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Modern researches in field of mobile network depend on network infrastructure in a specific
region. Nowadays, the actual issue is reforming 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 interface based on spectrum
sensing between different technologies in 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 operating frequencies of GSM base station can fully interfere with 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 coordinated
service that is providing service to 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 LTE 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 generation networks deployment. Given the global experience, we consider the following
model of cooperation between operators: two or more operators carry out reforming of their own
bands to release continuous frequency band, merging 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 lies in 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 MME modules, which, in comparison to GWCN, allows to
de-crease amount of service traffic in transport network and to simplify the setup of each core
network. According to Ukrainian circumstances and the need of CAPEX reducing in the initial stage
we propose to use a GWCN model.

Keywords —-LTE technology, frequency planning, methods of frequency reuse,
coordinated multipoint, Network sharing.



IIpoaHani30BaHO BHKOPHMCTAHHSI HOBHX MeETOHIiB NMOBTOPHOI0 BHKOPHUCTAHHA 4YacCTOT.
3anponoHoBaHO Mojeab e(GeKTMBHOIO 4YAaCTOTHOIO PO3NOALIy HAa OCHOBi YHMKHEHHS
KOH(QIIKTHUX cMyr 3 TexHojoriew GSM. Po3risHyTo ajropurM KOOPAMHOBAHOIO
00cJIyroByBaHHA JJIs 3MeEHIIeHHs MDKKOMipkoBoi iHTepdepenuii. IIpoananizoBano
HeOOXiIHICTh Tepepo3NoAily 4YacTOTHHX pecypciB MixK omeparopamMu 3B’fI3KY 3 MeTOIO
OTPUMAHHSI HelepepBHOI CMYrd 1Jisi BHpoBam:KeHHs TexHoJsorii LTE. 3 meToio oTpumanus
BeJHKOI KiJTbKOCTi YaCTOTHHX pecypciB, 3alIPOIIOHOBAHO 3IiiICHIOBATH CIIJIbHY eKCILIYaTaIlilo
mepexi LTE. [ns onTtumaibHOI moOyaoBH MYJbTHONEPATOPHOI Mepeki € 3ampornoHOBaHO
BUKopucTaHHs apxirektypu GWCN.

Knrwuosi cioBa — TtexHosoria LTE, uyacToTHe myaHyBaHHsl, MeTOAUM IOBTOPHOIO
BHKOPHCTAHHS YaCTOT, KOOPAMHOBaHe 00c1yropyBanHs, Network sharing.

Beryn

IMoTpebu moctymy nmo IHTepHeTy aisi MOOUTBHUX a0OHEHTIB MPHU3BEIM JI0 PO3POOOK TEXHOJOTIH
GPRS (General Packet Radio Service), EDGE (Enhanced Data rates for GSM Evolution) CDMA, UMTS.
[IpoTe nani TexHonoOrii He 3a0e3MeUyI0Th HEOOXiIHY BEIMUMHY MPOITYCKHOI 3IaTHOCTI Il KOM(pOPTHOL
pobotu B Mepexi IHTepHeT, Hampukiaa Neperisily BUCOKOSKICHMX IOTOKOBHX Bifeo GailiiB uu
npoBesleHHS Bigeo KoHpepeHuiil. Came st 3a0e3neyeHHss MOOUIBHOTO BHCOKOIIBUAKICHOTO iHTEpHETY
po3pobnena texHonorigs LTE (Long Term Evolution), sika 3nmaTHa 3a0e3nedyBaTd MPOMYCKHY 31aTHICTh
nonaza 100 Moit/c.

