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1. OIUC HABYAJIbHOI JUCHUILJIIHU

l"any3s 3HaHb, HALIPAM
2. HaiimenyBanHs ) o XapakTepucTrka
, M1ATOTOBKH, OCBITHBO- . ,
MOKA3HUKIB HABYAJIBHOI TUCLUILTIHU

KBauTi(piKaIiiHUI pIBEHDb

lMamysp — [lenna 3ao4Ha
o : 12 Tadopmarriitai dopma dopma
Kinbkicts kpeauTis — 4, -
TEXHOJIOT1i O060B’s13k0Ba

3arajibHa KiJabKIiCTh S
Pik marorosku:

- 120
roAuH CremaipHICTD — 4
122 KoM’ toTepH1 HayKu CemecTp:
7
JIeKmiiH1 3aHsATTS:
26 8
[IpakTuyH1 3aHATTS:
) . ) 26 8
MoBa HaBYaHHA — PiBeHB BHUIIOT OCBITH — -
. . . JlaGopartopHi poboTu
YKpaiHChKa nepiuit (6akanaBpChbKUil) 0 0
Camocriiina poboTa
68 104

Bun xonTpoJto:

CK3aMCH

Hucrumutina «MoOUTbHI KOMYHIKaIlii» MpU3HAaYeHa il BUBYEHHS OCHOBHHX
CTaHJApTIB Ta TEXHOJIOTIH Mepek MOOITBLHOTO 3B’SI3Ky eTamiB po3BUTKY 2,5G-5G Ta
QITOPUTMIB TXHHOTO (YHKIIOHYBAaHHS 3 METOIO HAJaHHS IIMPOKOi HOMEHKIIATypHU
MOCITYT Ta 3aCBOEHHS OCHOBHUX TMPOIEAYpP BCTAHOBJICHHS 3’€HaHb, aBTOPU3AIIii,
aBTeHTH]IKaIii Ta OUTIHTY.

Kypc Hagae MaiiOyTHIM (paxiBIsIM TEOPETUYHI 3HAHHS Ta MPAKTUYHI HABUYKH 3
(GYHKIIIOHYBaHHSI MEpEX MOOUIBHOTO 3B’SI3KY Ta J103BOJIsIE C(HOPMYBATH HAaWBaXKIIMBIIII
NpPaKTUYHI BMIHHS 3 BUKOPHCTAHHSIM aKTyaJIbHMX MIAXOAIB A0 aAMIHICTpPYBaHHS Ta
KoH(Dirypairii 3aco0iB MOOITFHOTO 3B’ 513Ky B PI3HUX MEpekKax erariB po3BUTKy 2,5G-5G.
Busuatotbces mepexi cranaaptiB GSM/2.5G, UMTS/3G ta texuomnoriit LTE/4AG, NR/5G
1 cy4yacHi 3aco0u, 1110 3a0e3Meuyr0Th OCHOBHI MPOIECH iX (PYHKIIIOHYBaHHSI.

PosrnsigatoTees anropuTMH BCTAHOBJICHHS 3’€QHAHb MJI MEPEX 3 PI3HUMU
TEXHOJIOTISIMU eTamiB po3BUTKY 2,5G-5G. BuBuarThCs MpUHIMNU TOOYIOBH pPajiio
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iHTepdeiicy, ¢GyHkuii Ta B3aeMofis  OOJagHAHHS, TPOLEAYPH aABTOPHU3ALii,
aBTeHTHdIKAIT Ta OLTIHTY.

META JUCHHUIIJIITHHA. MeToro UCHMILIIHA € SIKICHE 3aCBOECHHS BH3HAUYCHUX
KOMIIETEHTHOCTEH B 00Cs131 00yMOBIICHOMY (paXxOBUMHU MOTpeOaMHU, a TAKOK (pOpMYyBaHHS
3araJlbHUX MAaTEeMaTMYHUX HABUYOK [0 €(QEKTUBHOTO BUKOPHCTAHHS CYy4aCHUX
MOOITPHUX TEXHOJIOTiM, TMpaKTUYHE 3aCBOEHHS TpoueAayp (yHKIIOHYBaHHA Ta
aJMIHICTpYBaHHS MOO1JILHOTO 00JIaIHAHHS 1 3aCBOEHHS aJITOPUTMIB HaJIaHHS TTOCIIYT.

MNPEPEKBI3UTMU. [anwnii kypc 6a3yeThCsl Ha 3HAHHSX, 3100yTHX 3100yBayamMu
1]l Yac BUBUCHHS AucHUILTH «Dizukay, «KoMm’roTepHi Mepexi», «BedTexHoorii Ta
BeOu3aiiny», « Teopis iH(popmarlii Ta KOJAYBaHHS Ta THIIUX.

MHNOCTPEKBI3UTMUN. 3nanns, yMiHHS Ta HaBUYKH, HAOyT1 MijJ 4Yac BHUBUYCHHSA
JUCUUIUIIHU, BUKOPUCTOBYIOTHCA IIPH MOJAATBIIOMY BUBYEHHI IUCIUILIIH OaKaaaBpChKOi

M1JTOTOBKH, MPAKTUKHU Ta HAMMMCaHH1 KBal(iKaliifHOi pOOOTH.

2. OYIKYBAHI KOMIIETEHTHOCTI, SKI IIVTAHYETHCA
COPOPMYBATH
TA JOCAT'HEHHSA IPOI'PAMHUX PE3YJIBTATIB

B pe3ynbrari BUBUEHHS 11i€1 HaBYAJIbHOI JUCUUILIIHU 3400yBay Ma€e HaOYTH Taki

KOMIIETEHTHOCTI.

InTerpajibHa KOMIETEHTHICTD

31aTHICTh PO3B’SI3yBAaTH CKJIA/HI CHELiaTi30BaHl 3a/a4l Ta MpakTU4YH1 MpoodaeMu
y raiy3i KOMIT IOTepHUX HayK abo y Mpoileci HaBYaHHS, 0 Nepeadadae 3acTOCYBaHHS
TEOpiil Ta METOIB 1H(QOPMAIIHHUX TEXHOJOT1H 1 XapaKTePU3YEThCS KOMILJIEKCHICTIO Ta

HEBU3HAYCHICTIO YMOB.

3araJibHi KOMIIETEHTHOCTI

3K2. 3gaTHICTh 3aCTOCOBYBATH 3HAHHS Y MPAKTUYHUX CUTYAIISIX.

3K11. 3natHicTh npuitMaTi OOTPYHTOBAHI PIllICHHS.

3K12. 3naTHICTh OLIIHIOBATH Ta 3a0€3MeuyBaTH SIKICTh BAKOHYBAHUX POOIT.

CrneniagabHi ((paxoBi, mpeaMeTHI) KOMIIETEHTHOCTI
CK4. 3parHicTh  BHKOPHUCTOBYBAaTHM  CydacHI  METOAM  MAaT€MaTUYHOTO
MOJIETIOBaHHS 00’ €KTIB, MPOLIECIB 1 IBUII, PO3POOJIATH MO i aITOPUTMH YUCETHLHOTO



pO3B’sI3yBaHHS  337ad MaTEMaTHYHOTO MOJCIIOBAHHS, BpPaXOBYBaTH MOXHOKH
HaOJIM>KEHOTO YMCEJIBbHOTO PO3B’A3yBaHHs MpodeciiiHuX 3aaau.

CK7. 3naTHicTh 3aCTOCOBYBaTH TEOPETUYHI Ta MPAKTUYHI OCHOBU METOJIOJIOTIT Ta
TEXHOJIOT1i MOJIEIIOBAHHS MJIs JOCIHIJKEHHSI XapaKTEPUCTUK 1 TOBEAIHKU CKIIATHUX
00'eKTIB 1 cuCTeM, MPOBOJUTH OOYUCITIOBANIbHI €KCIIEPUMEHTH 3 00pOOKOI0 1 aHaATI30M
pe3yIbTaTiB.

CK13. 3patHicTh 10 pO3pOOKH MEPEKEBOr0 MPOrpPaMHOro 3abe3MeyeHHs, 1110
(GYHKIIIOHYE Ha OCHOBI PI3HUX TOIOJOTIM CTPYKTYpOBaHUX KaOEIbHUX CHCTEM,
BUKOPHUCTOBYE KOMIT'FOTEPHI CHCTEMM 1 MEpexl Mepeaadl JaHWX Ta aHalli3ye SKICTh
pOOOTH KOMIT IOTEPHUX MEPEK.

CK14. 3naTHicTh 3aCTOCOBYBaTH METO/IU Ta 3aco0u 3a0e3neueHHs iHPpopMaliiftHOi
0e3MneKu, po3po0IsiTH 1 eKCIUTyaTyBaTH CrelliajJbHe MPOrpaMHe 3a0€3MEUCHHS 3aXUCTY
1H(pOopMaIIHHUX pecypciB 00’ €KTIB KpUTHYHOI 1HPOpMaIIHHOT 1HQPACTPYKTYpH.

CK17. 3patHIiCTh NMPOEKTYBAaTU Ta KepyBaTH 1H(POPMALIITHO-KOMYHIKAI[IHHUMU
cUCTeMaMH, 3a0e3edyBaTi po3poOKy Ta CyIpOBiJ IPOrpaMHOTo 3a0€3MeueHHs.

IIporpamHi pe3yjbTaTi HABYAHHS

ITP13. BonoaiTu MOBaMHM CHCTEMHOI'O MPOTPaMyBaHHS Ta METOJaMU PO3POOKHU
nporpaM, IO B3a€MOMAIIOTh 3 KOMIIOHEHTaMH KOMII FOTEPHUX CHUCTEM, 3HATH MEpEXkHI
TEXHOJIOT1i, apXITEKTypHU KOMIT FOTEPHUX MEPEX, MATH MPAKTUYHI HABUYKH TEXHOJIOTI1
aJIMIHICTPYBAaHHS KOMIT IOTEPHUX MEPEX Ta IX MPOrpaMHOro 3a0e3MneueHHs.

ITP15. 3acrocoByBatu 3HaHHsS MetopoJiorii Ta CASE-3aco0iB IpOEKTyBaHHS
CKJIQHUX CHUCTEM, METOIB CTPYKTYPHOTO aHali3y CHCTEM, O0'€KTHO-OpIEHTOBaHOI
METO/0JIOTIi MPOEKTYBAaHHA MPHU PO3poOILl 1 JOCIIKEHHI (PYHKI[IOHAIBHUX MOJENeH
OpraHizaiiifHO-eKOHOMIYHUX 1 BAPOOHUYO-TEXHIYHUX CHCTEM.

[IP18.  3milicHoBaTM  MPOEKTYBaHHS Ta  KepyBaHHS  1H(dopMalliiHo-
KOMYHIKAI[IHHUMU CUCTEMaMu, 3a0e3rnedyBaTd po3poOKy Ta CYMPOBIJ MPOrpamMHOTO
3a0€e3MeUeHHS.

3AIIJVIAHOBAHI PE3YJIbTATU HABYAHHS 3A HABYAJIBHOIO
JAUCHUIIJITHOIO

3n00yBaui NOBUHHI 3HATH:

— OCHOBHI MPUHIUIN MOOYIOBA TEXHOJIOT1M Ta CTaHAAPTIB CUCTEM MOOITHHOTO
3B’SI3KY €TarliB po3BUTKY 2.5G-5G;

— MPUHIMIY TOOYI0BU pajiioiHTepdeicy Ta MepekHOI apxiTekTypu Mepex 2.5G-
5G crangaptiB GSM, UMTS, texnosnoriit LTE, NR;



— 0a3oBI1 MPOIEAYPH, K1 BUKOHYIOTHCSI B MEpekax MOOUTBHOTO 3B’ 513Ky 2.5G-5G
PI3HUX TEXHOJIOT1M Ta CTaHAAPTIB;

— OCHOBHI QJITOPUTMH BCTAHOBJICHHS 3’ €THAHB Ta MMPOTOKOJILHOT B3a€MO/IIi;

— MPOIIECH HaJaHHS MOCIYT Ta OCHOBHI aJITOPUTMHU ayTeHTUOIIIT, 11eHTHdIKAIIIT
Ta OUTIHTY;

— 0a30B1 Ta J0JIaTKOBI peaiizallii TEXHOJOT1M paaiogoCTyITy B Mepeki MOOLIBHOTO
3B’s3Ky, Takux sk Wi-Fi (IEEE 802.1l1ac/ad/ax), NFC, Bluetooth (IEEE 802.15x),
ZigBee Ta 1H1m11.

3100yBayi MOBMHHI BMIiTH:

— BUKOHYBATH aHAJII3 Ta CUHTE3 apXITEKTYpU CUCTEM MOOUIBHOTO 3B SI3KYy €TalliB
po3BuTKy 2.5G-5G;

— 3aCTOCOBYBATH HEOOX1AHI MPOLETYPH B3a€MO/IT 1711 MEPEXK MOOLITBHOTO 3B’ I3KY

2.5G-5G Tta mepex pagiogoctyny Wi-Fi (IEEE 802.11ac/ad/ax), NFC, Bluetooth (IEEE
802.15x), ZigBee Ta iHmHX;

— 3aCTOCOBYBAaTH MOTPiOHI MPOLETYpH B3a€MO/IIi, BKIIOYHO 3 aBTEHTHU(IKAIIIIO,
aBTOpHU3AIlI€I0 Ta OUTIHIOM, 30KpeMa B MOOIJTbHUX JI0/IaTKaX;

— 3aCTOCOBYBAaTH OTPUMaH1 3HAHHS JJIsl CTBOPEHHS TUIIOBUX MIPOLIECIB B3a€MO/III B
Mepexi MOOLITBHOTO 3B’ SA3KY;

— BUpINIYBaTH 3aBJaHHS aJMIHICTPYBaHHA Ta KOHQIrypaiii KOpPHCTyBadiB Ta
00J1aTHaHHS MEpeK MOOUTBHOTO 3B’ SI3KY;

— BUKOHYBaTHM 3aBJaHHS TEXHIYHOTO OOCIIYyTOBYBaHHS Ta eKCIUTyaTarlli
o0JiaTHaHHS MEPEX MOOUIHHOTO 3B’SI3KY;

— MIPOEKTYBATH APXITEKTYPYy CUCTEMHU MOOUTBHOTO 3B’ SI3KY ISl HAAAHHS TOCIYT 13
rapaHTOBAHOIO SIKICTIO 0OCITyTOBYBaHHSI.

3. MIPOTPAMA HABYAJIBHOI JUCIUATLJITHA

Tema 1. CyyacHuii cTaH Ta TeHJAEHUII PO3BUTKY Mepe:K MOOIJILHOIO 3B’ A3KY
VYkpainn. Icayroua apxitektypa MM3  omeparopa  YkpaiHu  cTaHIapTy
GSM/GPRS/EDGE. TroxpiBHeBa apxiTektypa MM3 mig kepyBanasm Mobile
Softswitch: Transport layer, Control layer, Application layer. 3aranbHa XxapakTepuCTHKA
¢yHKIiOHATFHUX pIBHIB Ta iX amaparHo-miporpamna peamizamis (Circuit core —
MGW,MSS/VLR, MSS ta Packet core — SGSN/GGSN, Service & Subscriber
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management — SMSC, HLR, DNS/DHCP, Charding, PCRF). MepexHi TeXHOJIOTI,
apXITEKTypH aJAMIHICTPyBaHHS.

Tema 2. Iepapxiuna cTpykTypa Mepe:k MooOiabHOro 3B’si3ky (International,
National Ta pieear PLMN). ITonsaTTs Ta xogu Service Area - International GSM SA,
National GSM SA (MCC, CC), PLMN SA (MNC, NDC, NCC). ITonsrts ta koau Local
Area (LAC, LAI), Cell (CI,CGl). [Inaau nymepariii, popmatu kofiB inentudikaii Local
Area, ta National & PLMN a6onentiB MM3 (IMSI, MSISDN) 3rigno pek. ITU-T E.212,
E.164.

Tema 3. Mepexi Mo6iibHOTO 3B’513KYy TpeThoro mokojinasa (3G) UMTS rta
AG/LTE (LTE-A, LTE-Pro). Homenkinarypa nepcrnektuBHuX nociayr 3G. Y3aranpHeHa
apxitektypa mepexxi UTRAN (WCDMA), RNC, Node B, UE. IlepciektuBHI Mepexi
MOOUIBHOTO 3B’s13Ky deTrBepToro nokomiHHs 4G. Texnonoris LTE. Homenknarypa Tta
xapakrepucThku nociayr LTE. Po3surok mepexi LTE nHa 6a31 BipTyanbHOI MOOLIBHOT
mepexxi MVNO. GpoektyBanHs Ta KepyBaHHS 1H(QOpPMalIMHO-KOMYHIKAI[IHHUMU
CUCTEeMaMHu, po3po0Ka Ta CYNpOBiJl MPOrPAMHOTO 3a0€3MEeUEHHS.

Tema 4. TlepcnekTuBHi Mepe:xi SG. TexHoNOrIT Ta MOCIYTH I’ ATOTO TOKOJIIHHS.
TexHomorii BipTyadbHOI peasbHOCTI  Ta TakTWwibHUX BiAUyTTiB TSN. Ilpuctpoi
MDKMaIIMHHOI B3aemoii M2M B mepexax 5. Iarerpatiss MoOuibHUX nipuctpoiB [oT 3
xmapHumu Ta Edge-o6uncnennsamu B mepexi 5SG.

