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AJITOPUTM JUHAMIYHOTI'O PEI'YJIIOBAHHSA CIIOKUBAHOI IIOTYKHOCTI
MIKPOCTIJIBHUKAMUW T'ETEPOT'EHHOI MEPEXKI LTE

Y pobomi npoananizoeano numarnusa niosUwWeHHs eHepeoephekmusHoCmi 6a308uUx CManyiti MoOOLLHUX
Mepedic 383Ky Ha 0azi mexuonocii LTE, nokazano wo o0OHUM 3 8apiaHmie 1020 BUPIULEHHS €
BUKOPUCMAHHS OUHAMIYHO20 eHepao3bepedicerts. Po3pobneno imimayiiiny modens cemepozennoi LTE
Mepedci, sAKa BKIYAE MAKpOCMiNbHUKY, MikpocminbHuku ma Wi-Fi 3onu. Po3pobaeno aneopumm
OUHAMIYUHO20 ~ De2YlOBAHHS  CNONCUBAHOI NOMYICHOCMI caumy Ha OCHO8I iHgopmayii npo
MICYE3HAX00dCeHHs  akmusHux  abonenmis. I[Iposedeno  moolentosanus  pexcumie  pobomu
2emepo2eHHol Mepedici.

Knrwowuoei cnosa: cemepocenna mepexca, LTE, Wi-Fi, micyesnaxoOdicenHss akmusHux abOHeHmis,
CHOCUBAHA NOMYHCHICMb OA30601 CMAHYIT, MAKPOCMIILHUK, MIKPOCMIIbHUK.

3arajibHa MOCTAHOBKA NMP006JeMH

31 3HaYHUM 3POCTaHHAM BUMOT aOOHEHTIB J10 HIBHAKOCTI Ilepeaayl JaHUX Yy 3M031 BIIOpaTucs
texnousiorist LTE cranmapty 3GPP, sxa 3mathHa 3a0e3mednTy MBUAKICTH nepenadi gaHux Big 100
Mbit/c Ta Bumie. Takoro HampsMKy cCliJi AOTPUMYBAaTUCh 1 YKpailHCbKUM omeparopaMm. Ale B
Mporeci MPOEKTYBAHHS OMEPATOp CTUKAEThCS C TaKOK MpoOJIeMOIo, SIK HEPIBHOMIPHICTH
po3MillleHHs a0OHEHTIB y Mepexi. BukopucTanHs B Mepexi JIMile MaKpOCTUIbHUKIB HE J03BOJISE
e(eKTHUBHO PETYJIIOBATH MPOMYCKHY 3JaTHICTh 00’ €KkTa mpoeKkTyBaHHI. OMHUM 3 NUISXIB PIICHHS
Takol 3aJadl € BIPOBAKCHHS TETEPOTCHHOI MEpPEki, SKa BUKOPHUCTOBYE MIKpPO- Ta MakpocC
TUTBHUKH [9].

B Takiii Mepexi 3a paxyHOK 0JJHOYacHO1 poOOTH 0araTbOX CTUIBHUKIB PI3HOTO PIBHS 3HAYHO
30UIBIIYETHCSI CHOKUBAHA MOTYXHICTh Mepeki. TakuM 4MHOM, BUHUKA€ MpoljemMa CKOPOYEHHS
E€HEPrOoCIOXKMBAHHS OOJaHaHHs, a caMe 0a30BUX CTaHI[IN, OCKUTBKH BOHH CIOXHBaIOTH 0 80%
BCi€i eHeprii, mo noTpidHa A podbotu Mepexi CKOpOUEHHS €HEPrOCHOKMBAHHS MEPEXKEI0 Jae€
MOXJIMBICTh SIK 3HUKEHHS EKCIUTyaTalllfHMX BHUTpaT olepatopa 3B’s3Ky, TaK 1 IMOKpallEeHHS
€KOJIOT'TYHOT 0OCTaHOBKH.

I1s mpobnema xapakTepHa He TUIbKHU /s reTeporeHHux mepex crangapty LTE. OcnoBaumu
3ax0/laMy 100 3HM)KEHHS CIOXHBAaHOI MOTY)KHOCTI 0a30BUMHU CTAaHLIIMU € BHUKOPHCTAHHS
ATbTEPHATUBHUX JDKEPENl €Heprii, onTuMizallis uuciia 0a30BUX CTaHIlIN, 3HWKEHHS CIOKMBAHOT
MOTY)KHOCTI 3a PaxyHOK OUIBII CydacHOTO OOJiagHaHHS, THy4YKa (JUHaAMiuyHa) 3MiHAa €MHOCTI
Mepexi B 3aJICKHOCTI Bif i1 3aBaHTaXXEHOCTI [5].

