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BBenenune

O0GocHoBaHHE TeMbl JUCCEPTALMH U aKTyaJbHOCTh. B PecnyOnuke
VY306ekucTan co3laHa COBpPEMEHHAs U MOIIIHasi 3aKOoHoJlaTeNibHas 0aza B chepe
MH()OKOMMYHUKALIMOHHBIX TexHosuoruil [1-4]. B pecnyOnauke mperycMOTpPEHBI
MIPOBEAEHUE MOAEPHU3ALMNHU, TEXHHUUYECKOTO M TEXHOJOTHMYECKOTO IMEPEBOOPY-
KEHUS MPEINPUATHH, IIUPOKOE BHEIPEHUE COBPEMEHHBIX TMOKUX TEXHOJIOTHH.
CraBuTcsl 3ajlaua yCKOPEHHUSI peal3alMu MPUHSATHIX OTPACIEBBIX MPOrpaMm
MOJICPHU3ALINHN, TEXHUYECKOTO U TEXHOJOTHUYECKOTO MEPEBOOPYKEHUS MPOU3-
BojcTBa [7]. OHOM W3 BaKHEHIIEH 3a7a4, KOTOpPOE CTOUT TEpe] HAIIUM 0O01Ile-
CTBOM, SBJISIETCS OOECIeYeHHEe TOCTYIATEIbHOTO W YCTOMYMBOTO DPa3BUTHS
ctpansbl [8]. B IloctanoBnenun IlpesunenTta Pecnybnuku Y36ekucran «O Me-
pax 1Mo JaJIbHEHIIeMy BHEIPECHHIO U PA3BUTHIO COBPEMEHHBIX MH(POPMAIMOHHO-
KOMMYHUKAIIMOHHBIX TEXHOJOTHI» npuHsATa «lIporpamma ganpHeuero BHed-
peHusi U pa3BUTUA MHPOPMALMOHHO-KOMMYHHUKAIIMOHHBIX TEeXHOJIOTHI B Pec-
nyonuke Y36ekuctan Ha 2012-2014 roap», B KOTOpPOM O0JIbIIOE BHUMaHUE
yIensieTcsl pa3BUTUI0O UHOPACTPYKTYPHl MH(HOPMAIIMOHHO-KOMMYHHUKAIIMOHHBIX
TEXHOJIOTUH, B YaCTHOCTH, pa3pabOTKe U peaM3alli TEeXHUYECKUX MPOEKTOB
[5, 6].

O0beKkT M npeaMeT uccaeaoBaHuil. Oovexmom UCCASTOBAHUS SIBISIOT-
Csl COBPEMEHHbBIC MYJIBTHCTAHJAPTHBIC TEXHOJOTUHU U YCTPONUCTBA MOOHMIIBHOU
cBsi3U. [Ipeomem uccieqoBaHuil — pekoMeHIanuu 1o 3GpHEeKTUBHOMY TpUMEHe-
HUIO MYJIbTUCTAHAAPTHBIX TEXHOJOTUM W YCTPOHCTB MOOWIBHOW CBSI3U B OBITY
1 Ha CETSIX TEJIEKOMM yHUKAIUI

Heap n 3agaun uccaegoBannid. Llenpio auccepraimoHHON pabOThI SABIS-
€TCsl MPOBEJICHUE KOMIUJIEKCHBIX HMCCIIEIOBAHUI HBOIIOLIMOHHOTO PAa3BUTHS, Xa-
PaKTEePUCTUK U (PYHKIIMOHATHLHOTO B3aMMOJICUCTBHSI CETEBBIX AJIIEMEHTOB CO-
BPEMEHHBIX TEXHOJOTUA MOOWIBHOM CHUCTEM CBS3U, a TaKKe OCOOEHHOCTEH

MNMPUMCHCHHA MYJIbTUCTAHAAPTHBIX a00OHEHTCKUX MOOMIBLHBIX CUCTEM CBSI3H.



JI1st OCTHKEHUsT TOCTABJICHHOM 1€ HEOOXOIUMO OBLIO PEIIUTh CIEY-
FOIIUE 3a1a4H:

-IIpoBecTu 0030p U aHAIN3 COBPEMEHHBIX TEXHOJIOIMI MOOMIBHOM CBSI3H;

- IlpoBectn ananmu3  CTPYKTYpy, (QYHKUHOHAIBHBIM COCTaB U
B3aUMOJICHCTBUSl CETEBBIX AJIIEMEHTOB COBPEMEHHBIX TEXHOJOTHH MOOWIBHOM
CBSI3U;

- IIpoBecTn aHanM3 JOCTOMHCTB U HEAOCTATKOB NMPUMEHEHUS TEXHOJIOTUU
MOOMIIbHOM CBSI3H;

- IIpoBecTn ucCclieOBaHWE W AHAIM3 MYJIBTUCTAHAAPTHBIX CETEBBIX M
a0OHEHTCKUX YCTPOUCTB MOOUIILHOM CBSI3U U UX JOCTOUHCTB.

I'mnore3a uccaexoBanuid. [Ipu mpoBeneHUM HCCIEIOBAaHWM B JaHHOMU
JUCCepTaIlUU TIPEI0IaraeTcs, 4YTo pe3yJbTaThl UCCIAEAOBAHUNA MOTYT OBITh HC-
M0JIb30BaHbl TPAKTUUECKHU JJIsI pa3paOOTKH yueOHBIX MOCOOMH JJIsl CTYJICHTOB BBIC-
IIUX U CPETHE-CTICIUATBLHBIX YIeOHBIX 3aBEACHUM, pa3BUTHS CETEH MOOUIILHOMN CBSI-

31 U ITIOJIb30BATCIBCKUX yCTpOﬁCTB.

KparTkuii qureparypHblii 0030p mo Teme auccepramum. B Hactosiiee
BpeMsI BO BCEMUPHOI HAY4HOU JIUTepaTrype OOJbIoe BHUMAHUE YIETSIeTCs Pa3BUTHIO
IIMPOKOIIOJIOCHOTO JI0CTYIa U MYJIBTUCTaHJAPTHBIX TeXHONOruil. Bonpocamu uccre-
JIOBAHUSI Y Pa3BUTHSI MOOMIIBHBIX CHCTEM CBSI3M 3aHMMAIOTCSI BEAYIIHE CIICIAAIH-
CTBI M Y4YE€HbIE B 00JaCTH WMH(POPMAIMOHHO-TEIICKOMMYHUKAIIMOHHBIX TEXHOJIOTHIA
BCEro Mupa. Pe3ynbraThl MCCIEIOBAaHUN IIIMPOKO OCBEIICHBI B MHUPOBOM HAYYHOU U

HAYYHO- TIOITYJISIPHOM JTUTepaType, UHTEPHETE.
MeToabl ucciienoBanmnii. B padore ObIINM MCIIOJIB30BaHBI METOJIBI AHATH-

3a U CPAaBHEHUS.

TeopeTnueckasi 1 MPaAKTHYECKAA 3HAYUMOCTH MOJYYEHHBIX pe3yJb-
TATOB 3aKJIIOYAETCA B TOM, UYTO MOJYYEHHBIE PE3YIbTAThl MOTYT OBITh HCIOJIb-
30BaHbl MIPAKTHUYECKHU JJIsI pa3pabOTKU Y4eOHbIX TOCOOUH ISl CTYACHTOB BBICIIMX U
CpeHe-CIIeMaIbHBIX YIeOHBIX 3aBEJICHUM, IUIAHUPOBAHKSA M PA3BUTHS CETEH MO-

OMJILHOM CBSI3M U MOJB30BATEIBCKUX YCTPOMCTB.
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Hay4ynas HoBu3HA ucciaenoBanuii. Ha ocHoBe mpoBejeHHBIX HccJIe-
AOBAHUMH MOJyYeHBbI cJIeylolue HayYHble pe3yJbTaThl:

- BBINIOJIHEHBI 0030p U aHAJIM3 CUCTEM MOOWJIBHOM CBSI3U, HIMPOKOIOJIOC-
HOT0 OECIPOBOJAHOIO JOCTYIA U MYJIbTUCTAHIAPTHBIX YCTPOICTB,;

- OnpeneneHbl BO3MOXKHOCTH, JOCTOMHCTBA M HENOCTATKA MOOUIIBHBIX
CUCTEM CBSI3H, & TAKXKE JIOCTOMHCTBA MYJIbTUCTAHAAPTHBIX YCTPOHUCTB METOIOM
CPAaBHUTEJIBHOTO aHAJIN3a U MPEAJIOKEHBI PEKOMEH AU,

Crpykrypa auccepranmu. Jluccepranus COCTOMT W3 BBEIEHHUS, TpeEX
IJ1aB, 3aKJIOYEHUS, IPUIOKEHUSI U CIHMCKa JUTepaTypbl. OCHOBHOM TEKCT AMC-
ceprauuu 3aHumMaet 82 crpanuul. Pabora conepxur 32 pucyHnka, 17 tabnupl, a

TaK)Ke CITUCOK JIMTEPaTyphl U3 22 HAUMEHOBAHUM.



I'naga |. O630p u aHaAU3 CyLIECTBYIOIIMX TEXHOJOTUI MOOUIBLHOM CBA3M.

1. O630p cyniecTBYIOIIMX TEXHOJIOTUA MOOUIbLHO CBSI3H.

Texnonorus GSM/GPRS/EDGE 900/1800.

GSM otHocuTes K ceTsim BToporo nokosieHus (2 Generation), xotst ¢ 2006 ro-
Jla ycioBHO HaxoauTcs B dase 2,5G.

GSM Ha ceropHsIIHUI A€Hb ABISETCS HauOoJiee PacHpPOCTPAHEHHBIM CTaH-
naptom cBsizu. [lo ganubiM accorpaniun GSM (GSMA) Ha naHHBIN cTaHIAPT MPUXO-
mutcst 82 % MUPOBOro pbIHKa MOOMITBHOM CBsi3H, 29 % HaceneHus: 3eMHOTO I1apa Uc-
nosib3yeT riodanbHbie TexHonornd GSM. B GSMA B HacTositiiee BpeMst BXOJISIT Orie-
patopbl Oonee yem 210 ctpan u tepputopuil. B HacTosiee Bpemst B Y30ekucTaHe
yeryru GSM/GPRS/EDGE mnipenoctaBisitoTcest IByMsi OniepaTtopaMu, CeTH KOTOPBIX
MOKPBIBAIOT MPAKTUYECKH BCIO TEPPUTOPHUIO Y30EKHCTaHA.

