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BCTVII

Pa3oM 31 3pocTaHHSIM MIBUIKOCTI 3aBaHTaXKEHHS, 3pocTae 1 00'eM iHpopmarlii, IKy
MH X04eMo 30epertu Ta nepeaaTu. Bee yactimie y MOOUTbHHUX TeledoHax 3'sIBISIOTHCS
PO3IIMPEHI MOXKJIMBOCTI JJig 30epiraHHs JaHWUX, Takl SK BeJUKI OOCSIrH TaM'sTi,
HiATPUMKA KapT MaM'siTi Ta XMapHUX CEPBICIB A1 30epiranus ¢aiiis.

OnHi€r0 3 TOJOBHUX TEXHOJIOT1H, SIKa BUKOPUCTOBYETHCS B MOOUIBHUX Telle(poHax,
€ MoOipHUI [HTEepHeT. Lle no3Bossie HaMm miakmouatucs 10 [HTepHETY 3 Oyab-IKOTO
MICIIs, € € JOCTYM J0 Mepekl MOOIILHOTO oreparopa. 3aBIsSKH IbOMY MOXHa JIETKO
OTpUMATH JIOCTYI JIO €JIEKTPOHHOI MOIITH, COMIaIbHUX MEPEk, MeaiadaiaiB Ta 6arato
1HIIOTO.

Kpim TOTr0, Ba7KJIMBOIO YaCTUHOIO PO3BUTKY MOOUTHHUX TEJIE(OHIB € TX ornepariiti
cuctemu. Ha choroAHimHii JeHbh HAUMOMUPEHIITUMHU OIEpaIliiHUMU CUCTEMaMU IS
MoOUThHUX TenedoHiB € Android Ta 10S. Bonu HamaroTh 6arato MOXKJIMBOCTEH st
KOPHUCTYBayiB, TAKUX SIK BCTAHOBJICHHS JIOJATKIB, MPOCTE KEPYBAHHS HAJAIITYBAHHIMU
TenaeoHy Ta 1HII (QyHKIII].

3arajioM, pO3BUTOK MOOUIBHHMX Tele(OHIB Ta iX TEXHOJOTrIH € HEeBII'€MHOIO
YaCTHUHOIO HAIIOTO CYYacHOTO XUTTS. BOHM cTanu He3aMiHHUMHU MOMIYHUKAMH, SK1
JIOTIOMAararoTh HaM 3aJIMIIATUCS TIAKIIOYEHUMH, OTPUMYBATH 1 TepeAaBaTH 1HPOPMAILIiO
Ta BUKOHYBATH Pi3Hi 3aBJIaHHA B OyIb-sIKUN Yac 1 B Oyb-SKOMY MICIII.

Bce 0 e 0yno HemoxiuBo 0e3 6a3oBux craHiii. KoxxeH oneparop po3Millye Taki
CTaHIli y BEJMKUX MiCTaxX, celuinax Ta cemax. I came mi 0a30Bi CTaHIi CIyXaTh
MPOBIIHMKOM BiJ Hammoro cMapTdoHy 10 riaodansHoi Mepexi [nrepHet. Koxna 6a3oBa
CTaHI[isl Ma€ CBIM J1ana30H YacTOT Ta paJilyC MOIIUPEHHS 3B’ SI3KY.

MopentoBaHHSI CTUIBHUKOBOTO 3B’ SI3KY 3/IIMCHIOETHCS 3 BUKOPUCTAHHAM JIOAATKY
Radio Mobile. BukopuctoByroun 1eii J0JATOK, TMPOBOJUTHCS  BU3HAYCHHS
po3TanryBaHHsl 0a30BUX CTaHIii B cMT. [lapuuaHka Ta OIiHKA X TOKPUTTS CUTHAJIOM.

PoGota € akTyanbHOI, OCKUIBKH PO3BHUTOK TEXHOJOTIH MOOUIRHOTO 3B'SI3KY 1

BIJOCKOHAJICHHA CTaH)IapTiB AO03BOJIAIOTE HAM OTPUMYBATH AJOCTYII JO HMBHAKOI'O Ta



HAJIMHOTO 1HTEpHET-3'€IHAHHA, IO € HEeoOXiAHMM Juis Oaratbox cdep KUTTS,
BKJItOUatoun Oi3HEeC, OCBITY, KOMYHIKallil0 Ta po3Bard. Po3ropranHs cuctem
CTIJILHUKOBOTO 3B'sI3Ky B MICILIEBOCTI, Takii K cMT. [{lapruanka, Oyie BETUKUM KPOKOM
y PO3BUTKY Ta MOKpAIEHHI KOMYHIKALIMHOT 1H(PPACTPYKTypH, IIO B CBOIO YEpry
CIPUSTUME PO3BUTKY CYCIIJILCTBA Ta EKOHOMIKH PETiOHY.

Y Xomi DiATOTOBKII Ta BHKOHAHHA poOOTH aBTopoM Oyiaa BHKOpIHCTaHA
iHQoOpMaLid, ¥ TOMY HIHCII TeKCT, (QOPMYII, PHCYHKH, CXeMH, alTOPHTMI, METOIIKH
MpOoBe/leHHA aHAli3y, JOCIi/KeHb, BII3HAYEHHS [IeBHIIX XapaKTepIICTIHK, l1apaMeTpiB Ta
BHXLIHIIX JIaHHX, PO3PaxyHKIB TOIIO, II[0 MICTHTBCH v ukepenax [l — 17], HaBegeHNX ¥
COICKY BHKOPICTAaHNX [Kepeld, a TakKoK IHQopMalid, oOTplIMaHa B pPe3yIbIaTl
KOHCYJIBTYBAaHHA 3 KEpIBHHKOM poOOTH, HayVKOBIMIL, HAayKOBO-II€IaroTidHIIMII
NpalliBHIKAMII Ta IHIMHIMH ocodaMil, $Ka € HeomyOIiKOBaHIMI ABTOPCHEKIIMIIL
HAIPAaIFOBAHHAMIIL, J103BOJIEHIIMII J[7Is BIKOPIICTAHHS aBTOPY IIi€] poOOTH BIKIIOYHO IIPI

BIKOHAHHI TITTBKH ITi€l poOOTIL.



1 AHAJII3 TEXHOJIOTTI LTE (4G)

Hns po3yminas po3Butky TtexHojorii 4G (LTE) HeoOXimHO 3HATH iCTOpiiO
PO3BUTKY CTUIBHUKOBOTO 3B's3Ky. [loumHatoum 3 nepmioro nokoisinHs (1G), sike Oyno
aHAJIOrOBUM 1 3JaTHUM JIMIIE JO TOJOCOBUX BHKIHKIB, CTUIBHMKOBUH 3B'SI30K
€BOJIIOLIIOHYBAB JI0 APYroro mokoiinHA (2G), sike Bke MiATPUMYBAIIO Niepeiady JTaHuX.
Texnounoria 2G Masia MOXKJIMBICTh TIepeaaBaTu UQPOBI AaH1, Taki Sk SMS.

Tpete noxomninasg (3G) 3abe3meunsio 1me OUTBITY MBHAKICTH Mepeaadi JaHuX, a
TaKO MOJIMBICTh BAKOPUCTOBYBATH BiJ1€0 3B's130K. [IpoTe, TexHonoris 3G Bee nie Mana
O0OMEKeHY MPOIMYCKHY 37aTHICTh Ta MIBUAKICTb.

Texnonoria 4G (LTE) Big3HauaeThca 3HAYHUM MTPUCKOPEHHAM IEepeAadl JaHUX Y
nopiBHsHHI 3 3G. llIBuakicts nepeaadi nanux B 4G gocsrae B cepennbomy 10 Moit/c
JUTSL pyXJIMBUX MpUCTPOiB 1 10 1 ['6it/c mnst cramionapuux. Okpim Toro, 4G mpaiiroe 3
IM(POBUMHU TaHUMH, 110 O3HAYA€ BIACYTHICTh HEOOXITHOCTI B OKPEMOMY KaHajl s
nepegadl rojocy. 3amicTb LbOTO, T'OJOCOBI BUKJIUKU 3IHCHIOIOTHCSA 32 JIOIOMOIOIO
nporokony VolP, a ansd nepenayl gaHUX BHUKOPHCTOBYEThCSA MpoTokon I[Pv4, 3
MO>KJIUBICTIO MaOyTHBOT mATPpUMKH [Pv6.