IlocTanoBKka 3a1a4 q0CTiIZKEHHS

OCHOBHMM 3aBJaHHSAM JIaHOT POOOTH € IOCTIIKEHHS MOMJIMBOCTEH ITWHAMIYHOTO 3MIHU
€MHOCTI TETEpOTCHHOI MEpeXi B 3aJeKHOCTI BIiJ ii 3aBaHTAXEHOCTI 3 METOK 3MCHIICHHS
€HEPTOCIOKUBAHHS MEPEXKEIO B IIJIOMY 1 0a30BUMU CTAHIIIIMU 30KpeMa.

JUis goCHiKEHHST TMHAMIYHOTO PETYJIIOBAHHS CIOKHBAHOI IMOTYXHOCTI CalTy reTeporeHHol
Mmepexki LTE/Wi-Fi, sika Oynyerbcst 3a NPUHIMIIOM IOE€IHAHHS MakKpo- Ta MaKpOpIBHIB MEpexi,
HEOOXI1THO BUPIIIMTH HACTYITHI 3aa4i:

1. IIpoananizyBaT METOAM AUHAMIYHOI 3MIHM €MHOCTI T'€T€POTr€HHOT MEpeXi B 3aJI€KHOCTI
B[ il 3aBaHTaEHOCTI.

© Kanynnikosa K.I1., Uepsuncrkuit B.B., 2014 126
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2. Po3pobutu anroput™ AMHAMIYHOTO PETYJIIOBAHHS BXKMBAHOI MOTY)KHOCTI caliTa Ha OCHOBI
[IEJICHT'YBaHHS aKTUBHUX A00HEHTChKUX TEPMIHAIIIB.

3. po3pobuTH IMITAlIiiHy MOJENb TE€TEPOreHHOI MEepeki, MEepeBIpUTH 3a ii JOIMOMOTrOI0
(G YHKIIOHAJIBHICTh 3aIIPOIIOHOBAHUX PIIIEHbD.

Pimnenns 3axaui i pe3yJbTaTu A0c/aiKeHb

JlocsrHeHHS SIKICHOTO 00CIyroByBaHHs a0OHEHTIB BUMaraTuMe 30UTbLIEHHS TPOyKTUBHOCTI
caity mepexi. [Ipy mpomy HaWOUIBII TPOOIEMHUMHU MICHSAMH 3aJUIIAIOTHCS: Kpai CTUIBHHUKA,
3aKpUT1 NPUMILICHHS Ta BIAKPUTI IUIOMIL, 1€ CIIOCTEPIraeThCsl BEJIMKE CKyMUeHHs aboHeHTiB. Came
B TaKUX «IPOOJIEMHHUX 30HAX» MPOMOHYETHCS BCTAHOBIIOBATH MIKPOCTUIBHUKHM Ta TOYKHU JOCTYILY
AP Wi-Fi [8]. 3 iHmoro 60Ky, oneparopyu CTUKAIOThCS 3 OUIbII BUCOKMMH BUTpaTaMM 3a KUIOBaT-
roJMHY 1 30UTBIIYETHCS BIUTMB HA HABKOJUIIHE cepenoBuie. CKOPOYECHHS E€HEproCHOKUBaHHS
oOnaZHaHHS CTUIBHMKOBOTO 3B'A3KY JI03BOJISIE HE TUIBKM CKOPOTUTH OIEpaliiiHi BUTpaTH
onepatopa, ajne 1 3Hu3UTH BUKuA CO,. J[MHaMIYHE peryiroBaHHS BKUBAHOI MOTYKHOCTI MEpexi —
1[€ IHTEJIEKTYalbHUM CIOCI0 3HU3UTU EHEPrOCHOXKMBaHHSA Mepexi. OCHOBHA 1ed MOJsArae B
3HIJKEHHI TMOTY)KHOCTI MEPEKEBOr0 €JIEMEHTa y pa3l 3MIHM HaBaHTaKeHHS y Mepexi. Lle moxe
OyTu 3po0JICHO 3a paxyHOK BIAKITIOYEHHS MallMX CTUIBHUKIB Ta To4ok moctynmy Wi-Fi a6o
3HIJKEHHSI IIBUJKOCTI mepefadl JaHux y caiiti. KirodoBl migxoaum 10 KepyBaHHS TpUTepaMu
BUMKHEHHS/yBIMKHEHHs CcTUIbHUKIB Ta AP Wi-Fi:

— po3noAUIeHUN MiAxXija, sKuil He BUMarae 3aiydanis OAM;

- IeHTpali30BaHuil miaxia, To0To, neHTpanbHa cucreMa ynpaiaiHHI OAM (SON) BinnoBinae
3a IUCTIETUYEPHU3ALII0 MEPEXKI 13a 11 peKuM poOoTH;

- Ti0puJIHA apXITEKTypa NOEIHYE PO3MOAUICHI 1 IEHTPpaIi30BaHi MiJIX0IH.