Kaxk mudposas rexnomnorus, nomumo nepenauu peu GSM MOXeT MmoafepKu-
BaTh U Nepeaayy AaHHbix [11].

Crangapt GSM c Texnonorueit GPRS 3aHuMaeT mpomMekyToyHOE IMOJI0-
KEHUE MEXy BTOPHIM M TPETHUM MOKOJICHUSMU CBSI3H, TTOCEMY HEPEIKO Ha3bl-
BaeTCsl BTOPBIM C MOJOBUHOM MOKoieHueM (2,5QG).

Texuonorust EDGE He sBisieTcsi HOBBIM CTaHAAPTOM COTOBOM CBsizu. Oji-
Hako, EDGE noapasymeBaeT qomoaHUTENbHBIN (GU3HMUECKHA yPOBEHb, KOTOPBIN
MOJKET OBITh MCIIOJB30BaH JJI YBEIMUYEHUS MPOIMYCKHON CIIOCOOHOCTU CEpPBHU-
coB GPRS umun HSCSD. Teoperndecku, cepsuc EGPRS cnocobGen obecrieun-
BaTh MPOITYCKHYIO cIOcOOHOCTH 110 384-473,6 Kbut/c.

Texnomoruss CDMA2000 1x EV-DO.

CDMA (Code Division Multiple Access) — MHOXeCTBEHHBIH JIOCTYTI ¢ KOJIO-
BbIM pa3/ICIICHUEM.

VYemyru cereit CDMA2000 1x npenocraBisitorest B crpaHax CeBepHoil Ame-
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http://www.gsmworld.com/

puxu, A3un u Poccun. B V36ekuctane ycnmyru CDMA2000 1x npenoctaBisitoTcs
nBymst orepatopamu: Perfectum Mobile B nuanazone 800 MI'n u Y3mo0aiin B auana-
30He 450 MI'i. Cetn CDMA2000 1X MOKpBIBAIOT MPAKTUYECKH BCIO TEPPUTOPHIO
V30ekucrana.

Texnonorusi komoBoro paszzaeneHus kananoB CDMA, OGnmarogapsi BBICOKOM
CHEKTpaTbHON 3(PPEKTUBHOCTH, SIBISICTCS PAJIUKAIBHBIM PEIICHUEM JaIbHEeHIei
ABOJTIOIIMY COTOBBIX CUCTEM CBSI3U.

CDMA2000 1x siBisiercst ctangaptoM 3G B ABOIIOIMOHHOM Pa3BUTHU CETEH
cdmaOne (ocHoBaHHbIX Ha 1S-95) [10-11].

EV-DO (Evolution-Data Optimized) - TexHosorust nepeayun JaHHbIX, HCIOb-
3yeMasi B ceTsix coToBoM cBsi3u ctagapta CDMA 2000 1x. B Y306ekucrane B HacTo-
A11ee BpeMsi TaHHAs TEXHOJIOTHSI BHEAPEHA ONepaTopoM Y 3MOo0aii.

1X EV-DO - 310 (paza pa3urtust ctanaapta MoomsHoi cesizsu CDMA2000 1x.
EV-DO - cokpamenne ot EVolution Data Only. B otimmune ot EV-DV (EVolution
Data/Voice) 3BOMIOLIMY MTOBEPICs TOIBKO MHTEPPENC Mepeiaun TaHHBIX, a Tiepeada
roioca ocrajgack mojHocTeio HueHTHUHOM CDMAZ2000 1x m CDMA One (IS-
95A/B). Cxkopocth mnepeqaun fanabix B EV-DO mocturaer 2,4 MOHWT B CeKyHIy
(Rev.0) u 3,1 Mowur B cexyHy (Rev.A).

Tabmra 1.1

CkopocTb nepeauu B 3aBUCUMOCTH OT MIPUMEHSIEMON MOTYJISLIUH.

Bun Jimvna makera KommuectBo [[iurenbHocTh  CKOPOCTH
(6uT) CJIOTOB (MceK) (Kowut/cexk)
QPSK 1024 16 26,6 38,4
1024 4 6,6 153,6
1024 1 1,6 614,4
16-QAM 4096 2 3,3 1228,8
8-PSK 3072 1 1,6 18432
16-QAM 4096 1 1,6 2457,6
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Texnoorusa MoOnIbHOI cBs3U TpeThero nokoneHuss UMTS/HSPA/LTE.

UMTS, VuusepcampHas cucrema MoOwibHOM cBs3u (Universal Mobile
Telecommunications System) - TeXHOJIOTHsSI COTOBO# CBSI3M, OTHOCSIIASICS K ITOKOJIC-
Huio 3G.

B nacrosimiee Bpemst cetu UMTS mmpoko pa3BepThIBatOTCS B cTpaHax EBpo-
bl ¥ HEKOTOpax cTpaHax Asuu. B crpanax Amepuku n Kurtae pa3BepTbIBacTcs ceTr
TPETHErO TOKOJICHUSI MOOWIBHOM CBSI3M CBOMX CTaHAAapTOB. B Y30ekucrane yciyru
cereit UMTS npenocrapisitores nBymst oneparopamu B auarnazone 2100 MI' u mo-
KpBIBAIOT KpYIHBIE ropojia Pecryomuku.

Ceru UMTS, ocnoBannblie Ha TexHonoruu W-CDMA, no3BossitoT noaaepsxu-
BaTh CKOPOCTH Iepeaayn MHpOpPMAIMK Ha TeopeTHYecKoM ypoBHe 10 21 Mowurt/c.
(mpu ucnonszoBanun HSPA+). B HacTosmmii MOMEHT caMbIMU BBICOKHMMH CKOPO-
ctsiMu cunTarorcs 384 KOwt/c Uit MOOMJIBHBIX CTaHIMM TexHoysiorud R99 m 7.2
Mourt/c misa crannuit HSDPA B pexxume mepesiaun TaHHBIX OT 0a30BOM CTaHIIUHU K
MoOMIIbHOMY TepMuHaiy [9, 11].

Texunonorusa 3GPP Long Term Evolution (LTE) - HazBanre MoOWIEHOTO
npoTokoia nepenaun JaHHbiX. [Ipoekt 3GPP sBnsieTcss cTaHAapTOM IO COBEPIICH-
crBoBaHmio TexHojorui CDMA, UMTS mis ynosieTBopeHus Oyaymux moTpeoHo-
CTEll B CKOPOCTH MEpeauyd JaHHBIX. JTH YCOBEPILIEHCTBOBAHMS MOIYT, HaIllpUMED,
HOBBICUTH 3(PPEKTUBHOCTb, CHU3UTH M3IEPKKH, PACHIUPUTH M COBEPIIEHCTBOBATH
y’KE€ OKa3bIBAEMbIE YCITYTH, a TAKKE NHTETPUPOBATHCS C YK€ CYIIECTBYIOUIMMH IIPO-
Tokosiamu. CkopocTb nepenaun AaHHbIx 1o ctangapty 3GPP LTE B Teopuu noctura-
et 326,4 M6wut/c (download), u 172,8 M6wut/c Ha otnady (upload).

B otimrmane or WCDMA (tpeOyromieii onocel B 5 MI't), LTE cnoco6Ha pa-
00TaTh ¢ pa3IMIHBIMU ITOJIOCAMH YacToT - OT 1.5 MI't 1o 20 MI .

OobopynoBanue 0eCrPOBOIHOIO IIMPOKOIOJIOCHOIO OCTYIA IS JIOKAIb-
HBIX ceTeil Wi-Fi.

Hanbonee mmpokoe mprMeHeHe B MUPE B KQUECTBE Pa3BEPTHIBAHUS JIOKATb-

HBIX CETeH C 6eCHpOBOI[HI>IM IITUPOKOIIOJIOCHBIM AOCTYIIOM IIOJIY4YHIa TCXHOJIOIUA
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Wi-Fi (Wireless Fidelity - «OecripoBoiHasi TOYUHOCTBY) - CTAHAAPT Ha 00OPYIOBaHHUE
Wireless LAN.

VYcranoBka Wireless LAN pexoMeHnoBanach TaM, Ize pa3BEPTHIBAHUE Ka-
OenbHOM CUCTEMBI ObLIO HEBO3MOXKHO MJIM SKOHOMHUYECKH Helenecooopa3Ho. B Hbl-
HEeIlTHee BpeMsl BO MHOTHX OpraHu3aiusax ucrnons3dyerca Wi-Fi, Tak kak mpu ornpeze-
JEHHBIX YCIOBHUSIX CKOPOCTh PabOThI ceTH yxe mpesbiiiaeT 100 Mout/c u qocturaet
1o 300 Mowurt/c. Ilonp3oBaTeny MOTYT MepeMeNaThCs MEXIY TOUKAMH JOCTYIa 10
Tepputopuu nokpeiTus cetr Wi-Fi [12, 14].

Texnonorus Wi-Fi ucnones3yercs Ui pa3BepTbIBaHUs CETeil mepeaayu JaH-
HBIX ¥ OECIPOBOIHOTO JIOCTYIA B MHTEPHET B TOCTUHULIAX, a3POIOPTaX, MPeAIpus-
THAX U opucax. B mecrax, rie MaccoBoMy CKOIUICHHIO JIrO/IEH HeoOXoaum obecre-
YUTH OBICTPBIN 10CTyT B IHTEpHET.

TexHosorusi 0eCIPOBOIHOIO IIMPOKOIOJOCHOIO [OCTyNa ISl ceTei
mamrada ropona WiMAX.

WIMAX (Worldwide Interoperability for Microwave Access) - TeJeKOMMYHH-
KaIlMOHHAsI TEXHOJIOTHS, pa3paboTaHHasl C LIENbIO MPEIOCTABICHUS YHUBEPCAILHON
0ecrpoBOIHOM CBS3M HA OOJBIIMX PACCTOSHUSIX VIS IIMPOKOTO CIIEKTpa YCTPOMCTB
(oT pabounx CTaHIMIA ¥ TOPTATUBHBIX KOMITBIOTEPOB O MOOWIJIBHBIX TeIe(OHOB).
Ocnosana Ha cragapte |EEE 802.16, xoropsiii Tarxoke HasbiBatoT Wireless MAN.

WiIMAX noaxofut Jyist peiieHust CAeAyIOrX 3a/1a4:

- coequHeHns Touek goctyna WIi-FI apyr ¢ apyroM u IpyruMu CerMEHTaMu
WNurepHerTa.

- obecrieueHrs1 6eCPOBOHOIO IIMPOKOIIOIOCHOTO JIOCTYIA KaK ajJbTepHATH-
BbI BBIZIEJIEHHBIM JIMHMSIM U DSL.

