AHanuns apxuteKTtypbl MHOroypoeHeBbix ceten WiMAX-Wi-Fi

Multi-tier WiMAX-Wi-Fi - mHoroypoBHeBasa WiMAX-Wi-Fi ceTb BO3HWK/1a Kak nepcneKkTuBHoe peweHne gns
ObICTPOro pa3BepTbiBaHUSA YCYr MpeaocTaB/IeHNs LWMPOKOMNOSIOCHONO A0CTyNa aboHeHTaM, NCNOJIb3YIOLWLNUM
6ecnpoBoAHble YCTPONCTBA. Ta TexHosorus asnsetcs rmbpugom ceten Wi-Fi n WiMAX, oHa (kak n ntobas
becnpoBoaHasa TexHonorusa) 6ygeT ocobeHHO Nosne3Ha B TeX MeCcTax, rae npokaaaka npoBOAHON
MHPaCTPYKTYpbl obonaeTca canwkomM goporo, nmbo HeobxoanmmMa opraHm3aumnsa BpEMEHHOro [OCTyna K
cetn NIHTepHeT.

CeTb WIMAX pns KayecTBeHHOro obecrnevyeHuns pagmonocTyna MMeeT yJyYlleHHbIN anropuTM ynpasaeHus
KayecTBOM 0b6cnyxmBaHmsa QoS (Quality of Service), BbICOKYIO HaAEXXHOCTb 1 LUMPOKUIA AMana3oH
NCronb3yeMblx 4acToT. OgHako TexHonorna WiMAX ncnosnb3yeT NMUEH3NPYEMBbIA fMana3oH 4acToT, a B
HacTosLee BpeMs MaclwTabHoe pa3BUTUE 3TUX CETEN HECKOJIbKO MPUOCTAaHOBJIEHO MO NPUYNHE BHELPEHUS
TexHonorum LTE.

TexHonormsa Wi-Fi »xe, Hao60poT, HECMOTPSA Ha MOBCEMECTHOE NCMO0JIb30BaHne ceTen LTE, He yTpaTuia
cBoen nonynapHocTun, a becnposogHoe obopynoBaHme ananasoHa 2.4 MU no-npe>xHeMy NoJsib3yeTcs
60bLUION NONYAAPHOCTBLIO U LUNPOKO AOCTYMNHO Ha PbIHKE TENEKOMMYHUKaLMOHHOro obopynosaHusa. Wi-Fi
MMeeT [0BOJIbHO BbICOKYIO MPON3BOAMUTESIBHOCTL M OTHOCUTENBLHO HU3KYIO CTOMMOCTb, NpaBa Anana3oH
4aCTOT OrpaHuYyeH, fa U HafleXXHOCTb HU3Kas, a QoS 1 BOBCE He NpefyCMOTpPEH.

Takum obpa3om, BeayLimm cneunannctam ob6nactn MHMOKOMMYHUKALMA NPULLIO B FOJIOBY CUHTE3MPOBaTb
rnbpug ns texHonormum Wi-Fi n WiMAX, o06befnHUB X CUJIbHbIE CTOPOHLI 419 CO34aHNSA MHOIOYPOBHEBLIX
(multi-tier) ceTen. B Taknx ceTax npeanosiaraeTca OpraHM30BbIBaTb PaAMoONoOKPbITUE C MOMOLLbIO
obopynoBaHus Wi-Fi, rae WiMAX 6a3oBas cTaHUMS ByoeT yCTaHOB/IEHA B KQYeCTBE TPAH3UTHOIO y3/a,
obcnyxxxunpatowero Wi-Fi ctaHumn.