3BUYaiiHO, OUTBII (PYHKIIIOHATBHUM € BapiaHT BIPOBAIXKEHHS T1OpUIHOT apXITEKTypU MEpexKi
SON [3]. He 3aBakaroum Ha BCI MepeBaru 1bOro MiAXoay, BiH HE € ONTUMaTbHUM. OCKUTBKH HOTO
peanizauis BriuuHe Ha mnokasHuku CAPEX, OPEX Ta 3HauHO YCKIaJHUTH apXiTEKTypy
rereporeHHoi Mepexxi. ToMy NpONOHYeThCs BIPOBAKEHHS IeHTpanizoBaHoi cucteMu SON. YV
uentpanizoBadii OAM cucremi eNB Oyne iHpopmyBatu, Hampukiaz, depe3 KOXHI 5 XB. Mpo
MOTOYHY CHUTYallll0 3 HaBaHTaXEeHHAM. OcTaToyHe pILEHHS Uil BIIKIIOYEHHS IPOBOAMUTHCS
cucremoro OAM. IlepeBara LeHTpani30BaHOI CUCTEMU CTae Biipa3y oueBuaHO0, OAM Mae noBHe
KapTUHY BCIX CTUIBHUKIB y Mepexi. Y riOpuiHiil apxitektypi eNB MoXyTh caMOCTIiHO
BUXOJIUTU/BXOJIUTH Yy CIUIIYUN pexuM. Y pasi, gkmo QoS He Jocsrae 3a3Hauy€HOro pIiBHA 3a
PaxyHOK aKTMBHOTO MaKpOPIBHS, MOXYTh OyTH aKTHMBOBaH1 MIKpOCTUIbHUKHU. [I0BHE BIIKIIOUEHHS
MIKPOCTUIBHUKA B MEPIOIM HU3bKOTO HaBaHTaKEHHSAM a0 BIACYTHOCTI HaBaHTaXXEHHS MOJKJIMBE,
OCKUIBKM TIOKPUTTA MIATpUMYeEThcsl MakpopiBHeM. OAM BH3Hayae HaBaHTA)KEHHS Ha
MIKPOCTUIBHUK Ta IpUMMAa€E pilIEHHS, 1040 Horo BiakiatodeHHs. [licas 1boro MIKpOCTUIBHUK BiKe
HE MOXE AaHaI3yBaTW HABAaHTAXKEHHS Yy Horo paniyci Hmokputta. Tomy 3aaaya BBIMKHEHHS
MIKPOCTUTPHUKA CTA€ BAXJIMBUM MUTAHHAM. [[J1s1 IbOTO BHKOPUCTOBYIOTHCS TaKi METOJH: 3TiTHO
CTaTUCTUYHUX JIaHUX BCTAHOBJIIOETHCS Yac BKJIFOUEHHS Ta BIIKIIOYEHHS CTUIbHUKA; BC1 CTUIBHUKU
BKJIIOUEHI, PEXHUM BIIKIIOUYEHHS CTUIbHUKA 3a00pOHEHO; CIUISIYMN PEXHUM; MIKPOCTUIbHUKU
BMMKAIOTHCS 3 IEBHOIO YaCTOTOIO.