Ha Bigminy Bim iHmmx craHgapTiB moOinpHOTO 3B’s3Ky, LTE He mnpuB’szaHa mo sKOToch
KOHKPETHOTO Jiana3oHy YacToT. Bubip 9acTOTHOTO pecypcy 3BOAWTHECA A0 2 OCHOBHUX BapiaHTIB:
BIIPOBAKEHHSI TEXHOJIOTii B HOBOMY, HEBUKOPHUCTAHOMY Jialla30Hi Ta BIPOBAKEHHS MEpeXi BXKE Ha
BHKOPHCTOBYBAaHHX YAaCTOTHUX pecypcax, CyMDKHO 3 IHIIMMH TEXHOJIOTiAMH. B mepmomy BHUTIaAKy Bif
oTIepaTopiB 3B'SI3Ky BUMAraloThbCs 3HAUHI 3aTPaTH PEeCypCiB Ha KYMIiBIIO YaCTOTHOTO CHEKTPY, MPOUEAYPY
OTPUMAHHS JIIEH31H U1 JaHOi TEXHOJIOTIii, MPaKTUYHO MOOyAOBa HOBOI Mepexi 3 Hymsa. B mpyromy
BHITJIKy 3aTpaTH PECYPCIB € 3HAYHO MEHIII1, OCHOBHA ITPO0JIeMa 3BOANTHCS 0 MAKCUMAIIBHO €(DEKTHBHOTO
BHKOPHUCTAHHS CIEKTPa, s 3a0e31meueH s MOBHOLIHHOTO (DYHKITIOHYBaHHS TEXHOJIOT1H.

Buposamxkenns LTE na gacrotax GSM m03Bossie omeparopaM OTPUMATH BiTHOCHO ITUPOKY CMYTY
JUTS TIOYaTKOBOT eKCIDTyaTallii Mepexi 3 MepCIeKTHBOIO 3POCTAHHSA CMYTH, BHACIIIOK NIEPEX0y a0OHEHTIB
GSM Ha HOBY TexHoJorif0. OnepaTopu MaTUMYyTh 3MOTYy €KOHOMHTH 33 PaXyHOK SK MEepEeBUKOPHUCTAHHSI
CIEKTPY, TaK 1 IEPEBUKOPHUCTAHHS IHPPACTPYKTYPH MEPEXi JOCTYITY.

[IpaBuibHUE PO3MOALT YAaCTOTHHX PECYpPCIB TO3BOIUTH OIEpaTopaM HaWOUIbII epeKTHBHO
BripoBanuTH TexHonoriro LTE Ha Tepuropii YkpaiHn B KOPOTKOCTPOKOBHHA Tepion 0e3 3HAYHUX 3aTpar
pecypciB. BupoBamkeHHsT Mepexi 4-To MOKONIHHS 3BOAWTHCA IO ABOX OCHOBHHMX CTpaTerii: moOymoBa
crinpHOi MynbTHomepaTopHoi LTE wmepexi abo moOymoBa LTE wmepexi omepaTopoM Ha BIIACHHUX
YaCTOTHUX PECypcax.

YacrorHe nuianyBanus LTE mepexi

st oTprMaHHS HalKpallnuxX NOKa3HUKIB CHEKTpalibHOI eekTuBHOCTI LTE HeoOXigHo MiHIMiZyBaTH
rmapaMeTp, Mo OOMEXYyITh TMPOIMYCKHY 3IaTHICTh CHCTEMH, a CaMe BEIHYHHY iHTepQepeHIlii.
Po3pi3HsOTE MIKKOMIPKOBY iHTEpQEpeHIlit0o Ta iHTep(depeHiilo BcepeauHi KOMIpKH. 3acTOCYBaHHS
texaonorii OFDMA no3Bonsie ycyHyTH ocTaHHIO. i 3MEHIIeHHS MDKKOMIPKOBOI iHTepdepeHIil
MIPOTIOHYETHCS 3aCTOCOBYBATH TaKM METOIM: HOBI METO/AW IMOBTOPHOTO BUKOPHCTAHHS YAaCTOTHUX KaHAJIB
(I1BY) Ta koopawuHAaIis poOOTH CyCigHIX 6a30BUX CTaHIIiH.