- MIPENOCTABIEHNS BBICOKOCKOPOCTHBIX CEPBUCOB IEPENavM JAHHBIX U Teje-
KOMMYHUKAIIMOHHBIX YCIIYT.

- CO3JJaHUsI TOUCK JOCTYTIa, HE IPUBA3AHHBIX K reorpapuIecKoMy MOJI0KEHHUIO.

WiIMAX mo3BosisieT oCyIecTBISITh TOCTYI B VIHTEpHET Ha BBICOKMX CKOPO-

CTSIX, C TOPa30 OOJBITUM TIOKpEITHEM, YeM y Wi-Fi ceTeid.
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Texnosiorus Bluetooth.

[TpousBoncTBeHHast crneuuduKaiys OeCpOBOAHBIX MEPCOHANBHBIX CEeTeH
(anrn. Wireless personal area network, WPAN). Bluetooth o6ecrieunBaeT 0OMeH HH-
dopmaripet Mexmy TaKMMU YCTPOMCTBAMHM KaK TEPCOHAIbHBIE KOMITBIOTEPHI
(HacToNbHBIE, KapMaHHbIE, HOYTOYKH), MOOWJIbHBIE Tene(OHbl, MPUHTEPHI, LHdpPO-
BbI€ (pOTOANMAPATHI, MBIIIKH, KJIABUATYPHI, UKOUCTUKH, HAYIIIHUKU, TAPHUTYPHI Ha
Ha/IEKHOM, OECIUIaTHOM, MTOBCEMECTHO JOCTYITHOM paJiuoyacToTe JJisl OJMKHEN CBSI-
3U.

Bluetooth mo3BosisieT 3TM ycTpoiicTBamM coo0IIaThCsl, KOT/1a OHU HaXO0-
nsates B paauyce 10 100 MmeTpoB Apyr oT apyra (JadbHOCTh CUIIBHO 3aBUCUT OT

nmperpana u HOMGX), AaKC B PA3HBIX ITOMCIICHUAX.

2. Me:xxnyHapoaHble OPraHU3alMu, y4acTBYOIHe B GOPMUPOBAHUHU
TeXHUYECKOM MOJUTHKH U CTAHAAPTH3ALMHU B 00J1aCTH MOOWIBHOM CBSI3U M

OCHOBHBIC HODMATUBHbBIC TOKYMEHTDI.

Crangpapt GSM.

B 1982 rony CEPT (Conference of European Posts and Telegraphs) B 1e-
JSAX U3Y4YEHUS U pa3pabOTKH OOIIeeBPONEHCKON CUCTEMBI COTOBOM MOJIBMYKHOM
CBSI3M OOIIIETO TMOJIb30BAHUS CO3/lajia pabovyro IpyIIy, MOJYYHBIIYIO Ha3BaHUE
GSM (Groupe Special Mobile). Pa3pabatsiBacmasi cucteMa J0JKHA ObLTa yI0-

BJICTBOPATDH CIICAYIOIIUM KPUTCPHUAM:

. BBICOKOE KaueCTBO Iepeaaun peueBoii nH(popManuu;

. HU3Kas CTOUMOCTb O00PYIOBaHUS ¥ IPEAOCTABISIEMBIX YCIIYT;

. BO3MOYXHOCTb MOJICPKKH MMOPTATHBHOTO 000PYAOBaHUS TOJI30Ba-
TEJS;

. NOJJIepKKa psiia HOBBIX YCIYT U 000PY/I0BAHUS;

. crieKTpaiibHasi 3 (PEKTUBHOCTD;

. coBMecTHMOCTE ¢ ISDN;
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. MOJJEPHKKA MEXKIYHAPOAHOTO POYMHUHIA, T.€. BO3MOXKHOCTH HC-
MOJIb30BaHUSI AOOHEHTOM CBOETO MOOWIBHOTO TesedoHa MPU MEpPEeMENIEHUU B
apyryro cetb GSM [11].

Cranmapty GSM oTBeneHa 0HA U3 IJIaBHBIX POJIEH B IPOLIECCE IBOIIO-
uuu cucreM cBa3u. GSM sto eBponeiickuii nudpoBoit cTaHAapT ¢ GYHKIIMOHU-
pytomuii B tuana3zone yactot 900/1800 MI 1.

B 1989 rony pmeno coszmanuss GSM mepemio xk ETSI (European
Telecommunication Standards Institute — EBponieiickuii HHCTUTYT CTaHAapTH3a-
MU TeJIeKOMMYHHKaui), a B 1990 roay Obliu omyOIMKOBaHbI crielU(UKAIIUN
nepBoi pazer GSM.

Oynkuun U uHTepdeicel smemeHToB cetu GSM omucansl B HOpMax U
cnerudukanusax ETSI.

Texunosoruss EDGE.

Bnepseie EDGE Onina npencrasnena ESTI (EBpomelickuit MHCTHTYT
CTaHJAPTU3ALMH 3JIEKTPOCBA3HM) B Havyasie 1997 roma B KauecTBE BOIIOLMH CY-
niecTByroniero cranaapra GSM.

EDGE wucnons3yer Ty e M0J0Cy NpOIyCKaHUsA U CTPYKTYPY BPEMEHHBIX
ciioToB, uTo 1 GSM.

OcHoBHbIM npenmytiecTBoM TexHojorun EDGE sBnsercs npumeHeHue
abcomotHo HOBOoro Merona moxyisiiuu 8PSK (eight-phase shift keying), koto-
PBIM TIO3BOJISET MOAHATH CKOPOCTH Imepenaun a0 59,2 Kour/c Ha oMH BpeMeH-
HOU CJIOT.

Texnosorusa CDMA 2000.

CDMA One — 310 TosibKO OpeHJ0BOE MMs CTaHAapTa, 4YacTo YIOMHUHAe-
Moro kak [S-95.

C uenbto ynyumenus ctanaapra CDMA One 6bu1 00pa3oBaH KOHCOPIU-
yM, B KOTOpOM K Kommanuu Qualcomm MpUCOEIWHUINCH JBa NPYTUX KPYTI-
HEHIMX omeparopa cOToBOM cBsizu Nynex u Ameritech ¢ 1enpio pa3paboTku

nepBoit CDMA-cucremsbl. [lo3nHee 3TOT coro3 ObUT pacmimpeH KOMITAHUSIMHU
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Motorola u AT&T, KOoTOpble BHECIU TONOJHUTENBHBIE PECYPCHI ISl YCKOPEHUS
pa3paboTKH cUCTEMBI. Pe3ynbTaToM UX paboThl MOCITYKUIIA MyOIMKAIUS HOBOTO
cTaHjapTa noj abopesuatypoit IS-95A B 1995 rony mon srumoi accoruanuu
unnyctpun coroBor cBsizu (CTIA - Cellular Telecommunications Industry
Association). B mocnenctBue Obuta oOpasoBana rpynmna paspabotku CDMA
(CDG - CDMA Development Group). Ee nienpb 0bu1a npoasurate CDMA u pa3-
BHUBAaTh TEXHOJIOTMM W CTaHAApPTHI, XOTS B HAIIW JHU OCHOBHBIC pPabOTHI TIO
crangaptusanuu mposozastces 3GPP2 [20].

CDMA One Obuta nepBoi CUCTEMOM COTOBOM CBSI3U, B KOTOPOM MCIONb-
30BajICsl KOJOBBIM MeToj MHOKecTBeHHOro goctyna (CDMA - code division
multiple access). Bce mocnenyromue mocne [S-95 crangapTel cOTOBOM CBSI3H,
BKJIIOUAsl CTAHJApPThl TPEThero nokosieHus - 3G ucnons3zoBanu CDMA npu no-
CTpOEHUU paauo uHTepdeiica.

Texunueckue TpeboBanus k cucteme CDMA chopmMupoBaHbl B psje
craugaptoB TIA: I1S-95 - CDMA- pamgnountepdetic; 1S-96 - CDMA-peueBsie
ciyx0sn1; 1S-97 - CDMA-nonmwxkHas cranuus; 1S-98 - CDMA-6a3oBas cras-
s, 1S-99 - CDMA-ciy»x0bI iepenaun JaHubix [11, 22].

Texuonorus 3G (UMTYS).

TexHomorust coToBOM cBsi3M, paspadorana Epomneiickum HMHcTUTyTOM
CrannmaproB Tenexkommynukanuii (ETSI) ans saeapenus 3G B Epporne. B kauge-
CTBE croco0a nepeiayu JaHHBIX Yepe3 BO3AYITHOE MPOCTPAHCTBO UCTIOIB3YETCS
texaosoruss W-CDMA, crangaptu3oBaHHasi B COOTBETCTBHUH ¢ mpoekToM 3GPP
OTBET €BPOMEHCKUX YYEHBIX W MpousBojauteneil Ha tpedoanume IMT-2000,
oImyOIMKOBaHHOE MEXITYHAPOIHBIM COIO30M 3JIEKTPOCBSI3M KaK HA0Op MHUHH-
MaJbHBIX KPUTEPHUEB CETH COTOBOM CBSI3HM TPETHETO MOKOJICHUSI.

Texnonorus LTE.

Long Term Evolution (LTE) - npoekT pa3zpabotku korcopuuymom 3GPP
CTaHJapTa yCOBEPIIICHCTBOBAHUS TEXHOJOTHA MOOWIBHOW Tepeaadd JaHHBIX

CDMA, UMTS.
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Cranmapt LTE Advanced, mox kotopeiM moHumaetcs penus 10 u Oosee
nozaaue pennsbl LTE, yrBepxaen MCO kak ctaHnapT, OTBEHYarOIUN BCEM Tpe-
OOBaHMSIM OECIPOBOJHON CBA3M YETBEPTOrO MOKOJIECHMs, W BKItOYeH B IMT-
Advanced. Craunapt 3GPP LTE cramu otHocuTh K pre-4G, To ecTh mpeaBapu-
TCJILHOM BepCUU CTaHIApTOB 4-ro mokoyienus [13, 19].

O6opynoBanue 6eCIPOBOIHOI0 IIMPOKONOJI0cHOr0 1ocTyna \Wi-Fi.

Pa3paboTka 3TUX cTaHmapTOB BeAETCS B pamkax padboueit rpynmsl 802.11
WuctuTyTa nuxkeHepoB 1o anekrporexHuke u anexkrponuke (IEEE). Pazpaboran
koHcopumymoM Wi-Fi Alliance na 6a3e cranmapros |IEEE 802.11, «Wi-Fix» - Topro-
Bast Mapka « Wi-Fi Alliance» [14, 18].