Cranmaptr LTE OyB 3amouatkoBanuii Ha ©6a3i texnosorii GSM/EDGE Ta
UMTS/HSPA. TeopernuHo, mBuAKiCTh nepenadi nanux B LTE moxe nocsiratu 1o 326,4
MO6it/c B npuiimansi ta g0 172,8 M6iT/c B nepenayi. Pamiyc nokpurtst LTE 3anexurs
BiJ cTaHIlii 1 Moxe OyTH Bia 5 10 30 kM, a B pa3i HeoOx1aHOCTI - 70 100 kM.

Ha cpvoroanimmiii genb 10 4G (LTE) Bxoaste aBa cranmaptu - WiMAX 1 LTE.
WiMAX e eBororiioHoBaHo10 (hopmMoro TexHoiorii WiFi 3 O1IbIIO0 OIS0 TOKPUTTS,
toni sik LTE e mnoxkpamenoto Bepcieto cranaapty GSM. Tepmin LTE o3nauae
" TOBrOCTPOKOBA €BOJIIOIIisA".

4G (LTE) - ue cranaapT, KA BIAMOBIAa€ Cy4aCHUM BHMOIaM Tepeaadi JaHuX.
Bin Takox Mae repeBaru B IUIaHi IPOCTOTH Ta JOCTYIMHOCTI B OOJAIITYBaHHI, OCKIJIBKU

BCTAHOBJICHHS OJIHI€1 0a30BO1 CcTaHIIi HabaraTo MPOCTIIle, HIXK MPOKJIaIaHHs 0araThox



kabeniB. OHAK, TEXHOJIOT1SI OCTIHHO MOJIEPHI3Y€ETHCSA, 1 HACTYITHUM €TallOM € PO3BUTOK

cranaapty 5G (pucyHok 1.1).

2,4 Kb/s 64 Kb/s

Pucynok 1.1 — Po3BuTOK cTaHAAPTIB CTUIBHUKOBOTO 3B SI3KY

TakuM YMHOM PO3BUTOK CTaHAAPTIB CTUIBHUKOBOTO 3B’SI3KY, CTPIMKO
PO3BUBAETHCS, BIOCKOHAIOETHCS, MOACPHIZYETHCSI Ta HE CTOITh HA MICIII, IO SBIISETHCS
HEOOX1/IHO JIJIS1 JIFOJICTBA CTAHOM Ha ChOT'OJICHHS.

Texnomnorist LTE 4G sBasieTbecs HaCTYymHUM TOKOIIHHS Ticas 3G Ta BKIIIOYaEe B
cebe HaCTYIHI MOCIYTH:

— BHUCOKOIIBHJIKICHUN JJOCTYII IO IHTEPHETY;

— nepeaada MyJIbTHMEIIHOTO KOHTEHTY (Bifeo, ayaio, GoTo) ;

- B1JICO3B'S130K Ta KOH(EPEHII-3B'A30K;

— MEPEXKEBI1 I'pU Ta OHJIAWH-CTOPITEIIHT,

— neperaya JaHUX B PEKMMI pealibHOro yacy (Hampukiaf, g internet of
things) ;

- MOKPAIIEHU JTOCTYyN 10 OOJIIKOBUX 3aMHCIB y COLIAJIBHUX Mepexax Ta

IHTEpaKTUBHUX JIOAATKIB,;



— BUKOPUCTAHHS MU(PPOBUX aCUCTEHTIB Ta TOJIOCOBUX KOMAH];

— MOOLTPHA peKJiaMa Ta MapKETHHT;

— MOKpAIleH] CUCTeMHU O€3MEeKU Ta 3aXUCTY JIaHUX;

- PO3IIKMPEH] MOXKIIUBOCTI JIJIsE pO3POOHHMKIB MOOUIBHUX JIOJATKIB.

Mepexa LTE (Long-Term Evolution) € ogHi€ro 3 TeXHOJIOT1# MOOLITBHOTO 3B'SI3KY,
ska 3a0e3leuyye TMepeAady MJaHUX 3 BHCOKOIO INBHIKICTIO. BoHa 0a3yerbcs Ha
iHppacTpykTypi [P-mepexi 1 BukopucroBye oonannanas GSM ta WCDMA, o poouts
il CyMICHOIO 3 ICHYFOUMMH MEPEKaMHU.

OcnoBHoto niepeBaroto mMepexi LTE € mmpoka mosoca mpormyckaHHs, sika MOXe
nocsratu 20 MI'n. Lle no3Bossie mepenaBatu OuTble AaHUX MIBHJIIE. Mepeka Takoxk
Ma€e MEHUI1 3aTPUMKH 1 BIOCKOHAJIEHY TEXHOJIOT10 TAKETHOI Nlepe1ayl JaHuX.

HonatkoBoro dyHnkiiero Mmepexi LTE € Multiple Input Multiple Output (MIMO),
sKa BUKOPUCTOBYETHLCS I TIepeiadl JaHUX 3a JOMOMOTOI0 JACKIIbKOX aHTeH MpUioMy
Ta nepenadl. Lle mokpaiye sKicTh 3B'sA3Ky 1 3a0e3meuye CTiiiKy nepenady, ocoOJIuBO B
YMOBAaX MEPEUIKOI.

Frequency Selective Scheduling - me TexHosorisI, sSIka BUKOPHCTOBYETHCS IS
BUJIAJICHHSI YaCTKOBO-CEJICKTUBHUX 3aTyXaHb. Lle mo3Bosisie Mepexi mpairoBatu OIbIil
edeKTHBHO 1 3a0e3Mmevye Kpalry KiCThb 3B'SI3KY.

Mepexa LTE € nenenrtpanizoBaHoro, 3 0a30BUMM CTaHIISIMHU, SIKI IPAIIOIOTh
HE3aJIe)KHO OJIHA BiJ oAHOI. [le 3MeHInye nepemnkoau Ta 3ade3nedye 3pydHi YMOBU IS
KOPHUCTYBaviB.

EPS (Evolved Packet System) - me cucTema MakeTHOI Tepenadi JaHUX, sKa
BUKOpUCTOBY€EThCs B Mepexkax LTE. Bona cknamaerbest 3 oHoBiieHoi mepexxki UMTS Ta
MOKPAIIEHOT0 IEHTPY KomyTailii makeTiB. Lls cuctema 3abe3nedye nepeaady IaHUX 3
BEJIMKOIO MPOITYCKHOIO CITPOMOXKHICTIO, HU3bKMMH 3aTPUMKAMH Ta BETUKOIO IIUPHHOIO
MIOJIOCH TIPOITYCKAHHS.

LTE mae nepeBaru NopiBHSHO 3 MONEPEAHIMU CTaHAAPTAMH MOOLIBHOTO 3B’SI3KY.
["onoBHI nepeBaru:

- BUCOKA MIBUAKICTh Tiepeiadl JaHux, sika gocsrae 10 100 MOit/cex B HampaBiIeHH1

BHM3 (20 MTI'11, 2x2 MIMO), Ta 10 50 M6iT/c — B HanpaBieHH1 BBepx (20 MI'1,1x2);
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- MakcuMajbHa MBUAKICTE 326 MOiT/c 3 mmpuHoto kaHary 20 MIm;

- MaKCUMaJjbHa MBUAKICTH Bimgadi 86.4 MOit/c 3 mupuHo KaHamy 20 MI;

- 00CIIyrOBYBaHHS IOJIOCOBUMH MOCIyTaMu, Ha KoxH1 SMI'1 monaiimenme 200
aKTUBHHUX KOPUCTYBAYiB,;

- IIMPUHA NPONYCKaHHs B 4 pa3u Olbllle, YUM B MOMEPEAHIX CTaHIapTaX;

- MacitaboBaHa mupuHa kaHainy g0 20 MI'h, 3 pizaumu (1.4, 2.5, 5,10, 15, u 20
MI'1) kpokamu;

- Ha KOpJIOHAX YapYHKH MIBUAKICTH B JICKIJIbKA Pa3iB 301IbIIYETHCS, TOKPAIYEThCS
, IMBHIKICTh TIEpeaadl JaHUX TaKOXX HAa KOPJOHAX YaPyHKH IMOKpAIy€e 3HAYCHHS
CHEKTPaIbHOI €(PEKTUBHOCTI;

- M oOJajiHaHHAM KopucTyBada Ta bC vac Big3uBy 10 10 Mc, a yac nepexojy B
aKTUBHE 13 HEAKTUBHOTO cTaHy ckiaaae 100 mc;

- PO3MIpH YapyHKH MOXKYTh PI3HUTHUCS BiJl JEKIIBKOX ACCATKIB MeTpiB A0 100 kM.
B ciibCcbKUX MICIIEBOCTSIX BHKOPHUCTOBYETHCS HHXKHI YacTOTHI Jlalla3oHUd Ta
ONTUMAJIBHUI pO3MIp YapyHKH 5 KitoMeTpiB. 11 MICbKOT MICLEBOCTI PO3MIp COTH 10 1
KUIOMETpY.