Hogi metoau I1BY nonsiratots B TOMy, 10 [T a0OHEHTIB, SKi Iepe0yBaroTh B OmmkHiH 30Hi 1ii BC,
3HaYeHHS C/I € BEIUKWM, MIDKKOMIpKOBa iHTepQepeHIliss BIiJACYTHS, BUKOPHCTAHHS METOMIB 3
koeginieaTom [I1BY 6inbire oguHMII MPU3BOAUTE JIMIIE O BTPATH YAaCTOTHUX PECYPCiB Al aODOHEHTIB.
Tomy Texnonorist LTE ma Biaminy Bix TexHomorii GSM 3a6e3nedye MOXKINBICTh KOXKHIN 0a30Biit cTaHIIil
Mepexi BHUOIPKOBO BHAUIATH CMYTH 4YacTOT 1 TOTYXHICTh KOPHCTyBadaM, B 3aJIeKHOCTI Bim ix
PO3TaITyBaHHS B COTI.



Hosgi metonu [1BY nossiraroTs y po3AisieHHI BCbOTO YaCTOTHOT'O pECypey Ha JBi TPYIH: OCHOBHA Ta
apyropsiaHa. [lepia 3 HUX BUKOPHCTOBYETHCS ISl 00CTYroByBaHHs aOOHEHTIB, IO NepeOyBaloTh Ha MEXi
Iii cTaHLii, TOOTO iM HaA€ThCS JIMILE YaCTHHA HASBHUX pecypciB. JpyropsaHa rpymna BUKOPUCTOBYEThCS
JUTsL HaJlaHHSA 00CITyTrOBYBaHHS a0OHEHTaM, 110 3HAXOIAThCS B OJIMIKHIM 30HI KOMIpKH.

Po3pizsstoTs 2 ocHOBHI MeToau: yactkoBe [IBY (B OnwkHIN 30HI crijibHA CMyTa JUIsl BCIX KOMIpOK;
JUTSL TATbHBOT 30HM KOXKHIM KOMIpIIi B MeXax aHcamOJr0 BUJIJIEHA TIEBHA cMyra i 00CIyroBYBaHHS
aboneHTiB) Ta M sike [IBY (cmyra Buainena ans aboHeHTiB Ha Mexi Aii BC, Moke BUKOPHCTOBYBATHUCH i
abonentamu noo6auzy bC)
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Puc. 2. Iopisusanns memodis IIBY 3a nponyckHow 30amuicnio

[TopiBHSIHHS JaHUX METOMIB IEMOHCTPYE, 0 KPAIIOI0 CIEKTPaIbHO e()EKTUBHICTIO BOJIOIIE M IKE
IBY.

Jlns1 301BITIEHHS TIPOITYCKHOI 3IaTHOCTI HAa MeXi il 6a30Boi cTaHIll mepeadadyeHo BUKOPUCTAHHS
TEXHOJIOTI] KOOPAWHOBAHOTO OOCIyTOBYBaHHS, IIiJl SKOIO PO3YMIEThCS OOCIyrOBYBaHHS aOOHEHTA
nekibkoma bC. Jlna dhyHKIIOHYBaHHS KOOPIWHOBAHOTO OOCIYrOBYBaHHS HeoOXimHo, mob Bci bBC, ski
3MIHCHIOIOTH NIPUHOM UM Tepefady MaHux, OyJIM CHHXPOHI30BaHi MO Jacy i 9acToTi. JlaHa B3aeMomis Mixk
BC nocsiraeTbcsi BHACHIIOK HOBOI apXiTeKTypH siapa mepexi s crangapty LTE — System Architecture
Evolution, cepen ocobmmBocTelt K01 BUAITAMO HasBHICTH mpsiMoi B3aemomii Mixk bC LTE 3a gomomororo
inTepdeiicy X2.

TexHOoIOTis KOOPAMHOBAHOT'O OOCITYyTOBYBaHHS Ma€ JIBa OCHOBHI BapiaHTH:
e Pexum xoopauHoBaHOi 00poOkum (KOOp). B manomy pekmmi nmaHi Anms mepemadi € Ha
nexuskox BC.
e Pexum koopauHoBaHoro tianyBaHHs (KII) i pexum koopawHOBaHOTO (OpMyBaHHS
niarpamu crpssmoBadocTi (KDJIC). Tpu maniit hopmi koopaunartii, Bigomiid sk KIT/KDJIC,
NpUiiOM YW Tepedada 3AiicHIOeThesA Big omHoi bC, ame mpu 1poMy 3IiHCHIOETHCS
KoopauHaiis podotu Bcix bC.
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Puc. 3. Ilopiguanus ecpekmusrocmi pexcumis pobomu KOOpOUHOBAHO20 0OCIY208YB8AHHS

TakuM YMHOM BHUIHO, IO OiIBIINH MPUPICT MPOIYCKHOI 3AaTHOCTI I aOOHEHTIB Ha Mexi aii BC
3a06e3medye BUKOPUCTAHHS PeKUMY KOOPAMHOBAHOI 0OpOOKH.