4. CTPYKTYPA HABYAJIbHOI JUCHUIIJIIHU

KinekicTs rogua

, Jlenna gpopma 3aouHa popma
Ha3Bu 3micToBux ; -
. y TOMY YHCT1 y TOMY YHCIT1
MOMYJIIB 1 TeM

Ycboro Cam.|Ycporo Cawm.

Jlex.|[Ipak.|JIa0. Jlexr.|[Ipak.|JIa0.
po0. po0.

Tema 1. CyuacHuii 30 6 6 18 | 30 2 2 26

CTaH TAa TeHACeHIIl
PO3BUTKY Mepe:x
MOOIJILHOTO 3B’ SI3KY
Ykpainu. IcHyroua
apxiTektypa MM3
oreparopa YKpainu




CTaHJIAPTY
GSM/GPRS/EDGE.
TroxpiBHEBA
apxitektypa MM3 mif
kepyBanuasM Mobile
Softswitch: Transport
layer, Control layer,
Application layer.
3arajiibHa
XapaKTEepUCTHKA
(yHKL10HATBHUX PIBHIB
Ta IX arapaTHoO-
porpaMHa peasizalis
(Circuit core —
MGW,MSS/VLR, MSS
ta Packet core —
SGSN/GGSN, Service
& Subscriber
management — SMSC,
HLR, DNS/DHCP,
Charding, PCRF).
MepexHi TeXHOJIOrIi,
apXITeKTypHU
aJIMIHICTpYBaHHS.

Tema 2. Iepapxiuna

CTPYKTYpa Mepex
MOOUIBHOTO  3B’AI3KY
(International, National
ta  piBeHb  PLMN).

ITonsaTTsa Ta KOIU
Service Area -
International GSM SA,
National GSM SA
(MCC, CC), PLMN SA
(MNC, NDC, NCCQC).
[Tonsarra ta xomu Local

30

18

30

26




Area (LAC, LAI), Cell
(CI1,CGI). [Tnann
HyMeparii, dopmaTu
KOJIIB 1menTudikamii
Local Area, Ta
National &PLMN

abonentis MM3 (IMSI,
MSISDN) 3rigHo pex.

ITU-T E.212, E.164.

Tema 3.
MOOLILHOTO

Mepe:xi
3B’AI3KY
TPETHOI0  TOKOJIiHHSA
(3G) UMTS 1a 4G/LTE
(LTE-A, LTE-Pro).
Howmenknarypa
NEPCIEKTUBHUX MOCITYT
3G. Y3aranbHeHa
apxiTeKTypa Mepexi
UTRAN  (WCDMA),
RNC, Node B, UE.
[lepcnexkTuBHI  Mepexi
MOOUIBHOTO 3B’SI3KY
YETBEPTOrO  MOKOJIIHHS
4G. Texnomoris LTE.
Homenknarypa Ta
XapaKTePUCTUKHU TOCITYT
LTE. Po3Butrok mepexi
LTE na 6a3i BipTyaibHOi
MOOUIBHOI Mepexi
MVNO. GpoexTyBaHHs
Ta KepyBaHHS
1H(opMmarliitHo-
KOMYHIKaIllTHUMHU
CUCTEMaMHU, po3poOKa Ta
CYIIPOBiJI MPOrPaMHOTO
3a0€e3MeUeHHs.

30

18

30

26

Tema 4. IlepcnekTUBHI

30

14

30

26
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mepexi 5G. Texuomorii
Ta TIOCIAYTH  II'STOTO
mokoaiHHsA. TexHoJorii
BIpTyaJbHOI pPEabHOCTI
Ta TAaKTWJIBHUX BiAIyTTIiB
TSN. [Tpuctpoi
MDKMAIIIMHHOI B3a€EMO/IIT
M2M B wMepexax 3.

[aTerparis  MOOUTBHHX
IIPUCTPOIB [oT 3
xmapHumu  Tta  Edge-
OOYMCIICHHSIMU B MEPEXi

5G.
Bceboro 120 | 26 | 26 68 | 120 8 8 104
IIJICYMKOBUI KOHTPOJIb — EK3AMEH
5. MIUTAHHSA 10 NIPAKTUYHUX 3AHSATH
Ne KinbkicTs
3/m TOAUH
Haszsa Temn
JIeHHA 3204YHA
¢popmajpopma
1 |CyyacHuii cTaH TEXHOJIOTIYHOTO PO3BUTKY MEPEK MOOUIBHOTO 3B’ SI3KY )
B YKpaiHi (onepaTopu, TeXHoJorii, aboHeHTChKa 6a3za, ARPU).
2 |OGnagHaHHS MEPEK MOOUIBHOTO 3B’ 513Ky. TeXHIYHI XapaKTePUCTUKH.
3 |Mepexna inentudikarmis. I[lonsrrs Ta xomu. I[lmanu wywmeparii, 2
dbopmaTu KoJiB iAeHTUDIKAIIi].
4 |[lpouecu BcraHOBIEeHHS 3’e¢gHaHHs, BuxigHoro Outgoing call Tta )
BxigHoro Incoming call.
5 |CucreMu MOOLITBEHOTO 3B’ 513Ky TpeThoro nokoniHHs 3G/UMTS. Cknan ) )
oOJasiHaHHs, TPOTOKOJIM B3aEMOJIII.
6 |dyukiionansHa apxitekrypa mepexi LTE (EPC, S-GW, SAE, MME, 5
UPE) 3rigno Rel.8-10. [aTepdeiicu Ta mpoTOKOIHM B3aEMO/II].




11

7 | Bipryamizamis mepexxaux ¢yukiiid LTE na 6a31 Texnomorii NFV ta )
nporpaMHo-koH(pirypoBanoi mepexi SDN.

8 |Peanizamis mnporpamHo-koHgirypoBanoi wmepexi SDN B mepexi 5 5
MOOUTBHOTO 3B’ SI3KY.

9 |Apxitektypa mepexi SG/NR Ha mepexHHx (yHKISX BipTyamizarii 5 5
VNF.

10 [Peamizariis Network Slicing B mepexi SG/NR. 2

11 [Iutepuet peueii. Mepexa loT. 2

12 |[TopiBHsiHHS TexHOJorI# peanizanii (LoRa, Cat-1, eMTC, NB-IoT). 2

13 [MixmamuaHa B3aemoaiss M2M ta D2D npuctpoiB [nTepHeTy peueit 5
loT.

Beboro 26 8

6. CAMOCTIMHA POEOTA

Jlo camocTiitHOi POOOTH CTYNIEHTIB MO0 BUBYECHHS JUCIUIUIIHU «MOOLUIBHI

KOMYHIKaIli1» BKIIOYaIOThCS:

1. 3HallOMCTBO 3 HAYKOBOIO Ta HABYAJIHHOIO JIITEPATYPOIO BIMOBITHO 3a3HAYCHUX Y

nporpami Tem.

2. OnpalrroBaHHs JIEKIIIHHOTO MaTepiainy.
3. [TlixroroBKa 10 MPAKTUYHUX 3aHSATh.

4. KoHcynprailii 3 BUKJIaIad€M MPOTITOM CEMECTDY.

5. CamocTiiiHe onpalfoBaHHs OKpEMHX MUTaHb HABYAJIbHOI JUCIUTLIIHH.

6. [TinroToBKa 70 IMiICYMKOBOTO KOHTPOJTIO.
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TemaTuka Ta NMTAHHA 10 CAMOCTIHOI MiATOTOBKM TA iHANBIyaJLHUX 3aBIaHb

Ne
3/n

Ha3zBa temu

KiabkicTs

TOJIHH

JAEeHHA
¢popma

3204HAa
¢popma

Tema 1. Cy4yacHuil CcTaH Ta TeHIEHUilI PO3BUTKY MepeK
MOOiTIbHOTO 3B’s3Ky YKpaiHu. OCHOBHI NMPUHIMIK MOOYAOBU Ta
dynkmionyBanns Contact-center  omeparopa, mnocayru. HanmanHs
EKCTPEHUX, CEPBICHUX Ta 1H(opMaliitHux nocayr. Peanizamis VoIVR.
Hananus nocnyr B Mepei MOOUIBHOTO 3B’SI3Ky, OCHOBHM OUTIHTY Ta
aJAMIHICTPYBAaHHS MOCIYT.

18

26

Tema 2. IepapxiuHa cTPYKTypa Mepesk MOOIJILHOTO 3B’ AI3KY.
BusHaueHHsT MICLIE3HAXO/KEHHSI KOPUCTyBaya, OCOOJIMBOCTI Ta
anroputmu.  [lpunnunu  aBTeHTHdIKAIli,  aBTOpHW3allii  Ta
ineHTugikamii. Inentudikanii B mepexi LTE. Inentudikaropu
adonentiB UE ID (IMSI, GUTI, S-TMSI, IP-address/PDN address, C-
RNTI, eNodeB UE S1AP ID, MME UE S1AP ID, Old UE X2AP ID,
UE X2AP ID). Inentudikaropu moOiunsHOrO obnamnanus ME 1D
(IMSI). Inentudikaropu mepexxnoro oonaananus NE ID (GUMMEL,
MMEI, Global eNodeB ID, eNodeB ID, ECGI, ECI, P-GW ID).
Inentudikaropu micresnaxomkenns Location ID (TAI, TAC).

18

26

Tema 3. Mepexi MoOUJIbLHOTO 3B’sI3KY TPeThoro nokouinns (3G)
UMTS T1a 4G/LTE (LTE-A, LTE-Pro). Mo6insHa xomepiiist (M-
comm). ITpuniunu noOy10BK, OCHOBHI KOHIIeNII1i. OTJIsi1 TEXHOJIOT1H.
Texnonoris NFC Ta 3arayibHi npuHIUNU QYHKIIIOHYBaHHS MOOUTHHUX
MJIATIXKHUX CUCTEM.

18

26

Tema 4. IlepcnexkTuBHi Mepexi 5G. Texuomoris NR (Rel. 14).
Homenknatypa nocnyr 5G (mociayru MOOIIEHOTO MIMPOKOCMYTOBOTO
nocryny eMBB, macuBHoro mamumuzoro 3B’s3ky mMTC, nocnyru
Mmequuuan MHealth, Haa3BUYaiiHO HAMIWHOTO 3'€IHAHHS 3 HU3BKOIO
3arpuMkoro  URLLC). Peanizamisi pamiointepdeiicy Tta moOyaoBa
Mesh-mepesxi. Peamizamisi mocnyr Smart Parking, Tracking, Smart
Street Lamps. Texunosorii BiptyanbHoi VR, m1oaaTkoBoOi peanbHOCTI
AR Ta TaktunpHuXx BimuyTTiB TSN. Texwnomorii BipTyanbHOT
peaTbHOCTI Ta TaKTHIBHUX BiTuyTTiB TSN.

14

26

3arajiom

68

104
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KOHCIIEKT JEKIII

Tema 1. CyyacHuii cTaH Ta TeHAeHIil PO3BUTKY Mepex MOOITbHOIO 3B’ A3KY
Ykpainu.

Mepexi MOOUIBHOTO 3B’SI3KYy  YKpaiHM MpeACTaBiI€HI TpbOMa OCHOBHUMH
orepatopamu:. KuiBcrap, Vodafone Vkpaina Ta lifecell. L{i oneparopu 3abe3nedyrorh
omu3bk0 99% pUHKY MOOUIBHOrO 3B’S3KY 3a KUIbKICTIO akTuBHHX SIM-kapt. 3a
CTaTUCTUKOIO, KUIBKICTh AKTUBHUX MOOUIBHUX MIJKJIIOYEHb IEPEBUILYE KUIbKICTh
HACEJICHHS 1 CTAHOBUTh TMOHAJ 55 MJIH a0OHEHTIB, IO MOB’S3aHO 3 BUKOPHCTAHHIM
KUIbKOX SIM-KapT OJIHI€IO JIFOIUHOIO.

OCHOBHOIO OCOOJIMBICTIO (PYHKIIIOHYBaHHSI MEPEkK MOIOJIBLHOTO 3B 3Ky YKpaiHu
Hicys MOYaTKy MOBHOMACIITAOHOI BIMHU TeJIEKOMYHiKalliiiHa 1HppacTpykTypa YKpaiHu
3a3Haja 3HAYHUX MOIIKOHKEeHb. [IpoTe MOOUIBHI ONEepaTopy MIBUIKO aIaNTyBaJIUCS 10
HOBHX yMOB.

OmHuM 13 Ba)XJIMBUX PIIIEHb CTajJ0 BIPOBAHKCHHS HAI[IOHAJIILHOTO POYMIHTY,
SAKUWA 103BOJIsIE a0OHEHTaM TMIJKJII0YaTUCA 0 Mepexi Oyab-sSKoro orneparopa y pasi
BIJICYTHOCTI CUTHAJTy BJIACHOTO OTIepaTopa.

CyvacHi MOOUTBHI Mepexl YKpaiHu BUKOPUCTOBYIOTh HACTYIHI TEXHOJOTII:

1) baszoBa mepexa 2.75G na ocHoBi GSM/GPRS (General Packet Radio
Service)/EDGE (Enhanced Data GSM Environment), cepeHiii yac 3aTpUMKH CTAHOBHUTH
o 200 mc;

2) wnaknaaena Mmepexxa 3G crammapry UMTS (Universal Mobile Telephone
Service) na ocHoBi TexHosorii W-CDMA. Mepexa panmionoctyny UTRAN na 0a3i
0a3oBux craniiit NodeB, cepeHiii yac 3aTpUMKH CTaHOBUTH Osin3bk0 40-60 Mc;

3) naknanena mepexa 4G Ha ocHosi TexHosorii LTE Advanced Pro (Long Term
Evolution) (Rel. 14).

Cepen OCHOBHUX TEHJACHIIN PO3BUTKY MEPEK MOOLIBHOTO 3B’A3KY  CIiJ
BiJI3HAUNUTH, OOJIamHaHHA TexHOoJoTil 3G MOCTYymOBO BHUMHUKAETHCH, a 11 YacTOTH
BUKOPHUCTOBYIOTBCS 715l TOKpatieHHs 4G-Mepex.

[T’ siTe mokoMiHHS MOOITFHOTO 3B’ 513Ky 3a0e3Mmeuye HaJBUCOKI IIBUAKOCTI TIepeaadl
JTAaHUX 1 MiHIMaJbHI 3aTpUMKH curHaidy. OHaK yepe3 TeXHIuHI Ta Oe3MEKOBl MPUUUHU
noBHOIIHHUY 3amyck SG B YkpaiHi odikyeThcst He panimie 2027-2028 poxkis.

3rigHo ganux Ericson Mobility Report 2025 (puc. 1) xigbKicTh KOPHUCTYBayiB
mepexi 5G mo 2031 poky Oyzae ctaHOBUTH OUThII HIX 6,4 Mimbsipaa, Ha KiHenb 2025
poky Oyzae crtanoButu 2,5 Minbsapaa. Kinekicts kopuctyBauiB LTE (Rel. 10-14) B cBiTi
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CTaHOBUTH OJM3bKO 4,5 MUTBApAIB KOpHUCTyBadiB cTaHOM Ha 2025 pik, KOXKEH APYTruit
aOOHEHT MOOUIBHOTO 3B’5I3KY B CBITI BUKOopucTOBY€E LTE.

Figure 1: Mobile subscriptions by technology (billion) 5G subscriptions are forecast to

reach 6.4 billion by the end of 2031.
8.8 9.5

10 billion billion

: I 0.4

6G?

M 56

LTE (4G)
I WCDMA (3G)
GSM (2G)
0 h M CDMA (2G/3G)
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Pucynox 1 — TexHONOT1YHHI PO3BUTOK MEpek MOOITBLHOTO 3B’ 513Ky 3riaHo Ericson
Mobility Report cranom Ha 2025 pik

Ha mpots3i 2027-2028 pokiB B YkpaiHi MJIaHye€ThCsI BOPOBAAUTH TeXHOJOTII 5G
Ha ocHoBi TexHounorii LTE-NB ta NR (New Radio) 3 Takumu xapakTepucTukamu:

- MBUAKICTH Mepeaadi qanux Bix 1 ['01T / ¢ ais maATPpUMKH BifIeo yIbTPaBUCOKOI
PO3IiIBHOT 3IaTHOCTI Ta JOIATKIB BIpTyaibHOI peanbHocTi Ta 10 I'6iT / ¢ A1 miaTpuMKH
MOOUIBHUX XMapHHUX CEPBICIB;

- yac 3aTpUMKH MeHue 1 Mc Ta yac mepemMukaHHs 10 10 Mc MDK pi3HUMHU
TEXHOJIOTIIMU;

- EHEeproCIOXUBaHH: CIIOKUBaHHS eHeprii Ha 1 61T iHdopmalii ¢ 3SMEHITUTH B
1000 pa3iB, 11100 301BITUTH YaC POOOTH aKyMYJISITOpa MiIKIF0YEHOTO IPUCTPOIO.