- MOXJIMBICTh OJIHOYACHO CIIBIPALIOBATH 13 CTAPUMHU CTaHapTaMH,

- pazio iHTepdeiic KoMyTallli MaKkeTiB;

- LTE TexHooris ontuMizoBaHa JJ1si BUKOprucTaHHs [P TexHoorii, a Takox
MiATPUMYE TTAaKETHY TIepeIady TaHuX;

- MOOUThHA MIATPUMKA MOKPAIeHa Ta BJOCKOHAJICHA;

- IPY BCTAHOBJICHHI 3’ €THAHHS 3MEHIITUIINCH 3aTPUMKH;

- BUCOKA IHTEPaKTUBHICTb;

- MITPUMYIOTHCS ITPH - OHJIAMH.

Apxitektypa mepexi LTE BiIpi3HSIE€TbCS Bil CTPYKTYPH MONEPEIHIX MOKOJIHb.
HoBa cTpykTypa Mepesxi MOBHHHA 3aI0BOJIBHATH BHCOKI MTOTPEOU MEPEXKi 10 3aTPUMKH
nepeaadi CUTHaNIB, MPU I[bOMY IMOBHHHA 3HU3WUTUCh BUTpPATH Ha OYIIBHMIITBO Ta
ob6ciyropyBanHs mepexi LTE.

B nepury uepry 3agauero po3pooku LTE, Oyno cipocTuTH CTpyKTYpy Mepexi Ta

BUKJTIOUUTH 13 CUCTEMH OJTHAKOB1 PYHKIIIT MEPEIKEBUX MPOTOKOJIIB, KOTP1 XapaKTepHI IJIs
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cucremu 3G UMTS. 3rigno cnenudikanii LTE Release 8 rpynu 3GPP, mepexa LTE
CKJIQ/Ia€ThCS 13 IBOX BAXKJIMBUX KOMIIOHEHTIB, I1e Mepexa paaiogoctyna E-UTRAN Ta
0azoBa mepexxa SAE (System Architecture Evolution). B apxitextypi cranmapty LTE
(pucyHok 1.2) MepeskeBa B3aeMO/Iis BiiOyBaeTbes Mk O1okamu ynpasiinas (MME) ta
6a3oBoro cranii€eo (eNB). biok ynpasninas (MME) Bkitouae B ce0e Mepe:KeBUH IIUTIO3
GW (Gateway). Mepexa LTE na ¢izuuHomMy piBHI CKIIQJAEThCS 13 ABOX CKIIAJOBHUX:
mepexka paaiogoctymy E-UTRAN Tta 06asoBa mepexa SAE (System Architecture
Evolution). Mepexa paniogoctyna E-UTRAN ckianaerbest TIIbKH 13 0a30BUX CTaHIIIMN
eNB (evolved Node B). bazoBa craniis 3’€IHYIOTBCI MK CO00I0, Ta SIBISIOTHCS
enemeHTamu Mmepexi. Ha piBai L2 koxxHa eNB BukoprcToBye /1Ba TUIH 1HTEpdENCY — 11Ie
S1, crBopenuit jus ympasiinus (Control Plane), ta apyruit X1, 3acTocoByeTbCs
kopuctyBaueM (User Plane). Takox icHye TpeTiii Tun X2, BiH 3a0e3Me4ye yrnpaBiIiHHS
6azoBumu craniisiMu eNBs mepexi pamiogyctyny E-UTRAN. Kosxna 6a3oBa cTaHiiis
Mae B cobi iHTepdeiic S1 3 6a3oBoro Mepexorw SAE, mana mepeka moOyaoBaHa IO
npuHIUNY KoMmyTanli nakeTiB. Takoxx 0a3oBy mepexy SAE, nasusators EPC (Evolved
Packet Core), Bona mae B co61 By3nu MME/UPE. B crpykrypi LTE 3HaunO10 Miporo
Oynu 3MiHeH1 migcuctemu 0azoBux craniii (bC) Ta migcucrema KomyTarlii, 3aMiHEH1
Oynu TexHoJorii OOMiHY TepMiHaJlaMH KopucTyBada Ta 6a3zoBoi ctauiii (bC), Takox
MPOTOKONM Tepenadi iHpopMalii MK MepekKeBUMHU eleMeHTaMu. AOCOIIOTHO BCS

1H(pOopMaIlis IepeaeTbcs B BUA1 MaKETIB.
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Pucynok 1.2 — Cxema po6otu mepexi LTE
B mepexi crangaptie LTE , B cuctemi komyTallii MOXXKHa BUAUIMTH JEKUIbKa
BY3JIiB:
- Serving Gateway (SGW) 11e 00cIyroByr04mnii UTI03;
- Public Data Network Gateway (PGW) 1ie nuiro3 3’€JHaHHS 3 MEpe)aMu JPYTUX
OTIepaTopiB;

- Mobility Management Entity (MME) — By30:1 ynpaBiiHHS MOOITBHICTIO;

- Home Subscriber Server (HSS), e cepBep aOOHEHTChKHUX JTAHUX;

- Policy and Charging Rules Function (PCRF) - By301 BUCTaBICHHS PaxyHKIB.

Kosxen nuito3 BUKOHYe cBOi (PyHKIIII, nUTH03 00CayroByBanHs Serving Gateway
(SGW) Buxonye ¢yHKIi0O 00poOKH 1 MapuipyTusalii MakeTHHUX JaHUX 13 CHUCTEMH
0a3oBuX cTaHlii. OOCIYyroByIOUH IITI03 BCTAHOBIIOE 3’ € JHaHHS 3 Mepexkamu 2G Ta 3G
OJIHOTO 1 TOTO X camoro omnepartopa. [1Into3 3’eqnanHs 3 MepexkamMu JPyrux ornepaTopiB
Public Data Network Gateway (PGW) npusnauenuii st MapiipyTu3aiii iHdGopmartii i3
Mepexi gaHoro oneparopa. [Imo3 peanizye 3ab6e3nedeHHs 3B°s13koM UE 3 30BHIIITHIMU
MaKeTHUMH MepekaMu Ta BIAMOBIAaE 3a Tpadik mocayr. Jms yrnpaBiniHHS MOOUTBHICTIO
kiieHTiB Mepexi LTE nmpusznauenuit Byzon Mobility Management Entity(MME). Lleit
By30:1 opranizoBye poyMinr LTE ta UTRAN (UMTS) , GERAN (GSM), 3a6e3neuyoun
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TaKUM YHHOM MOOUIBHICTH cepen Mepex. CepBep aboHEHTChKMX naHux Home
Subscriber Server (HSS) 006’ennye B o1HOMY HpUCTpOi BCl pericTpu. By3omn BuctapneHHs
paxyHkiB Policy and Charging Rules Function (PCRF) ¢opMye paxyHKu KII€HTIB 3a
MOCIIYTH 3B SI3KY.