Y BCIX IUX METOMIB € OJAWH 3HAYHUW HENOJIK — BIACYTHS MOMJIMBICTH IJUHAMIYHOTO
peryaoBaHHs PEKUMY POOOTH MEpexi 3aJIeKHO Bl HaBaHTa)XKEHHS Ha Hel. 3aMICTh BIIKIIIOUCHHS
MIKPOCTUIBPHUKA MPONOHYETHCS JMHAMIYHE pErylioBaHHS BXHBAHOI MOTYXKHOCTI MallUMU
CTUIbHMKAMM BIANOBITHO JO 3MIHM HaBaHTaXEHHS Yy Mepexl. MaKpOCTUIbHUK BHUKOHYE
JTUCTIETYCPU3AIlII0 cailiTa: BU3HAYAE MICIC 3HAXO/DKEHHS a0OHEHTIB Ta HABaHTAXXCHHS, SIKE BOHHU
ctBoprotoTh. OTpumani aani eNB nepenae no 6imoky OAM (SON). Tam BinOyBaerbcs BHOIp
cnoco0y niaxitoueHHs UE: makpoctinbHUK, MiKpocTuibHUK, AP Wi-Fi. UE Moe 3HaxoauTuch y
nBox craHax: UE obcnyroByerscst AP notu, noxu UE 3Haxoautbes y 30H1 nokputtsa AP ta Ha UE
yBiMKHeHO Moayib Wi-Fi; UE o6cnyroByerscs eNB a6o HeNB notu, noku UE 3naxoautbest mosa
3oHO10 IOKpUTTA AP Ta Ha UE He yBiMKHeHO Moyinb Wi-Fi.
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Takum umHom, AP Bononie Outbmum mnpioputeroMm g UE, 3aBasku Oulbll BHCOKOIi
IIPOITYCKHOT 3/1aTHOCTI Ta OUIbII HU3BKOI BapTOCTI Tpadiky y nopiBHsHHI 3 Mepexeto LTE. Skino
UE 3Haxonutbes y 30H1 MOKpUTTA Aekuibkox AP, To OAM 6yne oOuparu AP Buxoasuu 3 Takux
MOKa3HUKIB, SIK BapTICTh Ta MPOJYKTHUBHICTb, BPAaXOBYIOUM IPH LIbOMY PO3MOJLI HAaBAaHTAXKECHHS.
[Ipu nmo3unionyBanHi UE BHHMKAIOTH CKIAAHOCTI, OCKUIBKH 3apa3 ONepaTopu MOOUTFHOTO 3B'S3KY
He 3a0e3MeuyloTh BHCOKOI TOYHOCTI IO3UIIIOHYBaHHS A0OHEHTCHKMX CTaHIIMd, L[0 ICTOTHO
YCKJIQHIOE 3aBIaHHS PETYITIOBAHHS MOTYXHOCTI MIKPOCTUIBHHKA. Y 3BSI3Ky 3 IIMM HE0OXigHa
po3poOKa 1 BIPOBAIKEHHSI HOBUX IMIIXOJIB CUCTEM MO3ULIOHYBAaHHS, TOMY PILIEHHS Ha OCHOBI
CHUTPHO (QYHKI[IOHYIOUMX MEpPEK MOOUIPHOTO 3B'SI3Ky Ta CIEHIaibHOI MeJIEHTAIliHOT Mepexi
MIPEJICTABISETbCS aKTyadbHUM. [CHYIOUI TEXHOJIOTIi MO3MLIOHYBAaHHS B Mepexax MOOUIBHOIO
3B'I3Ky JalOTh BEJNHMKY NOXUOKYy mo3uiionyBanHs UE a0o BMMararoTh 3Ha4HMX BHUTPAT Ha iX
peanizanito. Y 3B'I3Ky 3 IMM OUIBLIICTH OMNEPAaTOpiB MOOUILHOTO 3B'I3KY Ha MPaKTHUIIl
BUKOPUCTOBYIOTh HAaWIPOCTINIMH 1 JEMIEBUI METO] MO3ULIOHYBaHHS, 3aCHOBAHMN Ha BU3HAYEHHI
inentudikatopa cruibHuKa (Cell-ID), B sxkomy 3Haxoautbes UE. Ane #Horo TOYHICTh
MO3ULIOHYBAaHHS HE € JIOCTaTHbOK JJIsi BIPOBA/DKEHHS TIETEPOTCHHUX pIIEHb. Y Mepexax
TPETHOIO IMOKOJIIHHS TMEPCIEKTUBHOIO TEXHOJIOTI€I0 € BHU3HAYEHHS MICIS pO3TallyBaHHS IIO
HampsIMKy NOpuUiioMy 1 BHUMIpY pI3HMII 4Yacy NpPUHOMY CUTHaIIB. 3aBJaHHS IO3UILIIOHYBAHHS
BUPIIIYETHCS Y KUIbKa eTamiB [5]:

1 [Ipouenypa BuznaueHus Cell-ID mepex, B SkoMy 3HaXOAUThCS AOOHEHTChKA CTaHITIS.

2 [Ipouenypa BU3HAUYEHHsI CHUCKY BUMIiptoBaibHUX NMyHKTIB BII. Ha nanomy erami micis
HaJXOJKeHHS y mynbTi kepyBaHHs iHGopmauii npo Cell-ID, B sxkomy 3Haxomutbest UE, nami
Bi10yBaeThes 3ictaBieHHs «Cell-ID - BII». [1ynbT ynpaBiiHHS MICTUTh 0a3y JAaHUX BiAMOBITHOCTI
«Cell-ID-BII, sxi o6cnyroBytors manuit Cell-1D». I[ndopmanis npo 3ony 3HaxomxenHs UE
HaJIXOIUTh 3 IIyJbTa YIpPaBJIIHHSA 4Yepe3 KOHTposiep Oa3oBux craHiii Ha Biamosimui BII mis
no3uuionyBanHs UE 3 OU1bI BUCOKOO TOUHICTIO.