Cy1iecTByeT HECKOJIbKO Pa3IMYHBIX CTAHJAPTOB OECIPOBOJHBIX COEHM-
Hennii. Ha cerogusmHuii aeHb ocHOBHBIE M3 HuMX Takue: 802.11a, 802.11b,
802.11g, 802.11i u 802.11n. OTAM4arOTCsA 3TH CTaHIAPTHl KaAK MAKCHUMAJIbHO
BO3MOKHOU CKOPOCTBIO TIEpeady JaHHBIX, TaK U PAJANYCOM JEHCTBHUS.

Opranusaius IEEE navana paboty Haj HOBO# Bepcueit TexHoiaoruu Wi-
Fi ceteit mon npenBaputenbHbiM HazBanueM 802.11ac. HoBas Bepcust pacuutana
Ha 4YacTOTHBIE KaHasbl mupuHou 80 u gaxe 160 MI'l, 4TO TEOpETUUECKH TTOBBI-
CUT CKOpPOCTH mepemaun AaHHBIX 10 1 ['6ut/c (310 B 3 pasza Oosblie, yeMm y
802.1n).

Texnosorusi 0eCPOBOAHOI0 IIMPOKOINOJOCHOIO [JOCTyNA ISl ceTei
mamrada ropona WiMAX.

Wi-Max - 310 KoMMepuecKoe Ha3BaHHWE CTaHJapTa OCCIIPOBOIHOM CBS3H, OC-
HoBaHHOI Ha cta"apTe IEEE 802.16, paspadorannom WiMAX Forum.

Pa3pabotka sTHx cTaHmapTOB BenéTcs B pamkax padboueit rpymmsl 802.16 Mn-
CTUTYTa MHKEHEPOB 10 AeKTpoTexHuke U AekTpoHuke (IEEE).

Koncopmmmym WiMax Forum - ocHOBHasi HEKOMMepUECKasi OpraHu3aIus, 3a-
HUMAIOIIAsICSl pa3pabOTKON M cepTu(UKaIeli HOBOTO CTaHIapTa MIMPOKOIIOIOCHOH
Wireless-texnonorun B yactorHoM juamnazoHe 10-66 I'ri. WiMax Forum Gbu1 ocHO-

BaH B 2001 roxy Bexymmmu onepaTtopamu CBSI3U U KPYITHEUIIMMU BCEMUPHO U3BECT-
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HBIMH TIPOU3BOIUTEIISIMHU AJIEKTPOHHOTO U TEIEKOMMYHHKAITMOHHOTO 000PYIOBAHUSI.

Texnonornyeckoir ocHoBoi WiMax (Worldwide Interoperability for
Microwave Access) siBisercst mpotokon IEEE 802.16, kotopsiit mo3BossieT obecre-
YUTh OJHOBPEMEHHO IIMPOKOITOJIOCHBIM BBICOKOCKOPOCTHOM HOCTYIT B MIHTEpHET U
nepeiady JIaHHBIX, a TaKKe M YCIyru TeledoHuu 0e3 MCIONB30BaHUS KaOSIbHBIX
JIMHUM.

B urone 2004 roga Owbu1 npussat crangapt IEEE 802.16-2004, u3BecTHbI Tak-
xe kak 802.16d wmu pukcupoBanHbii WIMAX, KOTOPBIN U OOBSTUHUI BCE 3TH HO-
BOBBE/ICHHUSI.

B xontie 2005 rona 6but ipunsT crangapt IEEE 802.16e, u3BecTHBIN Tak ke
kak |[EEE 802.16 - 2005 wim moOmisHelii WIMAX.. B gomnonHenne K OCHOBHBIM
crangaptam, pabouas rpymnmna IEEE 802.16 paspaborana psa Apyrux JOKyMEH-
TOB, TJI€ PacCMAaTPUBAIOTCS JIPYTME BEChbMa Ba)KHBIC BOMPOCHL. DTO TakKue J0-
nonuenus, kak: 802.16f-2005, 802.169-2007, 802.16k-2007.

B cragum paspaborku Haxoasrcs 802.16h, 802.16i, 802.16j, 802.16m.

Texunouorus Bluetooth.

B 1998 rony Ericsson, coBmectHo ¢ kommanusimu IBM, Intel, Nokia u
Toshiba, BemycTHN mnepByro crnenudukanuio cradgapta Bluetooth 1.0. B
NEPBYIO OYepeb HOBBIM CTaHAApPT ObLI MPU3BAH 3aMEHUTH MHTEPQEHCHbIE Ka-
Oemu coToBBIX TeaedoHoB [12].

B 1999 rony 6buta poioKeHa COBEPIICHCTBOBAHUE CTaHaapTa. Tak Imo-
ssuach rpymnma Bluetooth SIG (Special Interest Group). Hapsiny ¢ msiThio ocHo-
BaTeJIsIMU B TPYIITY BOIJIO JOBOJBHO MHOTO KOMIAHUHM, CpPEId KOTOPHIX ObLIN
Palm, Microsoft, Motorola, Handspring, Qualcomm u Lucent.

B 2002 roxy Bluetooth 6su1 cTanmapruzoBan B IEEE (Institute of Electri-
cal and Electronics Engineers), kak crarmapt 802.15.1. B Tom ke romy mpen-
craButenu Ericsson 00HapoaoBany miaHkl HOBOU Bepcuu ctanmapta - 2.0.

B nos6pe 2004 rona Bluetooth Special Interest Group (Bluetooth SIG)

BhITycTmIIa crierudukanuto Bluetooth 2.0+EDR (Enhanced Data Rate).
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3. DBOJIIOLIUA CUCTEM MOOMJIBLHOM CBA3H.

JBosonus TexHoaorun GSM.

IlepBoe BomutomeHue ctanaapta GSM 6b110 0003HadeHo kak Daza 1. Bee mo-
cnenytorme $azer GSM (daza 2, daza 2+) 6pUIH pazpaboTaHbl HA OCHOBE MIPEAbITY-
nmwx (as.

®daza 1 BriIrovaeT B ceOsi HanOosee OOIMe YCIyrd Takue Kak TenedOoHus,
MEKTyHAPOIHBIA POYMUHT, Tepeaada (GakCUMIIBHBIX COOOIICHHA W TAaHHBIX, TIepe-
aJipecarys BEI30BOB, 3aIlPEThI BEI30BOB, Nepeiavya KOPOTKUX COOOIICHUH.

Crangapt ans ¢assl 2 6611 BeiyieH ETSI B Hostope 1996 rona u 0603Havain-
cst kak ETS 300 522. Cranpapt 3toii Bepcun yacto obo3Hadaercss kak GSM 03.02.
Ota ¢aza OTHOCUTENBHO (a3bl | BKIFOUAECT B ce0sl TaKKE JOTIOJHUTEIBHBIE CBOMCTBA
Y BO3MOXKHOCTH, KaK YBEJIOMJICHUE O CTOMMOCTH BBI30Ba, OIPECIICHUEC HOMEPA BbI-
3BIBAIOIIETO a0OHEHTa, YBEAOMIICHHE 00 OXKHIAIOIIEM BBI30BE, YIIEp)KaHUE BBI30BA,
KOH(EPEHII-CBSA3b, 3aKpbITasi TPYIINA MOJIb30BaTENEH, JTOMOIHUTEILHBIE BO3MOXKHO-
CTU NIepe/iavy JAaHHBIX.

['pynmbl 1o cTaHgapTU3aIMU ONPEACTHIN clenyronryo (azy kak 2+. Cran-
napT st dasel 2+ Obut BeimyineH ETSI B mae 2000 roma 1 yacto 0003HAYaeTCs KaK
GSM 01.04, Bepcus V 8.0.0.

Ota ¢aza BKIIOYAeT B ceOs CYIIECTBCHHBIC YCOBEPIIEHCTBOBAHUS PaJIHOMH-
Tepdeiica, B TOM YuCIIe:

« GPRS - General Packet RadioService, ycimyra nakeTHoii niepeadu JaHHbIX;

o EDGE — Enhanced Data rates for Global Evolution, HoBast TexHOMOIHs MIepe-
JIa4y TAaHHBIX, CBSI3aHHAS C IPUMEHEHUEM HOBOTO THTIA MOYJISIIHY;

« CAMEL — Customized Application for Mobile Enhanced Logic, ctannapr, ko-
TOPBI oOecnieurBaeT aboOHEHTaM AOCTY K yciyram IN mpu poymuHre;
HSCSD — High Speed Circuit Switched Data, BeicokockopocTHas mepenada

JIAHHBIX ¢ KOMMYTAIIMEH KaHAJIOB, METOJI TPEIOCTABICHHS a00OHEHTY 00Jiee BHICOKOM

CKOPOCTH IICPCAadn AAHHBIX ITOCPCACTBOM HA3HAYCHMA HCCKOJIBKUMX BPCMCHHBIX HH-
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TEpBAIOB (10 4-X) 17151 OJTHOTO COETUHEHUSI.
Iposouui k 3G.
DOBOJIOLMOHHOE pPa3BUTHE MOOMIIHOM CBS3M HAa MYTU K TPETHEMY MOKO-

JICHUIO TIPUBEJICHA HA PUCYHKE 1.

MoaepHMsauus NpocTan
MogaepHu3saums TpebyeT HOBOWH MOAYNALMN
_______ MogaepHusauus TpebyeT HOBOI paauocHcTeMb!
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Puc. 1.1. DBonronus TeXHOIOrui MoOWIIbHOM cBs3u oT TDMA k 3G

20



Ha nyrn x UMTS B cucremax GSM coBepHIEHCTBOBaHUE TEXHOJIOTHU
uaet no nytu HSCSD (High Speed Circuit Switched Data) - BbicokockopoCT-
HOI mepefayr JaHHBIX C KOMMYTallMeld KaHaJoB, pealn3aldu CIyKObl MakKeT-
HOHM nepenaun aaHHbIX GPRS, a Taxke yBenuueHWs CKOPOCTH Iepenayu JaH-
HbIX Tpu oMoriu Baeapenus EGDE [22].