Bysnu eNode B 3xiticHioroTs pagiooomin 3 kopuctyBauyamu UE (User Equipment),
BUKOPUCTOBYIOUM MpHu 11boMy cucTemu mmdpyBannss OFDMA ta SC-FDMA.

bazosa mepexa EPC (Evolved Packet Core), ckmamaerscs 3 By3nie MME/UPE.
Mobility Management Entity (MME) — enemeHT sikuii BiANOBiAaJIbHUH 3a PIlLICHHS 3a1a4
ynpasiiHHsa MoOUIbHICTIO. MME B3aeMosie 3 6a30BUMU CTaHIIISIMU Ta BUKOHY€E (PYHKIII1
nepejayi moBiJOMIICHb, BUKIMKIB 0 €NB, Takok Hece BiAMOBIAANIBHICTH 3a O€3MeKy
Mepexi, kepye poyminrom. pyruii enemenT User Plane Entity, Hece BiiNnoBigaJIbHICTh
3a mepeaady JaHuX KopuctyBauiB, eieMeHT UPE BiamoBigae 3a mmdpyBaHHS MOTOKIB
nanux. Apxitektypa mepexi SAE moOyaoBana Ha mpuHnuiy Bce uepe3 IP, B skiit
3MIIACHIOETHCS OOMIH TOJOCOBUMH JaHUMH a TaKOX BCl MOCITYTH fKI MPaloOTh Ha
TEXHOJIOT1i KOMYTallii MaKeTHUX JaHUX.

Huawei DBS3900 (pucyHok 1.3) € 6a3oBoto craniieto st Texnosorii LTE, sika
BIJINIOBIJIa€ BUMOTaM 11010 mupuHU KaHany 20 MI'1. Bona 3a0e3neuye epekTUBHUI
PO3/IIT KaHATIB ISl TIEPECHIIaHHS JaHUX B OOMIBa HANPSIMKH - BiJl 0a30BOi CTaHIN 10
KOpHUCTyBaua (JIiHis BHU3) 1 B1JI KOpUCTyBaya 10 6a30BO1 CTaHIIii (JIiHisI BBEPX).

DBS3900 mae rHy4yky KOH(MIrypoBaHICTb 1 MOXe OyTHM HajallToBaHa, LI00
MpaIoBaT B HEOOX1AHUX Jiana3zoHax yacTot - Bia 1800 MI't mo 2600 MI'ti. Bona takox
NIATPUMYE MepeoBl PYHKIIII, sIK1 3a0€3MeUyI0Th CTabUIbHY Ta MIBUAKY Nepeaady JaHuXx,
BKJIIOYar0YM TexHOoJIOTio MIMO (MyJIbTUIIEKCYBAaHHS KUIBKOX BXI1JHUX-BUXITHHUX
CUTHAJIIB), IO MiJIBUIILYE MPOMYCKHY 3/1aTHICTh MEPEKI.

O6naagnanus ¢pipmu Huawei € BiToMUM CBOEIO SIKICTIO Ta Ha1HHICTIO. BOHO TakoXk
OIIHIOETHCS 33 CBOK) KOHKYPEHTOCHPOMOXKHY I[iHY, IO POOWTH HOTO ONTUMAILHUM
BUOOPOM JIJIsI OTIEPATOPIB 3B'SA3KY, KOTPI MPArHYTh MOETHATH SIKICTh Ta €PEKTUBHICTH 3
ekoHoMiuHicTio. Huawei DBS3900 crane HaaiifHUM Ta MPOAYKTUBHUM OOJIaIHAHHSIM

st posropranas 1 miaTpumku mepexi LTE. LTE mpomonye 6a30By craHiiio ska
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CKIAJaeThes 13 ABOoX OnokiB. [lepmmit 6ok mys oOpoOku 6a3zoBux yactor (BBU), Ta

JPYyroro BUHOCHOTO pajiodacToTHoro 6moky (RRU).

|

g
nnmmmm '

Pucynox 1.3 — ba3osa crantis ¢pipmu Huawei DBS 3900

Tako KpalyMm pileHHsIM B BUOOP1 aDOHEHTCHKOI CTaHIIi1 B BUA1 MOOUTbHOTO Wi-
Fi poyrepa, 6yne Huawei E5372 (pucynok 1.4). Huawei E5372 Takox Mae miaTpuMKy
IIBUJIKOCTI mepemadi JaHHux g0 150 Moit/cek, 1o 3ade3neuye MBUIKUN Ta HAMIHHUN
IHTEpHET y Ballii mepexi. Poyrep Mae Taki QpyHKIii, ik BOyAoBaHUI (aiipBoii, GyHKIIIS
QoS s KepyBaHHS MIBHIKICTIO 1HTEPHET-3'€IHAHHS Ta MOXJIMBICTH HAJAIITYBaHHS
rocTbOBOI Mepexi. KpiM Toro, poyrep Mae KOMIIAKTHUI JU3aiiH 1 paltoe Ha OaTapei, 1110
JI03BOJISIE BUKOPUCTOBYBATH Horo B Oyab-skomy wmiciui. Huawei E5372 € BiaMmiHHUM
BUOOPOM TSI TUX, XTO IIyKa€ HaAIMHMIA Ta NOTYXKHUN MoOLIbHUN Wi-Fi poytep.

JHauuii Wi- Fi poyrep miarpumye crannmaptu: 4G LTE, 3G / 3,5G UMTS/DC-
HSPA+ ta 2G GSM/GPRS/EDGE.

[Ipaitoe B HacCTyNmMHOMY Jiania30H1 4acToT:

- ipu 4G LTE: 1800 /2100 /2600 / 800 / 900 MI'w;
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- ipu 3G / 3,5G UMTS/DC-HSPA: 1900 /2100 / 850 /900 MI'LT;
- npu 2G GSM/GPRS/EDGE: 1800 /1900 /850 /900 MTI'11.

.|II|§(55 @&'@ \\?/ é?
HUAWEI
SSID:Diversity
PSW:01234567
Inter WLAN on
20KB 01:30
[
o)

Pucynok 1.4 — Poyrep Wi-Fi Huawei E5372

[Buakicts nepenaui qanux y 4G LTE FDD — mo 150 /50M6it/cex, y 4G LTE
TDD - go 112/ 10 M6it/cek. [Totyxuicte Wi- Fi poytepa — 181bm. BukopuctoByroThcs
MIMO anTeHu 1BOX KOE(ILIEHTIB:

- manenbHa anTeHHa MIMO 18 nbu, 3acTOCOBYETHCA IS MICIh 3 TIOTAHUM
CUTHaJI0M a0 Jie B3arajii CUTHaJIy HE Mac;

- nanenpHa aHTeHHa MIMO 10 nbu, 3acTOCOBY€ThCS B MICIISIX TOTAaHOTO TPUIOMY

Mepexi.
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2 TEPUTOPIAJIBHO-YACTOTHE INIAHYBAHHS MEPEXI MOBIJIBHOTI'O
3B’A3KY CEJIMIIA MICBKOI'O TUITY

3arajibHe YKMCJIO YACTOTHUX KaHaTIB, BUAUICHUX i1 Mepexi LTE Bu3HauaeThes

1o hopmyIi:

N, =int(AF/F, ),
N :int(@jzlo,
k 5

Fx — cMyra gactot pagiokanany (5 MI');

e int(x) - mijza yacTWHA YKCA X;
AF — cMmyra 4acTtoT CHUCTeMH, BifBeJcHA Ha mepenady W Ha npuiiom, 50 MI' (Bix
2,45 T no 2,5 I'Tm).

Yuciio YacTOTHUX KaHaIB, $KI BUKOPUCTOBYIOTBCS I OOCIYyrOBYBaHHS

a0OHEHTIB B OJTHOMY CEKTOpP1, BU3HAYAETHCS MO (PopMyIi:
ng :mtka/C-NS),

=1,C=3.

. (10
n.=intf — |=3.
S (3.1)

Benuuuna INpUIIYCTUMOI'O HABAHTAXXCHHA B OJHOMY CGKTOpi BHU3HA4YA€THCA

ne N - gucio cextopis, N

S S

CHIBBIJTHOILICHHSIM:

3a YMOBH, LIO:
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e n.=n -na=3.8=24,P =0,11;

0 S B

n, - 9HMCIO aOOHEHTIB, SIK1 MOKYTh OJIHOYaCHO BUKOPUCTOBYBATH OJIMH YaCTOTHUN

paniokaHai. Y 1bOMY BUITQJIKy BEIMYHHA na = 8, Tomy mo 8 miakaHaiiB npu Fy=5 M1

‘/L =0,16.
- 24

[TinkopeHeBe BUpaXkeHHs Oinble, HiX BeauurHa P, , Tomy mo 0,11<0,16:

- 24
A=24-|1- [1-10,11: |— = 21 Epn.