3 AIropuT™M BHUXOJYy aOOHEHTCHKOI CTaHIli Ha MaKCHMalbHy MOTYXHICTH mepeaadi. Y
npoueci nosutionyanss, koau UE Habnuxaerbes 1o BC, il MOTYKHICTh 3MEHIIYETHCS 1 BUHUKAE
npoOsieMa eleKTpoMarHiTHO1 goctynHocTi no BucxiaHii niHii Bin UE no BII, mo B cBoro uepry
CYTTEBO 3MEHIIYE TOYHICTh MO3MUIIOHYBaHHSA. /[l LbOro NPONOHYETHCS BUKOPUCTOBYBATH
QITOPUTM NPUMYCOBOI'O BUBEJIEHHS Ha MaKCHUMaJlbHy MOTYXHICTh nepeaaBada UE Ha xopoTkuii
MIPOMDKOK 4acy.

41lpouenypa Mo3UIIOHYBaHHS a0OHEHTCHKOI CTaHIIi 3aco0amMM IeJeHrauiiiHoT Mepexi.
BumiproBanumu napameTpaMu € KyTy HanpsIMKy npuxony ButipomintoBanHs UE mozo ninii (6a3n),
1o 3'ennye aBa BII mepexi.

BumiproBanbHi MyHKTH MEJIEHralilfHOT MEpexi PO3TAallOBYIOThCS B IMO3ULIAHUX paloHax
6a3oBux cranuiii (eNB) 1 maioTe y cBoemy ckiaal npuiimaui LTE Ta anTeHHi mpuctpoi, mo €
npuiioMHuMHU (pazoBaHUMU aHTeHaMmH peinitku (DPAP) 3 eneKTpOHHUM YyIpaBIiHHAM. YIIPaBIIIHHA
Ta 00poOKa pe3yibTaTiB poOOTH MEJNEHrallifHOi Mepei MPOBOAMUTHCS B CIELIAIBHOMY IYJIbT1
YIpaBJliHHSA, IKAUH B3a€EMOJIIE 3 KOHTPOJIEPAMHU 1 CUCTEMOIO KOMYTallii Mepeki MOOUIBHOTO 3B'SI3KY.

Omxe, miIBEAEMO MIICYMKH, LI0J0 aJITOPUTMYy AMHAMIYHOTO PETYJIIOBAHHS IOTY)KHOCTI.
Honyctumo, mo A={al,..,an}, B={bl,...bn} ta C={cl,...cm} — ne AP Wi-Fi, ta HeNB Ta eNB
BianmoBinHo. [lpm mpomy m=1, abo 3HaYHO MeEHIIE 3a N, TaK SK MHOXHHA TOYOK JOCTYIY
PO3rOpTaAETHCA B CEpeInH 30H MOKPHUTTS MOoOUTbHOT Mepexi. OAM 36epirae ciimcok A, B Ta C, sk
CIUCOK MOMJIMBUX KaHAWAATIB I MIAKIIOYEHHS, TakoXX 30epirae iHdopmaliio Mmoo
3aBaHTaxxeHOCTI kokHoro 3 Hux. U={ul,..,uk} — me AC. Koxumit AC BuUMarae miJIKkJIIO4CHHS,
kokHa AP ta HeNB a6o eNB MoxyTh 3a0e3meunTi NMeBHY MaKCUMaJbHY MPOMYCKHY 3JaTHICTh
(Yomacro maxs Ymicro maxs Ywifi max). TAKAM 4MHOM, IICIS 3HAXOJKEHHS TOYHOIO MICHS 3HAXOIKEHHS
aboHeHTa y Mepexi, BiOyBaeTbcsd BU3HAYEHHs CIOCOOY MIAKIIIOUEHHS a0OHEHTa y MEpexy, Lie
MOXK€ 3IMCHUTUCS Yepe3 MaKpOCTUIbHUK, MikpocTulbHUK Ta AP Wi-Fi. IlpiopuretHum e
MIAKII0YeHHs aboHeHTa 10 AP, 1ie BinOyBaeThcs, KO aOOHEHT 3HAXOAUTHCS Y 30HI HOKPUTTS AP,
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Ta Ha MPUCTPOI, 3 TKOTO 3AIMCHIOETHCS 3aUT Ha MIIKIIOYEHHS 10 [HTepHeTy, yBIMKHEHUN MOYb
Wi-Fi. fIkmo ab6onenT ninkmtounBces yepe3 AP Wi-Fi, To nepepaxoByerbcs HaBaHTakxeHHsI Ha AP
Wi-Fi, gk1mo  Hi, TO NepeBIpsAETbCS MOKIUBICTD MIAKIIOYEHHS 10 MIKPOCTUIbHUKA. 32 YMOBH, 110
aOOHEHT 3HAaXOJUTbCA Yy 30HI IMOKPUTTS MIKPOCTUIbHMKAa 1 Ha HBOTO BHUCTAa4Ya€ MPOIMYCKHOL
3/1aTHOCT1, a0OHEHT MIJKII0YAE€ThCA 10 MIKPOPIBHA. Y IHIIOMY BHIIAJKy a0OHEHT MiAKIIOYA€ThCS
70 MakKpOoCTUIbHHMKA. Temep 3ajieXXHO BiJ HABAHTAXXEHHS HAa MAaKpOpIBEHb PO3pPaXOBYETHCS
HEOOX1IHY 30HY IOKPUTTS MIKPOCTUIbHUKA:

Y .
— micro
micro ~ Rmax ’ s (1)
micro _max
ne Ry.e — MakCUMalbHUM pajiiyc 30HU MOKPUTTS MIKPOCTUTBHUKA, Ryicro — PO3pPAXOBaHUI

HEOOXITHUN 3a JaHUM HABAHTAKCHHIM HAa MEPEXKY PaalyC 30HU TMOKPUTTS CTUIBHHKA, Yyicro —
HABAHTa)KEHHs Ha MIKPOCTUIBHUK Y TAHUN MOMEHT, Yyicro max — MAKCHMAJIbHA ITPOITYCKHA 3JaTHICTh
MIKpOCTUIbHUKA. TakuM YHHOM, pajlyC 30HU TOKPUTTS CTUIBHUKA 3aJIeKUTh Bl MOTOYHOIO
HaBaHTaXXEHHS HAa Mepexy. biiok-cxeMy anroputMmy HaBe€HO Ha puc. 1.
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Pucynok 1 — briok-cxema alnroputMy AMHaAMIYHOTO PETYIIOBaHHS MOTY)KHOCTI MEPEXK1
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3amis crnocTepeXeHHs] e()EeKTHBHOCTI T€TEPOreHHUX MEpPEX CTBOPEHO IMITAI[IiHY MOJIENb.
Monens 3a0e3neueHa cy4acHUM IrpadiyHuM iHTep(deicoM Ta BUKOPUCTOBYE MOBY MPOrpaMyBaHHS
Javascript. Mozenb 103BoJIsIE 3MIHIOIOUM KOH(DIrypaiio Mepexi AOCIKYBaTH 3MIHY IPOIYCKHOT
31aTHOCT1 MEpexi, ii 3aBaHTaXXEHHS, KUIbKICTh aOOHEHTIB, 110 OOCIyroBYIOThCS. TakoX MOJENb
pealli3ye aaropuT™M JMHAMIYHOTO PETYIIOBAHHS MOTY)KHOCTI MIKPOCTUIbHHKA. MOAETIOBAHHS
MPOBOJUTHCS JUISl YMOB MICTa, JUIsl MICLb, JI€ CIIOCTEPIra€ThbCsi  IEPEBAHTAXKEHHS MEpExi,
BHACJIOK BEJMKOI KUIBKOCT1 aOOHEHTIB. BXiaH1 aH1 Mozeni: paalycH, CIIOXKHBaHI MOTYKHOCTI,
MaKCHUMaJIbH1 MPOIYCKHI 3/1aTHOCT1 MAKpOCTUIbHUKA, MIKPOCTUIbHUKA Ta AP

MonentoBaHHs PoBOAUTHCS A Aiana3ony 1800 MI'w, nist yMoB MicTa, st AKX HalOUIbII
MIXOIUTh MOJIeb 3racanus curnany Cost231-Hata. Pagiycn makpo- Ta MIKPOCOT PO3pPaxoBYIOTHCS
3 00JIIKOM OCHOBHUX BUTpAT CUTHaIY Ha Tpaci [4]:

L, =69,55+26,26lg(f)—13,871g(h,)—a(h,)+ [44,9 - 6,551g(hb)]- lg R, (2)
ne f — vacrora, MI't; A, - BucoTa anTeHH 0a30BOi CTaHIlli, M; d — BIJICTaHb BiJ IepeaaBava 0
npuiiMaibHuKa, kKM; a(h,,) - TONPaBOYHUMN KOE)ILI€HT:
a(h,)=(Llg(f)-0,7)-h, — (1,561g( /) - 0,8). 3)