YacToTHBINM cHeKTp, U3HA4YaIbHO BhIeaeHHbIN st GSM u UMTS, noka-

3aH Ha pucyHke 1.2.

| | | I | |
b IMT-2000 (UL) et || IMT-2000 (OL) | et o
M55 M55
Japan PHS | MT-2000 (UL) | 5 piy gory | O IHT-2000 (BL) | 5 pin o1
Furope | | 6SM 1800 (DL) | DECT | T0D | UMTSFDD (UL) | podiyy | TOD UMTS FDD (D) g6 (01
United PCS M55 M55
States BCS (UL} | yp, pe, | PSS(PL) | s.pew ooy S-PCN (UL)
; ; ; ;
] ] ] T
MHz 1,800 1,850 1,900 1,050 2,000 2,050 2,100 2,150 2,200

Puc. 1.2. Pactipenenenue criekrpa IMT-2000.

ETSI B suBape 1998 1. mns UMTS o00beAMHUIO JBE TEXHOJIOTHU -
WCDMA u TD-CDMA - B o0mmii ctangapT. ApXUTEKTypa TaKOW CETH MO-

OMJIIBEHOH CBS3U TPCTHCTO IMOKOJICHHUA II0OKa3aHa Ha pUCYHKC 1.3.

Packet Switched
Domain

\ Circuit Switched |
\ Domain /

Puc.1.3. Apxurekrypa 3G

Cetn UMTS, ocnoBannbie Ha TexHoiorun W-CDMA, 1o3BOJISIOT IOI-
JIEP’KUBATh CKOPOCTH Mepeaadn WHpopMaIruu Ha TEOPETHIECKOM YpoBHE 110 21
Mob6wut/c. (mpu nucnionp3zoBanuu HSPA+). B HacTosmuii MOMEHT caMbIMH BBICO-

KHUMU CKOpOCTAMH cuuTaroTcs: 384 KOut/c st MOOMIBHBIX CTaHIUN TEXHOJO-
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ru R99 u 7,2 Mout/c nns ctanuuii HSDPA B pexxuMe nepeaadu JaHHBIX OT

0a30BOI CTAaHLIUU K MOOMJIBHOMY TEPMHUHAIY.

JBOJIIOIMA CHCTEM COTOBOW CBSI3U, HMCHOJb3YIOIIUX TEXHOJIOTHIO
CDMA.

ITox cersimu cranaapta cdmaOne 0OBIYHO MOJPa3yMEBAIOT CETU HaUOO-
Jiee paHHETO CTaHJapTa C KOJIOBBIM pa3jeieHrueM KaHaioB - 1S-95A. OOmenpu-
HSTO TaKXKe 0OBEAUHSATH B OTO MOHATHE CETH cTaHaapra [S-95B.

ITox cersamu crangapra CDMA2000 moapa3ymeBarOT CETH CTaHAapTa
IMT-2000 ¢ pagunountepgeiicom IMT-MC, koTopsiii, B CBOIO ouepeab Moapas-
nensiercs Ha aBe ¢aser - CDMA2000 1X u CDMA2000 3X. Cranpapt
CDMAZ2000 1X nassiBatoT Taxxe [S-95C.

Onnako, paktuuecku, B CDMA coo011ecTBe 10 OCJICTHETO BPEMEHH HE

OBLIO €AMHOTO MHEHHMS 110 TIOBOy (ha3sl ciienytomiei 3a cdma2000 1X.

15958 (3 IS95B — cdma2000 1¥ > cdma2000 3X

cdmaOrne cdmaz000

Puc. 1.4. Paszsutue texuonoruu CDMA

B kadectBe anprepHaTuBBl Tepexona kK c¢dma2000 3X akTUBHO
paccmatpuBaiics npenioxkenubiit rpynnoit LMNQS (Lucent, Motorola, Nortel,
Qualcomm, Samsung) crangaptr HDR wm 1X-EV. 3a nocinegnue monrosma
OCHOBHBIE TMOCTaBIIMKH o0OopyaoBaHus CDMA wu omneparopsl NpULUIM K
€IMHOMY MHEHHIO, YTO 3a OCHOBY cieayeT B3sATh uMmeHHO 1X-EV. B xone
MOCJICYIONINX JTUCKYCCUW OBLTM BBIIENIEHBI JBE a3kl 3TOr0 CTaHJapTa
cdma2000 1X EV-DO wm c¢dma2000 1X EV-DV. Takum o0pa3om, cxema
sBomtonMK ceted IS-95A K TpeTheMy MOKOJEHHIO MPUOOpETaeT B HACTOSAIIEE

BpeMsI CIEIYIOIIN BU:
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cdma2000 1:-EV

cdmazZ000 cdmaz000 cdmaz000
5954 — 15958 — 1% — 1%-E¥ DO — 1%-EV DY

cdmadne cdmaz000

Puc. 1.5. PasButue texaomnoruu CDMA

IBoJaronus k Texnojaoruu LTE.

Texunonorus Long Term Evolution (LTE) - ato cnenyromuit sTan pa3su-
tust MmoouibHBIX ceTet GSM/EDGE u WCDMA-HSPA. Ona 11o3Boiser 3Ha4yu-
TEJIHHO YBEJIUYUTh EMKOCTh CETEH U CKOPOCTD Mepe/iaun TaHHBIX, YTO TTO3BOJIUT
oriepatopaM BBIBOJAUTH Ha PHIHOK MHHOBAIMOHHBIE YCIYTd, TpeOyromue 00Jb-
el CKOPOCTH M TIPOU3BOJUTEIBLHOCTH (BUICO BHICOKOM YETKOCTH, TPEXMEPHBIC
KapTorpaduyeckre CEpBUCHI, 3arpy3ka OOJIBITUX 00BEMOB JIaHHBIX U T.I1.).

DBoronrsa MOOWIbHOM cBsi3u Ha yTH K L TE npuBenena na pucynke 1.6.

S = "TnobanbHbIM p-bIH?K- e E"”-E“W\ —_—

- e e o o e e e -

:;.‘_',’j__ﬁvc‘mee'TOOO‘ce*reﬁ‘ZGBG """" s fution ) o
T NTDSCOMA®, I, TO%MMA \ | Advanced
4
" >~.,,..| - i/
v TTHSPAT
. ™ LTE R8/R9\ LTE
ofern=" %7 FDD/TDD
et i il
waunnr®® [T < ; 4
[— L LAl *v :
CDMA'1X > ....... > REVD(aB o l...,..’,...., s K
ev A L - :.
L

| el s M "
| weA WilAX 16d > WAMAXT6RT) 0" M. y, Wikax >
Iﬂmmeablﬁ PbIHOK 1

Puc. 1.6. DBomtonius MoOWIBHOM cBsi3u Ha yTH K LTE.

OcHoBHBIE TpeOoBaHUs TpenbsaBisembie Kk cetn LTE mnpuBenensr B Ta0-
muate 1.2,

Ckopocth npuemMa/mepenaun gaHHBIX B ceTssx LTE Oyaer cuibHO 3aBH-
CETh M OT KaTETOPHUH HUCIIOIB3YEMOTO AOOHEHTCKOTO TEPMUHAJIA: B HANIPABICHUU
Kk aboneHty (downlink, DL) - ot 10 go 300 M6wuTt/c u B HanmpaBjiIeHUU OT abo-

uenTta (uplink, UL) - ot 5 1o 75 M6urt/c (Tabm. 1.3).

23


http://www.broadcasting.ru/wiki/index.php?title=GSM
http://www.broadcasting.ru/wiki/index.php?title=EDGE&action=edit
http://www.broadcasting.ru/wiki/index.php?title=WCDMA&action=edit
http://www.broadcasting.ru/wiki/index.php?title=HSPA&action=edit

Tab6muma 1.2.

OcHoBHBIE TpeOOBaHMs NpeabsiBiIsieMble K cetu LTE.

Mapamerp 3HaueHue

| Mix0BaA CKOPOCTH NEPenasm b | downlink ~ 100 MGu/C; uplink ~ nopaaxa 50 Mowr/c'

Bpema nepexoga U3 pexuma Mesige 100 mc
OXKAZHAR B BKTHBHOE COCTORMME
| EmxocTs ceT | He mewee 200 axmueneix nonsaoeatenes 8 Core & nonoce 5 M
3anepxKa curana Mexge 5 MC iR HEGONBLIOND NAKETA ABHHLIX
| TiponyCxHas cocOGHOCTS | B34 pasa e, Yem e cerax HSDPA (downink);
W CnexTpansHan AgXPeKTHEHOCTY | B 2-3 pa3a esiwe, yem & cetax HSUPA (uplink)
MoBunbMOCTs | 0...15 KIWY (MBXCHMANGHER NPOHIBORMTENEHOCTS);

15...120 kWY (BEICOKAR NPOM3BOOMTENLHOCTS);
nopaepxxa 120...350 xw/a (o 500 KM/ B 33BMCHMOCTH
0T 4aCTOTHOYO AMaNazoHa)
| "B nonoce YacTor 20 MM & KoHGMrypaLMm 2 Npremisie 1 1 NEPERANOLLIAR BHTEHHE HA ABOHEHTCKOM YCTPORCTBS. |
Weroumx: J'son & Partners Consulting, Rannse 0TPaonM

TaOmuna 1.3.
[TuxoBas ckopocTh npuéma/nepenayun faHHbIX (MOUT/C) B 3aBUCUMOCTH OT

kareropuu aboneHTckoro tepmunaia LTE.

Kareropus 1 2 3 4 5

| Mpuem ganvsix (DL) | © | 50 | 100 | 10 | 300
Ompaexa fasmeix (UL) 5 25 50 50 75

| "B pexume FOD.

Wcrosime: J'son & Patners Consuiting, farssie OTpachs

B 3aBucHMMOCTH OT MIUPHUHBI CIIEKTPA M KOH(PHUTypaluu aHTEHH MUKOBAs
CKOPOCTb OYIIET TaKKe MEHITHhCS B IIMPOKHUX Mpe/esiax: B HAMpaBICHUU K a0o-
HeHty (downlink, DL) - ot 37 no 300 M6ut/c u B HanmpaBieHUU OT aOOHEHTa
(uplink, UL) - ot 18 g0 75 Mowut/c (Tab:. 1.4).

Tabmuma 1.4.
[TukoBast ckopocTs puéma/nepenaun faHHbBIX (MOUT/C) B 3aBUCUMOCTH OT

IIUPUHBI TIOJIOCHI ¥ KOH(MUTYpAIK 000pPYTOBAHHS.

Mpuem gaxubix (DL) Ornpasxa pansbix (UL)

Monoca CnexTpa/koduMrypauns axtess | 2x2 4xd4 [ 1
2 My | 37 | 72 18
|_10Mry [78 [ | %

20 Mry 150 300 75
| *B pexume FDD.

Werosmmx: J'son & Partners Consulting, Aakse OTpachn
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BaxubM npeumymectsoM texHosiorun LTE sABisieTcss BO3MOXHOCTh UC-
[I0JIb30BaTh pPA3jMYHBIE YACTOTHBIE [HMAaNa30HbBl, HayuHas OT 4YacToT

(700-800) MTI'n1 u 3akaH4MBast yacToTaMu B Auamazone 2,6 I'T' (Tada. 1.5).