Orxe, noegaanas MIIBY 1 KOGp no3Bomnsie MakcuManbHO €(pEeKTHUBHO BUKOPHCTOBYBATH YaCTOTHI
pecypcu mipu modynosi LTE mepexi.

[Ipn mpaBUIBPHOMY PO3MOUIEHHI YacTOT 1 MOTYXHOCTEH B KOXKHIA KOMIpIl MOXXHa MOOyIyBaTH
mepexxy LTE wHa Bciit tepuropii Ykpainm. Ilpore ockimbku mu 3milicHIoemo BrpoBamkenHs LTE wHa
gactotax GSM Moke BHHUKHYTH CHTYyalif, Koiaum poOodi yacToTH craHiii GSM MOXyTb MOBHICTIO
CIIBIIACTH 3 YaCTHHOIO CMYTH, IO BHKOpPHCTOBYeThCs TexHonoriero LTE. I[o6 wmakcumanbHO
MIHIMI3YBaTH JaHy CHUTYaIlilf0 3 APYrOpsOHOi TPYMH YacTOT MOXHA BWJIYYUTH KOHQIIKTHI CMYTH.
VYCyHEHHS CMYTH 4acTOT MPHU3BE/E 10 BTPATH IPOIMYCKHOI 3MaTHOCTI, OCKUIBKH 3rigHo Teopemu lllenoHa,
HIMPHHA CTIEKTPY 1 WIBUIKICTH MEpeAadi € BeTUYWHH MPSIMO MPOMOPLIiHHI.
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Puc. 4. Mooudgbikayia MIIBY 3 memoro ycynenHa KOH@AIKMHOT cmyeu

Cnocoou BrnpoBaxkeHHs TexHouorii LTE

Sk 3a3Hauanock paninre, nooynosa LTE 3niticHioeThest B iana3oni yactot GSM. B nporieci kymisii
minensid Ha yacrotd GSM BUHHMKIIA CHUTYyallis, KOJIH OINEPAaTOPU HE BOJOAIIOTH LIMPOKUM YacTOTHUM
Jiarma3oHoM, a BOJIOAIIOTh OaraTbMa HEIIMPOKUMH CMYTaMH, 10 PO3KUAAHHI [0 BCbOMY Jiana3oHy

Hana curtyauis € He Ha KOPHCTh BHpoBaKkeHHs TexHoiorii LTE, ockinbku Ta BUMarae HasBHOCTI
HenepepBHOi cMyru 4dacToT Bifg 1,4 mo 20 MI'm. 3 wiei mpuumau mepen po30ynoBoro mepexi 4-oro
MTOKOJIIHHS HEOOX1THO 3IIHCHUTH MEPepo3NoIii YaCTOTHUX PECypciB MK omeparopami, 00 KOKEH Mir
OTPUMATH LIMPOKi CMYTH CIEKTPY JAJIsl MOKIMBOCTI BOPOBAKEHHS HOBUX TEXHOJIOT1H.

I oneparop 1 I Oneparop 1
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Puc. 5. Ilepepo3nodin uacmom 3 Memoio GUOINEHHS WUPOKUX CMY2

[Ticns mepepo3noniay oneparopu 3B’SI3Ky MaTUMYTh 3MOTY 3MIHCHIOBATH TOOYIOBY Mepexi 4-ro
MMOKOJTIHHS.

Buposamkenns texnonorii LTE 3BoguThest 10 2 OCHOBHUX CTpaTeriii:

- mooyznosa LTE mepexi 3a paxyHOK BIIACHUX YaCTOTHUX PECYPCIB;
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- moOynosa crinbHOi LTE mMepexi.

