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AHHOTANMSA

HUccnenosansl Borpock! pasrpy3ku ceteit LTE uepes cern Wi-Fi kak oquH u3 ciocoGoB perieHus po0sieMbl HEXBAaTKU pe-
CypcoB ceTH MOOMIIBHOH cBsizu B OynymieM. [IpuBeneHO cpaBHeHME NpegHA3HAYEHHBIX VIS pasTpy3KH ceTeil MoOMIbHON
cBsi3u TexHojoruii: ¢pemrocorsr, Small Cells u Wi-Fi. Ilpencrasneno nocrpoenue coBmeinennoii cetu LTE+Wi-Fi, Bkiro-
Yaloliee KaK HOBBIE 3JIEMEHTHI CETH, TaK U HOBbIe (DYHKIIMH JUIs CTaHIapTHBIX dneMeHToB cetd LTE, a Taxoke B3auMomenct-
BHE MexXay 3neMeHTamMu. Ocoboe BHIMaHUE YASICHO HCTIOIb30BAHMIO MOOMIBHBIX IPOTOKONOB [P u1s opranusanum gocTy-
na k sapy cetu LTE gepe3 nosepennstit u nHenosepennsiii Wi-Fi noctyn. Beimonnena onenka 3¢$heKTHBHOCTH BHEIPEHUS
JaHHOM TexHojoruu. B pamkax MozenmpoBaHUs Hpolecca nepexona abonentckoro repmuHana u3 cetu LTE B cetp Wi-Fi
HPE/ICTABJICHBI 3aBUCHMOCTh KOJIMYECTBA IIepeBeICHHBIX B ceTh Wi-Fi aOOHEHTOB M 3aBUCHMOCTb CKOPOCTH IepeadH JlaH-
HbIX B ceTd LTE oT minotHOCTH Touek noctyna. Ha ocHOBaHMM HCCilenOBaHUS ClEIaH BBIBOJ O TOM, YTO [IOCTENICHHOE BHE-
JpEeHUe JaHHON TEXHOJOTUWH TO3BONISAET YCIEIIHO CMPABIATHCS C MPOOIEMOM HEXBATKU PECYPCOB CETH MOOMIBHOTO OmMepa-
TOpa B KPYIHBIX FOPOZAX M3-3a NOCTOSIHHOrO pocta Tpaduka. [TokasaHo, 4yTo nobOaBIeHHE TOUEK AOCTYIIA U IIEPEBOJ] KIMEH-
TOB B ceTh Wi-Fi 3HaunTeNnbHO CHIKAeT HArpy3Ky Ha 0a30BYIO CTAHLHIO, IPH 3TOM YBEIHMUYHBACT CKOPOCTD MepeIadn JaH-
HBIX, IO3BOJISISI COXPAHATh KAYECTBO IPENOCTABIIEMBIX YCIIYT.

Knrouessble ciioBa: pasrpyska ceteid, crangapt 802.11n, nuiro3 MAG, mumio3 LMA, mmo3 WAG, nutios3 ePDG, npoTtokon
PMIPv6, npotokon DSMIPv6, noBepeHHbIH NOCTYI, HEAOBEPEHHbIH JOCTYII.
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Abstract

The subject of the article is Wi-Fi offloading of LTE networks as one of the methods for solving a problem of the lack of
availability of network resources in the future. Comparison of mobile networks offloading technologies, such as femtocells,
Small Cells and Wi-Fi, is given. Architecture of cooperative LTE+Wi-Fi network including both new network components
and new functions for standard LTE network components is presented as well as interaction between components. Special
attention is paid to the usage of mobile IP protocols providing connection to the LTE Core both by trusted and untrusted Wi-
Fi access. Evaluation of implementation effectiveness and prospective of the technology is given. The relation between
amounts of users reconnected to Wi-Fi, data rate of LTE network and amount of access points are submitted as a part of the
simulation of user’s equipment transition process from LTE to Wi-Fi network. A conclusion based on the research is made
that stepwise phase-in of this technology enables to solve the problem of mobile network resources shortage in metropolises
due to permanent traffic growth. It is presented that access points addition and transference of the customers to Wi-Fi net-
work significantly reduce the overload on the base station herewith it increases some data rate with preservation of quality of
provided services.
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offloading of networks, 802.11n standard, MAG, LMA, WAG, ePDG. PMIPv6, DSMIPvV6, trusted access, untrusted access.
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PA3IPY3KA CETEMN LTE YEPE3 CETW Wi-Fi