Tabmuua 1.5.

Bo3MoxHEIE 4aCTOTHBIE AWara3oHbl UCIIOJIB3YEMBIC B MHUPC.

Peruon 2009-2010 rr. 2011-2012 rr. | 2013 r. u panee
Cesepras AMepusa AWS (17w 2,1 MTu),| 850 MMy, 181y -
700 MI'y (nepenpochunupoearue)
Eepona 26M210TY 900 My, 1.8 Iy, b
UHF (790-862 MI'u)
Paseutoie crpasnt Asmn | 1.5n 261y 2.1 Ty (8noHwms), 850 My
(AnoHns) 2,3-2 4 My (Kura#n),

| | | 1,7, 1,8 ITu, UHF (790-862 My) |
KOxHan Amepuxa - 850 My, 1.9y -
Poccus . . | 2,6 My, 790-862 My
Mup 8 uenom . . UHF (450-470 Mru)

Wcroqmmk: J'son & Partners Consulting. Raxnme oTpacnn

Jlns obecnieueHus NByHANpaBiIeHHOM niepenayn qaHnubix Mexay bC u MC
texHosorueit LTE nonnepxuBaetcs kak yactotHbiii (FDD), Tak u BpemMeHHOMU
aymiekc (TDD) [13].

Opoawonus texnoinoruu Wi-Fi.

Cranmapt Wi-Fi MOXeT HCIIONB30BaTh OJMH U3 ABYX KaHAJIOB IS IIEpe-
JTayd JaHHBIX - Ha yacTtoTax 2,4 I'Tou 5 I'TI.

CrnenyronuM 3TamioM pa3BuTus TexHojoruu Wi-Fi craner npunsThe
crangapta Wi-Fi 802.11ac, koTophIii 3a cueT ONTUMHU3AIMH MIPOIEcca MepeIadn
nHpopmanuu Ha dactore 5 [T MO3BOJISIET MOBBICUTH MPOMYCKHYIO CIIOCO0-
HOCTh O€CIIPOBOIHOTO KaHana 0 oTMeTku B 1 ['6ut/c.

[IpunsATHIE CceroAHs CTaHAAPTHI MPEANOJiaraloT MPUMEHEHHWE KaHaJloB
mupunoi 20 MI' (802.11n) wu 40 MTI'tr (802.11a, b, u g). Bopouem, nossis-
ercs naHpopmarms, uro Wi-Fi 802.11ac Oymer ncmonas3oBath U emie 0ojee Iu-
pokue 160-MI'1 kaHaNIBI IEpenaYn JAHHBIX.

He menee BakHO, MOMHMO CKOPOCTH MepeJaydd JaHHBIX, CTAHOBHUTCS

nojepxkka texuosiorun MU-MIMO (multiple user MIMO).
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ITyTn pa3BUTHS TEXHOIOIMU OECIIPOBOAHOIO HIMPOKONOIOCHOTrO focTyna Wi-
Fi npusenen Ha pucynke 1.7.

B tabnuue 1.6 npuBeeHb OCHOBHBIE XapaKTEPUCTUKH TAHHOW TEXHOJIO-
TUH.

> IEEE 802.11> > IEEE 802.11> >EEE 802.11a
<EEE 8021lac ~ <EEE 802.11n <_ L <EEE 802.11¢g <

Puc. 1.7. Tlytu pa3BuTHs TEXHOJIOTUU OECIIPOBOTHOTO IITUPOKOIIOIOCHOTO

noctyma Wi-Fi.
TaoOmuna 1.6.
Crangapr 802.11 802.11b  802.11g 802.11a 802.11n  802.11ac
YacToTHBIN AHA- 2,4- 2,4-2,483 2,4-2,483 5,15-5,25 2,4 unmn 5,0
mason, I'T 2,483 5,0
Metox nepenayu FHSS DSSS DSSS,OFDM DSSS,OFDM  MIMO MU-
MIMO

Ckopoctb, MouT/C 1-2 1-11 1-54 6-54 6-300 1000
CoBMeCTHMOCTD 802.11 802.11 802.11 b/n 802.11n 802.11 802.11a/n

b/g /n b/g/n a/blg
Mertoa moayasauuun  2GFSK, DBPSK, BPSK, BPSK, BPSK, 256QAM

4GFSK DQPSK QPSK QPSK 64-QAM

OFDM OFDM

JaIbHOCTD CBSI3H 20-50 20-50 20-50 10-20 50-100 50-100
B IIOMEIIeHHH, M
JaIbHOCTD CBSI3H 250 250 250 250 300 300

BHE MOMCEIIICHUSA, M
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4. CpaBHUTEIBbHBIN AHAJIU3 TEXHOJIOTrHil MOOMJIbHOM CBSI3HU.

IHepconauabubie 6ecipoBoanbie cetn (WPAN).

[lepconaneubie cetu (WPAN) ciyxar mpexae BCEro A CBA3BIBAaHUS

Mexy co00il KOMIOHEHTOB KOMIIBIOTEpA B IpEJesiax Majoro paiuyca JIei-

CTBUS - B TaK Ha3pIBaeMou nepcoHanbHou 30He. K kareropun WPAN oTHOCUTCS

LEeTBIN psig TexHosoruil. bonee coBpeMeHHOM (M B HACTOSIIEE BPEMSI MacCOBOM )

spisietcst Texnonorus Bluetooth (BT). IlepcriekTUBHBIME SIBIISIFOTCSL TEXHOJIO-

ruu UWB (Ultrawideband) u ZigBee. CpaBHUTENbHBIE XapaKTEPUCTUKU U TIEP-

CHeKTuBbI pa3BuTus cranaaptoB Bluetooth, Ultrawideband u ZigBee npencras-

JieHbI Ha pUCyHKe 1.8, a Takxke B Tabmute 1.7 .

UWB

Bluetooth

ZigBee

rote (100 ~ 300+ Mbps)

8021532 VT
Uwe
% Very high dats 1

480Mbpe
—_—

. N
COnNections

High dsta rate (10-20Mbps)

i Mo dium dats rate {2/3Mbps)

High data rate {I0MDDS)

L

2003

2004

2005 2006

2007

Puc. 1.8. CpaBHUTENTbHBIE XapaKTEPUCTUKU U MIEPCIIEKTUBLI Pa3BUTHSA CTaHIAP-

toB Bluetooth, Ultrawideband u ZigBee (ncrounux: Dell)

Tabnuma 1.7.
CpaBHuTenpHas Ta0JIMIIA CTAHIAPTOB OECITPOBOHOM CBSI3H.
Texnomo- | Cranmapr | Mcnonb3oBanue IIpomycknas Paguyc neit- YacToTsl
rust CIIOCOOHOCTh CTBUSI
Wi-Fi 802.11a WLAN 110 54 Mowut/c 10 300 meTpoB 50T
Wi-Fi 802.11b WLAN o 11 Mowurt/c 10 300 meTpoB 2,4TTu
Wi-Fi 802.11g WLAN 110 54 Mowut/c 10 300 meTpoB 2,4TTu
Wi-Fi 802.11n WLAN 10 450 M6wut/c | mo 300 merpoB | 2,4- 2,5 wu 5,0
(B mepcriekTuBe ITo
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10 600 MowuT/c)
WiMax 802.16d WMAN 1o 75 Mowurt/c 25-80 kM 15-11 1T
WiMax 802.16¢e Mobile WMAN 1o 40 Mout/c 1-5 xkm 2,3-13,6 I'Tn
WiMax 2 802.16m WMAN, Mobile no 1 I'our/c H\1 (cTaHmapt 120-150 km
WMAN (WMAN), B pa3paboTke) (cranmapt
1o 100 Mowut/c B pa3paboTke)
(Mobile
WMAN)
Texnono- | Cranpmapt | Mcnonb3oBaHue IIpomyckHas Pannyc nent- YacroTsl
rus CITOCOOHOCTE CTBUS
Bluetooth 802.15.1 WPAN o 1 Mour/c 10 10 merpos 2,4TT1
v. 1.1
Bluetooth | 802.15.3 WPAN 1m0 2,1 Méut/c | mo 100 merpos 2,41Tn
v.2.0
Bluetooth 802.11 WPAN or 3 Mbur/c 10 100 metpoB 2,4TT1
v. 3.0 110 24 Mowurt/c
UwB 802.15.3a WPAN 110-480 Mout/c | 1o 10 meTpoB 7,51Tn
ZigBee 802.15.4 WPAN or 20 Kéur/c 1-100 m 2,4 1T (16 ka-
o 1 Mowur/c HajoB), 915
MI' (10 xana-
10B), 868 MI'1
(omwH KaHam)
Hudpa- IrDa WPAN n0 16 Mowut/c or 5 1o 50 can- | MudpakpacHoe
KpacHast TUMETPOB, OJI- U3JIyYCHHE
JIMHUS HOCTOPOHHSISI
CBSI3U cBsi3p — 110 10
METPOB
Bluetooth.

Ha 0a3ze yHuBepcaibHOro mpueMonepenardyuka 00ecreunBaeTcs CBS3b C

mo0biMu Bluetooth-pemennsmu, npudeM TIIaBHBIM 00pa3oM HCTOJIB3YIOTCS JBa

BapuaHnTta ucnojaHeHus: 1u60 Bluetooth-kmiou (Bluetooth-dongle) (puc. 1.9),

1100

IIOAKIYAaEMbIE K

CIICHHUAJIN3UPOBAHHBIM  MAaTCPHUHCKHUM

Bluetooth-amantepsr. Ha ocHoBe Bluetooth-TexHomornu MoXHO CO311aTh MEPCO-

HaJIBHYI0 O€CTIPOBOIHYIO ceTh B paauyce ot 10 go 100.

S

_—

Bluetooth MpukTep

T

Bluetooth NK

o

Bluetooth PDA

Bluetooth Hoyr6yx
N
o

2

/  Bluetooth |\ )
« USB Dongle * !

Bluetooth Tenedhon
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Puc. 1.9. Ha 6a3e yauBepcanpHOro npuemornepenatanka Bluetooth-dongle

oOecrieunBaercs CBs3b ¢ paznuuHbiMu Bluetooth-ycTpolicTBamu.

JlokanbHble 6ecnipoBoanbie cetn WLAN (WI-FI).