M oneparop1 [l Cwyra LTE onepatopa 1 [ oneparop 1
Cwmyra BugineHa ans cninsHoil
[ ] oneparop 2 - Cwmyra LTE oneparopa 2 [] oneparop 2 - nogynoau mepexi LTE
neparop myra oneparopa neparop
o] 3 (o] LTE 3 o] 3

Puc. 6. Cmpameeii enposadoicenns mepesci LTE

OOMexkeHa KIJBbKICTh YaCTOTHHX PECYpCiB OKpEMHX ONEepaTopiB Uil BIPOBAIKEHHS HOBHX
TEXHOJIOTIHM B Cy4aCHHX yMOBAaX HE JIO3BOJISE pealizyBaTH Bech MOTeHINan TexHonorii LTE. [JouinpHimmm
Oyze NpUAHSTTS pillIeHHs PO 00'€THAHHS YaCTOTHHUX PECYPCIB Pi3HUX ONEPATOPIB, IO JACTh MOXIIUBICTD
noOyAyBaTH MEPEXY 13 BUCOKMM PiBHEM SIKOCTI HaIaHHS MOCTYT.

Network sharing — xojekTHBHE BOJIOJIHHS Ta €KCIUTyaTallisl CIILHOT MEepekeBoi iHPpacTpyKTypH
a0o 11 yacTUH JBOMA UM OiNbIIE TENEKOMYHIKallitHUMU ONlepaTOpaMu.

[Mepesaru network sharing:

e 3menmeHHs BUTpat Ha posropranas Mmepexi (CAPEX/OPEX).

e 3abe3neveHHs ONTUMAIBLHOTO MIOKPUTTS Y BiTHOCHO KOPOTKI TEPMiHH.

e MOXIMBICTh Ha/IaHHS A0OHEHTaM TIOCIYT 13 BUILIOKO SKICTIO.

e 3BelmeHHS KOHKYpPEHTHOI OOpOTROM MK oOmeparopaMu JO CIOCOOIB BemeHHS iX
MapKeTUHIOBO1 1 TapU(HOT ONITHKY.

e MoxmBicTh 30epexeHHs ICHyI0490i aOOHEHTCHKOI 0a3u /ISl OTIepaTopiB, AKi CIiBIPAIIOIOTH
MiX c00O}0.

Onniero 3 hopm Network sharing e crisbHe BUKOPHUCTaHHS MEPEXi pamiof0oCTyIly orepaTopamu 3
BuAiTeHMMH 6azoBuMu Mepexxamu (Multi Operator Core Network, MOCN)

MOCN 1a€e MOXJIUBICTB:

e Bukopucranus crineHoi Mepexi pamiomoctyny (eUTRAN - evolved Universal Terrestrial
Radio Access Network), o Bxirouae crinasHi 6a30Bi craniii eNodeB mepexi LTE.

e Po3nineHe BUKOpHCTaHHS MOXYJIIB yrnpasiiHHsa MoOuibHIcTIO (MME — Mobile Management
Entity), cepBepiB nomammaix abonenTiB (HSS — HomeSubscriberServer), moo3iB moctymy
(GW - GateWays) Tta inmmx enemeHTiB 0azoBux mepex (CN — CoreNetwork) koxHOTO
onepatopa LTE.

Inma dopma orpumana Hazsy GWCN (Gateway Core Network) i monsrae y TicHimiit B3aemonii B
CEerMEHTI KOHTPOJTIO MEPEXKI.

GWCN no3Bonse:

e Buxopucranns cminbHOi Mepexi panmiogoctyny eUTRAN Ta wMoayniB  ymnpaBiiHHS
MoGinbHicTIO MME.

e PosxginpHe BukopuctaHHs 1uTi03iB SGW/PGW (Ha pucyHKy 00’emHaHOo Tig abpeBiaTyporo
GW) Ta cepBepa nomManinpoi 0a3u jgaHux kopuctyBauiB HSS B 6a30BHX Mepekax KOXKHOTO

oneparopa LTE.
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Puc. 7. ®opmu Network sharing: MOCN ma GWCN



Tabauys 1.