IIpu 3aaH1il aKTUBHOCT1 OHOTO A0OHEHTA B TOAUHY HAHO1IIIOI0 HABAHTAXKEHHS
MO>KHA pO3paxyBaTy YUCJIO aOOHEHTIB, sIKI 00CIYTOBYIOTHCS OJTHIE€I0 0a30BOI0 CTAHIIIEIO

o gpopmyi
N g5 = int(A/3)- N,

ne [f— akTuBHICTH ojHOro adonenta B 'HH, Epi.

N_gTs = int(21/0,05)-3=1254,

HeoOxinHa KiIbKICTh 0a30BUX CTaHLIA HA 3aJaHId TepUTOpii OOCTYyroBYyBaHHS

BU3HAYAETHCA CIIIBBIIHOILIEHHSIM:
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Ngpg =intN, /N g )

ae N - 3aJlaHe YHCIIo aboHeHTIB, sikux oocimyrosye Mobile LTE mepeska 38's13ky, 2800.

Ngrs = int(2800/1254) = 3.

Po3paxyHok pasiyca 30HM 00CIyroByBaHHsI 0a30BO1 CTaHIII].

Benuunny pasaiyca MokHa BUSHAYUTH, BAKOPUCTOBYIOUH BUPA3

S
R= 121—0
BTS
ne So — moma obcayrosysanns, So = 10,85 km?.
R= [1,21—=1,18 1,2 xu.

- T

Bennumnna 3axucHoi Biacrani Mk BTS 3 ogHakoBMMHM YacTOTHHUMH KaHaJIaMH

BU3HAYAETHCS CITIBBIIHOIICHHSIM

D=R+3-C,

D=1,2v3-3 = 3,6 km.
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3 HIATOTOBKA BUXIIHUX JAHUX 1JIA ITPOBEAEHHA
IMITALIIMHOI'O MOJIEJTFOBAHHS B [TIPOTPAMHOMY CEPEJIOBUIIII
RADIO MOBILE

ITepen mouatkom podoTH 3 nporpamoro Radio Mobile, s oOpaB cemnurie MiCbKOTo
tuny llapuyanka A CTBOPEHHS CTIILHUKOBOTO 3B’s13Ky TexHouorii 4G. 11[o6 o6partu
cenuuie Micbkoro tumy [lapuuanka Ha KapTi penbedy HaM TOTPIOHO [i3HATHCSA
KoopauHaTH 3a qonomororo Google Earth Ta Bu3HaunTu ne mu Oyaemo po3Mimaru 6a30Bi
Ta MOOUTRHI cTaHMii (pucyHok 3.1).

Jani Tpeba nepeltu 10 BIacTUBOCTEM kapTH («Map properties»). 3ayBaxxumo, 110
KypCOp Ma€ TOPU30HTAIIbHE TIOJIOKEHHS 13 3aIMCOM BUCOTH (B METpax HaJl piBHEM MOps),
110 BIANOBIAAE MEPETUHY ABOX MYHKTUPHHX JIHIN, K1 3’ SIBISIOTHCS MICIS KJIALIAHHS Ha
kaptTi. CiTka BHCOT MOKa3y€ MacHUB BHUCOT HABKOJO TOPHU30OHTAIILHOI MO3HIIi, IO
BIJIOOp@YKAETHCSA B KOOPAMHATAX IIMPOTH/JOBTOTH, OE3MOCEPENHBO Mij CITKOIO BHCOT.
[[lo6 mepemicTuTu Kypcop, TpebOa KianHyTH Oyab-Ie Ha 300pa)Ke€HHI KapTu abo
KJIAIHYTH Ha OyJb-SIKy KJIITHHKY CITKM BHCOT. EJIEeMEHTH aBTOMAaTHYHO OTPUMYIOTh
BHUCOTY (y METpax HaJ piBHEM Mops) 3 KapTH. Takox MOXKIJIMBE pyYyHE BBEJEHHS BUCOTH.

Bukonyemo BuIe3zasHaueHi aii, y Tomy uncii Bubupaemo Bkiaaky «File», B Hiit
BKIIaZIKy «Map properties» micist yoro B myHkTax «Latitude» Ta «Longitude» BOuBaemo
KOOpAMHATA HAMmIOTO cenuma Ta 1mo0 Bce 30eperiocs Hatuckaemo «Extracty
(pucynok 3.2):

1) koopaMHATH:

— mmpoTa — 48°56'24" N;

— noBrota — 034°28'12" E;

2) po3mip aursgHku: 30 kM x 40 Km;

[Ilo6 BBecTH maHi BIACTHUBOCTI CTaHIIii, MOTPIOHO BiAKPUTH BiKHO «Networks
properties» Ta BUKOHATH TaKi KPOKH.

1. Y menio «File» Bubparu «Networks propertiesy.

2. Hatucuytu kHOonky Net parameters.

3. Bukopucraru CIMCOK YCIX MEPEK, 00 BUOpATH MEPEXKY JIJIsl peiaryBaHHS.
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4. BinmpenaryBatu Ha3By MEpeXi Ta BC1 MapaMeTPH PO3MOBCIOIKEHHS Pal0XBUIIb.

5. HatucuyTn knonky Net topology.

6. [loctaBuTu mpanopenp Visible 1 Bubpatu Tomnosorio Voice net.

7. HatucHyTH KHONIKY Systems.

8. Bukopucratn CHHCOK yCiX CHCTEM, 100 BiApeaaryBaTH CTUIbKH CHCTEM,

CKUIBKH HEOOX1HO JIJIsI ONHUCY MEPEexKI.

9. Hatucuytu kHonky Net membership.

10. IlepeBipuTH OJ0KH HA HAABHICTD Y Mepexki. {151 KOKHOTO IiIpo3i1y BUOpaTH

pOJIb 1 cUCTEMY.

BBoaumo nani B «Parametersy», «Topology», y BikH1 «Membership» 3MiHIOEMO

JlaHl HaIlIUX CTaHIIM Ta 3MIHIOEMO AaH1 y BikHI «Systems». Ha pucynky 3.3 mokaszaHo

JaHl BiacTuBOCTe By3na. Ha pucyHky 3.4 HaBefeHO AaHl BKJIAJIKU BIACTUBOCTEH

Mepexi — Systems. Ha pucynky 3.5 HaBefeHO AaHi BKJIAJIKM BIACTUBOCTEH MEpexi —

Membership. Ha pucynky 3.6 HaBemeHO JaHI BKJIQJKH BJIaCTHBOCTEH Mepexi —

Topology. Ha pucynky 3.7 HaBeneHO J1aHi BKJIQJKH BJIAaCTHBOCTEH Mepexki Parameters

(mani 6a3oBoi cranii). Ha pucynky 3.8 HaBelieHO 1aHi BKIAJKH MOOUIBHUX TEPMIHATIB.

Ha pucynky 3.9 HaBeqieHO JaH1 BIaCTUBOCTEN KapTH.

Takum YMHOM, MM BBOJMMO TaKl BX1JIHI JaHI:

1.

Base station:

Role: master;

Tx Power: motyxHicth curnainy S0W, 47 dBm;
Line loss 0.5dB;

Antenna gain 6dBi; 3.85 dBd;

Radiated power EIRP=177.41W, ERP=108.18W;
antenna height: 8m.

Mobile station:

Role: slave;

Required E Field: 19.97dBuV/m;

antenna gain:4dBi, 1.85dBd;

line loss: 0.5dB;

Rx sensitivity: 0.5uV, -113dBm;

Antenna height: 2m.
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4 IMITALIMHE MOJIEJTFOBAHHS CETMEHTY MEPEXI MOBIJIbBHOI'O
3B'A3KY CEJIMILIA MICBKOI'O TUITY

Jlns ctBopeHHs 0a30BO1 Ta MOOLIBRHUX CTaHINM mepeiaeMo (BIIKPHUEMO) BIKHO
«File» - «Unit Properties». Jlamni 31iiiCHUMO MIpolieTypy BBEICHHS MOTPIOHUX JaHUX.

1. Knanmnemo mo uep3i 300paxeHHS KapTH Ta KOMIPKH CITKH BHCOT, 100
JIOKaT13yBaTH MIKCEJIb, JI€ PO3TAIIOBYETHCS €IEMEHT MEPEXKI.