BBenenue

KonmuecTBo mHpOpMaIuy, mepegaBaeMoe B CETSIX MOOHMIBHOHN CBSI3M, OTPOMHO W IPONOIDKAET PacTH
OBICTPBIMH TEMITAMH. JTO OOCTOSTENBCTBO PAHO UM MO3IHO MPUBEAET K TOMY, YTO OTPAaHUYCHHBIX PECYpPCOB
cereit moOmnbHOM cBs3u crannapra LTE (Long-Term Evolution) okakeTcst HeZOCTaTOYHO, YTOOBI HMPOITYCKaTh
MOCTOSIHHO PACTYIINH 00beM TpaduKa JTaHHBIX.

Pemenrem npobieMsl SBJIsIeTCS pa3rpy3Kka CeTH, T.e. IepeBoj 4acTH TpadHKa B IPyriue CETH ¢ MEHBIIUM
pazmepoM cot. s cerert LTE xapakTepHa HEONHOPOAHOCTh UX CTPYKTYP, II0O3TOMY B HUX BO3MOXHO HECKOJIb-
KO BapuaHTOB pasrpy3ku: Small Cells, pemrocorsr u Wi-Fi.

Texunonorus Small Cells npumeHnsiercsi B 0OIIECTBEHHBIX MECTaX M MPEACTABISET CO00Il MaJOMOIIHbIE
6ecnpoBonHbie T/l (TOukH gocTyma), KOTOpble padOTAIOT B JMIEH3NPYEMOM AMAIa30He U YIPABISIOTCS Orepa-
TOpoM cBsizu [1].

®DeMTOCOTH — 3TO COTHI HEOOJNBIIOTO pa3Mepa, YCTaHABIMBAEMbIe B KBapTHUpE WM O(Hce M OOCITyKH-
BaeMbIe TaK)Ke MAJIOMOIIHOM 06a30BO# CTaHIIMEH COTOBOM CBS3H [2].

Wi-Fi — texHOMmorus nokanbHO# OecripoBoaHO# mepenaun naHubix (cragmapt [EEE 802.11) [3].

B Tabn. 1 mpuBeneHo cpaBHEHNE 3TUX TPEX TEXHOJOTHIA IO OCHOBHEIM ITapaMeTpaM.

Tapamerp TexHonorus _
Small Cells deMTOCOTHI Wi-Fi
LInpuna crexrpa, MI'i 1.4/3/5/10/15/20 5 o 1(6800(25;})12‘_?1%)
MakcumanbHas CKOpOCTh
nepenadyy JaHHbIX Ha 150/75 42.2/5,76 600 (802.11n)
. 2340 (802.11ac)
paaguounntepderice, Mout/c
besonacuocts. QoS + + +
[on0XNTEeIBHBINA ONBIT — - +
MacmrabupyeMocTh — + +
DddexTuBHOCTH 3aTpar — — +

Tabnuua 1. CpaBHeHME TEXHOMOIUI pasrpy3ku ceTer MoOMIbLHONM CBA3N

B cerax Wi-Fi ucnonb3yercst 6osee mMpOKUil CrIeKTp, CKOPOCTh Mepeayl JaHHBIX BBIIIE, UMEETCS MO~
JIep)KKa TapaHTHpOBaHHOTO kadectBa oOcmyxuBaHus QoS (Quality of Service) m cranmapra mmppoBaHus
WPA2 (Wi-Fi Protected Access). Wi-Fi mosip3yercst orpoMHON HOMYJIIPHOCTBIO Cpeii aDOHEHTOB BO BCEM MH-
pe. MacmtabupoBaTbes cetit Wi-Fi MoryT mytem mobasieHus HOBBIX T/1, pa3BepThIBaHHE KOTOPHIX 3HAYUTEIh-
HO JCIIEBIIE U IPOIIEe YCTAHOBKU HOBBIX 0a30BBIX CTaHIMH. TakiuM 00pa3oM, MOKHO CIeaTh BEIBOJ O TOM, YTO
IUTS Pa3TPY3KH ceTel MOOMIBHBIX JaHHBIX TexHonorus Wi-Fi sBisercst Hanboee mepcreKTHBHOM.

Hoctpoenue coBmemennoi ceru LTE+Wi-Fi

LTE Bxmouaer B cebdst cets pamuomoctyna E-UTRAN (Evolved Universal Terrestrial Radio Access

Network) u ycosepiernctBoBanHoe naketnoe sapo EPC (Evolved Packet Core) [4].