Ha crporoanimHii geHb MoOOUIBHI goaaTku 10T peani3yloTbcsi Ha PI3HHUX
TEXHOJIOTTYHUX MIIKIIOYEHHAX. B 0CTaHH1 pOKM MIATPUMKY BEJIMKUX 00'€MIB MPUCTPOIB
no3Bosiniv TexHosorii Massive [oT NB-1oT ta Cat-M1, posropnayti Ha 6a3i mepex LTE.
MoOinpHe BUKOpUCTaHHS TpUcTpoiB 10T MaroTh pi3HI BUMOTH J0 MIKIIOYCHHS.

JlaTuuk Teruia B miaBasli NOTpedye rMOOKOTO MOKPUTTS Ta HU3bKO1 MPOMYCKHOT
31aTHOCTI, TO/1 SIK MAKII0YEHUI poOOT Ha BUPOOHUU1H JI1HIT MOKE BUMaraTH HaJIHU3bKO1
3aTPUMKH, BUCOKOI HQIIHOCTI Ta BUCOKOI MPOMycKHOI 3aatHocTi. Massive 10T. Lleit
CErMEHT HacaMIlepe/l BKIII0Ua€e HeI0POrl MPUCTPOI 3 TPUBAIUM PECYPCOM aKyMyJsaTopa
Ta BIJIHOCHO HU3BKOIO MPOMYCKHOIO 3/IaTHICTIO.
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[TinTpuMKa iX yxe HajmaeTbesi B choroaHinHix Mepexax LTE 3a nonmomororo NB-
[oT Ta Cat-M. Ilpuctpoi Massive [oT BKIIOUAIOTH YTWIITH 3 IHTEIEKTyaJIbHUM
BUMIPIOBaHHSAM, OXOPOHY 3J0pOB’Sl Y BHIJISI MEIWYHUX apabChKUX BHPOOIB Ta
TPAHCIIOPT 3 JaTdyukaMu BifcTexeHHs. B kinii 2025 poky odikyeTrbes, mo NB-1oT ta
Cat-M cranoBuTUMYTH O6J13bKO0 45 BifcoTKIB [0T.

B wminomy, cranom nHa 2025 pik MOOUIBHHM 3B’S30K YKpaiHW aKTUBHO
PO3BUBAETHCS Ta BIITpa€e BaXIJIMBY pojib y (YHKIIOHYBaHHI HHU(POBOrO CyCHIIBCTBA.
OcHOBHOIO TexHoJorie 3anumaeTbes 4G, ska 3a0e3nedye MBUIKICHUNA MOOUTHBHUN
1HTEepHET JJis1 OUTBIIOCTI HaceaeHHs. [lonpu ckiiagHi yYMOBH BOEHHOTO 4acy, OIepaTopu
MIPOJIOBKYIOTh MOJIEPHI3yBaTH IHPPACTPYKTYPY, POIIMIUPIOBATH MOKPUTTS Ta TOTYBATHUCS
70 BIIPOBaPKEHHsSI TexHojorii 5G. Y MaillOyTHROMY PpO3BUTOK MOOUIBHHX MEpEex
COPHUATUME MOJANbIIN HUPPOBIM TpaHchopMallli EKOHOMIKA Ta MiABULIEHHIO SKOCTI
TEJIEKOMYHIKaLIMHUX MOCIIYT.
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Tema 2. IepapxiuHa cTpyKTypa Mepesk MOOLIbHOIO 3B’ AI3KY.

Cy4acHi Mepexxi MOOLITBHOTO 3B'S13Ky YKpaiHu y CBOIH OCHOBI MalOTh apXIiTEKTYpY,
30ymoBany Ha 0a3i mepexi 2,5G/GSM/GPRS/EDGE [1-3]. Mepexka MOOUIBHOTO 3B'S3KYy
JIMIIIE Ha P1BHI IOCTYITY 3a0e3Ieuye NiAKII0YeHHS MOOUTbHUX CTaHIii MS, npu3HaueHnX
JUTSL OpraHi3aiii qoctymy aboHeHTIB 10 0a30BUX cTaHIii 3a iHTepdericom Um.

Koxna MS wmictute kapTky monayns ineHtudikamii adonenta SIM (Subscriber
Identity Module, SIM), 3axuiieHa Biji HECAHKI[IOHOBAHOTO BUKOPHUCTAHHS Ta MICTUTh
MDKHapOJIHUN iAeHTHdikaTop MoOUIbHOro aboneHta IMSI, cekperHuil Kiou
ayTeHTU]IKalli Ta HITY 1HPOPMALIIIO.

PiBens pocrtyny (puc. 2) moOynoBaHo Ha 6a31 obnagHaHHs 6a30BUX cTaHiiil BTS
(Base Transceiver Station) Ta koHTposiepa Oa3zoBux craniiii BSC (Base Station
Controller) BukoHye QyHKII KepyBaHHS pPO3MOAIIOM pPaIiOKaHATIB, KOHTPOJIIOE
3'€eIHaHHS, PETYJIIOE 1X YEPTOBICTh, 3a0€3Meuye pexUM poOOTH 3 CTPHUOAIOUOI0 YaCTOTOIO,
MOAYJISIIIO0 Ta JEMOMYJISIII0 CUTHAJIB, KOJYBAaHHS Ta JEKOJAyBaHHS, J3BIHKA, BU3HAYAE
YEeproBiCTh Mepeaadl MOBIIOMIEHb IEPCOHAIBHOTO JI3BIHKA.

bazoBi cranmii BTS kepyloTh pajiokaHaaoM Ta JO03BOJISIOTH 3a0€3MeUUTU
B3a€MO/Ii10 3 MOOUTbHUMHU cTaHIlisiMu MS 3a iHTepdeticom Abis over IP. Koxken ocepenok
Mepexxi TOKpuBaeThesi onHiero BTS, mo 3abesmneuye opranizaimiro pagaioKaHATIB.
Kontponep BSC ynpapnsie 6a30BUMH CTaHIIIMH Ta B3a€EMOJIIE€ 3 LIEHTPOM KOMYTaIllii
MSC. Kontponep BSC Bukonye ¢yHKIii: yrnpaBiiHHS pagiopecypcamu kiibkox BTS,
NpPU3HAYEHHSI paJlOKaHaIB, BCTAHOBJIEHHS TMOTYKHOCTEW MpuUiloMy Ta Tepenadi,
nepemukanHs kanaais handover [1-3].

PiBeHp ympaBiiHHA TOOYAOBaHO 3a MPUHUUIIOM KOHIEMI[l pPO3MOAIIEHOI
apxitektypu. KoHmenmis po3noauieHol apXIiTeKTypu 3acCHOBaHAa Ha MPUHIUIAX
(GI13MYHOrO Ta JIOTIYHOIO MOJAUTY PIBHIB YNPABIIHHA BHUKJIMKAMU Ta KOMYTAII€l0 Ha
¢dbynkuionansHi npuctpoi MSC-server (Mobile Softswitch) ta memianumosu MGW
(Media Gateway Wireless) 3rigao 3 3GPP TS 23.002 .
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MSC-sever
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Pucynok 2 — PiBeHb 10CTyITy Mepexi MOOLTBHOTO 3B’ A3KY

MSC-server (Mobile Softswitch) - BimmoBimae 3a KepyBaHHS BHKIUKAMH 3
KOMYTAI[I€0 KaHaATIB, KEpyBaHHA MOOLIBHICTIO Ta KepyBaHHs Menianuiozamu MGW. YV
MSC-server interpoBannii VLR, HLR, EIR, AUC Tta ¢ynkmii SSF.

Menianuiro3 MGW - e komyTtauiiiHuii By30J1, SIKUM BUKOHY€E (DYHKIIlI BXOJIUTH
TPaHCKOAYBaHHS, €XONPUIYIICHHS Ta 00CIyrOBYBaHHS BUKIWKIB. BiH peanizye QyHkIii
ATM/AAL2-niakeTHOro KOMyTaTopa Ta CHTHAIBHOT'O [IUTIO3Y JIJIA ITepeIadl CUTHAIBHOTO
Tpadiky makeTHOI Mepexero. Memianuiro3 MGW B3aeMojie 3 KOHTPOJIEpOM 0a30BUX
cranuii BSC 3a cranpaptHum iHTEpdeiicom A.

Hentp xomyramii MSC (Mobile Switching Centre) anmapTHO-IpOrpamMHO
peanizoBanui Ha 6a31 LICK, BukoHye ¢GyHKIIII TOBHOAOCTYIMHOI KOMYTAIlil HAMPSMKIB
yCiX 00'€KTiB, [0 HAJIEKATh JIO MIACUCTEMH KOMYTAIlii Ta MmiacucTeMu 6a30BUX CTAHITIN
3as1aHoi 300U 06ciyroByBanHs MSC. 3abe3neuye B3aeMOII0 Y 30BHIIIHIX HalpsiMKax 3
PSTN ra inmuvu PLMN.

Oyukuii MSC: komyTaitis, MapiipyTH3allis Ta KepyBaHHS BUKIIMKAMU, peecTpalis,
imeHTrdikaris, OHOBICHHS 1H(POpMAIIii IPO MICIIE3HAXOKESHHS MOOITLHUX aOOHCHTIB,
dbopmyBaHHS AaHMX Tapudikalii g LEHTPY B3a€EMOPO3PAXYHKIB (OLIIHT-IIEHTp),
IIJITOTOBKA CTaTUCTHYHMX JAaHUX, HEOOXITHI JJIT KOHTPOJIIO POOOTH Ta ONTHMI3aIlii
MEpexXi, MATPUMYE TaKOXK MPOILEAYpPH OE3MEKH, IO 3aCTOCOBYIOTHCS JJII KEPYBaHHS
JIOCTYIIOM JIO Pajio.

[Tpuknan mepexi MOOLTLHOTO 3B’ SI3KY, TOOY10BaHOI Ha 0a3i meaianuio3ie MGW
noKa3aHo Ha puc. 3 [23-25].
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Pucynoxk 3 — Meperxka MoO1JIBHOTO 3B’ 513Ky, OOy 10BaHa Ha 6a31 memianuio3ie MGW

Mepexxa GSM  ckmanmaetscsi 3 reorpadiunux obOmacreid. Lli oGmacti BKIIOYAIOTh
ocepenku, 30HU po3tanryBaHHs LA, 3oHu ob6ciyroByBanns MSC/VLR Tta moOinbHy
Ha3eMHy Mepexy 3arajgbHoro kopuctyBanHs PLMN (Public Land Mobile Network)
[23-25].

Crinbauk (Cell) - obnacTh pamiooXOIUIeHHST OJHOTO HpuiiMada ojHi€el 0a30BOT
cranuii BTS. Mepexxa GSM Bu3Hayae KOXKHY COTY 3a JIOMOMOTOI KOy TJI00aibHOTO
inentudikaropa crimbHuka CGI (Cell Global Identity), Homepa, 1m0 TpU3HAYAETHCS
KO>KHIM COTI.

3ona posramryBanHs LA (Location Area) — 1ie rpymna coT, sika 0OCIyTOBYETHCS
onHUM abo Ounbiie KoHTposiepamu Oa3zoBux cranmiii BSC (Base Station Controller) 1
JIMILIE €MUHUM LIEHTPOM KoMyTallii MoouibHoTO 3B'13ky MSC (Mobile Switching Center).
Koxna 30Ha po3ramryBanas LA Mae ineHTrdikaTop 30HH 3HaXOKeHHs aboHeHTa LAI
(Location Area Identity), sskomy npucBoeHo koj 30HU postanryBanHs LAC (Location
Area Code).

3ona o6ciyroByBanHss MSC/VLR € yactunoro mepexi GSM, sika 00CITyTrOBy€eThCS
onauM MSC 1 3apeectpoBana B VLR manoro MSC.
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Mob6inpHa HazemMHa Mepexka 3aranbHoro kopuctyBanHs PLMN (Public Land
Mobile Network) — me cykymHicte 30H oOciyroByBanus MSC/VLR, mo Hanexath
OJTHOMY OTIepaTopy.

Koxna Mo6inbHa HazeMHa Mepexa PLMN xapaktepusyeTbes:

— MNC (Mobile Network Code) — kom Mepeki MOOLIBHOTO 3B'S3KY, IO
imenTu(dikye Kpainy y rinodanbHiid Mmepexi GSM,

— NCC (Network Color Code) - ko 3oHOBaHOT Mepexi B Mekax oxHiel PLMN,

— NDC (Network Destination Code) — kop ineHTudikariii Mepexi B KpaiHi, 30Ha
HyMepalrlii oreparopa.

HamionansHa Mepexa 3aranbHoro kopuctyBaHHsa National GSM Service Area
NO€HYE MOOUIBHI Ha3eMHI Mepexi 3arajibHoro kopuctyBanHs PLMN opaniel kpaiHu.
Bona xapaktepusyerbcs:

— MCC (Mobile Country Code) - xox kpaiau Ykpaina riobansHoi Mepexi GSM,

— CC (Country Code) - ko xpaiHmu.

PosrisiHemo i1eHTudikaTopu MicIie3HAXO0KEHHS.

LAI (Location Area Ildentity) — imeHTH]iKaTOp JIOKAIBHOT 30HH PO3TAIIyBaHHS
MOO1UIbHOI cTaHIii B Mepeki PLMN (3rigHo 3 piukoro E.212). Bin BUKOpUCTOBYETHCS JJ151
iH(popmyBanHs MSC npo sokanbHy 30HYy LA, B siKiil 3HaXOAUTHCS MOO1IbHA CTaHList MS
Ta 000B'SI3KM pO3TaITyBaHHS MOOLTHHOI cTaHIi. MakcuManbHa KUTBKICTh 3HaKIB — 16.
BukopucroByetscsa LAl y VLR, BSC ta MS.

16 snaku
MCC MNC LAC
3 3uaku 2 3HaKu 5 3nHaku
255 01 X1...X5

MCC (Mobile Country Code) — ko kpainu Ykpaina riodansHoi mepexi GSM,

MNC (Mobile Network Code) — kox Mepexi MOOUILHOTO 3B'SI3KY, IO iCHTU(IKYE
KpaiHy y riobanbHii Mmepexi GSM,

LAC (Location Area Code) — koa 30HH po3TallyBaHHS, MaKCHMajlbHa JOBXHHA
SIKOTO CTAaHOBUTH 16 OIT, 1110 J03BOJIsI€ BU3HAYUTU 65536 pizuux LA BcepenuHi ofHi€q
PLMN.

CGIl (Cell Global Identity) — rnoGanbHuii imeHTH(DIKATOP  CTIIBHUKH
BUKOPUCTOBYETHCS IS 1IeHTU(DIKAIT 1HANBITYyaIbHOI CTUIBHUKU BCEPEIMHI JIOKATBHOT
30HU po3TairyBaHHs LA.

MCC MNC LAC Cl

3 3naxu 2 3HaKu S 3naxis 5 3nakis
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255 01 X1...X5 X1...X5
LAI

s 1inenTudikamis BUKoHyeThes nuaxom aonaBanns napamerpa CI (Cell Identity)
1o LAI kommonenTiB, sikuit mae 16 6it. BukopuctoByetscss CGI BTS.

Inentudikaropu abOHEHTIB.

IMSI (International Mobile Subscriber Identity) — mixkHapoauuii igeHTH(IKATOP
MOO1TLHOTO a0OHEHTA — 1€ YHIKaJIbHUU MDKHApOAHUN KoJ aboHeHTa mepexki PLMN
mepexxi GSM. Inentudikarop IMSI € yHIKaJIbHMM [Jii KOXKHOTO OIeparopa, BiH
HEOOX1THUH JJIs1 CUTHaUTI3allli Ta 11eHThdiKalii aboHeHTa B Mepexi (3riHo 3 pek. E.212).

BukopucroByetbess IMSI 36epiraetscss Ha SIM-kapti HLR 1 06cinyroByrouomy
VLR.

15 3naku
MCC MNC MSIN
3 3naxu 2 3naxu 10 snaxku
255 01-MTC X1...X10

MCC (Mobile Country Code) — xox kpainu Ykpaina riiodansHoi mepexi GSM,

MNC (Mobile Network Code) — kox Mepexi MOOUTBHOTO 3B'SI3KY, IO iAeHTH(DIKYE
Kpainy y riobanbHiit mepexi GSM,

MSIN (Mobile Station Identification Number) - igeHTudikamifiHKiA HOMEp
Mo611bHOI cTanItii (HLR).

Hanpuxman, IMSI 255013230380558

TMSI (Temporary Mobile Subscriber Identity) — tumuacouit IMSI,
MPUCBOIOETHCA MOO1IIBHIN cTanii MS mif yac ii peectpaiii. BiH BUKOPUCTOBY€EThCS 1151
TOro, 100 3aXUCTUTH MOOUIBHOIO a0OHEHTa BiJ  NPOCIyXOBYBaHHA  Ta
HECAHKI[IOHOBAHOTO JIOCTYITY 10 paAioyacTOTHOTO TPAKTYy.

TMSI BUKOPHUCTOBY€ETHCS TUIBKH JJISL JIOKAIBHOTO a0OHYBaHHS (TUIBKU B OJHIN
301 MSC/VLR) 1 3miHtoeThest ipu 3MiH1 po3tamryBanHs Location Update. CtpykTypa
TMSI Bu3HauaeTbCst KOKHUM oriepaTopoM 1 nepesuinye 8 uudp. Ockinbku TMSI mae
BJIBIYl MeHIIUNA po3Mip, HDK IMSI, nelKUHr ogHOMY KaJpl BUKOHYETHCS IS JIBOX
a0OHEHTIB, 10 TAKOX CKOPOUY€E HABAaHTAXKEHHS MPOIIECOP.