Cranu Mepexi Ipyu MOJAETIOBAHHI:

- IIPALIIOE JIUIIE MAKPOCTUILHUK;

- IpaLIOE MaKpPOCTUIBHUK Ta OJHA/IIB1 MIKPOCTUIBHUKHU (PEKUM JTMHAMIYHOTO pEryJrOBaHHS
BUMKHEHO/YBIMKHEHO);

- IpallOE MAaKpOCTUIbHUK, OJHA/ABI MIKPOCTUIBHUKM Ta Touku ngoctyny Wi-Fi (pexum
JUHAMIYHOTO PEryIlOBaHHS BUMKHEHO/YBIMKHEHO).

Jig cTraHy, KOJM IMpallo€ MaKpPOCTUIBHHMK, CIOCTEpIraeThCsi IEPEBAHTAXKEHHS MaKpoC
TUlbHUKA. Lle o3Hayae, 10 YacTUH AOOHEHTIB OTPUMAIOTh BIAMOBY y JOCTYII 10 Mepexi. s
CTaHy, KOJIM MPaLO€ MAaKPOCTUIbHUK Ta JIBa MIKPOCTUIBHHUK, MaKpOMEpeka pO3BAHTAXMWIACh, Ta
€MHICTh caiiTa 3HA4HO 3pocia. AJie HEe3HAyHE MEPEeBAHTAXKEHHS OJHOIO MIKPOCTUIbHHUKA TaKOX
MOXK€ IpHU3BECTH 10 BiqMoBHU jgoctyny 1o Iurepner. Ilpu BmukanHi AP Wi-Fi Bci aboHeHTH
3a0e3MeyeHH1 AKICHUM 3B’SI3KOM, IMOBIPHICTh BIIMOBH Y 3’€JJHAHHI 3HAUYHO 3HU3UJIACh. 3POCTAHHS
MIPOITYCKHOT 3/[aTHOCT1 B 2 pa3u MPU3BOJUTH O HEMOMIPHOTO 3POCTaHHS CIIOKMBAHOI MOTY>KHOCTI
CTUIbHUKAMH. AJIe Mepeka MIKPOCTUILHUKIB HE 3aBaHTKCHI, MepeXa B IIUIOMY MpAIIOE HE
epexTuBHO. [y BUpIIEHHS 1[i€] TPOOJIEMU 3aCTOCOBYETHCS aITOPUTM JIUHAMIYHOTO PEryIIOBAaHHS
CIIO’KMBAHO1 MOTYKHOCT1 MIKpOCTUIbHUKaMH. Pe3ynbTaTil MOJIe/IIOBaHHS HABEIEHO Ha pHC. 2, 3.
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Pucynok 2 —3anexHICTh CIOXKUBAHOI MOTYKHOCT1 MEPEkK1 3aJI€KHO BiJ 11 cTaHy: 1 - pexum
JMHAMIYHOTO PEryIIOBaHHS MIKPOCTUIbHUKA BUMKHEHUH, 2 - yBIMKHEHUH)
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Pucynok 3 —3anexHicTh NPONYCKHOI 3JaTHOCT1 MEPEXK1 Bif 1l cTaHy

BucHoBku

1. TlpoananizoBaHo 3acoOW 3MEHIICHHS CIIOKHBAHOT MOTYXHOCTI TE€TEPOTCHHOI0 MEPEXKEI0
LTE. Po3risiHyTo MOKJIMBICTh IOCTOBIPHOTO BU3HAYEHHSI MICLIE€3HAXOP)KEHHSI a0OHEHTA.

2. Po3pobneHo anroputM JAMHAMIYHOTO  PETYNIIOBAaHHS  CIIOKMBAHOI  MOTYXKHOCTI
MIKPOCTUIbHUKAMH.

3. IlpoBeneHO MOJENIOBAHHS PEXHUMIB pPOOOTH TIeTeporeHHoi Mepexil. Pesynbratu
MOJIEJIIOBAHHS MIATBEPAMIN €(PEKTUBHICTh BIPOBAIKEHHS TIE€TEPOreHHUX pIlIeHb CYMICHO 3
QITOPUTMOM JIMHAMIYHOTO PETYIIOBAHHS B)KUBAHOI MOTYKHOCTI MIKPOCTUIbHUKAMHU.
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K.I1. Kanynnuxoea, B.B. Yepeunckuii