MNossneHne mHoroyposHesbix WiMAX-Wi-Fi ceTen npeasellaeT nosisiieHre 601bLIOIO Yncia BapuaHTOB ee
OopraHm3aunm, B HaCTHOCTU MOXET BbITb pa3nMyHoO: KoandecTBo aboHeHTckoro Wi-Fi obopynoBaHus Ha
y3en, cooTHoweHune mexay WiMAX n Wi-Fi cTaHunsaMun B 30He ob6cny>XuBaHus u T.4. TpyAHO nNpeayragaTh,
KaK pa3/inyHble KOHPUIypaLnum CETN CKaXKyTCA Ha KavyecTBe ycayr, n byayT-nm OHM yAOBNETBOPATh
TpeboBaHMAM Nonb3oBaTesien (CKOPOCTb Nepefaydn AaHHbIX, KA4eCTBO PagMoNoKpbITUSA) U KaKoBbl ByayT
YC/I0BUSA 3KCMlyaTauum (KOIMYeCcTBO Nogaep>xmnBaembix abOHEHTOB).

B HacToslLlee BpeMs cneunaancTaMmm paccCMaTpPMBalOTCS pa3inyHble TMOpULHbIE apPXUTEKTYPbI TaknX
MHOIOYpPOBHEBLIX CceTeln. B HEKOTOpbIX BapmaHTax paboTaloT Haj y/yYLlleHNEM apXUTEeKTypbl C Lesbio
OpraHM3oBaTb MOJIHYIO NOAAEPXKKY ycnyr QoS. B Apyrux BapnaHTax npeanaraeTcs UCNosib30BaTh
COBMECTHYI0 noJsiocy nponyckaHus B ceTax WiMAX n Wi-Fi. B aTom cny4dae nponyckHas cnocobHOCTb
pacnpegenseTca Mexay aboHeHTCckuMu cTaHumamm WiMAX n Toykamm goctyna Wi-Fi. Ycnnumsa Takxke
HarpasJieHbl Ha peLleHnNsa Taknux BONMpoCoB, Kak ONTUMU3NPOBATb TaKylo Pa3sHOPOLHYIO apXUTEKTYpy He
3aTparveas KJ4YeBble NapaMeTpbl: LUAPUHA NONOCHI NPONYCKaHUA, KONNYEeCTBO KaHanos,
nognep>X1nBaemMmoe Koam4ecTBso aboHEHTOB U T.4. NepedyncneHHble XapaKTeEPUCTUKN NMEIOT peLuaoLLee
3HaYeHne s ycnewHoro pa3BepTbiBaHUSA ceTeln 6ecnpoBoAHOro gocTyna.

CaMbIM >Ke NepCcrneKTUBHbLIM HarnpaB/ieHNEM KOHEYHO XKe SIBJIAeTCS HanpaB/ieHne pa3BuTust 6eclloBHom
MHTEerpauumn AByX 3TUX TEXHONOINIA C Lesbio obecrneyeHns HeobXoAMMOro KadecTBa 06C/y)KMBAHUA U B TO
Xe BpeMsi obecnevyeHnst pasrpysKn nosiocbl MPonyCcKaHus.

B cTaTbe Mbl PaCcCMOTPUM, KaK pa3JinyHble BapaHThbI KOH(*)I/IpraLI,I/II/I Takux ceten pa60Ta10T B Pa3HbIX
YCNOBUAX N HACKOJIbKO OHU OTBEYaloT TpGﬁOBaHVIﬂM rnosib3oBaTenen.

ApxuTtekTtypa cetu multi-tier

CeTeBas apxuTeKkTypa multi-tier ceTn cocTouT K3 ceTu TpaHCNopTHoro ypoBHsa WiIMAX, a Takxe
TPaH3UTHOI0 YPOBHSA N YPOBHSA AocTyna - Wi-Fi, Kak noka3aHo Ha puUcyHKe 1.
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Pacymox 1 — Apxutextypa cetn multi-tier WiMAX-Wi-Fi

Hannm HebonblIne KOMMEHTaApPUN K CETEBOM apXxutekType. Ee MO)XHO pa3bnTb Ha HECKOJIbKO JIOTNYECKMX
YPOBHEN: nepBbIn cocTouT n3 WiMAX y3510B, paboTa KOTOPbIX KOOPANHUPYETCA rnaBHon 6a30Bon CTaHUMen
WIMAX (BS) - 3Ta 6a30Basa CTaHUWSA NpefocTaBaseT ycnyrm 6ecnpoBoaHON TPaHCMNOPTHOW ceTn ans
MapLupyTusaTopoB pagunonoctyna MRAR (Multi Radio Access Routers). Ha BTopomM ypoBHe HaxoanaTcsa MRAR,
KOTOpble NPefoCTaBAfAT YCAYrn OCTYNa N B TO e BpeMs 06pa3yioT MHOXXECTBEHHbIN AOCTYMN K APYTrM
mesh-ceTam, nmbo c gpyrumm MRAR.