MSISDN (Mobile Station ISDN number) — nmomep ISDN MoO0inpHOI crTaHIil,
BH3Haua€e a0OHEHTChKUI HOMep y maHil HyMmepatii PLMN (3rigHo 3 piukoro E.164).

BuxopucroByerscst MSISDN y HLR Ta MS.

12 3naxie
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CC NDC SN
3 3naxis 2 3HaKi6 1 3HaKI8
380 50 X1...X7

CC (Country Code) — xox kpainu, 110 Bkasye Ha kpainy PLMN, 1e 3apeectpoBaHa
MOOLJIbHA CTaHIIisA,

NDC (Network Destination Code) — kox igenTHdikaliii Mepexi B KpaiHi, 30Ha
HyMepallii orepaTopa,

SN (Subscriber Number) — Homep M0OLIBHOT CTAHIIII.

Koxna Mepexa MooO1s1bHOTO 3B's13Ky Mae Kijbka NDC, nHomep MSISDN mosxe maTu
3MIHHY JOBXUHY 110 15 3HakiB +(380) HE BKIIIOUAETHCA.

IMEI (International Mobile Equipment Identity) — mi>kxaapoaamii ineHTH(IKATOP
oOnaHaHHs MOOUIBHOI CTaHUIi, 1IEHTU(PIKATOP BHUKOPUCTOBYETHCS Y MpOLEAYypax
Oe3reKku 3B'I3Ky A 1/IeHTU(]iKallii HeaBTOPU30BAHOTO JJOCTYITY.

BukopucroByetscsa IMEI AUC.

15 3naxie
TAC FAC SNR SPA
6 3HaKi6 2 3HaKu 6 snaxie 1 3nax

TAC (Type Approval Code) - koj 3aTBepIKEHOTO THITOBOTO 3pa3Ka,

FAC (Final Assembly Code) — xoa BupoOy, mpucBoroe BupoOHmk, 10,70 —
Oinnsaais, 80 — Kuraii, 19,40 — BenukoOpuranis, 30 — Kopest, 67 — CIIA.

SNR (Serial Number) — imauBimyanbHHl cepidiHUN HOMEp, IO 1IEHTU(IKYE
MOBHICTIO BCe 0OmamHanHs 3 ypaxyBanHsaMm koziB TAC ta FAC,

SPA (SPAre) — BigpHI 1UdpH, SIKI 3ape3epBOBaHI IS MalOyTHHOTO
BukopucrtanHsa. Komu neit inentudikarop nepenaersesi B MS, 3HaueHHs koay Mae OyTu
3aBxau 0.

MSRN (Mobile Station Roaming Number) — tumuacoBuii HOMEp MOOLIBHOT
CTaHIlii B pOyMiHTy (3rifHo 3 piukoro E.164).

BukopucroByetscs MSRN y VLR.

12 3naxie
CC NDC SN*
3 3Haku 2 3HaKu 1 3naxis

380 50 X1...X7
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CC (Country Code) - kox kpainu, mo Bkaszye Ha kpainy PLMN, ne 3apeectpoBana
MOO1JIbHA CTaHIIIA,

NDC (Network Destination Code) — xox izeHTudikaIii Mepexi B KpaiHi, 30Ha
HyMepailii oreparopa,

SN* (Subscriber Number) — anpeca oocnyrosyrouoro MSC/VLR.

ICCID - mixxnapoauuii inentudikarop SIM-kapTku, inentudikamis SIM-kapTku,
T00TO. (PI3MYHUI HOMED KApTKU (TUITY CEPIAHOTO 3aBOJICBKOTO HOMEpa) SIKHi MICTUTD
19 mudp (BignosigHo xo ITU-T E.118).

ICCID = 89-380-01-390105066507

89 - macTukoBa KapTa JiIs TenekomyHikariii, 380 - Ykpaina (ITU-T E.164), 01 -
Mepexa orepaTtopa, 39 — perios.
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Tema 3. Mepe:xi MoGitbHOT0 3B’513Ky TpeThoro nmokoJinust (3G) UMTS r1a 4G/LTE
(LTE-A, LTE-Pro).

OcHoBHMMHE eTaramMu po3BUTKY Mepexx LTE-Advanced (Release 10-12), LTE-
Advanced Pro (Release 13-14) nns omeparopiB - e 3a0e31edeHHs] BUCOKOI MPOMYCKHOT
CIIPOMOIKHOCTI 1 3HHKECHHS BUTPAT Ha IOCTaBKY KOHTEHTY 10 aboHeHTa [21-22].

3okpema, 3actocyBanHs TexHousorii LTE-Advanced Pro mo3BoiuTh iCTOTHO
M1JBUIIUTYU MPOMYCKHY CIIPOMOKHICTh Mepexi 10 1 I'611/c B koHdiryparii anter MIMO
(Multiple Input Multiple Output) 4x4/8x8 mo abOHEHTa 1 € OCHOBHHM HAIPSMKOM
PO3BUTKY Mepek MOOUIBHOTO orepaTopa [3-6].

Texuonorii LTE Advanced 1 LTE Advanced Pro 103B0oisTE 30 UIBIIMTH MIBUIKOCTI
B Mepexax 4G no gekutbkox ['0iT/c, mepir 3a Bce 3a paxyHOK arperaiii Hecy4ux,

TEXHIYHI XapaKTEPUCTHUKH OCHOBHHUX peliziB TexHonorii LTE naBeneni B Tadum. 1 [22].

Tabnums 1 — TexHiUHI XapaKTEepUCTHKH OCHOBHUX pedi3iB TexHoorii LTE [22]

, LTE-Advanced LTE-Advanced Pro
Peni3 rexHoorii LTE (4G) Rel. 8-9
(4G) Rel. 10-12 (4.5G), Rel. 13-14
[TpunHIUI FDD, TDD, FDD, TDD, FDD, TDD,
PO3MOJILTY KaHaJIB OFDMA OFDMA OFDMA
11 I ,
PIATICTD ARHIE 150 300 1000
Moit/c
11
VIPHa CMyTH 20 Ta 40 100, 160 640

gacTtoT, MI 11
Yac 3aTpuMKH, MC 50 20 10
Bux momymsii 16 QAM 16 a6o 64 QAM 64 a6o 256 QAM
Tun MIMO anren MIMO 4x4 MIMO 4x4, 8x8 MIMO 8x8
Kinpkicts
arperyrounx - 5 32
HECYYHX
Kareropis

, . cat. 3,4 cat. 6,9, 10 cat. 11,12,16,18
MOOUIBHOI CTaHIT

Texunomnoriss LTE Advanced Pro, sika mpuBHOCUTH CTaHAApTHU30BaH1 TEXHOJOTI]
LPWA (Low Power Wide Area) ta LTE Cat-M1 mis aganranii mepexi IntepHery peueit
0T (Internet of Things).



24

Acomiamiss GSA (Global mobile Suppliers Association) mpencraBuia 4eproBuii
3BIT 1100 PO3BUTKY cBITOBOTO puHKYy 4G/LTE-Advanced, 3rigHo sikoro 865 oneparopin
B CBITI po3BuBaroTh Mepexi LTE-Advanced, nporaozom GSA B 2025 porri o4iKyeThCsI
o1 1000 3amymeHux koMmepiiiiaux Mmepek ctanaapty LTE-Advanced.

Takoxx akTUBHO PO3BUBAIOTHCSA TexHoJOTii [HTepHeTy peueit 10T, a KimbKicTb
nigkimtoueHb [0T Oyme poctr 10 5 M. TAKITIOYEHB.

3rigHo Ericson Mobility Report, B 2025 porti maitxe 52% minkmtouens [oT OyayTs
BuKopucToByBaTH TexHoJsorito NB-IoT ta Cat-M LTE [1]. BnpoBamkeHHs: TeXHOJIOTT
LTE-Advanced (Release 10-12) ta LTE-Advanced Pro (Release 13-14) no3BoiuTh
3abe3neuntH [3-6]:

1. Bucoky mBuakicTe mnepenmaui ganux gias LTE-Advanced B BucximHOMy
HanpsaMky a0 300 Mo6it/c, LTE-Advanced Pro o 1 I'6it/c, a B HU3BCX1AHOMY HaIpsIMKY
— 1o 500 Moit/c.

2. Cwmyra yacror mis LTE-Advanced cranoButs g0 100 MI'm, a mns LTE-
Advanced Pro go 640 MI'1.

3. Bukopucranns arperaiii 10 5 Hecyuux B LTE-Advanced, ta 10 32 nHecyunx B
LTE-Advanced Pro.

4. Tligtpumka nis LTE-Advanced momymsiii QPSK, 16 QAM Ta 64 QAM, nis
LTE-Advanced Pro monymsmii 64 QAM y Hu3BCXiTHOMY HampsiMKy Ta 256QAM vy
BHUCX1THOMY.

5. Bukopucranns B pagiointepdeiici LTE-Advanced MIMO-anTen kondirypariii
4x4 B BUCXITHOMY HanpsiMKy Ta 8X8 B HU3XiIHOMY, a B pamioinrepdeiici LTE-Advanced
Pro anten MIMO kondiryparrii 8x8.

6. CnekrpanpHa edextuBHICTh LTE-Advanced cTaHOBUTH B HHM3BCXITHOMY
HarnpsaMKy (B koHpiryparii anted 8x8) Ha piBHi 30 61T/I'11, a B BUCXiAHOMY HanpsMKY (B
koH(piryparii anteH 4x4) Ha piHi 15 6i1/I'.

7. Ilintpumka kareropii cmaptdoniB UE (User Equipment) kareropii 6,9, 10 mus
LTE-Advanced ta UE cat. 11,12,16,18 nna LTE-Advanced Pro.

8. Uac 3arpumku jisi mepexi LTE-Advanced cranoButh Ouis 10 mc, a s
texHosorii LTE-Advanced Pro — 2 mc.

Takum 4rHOM MOYKHA 3pOOMTH BHCHOBOK IpO Te, 1110 TexHosorii LTE-Advanced
ta LTE-Advanced Pro MaroTh pO3BHTOK B CBITi Ta BIPOBAKCHHSA B YKpaiHi 3aBISIKH
BJIOCKOHAJICHIM XapaKTEPUCTHUKAM MEPEXi, TAKUMU SIK HAJaHHS 3HAYHOI MPOITYyCKHOT
CIIPOMOJKHOCTI, 3a0€3MeYeHHI0 MIHIMAJIBHOTO Yacy 3aTPUMKHU JIaHMX Ta 1HII, a TaKOX

BuKopucToByrour TexHojorii LTE-Advanced ta LTE-Advanced Pro mis mepex
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MOOITFHOTO 3B 513Ky OIEpaTopiB 3 ABIAIOTHCS HOB1 TexHONOTIi [HTepHeT peueit [oT, ski
ICTOTHO PO3BMBAIOTh HOMEHKJIATYPY Ha/IaBAEMUX BUCOKOIIBUIKICHUX TTOCIYT.

Apxitekrypa mepexi LTE-Advanced mokazana Ha puc. 4. bazoBa craHmis e-
NodeB BrkoHy€e pO3MOIiI MaKETHOrO HaBaHTaKEHHS Ta MOOLILHICTh a0oHeHTa. Mepeka
E-UTRAN mae MOXIMBOCTI 3’€IHAaHHS MK 0Oa30BUMH CTaHIIISIMH 32 JOIOMOTOO
BUKOpUCTaHHSA iHTep(eiicy X2 [6].

Jl1is 06ciTyroByBaHHs aKeTHUX MOTOKIB aHuX B Mepexi E-UTRAN Bukopucrano
naketHa mepexa EPC, sika Hajae 00CIyroByBaHHS Ta KOMYTAIlIIO 3 1HTEICKTyaIbHUMHU
MokuBocTsMH. Mepexxa LTE-Advanced 300paxena Ha puc. 4 [21-22].

Xa— -
IMS WMAN

-G (IEEE 80216
Gxa— CDMA2000
-~ ZbCRF RX=-PDN (IMS) A\ SIP/RTP— 90 VOIP /INCsIGTRAN/SS7-
,”/O\ vl \‘\RX/GX»\‘ -~ Mg -~
STa ~WMAN gEEE,éoz.yBx), X

STa— CDMA2000,” 71 \\ AN /
47/; g

— — + —0o SoftSwitch

/ / Y

UE QU UTRAN

UE@ Uu
NodeB ~up.
WCDMA RNG

UER U W

VER—#
NodeB
WCDMA

LTE/SAE

SGSN GGSN GMsC

Pucynok 4 — Mepexa LTE-Advanced

Texnonoriss LTE-Advanced 6a3yeTbcst Ha TphOX OCHOBHHX TEXHOJIOTISIX, KOTpI
CTOCYIOThCS pajioiHTepdeicy: MyIbTUILUIEKCYBAHHS 3a JIOMOMOI'OK) OPTOTOHAJIBHUX
Hecyuux OFDM ta OGararoantenHux cucteM MIMO, 1 eBOJIOIINHOI CUCTEMHOI
apxitextypu EPC.

OCHOBHOIO TEXHOJIOTIEI0 aHTEHHUX CUCTEM paaoinTepdeiicy € rexnonorist MIMO-

aHTeH, sKa J03BOJIsiE€ TepenaBaTd JaHl 3a nomoMoror N aHTeH 1 3a0e3meuyBaTH iX
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npuiiManass M antenamu. Y TtexHozorii LTE-Advanced mepembadeHo nBa MeToau
OaraToaHTeHHOI Mepeadi: po3HeceHa transmit diversity 1 6araTornoroysa (3 monepeaHiM
KOJYBaHHSIM, YaCTKOBHM BHITaIKOM SIKOTO € (hOpMyBaHHS BY3bKOro pamioxsuimi [21].

[Tpu GaraTonoTouHiM epeaadi Jjisi 0JHOUYACHOTO TIEPECUIIaHHS JICKIJIBKOX MOTOKIB
JAHUX TI0 TOMY CaMOMy pajioKaHajdy BUKOPHCTOBYIOTH NEKiJIbKa IepeaaBaabHUX 1
MPUHOMHMX aHTEH, 1110 3HAYHO IMiIBUIIYE MAaKCUMAJIbHY IIBUAKICT MTepeaadi JaHuX.

Texuiuni xapakrtepuctuku Mepexi LTE-Advanced 3aGe3neueni mgBoma
nokymeHtamu 3GPP:

— TR 36.101 nns obnagHaHHS KOPUCTYBaua,

— TR 36.104 misa obnagnanus 6a3oBoi crauiii e-NodeB [22].

BrpoBamkennss Texnosorii LTE-Advanced 3aBkiau BUKOHYETBCS METOJOM
HaKJIaJIaHHI Ha ICHYI04y Mepexy MoOiitpHoro oreparopa GSM/GPRS/EDGE/UMTS.
Mepexxa GSM/GPRS/EDGE/UMTS Brittouae B cebe HACTYIHI 00’ €KTH.

Icayroui  6aszoBi cranmii BTS (Base Transceiver Station) wmepexi
GSM/GPRS/EDGE BuKOHYIOTH 3’€IHaHHS MK NpUCTpoeM KopucTyBaua UE 3a
nornoMororo iHTepdericy Um, mis nepegaBaHHsa JaHuX 0a30Ba CTaHIlIS BUKOPUCTOBYE
koneku CCU st MoxkiMBOi nepenadi iHGopmariii y BUTIsl MakeTiB mo TexHouorii FR
(Frame Relay). [20].

Kontponepn 0a3oBux cranmiii BSC (Base Station Controller) wmepexi
GSM/GPRS/EDGE BukopucroBytots kouTposiep makerieB PCU (Packet Control Unit),
KM KOHIIEHTPYE MaKeTHI maHi, 10 Haaxoaarh Bix ycix BTS/CCU. Bsaemomis mix
0azoBumu craniissimu BTS ta xontposnepom BSC BukopuctoBye — AbIS, came 1eit
iHTepdeic Hazae MOXJIMBICTH Tepenayl iHdopmalli KOpUCTyBaya Ta CHUTHAIBHOI
iHpopmarii B3aemoii [20].

Lentp xkomyrariii MSC (Mobile Switching Center), sikuii Bkitouae B cebe 0azy
BisuTHUX aboHeHTiB VLR (Visitor Location Register).

MSC 3abe3rneuye BCTaHOBJICHHS 3 €AHAHb 1 HaJaHHSA PI3HUX BUAIB IMOCIYT.
3’ennanns mixk MSC/VLR ta BSC BinOyBaeThes 3a qomomororo intepdeiicy A [20].

[Imo30Buii rietp komytanii GMSC (Gateway MSC) 3abe3neuye B3aeMoito i3
3oBHimHIME Mepexkamu PLMN. GMSC € nutto30BuM 110 3’€THaHHS 3 THITUMHU MEpeXaMu
PSTN (Public Switched Telephone Network). Intepdeiic 3’ennanns GMSC 3 MSC/VLR
— E [20-21].