Yro kacaetcs cereit Wi-Fi, To goctym uepe3 T/ Wi-Fi moxxet ObITh noBepenHbiM (cetu Wi-Fi omeparop-

CKOTr0 Kjlacca ¢ 0e30MacHbIM METOJIOM ayTeHTU(HKALMH) W HEJIOBEPEHHBIM (OOIeCTBEHHbIE OTKpbIThIE TJI

Hotspots, ntomairaue 6ecripoBoJHbIE JTOKaJIbHBIE CETH MOJIb30BaTENEH).

Jnst obecrieueHuss paboThl TEXHOJOTHU pas3rpy3ku uepe3 Wi-Fi HeoOXoquMo BBECTH Clleayrolue 3je-

MEHTHI.

1. Jomamnanit arenT HA (Home Agent) — MapmpyTu3aTop B JOMaIIHeH CETH, B KOTOPBIH HAIIPABISIOTCS TaKe-
ThI U3 ceteir Wi-Fi. Taxke HA ormpasnser nmaketsl, npumenmue B EPC, abonertckomy tepmunany (User
Equipment, UE) gepe3 cets Wi-Fi [5].

2. Imro3 mobusbHoro mocryna MAG (Mobile Access Gateway), KOTOpBIH OTCII€KHMBAeT JABHKEHHE aOOHEHT-
ckoro tepmuHaia UE u coobmaet 06 atom B EPC.

3. Slkopp ynpaeienust moomnbHocThI0 LMA (Local Mobility Anchor) — ato wactHblit cinyuait HA s B3aumo-
neiictBusg ¢ MAG. LMA mnpussizeiBaet cBoit IP anpec x IP aagpecy UE, uro0sl nakersl, npuieanme B EPC,
OTHpaBsUIHCh Janee uepe3 MAG nonb3oBaTento [6].

J11s1 HeZTOBEPEHHOTO JIOCTYIA UCIIONB3YIOTCS TAK)KE JJONOIHUTENbHBIE KOMITOHEHTHI.

4. YcoBeplIeHCTBOBaHHBIHM 1UTI03 11st TakeTHBIX AaHHBIX ePDG (evolved Packet Data Gateway), KOTOpBIi BbI-
nosiasieT pyHkuo MAG B TOBEpeHHBIX ceTax [7].

5. Illmro3 6ecnpoBogHoro mocryna WAG (WirelessAccess Gateway), KOTOPBIi SBISETCS MapIIpyTH3aTOPOM,
HanpasisromuM naketsl B ePDG. WAG rapanatupyer, uto nakeTsl otnpasisitores B EPC u uto va UE npu-
XOJAT MakeThl Toyibko 3 ePDG [8].

Crpykrypa cetu LTE+Wi-Fi npuBesnena Ha puc. 1.
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IIpu B3amMoOIEHCTBUM HCIONB3YIOTCS MOOWIBHBIN HpoKcH-mipoTokon IP Bepcuum 6 PMIPv6 (Proxy
Mobile IPv6) Ha untepdeiicax S2a u S2b u IP nporokoi, ucrons3yromuii Bepcuto 6 nosepx Bepcun 4 DSMIPv6
(Dual Stack Mobile IPv6) Ha unrepdeiice S2c.

IIpotokon PMIPv6 [8] obecnieunBaet B3anmoaeiicTeue Mexry MAG u LMA ans moBepeHHOTo AOCTYyNa,
a Takke yuuThiBaeT ucnonb3zoBanne WAG u ePDG ans HenoBepeHHoro aoctymna (gononHutenbHo Mexay UE u
y310Mm ePDG opranusyercst TYHHEIBHOE COSTUHECHUE C UCIIOIb30BaHUEM ITPOTOKOIIa Oe3omacHoctu [Psec [9]).

Oneparopckue
IP-cepBuUCEHI
(Untepuer, IMS,
PSS, ...)