2. V menio «@aitm» Bubepemo «Unit properties». Ile Bimkpue ¢opmy 3 ycima
HEOOX1THUMU €JIeMEHTaMU KepyBaHHs JJIs 3aBEPIICHHS MO3UI[IOHYBAHHS OJIOKY.

3. BubepeMo eneMeHT 31 CIUCKY.

4. BigpenaryeMo Ha3By NpUCTPOIO. PO3MICTUMO €JIeMEHT B MO3HIIi1 Kypcopa, 11100
IPUMYCOBO BBECTU KOOPAMHATU KypCOPY Ta BUCOTY.

5. YcTaHOBMMO BJIacTMBOCTI BHJMMOCTI, OCHOBHOTO KOJBbOPY, MPO30POCTI Ta
(hOHOBOTO KOJIBOPY.

6. Buitnemo 3 gopmu BracTMBOCTEH eleMeHTIB. MiTKa €JIeMEHTY 3’ SIBUThCS Ha
300paKEeHH1 KapTH.

3niiicHIOEMO BBEJICHHS (BBOAMMO) Ha3BM CTaHIli Ta HaTuckaeMo «OK»
(pucyHok 4.1). BuszHauMMoO CTWJIb CTaHIli, BHCOTY, MO3MII0. [IOCTAaBUMO CTaHIIiO
MOXHa Ha MICTO Kypcopa 3a Jonomororo kHomku «Place unit at cursor position» B
saknaani «Unit Properties» (pucyHok 4.2).

Jamni 3a nonomoroto Google Map Mu Hak1a1aeMo MOBEPX KapTH pesibey HACEIEH1
nyHKTH. {7151 11poro moTpibHo 3aiitu B «Merge pictures» Ta oOpatu «Source» «Internet
Google Mapy, micis mporo Haruckaemo «Drawy (pucyHok 4.3).

I'otoBa kapTa penbedy 3 HACETCHUMHU MyHKTaMH TTOKa3aHa Ha pUCyHOK 4.4.
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5 PE3VJILTATH IMITAIIIMHOI'O MOJEJIFOBAHHS CETMEHTY MEPEXI
MOBUIBHOI'O 3B’A3KY CEJIMIIA MICBKOI'O TUITY

Jlns meperiisiny pe3yiabTaTiB HAIlol MOJIENl CETMEHTY MepeKi MOO1JILHOTO 3B’ SI3KY
noTpiOoHO mepeiitu y BikHO «Toolsy — «Radio link» (pucynok 5.1). [Tepexoaumo B MEHIO
«Viewy y Briaami «Radio linky.

1. BuxopucrtoByemo «Profile», mo0 iHimiroBatn mnpodins Ta OOYHUCIHTH
napaMeTpH 3B 3Ky MK OAMHUIISIMUA, BUOPAHUMH B JIIBOMY Ta MPaBOMY ClHCKax. 3MiHA
OJIMHMIIb y CIIUCKY a00 3MiHa MEpexXI 1HIIII0€ TOM camuid ipouec. JliBuii 0510k nepenae
Ha TIpaBuUi OJIOK.

2. BukopuctoByemo «Swapy st oOMiHy oauHALAMA TX 1 Rx.

3. BuxopucroByemo «Details» mis 3BiTy mpo mapamMeTpH, HaNpHKIAJ] BiJICTaHb,
a3UMYT, apaMeTpH MOMMUPEHHS PAAIOXBWIb Ta CUCTEMHI JaHI.

4. BukopuctoByemo «Range», 100 NeperyissHyTd CIIBBIIHOIIEHHS CHUTHAly Ta
BIJICTaHI.

5. BuxopucroByemo «Distributiony, mo6 nepernsHyTH CTAaTUCTHYHUN PO3IMOJILT
CUTHAJIy IIpUiimMaya.

6. BukopucroByemo «Observe» ta Bubupaemo kyt orysay 5°, 10°, 20°, 40° abo
80°.

KoskeH 13 3ejeHUX 1HIUKATOPIB S-meters BIAMOBIAAE OAHIN S-OJAMHMIN, KOXEH
YepBOHUM 1HAMKATOp BiAnoBigae nogatkosum 10 n1b nan S9. [IpaBuit S-meTp Bianosigae
CUTHAJTy, OTpPUMaHOMY JUIsl iepeayl 3711Ba HarpaBo. JIiBUil S-MeTp BiANOBiIAa€ CUTHAITY,
OTPUMaHOMY HJisi Mepefadl ChpaBa HaliBO. 3HAYEHHS MOXYTh BIAPI3ZHATHUCS, SIKIIO
M1JICUJICHHS] CUCTEMHU B KOKHOMY BUIIAJIKY Pi13HI.

XapaKTepuCTUKH paioiHii OyayTh BU3HAUYECHI 32 TAKOIO0 (POPMYIIOO:

T (abm) = 10 logae (Transmit power, Bt) + 30,

ne L1 (ab) = BTparu niHii nepenaBaya;
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A1l (nbi) = nocusieHHs aHTEHU TIepeaaBava BiTHOCHO 130TPOITHOT aHTEHHU;

P (nb) = BTpaTH npu po3noBCIOKEHHI palloXBHIb 3a Mojesuto Jlonrmi-Paiica
(BKJIFOYAIOUM HEOOX1THUH 3armac 3aBMUPaHHA) ;

A2 (nbi) = mocusieHHs aHTEHU TIpUiiMada BITHOCHO 130TPOITHOT aHTEHHU;

L2 (nb) = BTparu niHii npuitmaya;

R (abm) = 20 logio (uyTauBicTh npuiiMada, MKB).

B pesynbrari MmoxkHa otpumatH (B Ab):
M (nb) = Received signal (nbm) - R (nbm);
M (ob) =(Tx-L1+Al-P+A2-L2)-R.

XapakTepucTuku B oguHUILIX S-Units mmsa gacrot O6inmbme 30 MI' Bu3HaveHi
TaKUM YAHOM:
SO (M <=-1.5 ab);
S1(M>-1.5ab, M <1.5 nb) ;
S2 (M >=1.5nb, M <=4.5 nb) ;
S3(M>4.5 nb, M<7.5 1b) ;
S4 (M >=7.5 1B, M <= 10.5 1B) ;
S5 (M >10.5 a1b, M < 13.5 nb) ;
S6 (M >=13.5 nb, M <= 16.5 1b) ;
S7 (M >16.5 1b, M < 19.5 nb) ;
S8 (M >=19.5 nb, M <= 22.5 11b) ;
S9 (M >225 ab, M < 27dB) ;
S9 +10 (M >=27 nb, M < 39 1bB) ;
S9 +20 (M >=39 nb, M < 4 nb) ;
S9 + 30 (M >=49 nb, M < 59 1B).
PesynpTaTi MomentoBaHHS I HampsAMiB 3B’s3Ky | — 3 moka3zaHi Ha pUCYHKax
5.2 —5.7). OrpumMaHi HMOBIPHICHI XapaKTEPUCTHKH JJIs1 HANTPSIMIB 3B’513Ky 1 — 3 mokasaHi

Ha pucyHkax 5.8 —5.10.
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TakuM urHOM, 1151 6a30BO1 cTaHIii 1 Ta MOOUIBHOT CTaHIIIT 3:

- BiJICTaHb MK 0230BOIO CTaHIIIE0 1 1 MOOUJILHOIO CTAHIIIEIO 3 CTAHOBUTH 1,3
KM;

- ICTUHHH MBHIYHUYN a3uMyT = 18,46; MarHiTHUN MiBHIYHUNA a3uMyT = 9,99;
KyT migiomy = 1,1364;

— nepenaan peinbeQy CTaHOBIATH 34 M;

- pPEXUM TOIIMPEHHSI MPsSMOi BUAUMOCTI, MiHiManbHa Biactanb 0,2F1 Ha

— cepenns yactora 2200 MI'n;

- BuTbHUM TipocTip = 101,3 ab, nepemkoau = 15,0 n1b TR, micto = 0,0 ab, nic
= 0,0 ob, cratuctuka = 16,9 1b;

- 3arajbpH1 BTpaTH NPU PO3NOBCIOKEHHI CTaHOBIATH133,2 1b;

- CUCTEMHE IMiacWiIeHHd Bix 0a3oBoi craHmii 1 mo MoOuIbHOI craHmi 3
cranoBuTh 169,0 nb;

- IOCWIECHHSI CHUCTEMH Bl MOOUIBHOI cTaHIii 3 o ©Oa3oBoi craHmi 1
ctaHoBUuTh 172,8 nb;

— HAWTIPIIUH MPUOM CTaHOBHTH 35,8 nb moHam HEOOXITHWM CHUTHAN s

3anoBoJieHHs: 90% yacy, 70% cutyarti.