Cepsicuuii By30j1 miaTpuMku naketHoli ciayxou GPRS (Serving GPRS Support
Node, SGSN) - nie nakeTHmii Komytatop TexHosorii ATM, 110 BUKOHY€ MTepeTBOPEHHS
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kanpiB 3 GSM-dopmary y TCP/IP. B3aemonist mixxk cepBicHumu By3namu SGSN Ta
kouTposiepom BSC BukoHyeThes 3a qomomororo intepdericy Gy [20].

Perictp imentudikamii oomagnanns EIR (Equipment ldentification Register).
B3aemois 3 Byznom SGSN BigOyBaeThes 3a moroMororo intepdeticy Gf, skuit qo3Boiise
NEPEBIPATH JIETITUMHICTh BHUKOPUCTAaHHS MOOUTHHOTO TepMiHaTy abOHEHTa MO HOro
IMEI-komy 3a 3anmutamu 10 6a3ax manux EIR.

CepBep aOonentiB BiacHoi wmepexi HSS (Home Subscriber  Server)
MIJKITI0YAETHCA 70 TAKETHOI OMOPHOI Mepeki uepe3 iHTepdeiic, saxuii 0azyeTbcs Ha
nportokoai Diameter, 1110 103BOJIsi€ CTBOPUTH YHI(IKOBAHUM 3B’ SI30K MIJISTXOM B3a€MOJIIT
3 SGSN inTepdeiicom Gr ta mogynem mobiTbHOCTI MME Ta S-GW —inTepdeiicom S6a
[4].

Mepexa E-UTRAN moOynoBana Ha 6a3oBux craniisx e-NodeB, xoxxna 6a3oBa
CTaHI[is 3’ €HY€EThCs 3 00JaHAHHAM KOpPUCTYyBaya 3a aonomororo inrepgericy UU-LTE,
Mk coboro e-NodeB BzaemomitoTs iHTepdeiicom X2, a it ¢izumyHOoi B3aemMojii 3
obnagHanHaM Mepexi EPC BukopucToByethes inTepdeiic S1 [3].

bazosi craniii e-NodeB BuKkOHYIOTh HACTYIHI (QYHKITIT:

— Ha/IaHHA pajiioKaHaly Ta IXHIA AMHaMidHuH po3noaia Scheduling;
— 00poOky IT-3arosioBKiB Ta MKU(PYyBaHHS TaHUX;
— (yHKIIIT MapuIpyTU3alli, ynpaBiiHHSI MOOITBHICTIO Ta JUCTIETYCPU3AITIIO TTAKETIB.

Monyns mobinbHOCTI MME 3a6e3neuye ¢ynkiii curnamizamii # Oe3mnekw,
NIATPUMKY MOOUTbHOCTI Ta BUOOpy Mepexi PDN. Bin Biamosinae xeHaoBep Ta BHOIp
o3y SGSN o mepex 2G/3G Tta mepex poctyny. B ¢ynkuii MME Bxomuth
NIATPUMKA POYMIHTY, aBTeHTU]IKaLlli Ta KepyBaHHs QyHKUIsIMU. B3aemonist 3 IHIIMMU
moxayisimu MME BukonyeTbest 3a tornomoroto intepdeiicy S10, a 31 cepBiCHUM IMUTIO30M
S-GW 3a nomomoroto intepdericy S11.

o3 obcmyroByBanHs Tpadiky S-GW Hamae oOpoOKy Ta MapuipyTH3aIliio
nakeTHux nanux B Mepexi E-UTRAN, BiH 3a0e3medye KepyBaHHS MOOUIBHICTIO,
xeHpoBep Mixk e-NodeB Ta B3aemMo1ito0 3 IHIITUMH MEpEKaMH.

o ¢ynxkmiit S-GW BigHOCUTHCS:

— MICIIE3HAXO/[XKEHHSI KOPUCTYBayda MPH XCHI0BEPI;

— 1HIIai3aIlis MpoLeypH 3aUTy MOCIYTu Ta Oydepusarlis makeTis,;

— MapuIpyTH3allisl TaHUX;

— yHOpaBIiHHS MOJTITUKOI0, Tapudikariero ta oumiarom PCRF.

[IInr03 makeTHoro oociyropyBanHs P-GW 3a0e3neuye QpyHkIiii o0cayroByBaHHs

MMaKCTHUX JaHUX.
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o dynkmin P-GW BigHOocsaThes dyHKITT [22]:

— ¢inapTpallii MakeTiB;

— posnoainenus [P-anpec st KOpUCTyBayiB;

— MapKyBaHHsI MMaKeTiB Ta TapuQiKallii MoCIiyT.

Cepgep nomaiHix aboHeHTIB HSS Bukonye QyHKINII 0a3u 1aHuX 111 30epiraHHs:

— aboHeHTChKHX ineHTH(ikaTopiB oOmamnands IMEI ( International Mobile
Equipment Identity), moGinsHOTO ineHTH(IKaTOpa aboHeHTa IMSI (International Mobile
Subscriber Identity), abonentchkoro Homepa MobiTsHOro adoneara MSISDN (Mobile
Subscriber Integrated Services Digital Number); manux Oe3neku: ayreHTH]iKaIii Ta
aBTOpH3AIlii; MiCIIe3HaXOKEHHs abOHEeHTa; Tpodiias aOOHEHTA.

[linTpMKa XapakTEPUCTHK SKOCTI TpadiKy B Mepexi MOOUIBHOIO omeparopa Ha
0a3i texuoisorii LTE-Advanced € pocraTHbO BaXJIMBOIO 3 TOYKH HAJAHHSA
BHCOKOIIIBUKICHUX TOCIYT, MOCIYT PEaTbHOTO Yacy Ta BiJ€O-TTOCIYT.

B mepexi LTE-Advanced 3abe3mnedenns sikocti 00ciyropyBanus QoS 3yMOBJICHO
HEOOXITHICTIO MIATPUMKH PI3HUX XapaKTEPUCTHUK SKOCTI JIJIsl HAJAAHHS PI3HUX MOCTYT Ta
(byHKIIIOHYBaHHS JT0aTKiB [22].

[Toroxu EPS-tpadiky (Evolved Packet Service) 3a0e3nedyrors 00CIyroByBaHHs
pI3HUX TMOCHYT, 0 SKUX BimHeceHi mociyru [13]: BimeocTpMUHr B pealibHOMY dYaci,
MOTOKOBE Bi/1€0 3 Oydepu3aliero, MOBa Ta BiIEO B pealbHOMY 4acl, IHTEPAKTUBHI irpu
Ta J0AaTKy, Irpu B peadbHOMY 4aci, mociayru Ha 6a3i TCP/IP Ta mae pi3Hi BUMOTH 0
XapaKTEePUCTHK sKOCTI QO0S, skl HaBeAeH1 B Ta0I. 2.

Oo0cayrosyBanHs moTokiB EPS-tpadiky B wmepexi LTE-Advanced s3rigno
texHiyHoro 3BiTty TR 23.401, BUKOHY€ETHCA 3a JOMOMOTOIO CIIEHIaIbHO 3a0€3MeUYeHOr0
KaHally, sSIKU Ha/Ia€ThCA 32 3aMOBUYBaHHSIM 0e3 rapantoBaHoi mBuakocti Non-GBR Ta
crieniajabHO 3a0€3MeYeHOr0 KaHay 3 rapanTtoBaHoro mBHakicTio GBR [20-23].

3’ennanns B Mepexi LTE-Advanced nokaszano Ha puc. 5. Texniunwuii 38iT 3GPP
TR23.401 [4] wHamae HacTymHi XapakTepucTMkd QoS I 3aJaHMX  KJaciB
oOcnyroByBanHsa QOS, KOXKHOMY 3 SKHX BIANOBIZAE CBiM 1ACHTH(IKATOP KiIacy
oocnyropyBanus QCI (QoS Class Identifier), o HaBeneni B a0, 2.
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Tabnuus 2 — 3Hauenns xapakrepuctuk QoS mepexi LTE-Advanced 3rigao TR23.401

[7]
Kac [Ipiopu y
TET HmoBipH

HK(.)C [ToTik | obcmyr Satpunia, 1CTh Bua mocinyru

Ti MC
OBYBaH BTpaT

QCI -
1 GBR 2 100 102 IP-BuKIMKY B peaqbHOMY yaci
2 4 150 103 BiieoBUKINKY B peaJbHOMY Yaci
3 3 50 [rpu B peasibHOMY 4aci
4 5 300 IToTokoBe Bizieo 3 Oydepusariero
5 Non- 1 100 10 IMS-curnannsaris
6 GBR 6 300 Bineo 3 Oydepusartieto, mociayra Ha

6a31 TCP/IP

7 7 100 103 Moga, Bifieo, IHTE€paKTUBHI iIrpU
8 300 10 Bineo 3 Oydepusaitieto, mociayru Ha
9 9 300 6a31 TCP/IP

Bzaemonis B mepexi LTE-Advanced i3 3a0e3neueHHSIM SKOCTI 00CITyrOBYBaHHS
QoS 3rizno 3GPP TR23.401 noka3zaHo Ha puc. .

eNodeB-n
eNodeB QoS

QCI, ARP, GBR/MBR

EPS Bearer QoS: GBR or Non-GBR @
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Pucynok 5 — Bzaemonist B Mepesxxi LTE-Advanced i3 3a0e3neueHHsIM SKOCTI

oOciyroByBanHs QoS
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Tema 4. IlepcnexTuBHi Mepe:xki 5SG. ApxiTekTypa Mepe:ki MOOIIbHOTO 3B’ SI3Ky Ha
6a3i 5G/NR

Oco0nuBicTh apxiTekTypu Mepexi 5G monsirae B ToMy, OyayeTbcsi Ha 0asl
BUKJIIOYHO IMPOTPAMHUX PIIIEHb, 30KpeMa, MporpamMHo-KoH(pirypyemux mepex SDN
(Software Defined Network), a Takox 3 BuKopucTaHHsIM GYHKIIIH BipTyamizalii Mepexi
NFV (Network Function Virtualization). ApxiTekTypa Mepexi MOOITLHOTO 3B’SI3Ky Ha
0a3i 5G/NR noka3ana Ha puc. 6 [7-9].

EPC P ccon |

gNB

E-UTRAN 5G-RAN

Pucynok 6 — V3araipHeHa apxitektypa mepexi 5SG/NR

Apxitektypa Mepexi 595G 0a3yeTbcs BHUKIIOYHO Ha Peai30BaHUX MEPEHKHUX
¢ynkuisx Bipryamizamii  VNF  (Virtual Network Function), saxi 3a0e3neuyroTh
BipTyasizallito OUIBIIOCTI MPOLIECIB B MEpexki, 3a0€3MeUy0UH MporpamMy peaizaifiio Ha
OCHOBHOMY (hi3uuHOMY 00Js1aiHaHHs OubiiocTi GyHkuit NFV Ha 6a31 o6nagHanHs gara-
neHTpiB 00pooku nanunx 1{O/], BukopucroByroun obnagHanus COTS (Commercial Off
The Shelf). O6nagnanus COTS Britouae JuIIe TP BUAM CTaHAAPTHUX 00 €KTIB —
cepBepiB, KOMYTAaTOPIiB i CUCTeMH 30epiranHs ganux [7-9].

ApXITEeKTypa pOo3MOoAUICHOI Mepexi paioaocTymy Mmepexi 5G Ha 0a3i TeXHOJOT1i
NR - D-RAN (Distributed RAN) 0a3yerbcss Ha Mepexi pamiomoctymy C-RAN
(Centralized RAN), sika € 0CHOBOIO Mepexi ueTBepTOro mokoaiHHs 4G.

OyHk1ii onopHoi Mepexi 5G Ha 6a31 TexHousorii NR peanizoBaHo B LIEHTpaibHIN
xmapi mepexi pamiogoctymy - Central Cloud (Cloud RAN), ska rpyHTyeTbCs Ha
MHOXHHI BipTyanpaux mamud VM (Virtual Machine). B sikocTi XMapHHX TEXHOJIOTI#

mepexka 5G BuxopuctoBye xmapu Edge Cloud nHa 0a3i TexHonorii MOOIIBHUX XMap -
MEC (Mobile Edge Cloud) [7-9].



31

Bipryanizamiss mepexxi Ha 6a31 Mepexxnux Qyskuii NFV ans mporpamuo-
KoH(pirypoBaHoi mepexi SDN no3Bosisie 3a0e3medyuTH JIOTIYHY MEpEeXHY Hapi3Ky
Network Slicing.

Texnonoris Network Slicing no3Bosisie Ha 0a31 €IMHUX MEPEKHUX PECYPCiB
BUKOHYBATH JIOTTYHUHN MO MEPEX M PI3HUX THUIMIB ocayr SG, SskuM moTpiOHI pi3Hi
texHosorii  pamiomoctymy RAT (Radio Access Technology), 3 pizauMEU
XapaKTepUCTHKAMU CepeIOBHII repeaadi nanux. Lle, Hanpukiam, nociayru [7]: mocmyru
Bizeo UHD, rosocoBi mociyru peanbHoro dacy (5G Voice), nocnyru IHTepHeT peueii
Massive 10T, I nmocinyru InTepHeT pedeii i BiAMOBIAAIbHUX J01aTKIB [7].

ApxiTekTypa 0a3oBux craniiii gNB wMepexi MmoOimpHOro 3B'si3ky 5G/NR,
npornonoBana 3GPP, € momanpmm po3BUTKOM 11€0J10T1i pO3MOIiIIeHNX 0a30BUX CTaHITII
1 Cloud BBU.

bazosa cranmis gNB Bkitouae nentpansauii Moayins gNB-CU (gNB Central Unit)
i ommH abo kimbka posnoaiieHux wmoxyiaiB gNB-DUs (gNB Distributed Unit).
Pexomenpariist TR 38.801 V14.0.0 Bu3Ha4yae BCiM MOKIIMBHUX OMITiH MOALTY (DYHKITIH MIXK
CU Ta DU. Ilpu npomy omiis § BIANOBIAAE KIacCH4YHIM (ICHYIOU1H) cXxemi MOOYI0BU
PO3IO1IeHOT 0a30BOi CTAHIIII.

Pexomennmanist 3GPP TS 38.401 V15.0.0 Bu3Hauae apxiTekTypy ooy 1081 0a30B0i
ctanuii gNB, 3acHoBaHy Ha ApyTiil onuii moAuTy QyHKIIH.

VY 1mpoMy BHITaJIKy MOJIYJIb KOHTporo pamiopecypciB RRC Ta intepdetic PDCP
peani3ytoTbes B neHTpasibHoMy monyii gNB-CU, a pisenr RLC, MAC Ta ¢izuunuii
piBeHb — y posnoauvienomy gNB-DU. B3aemonis mixx momaynem gNB-CU ta momxynem
gNB-DU s3niiicuroBatumMeTtbest 3a iHTepdeiicom F1. [lpuknan peamizarii mokazaHo Ha
puc. 6 [7].

3GPP BusHauvae Taki intepdeiicu gNB (puc. 6) [7-9]:

— N2 — inTepdetic piBust ynpasninasg Mixk gNB Ta Mogysem ynpaBiiHHS T1OCTYIIOM
Ta MOOUITBHICTIO siipa Mepexi AMF, € pozsutkom iHTepdeiicy S1-C mepex 4G-LTE.

— N3 — inrepdeiic piBHa Tpadiky kopuctyBada Mixk gNB 1 momynem mepemaudi
Tpadiky kopuctyBaua siapa mepexi UPF, € po3sutkom inTepdeiicy S1-U mepex 4G-
LTE.

— Xn — inTepderic Mixk 6a3oBuMHU cTaHiissMu gNB.

— X2 — inrepderic mixk gNB Ta eNB mepexi LTE.
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Pucynox 6 — Peamizaris C-RAN ta D-RAN

HaiiOinib111 3aTpeOyBaHa onepaTopamu 3B'S3Ky cTparteris po3roptanis SG mMadbyTh
MoJIATaTUME Yy TPUBAJIOMY CIIUJIBHOMY 1CHYBaHHI MEpPEX YE€TBEPTOro MOKOJIIHHS Ha 0a3l
texunosorii  LTE-Advanced 1 LTE-Advanced Pro IpU  MaKCUMaJIbHOMY
MEePEBUKOPUCTAHHI 1H(PPACTPYKTYpH, BY3JIB Ta MEPEKEBUX EJIEMEHTIB. 3 METOI0
peamizauii 1miei crparerii 3GPP 3ampomnoHyBaB KiIbka MOXJIMBUX —CIIE€HapiiB
BrpoBapKkeHHs Mepexk SG/NR, siki posnoniieHi Ha 1Bi rpymu [7-9]:

— Standalone (SA) — 1o nepeabavyaroTh BUKOPUCTAHHS JIMIIE OHIET TEXHOJIOT1T
pamiogoctyny LTE-Advanced i LTE-Advanced Pro a6o NR — New Radio;

— Non-Standalone (NSA) — Bukopucranns LTE-Advanced i LTE-Advanced Pro
1 NR, 1o criporrye posropransst mepex SG Ha MOYaTKOBOMY €Tarli.