JloBepeHHbIH
JOCTYI

HenosepeHnslit
JOCTYI

Puc. 1. CtpykTtypa o6beanHeHHow cetn LTE+Wi-Fi

[Tporokon DSMIPv6 momiepkuBaeT BO3MOXKHOCTh (POPMHUPOBaHHs TYHHEJEW C HMCIOJb30BaHUEM Kak
IPv4, tak u IPv6. Iy paboThl TaHHOTO MPOTOKOJIA HE UMEET 3HAYCHHUS, KAKOHM THIT TOCTYIA UCHOJb3yeTcs (110-
BepeHHbIH nin HenoBepeHHbIH) [10]. @ynkunonuposanue nporokosa DSMIPv6 3nauntensHO mpoiie, IpoTo-
KOJI yHUBepcaJleH 11 000ux Bu1oB goctyna Wi-Fi u He TpeOyeT 00bII0ro KOJIM4ecTBa JONOJIHUTEIbHBIX 3J1e-
MeHToB. OJTHaKO peanau3alyst TOro NpoTokosa Tpedyer, uTooOs! ero noayuepxusan UE.

Ouenka 3¢ppexTuBHOCcTH BHeapeHust Wi-Fi offloading

Ha puc. 2 mpencraeneno pacnpezneneHre BUAoB Tpaduka mo coctosHmuio Ha (eBpans 2015 1. coracHo
MoOuibHOMY oTdery koMmmnanuu Ericsson [11]. B kadectBe «rshxenoro» Tpaduka OyneM paccMaTpuBaTh BHIEO,
ay/ano, 3arpy3KHu U 0OHOBJIEHHE porpamMM. MIMeHHo 3ToT Tpaduk npeiaraercs pasrpyxarb B cet Wi-Fi.

CerMeHThI

CoBmMmecTHbIit focTyn K daitnam
Buneo

Aynuo

ITpocmoTp BeG-cTpanuL

JlocTy K COLMATIbHBIM CETSIM
3arpy3ka 1 0OHOBJICHHE MPOTPaMM
[udpoBanHble NaHHbBIE

IIpouee

-
v
)

Puc. 2. PacnpepneneHue Tpaduka

[TpousBenem oueHky 3¢ dexTrBHOCTH BHeApeHus pasrpysku cetu crannapra LTE (FDD, nonoca 10MI'1y
u MIMO 2x2) ¢ nomousto texHonoruu Wi-Fi 802.11n ans nentpa Cankr-IlerepOypra (LlenTpanbHblii, AaMu-
pantelickuii, BacuneoctpoBckuii u Ilerporpajackuii paiionsr). sl OLIEHKH MPOITYCKHOM CHOCOOHOCTH U €MKO-
CTH ceTu 0e3 ImpuMeHeHHs pasrpy3ku yepe3 Wi-Fi ucronbs3yem naHHBIE O CpeHNX 3HAUEHHSX CIICKTPAIbHOM
addexruBHOCTH 011HOI coThl cetrt LTE [12] u paccuntaeM CpeaHIO0 MPOITYCKHYIO CIOCOOHOCTH COTHI 0a30BOM
crauiuu LTE (eNB) [13]:
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Repp = Skppaverage X W,Mbur/ c,
TI€ Spppaverage — CPEAHAS CIIEKTPaNbHAA dPYEKTUBHOCTD, OuT/c/I'1; W — mmpuna xanana, MI .
Janee paccunuTaeM CyMMapHYIO MPOIYCKHYIO criocoOHocTh cetu LTE mo HampaBieHHIo K aDOHEHTY:
Ryw = Reng X Noyg, TOut/c,
rre R,y — cpeanss npormyckHas criocooHocts eNB, Mont/c; Ny p — uncio eNB.
Paccunraem ycpennenHslii Tpaduk aboHeHTa B yac Hanbombmen Harpysku (UHH):
T xN,.
R, =—2—"— Kéur/,
N,xN,, xt
d BH h
rne T, — BenmumHa Tpaduka, pacxoxyemas nonbzoBaresnieM B Mmecsl (b); Np;; — uncio 6ut B Oalite (Out);
N, —4ncno cyTok B Mecsie; Ngy — KOJTHYIECTBO YaCOB HAaMOOJbIIEH HArpy3KH; t;, — 9MCIIO CEKyH/I B Hace, C.
YcpenHeHHBIH Tpaduk abOHEHTa Ha THHUN «BHU3» B YHH:
RDL = RBH X SDL' K6I/IT/C,
e Sp; — Aoms Tpaduka, MPUXOIAIIETOCS Ha TUHUIO «BHHU3Y.
EMKoOCTB ceTtu cocTaBuUT

N, =

sub
RDL
C npumeHenneM naHHbIX o cranaapre 802.11n [3] Obun npoBeeHbI aHAJIOTUYHBIE PAaCcUeThI ISl CETH CTaHAapTa