Texunonoruu WI-FI Gasupyrorca na cemeiictBe ctanaaptoB 802.11 (tad-
muna 1.7). MHorue opranusaiuu ¥ TOMaIIHUE MOJIb30BATENN UCIOIb3YI0T Wi-
Fi kak anpTepHaTHBY MPOBOIHBIM JIOKAJIBHBIM ceTsM. [lomumo GecrpoBOIHBIX
JOMaITHUX ¥ OPUCHBIX ceTeil TexHonorus Wi-Fi Hanuia mupokoe mpuMeHeHHe

B cepe opraHuzaiuu myoandroro gocrymna B Marepuer (puc. 1.10).

BenpoBoao XoT-cnoT

Kowtpoarep
AoCTyna Hurepuer-nposaigep

l—l Becnposopmoro pocrynd
;5'

Toska
A Aocryna
@:}—c OTxpoiTe pocTyn
%« Jows Poymsur

i AYTEHTHCIMKOUNA, CRTOPHIOLMA, POcyer
~ AO :;“ 0 EAMHELR POCYETHBIR CYET

Puc. 1.10. Cxema xoT-cIiora.

Texnonorun 3G, WiMAX n Wi-Fi.

becnipoBoanbie Texnonoruu 3G, WiMAX u Wi-Fi ucnons3ytorcs Bo Bce
OoJiee mMUPOKOM criekTpe orpacieit. 3G paboTaer B 001aCTH MOOMIIBHOW CBSI3H
U obecrieunBaeT nepenady rojoca U JaHHbIX, IpaBAa, CKOPOCTU Mepenayu JaH-
HBIX TIOKa HEe 04eHb BbICOKU. Texnonorus WiMAX B ommmuune ot 3G opueHTH-
poBaHa Tosibko Ha [P 1 moTomy mpocta u ynooHa. Ha ee ocHOBe MOXKHO OBICTPO
pa3BepHYTh CETh, a MpoIryckHas cnocodnocts WiMAX, B TOM 4mcCie U [ Tie-
penaudu ronoca, uMmeeT Oombinue nepcnektuBbl. Opnako 3G - 3penas, paboyas
texHosorus, a WiMAX xotst u Oojiee MepCreKTHBHAS, HO €Ie HEeIOCTaTOYHO
pa3pabotaHna. [lelicTBUTENbHO, ceiiyac OHa HAXOJIWUTCA B CTaJUU IMEpexojaa OT
cragmapra d K craamapty e, T.e. oT WiIMAX (hUKCUPOBAaHHOTO K MOOHIHLHOMY.

Pa3zBepTriBanue nepBbix ceteit MoOuapHOro WiMAX ¢ peanbHO paboTaromumu
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MIPUWIOKEHUSIMHU MO3BOJIMIIO UCTONb30BaTh HOyTOYKH, KIIK, cmapTdonsl u npy-
rue MOOWJIBHBIE YCTpPOMCTBa aJig ckopocTHOro nocryna B Cerb. TexHosorus
Wi-Fi paboTaer Ha OrpaHMYCHHOM PACCTOSIHUHU, U €CIIM TEOPETUYCCKH MOMKHO
nobutskes ganbHOcTH B 200-300 M, TO B yCIIOBUSAX KPYMHBIX FOPOJOB € OOJb-
IIMM YKCJIOM MOMEX W Mperpaja oHa orpaHndyeHa oObidyHO 30 M U MpUMEHseTcH,
KaK IPaBUJIO, BHYTPU MOMEILICHUI.

Texnonoruu 3G 1 WiMAX He KOHKYpUPYIOT, y HUX COBEPILIEHHO pa3-
Hble oOnactu npuMenenus. Ecnu xe cpaBuuth 3G u WIMAX ¢ ToUku 3peHus
UX MO3UIIMOHUPOBAHUS U Ha3HAYEHUS, TO pa3inyaroTca oHu TeM, yto WIMAX -
ATO B OCHOBHOM Iepeniaua JaHHbIX, a 3G - nepenada ronoca. Cetu WiMAX B
ornuure ot 3G ucnonw3yroT [P-mpoTtokon nis mepenayu AaHHBIX, YTO CYIIe-
CTBEHHO YIMPOIIACT UX Pa3BePThIBAHKUE U dKCILTyaTanuto [17].

Texunonorus Wi-Fi umeeTt psia HemoctaTkoB. B 4acTHOCTH, KOMITBIOTEP HE
MOXKET HAXOJHWThCS OT IMEpeNaroIleli aHTeHHbI Ha pacctosHuu Oosiee 100 -
150 m.

Ha pucynke 1.11 noka3aHbl BbIJIEJIEHHBIE IHUANAa30Hbl YaCTOT, UCIIOJIb3Y-

CMBIC pa3HbIMU TCXHOJIOTUAMHA 6€CHpOBO,Z[HBIX ceTel.

GSM 241

= — F— ,
i 802,161 |
| Bluetooth |
Y-
802116, g
L Wi-Fi
PR R

1GHz Hz

JIKUBHINPOBAHHBIE
58 ) = == = = HenuueHIuposanusie

-
Lcensad 8
Unicersad

Puc. 1.11. Beinenennsiii muana3on 4actot (uctounuk: Ember, 2005).
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B Ilpunosxenuu npuBeaeH CpaBHUTENbHBIA aHAIU3 TEXHOJIOTUU Oecrpo-
BOJHOM CBSI3U MO CKOPOCTH NEPEIayl JAHHBIX U MOOMIBHOCTH.

BriBoabI k ri1aBe 1.

B nanHO# riaBe paccMOTpEHBI CYIIECTBYIOIIUE TEXHOJIOTMH MOOWIbHON
CBS3M B TOM YHCJI€ TEXHOJIOTMH OECHpPOBOAHOrO HIMPOKOMOJOCHOTO JOCTYyIa
MpUMEHSIEMbIE B MYJbTUCTAHJAPHBIX YCTpocTBaX MoOMIbHOU cBs3u. [Ipose-
JI€H aHalIu3 MyTEeW pa3BUTUS W CTaHAAPTU3AaLMM JAHHBIX TexHoJoruu. Otpa-
KEHBbl MEXKIYHAPOJHbIE OpraHU3alliM, y4acTBOBABIIME B (POPMUPOBAHUU TEX-
HUYECKOU MOJUTUKU U CTaHJAAPTU3ALMHU B 00J1acTH OECIPOBOAHON U MOOMIIBHOM
cBs3u. [IpoBefeH cpaBHUTENBHBIN aHANU3 TEXHOJOTUNA MOOWIIBHOM CBS3H, J0-

CTOMHCTBA U HCAOCTATKU UX IIPUMCHCHA.
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I'masa |l. CtpykTypa U QyHKUMOHAJIBHBIH COCTaB ceTel

MOOMILHOM CBSI3H.
1. Crpykrypa n pyHKUHOHAJBHBIA cocTaB TexHoJoruu GSM.

Ha pucynke 2.1 npencrasnena ctpykrypa cetu GSM. CeThb nipecTaBisieT
co0oii coenMHEHHME TOACHCTEM Oa3oBbix craniuii (BSS - Base Station
Subsystem), mnpenocrtaBieHus KoMmmyTarmoHHbIX yciyr (NSS - Network
Services and Switching subsystem), ympasnenuss u ob6cnyxkuBanus (OSS —

Operation Subsystem).

wILR
Apyrie
- CeTH
G wo HLR L —
e ; o \ e i ” pPC
Y / TR Control -y pPC
N RS Py P ccac-1 088 |
Gn Gi _
SGSNB GGEN e [PeeTe
BS - Base Station HLR — Horne Location Register
B5C - Base Station Contraller GMSG - Gateway MEC ronoc / AaHHsle
M3C — Mobile Switching Center SG5M - Serving GPRS SupportMode ——m-——- CMI’HaJ‘IMBaLlMH
VLR - Visited Location Register GOSN - Gateway GPRS Support Mode YnpagneHs OB opyoBaHIEM

AuC — Authentication Center 055 — Operation Support Systerm
B nofcHCTEME KOMMYTaUWK KaHaN0B (ronoc) McnonesyeTcA CHETeMa CurHanusaus9 Ne7 (887, OKCNeT). TpaHcnopt — E1.

Puc. 2.1 ctpyktypa cetu GSM.

[Toncuctema 6a3oBbix cranmumii BSS (Base Station Subsystem), cocrout
u3 KoHTposutepa 6a3oBbix ctannuii BSC (Base Station Controller), mpuemore-
penaromux 6a30oBeix crannuii BTS (Base Transceiver Station) u TpaHckoaepoB.

OcHoBHBIC (PYHKITNY, BRITOTHSIEMbIE BTS:

1. nmepenava curHajioB K a0OHEHTCKUM CTaHIIUSIM,

2. TIpUEM PaJuOCUTHAIOB AOOHEHTCKHUX CTaHIIHH,
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3. CBA3b C KOHTPOJIEPOM 0a30BbIX CTAHIIMI MO KaHaJIaM LHUPPOBOI
CBSI3H,
4. KOIWPOBaHME U ACKOIWPOBAHUE CHTHAJIOB,

5. mwmdpanus 1 gemudpanus CUrHaIOB.