Ka)xabin MRAR MoXeT B6bITb OCHalweH obopynoBaHMeM pagnonoctyna kak texHonorum Wi-Fi, Tak n nmeTb
cmecb 13 obonx WiMAX 1 Wi-Fi pagrnonHTepgencos. HeszaBucMMblE INHKU TPAH3UTHbLIX COEOMHEHUA MOTYT
ObITb OpraHnU3o0BaHbI Yepes napy pagnonHTepdgencos osyx MRAR ¢ ncnosb3oBaHMeM HarnpaBJIeHHbIX aHTEHH
(cnpaBa Ha pUCYHKe), TakK U C NCNOJIb30BaHWUEM BCEHaNpPaB/IeHHbIX aHTEeHH (CneBa Ha pucyHke). Kakom
BapuaHT BblBpaTb 3aBMCUT OT KOMMAPOMUCCA MEXOY CTOMMOCTbIO OpraHm3auum cetn u
MPOV3BOANTENIBHOCTLIO. Ha TpeTbeM ypoBHe ceTn HaxoaaTca 6ecnpoBoaHbie aboHeHTCKME TOYKM J0CTynNa
AP (Access Point).

Pa3nunyHble BApPUaAHThbI ¢)opMuposaHm| MHoroypOBHeBOﬁ ceTtm

Hu>xe Hamu ByayT paccMOTpeHbl BapuaHTbl (hOPMUPOBAHNS CETU B FOPOACKON 30He, rae Heobxoanmo
obecneynTb paBHOMEPHOE PaaMoNoKpLITUE Ha BCein obcnyKnBaeMol TeppuTopun. B Taknx 3agadax
PaanonoKpbITUE MPUHSATO rpadmnyeckn obo3HayvaTb B BUAE LUECTUTPAaHHUKOB, TaKoe NpeacTaBieHne
TUMNYHO N NPUMEHSIeTCS NPU NJIaHUPOBaHUN COTOBLIX CeTel CBA3U. Ha pucyHke 2 Noka3aHa OBYyXypoBHeBas
TOoMnosorns popMMPOBaAHNS CETU, UMEIOLLAA CTPYKTYPY COT, COCTOSALLYIO U3 CEMU LIECTUTPAHHNKOB
(NpennonaraeTcs, YTO BCE LUECTUTPAHHUKN paBHbI MO pasmepy).

PucyHok 2 - [1ByxypoBHEBasi TOrosorus popMmpoBaHus ceTu (npumep 47151 CEMU IHEEK B K/1aCTEPE)

MYyHKTUPHBLIMU JINHNAMU MOKa3aHbl BO3MOXKHbIE a/ibTEPHATUBHbIE MYy TU MPOXOXXAEHUA CUrHana. C To4YKK
3PEHMNS EMKOCTU, SHENCTas CETb NMOX0XKa Ha AEPEBO C MHOXXECTBOM BO3MOXXHbIX BAPUAHTOB peTpaHCasaLmnmn
CUrHasa, Korga Bcs ceTb paboTaeT Npy MakCMMasibHOMN Harpy3ke. Cpegn cemMun a4eek - LeHTpaJibHas
BblbpaHa B KadecTBe wWito3a GP (Gateway Point). Ha cepun pucyHKoB Huxe (3.A-3.F) nokasaHbl pa3/inyHble
BapuaHTbl OpraHn3aumnm MHOrOYPOBHEBOW apXUTEKTYpbI, HO c/ledyeT OTMEeTUTb, YTO BapMaHTOB
peann3aunm MoxXeT bbITb HaMHOro bonbuwe. BapnaHThl (3.A - 3.F) nepedyncneHsl B nopsiake Bo3pacTaHus
yucna Wi-Fi s4eek B KlacTepe n MakKCMMabHOIO Y1Mcaa TpaH3uTHbIX Wi-Fi xonos.
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PucyHok 3. A - KoHpurypauma cetn multi-tier 1:7:7; 1 xon

