANHOBAHOIO OOCIYrOBYBaHHS, I KO PO3YMIEThCS OOCIYrOByBaHHS aOOHEHTA JIEKiNIb-
koma BC. [yt pyHKIIOHYBaHHS KOOPMHOBAHOTO 00CIYTOBYBaHHsI HE0OXi1HO, 00 yci BC, gki npuitMaroTh
YM TepeNalTh JaHi, OyJM CHHXPOHI30BaHI 3a 4yacoM 1 yactoToro. Ll B3aemomis mix BC pocsraerbcs
BHACJIIZIOK HOBOI apXiTeKTypu siapa mepexi mis cranmapry LTE — System Architecture Evolution, cepen
0COONMBOCTEH SIKOT BUALTMMO HasBHICTH TipsiMoi B3aemoii mixk BC LTE 3a mormomoroto inTepdeiicy X2.

TexHOMOoris KOOPJMHOBAHOTO 0OCITYTOBYBAHHS Ma€ JIBa OCHOBHI BapiaHTH:

Pexxum koopauHOBaHOT 06pooku (KOOp). V 1iboMy pekuMi 1aHi IIs TepeaBatHs € Ha JeKiabkox BC.
Pexum xoopaunoBatoro rianyBanss (KIT) 1 peskum kooparHOBaHOTO (hOpMYBaHHS liarpaMu CIipsi-
moBanocti (KDC). 3a miei dopmu koopauHariii, Bigomiii sk KI/KDJIC, npuiimMaHHs un 1iepe-
JTaBaHHS 3MIHCHIOWThCS Bl oanHiel BC, ane npu nboMy 311HCHIOEThCS KoopauHaltist podotu Beix BC.

Puc. 3. [lopisusanms eghexmusnocmi pescumis pobomu KOOPOUHOBAHO20 0OCY208YEAHHS
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OTxe, BUAHO, IO OUIBIIMKA IPHUPICT IPOMYCKHOI 37aTHOCTI Al aOoHeHTIB Ha Mexi aii bC
3a0e3nevuye BUKOPUCTAHHS PEXKUMY KOOPJHMHOBAHOT 0OPOOKH.

Omxe, noemnanas MIIBY 1 KOGp mo3Bossie MakcMManbHO epEeKTHBHO BUKOPHCTOBYBATH YACTOTHI
pecypcu nipu moodynori L TE mepexi.

[lpn mpaBUIIBHOMY PO3MOJIUIEHHI YacTOT 1 MOTYXKHOCTEH B KOXHIM KOMIpI[I MOKHa MOOYAyBaTH
Mepexxy LTE na Bciit Teputopii Vipainu. [Ipore ockinekkn mu 3mailicHioemo BrpoBapkeHHs LTE nHa
gacrorax GSM, Moke BHHHKHYTH CHTYyallis, KOJIW poOodi yactoru craHiii GSM MOXyTh MOBHICTIO
30Ir'THCS 3 YACTUHOIO CMYTH, 110 BUKOPUCTOBYEThCs TexHomoriero LTE. 11106 MakcuManbHO MIHIMI3yBaTH
II0 CUTYAIIil0, 3 IPYTrOPSAHOI TPYIIH YaCTOT MOYKHA BHUTYYUTH KOH(MIIIKTHI CMYTH. Y CYHEHHSI CMYTH 4acTOT
MpH3BEJE 10 BTPATH MPOIMYCKHOI 3[]aTHOCTI, OCKUIBKH 3TifHO 3 TeopeMoro llleHoHa, mmupuHa criekTpa i
MIBHJIKICT TIEpeIaBaHHs € BETMYUHY MPSIMO MPOTIOPITiiiHi.

Puc. 4. Mooughixayis MIIBY 3 memoio ycynenHst KOHQIIKMHOL cmyeu

Cnocoou BrnpoBaa:keHHs TexHoJorii LTE

Sk 3a3navanock Buie, nodymoBa LTE 3nilicHioeThes B mianazoni yacror GSM. Ilin yac xymiBii
mineH3ii Ha vactroth GSM BHHHMKIA CHUTYyallis, KOJIH ONEpPaTopd HE BOIOMIIOTh HMIMPOKAM YaCTOTHHM
Jiarma3oHoM, a BOJIO/IiI0Th OaraTbMa HEIMPOKMMH CMYTaMH, 10 PO3KHUJIaHHI TI0 BChOMY Jlialla3oHy.