LTE, ucnons3yromeii pasrpysky depe3 Wi-Fi. Pesynbrarel pacueToB npuseneHsl B Ta0. 2.

bes npumenenns | C npumenennem Wi-Fi offloading (s 802.11n)
Hapametp Wi-Fi offloadin
€ [ 100 TH/kv® | 200 TH/ km® | 350 TJI/ k>
Cpenmusist MpoITyCKHAsT CIIOCOOHOCTh 51 97
eNB/T/I, Mout/c
CpenHsisi CKOPOCTb Mepenadn
1,7 9,7
«1spxenoroy Tpaduka, Mout/c
[Inowans nokpeitus cetu LTE, 69
KM
[Tnomans mokpertus cetu Wi-Fi
quis pasrpy3ku cetu LTE, KM — 46 92 160
(Cc ygeToM 3Ta)XKHOCTH 3aCTPOIKH)
MakcumanbHass EMKOCTh CETH, 33 7008 13987 24426
TBIC. YeJl.

Tabnuua 2. OueHka acpdekTuBHOCTM NpuMeHeHus TexHonorun Wi-Fi offloading

CornacHo Tali. 2, cpefHss CKOPOCTh MEPEAadn AAaHHBIX B CETH C MCIOJIb30BAaHHEM pa3rpy3Kd 4Hepes3
Wi-Fi okassiBaetcs Ooibiie 3a cueT Toro, uro npumenstores T/ crangapra 802.11n. B coBpeMeHHBIX cucTeMax
pagronocTyna MOKHO MaKCHMAJIbHO Y4eCTh YCIOBHSI PACHpPOCTPAaHEHUS! PaJHOBOJIH B KaHaje CBSI3M U alalTH-
pOBarhkCsl K HAM IIyT€M BbIOOpa HamOoJiee MoAXosuield cxeMbl Moayisiuuu u koxuposanus MCS (Modulation
and Coding Scheme). Kagparypras ammutyaaas moayssiiest QPSK/16QAM/64QAM MoxeT KOMOUHHPOBATH-
Csl C IIOMEXOYCTOMYMBBIM KOJUPOBAaHUEM C PA3IMUHBIMU CKOPOCTSAMHU Ha pazHOM oraaneHuu ot TJI. g non-
JIep)KaHHsl KauecTBa IPEOCTaBIsIeMbIX YCIyT 11eJeco00pa3Ho paccMaTpUBaTh CKOPOCTHBIE MOKA3aTesld Ha yAa-
nenuu 30 m ot TH. [Ipu pacuerax BoO BHUMaHHE MPUHUMAIOCH COOTHOUIEHHE OTKPBITOM U 3aCTPOEHHON MECTHO-
cTH, paBHOe 1: 3, cpennss sTakHoCTh — 5 aTaxkeil. B Oymymiem npumenenne Hooro cranmapra 802.11ac [14]
MO3BOJIUT YBEIMYUTH CKOPOCTH Iepenadn JaHHBIX B ceTd Wi-Fi mo 2340 M6wut/c Ha pamuonnTepdeiice (Tadm. 1).

Cpensss CKOPOCTb Mepefaull «TSDKeIoro» Tpaduka onpenensuiach u3 pacyera 10 akTHBHBIX IOJIb30BaTe-
neit Ha 1 cexrtop eNB wmmm T/ Wi-Fi. «Tsoxenprit» Tpaduk Oymer mepenaBaTtbesi ¢ OONBIIEH CKOPOCTBIO, UTO
YAY4IIAT Ka4€CTBO MPEAOCTABIAEMBIX YCIIYT.

[Tnomane nokpeitus cetu LTE cocrasnser

Syre = Suus X Noyy [100 ]

r1e S,yp — IUIOMIAb TIOKPHITHS TPEXCEKTOPHOTO caiita, KM N,yp — uncio eNB.
Torma Heobxoaumoe yrciio eNB 71 TOKPBITHSI BCETO TOPOAa COCTABUT