PacwuncpoBka KoOHpUrypaumm cetu: B OTHoweHun 1:7:7 nepeas umdpa o3HavdaeT konnyectso WiMAX
6a30BbIX CTaHUMN; BTOpPSA - KonnyectBo Wi-Fi winto3oB GP; TpeTbsa - obLiee KOIMYECTBO TOYEK AOCTyNa.
Lncdpa nepen xonaMmm - KONMYECTBO YCTPOWCTB, KOTOpbIE A0J/KEH "NpeogoneTb" nakeT aboHeHTa A0
6a30BoM CTaHUUK. PaccMoTpuM gpyrmne BapuaHTbl peanusaumm ceTu:

—— WViM AN K
= WiFilink

PucyHok 3. D - KoHpurypaumsa cetn multi-tier 1:3:39; 3 xona
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PucyHok 3. F - KoHpurypaumsa cetn multi-tier 1:3:57; 3 xona

AHanus BapMaHTOB peasiu3auuu MHOrOypoOBHEBOW CeTH

Huxe 6yﬂ,yT npmeeneHbl cepun Fpa(pI/IKOB, no3ssoJsidoLLE OUEHNTb Ka4eCTBO PaCCMOTPEHHbLIX BblLUE
Tononorun. na aHanmsa ceTu 6blan 3a4ada HavyallbHble ycnoBsusd, onnmcaHHbIE B Tabnnua HMXe:

Hanmenoranne Fuamenne WIMAX  Wi-Fi
BricoTa aHTeHHL M 10 10
Yactora [Ty 23 24
Inpuna kanana MI'n 310,20 20
¥Yeunenne n3oTponHo aHTeHRM abm 57,60,63 20

Yeunenne antennn BS n MEAR aEu 17 17
YeuneHne aHTes sl afoHeHTCRoro Tepainana abu - 0
Cropocts nepejaan aaHueix Ha | noneiosarens  Mowrices | |

Momumo 3Toro, 6610 NPEANnoNoXKEHO, YTO B Npefeniax 04HOro KjacTepa WrprHa NosioCkl MPornyckaHus
pacnpeneneHa Mexay BCeMun To4KaMn JOCTyrna paBHOMEPHO. 3TO 3HAYUT, YTO Y3Jibl, LOCTATOYHO
yhaneHHble oT wJit3a GP (To ecTb y3ibl, Metowme 60bLI0E KOJIMYECTBO XOMOB) MMEIOT TY XKE NPOMNYCKHYI0
CNOCOBHOCTb, YTO M y3/bl, pacnosioXKeHHble 6avxe K w3y GP. Ha npakTuke 3TO 4OCTUraeTcs NnyTeM
MPUMEHEHNA Pa3INYHbIX U3BECTHbLIX METOAUK, ONMCAHHbIX B CYLLECTBYIOLLEN NnTepaType, Takux Kak
KOHTPOJ1b Tpahnka NpuemMa B TOHKe A0CTYyNa U njiaHupoBaHue nonockl nponyckaHusa B MRAR. lNMpwn aHanuse
TaKk>XXe npegnonaraeTtcs, 4To aboHeHTbl paBHOMEPHO pacnpefeneHbl Mo BCEN Nowanmn pa3BepTbiBaHUA
ceTn N Kaxaas 061acTb COCTOUT M3 YMC/IA KAaCTepPOoB C MOBTOPSAIOLWUMCA PUCYHKOM. Takxe ANA yrnpoLleHuns
nccnenoBaHns npearnosiaraeTcs, YTO BbICOTa YCTaHOBKM aHTEHH OAMHAKOBa 415 BCEX Y3J10B - aBOHEeHTCKMX
1 6a30BbIX CTAaHLWN, @ HTepdepeHLna Mexxay KaHalaMu OTCYTCTBYeT. TO BO3MOXXHO, KOrga AOCTYMHO
00CTaTOYHOE KOJINYECTBO OPTOroHaJsibHbIX MOAHECYLLMX.