Cuenapiii  Non-Standalone BnpoBamxents mepexi 5G nepenbadae po3BUHEHHS
0azoBux cranimiii e-NodeB icuyrouoi mepexi 4G texnosorii LTE mo piBas LTE-
Advanced mis moxkimuBocTeit B3aemoii 3 gNB mepexi 5G/NR BianosigHo g0 Rel. 15.

Jliis peanizarii cuenapito Non-Standalone, BaximBuM € peaizaiiis MOKIHBOCTEH
nojiiHoro mikmoyeHHs Dual Connectivity y Biamosignocrti 10 Rel. 12, konu npuctpiit
kopuctyBaua UE B ctani RRC_CONNECTED mae 3Mory 01HO9aCHOT B3a€EMOIi1 3 TBOMA
0azoumu craniismu Master e-NodeB ta Secondary e-NodeB.

B upoMmy BuUIanKy, Ha BIAMIHHICTH BIJ arperamii 4acToT, BiJOyBa€ThCs
IKIFOYCHHS 70 IBOX Pi3HUX 0a30BuX cTaHIii e-NodeB, nos's3anux 3a 10momMorow X2
iHTepdeicy, sSKi 3HAXOIAThCS Ha Pi3HUX calTax. [Ipm 1bOMY MOXKIIMBI JIB1 CXEMU

peasizartii:



33

— split bearer — y wiii cxemi Ha PDCP piBHi noTik nanux (user plane)
BIPTyaJIbHOTO KaHATy PO3MICTUTIOETHCS Ha JIBA ITiIOTOKY B Hanpsimky Master e-NodeB
ta Secondary e-NodeB BiamoBigHO;

— switch bearer — B miit cxemi notik ganux User plane moske OyTu BUKOHaHA
KomyTarlis B HanpsiMky Master e-NodeB, a6o B Hanpsimky Secondary e-NodeB (6e3
arperartii).

PosrnsitHemo cruienapiii (Option 4), sikuii mepenbadae BUKOPUCTAHHS SApa MEPEKi
5G (NGCN). Ilpu npomy npuctpiii kopuctyBaua UE Mae mojBiiiHe MIAKIIOYEHHS 10
nBOX Mepex pamiogoctyny SG/NR ta E-UTRA/LTE-Advanced.

Peanizaliiss crueHapio MOABIHHOrO MmigKIOYeHHS (option 4) 1m0 ABOX Mepex
pamionoctymy SG/NR ta E-UTRA/LTE-Advanced [10] moka3ana Ha puc. 7.

NG-U NG-U
MCG split bearer MCG bearer
N 4 N\
) 4 ) 4
X
'l' = PDCP-Cys | | PDCP-Upg
RLC e RLCyr RLCnr
MACLTE MACNR
PHY ¢ PHYnr
SgNB (LTE) L MeNB (NR) )
~ @/
User Plane (UP)
------- Control Plane (CP) User Plane

Pucynox 7 — Ioagiitae miaxmoueHHs (option 4) mo aBox Mepex paaiogoctymy SG/NR
ta E-UTRA/LTE-Advanced

Curnansuuii tpadix (Control Plane — CP) B Ttakiii mepexi oOpoOisieThcs
BUKII0UHO Ha gNB, a Toukoro posmieruienHs Tpadiky kopucrysada (User Plane - UP split
bearer) € 6a3oBa cranmisi gNb. KopucryBanpHuilbkuii Tpadik mepeaacTbes 3a JBoMa
mapiipyramu: NGCN-gNB-UE i NGCN-gNB- e-NodeB - UE. Iutepdeiic Xx
BHUKOPUCTOBYEThCS s miepeHecenHs: tpadiky Control Plane ta LTE-Advanced User
Plane.


https://itechinfo.ru/sites/default/files/5gnr/pic-10.png
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PosrnsitHemo cuenapiii (option 4a), sikuii nepegdayae BUKOPUCTAHHS sIIpa MEPexKi
5G (NGCN). Tepminan kopuctyBaya UE wmae moaBifiHe MiAKIIOYEHHS 10 MEpExKi
panionoctyny SG/NR ta E-UTRA/LTE-Advanced.

Curnansuuit Tpadik (Control Plane — CP) 006po6iisieTbesi BUKIIIOUHO Ha 0a30Biid
cranmii gNB. Toukoro po3merienns kopuctyBada Tpadiky (User Plane - UP split bearer)
e NGCN.

KopucryBanpuunbkuii  Tpadix mnepenaerbcss aBoma Mapripytamu: NGCN-
gNb- UE i NGCN- eNb- UE. Intepdeiic XX BHKOPHCTOBYETHCS JUIS TEPEHECCHHS
tpadiky sumie Control Plane [7].

Peamizamist cuenapiro (option 4a) moABIMHOTO MiAKIIOYCHHS 0 JIBOX MEPEkK
panionoctyny SG/NR ta E-UTRA/LTE-Advanced nokaszana Ha puc. 8.

NG-U NG-U
SCG bearer MCG bearer
R S
h 4 \ 4
PDCP1e PDCP-Cnr
RLCi1e RLCnr
MAC 1 MACyr
PHY 1¢ PHY g
SgNB (LTE) MeNB (NR)
User Plane (UP)
------- Control Plane (CP) User Plane

Pucynok 8 — Iloagiiine miaximrouenns (option 4a) no aBox mepex pagiogoctyny SG/NR
ta E-UTRA/LTE-Advanced

®ynkuii 5G peanizyrotbes sk BipryanbHux MmepekeBux ¢ynkuid VNF (Virtual
Network Function) meromom «iaHIioKKiB cepBiciBy Service Chaining, koxxHa 3 sSKuX €
kutbka VNF 30y0BaHNX y IEBHOMY MOPSAKY 1 BUKOHYIOTh €IMHUNA anroputM. KoxHa

VNF, cBo€10 ueproto, Moxe OyTH YaCTHHOIO aJrOPUTMY BHUILIOTO PiBHS.

Bipryanizaiist — e MOXJIHMBICTh CTBOPEHHSI MHOXKMHH BIPTyaJIbHUX pecypciB Ha 0asi

omHoro (izuyHoro pecypcy. Di3uMUHI pecypcu 3a JAOMOMOTOI0 MPOTPAMHOTO
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3a0€3MeUYeHHs] PO3MOAUISIOTECS TaKUM YUHOM, 00 PO3TOPHYTH HHU3KY HE3aJICKHHX
BipryanpHux Marmma VM (Virtual Machine) [11].

[Tix BipTyamizali€ro po3yMmilOTh MPOIEC CTBOPEHHS THYYKOI 3aMIHM (hI3UYHUX
pecypciB 3 TUMH cCaMUMHM (PYHKIIISIMU Ta 30BHIIIHIMU 1HTepdeicaMu MUIIXOM CTBOPECHHS
BIpTYyaJbHOI peasizaiii.

BipryaneHi cuctemMu HaiuacTiine 3IiHCHIOIOTHCS 3a JOTIOMOTOIO TiMEpBi30PiB.
['imepBizop — 1 mporpamMHe 3a0e3MedeHHs, 10 J03BOJISAE BIpTyalli3yBaTH CHUCTEMHI
pecypeu (puc. 9). I'imepsizop 3abe3medye 0JHOYACHE i MapaebHe BUKOPUCTAHHS HU3KU
BipTyaJIbHUX MAIIIHH.

[NnepBizop 3abe3neuye 130JSI1iI0 ONEpaIlifHUX CUCTEM, IO BHUKOHYIOTHCS Ha
BIPTyaJIbHUX MallIMHAX, IUISIXOM PO3UICHHS (PI3UYHUX Ta JIOTIYHUX MPHUCTPOIB MK

JeKTBKOMA BipTyaJTbHUMH MalmHamH [7].

Virtual Machines Virtual Machines Virtual Machines

Hypervisor
Physical : Physical - Physical
Server 1 : Server 2 : Server N
N
b Shared Storage &-------

Pucynox 9 — Bipryamnizartis

Bipryanizaiisi BiTHOCUTBCS 0 TOJUTY pecypciB (i3MUHOI CUCTEMHU (TaKOi SK
MpoLIeCiB, MaM'siTh, MEPEXKA Ta JUCK) HA KUIbKA BIpTyaJIbHUX pecypciB. KimrouoBi XxMapHi1
TEXHOJIOT1i I03BOJIAIOTH 00'€ JHYBATH Pi3HI THUIH PECYPCIB y MYJIH.

Bipryamizamist ¢ynkmiii mepexi NFV  (Network function virtualization) e
KOHIIEMIIIEI0 MEPEKEBOT apXITEKTYypH, sIKa BUKOPUCTOBYE TEXHOJIOTI BipTyami3awii Jis

BipTyaii3alii KjaciB QyHKIIH MEPEKHUX.
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Ile no3BoJIsie CTBOPUTH ISl KOXKHOT (DYyHKIIIT Mepexi, PyHKIII BipTyati30BaHOT
Mepexi, abo VNF, Ha no1aTtok 10 CTaHJApTHUX CEPBEPIB, KOMYTATOPIB Ta MPUCTPOIB
30epiranus ganux [7-9].

Bipryaneni mepexsi ¢yakmii VNF MoXyTh posropratucs sK BIpTyaslbHI
marmmman VM (Virtual Machines) a6o konretinepu (Containers).

Taka BipTyampHa 1HGpaAcTpyKTypa YycyBae TOTpel0y y CIemiagi30BaHOMY
oOnagHaHHl, OCKUIBKM BIPTyaJdbHI MAaIIMHA MOXHA PpO3rOPTaTH Ha CTaHIAPTHUX
cepBepax y Jara-lieHTpax pizHOro Maciitady Ta piBHs. [lomiOHmit migxin mae Taki
nepesar# [7]:

— 3araJibHe 3HIDKEHHS €HeProCIIOKUBAHHS Ta HEOOX1THOTO OXOJIOKEHHST;

— 3HW)KEHHS HEOOX1JHOrO IPOCTOpPY B JaTa-UEHTpPl MpH 3aMINIEHH1 (DI3UYHOTrO
oOnamuanas Ha VNF;

— 3HIKEHHS $K OINepaliiHuX, 1 KamTaIbHUX BHUTPAT y JOBTOCTPOKOBIi
NEPCIEKTHUBI 1 33 BEJIMKUX o0cArax BipTyani3alii.

Apxitexktypa wmepexi SG/NR (3rimHo Rel. 15) 0Ga3zyetscs Ha mnporpamso-
KoH(pirypoBaniii mepexi pamiomoctyny SDR (Software Defined Radio) ta omophiii
mepexi SDN (Software Defined Networking) 1 BukoprcToBy€e nmpouenypu BipTyaiizaiii
mepexanx ¢ynkmiii NFV  (Network function virtualization), a mis miaTpUMKH
xapaktepucTik QoE pi3HuX rpyn mociyr, BUKOpUCTOBYye TexHosorito Network Slicing
(puc. 10) [22].

Network slicing — 1e TexHomoris, sKa [IO3BOJSE HAa OCHOBI (DI3HYHOI
1HGPACTPYKTYpH Mepexi CTBOPIOBATH BIpTyalbHI IUIOUIMHH MOOUTHHOI Mepexi 5G,
cnaiicu (slices). KoxkeH cmaiic € OKpeMOIO JIOTIYHOI MEpEekKero, sSKa Moxe OyTu
CIHeLIAJIbHO HAJIAIITOBAHUN Ta ONTHUMI30BAHUM IiJI BUMOTH KOHKPETHUX JOJATKIB Ta
nocayr [11].

Hanpuknan, Homenkinarypa nociyr mepexi SG/NR BusHauaeTbest PekoMenpariero
3GPP TR 38.913, uainstoun nociayru eMBB, eMTC ta nociayru URLLC, koxHa rpymna
UX Ma€ BUMOTU JO0 SIKOCTI OOCIYroByBaHHs Ta peaizalii nmociyr. BukopuctaHHs
Network slicing no3Bosisie cTBOpUTH JIOTiUHY MEpexy sl HalaHHS 3aTpeOyBaHMX
nocayr (puc. 10) [22].
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Pucynok 10 — Bipryamnizamis Network Slicing [11]

B nanomy Bumanky, Bipryamizaiiig Ha 6a3i Network Slicing 103BoJ1sie BUKOHYBaTH
CTBOPEHHsI TOMOJIOTIYHOI KoH(irypamii mepexxi SG/NR nmns pi3HHUX yMOB HaJgaHHS
nociayr. 3a0e3NeueHHs] XapaKTepUCTUK SAKOCTI 00ciayroByBaHHs QoS mnpu HagaHHI
nocayr 5G/NR (eMBB, eMTC ta URLLC) ¢okycye yBary Ha BIUIUBI XapaKTEPUCTHK
AKOCT1 00CIyroByBaHHs Tpadiky Ha HagaHHs nocayr. [lpu 1mpomy mpu peamizaitii
Network Slicing € MoxnuBICTh 3a0€3Me4eHHs XapakTepucTK QOoE, Takux siK: 3aTpUMKa,

NPOIYCKHA CIIPOMOJXKHICTH Ta HMOBIPHOCTI BTpaT makeTiB [22].

OCHOBHOIO OCOONMBICTIO peani3alli KOHIENii sSKocTi o0ciayroByBaHHd QoS B
mepexi 5G e BuKOpHcTaHHsS TOTOKOBOoro mimxoxy QoS Flow, mpu sikomy mnakeTw
KJIACU(PIKYIOThCA 1 MAPKYIOTHCA 3 BAKOPUCTAHHM 11eHTUdikaTopy moTokKy QFI B Mepexi
pamiomoctyty RAN Ha omnocmpsimoBaHi panmiokanaiu DRB, Ha BiamiHy Big mepexi
AG/LTE, ne KOHIIEMIIisA SKOCTI 3aCHOBaHa Ha Hecy4ux [22].

B mepexi 4G/LTE inentudikatop EPC-kanany EBI BUkOpHCTOBYETBCS A1 TOTO,
00 BiApi3HATH piBeHb QO0S. B Mepexi 5G miaTpuMyIOThCsl HACTYITHI THUIH MOTOKIB QOS
[22]:

— notik GBR QoS, sikuii BUMarae rapaHTOBaHO1 IIIBUIKOCTI TIEpe1aBaHHs,

—moTik QoS 6e3 GBR, skuit He BUMarae rapaHTOBaHOI IMBUAKOCTI IIepeIaBaHHS,

—notik GBR, kputnunuii 1o 3arpumku, Reflective QoS.

IToroku QoS 5G BimoOpaxkarothcss B RAN na DRB (omHOCHpsiMOBaHi
pamiokananu) Ha BinMiHy Bin 4G LTE, ne 3ictaBnenus omma mo ogHoro mixk EPC i1

OIHOCIIPAMOBAHUM paI[iOKaHaJIaMI/I.
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Jlo xapakrepuctuk sikocti Q0S BigHeceno [22]:

— tun pecypcey (GBR, 3atpumka kputnanoro GBR a6o Non-GBR);

— piBeHb NPIOPUTETY; 3HAUCHHS 3aTPUMKH TAKETIB (BKIIOYHO 3 OHOKETOM
3aTPUMKH MMaKeTiB 6a30BOi MEpexKi);

— WMOBIPHICTh MOMUJIOK ITAKETIB;

— BIKHO ycepeaHeHHs (Tinbku it TumiB pecypciB GBR i GBR);

— MaKCUMaJbHUN OOCST TakeTa MaHuX (TUIBKH JJII KPUTHYHOTO J0 3aTPUMKH

tuny pecypcy GBR).
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IIUTAHHA 10 EK3BAMEHRY

1. CyuacHuii cTaH Ta TEHACHIII PO3BUTKY MEPEK MOOLITBLHOTO 3B’SI3KYy YKpaiHU.
TexHiuHI XapaKTEePUCTUKH, TEXHOJIOTII Ta CTAaHIaPTH, HOMEHKJIATypa TOCTYT.

2. TproxpiBaeBa apxitektypa MM3 min kepyBannsMm Mobile Softswitch:
Transport layer, Control layer, Application layer.

3. XapaKkTepuCTUKH TPAHCTIOPTHOTO PIBHIO Ta PiBHIO JOCTYITy, MPU3HAYEHHS Ta
XapaKTEPUCTHUKH T1ICUCTEMU MOOUTbHUX cTaHIii MSS Ta mimcucremMu 6a30BUX CTaHITIN
BSS.

4. XapakTepUCTUKH PIiBHS KEPyBaHHS: MijcHcTeMa KoMmyTarii SSS Ta TexHiuHOi
ekcrutyaraitii Ta oociayrosyBanas NMC/OSS.

5. XapakTepuCcTUKH PiBHIO JOJATKIB: MiacUcTeMa OCIyT AS.

6. [lpu3HadyeHnHs Ta QyHkiii MoOiIbHOT craniii MS (EQ + SIM), ocHOBHI cTaHH
MS (lIdle, Active, Detach, Implicit Detach) mani SIM-kaptu, ¢yHKIiT oOmagHAHHS
nigcuctemu BSS (BTS, BSC), inTepdeticu Ta mpoTOKOJIN B3aEMOIII.

/. 3arajibHa XapaKTepUCTUKa (PYHKIIOHAIBHUX PIBHIB Ta iX anapaTHO-MpPOrpaMHa
peauizaitis. PiBenb kepyBaHHs, QyHKIIIT 001 HaHHS migcucTeMu komyTartii (Circuit core
— MGW,MSC/VLR, MSW ta Packet core — SGSN/GGSN).