eNB_S _S ‘
eNB eNB

[Tnomanes nentpa Cankr-IletepOypra cocraBmser Scps = 69 KM%, a ¢ YYeTOM 3TaXKHOCTH 3aCTPOHKHU
MJI0Maab TOKpHITHS paBHa 153 km. Tlnowans IIOKPBITUSL TPEXCEKTOPHOIO CaiiTa B YCIOBUAX CpPENHEN ropoi-
CKOIi 3aCTPOMKH COCTABISAET Spyp = 0,54 KM>.
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Taxum o6pa3om, HeoOxoamMoe unciio eNB 1t moKpeITHA HeHTpa Topoaa cocTaBuT N,yyp = 130, ogHako
310 KomdecTBO eNB He obecneunBaeT HEOOXOMUMYIO eMKOCTh B 740 ThIC. YEJIOBEK HACENICHUs LIEHTpa ropoa
(tabn. 2). Io pe3ysabraram BBINOJHEHHBIX pacyeToB npu mioTHoctu 350 T/ kM’cetb Wi-Fi CMOXET MOKpBITH
teppuroputio 1iearpa Cankr-IletepOypra, MOTHOCTHIO 00ECIeUunBasi ITMPOKOIIOIIOCHBIM TOCTYIIOM B VIHTepHET He
TOJIBKO XKHTEJIeH, HO U JIIOJIeH, HaXOIIMXCs B IIEHTPE Ha paboTe, Ha MPOTYJIKE, a TAK)Ke NPUEIKUX U TypPHCTOB,
9TO B OOIIEH CIOKHOCTH COCTaBIsAeT OKoyso 2,5 miH. bonee TOro, eMKOCTh TakOW COBMEIICHHOH CETH
LTE+Wi-Fi Ha nanssiii MomeHT npeBbimaer B 10 pa3 morpedHOCTH 11ieHTpa ropozaa (tadm. 2). B artoii cBsa3u Ha
TIEPBOM 3Talle BHEAPEHUS TEXHOJIOTHH Liesiecoo0pa3Ho pa3BopaynBarh ceTb Wi-Fi B MecTax MaccoBOro ckoruie-
HUSI JIIOJIEH, TIIe OCTPO CTOMT BOIIPOC HEXBATKU pecypcoB. I[lockonbky HabmonaeTcs JJaBHHOOOPa3HBINA POCT Tpa-
(uka, TO pacCMOTPEHHBIN NPEAebHBIN ciTy4ail OymeT akryasneH yepes3 7 jietr. Hampumep, k 2019 . obmemMupoBoit
Tpaduk JaHHBIX BEIpacteT B 10 pa3 [8], Takum oOpa3om, cpenHeMecsiuHbIN Tpaduk (BemuunHa T,), TeHEpHpYye-
MBIH TeM e KOJMYeCcTBOM a00OHEHTOB, Taike Bo3pacTeT B 10 pa3. B sToli cutyannu HeoOXOAMMYIO IIPOITYCKHYIO
criocobHocTh oGecteuar 200 TJI/ km” (puc. 3). IlotpeGHOCTH MOIB30BATENEH OyAyT MPOIOIKATh PACTH KCIIO-
HeHnuanbHO [11], mosTomy yxe k 2022 1. BcTaHeT HEOOXOAWMOCTH B IIOJIHOM IOKPHITUM IeHTpa CaHKT-
IerepOypra cerbio Wi-Fi oneparopckoro kiacca, T.e. B paseprbiBanuu 350 TII/ kv (puc. 3).

Cpennemecsiaaoe 1500

norpedneHune
tpaduxka, I'b
1000
500
0 ==
100 T/I/xB.km 200 T/I/kB.xM 350 T/I/xB.KM
2014 2019 2022

Puc. 3. OueHka adhheKTUBHOCTM BHEAPEHNSI TEXHONMOrnM pasrpy3ku yepes Wi-Fi
MopeaupoBanue npouenypsl nepexoga UE u3 cetu LTE B cetb Wi-Fi

PaccMoTpuM yuacTok MecTHOCTH | KM”. B IleHTpe yuacTka pacnonoxena 6a3oBas cranims eNB. Pamyc
omHoi cotrel eNB B ycrmoBmsx cpemHed ropoxackoii 3actpoiikm — 0,53 M [9]. Hcciemyem mnoBeneHne
UE-a00HEHTOB, HAXOAAIINXCS BHYTPH COTHL. AOOHEHTHI paclpeieeHbl Ha yYacTKe MECTHOCTH CIYYaiHO IO
paBHOMEpPHOMY 3aKOHY pactpeneneHus. KonmmaectBo aboHEeHTOB Ha y4acTke | kM” mpumem pasubiM 1000. Ko-
mryectBo TJ] Wi-Fi Ha yuacTke MecTHOCTH OyJjeM NPUHUMATh Pa3IM4YHbIM, JUIS TOTO YTOOBI HCCIIEI0BAThH KO-
decTBO aGOHEHTOB, mepemenmux u3 cetu LTE B cets Wi-Fi, mpu pasmianoii mrotaoctn T Ha 1 kM2,