MaTemMaTuyeckme Mogenu, No3BoasIOLLIME MPOAaHaAN3UPOBaTbh NOCTABAEHHYIO 3a4a4y, OblIM NCNOJIb30BaHLI
cnepyioLime: moaesb NoTepb pacnpocTpaHeHnsa pagmocurHana COST231-HATA (urban), a Tak>xe mogenb,
onucaHHas B cTaTbe IEEE Std 802.16-2009, Standard for Local and Metropolitan Area Networks, Part 16: Air
Interface for Broadband Wireless Access Systems, May 2009. 3pecb MaTeMaTUYECKME N3NNLLECTBA OaHbl HE
6yayT, cpa3y nepeniemM K pacCMOTPEHMUIO pe3y/ibTaToB.
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PMcyHOK 4 - 3aBUCNMOCTb CKOPOCTHU rnepenayin gaHHbIX Wi-Fi ot pPacCTosAHNA 714 JINHKa AOCTyra v
TPaH3UTHOIO JINHKa

MoA NMHKOM AOCTyrna NOHMMAaeTCsa c/ly4al, Korga aboHeHT nosyvyaeT A4OCTYN K CETU HENOCPenCTBEHHO
yepes TOoYKy AOCTyna, No4 TPaH3MTHbLIM JIMHKOM MOHMMAETCH TO, YTO TOYKA [OCTyNa BbICTYMNAaET B PO
TPaH3MTHOro y3na (xona).

= 7 WiIMAX 20 MIn

= = WiMAX 10 MI'n

WiIMAX 05 Ml'n

Cropocrs nepenaun, Minr/ocex

o 1000 2000 3000 4000 5000 G000 7000 8000
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PucyHok 5 - 3aBUCMMOCTb CKOpPOCTU riepegayn gaHHbix WiMAX TpaH3UTHOIro JIMHKa OT pacCTOSHWS 4151
KaHaJsoB wupuHon 5, 10, n 20 Mry.

Ha ocHoBe Tex NapaMeTpoB, KOTOpble ObINM NPMBEAEHbI Bbille, HAa PUCYHKaX 4 U 5 NoKa3aHbl pacyéTHble
TeopeTuyeckme MakCMMyMbl CKOPOCTU Nepedaydn SaHHbIX 415 3af4aHHbIX paccToaHui. CnegyeT OTMETUTD,
YTO 3HaYUTEsNIbHAs pa3sHMLUa B PacCTOAHUN O JIMHKA AOCTYMa N TPaH3UTHOMo JIMHKA CBsi3aHa C

KO3 PULMEHTOM YCUNEHUS @aHTEHHbI (CM. Tabnuyy). MakCMMyM CKOpPOCTU Nepefaydn gaHHbIX 4ns
TpaH3nTHOro coeanHeHnsa WiMAX cBsi3aHa C 3aJ10)KEHHOW LWUMPUHOW KaHana.

Ha pucyHke 6 Noka3aHO MaKCMMaJlbHOEe KOJINYeCTBO NoJib30BaTeNEN, MOAKOYEHHbBIX Ha CKOpOCTU A0 1
M6wuT/cek, KOTOpoe MoryT obecneynTb pacCMOTPEHHbIE paHee KoHdurypauum multi-tier cetu (A, B, C, D, E,
F) onga pasnnyHom WnpuHbel KaHana.