I'BY3 «/loneykuit HayuoHanbHulii MeXHUYECKUIl YHUGEPCUM e

Anzopumm OUHAMUYECKO20 PEYTUPOBAHUA NOMPEDIACMOTL MOUIHOCIU MUKPOCOMAMU 26 EPOEHHOT
cemu LTE. B pabome npoananuzuposansvt 60npocsl NOGbIULEHUS IHEP20IhekmusHocmu 6a306bix
cmaHyutl MoOUunbHbIX cemell césa3u Ha baze mexnonoeuu LTE, nokazano, umo oOHUM U3 86apUAHMO8
UX peuwleHus AGIAemcs UCNONb308aHUe OUHAMUYECK020 JHepzocbhepedxcenus. Pazpabomana
umumayuonnas mooeisb cemepozennoi LTE cemu, sxnrouaroweti makpocomol, muxpocomol u Wi -
Fi 30mb1. Paspaboman ancopumm OUHAMUYECKO20 pe2yIUpo8aHus NOmMpeonsemou MOUWHOCIU
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caiima Ha OCHO8e UHpOpMayuu O MeCMOHAXO0HCOCHUU aKMUsHuIX aboHenmos. Ilposedeno
MOOeNUPOBaAHUE PEHCUMO8 PAbOmMbl 2emepo2eHHOl Cemu.

Knrwoueevie cnosa: cemepocennasn cemo, LTE, Wi-Fi, mecmonaxooxcoenue akmugHvlx abOHeHmos,
nompeo.aaemas MoOWHoOCms 6a3060U CMAHYUU, MAKPOCOMA, MUKPOCOMA.

K.P. Kanunnikova, V.V. Chervinskiy

Donetsk National Technical University

Power consumption dynamic adjustment algorithm for microcells of heterogeneous LTE
network. This paper analyzes the issues of energy consumption efficiency increase for base stations
and access points in heterogeneous mobile networks based on technology LTE. It is considered that
one way to reduce the power consumption of a heterogeneous network is the temporary shutdown of
separate microcells in the periods of reduced network loading, that is, the use of dynamic energy
savings. It is shown that the implementation of this approach is the most appropriate with the use of
centralized control system OAM (SON) with the ability to obtain current information about the
location of active subscribers. The use of promising technologies in determining the location of the
subscriber in the direction of receiving and measuring the time difference in signal reception is
proposed. The dynamic adjustment algorithm of the site power consumption based on information
about the location of active subscribers and the required bandwidth is developed. The conditions
are given according to which the selection of the connection method (by macrocell, microcell or
Wi-Fi access point) for the active subscriber to the network is made. Correspondingly the
conditions are determined for including the base stations and access points. In order to evaluate the
effectiveness of the solutions the simulation model of heterogeneous LTE network for large cities is
developed including macrocells, microcells and Wi - Fi zones. The simulation is conducted for
operation modes of heterogeneous LTE network. The significant decrease (20-30% ) of the power
consumption of a heterogeneous LTE network is shown using the proposed algorithm.

Keywords: heterogeneous network, LTE, Wi-Fi, location of active subscribers, power consumption
of base station, macrocell, microcell.

KanynnikoBa Karepuna IlaBaiBHa, VYkpaina, HaBuaeTbCcs Yy

JloHenpKkoMy HallIOHAJIbHOMY TEXHIYHOMY YHIBEPCUTETI
(Bynm. Aptema, 58, M. J[omemnpk, 83001, Vkpaitna). OcHoBHUM
HampsIMOK HAyKOBOi [JISUIBHOCTI — pPO3poOKa Ta JOCHIIKEHHS

reTeporeHHoi Mepexxi Ha 6a3i rexHosoriii LTE/Wi-Fi.

YepBuncokuii Bosogumup BosonmmupoBuu, YkpaiHa, 3aKiHUUB
JloHEeUbKUI HalllOHAIbHUNA TEXHIYHUN YHIBEPCUTET, KaHJ. TEXH. HAYK,
JOIIEHT, JOIEHT Kadeapu aBTOMATUKH Ta  TEJIIEKOMYHIKaI[iid
JIBH3  «/loHeupkuii HalOHAJbHUN TEXHIYHUNA  YHIBEPCUTET»
(Bynm.. Aptema, 58, M. J[omempk .83001, Vkpaina). OcHOBHUM
HampsIMOK ~ HAYKOBOi  JISTBHOCTI —  aBTOMAaTH3allisl  CKIAIHUX
TEXHOJIOTIYHUX MPOLECIB, IPOMHUCIIOBI CUCTEMHU TEIEKOMYHIKAIIH.
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