Jlna ompeneneHus M3MEHEHUs NMUKOBOW CKOPOCTH mepenaun NaHHbIX B ceTd LTE mpu mepeBone vacTtu
aboHeHTOB B ceTh Wi-Fi mpenmonoxxum, uto B 30He aercTBus eNB Haxomutcs 20 akTHBHBIX aboHeHTOB. Co-
TJIacHO TallI. 2, cpenHsist pomnyckHas criocoOHocTh eNB cocraBisier 51 MOuT/c, cpeHsist IpOITyCKHast Crioco0-
Hocth T Wi-Fi 802.11n — 97 Mo6ur/c. IIpumep ucciiemyeMoro ydactka MECTHOCTH, PAacHpeesIeHHs] Ha HeM
aGoHEeHTOB, Ipu 30He 06cTyxuBanus 1 eNB u mnotaoctn 100 TJI/kM® npuBeneH Ha puc. 4.

500

v TR . o ML

=500

Puc. 4. PacnpegeneHvne aboHEHTOB U TOYEK AOCTYNa Ha MECTHOCTU, rAe To4Ykamu 0603Ha4YeHbl aOOHEHTHI,
KBagpaTamy — TOYKM 0CTYyna, Kpyr — rpaHmua 3oHbl obcnyxmeaHms eNB
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UE noacoenunsiercs k T/, ecnu oHa pacronokeHa B oomactu cotsl ¢ TeKynmwm Cell-ID. Dt1oit obmacteio
OyZzer SBIATHCA OKPY)KHOCTB, OIMCAHHAS BOKPYT MIECTUTPAHHUKA 30HBI OOCITY>KHBaHHSA OJHOW aHTeHHHI eNB.
Paanyc stoit obaactu 7 = 0,53 M. OCHOBBIBASsICh Ha TOJIOKEHUH KKAOTO aDOHEHTA, MOXHO OLICHUTH KOJIMYECT-
Bo UE, noaxmounsiuuxcs k TJ], ¢ yuerom toro, uro UE nonanaer B 3ony nevictus T/ Wi-Fi, kotopas cocras-
nsiet 30 M. PesynbpTat MosenupoBaHus IPEICTABICH Ha pUC. S.
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Puc. 5. KonnyectBo UE, nepeBeaeHHbIx B ceTb Wi-Fi

Vixe mpu 200 TJI/ kM® BenuunHA aGOHEHTOB, MEPEBEACHHBIX B ceTh Wi-Fi, MpeBbImaeT Yncio ocTas-
umxcest B cetn LTE. TTpu 350 TJI/ km” ceth Wi-Fi oka3biBaeTcs MONHOCTBIO HANIOKEHHO# Ha ceTh LTE, B pe3yib-
TaTe 4ero Bce aDOHEHTHI OTIepaTopa OKa3bIBaloTCs B 30He AericTBus Wi-Fi oneparopckoro knacca.

Ha puc. 6, a, nokaszan rpaduk 3aBUCHMOCTH CPEAHEH CKOPOCTH mepenaun aaHHbX B cetd LTE ot miot-
Hoctu T/I.
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Puc. 6. 3aBncnmocTb cpeaHen CKopocTu nepedayn AaHHbix: B cetu LTE oT nnoTHOCTM Toyek goctyna (a);
B cetn Wi-Fi oT konnyecTtBa aboHeHTOB (0)

Ckopoctb nepegaun qaHHbix B ceTd LTE 3HaunTenbHO BO3pacTaeTr npu yBeaudeHuu mioTHocTd T/: yem
BBIIIIE TUIOTHOCTB, TeM OOJIBIIIE BEPOSTHOCTH TOTO, YTO aKTHBHEIN a0OHEHT monaneT B 30Hy neiicteus T/ Wi-Fi.
Ipu motHocTH 350 TJI/ kM* ckOpocTh Tepesaun naHHbX B ceTd LTE okasbiBaetcs pasHoit 51 MGuT/c, B TO
BpeMs Kak 0e3 MCIIOIb30BaHMs TEXHOJIOTHH pa3rpy3ku yepe3 Wi-Fi ona cocrasut yumis 2,6 Mout/c.

Ha puc. 6, 0, npuBeneHa 3aBUCHMOCTh CKOPOCTH Iepefayd aHHbIX B ceTh Wi-Fi mis abOHEHTOB OmHOM
T]I ot unciaa aDOHEHTOB, MOAKIOYEHHBIX K 3ToH T/I.