Wsyrm 10MIn 20 MIn
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F

Koamsecrno afionenron, x 1000

Kondurypawna mulfi-tier cera

PucyHok 6 - MakcumasibHoe Kosim4ecTBo aboHeHTOB 415 multi-tier ceteni (A-F)
Ha pucyHke 7 noka3aHa naoliajb oxsaTa ANa CeTen pa3NNyHon KoHpurypaumu.
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ifuuuuu

Kongmrypanmns multi-tier cern

Dhimar GasoBsx cranumil, Ka K,

PucyHok 7 - MakcumasbHas naolanb oxsata multi-tier cetev (A-F)

Cnep,yeT OTMEeTUTb, 4TO KOHd)VIpraLI,I/IFI cetn E nogaoepXxmeaetT Hanbosbllee KOIMYEeCTBO NOJib30BaTENIEN U
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UMeeT MaKCUMaJibHbIN OXBaT MO CPAaBHEHUIO C APYrMMM KOHUIypaLmamMm, HO B TO XKe BpeMs oHa TpebyeTt
Hanbonblero konmvyectsa WiMAX 1 Wi-Fi o6opynoBaHusa. KoHpurypaumsa cetm A uMmeeT HauMeHbLUNIA OXBaT
n3-3a HeboNbLIOro pa3Mepa KiacTtepa.

MAOTHOCTb YCTaHOBKM 6a30BbIX CTAHUNI ABNAETCA KPUTUYECKNM MOKa3aTesIeM C TOYKU 3PpEHUS CTOMMOCTH
pa3BepTbiBaHNSA CETU, MO3TOMY HUXXE NpUBeAEHbI FTPaduKM, NoKa3biBaloWMe, Kakoe KosmyecTBo 6a30Bbix
CTaHuunm Heobxoammo ang npenocrtaBneHns aoctyna 1000 nonb3oBaTesien Ha 1 KBaApaTHbIA KNJIOMETP.
OTMeTuM, 4TO ceTn KoHdurypaumm C u E B 3TOM nnaHe TakxXXe npeanodyTutenbHee. Ana KoHpurypaumm A
6onbLioe 4yncno 6a30BbIX CTaHUUN 06yCNOBNEHO OFPaHNYEHHbBIM PpagnycoM ceTu. s MONOChbl NPONyCKaHMS
B 5 Ml Bo3pacTaeT Kosm4yecTBa 6a30BbIX CTaHUWUIA 3@ CYET TOro, 4TO C/INLLKOM BO3pacTaeT KOJIMYeCTBO
TPaH3UTHOro Tpauka, MepefaBaeMoro B y3KOoWM LWUPUHE MOJI0Ckl YacToT, TO eCTb YBESINYEeHMNE NPOMNYCKHOM
CNoCcoBbHOCTM CETU MPOUCXOAUT HEe 3a CHET yBEJIMYEHUS WNPUHbBI KaHala, a 3a CYeT YCTaHOBKMW
OOMOSHUTENbHbIX 6Ba30BbIX CTaHLUUN.

- ERLCETRYY FIRTI

Al l-LLJ

A

Koanuecrao faionwx 1 annnii, KB, KM.
o

Kondurypamna cevn, 1000 abomenvon / Kn, kM.
PucyHok 6 - MuHuMasibHoe Koain4ecTBo 6a3oBbix cTaHUni A5 1000 abOHEHTOB Ha KB. KM.
3akJilo4eHue

B cTaTbe NpuBeneHbl aHHbIE aHan3a NPON3BOAUNTENBHOCTU MHOroypoBHeBon ceTtn WiMAX-Wi-Fi gna
HECKOJIbKNX €e KOH(UrypaLuini, yCaoBUin sKcnayaTaumum n TpeboBaHui nonb3oBaTenen. N3 ykasaHHbIX
rpachMkKoB BMAHO, 4TO npounssoanTenbHoCcTb WiMAX-Wi-Fi ceTn cunbHO 3aBUCKT OT pa3/iM4HbIX PaKTOpPOB,
Ha4yMHasa OT WMPWHbI MONOCHI NponyckaHns; Kkonmdyectsa MRAR, nogaep>XnMBaeMbIiX B CETU, CKOPOCTH
rnepefayun AaHHbIX U NJIOTHOCTY pacrnpegesneHns aboHeHTOB.
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