8. [Ipuznavenns ta ¢pynkuii perictpiB HLR, VLR, AUC, EIR.

9. 3abe3necuenHs maketHoro pexumy GRPS (Packet core). VsaranbHena
apxiTektypa Haknagenoi mepexxi GRPS, By3mu SGSN ta GGSN B3aemonis 1 inTepdeiicu.

10. PiBensr momatkiB: migcuctema mocayr AS (SMSC, DNS/DHCP, Charding,
PCREF).

11. ®yukuii TexHiYHOT ekciutyaTariii Ta oociyropyBanus NMC/OSS.

12. InenTtudikamiss B Mepexi MoOOUTbHOrO 3B’A3Ky Ha piBHsX: International,
National Ta piserr PLMN. Koau kpaiau (MCC, CC), mepexi oneparopa PLMN (MNC,
NDC, NCC).

13. ITonsarts Ta koau micuesnaxomkenns Local Area (LAC, LAI), Cell (CI1,CGI).

14. Inentudikamis adonentis MM3 (IMSI, TMSI, MSISDN, IMEI), nnanu
HyMmepairii 3rigao pek. ITU-T E.212, E.164.

15. Tlporeaypu BCTaHOBJICHHS 3’ €HAHb B MEpeXi MOOUIHHOTO 3B’s13Ky. OCHOBHI
crenapii oocnyropyBanus Bukiukie (MS B crani IDLE, IMSI Attached, onoBieHHs
micrenonoxenns, Network Roaming, Handover).

16. IIpouec BcTaHoBIeHHS 3’€aHaHHS, BUXigHoro Outgoing call Ta BximHOTO
Incoming call.

17. llpouenypu aBreHTH(diKawii, iAeHTH(IKaLIi obnagHaHHsS Ta WU(GPYBaHHS B
MepexKi MOOIJTBHOTO 3B’ S3KY.
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18. Mepexi MoOUTEHOTO 3B 53Ky TpeThoro mokodinag 3G/UMTS. OcobauBocTi
peanizanii pazgio inTepdeiicy UMTS, nHomenknarypa nociyr 3G.

19. V3aransaena apxitektypa wmepexi 3G/UMTS, wepexa paaiofocTyiy
UTRAN/WCDMA Ha 6a3i Node B ta RNC, oco6imBocti UE (U-SIM).

20. MobOineHa koMmeptiiss (M-comm). Texnomnoris NFC Ta 3arambHi TpUHITUTTN
(byHKI[IOHYBaHHS MOOLTPHUX TUIATIKHUX CUCTEM.

21. Mepexa MoOLIBHOTO 3B’ 513Ky ueTBepToro nokodiHHs 4G/LTE. OcobnuBocTti
peamizartii pamio inTepdeticy LTE, Homenknatypa mocnyr 4G.

22. dyukiionansHa apxiTektypa mepexi LTE (E-UTRAN na 6a3i eNodeB, Core
Nerwork - EPC, S-GW, MME, UPE). Iatepdeticu Rel.8,9 Ta 10.

23. Inentudikaitis B mMepexi LTE. Inentudikaropu adounentis UE ID (IMSI,
GUTI, S-TMSI, IP-address/PDN address, C-RNTI, eNodeB UE S1AP ID, MME UE
S1AP ID, Old UE X2AP ID, UE X2AP ID). IneatudikaTopu MoOITEHOTO 0018 IHAHHS
ME ID (IMSI). Inentudikatopu mepexxnoro oomannanas NE ID (GUMMEI, MMEI,
Global eNodeB ID, eNodeB ID, ECGI, ECI, P-GW ID). Ingentudikaropu
micue3naxopkerns Location ID (TAI, TAC).

24. TepcrexktuHi Mepexi 5G. Texuomoris NR (Rel. 14).

25. Apxitekrypa mepexi SG/NR Ha mepexxanx (yHkiisx Bipryamizamii VNF.

26. Peanizariis Network Slicing B mepexi SG/NR.

27. TexHomorii Ta HOMEHKIATypa TMOCIYTr II'SITOTO TOKOJIHHA (TIOCITYTH
MOOUIBHOTO IMUPOKOCMYTOBOro jaoctyny eMBB, MacuBHOro MammHHOTO 3B SI3KY
MMTC, Ham3BUYatHO HAMIHHOTO 3'€HAHHS 3 HU3bKOI0 3aTpuMKoi0 URLLC).

28. Peanizamnis nocayr Smart Parking, Tracking, Smart Street Lamps.

29. MixxmammuaHa B3aemoist M2M Iureprery peueit 10T. OcobauBocTi peamizariii
i MM3.

30. TexHomnorii Ta HOMEHKJIATypa MOCIAYr NEPCHEKTUBHUX MEpPEK MOOUIBHOIO

3B’s13Ky. TexXHO0r1i BIpTyaIbHOI peabHOCTI Ta TAaKTUIBHUX BiAIyTTiB TSN.
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8. OLIIHIOBAHHS 3/10BYBAUIB BUIIIOI TA ®AXOBOI INEPJIBUIIO1
OCBITH 3A HABYAJIBHY JUCHUILIIHY Y MIZKHAPOJHOMY

I'YMAHITAPHOMY YHIBEPCUTETI

(nomounuit KoHmpob, NIOCYyMKOBUIL KOHMPO.TIb, 3A2ATbHUIL Pe3YTbHam

OUIHIOBAHH )

EK3AMEH

Ilomounuii KonmpoJio

Buau podoru

ILnanosi
TePMiHHU
BHKOHAHH
b

DopMH KOHTPOJIIO TA
3BiTHOCTI

Maxkcu
MAaJbHH
7|
BifgcoTto
K
OLIIHIOB

AHHA

CHucTeMAaTHYHICTD | AKTMBHICTH POOOTH HA MPAKTHYHHX (JIa0OPATOPHMX)

3aHSATTIAX
1.1. ITinroToBKa 10 Bianosinno | IlepeBipka o00csiry Ta SIKOCTI
NPaKTUYHHUX 710 pob0YOi | 3aCBOEHOTO MaTepiany IiJi Yac 30
(J1abopaTopHUX) 3aHSTh OporpaMM | MPakTUYHUX  (Ja0OpPATOPHUX)
Ta 3aHSATh
pOo3KJIaTy
3aHATh
BukoHaHHSI 32aBAaHb VISl CAMOCTIIHOTO ONPALIOBAHHS

1.2. InnuBinyanpHe Biamosigao | Po3srisia BiAmmoBigHOTO
TECTYBAaHHS, 3aBIAHH, 710 pob0oYoi | MaTepially mij yac ayAUTOPHUX
nigroroska pedepary (ece) | mporpamu | 3aHsaTh a00 IKP!, mepesipka 10
3a 3aJJaHOI0 TEMATUKOIO TapoO3KJIay | KOHCIIEKTIB HAaBYAJbHUX TEKCTIB

3aHSATh TOILIO

BukonanHsi iIHAMBIAYaJbHUX 3aBIaHb, 10CJTiHA po0oTa 37100yBaya

1.3. Inun Buam Biamosinno | OGroBOpeHHS pe3yabTaTiB
1HIMBIAyaJIbHUX 3aB/laHb, B | J10 poO0Y0i | MpOBEAEHOT pOOOTH i Yac 10
T.4.TTOTOBKA HAYKOBHUX MporpamMu | ayJIMTOPHUX 3aHSITh, HAYKOBHUX

nmyOJTiKalii, y4acTtsb y

! InauBinyansHO-KOHCYIbTaTHBHA poOOTa BHKIAAaya 3i 3100yBayaMu
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pOOOTI KPYTIIUX CTOJIIB, Tapo3KJIaay | KOHQEepeHIil Ta KpyTriaux
KOH(EpEHIIIH TOIIO. 3aHATH CTOJIIB.
Pa3om 0aJiB 32 NOTOYHUIT KOHTPOJIb 50
IMincymKkoBHMiA KOHTPOJIb
eK3aMeH 50
3acanvnuil pezyivmam OUiHIOBAHHA 100

Ilomounuii konmpoas 3HaHb 3700yBadiB OCBITU TNpU (POpPMiI KOHTPOJIO eK3aMeH

(MakcumyM 50 GaiiB) OIIHIOETHCS 3a IIKATOK («2», «3», «4», «5»), 3 000B’SI3KOBUM

MCPCBCACHHAM 0aJjiB 32 KOXKHUH BU pO6OTI/I TaKMM YHMHOM:

3a MIATOTOBKY 10 ayJUTOPHUX 3aHsTh (Makcumym 30 0OaniB) 3100yBauy OCBITH
HEOOX1THO MaTH HE MeHIIe 1/2 OIHOK BiJ 3arajdbHOi KUIBKOCTI MPaKTUYHUX
(;1abopaTopHUX) 3aHATH, IJIA MEPEeBOY OalliB 3a MIATOTOBKY /10 AYJUTOPHUX 3aHATH
cepenHboapupMeTUYHa OIIHKA MHOKHUTHCS Ha KOSQIIIEHT 6;

3a BUKOHAHHS 3aBIaHb Ui CAMOCTIMHOTO OMpAIlfOBaHHS (TECTYBaHHS, 3aBJIaHHS,
niAroToBKa pedepary (ece) 3a 3a7aHOI0 TeMaTUKO0) (MakcuMyM 10 6aitiB) 3700yBauy
OCBITH HEOOX1JTHO MaTU HE MeHIIe 1/2 OIIHOK BiJ] 3arajibHOI KIJILKOCT1 TPOTPaMHOIO
MaTepianry, 10 BUHOCUTBHCS Ha CaMOCTIHHE BUBYEHHS, JUIsI TIEPEBOJY 3a3HAYCHUX
OaJtiB cepeIHbOapU(PMETUYHA OLIIHKA MHOKUATHCS Ha KOSPIIIEHT 2;

3a 1HII BUAM 1HAMBIAYadbHUX 3aBlaHb, B T.4. MIATOTOBKY HAyKOBUX MyOiKalliid,
y4acTh y poOOTI KpYyIJIMX CTOJIB, KOH(pepeHiid Ttouo (mMakcumyMm 10- OarniB)
3100yBayy OCBITHM HEOOXiJHO MaTh HE MeEHIe 1/2 OIIHOK BiJ 3arajibHOi KIJTBKOCTI
IHIIWX BUJIB 1HAWBIAYyaJbHUX 3aBIaHb, Ui MEPEBOJy OaliB 3a MATOTOBKY 0
ayJIMTOPHUX 3aHATh CEpeHbOAPU(PMETHYHA OLIHKA MHOKHUTHCS Ha KOS(IIIEHT 2.

KPUTEPII OIITHIOBAHHS 3A IOTOYHWH KOHTPOJIb

«2»- BUCTABISETHCA 3a HEMPABWIbHY BIAMOBIAL (MHCHMOBY pOOOTY), fAKa HE
BIJIMTOBIJIA€ 3MICTY TEMU Ta CBIAYUTH NMPO HEPO3YMIHHS il OCHOBHUX MOJIOKEHb;

«3» -BUCTaBIIAETHCSA 32 BIAMOBIAL (MUCHMOBY pOOOTY), sIKa BIAMOBIIa€ 3MICTY TEMH,
aJie € HEMOBHOIO 1 HETOYHOIO Y BUBHAYEHHI TOHSTh, CBITYUTH PO HEMOBHE PO3YMIHHS
OCHOBHUX TOJIO’KE€Hb HABYAJILHOTO MaTepiaiy, CBIAUUTH MPO TE, [0 3HAHHS CTYACHTA
MaroTh (PparMEeHTapHUM, IOBEPXOBUI XapaKTep;
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- «4» - OIIIHIOETHCS MpaBUIIbHA 1 OOTPYHTOBAHA BIAMOBIAL (MMCbMOBA Po0OTA), 3 AKOI
BUIHO, IO CTYICHT 3HAE i pO3yMi€ TEOPETUIHHIA MaTepian B 00CsA31 HAaBYAILHOI TEMH,
BOJIOJII€ HEOOX1THUMHU HAaBUYKAMH, HE JIOMYCKA€E CYTTEBUX TIOMIJIOK.

- «5» - OIIHIOETHCS MOBHA, IIPaBUJIbHA, IPYHTOBHA BIJIMOBIIb (TMCbMOBa poOOTa) Ha
3aMUTaHHS TEMH, IO Mepeadadae JOTIUHICTh 1 MOCTIAOBHICTh BHKJIQAY MaTepiany,
BOJIOAIHHS TE€PMIHOJIOTIEI0, MOKA3ye BMIHHS MOBHO W THOOKO BUKOPHUCTOBYBATU
TEOPETUYHI 3HAHHS B MPAKTUYHIN TIOIIMHI.

KPUTEPIH OLIHIOBAHHS IIJCYMKOBOI'O KOHTPO.IIO 3HAHb
3[JOBYBAUYIB 3A EK3AMEH
(makcumym S0 6aJiB)

PiBeHb 3HAHDb OLIHIOETHCS:

- Big 40 no 50 GaniB - CTYASHT BUABISE OCOOJMBI TBOPY1 3A10HOCTI, BMi€ CaMOCTIMHO
3HaXOJIUTU Ta OMPAIlbOBYBATU HEOOX1JIHY 1HGOPMAIliIO0, JIEMOHCTPYE 3HAHHS MaTepialy,
MIPOBOJIUTH y3araJIbHEHHS 1 BUCHOBKH;

- 30 go 40 GamiB - CTyIEHT BOJOJII€ 3HAHHIMHU MaTepiaiy, aje JIONyCKae He3HayH1
NOMIWIKH y (OpPMYBaHHI TEPMIHIB, KATETOPIii, MPOTE 3a TIONIOMOTOI0 BUKJIa/1aya MIBUIKO
OPIEHTYETHCS 1 3HAXOAUTH MTPABUIIbHI BIMIOBI/II;

- 20 - 30 GamiB - CTyACHT BIATBOPIOE 3HAYHY YACTUHY TEOPETUYHOIO Marepiaiy,
BUSIBJISIE 3HAHHS 1 PO3YMiHHS OCHOBHHX ITOJIOKEHB, 3 JIOIIOMOTOIO BHKJIaJladya MOXKE
aHaTI3yBaTH HABUYAJIBHUN MaTepiai, aje Ja€ HEeJOCTaTHhO OOTPYHTOBAaHI, HEBUYEPIIHI
BIJIMOBI/I1, IOMYCKA€ MOMUJIKH.

- 10 - 20 GamniB - BoJIO/II€ HABYAJIIBHUM MaTepialioM Ha CEpeAHbOMY PiBHI, JIOMYCKaE
MTOMUJIKH, Cepe/l IKMX € 3HaYHa KUJIbKICTh CYTTEBUX;

- 0 10 GaniB - BoJIOZi€ HABYAJLHUM MAaTepiajioM Ha PiBHI, BUIIIOMY 3a MOYATKOBUH,
3HAYHY YaCTHHY MOro BIATBOPIOE HA PENPOAYKTUBHOMY PiBHI, HAa BCl 3alUTaHHS J1a€
HEOOTPYHTOBaH1, HEBUYEPITHI BIAMOBI/I1, JOIMYCKA€E TTIOMUJIKH.
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9. KPUTEPII 3AT'AJIbHUX PE3YJIbTATIB OLIIHIOBAHHSA 3HAHb
3/10bYBAYIB
(nJis icnuTy / 3a71iKy)

PiBeHb 3HaHD OIIHIOETHCS:

- «BiOMIHHO» / «3apaxoBaHo» A - Bim 90 go 100 GamiB. CTyneHT BUSBISE€ OCOOIMBI
TBOpYl 3A10HOCTI, BMI€ CaMOCTIMHO 3HAXOIUTH Ta OMNPAILOBYBAaTH HEOOXITHY
iHpOpMaIlito, IEMOHCTPYE 3HAHHS MaTepially, MPOBOIUTH y3araabHEHHS 1 BACHOBKU. ByB
NPUCYTHIA Ha JIEKIISAX Ta CEMIHAPCHKUX 3aHATTAX, IMJ 4Yac SKUX JaBaB BHUYEPIIHI,
OOTpyHTOBaHI, TEOPETUYHO 1 MPAKTUYHO TNPaBUJIbHI BIAMOBIJAI, Ma€ KOHCHEKT 3
BUKOHAHUMH 3aBJaHHSMU JIO CaMOCTIHHOI po0OOTH, mpe3eHTyBaB pedepar (ece) 3a
3aJIaHOI0 TEMATUKOIO, POSIBIISiE€ AKTUBHICTH 1 TBOPYICTh Y HAYKOBO-AOCIIIHINA POOOTI;

- «aobpe» / «3apaxoBaHo» B - Bim 82 mo 89 6GaniB. CTyAeHT BOJIOAIE 3HAHHSMHU
Matepiaiy, ajie JI0IyCKae He3Ha4yHl MOMUIIKH Y ()OpMyBaHH1 TEPMIiHIB, KaTEropiii, mpoTe
3a JIONOMOT0I0 BUKJIa/laya MIBUAKO OPIEHTYETHCS 1 3HAXOAUTH MPABUIIbHI BiAMOBIAI. ByB
NPUCYTHIM HA JIEKIISX Ta CEMIHAPCHKUX 3aHATTAX, MAa€ KOHCICKT 3 BHUKOHAHUMU
3aBJaHHSIMH JO CaMOCTIHHOI poOoTH, TMpe3eHTyBaB pedepaT (ece) 3a 3aJaHOIo
TEMaTUKOO, MPOSIBJISIE AKTUBHICTD 1 TBOPYICTh Y HAYKOBO-JIOCTIAHINA poOOTI;