ITnotrocts 350 TJI/ KkM> 06eCIeUnBaET nepeBoxa B ceth Wi-Fi Bcex 20 akTHBHBIX aDOHEHTOB, €CIIH 3TO
HeoOxoanumo. [Jlake ecnu Npenonoxurb, uto Bece 20 abOHEHTOB ObUTH nepeBesieHbl B ceTh Wi-Fi uepe3 oy
T]/I, ckopocTh nepeaayn JaHHBIX ISl KAKAOTO U3 HUX COCTaBUT 3,9 Mout/c (puc. 6, 0). Eciiit Ob1 9T aOOHEHTHI
Haxoawuchk B Makpocetu LTE, ckopocts cocraBisuia Owr 2,6 MOut/c. Takum oOpa3oM, mpu caMOM HEyIauyHOM
BapHaHTE MMOMAJaHNs BCeX a00OHCHTOB B 30HY AeiicTBus oqHoi T/ Wi-Fi ckopocTs nepeaayn JaHHBIX BO3PACTET
B 1,5 paza. [Ipu Bcex ocTalbHBIX BapHaHTaX CKOPOCTH OYJIET BEIIIIE, COTIIACHO pHC. 6, 0.

Hanmume momHOTO MOKPBITHS HE BCErAa MperoiaraeT nepeBos Bcex aboHeHTOB B ceTb Wi-Fi, Tak kKak
He0OXOAMMO YUHTHIBATH KOHKPETHBIC 3HaUCHMS Harpy3ku Ha eNB u T/I, a Taxoke ee Bun. B Oynymiem mpu Bo3-
pocIInX Harpy3kax MOTYT BO3HHKATh cirydau, korna TJ] Wi-Fi 6yzaer neperpyxena, n aboHEeHT OylleT OCTaBaThb-
sl IOJKITFOYEHHBIM K ceTd depe3 eNB, HecMoTps Ha To, 94To OyAeT HaxonuThbes B 30He neiicteusa T/, Mcxons u3

1144 Hay4Ho-TexHun4YecKnii BECTHUK MHAOPMALIMOHHBIX TEXHOSOMMIN, MEXaHUKN U ONTUKMN,
2015, Tom 15, Ne 6



A.H. CrenytvH, H.O. Pomaluerkos, TA. PokmH

9TOTO, OMHOW W3 3a7ay JATbHEHWIINX UCCICAOBAHUNA B JAHHOW OOJIACTH SIBIIIETCS OaTaHCHPOBKA HATPY3KH B CO-
BMemieHHBIX ceTsx LTE+Wi-Fi ¢ ucnonb3oBaHHWEM TakuX anropuTMoB [15], Kak ajropuTM TepenoHEHUs
(Spillover), unknnueckuii B3Bemennsiid aaroputMm (Weighted Round Robin) u anroputm, ucrnons3yrommui mpa-
BIJIO MeHee 3arpyxenHoi ouepenn (Least Load First).

3akJjoueHnne

HawuGonee mnepcrnektiBHOW TexHoJoruei mns pasrpy3ku cereid LTE sBnsercs texnomorms Wi-Fi. B
JaHHOW padoTe NMPOU3BECH aHAIN3 BO3MOXKHBIX ITyTEH peIIeHHs TPOOIeMbl eperpy3KH CETH, J0Ka3bIBAIOIINI
npenuMyecTBo Texuonoruu Wi-Fi.

Omnucano nocrpoenue cetn LTE+Wi-Fi, rae B crpykrypy cetn LTE no6aBneHs! Takre KOMIIOHEHTBI, Kak
MAG, LMA, ePDG n WAG.

[TomyueHHBIE pe3yabTaThl PACUETOB M MOAEITHPOBAHUS MOKA3BIBAIOT 3(P(HEKTUBHOCTL BHEIPEHHS AaHHOM
TEXHOJIOTHH 3a CUET POCTa CKOPOCTHU NepeJadyr JaHHbBIX, YBEIMUCHUS KIMEHTCKOM 0a3bl, yCTpaHEeHHs podieM B
PaanoNOKPEITHU. DTH (PaKTOPHI enatoT TexHoJIoruio pasrpy3ku cetd LTE gepes cetn Wi-Fi npusnekarensHOM
JUISL OIIEPaTOPOB MOOMIIBHOM CBSI3H.
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