Jlnst 6a30B0i craniii 2 Ta MOOLILHOI cTaHIlii 1 MaeMo Taki BUX1IHI JaHi:

- BiJICTaHb MK 0a30BOIO CTaHIIE 1 1 MOOUIHLHOIO CTAHIIIE 3 CTAaHOBUTE 1,4
KM;

- ICTUHHUH MIBHIYHUN a3uMyT = 77,90; MarHiTHUH MIBHIYHUAN a3UMyT = 69,45;
KyT migidomy = 0,2532;

— nepenajgy penbedy CTaHOBIATH 23,3 M;

— PEXKUM TOMIMPEHHS NPsIMOI BHIAMMOCTI, MiHIMaiabHa Biactanb 1,7F1 Ha
0,7xM.

- cepenns yacrora 2200 MI w;
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- BuUTbHMIA nipocTip = 102,4 nb, nepemkoau = 39,9 nb TR, micto = 0,0 b,
aic = 0,0 nb, cratuctuka = 17 1nb;

— 3arajibHi BTpaTH IIPU PO3MOBCIOMKEHH] CTaHOBIIATH159,2 nb;

- CUCTEMHE IMIJICUICHHA Bla 0a30Boi cTa”Hmii 2 10 MOOUIbHOI craHmi 1
ctraHoBUTH 169,0 nb;

- IIOCUJCHHS CHCTEMH BiJg MoOUIbHOI cTaHIii 1 g0 O0a30Boi craHIii 2
cTaHOBUTH 172,8 nb;

— HaWTIpIIUK MPUKOM CTaHOBUTH 9,8 n1b MoOHax HEOOXITHUNM CUTHAT s

3amoBosicHHS 90% vacy, 70% curyartii.

Il 6a30Boi cranilii 3 Ta MOOLILHOI CTaHIIIi 2 MAaeMO TaKl BUX1AHI JaHi:

- B1JICTaHb MK 0a30BOIO CTAHIIIEIO 3 1 MOOUILHOIO CTAHITIEO 2 CTAHOBUTH 1,3
KM;

- ICTUHHUN MBHIYHUN a3umyT = 214,88; MarHiTHUM MiBHIYHUNA a3UMyT =
206,40; xyt migitomy = 0,0518;

- nepenaau penabedy CTaHOBIATH 12,2 M;

- pPEXKUM TIOIMIMPEHHSI MPsMOI BUIAUMOCTI, MiHIMaibHa Biactanb 0,6F1 Ha

— cepenns yacrtora 2200 MI '1;

- BUIbHUY nipocTip = 105,3 ab, nepemkonu = 0,9 1b TR, micto = 0,0 ab, mic
= 0,0 nb, cratuctuxka = 16,7 nb;

— 3arajbH1 BTpaTH MPU PO3MOBCIOKEHH1 CTaHOBIATH122,9 nb;

- CHUCTEMHE MIAcCWIeHHd Bix 0a30Boi cTaHmii 3 g0 MOOUIBHOI cTaHIi 2
craHoBuTh 169,0 nb;

- IIOCWIEHHSI CHUCTEMH Blx MOOLIBHOI cTaHiii 2 o 0a30oBoi craHmi 3
craHoBuTh 172,8 nb;

— HaWTIpIIMi npuiioM cTtaHoBUTH 46,1 nb moHam HEOOXIIHWM CUTHAN s

3amoBosieHHsT 90% vacy, 70% curyartii.
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BMCHOBKHA

1. PoGota € akTyanbHOIO y cdepi pO3BHUTKY 1 MOKpaIIeHHS KOMYHIKaIiiHOI
iHpacTpykTypu B cMT. llapnuanka, OCKIJIbKM BOHAa CTBOPHUTH HOBI MOJKJIHUBOCTI JIJIs
013HeCy, OCBITH, KOMYHIKaIlli Ta po3Bar. BoHa Takoxx cipusiTUME PO3BUTKY CYCIJIbCTBA
Ta €KOHOMIKHM PET10HY, 3a0e3Meuylour IMBUIKAN Ta CTAOUTbHUN JOCTYN 0 1HTEPHETY
JUIA MEIIKAHIIIB.

2. 3M1CHEHO TEPUTOPIATIbFHO-YaCTOTHE INIAHYBAHHS MEPEX1 MOOUIBHOTO 3B SI3KY
cenuila Micbkoro tuny [apnyanka.

3. Bukonano po3poOky Mepeki MOOUIHBHOTO 3B’SI3KY CEJIHINAa MICHKOTO THITY
[{apuuanka.

4. BuzHaueHo po3TanryBaHHs 0a30BHX CTaHIlM, MpOBEJCHA OIlIHKa iX 30HHU
MOKPUTTS 3 BUKOPUCTAHHSAM 3aco0y IMITAlITHOTO MOJIETIOBAHHS MEPEeX MOOLITBHOTO
3B’s13Ky Radio Mobile.

5. lns BU3HAYEHMX HAIpPsIMIB 3B’SI3Ky OTpPUMaHl TaKli OCHOBHI pe3yJIbTaTu
MoJieTroBaHHs B cepeaoBuini Radio Link:

— nepenajgu penbedy;

— 3arajbH1 BTpaTH MPU PO3MOBCIOKEHHI CTAHOBJISTH;

- CHCTEMHE IIACUICHHS B1J 0a30BOI CTaHIlII 40 MOO1JIBHOI CTAHIII;

- TTOCUJICHHS CUCTEMH B1JI MOO1JIBHOT CTAaHIIII 70 0a30BOi CTAHIIII;

— Halripmuii curuan s 3agoBoiaeHus 90% vacy, 70% curyaitiit.
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Homatok A
ANALYSIS OF LTE (4G) TECHNOLOGY

In order to understand how the world came to the technology of the fourth
generation (4G) of the LTE standard, it is necessary to get acquainted with the history of
the development of cellular communication. The development of communication system
technologies began with 1G technology. The letter "G" is an abbreviation of the word
generation, which means "generation” in English. The first generation did not have a data
transmission service, as it is an analog communication, the ability of this generation to
make voice calls. The connection was not of high quality and had a high price (it was not
popular).

Cellular communications began to evolve with the advent of (2G) technology. The
2G generation supported SMS, CSD format. This technology had the ability to transmit
digital data via mobile devices.

The third generation (3G) had a higher data transfer rate and allowed additional use
of video communication

The technology (4G) differs from its predecessors in the speed of data transfer
almost 500 times that of the third generation technology. Speeds average up to 10 Mbps
for mobile devices and up to 1 Gbps for non-mobile devices. Also, 4G works with data
in digital format, that is, the channel for voice transmission is not used, and calls are made
in VoIP format, the IPv4 protocol is used for data transmission, it is planned to support
the IPv6 protocol in the future. The LTE standard was launched on GSM/EDGE and
UMTS/HSPA technology. Theoretically, data transfer speed in LTE is up to 326.4 Mbit/s
for reception, and for transmission up to 172.8 Mbit/s. The radius of LTE coverage when
using the station is from 5 km to 30 km, if necessary, it can reach up to 100 km. Today,
the fourth generation (4G) includes two standards - WiMAX and LTE. The WIMAX
standard is an evolved Wi-Fi technology with an increased coverage area. An improved
standard of GSM is the LTE standard. Cellular communication, which was built on the

GSM standard, was not intended for mobile Internet. In connection with this need of the
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population, operators renewed and improved the already created technologies, which
grew into 3G, and today into LTE 4G. The term LTE stands for Long Term Evolution,
which translates as "long-term evolution™. The WiMAX standard also claimed the status
and name of 4G, but remained in the background. LTE technology is the next after 3G
and works on the basis of IP technology. The 4G generation is a standard that meets all
modern standards. In addition to high speed, this network is simple and affordable in
terms of arrangement and design, since it is easier to install one base station than to lay
an infinite number of cables. 4G is an improved and modern technology, but humanity
does not finish modernizing the technology there, step by step it evolves to the 5G

standard.