Lls cuTyaliss € He Ha KOPUCTb BIPOBa KeHHs TexHonorii LTE, ockiibku Ta BUMara€ HasBHOCTI
HernepepBHOi cMyr# yacToT Bif 1,4 no 20 MTI't. 3 i€l npuunHu nepea po30yI0BOI0 MEPEkKi YETBEPTOro
MOKOJIIHHS HEOOXiTHO 3IMCHUTH MEpepO3IOALT YaCTOTHHX PECYpPCiB MIXK OmepaTopaMu, MO0 KOXKEH Mir
OTPHMATH IIHPOKI CMYTHU CIIEKTPa I MOXKITMBOCTI BITPOBA/IXKEHHSI HOBUX TEXHOJIOTIH.

- Onepartop 1
[] oneparop 2
I onepartop 3

Puc. 5. I[lepepo3nodin yacmom 3 memoio GUOLIEHHSI WUPOKUX CMY2

[Mlicns mepepo3nofiny omepatopu 3B’ 3Ky MAaTUMYTh 3MOTY 3IIMCHIOBATH MOOYIOBY MeEpexKi
YETBEPTOrO MOKOIIHHS.

BrnpoBamxenns TexHouorii L TE 3BoguThes 10 1BOX OCHOBHUX CTPATEriid:

—nobynoBa L TE Mepexi 3a paxyHOK BIIaCHUX YaCTOTHHUX PECYpCiB;

- moOynoBa crinbHOl LTE Mepexi.

- Oneparop 1

Cmyra BugineHa gns cninsHoi
I:l Oneparop 2 - nobynoeu mepexi LTE
Il Onepatop 3

Puc. 6. Cmpameeii énposadcenns mepeici LTE
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OOMexeHa KUIBKICTh YACTOTHHX PECYpCiB OKpEMHX OIepaTopiB JUIisl BIPOBAPKEHHS HOBHX
TEXHOJIOTH y Cy4aCHMX yMOBaXxX HeE JO3BOJISE peai3yBaTH Bech MoTeHUian TexHomorii LTE. [JominpHimmm
Oy/ie TpUHHATTS pillleHHs PO 00’ €JHAHHS YACTOTHUX PECYPCIB PI3HHUX OIEpaTopiB, IO AACTh MOKIHBICTh
MoOYAyBaTH MEPEXY i3 BUCOKUM PiBHEM SIKOCT1 HAJaHHS ITOCTYT.

Network sharing — koekTHBHE BOJIOIHHS Ta EKCIUTyaTallisi CIUTbHOT MEpeKeBoi iH(ppacTpyKTypH
a0o ii YacTHH JBOMA M OITbIIIE TENCKOMYHIKAI[IHHIMH OTIepaTOpaMH.

[Tepesaru network sharing:

3MeHIIeHHs BUTpaT Ha posroprants mepexi (CAPEX/OPEX).

3abe3neyeHHs] ONTHMAaIbHOTO MOKPHUTTS Y TIOPIBHSHO KOPOTKI TEPMIHH.

MOKIHMBICTh HaJJaHHS A00HEHTaM IMOCIYT 13 BUILOKO SIKICTIO.

3BeJIeHHST KOHKYPEHTHOI OOpOTEOM MIXK OrepaTopaMiu J0 CIOCO0iB BEIEHHS 1X MapKETHHIOBOT 1
Tapu(HOI TONITHKH.

MoxnuBicTh 30epekeHHsT iCHyrouoi aboHEHTChKOI 0a3M Uil OnepaTopiB, SIKi CIIBIIPAIIOIOTH
MiX co00}0.

Omwiero 3 ¢popm Network sharing € criibHe BUKOPUCTaHHS MEpPEXKi paioJOCTyIy OMepaTopaMu 3
BuiieHnMu 6azoumu mepekamu (Multi Operator Core Network, MOCN).

MOCN nae MOXXJIUBICTSD:

Bukopucranus crimbHol Mepexi pagiogoctyny (EUTRAN - evolved Universal Terrestrial Radio
Access Network), 1o Britouae crinbHi 6a30Bi craniii eNodeB mepexi LTE.

Po3ninbHe BUKOpHUCTaHHS MOIYJIB yrpasiiHHs MooOutsHicTiO (MME — M obile Management Entity),
cepBepiB  nomainHix abonenTiB (HSS — HomeSubscriberServer), mnumosis mocryny (GW —
GateWays) ta inmmx enemenTiB 0a3zoBux mepex (CN — CoreNetwork) koxuoro orneparopa LTE.

Iama dopma orpumaina nazsy GWCN (Gateway Core Network) i momsirae y ticHirmiii B3aemoii B
CETMEHTI KOHTPOJIIO MEPEXi.

GWCN nosBonse:

Bukopucranus crinpaoi Mepexi paniogoctyny UTRAN ta MomymiB yrpaBiiHHs MOOUTBHICTIO
MME.