- «aobpe» / «3apaxoBaHo» C - Bim 74 mo 81 OamiB. CTyAeHT BiATBOPIOE 3HAYHY
YaCTUHY TEOPETUYHOTO MaTepiaay, BUSBISIE 3HAHHS 1 PO3yMIHHS OCHOBHHUX ITOJIOXKEHbB, 3
JIOTIOMOT'OI0 BUKJIaJlaya MOKe aHaJI3yBaTH HAaBUAJbLHUN MaTepiai, ajie 1a€ HeJJOCTaTHhO
OOIpYHTOBaHI, HEBUYEPITHI BIJIMOBI/I, JAOMYyCKae MOMUIKU. [Ipu 1IbOMYy BpaxoByeTbCA
HASIBHICTh KOHCIIEKTY 3 BUKOHAHMMH 3aBJIaHHAMH JI0 CAMOCTIMHOI po00TH, pedepaTy Ta
aKTHUBHICTh Y HAYKOBO-AOCIIAHII poOOTI;

- «3aJI0BUTBHOY / «3apaxoBaHo» D - Bix 64 no 73 6aniB. CtyneHT OyB MPUCYTHIM HE HA
BCIX JIEKI[ISIX Ta CEMIHAPCHKUX 3aHATTAX, BOJIOJIE€ HABUAJbHUM MaTeplajoM Ha
CEpeIHbOMY PIBHI, TOMyCKA€ MOMUITKH, CEPEN IKUX € 3HAYHA KITbKICTh CyTTeBUX. [Ipu
IIbOMY BPaXOBYEThCSI HasIBHICTh KOHCIICKTY 3 BUKOHAHWMH 3aBJaHHSIMHM JI0 CAMOCTIHHOT
pobotu, pedepartis (ece);

- «3a70BUILHOY / «3apaxoBaHo» E - Big 60 no 63 6aniB. CTyneHT OyB MPUCYTHIM HE Ha
BCIX JICKI[IIX Ta CEMIHAPCHKUX 3aHSATTAX, BOJIOJIE€ HABUAJHLHUM MaTepiajioM Ha piBHI,
BUIIIOMY 3a IMOYATKOBUH, 3HAYHY YAaCTHHY HOTO BIATBOPIOE HA PEIPOAYKTHBHOMY PiBHI,
Ha BCl 3alIUTaHHS J1a€ HEOOTPYHTOBAHI, HEBUYEPITHI BIAMOBII, JOMMYCKAE TOMIJIKH, Ma€e
HEMOBHUN KOHCIIEKT 3 3aBJIaHHSIMU /10 CAMOCTIHHOI poOOTH.

- «HE3aJ0BUIHHO 3 MOXKJIMBICTIO TOBTOPHOTO CKJIQaHHs / «HE 3apaxoBaHo» FX —Bin
35 no 59 6amiB. CtyaeHT BOJOJAIE€ MaTepiaoM Ha PIBHI OKpeMHUX (PparMeHTiB, IO
CTaHOBJISITh HE3HAYHY YAaCTUHY HaBYAJILHOTO MaTepiay.
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- «HE3aJO0BUTHHO 3 OOOB’SI3KOBHM TIOBTOPHMM BHUBYEHHSM JUCHUIUTIHN» / «HE

3apaxoBaHo» F — Bixg 0 1o 34 GaniB. CTyIeHT HE BOJIOJII€ HABYAJIbBHUM MaTepiajioM.

TABJIMIA BIAITIOBITHOCTI 3AT'AJIBHUX PE3YJIBTATIB OLUIHIOBAHHSA
3HAHD 3A PI3HUMHU HIKAJTAMU

100-6anbHOI0 IlIkana 3a ECTS 3a HAIOHAJILHOIO IIKAJIOK0
IKAJI010 eK3aMeH 3aJiK
90-100 A Binminzo 3apaxoBaHO
82-89 B Jlobpe
74-81 C
64-73 D 3a10BIIILHO
60-63 E
35-59 FX HezanoBinpHO He 3apaxoBano
1-34 F




46

10. PEKOMEH/IOBAHA JIITEPATYPA
OcHoBHA

1. Conosebka .M., PozenBaccep [I.M. MoOinbHI KOMYHIKAIIil: KOHCTIEKT JEKIIN
JUIs 3100yBadviB, sIKI HABYAIOTHCS 3a MepUINM (OaKaaaBpChbKUM) piBHEM BHUIIIOI OCBITH B
rany3l 3HaHb — 12 IHdopmariiiai TexHonorii, cmemiagbHocTi 121 «IHKeHepis
nporpaMHOro 3abesneueHHs», 122 «Komm’'rorepHi Haykw», 123 «Komm’roTepHa
imkeHepis», 125 «KibepOesneka Ta 3axuct 1H(opmarlii», ramy3i 3HaHb 17 —
EnexkTpoHika, aBTOMaTH3alid Ta €JIEKTPOHHI KOMYHIKalli, CHeUlaJbHICTh 172
«EnextponHi komyHikaiii ta pagiotexnikay, 01 — Ocsita/llenarorika, criemniaabHICTh
014 «Cepenns ocita. Indpopmatuka» [Enextponne Bumanns] / Conoscbka [.M.,
PozenBaccep .M. Kadenpa xomm’rorepHux Hayk MiXHApOJHOTO T'yMaHITapHOTO
yHiBepcuteTy. Oneca, 2025. — 50 c.

2. Conorceka .M., PozenBaccep /.M. HaBuanpHO-MeTOAMYHI peKOMEHAIIIT JI0
NPaKTUYHUX 3aHATH Ta CaMOCTIHOI pOOOTH 3 HABYAIBHOI IUCUUILTIHU «MOO1JIbHI
KOMYHIKaIii» s 3700yBayiB BHINOI OCBITH TMepmioro (6akaaaBpChbKOro) piBHS
cnemiaabHocTe 121 «IHxkenepis mporpamHoro 3abe3nedeHHs», 122 «Komm’torepHi
Haykn», 123 «Komm’roTepHa imkenepis», 125 «Kidepbesneka ta 3axucT iHbopmariii,
172 «EnekTpoHH1 KOMYHIKaIli Ta pajgioTexHika», 014 «Cepenns ocsita. [HpopmaTukar»
neHHoi Ta 3ao4yHoi (opmu HaBuaHHs [Enexkrponne Bumanns]| / ComoBcbka .M.,
PozenBaccep J[.M. Kadenpa xomm’torepHux Hayk MIKHApOJIHOTO T'yMaHITapHOIO
yHiBepcutety. Oneca. 2025. — 25 c.

3. Cuctemu MOOUIBHOTO 3B’SI3Ky. 3aCTOCYBaHHSI 3aCO01B MOOIJTBHOTO 3B’S3KY
[Enexktponnuii pecypc]: HaBY. mociO. juisi 3700yBadiB CTymeHsi OakajiaBpa 3a OCBIT.
nporpamoro «CreriaabHl CUCTeMHU eNIEKTPOHHUX KOMYHIKaIii» cnern. 172 «EnexrponHi
KoMyHikarlii Ta pagiotexHika» / KIII im. Iropst Cikopcekoro ; ['omoBin FO.O. ta iHm. —
Enextpon. Texcr. gani (1 daiin). — Kui : KIII im. Iropst Cikopcrkoro, 2023. — 187 c.

4. Nikhil Kumar Marriwala, Vinod Kumar Shukla, Shruti Jain, Dinesh Kumar, Sunil
Dhingra Mobile Radio Communications and 5G Networks Lecture Notes in Networks
and Systems. Springer Singapore, 2025.

5. Stefania Sesia, Issam Toufik, Matthew Baker LTE - The UMTS Long Term
Evolution:  From Theory to Practice. 2nd edition. - Wiley, 20109.
https://www.amazon.com/LTE-UMTS-Evolution-Theory-Practice/dp/0470660252

6. Taid, R. (2021). Mobile Communications Systems Development: A Practical
Introduction to System Understanding, Implementation and Deployment. Wiley.



https://link.springer.com/series/15179
https://link.springer.com/series/15179
https://www.amazon.com/LTE-UMTS-Evolution-Theory-Practice/dp/0470660252

47

7. Jyrki T. J. Penttinen 5G Explained: Security and Deployment of Advanced
Mobile Communications, Wiley, 2019.

8. Saad Asif 5G Mobile Communications, CRC Press, 2018.

9. Anwer Al-Dulaimi 5G Networks: Fundamental Requirements, Enabling
Technologies, and Operations Management, WILEY, 2018.

10. Cornelia Kappler UMTS Networks and Beyond. John Wiley & Sons Limited,
2019.

11. Erik Dahlman, Stefan Parkvall, Johan Skold 4G: LTE/LTE-Advanced for
Mobile Broadband, 2nd Edition, 2018. https://www.amazon.com/4G-LTE-LTE-
Advanced-Mobile-Broadband/dp/0124199852

JlonomizkHa

12. Strelkovskaya 1.V. LTE/MVNO networks structure optimization based on
tensor decomposition / 1.V. Strelkovskaya, |.N. Solovskaya // Information and
telecommunication sciences. — July-December 2014. — V. 5, Ne 2(9). — P. 14-20.

13. CtpenxoBcrka [.B., ComoBceka I[.M., Kopmon J.B. Busnauenus
XapaKTEPUCTHK SAKOCTI oOcimyroByBaHHs Tpadiky B wmepexxi LTE-Advanced.
[apoxomyHiKaliiHI Ta KoM toTepHi TexHoorii. — 2021. — Ne 1 (01) — C. 35-51.

14. Strelkovskaya 1., Solovskaya I., Makoganiuk A. Forecasting 5G network
multimedia traffic characteristics. Modern Problems of Radio Engineering,
Telecommunications and Computer Science (TCSET 2020). February 25 — 29, 2020.
Slavske. P. 982-987. https://doi.org/10.1109/TCSET49122.2020. 235585

15. Strelkovskaya 1., Solovskaya 1., Strelkovska J., Makoganiuk A. Software
implementation research of self-similar traffic characteristics of mobile communication
networks. In: Klymash M., Beshley M., Luntovskyy A. (eds) Future Intent-Based
Networking. Lecture Notes in Electrical Engineering, vol 831. Springer, Cham, 2021,
pp. 288-304. https://doi.org/10.1007/978-3-030-92435-5 17, ISBN 978-3-030-92433-1

16. Strelkovskaya 1., Solovskaya 1., Strelkovska J. Spline-extrapolation of video
traffic of loT-devices based on various cubic splines. Problems of Infocommunications
Science and Technology (PICS&T 2020). October 6-9, 2020. Kharkiv. P. 243-248.
https://doi.org/10.1109/PICST51311.2020.946 7937

17. Strelkovskaya I., Solovskaya I., Strelkovska J. Comparison of methods for
determining user coordinates in a Wi-Fi/Indoor network In: Information and
Communication Tech-nologies and Sustainable Development Advanced Approaches
and Innovations in Up-to-Date Networks and Systems. Lecture Notes in Networks and
Systems, Springer, 2023. Cham. vol 809. Springer, Cham. pp 244-254.

18. CtpenxoBcrka [.B. IlpornozyBanHs MyJabTUMEAIHHOTO Tpadiky MPUCTPOIB



https://profbook.com.ua/index.php?route=product/manufacturer/info&manufacturer_id=104
https://profbook.com.ua/wiley.html
https://www.litres.ru/john-wiley-sons-limited/
https://www.amazon.com/4G-LTE-LTE-Advanced-Mobile-Broadband/dp/0124199852
https://www.amazon.com/4G-LTE-LTE-Advanced-Mobile-Broadband/dp/0124199852
https://doi.org/10.1109/TCSET49122.2020.235585
https://doi.org/
https://doi.org/

48

Iarepuer peueit [0T/5G / 1.B. CtpenkoBcbka, .M. ConoBcrka // MixkHapoHa HAyKOBO-
npakTHYHa KOH(epeHIis «CBponeiichkuii BUOIp YKpaiHM, pPO3BUTOK HAyKH Ta
HallloHanbHa Oe3meka B peamisix MacmTaOHOI BIMCHKOBOI arpecii Ta TIoOalbHUX
BukiMkiB XXI cromitrs» (g0 25-piuus HamionanbHoro ysiBepcutety «Onecbka
IOpUanYHA akaaemis» Ta 175-piaus OaeckKoi mkonm nmpasa): matepianu koud., Omeca,
17 uepBus 2022 p.: te3m pomn. — Opeca: HY OIOA, 2022. — C. 731-736.
http://dspace.onua.edu.ua/handle/11300/19774?locale-attribute=uk

19. Halonen T., Romero J., Melero J. GSM, GPRS and EDGE Performance:
Evolution Towards 3G/UMTSro -2nd Edition. — John Wiley & Sons, 2017.

Pexomenaauii, HOpMaTHBHO-IIPABOBi JOKYMEHTH
20. Digital cellular telecommunications system (Phase 2+); Universal Mobile
Telecommunications System (UMTS); LTE; Quality of Service (QoS) concept and
architecture (3GPP TS 23.107 version 10.1.0 Release 10), 2015.

21. 3GPP TS 36.211. 3rd Generation Partnership Project; Technical Specification
Group Radio Access Network; Evolved Universal Terrestrial Radio Access (E-UTRA);
Physical Channels and Modulation (Release 11). Valbonne, France: Sophia Antipolis,
2017.

22. LTE; General Packet Radio Service (GPRS) enhancements for Evolved
Universal Terrestrial Radio Access Network (E-UTRAN) access (3GPP TS 23.401
version 12.6.0 Release 12).

23. 3GPP TS 23.251 3rd Generation Partnership Project; Technical Specification
Group Services and System Aspects; Network Sharing; Architecture and functional
description.

24. 3GPP TS 36.101 3rd Generation Partnership Project; Technical Specification
Group Radio Access Network; Evolved Universal Terrestrial Radio Access (E-UTRA);
User Equipment (UE) radio transmission and reception.

25. 3GPP TS 23.401 3rd Generation Partnership Project; Technical Specification
Group Services and System Aspects; General Packet Radio Service (GPRS)
enhancements for Evolved Universal Terrestrial Radio Access Network (E-UTRAN)
access.

Indopmauiiini pecypcun

26. Hamionanbua 6i6miotexa Ykpainu imeni B. 1. Bepnaacokoro Kuis: HBYB,
2013-2023. URL: www.nbuv.gov.ua

27. http://3gpp.org

28. https://www.ericsson.com/



http://www.nbuv.gov.ua/
http://3gpp.org/
https://www.ericsson.com/

49

3MICT

1. OTIMC HABYAJIBHOI JIUCIHUATIIIIHM. ..., 3
2. OUIKYBAHI KOMIIETEHTHOCTI, SKI IINTAHYETbHCI COOPMYBATU,
TA JJOCATHEHHS PE3VJIbTATIB HABUAHHS ..o 4
3. IPOTPAMA HABYAJILHOI IMCUMIIIIHM. .......cooeviiiiiiiiiie, 6
4, CTPYKTYPA HABYAJIBHOI JUCIHUIIIIH. ..o, 7
5. TIMTAHHSA JJO IPAKTUUHMX 3AHATD ..., 10
6. KOHCIIEKT JIEKLIIM. . ..ot 13
7.TIUTAHHSA JIO EKBAMEHY ..., 39
8. OLIIHIOBAHHS ITOTOYHOI, CAMOCTINHOI TA IHAVUBIIY AJILHOI
POBOTU 3JIOBYBAUIB ... ..ottt e, 41
9. OLIIHIOBAHHSA 3AT AJIbHUX PE3YJIbTATIB 3HAHB 3/I0FYBAUIB . .44
10. PEKOMEHJOBAHA JIITEPATYPA .....ooiiiiiiiiiieee e, 46



50

CogoBcbka Ipuna MukoJiaiBHa
PosenBaccep Jlennc Muxaiisiopuu

MOBLJIbHI KOMYHIKAIIT

KOHCHEKT JEKIIH

JUIs 3100yBaviB

raiy3i 3HaHb — 12 [Hdopmarniitai TexHosorii, cnemianbHocti 121 «IHxenepis

nmporpamMHoro 3adesneueHHs», 122 «Komm otepHi Haykny, 123 «Komm totepHa
1HxeHepisny, 125 «Kibepbe3neka ta 3axuct iHpopmarii,
raiy3i 3HaHb 17 — EnexkTpoHika, aBToMaTH3aIlis Ta eIeKTPOHHI KOMYyHIKaIIii,
crietiayibHICTh 172 «ENeKTpoHH1 KOMYHIKAIIIl Ta palloTEXHIKa,

rany3i 3HaHb 01 — OcBita/llenarorika, cnemianbHicth 014 «Cepens ocBiTa.

[Hdopmartrkar

YKpaiHCBbKOK MOBOIO