2,4 Kb/s 64 Kb/s 2 Mb/s

-

& ¥

Figure A.1 - Evolution of cellular communication standards

Thus, the development of cellular communication standards is rapidly developing,
improving, modernizing and not standing still, which is necessary for humanity today.

LTE 4G technology is the next generation after 3G and includes the following
services:

IP telephony;

mobile television;
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ultra-mobile and broadband Internet access;

games of high quality and speed.

LTE has advantages over previous mobile communication standards. Main
advantages:

- high data transfer speed, which reaches up to 100 Mbit/s in the downward
direction (20 MHz, 2x2 MIMOQ), and up to 50 Mbit/s in the upward direction (20 MHz,
1x2);

- maximum speed of 326 Mbit/s with a channel width of 20 MHz;

- maximum transfer speed of 86.4 Mbit/s with a channel width of 20 MHz;

- Voice services, at least 200 active users for every 5SMHz;

- bandwidth is 4 times greater than in previous standards;

- scalable channel width up to 20 MHz, with different (1.4, 2.5, 5,10, 15, and 20
MHZz) steps;

- at cell boundaries, the speed increases and improves several times, the data
transmission speed also improves the value of spectral efficiency at the cell boundaries;

- between the user's equipment and the BS, the response time is up to 10 ms, and
the transition time from the inactive state to the active state is 100 ms;

- cell sizes can vary from several dozen meters to 100 km. In rural areas, lower
frequency bands and an optimal cell size of 5 kilometers are used. For urban areas, the
cell size is up to 1 kilometer. Better

- possibility of simultaneous cooperation with old standards, possibility of
simultaneous existence with old standards.;

- packet switching radio interface;

- LTE technology is optimized for the use of IP technologies as well

supports packet data transfer;

- mobile support improved and improved,

- delays when establishing a connection have decreased;

- high interactivity;

- supported games - online.
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The architecture of the LTE network differs from that of previous generations. The
new network structure should meet the high network requirements for signal transmission
delay, while the cost of LTE network construction and maintenance should be reduced.

First of all, the task of developing LTE was to simplify the network structure and
exclude from the system the same functions of network protocols, which are characteristic
of the 3G UMTS system. According to the 3GPP LTE Release 8 specification, the LTE
network consists of two important components, the E-UTRAN radio access network and
the SAE (System Architecture Evolution) core network. In the architecture of the LTE
standard, the network interaction takes place between the management units (MME) and
the base station (eNB). The control unit (MME) includes a network gateway GW
(Gateway). The LTE network at the physical level consists of two components: the E-
UTRAN radio access network and the SAE (System Architecture Evolution) base
network. The E-UTRAN radio access network consists only of eNB (evolved Node B)
base stations. Base stations are interconnected and are network elements. At the L2 level,
each eNB uses two types of interface - this is S1, created for control (Control Plane), and
the second X1, used by the user (User Plane). There is also a third type X2, it provides
control of eNBs base stations of the E-UTRAN radio access network. Each base station
has an S1 interface with the SAE base network, this network is built on the principle of
packet switching. Also, the basic SAE network is called EPC (Evolved Packet Core), it
has MME/UPE nodes. In the structure of LTE, the subsystems of base stations (BS) and
the switching subsystem were largely changed, the technologies for exchanging user
terminals and base stations (BS), as well as protocols for transmitting information
between network elements, were replaced. Absolutely all information is transmitted in
the form of packets.

In the network of LTE standards, several nodes can be distinguished in the
switching system:

- Serving Gateway (SGW) is a serving gateway;

- Public Data Network Gateway (PGW) is a connection gateway to the networks
of other operators;

- Mobility Management Entity (MME) — mobility management node;
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- Home Subscriber Server (HSS), this is a subscriber data server;

- Policy and Charging Rules Function (PCRF) - invoicing node.

Each gateway performs its functions, the Serving Gateway (SGW) performs the
function of processing and routing packet data from the base station system. The service
gateway establishes a connection to the 2G and 3G networks of the same operator. The
Public Data Network Gateway (PGW) connection gateway with the networks of other
operators is intended for routing information from the network of this operator. The
gateway provides UE communication with external packet networks and is responsible
for service traffic. The Mobility Management Entity (MME) node is assigned to manage
the mobility of LTE network clients. This node organizes LTE and UTRAN (UMTYS),
GERAN (GSM) roaming, thus ensuring mobility among networks. The Home Subscriber
Server (HSS) combines all registers in one device. The Policy and Charging Rules
Function (PCRF) billing node generates customer bills for communications services.

eNode B nodes carry out radio exchange with UE users (User Equipment), using
OFDMA and SC-FDMA encryption systems.

The EPC (Evolved Packet Core) basic network consists of MME/UPE nodes.
Mobility Management Entity (MME) is an element responsible for solving mobility
management problems. The MME interacts with base stations and performs the functions
of transmitting messages and calls to the eNB, is also responsible for network security,
and manages roaming. The second User Plane Entity element is responsible for user data
transfer, the UPE element is responsible for encrypting data flows. The architecture of
the SAE network is built on the principle of everything through IR, in which voice data
Is exchanged, as well as all services that work on packet data switching technology.

LTE technology operates in the frequency range from 1800 MHz to 2600 MHz,
with a channel width of 20 MHz, works on the principle of channel division and is divided
into two channels, the width of which is 10 MHz each. Thus, 10 MHz is allocated for the
uplink (UL) and for the downlink (DL). The optimal and best solution in combination of
price and quality will be the choice of Huawei equipment. DBS3900 LTE offers a base
station consisting of two units. The first base frequency processing unit (BBU) and the

second remote radio frequency unit (RRU).
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Jonatox B

Te3u nomoineit 83 CTyaeHTChKa HAYKOBO-TEXHIYHA KOH(EpEH sl YKpaiHChKOTO
JepKaBHOTO YHIBEPCUTETY 3ali3HUYHOTO TpaHcropTy (XapkiB, 2023). — Xapkis:
YxpdY3T, 2023p.

B. Kozuna (601-n1TT), HY «IlonTaBcbka
nomiTexHika imM. FOpis KonapaTioka

KepiBnuk — gom. O.C. XKyuenko

PO3POBKA MEPEXI MOBUIBHOT O 3B’ A3KY
CEJIMIIA MICBKOI'O TUITY

B Hamr yac 3 KOKHUM JTHEM CTPIMKO 30UIBIIYETHCS KUIBKICTh 1H(hOpMaIlii, Ky
MU 3aBaHTXKY€EMO Yepe3 MOO1TbHUN TenedoH. Y 3B’SI3KY 3 IIUM, 3pOCTa€ HEOOX1AHICTh B
MIBUJKIA 00poOIil Ta mepenayi gaHuX. MOOUIBHMIM 3B’S30K BUTICHSE CTalllOHApHI
MOCJIYTH, CaMe TOMY MPUIIISETHCS 3HAYHA yBara po3BUTKY Ta BJOCKOHAJICHHIO K CAMHX
MOOUTLHUX Tele(OHIB, TaK 1 CAMUX TEXHOJIOT1H, 1110 BOHU BUKOPHUCTOBYIOTh. Bee 6 11e
Oyno HemoxJuBO 0e3 0a3oBux craHIliii. KoxeH omepaTop po3Millye Takl CTAHINI y
BEJIMKHX MICTax, ceuuax Ta cenax. | came 11 6a30B1 CTaHLIT CIyX,aTh TPOBIAHUKOM B1JJ
Hamoro cMaptdoHy 10 riodansHol Mepexi IHTepHer. KoxkHa 6a3oBa cTaHIlis Ma€e CBIi
Jiara3oH 4acTOT Ta Pajiiyc MOIIUPEHHS 3B’ SI3KY.

VY po60Ti MPOBOAUTHCS MOJCIIOBAHHS CTIILHUKOBOTO 3B 3Ky B CEJIMII MiCHKOTO
THUITY 32 TeXHOJIOTi€0 4G 3 MOKIIMBICTIO MIEpexo1y A0 TexXHOIOT1i SG 3 BUKOPUCTAaHHSIM

nporpamu Radio Mobile.
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