PoznineHe BukopucTanus 1uo3is SGW/PGW (#a prucynky o6’ emrano min abpesiaryporo GW) ta
cepBepa JIoMaIlHboi 0a3u naHnx koprctyBadiB HSS y 6a30BHx Mepexax koxxHoro onepatopa LTE.

Puc. 7. @opmu Network sharing: MOCN ma GWCN

3BeneHa NOPiBHAJbLHA Ta0UIA apXiTeKTYpP MYJIbTHONEPATOPHOI Mepexi

MOCN | GWCN Komenrap
Bzaemopuis 3 icHyroUMMU MME mnotpiben intepdeiic 3 icHyounMu Mepexamu (ToOTO
Mepexamu + i SGSN). Bukopucranus cminbHoro MME  o3Havae  TicHinny
inTerpauito Mk E-UTRAN crisibHOro KopucTyBaHHS Ta KOKHUM
orrepaTopoM 3 Horo 6a3oBoro Mepexero(core network).
[linTpuMKa TOJIIOCOBOTO CS fal back Bumarae HasBHOCTI iHTep(eiicy 3 KOMyTami€ro
CepBicy TSI MeEpex 3|+ - kaHajiB Mixk 010kamMmu MME ta MSC.
KaHaJIbHOI KOMYTAIIi€l0
[linTpumMKa T0JOCOBOTO [Miarpumka IMS € HalikpammMm pilleHHSM Uit TIepeiaBaHHs
cepBicy 3 IMS = = ronocy uepe3 Mepexi L TE Ha neBHUiIT MOMEHT.
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IIpoooeoicennss maba.

MOCN | GWCN Komenrap
[TiaTpumKa poymiHry HasBHicts cninmbHoro MME € HemomikoM, ockibku HSS anpeca
KOXHOT'O POYMIHT MapTHEpa MOBUHHA OYTH BU3HAYEHA B CIILHOMY

+ + MME mis koxHOi 0a30BOI Mepexi, Mif €JHAHOI 10 CITJIBHOI

eUTRAN.
Bapricts Buxopucranns crinbHoro MME o3Hauae po3nopisieHHs BapTOCTi
- + Horo ekcruryarauii MiX orepaTopamMy, 10 HUM KOPUCTYIOThCS. 3

IHITIOTO OOKY, I1e 3aJICKUTh BiJl KOHTEKCTY CITIBITPAIIi.

BpaxoByroun yMOBH YKpaiHCBKOrO PHUHKY 1 TOTpeOu omepatopis, npu BBeneHHi LTE mepexi Ha
TepuTopii YKpaiHu, HaWOUTBII BUMIPAaBJaHUM Ha MOYaTKoBOMY erami € BukopuctanHs moxaemi GWCN 3a
paxyHOK €KOHOMIT Ha 3aTpaTax KOKHOI'O oIepaTopa, Ky I MOJIEIb CIIBIIPAIll 31aTHA 3a0€31eUnTH.

BucHoBkH

3anponoHOBaHO KOMIUIEKCHE 3aCTOCYBAHHS METOJy M’'SIKOTO MOBTOPHOI'O BHKOPHCTaHHS YacTOT
CYMICHO i3 PE&KHMMOM KOOPJMHOBAHOI OOpOOKM i IMiIBUIICHHS MPOMYCKHOI 3maTHOCTI Mepexi LTE.
3niticneno momudikamito Mmeroxy MIIBY 3 MeTor0 yHUKHEHHS KOHQIIIKTHHX CMYT 3 TexHonoriero GSM.
[epenbaueno HeoOXiMHICTH TEPEPO3MOALTY HYaCTOTHHX pecypciB GSM Mix omepaTopamMu 3 METOIO
OTPpUMAaHHS HIMPOKOI CMYTHW CHEeKTpa Juisi BhpoBaJbkeHHS TexHonorii LTE. IlpoanamizoBano crocoOu
ciinbHOl moOymoBu LTE Mepexi, ockiIbKY criijibHA MOOYI0BA HaJa€e 3MOTY BUAUTUTH OUTBIIY CMYTY JJIst
MOPIBHSJILHOTO aHaji3y CIOCO0IB CIUIBHOI MOOYZOBM Ta €KOHOMII 3aTpar JjIs OIepaTopiB BHOpPaHO
apxirektypy GWCN (Gateway Core Network). TIpoBemeni 1ocmiKeHHS T03BOJSIOTH OlIEpaTOpaM 3B’ 13Ky
3MIMCHUTH MAaKCUMAaIIbHO e eKTHBHE BIIpOBaLKeHHs TexHonorii LTE Ha teputopii Ykpainu.
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