3BeneHa MOPiBHAJBbHA TA0JHMIS APXiTEKTYpP MYJIbTHOIIEPATOPHOI Mepeski

MOCN | GWCN Komenrap
B3aemonis 3 icHyroUnMH MME notpiben inTepdeiic 3 icHyroUMMH Mepexamu (ToOTO
MepeKaMu + i SGSN). Buxopuctanus cminmsHoro MME o3Hawae OimbIn TicHY
inTerpanito Mix E-UTRAN cninbHOro KOpUCTyBaHHS Ta KOXKHHM
orepaTopom 3 foro 6a3oBoro Mepexero(core Nnetwork).
[lixTpuMKa TIOJIOCOBOIO CS fall back Bumarae HassBHOCTI iHTEp(ENCY 3 KOMYTAIII€I0 KaHAIB
cepBicy i1 Mepex 3 | + - Mmix 6mokamu MME ta MSC.
KaHaJIbHOIO KOMYTAII€I0
[linTpuMKa ToJI0COBOTO [Mintpumka IMS € HalikpamuMm pilIeHHSAM Ul NEpeaadi rojocy
cepeicy 3 IMS = = yepe3 mepexi LTE Ha manmii MOMEHT.
[MiaTpumKa poymiHry Hasricts cninmsHoro MME e nemomikom, tak sik HSS anpeca
+ N KOXXHOT'O POYMIHT MMapTHepa MOBHHHA OYTH BU3HAYEHA B CITIILHOMY
MME nns xoxxHOT 0a30BOi Mepexi TWia’€aHaHOl J0 CHUTBHOT
eUTRAN.
BapricTs Bukopucranns crinibHoro MME o3Hauae po3mnoaiieHHsS BapTOCTi
- + HWOTO eKCIUTyaTarlil Mk omepaTopaMy, IO HAM KOPHUCTYIOThCA. 3
1HIIIOTO OOKY, 1€ 3aJIEXKHUTH BiJl KOHTEKCTY CITiBIIpAIT.

BpaxoByroun yMOBH YKpaiHCBKOTO PHUHKY 1 HOTpeOm omepartopis,ipu BBeAcHHI LTE Mepexi Ha
TepuTOpii YKpaiHu, HaWOLIbII BUIIPABIAHUM Ha IOYaTKOBOMY eTami € BukopucTanus moaeiai GWCN 3a
paxyHOK €KOHOMIi Ha 3aTparax KOXHOTO oIepaTopa, sIKy ISl MOJEIb CITiBIpAIli 31aTHA 3a0€3eUnTH.

BucHoBok

3amponoHOBaHO KOMILIEKCHE 3aCTOCYBaHHS METOAY M'SKOTO IMOBTOPHOI'O BHKOPHCTaHHS YacTOT
CYMICHO 13 PEXHMOM KOOPAMHOBaHOI OOpOOKM IJisi MiABHMIICHHS MpPOMycKHOI 31aTHocTi Mepexi LTE.
3nificieno moaudikanito Mmetogy MIIBY 3 mMeToro yHHUKHEHHS KOHQUIIKTHUX cMYT 3 TexHousorito GSM.
[lepenbaueno HeoOXimHICTH MEpepo3noAily YacToTHHX pecypciB GSM Mix omeparopamMu 3 METOHO
OTPUMaHHsI IIMPOKOI CMYyrH cHekTpy Aisi BrnpoBamkeHHs TexHojorii LTE. IlpoananizoBaHo crmocobu
crineHOi ToOynoBu LTE mepexi, ockifibKH criibHa MOOYZ0Ba HAAA€ 3MOTY BUAUINTH OUIBILY CMYTY JUIs
MOPIBHSJILHOTO aHaNi3y CIOco0iB CIUTLHOI MOOYJOBH Ta €KOHOMII 3arpar Jjis omepaTopiB BHOpPaHO
apxitektypy GWCN (Gateway Core Network). [IpoBeneHi gociiDkeHHsT JO3BOJIAIOTH ONIEPaToOpaM 3B’ SI3KY
3IIHCHATH MakcuMalbHO epekTuBHe BripoBamxkenHs Texnouorii LTE Ha teputopii Ykpainu.
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