BSC BeimosnnsieT cnenyromue ¢yHKINM:
e pacTpesieNniieT KaHAJIBHBIA pecypc, T.e. Ha3HAuaeT paJuOKaHAIbI
MS u BBIIENSICT KaHAJBI )1 Iepeiadyll CUTHAJIOB YITPABJICHHS,
* KOMMYTHUPYET KaHalibl K MS uepe3 coorBeTcTByromue BTS;
« opranusyert scradetnyto nepenauy (handover);
[Toncucrema kommyTtanu NSS COCTOUT U3 OJTHOTO MJIM HECKOJIBKUX LI€H-
TpOB KOMMYyTanuu noaBukHo# cBa3u MSC (Mobile Services Switching Center),
nentpa ayreHTudurkanun AuC (Authentication Center) u 6a3 1aHHBIX:
- aapecnoro peructpa HLR (Home Location Register),
- BusutHOro peructpa VLR (Visitor Location Register),
- peructpa uacHrudukaruu ammaparypsl EIR (Equipment Identity Regis
MSC ocy1miecTBIsIOT:
. CBSI3b C IPYTUMU CETSIMU IMepeaayr MHPOopMaluu, HEMOCPEICTBEH-
HO WIH Yepe3 1u130B80i kommytatop GMSC,
. KOMMYTAIIMIO BBI30BOB a0OHEHTOB MOJBUKHOM CBSI3U, HAXOISIINX-

csl B COTax, oOciykuBaembIx JaHHbIM MSC,

. 00paboTKy MOTOKOB JAaHHBIX JJIA TMEpeaaud Mo KaHajlaM TOJIBHK-
HOU CBSI3HU,
. OTCIIC)KMBAHNE TIEPEMEIICHUN (JIOKaTu3aluio) aOOHEHTOB, HaXo-

nsamuxcs B 30He aeiictBusg MSC (coBmectHo ¢ VLR),

. coop mHpopManuu 00 OKa3aHHBIX a0OHEHTaM YyCIyrax W mnepeaady
€€ B OWJITMHTOBBIN IIEHTD,

. yIpaBlieHNE TTOICHCTEMaMH 0a30BBIX CTAHITUH,

. cOop U mepenavdy TeIeMeTPUH B TIOJICUCTEMY YIIPABJICHUS U 00CTY-

xuBanus [9].
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Anpecubiii peructp HLR mpencrasnser 0a3y naHHbIX 000 Bcex aOOHEH-
Tax JaHHOI'O OIlepaTropa, HE3aBUCUMO OT UX MECTONOJIOKEHUA. BU3UTHBIN pe-
ructp VLR — 310 6a3a gaHHbIX 00 aOOHEHTaX HaXOMSAIIUXCS B 30HE OOCIYXH-
Banus nanHoro MSC/VLR (mpu sToM He uMeeT 3HaueHUs, TPUHAIJICKAT JIH
aOOHEHTHI K JAHHOW CETH, WIH SIBIISIOTCS TOCTIMHU — POyMEpPaMu).

Peructp unentuduxanuum annapatypsl EIR cayxut ans npoepku, uc-
MoJib3yeMoi aboHeHTOM MS.

[Moacuctema ynpasienus u oocnyxuanus OSS (Operation Subsystem)
COCTOMT M3 Tpex LeHTpoB. llenTp ynpasnenus u oOcmyxkuanuss OMC
(Operation & Maintenance Center) cobupaetr u o6padarbiBaeT HH(GOPMAIUIO O
paboTe BceX (YHKIMOHAIBHBIX Y3JIOB CETH, OPTaHU3YET MPOPUIAKTHICCKHE U
pemoHTHBIe pabothl. Llentp ynpasnenus cerbto NMC (Network Management
Center) perraet oOIue 3aa4n pa3BUTHS, TUIAHUPOBAHUS M YIIPABICHUS CETHIO.
AnmvunnctpatuBHbii IeHTp ADC (Administration Center) mo cyTu aena npe-
CTaBJISIET ITUPEKTOPAT KOMITAHMH CO BCEMH KOMMEPYECKUMH U TEXHHUYECKUMHU
noJipa3eIeHUsIMU.

SGSN (Serving GPRS Support Node) obecrieuriBaeT MapIipyTH3aLUIO
aKEeTOB MEXKY MOJCUCTEMOI 6a30BbIX CTaHIIMM M BHEITHUMU ceTsamu. Obecrie-
YUBAaET MOOMJIBHOCTH aO0OHEHTOB BO BpEMsI TMAKETHBIX CEPBUCOB (MHTEPHET,
MMC). YuyactByer B ayTeHTH(UKanmu a00HEHTOB. Peructpupyer aOOHEHTOB
U1 oOecTieueHus] MMaKETHBIX CEPBUCOB, 00OpadaThIBaeT NMEPBUUYHYIO OMJIIMHTO-
BYI0 HH(MOpMaIuio u nepeAacT e€ B OMJUTHHTOBBIN IEHTP;

GGSN (Gateway GPRS Support Node) obmaetcst co mEorumu SGSN 1
CIy’)XUT uHTepdeiicom (IUTI030M) NI TaKWX BHEIIHUX ceTel, Kak Internet.
GGSN npusssbiBaet [P-anpeca k MOOMIIBHBIM CTaHITHUSIM.

B3anmoneiicTBre Mex 1y QyHKIIMOHAIEHBIMHE dJIEMEHTaMu ceTu (puc. 2.1)

OCYHICCTBIAIOT Ha OCHOBC IIPOTOKOJIOB, OIIPCACIICHHBIX CHCHH(bHKaHHHMH

GSM.

34



2. CTpykTypa U QyHKUHOHAJIbHBIH cocTaB cucreMbl 3G.

Crpyktypa u ¢pyHkunoHanbHbil coctaB UMTS npuBeneH Ha pucyHke 2.2.
Crpykrypa paguocetu UMTS cocTouTr u3 TpexX OCHOBHBIX 3JIEMEHTOB
aboneHnTckoe oobopynoBanue (anria. User Equipment - UI), Bkitoyatoniee B ceosi:
- obopymoBaHue MOABMKHON cBsi3u (aHri. Mobile Equipment - ME),
npescTapisiomee coO0OM  paauoTepMHUHAN, KOTOPBIA COENHUHSET a0OHEHTa
UMTS c ¢uxcupoBaHHON 4acCThIO CUCTEMBI Yepe3 paguountepdeiic Uu;
- monynb unentudukanum adonenta UMTS (anrn. UMTS Subscriber
Identity Module - USIM), npeacraBisirominii co00ii cMapT-KapTy, aHATOTHYHYIO
SIM-xapre B cucteme GSM. Kapra conepxut uaeHTudukaTop abOHEHTa, ajiro-

PUTM ayTeHTU(PHUKALMHU, KIIIOUYM ayTeHTUPUKAIMHA U U(POBAHUS U T.]1.;

o Apyrme
et S ceTH

G Gisc
\ Server 0ss

o Control
onoo pC

ModeB _:—CEL_ IF-ceTh

ModeB — 3G Base Station SGW — Signaling GateWyay

RMC — Radio Metwork Cortroller HLR — Home Location Register

MSC-5 - MESC Server AuC — Authentication Center —_— [onoe f,D'aHHb\e

YLR —V¥isited Location Register SGSMN - Serving GPRS SupportNode

M G — Media GateWay GG 5N — Gateway GPRS Suppart Mode CHrHanmaaLma

GMSC —Gateway MSC 055 - Operation Support System - -—-—— YHpaBneHme OﬁODy,D,OEIaHMeM

GIEEMN

= [EpEx0A rN0OCOBOrD TRAMWKE B NAKET — 1P 1 AT,
+ TPaHCNOPTHEIR YPOEEHE CUTHANM3aWMM — IP/SCTP.
+ TEXHONOMMA S57 4epes [P nony4Mna HasgaHue SIGTRAN

Puc. 2.2. CtpykTypa u GyHKIMOHATBHBIN cocTaB cucteMbl 3G.

- HazemHas ceth paguomoctyna UMTS (anarn. UMTS Terrestrial Radio
Access Network - UTRAN), mpeacraBisioimias coOOi IMOACUCTEMY 0a30BbIX

CTaHHI/Iﬁ N UX KOHTPOJLICPOB. Ona cocTouT u3 ABYX THIIOB 3JICMCHTOB!
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- 0a3oBbI€ CcTaHIMM, Ha3biBaeMble y3inamu B (anri. Node B) (cormacHo
tepmuHogorud 3GPP). OHu BBIMONHAIOT 00pabOTKY NaHHBIX HAa (PU3NYECKOM
YPOBHE - TaKyl0, Kak KaHAJIbHOE KOJIUPOBAHUE, NIEPEMEKECHHUE JTAHHBIX, KOPPEK-
TUPOBKA CKOPOCTH Tepeaaun, MOAYJAUsS U T.71. B OCHOBHOM, 0a30Basi CTaHITUs
npeobpaszyeT ganHbie u3 Gpopmara paguountepdeiica Uu B popmat unTepdeiica
[ub, cBs3bIBatoLIErO Y3€1 B ¢ KOHTpOIEpOM paguoceTy;

- koHTpoyiepsl paauocetu (anria. Radio Network Controller - RNC),
KOTOpbIE YIPABISIIOT pabOTON MPUCOCANMHEHHBIX K HUM y3JI0B B 1 pacnpenens-
10T BBIJICJICHHBIC UM PaJIUOPECYPCHI.

- 6azoBas cetb (anra. Core Network - CN) oprann3oBaHa Ha OCHOBE Ce-
teii GSM u GPRS. [loaToMy OHa COAEPKUT AINEMEHTHI, XapaKTEpPHbIE ISl CU-
CTEM, KaK ¢ KOMMYTaIllell KaHAJIOB, TaK U C KOMMYyTaIluel MaKeToB:

- IIUTFO30BBIN IIEHTP KOMMYTAIIMU TIOJABUKHOM CBsi3M (aHri. Gateway
Mobile Switching Center - GMSC), coeaunsironuii cetb UMTS ¢ BHEmHUMHU
ceTsIMHU, pPabOTAIONIUMU B PEKUME KOMMYTAIIMHN KaHAJIOB;

- y3en nutto3oBoi noaaepxkku GPRS (anrn. Gateway GPRS Support
Node GGSN), coenunsitonuii cetb UMTS ¢ BHEITHUMU CETSIMU, pabOTAIOIIUMHU

B PCKUMC KOMMYTAllUU ITAKCTOB.

3. CTpykTypa u GyHKUMOHANBHBINH cocTaB TexHouoruu LTE.

Cerb LTE cocTouT u3 BYX BaKHEHIIMX KOMIIOHEHTOB: CETH PaUOMA0-
ctyna E-UTRAN wu 06a3oBoii cetn SAE(System Architecture Evolution) wnu
EPC(Evolved Packet Core Network). Ctpykrypa u (GyHKIIMOHATBHBIA COCTaB
TE€XHOJIOTMU MIPUBEJICHA Ha pUCYHKeE 2.3.

O6men nmanabpiME B cetd EPC mpomcxoaut Tonbpko 1o IP mpoTtokomy ¢
KOMMYTalMEN MaKeTOB, YTO CYIIECTBEHHO oTiM4aeT cetb LTE oT cetent npenbl-

Aymiunux HOKOJ’ICHHﬁ, B KOTOPBIX HMCIIOJIB30BaJIaCb KOMMYTAllUMs KAaHAJIOB MCKIY
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OTJEIbHBIMH 3JIEMEHTaMU. B 1aHHYIO CeThb BXOJAT AJIEMEHTHI, OTBEYAIOIINE 32
YIpaBJIEHUE, MApIIPYTU3ALMI0, KOMMYTALIMIO U XPAaHEHUE PA3IUYHbBIX IaHHBIX.
Cetp E-UTRAN, coctosiiias u3 6a30Bbix cranuuii(eNodeB) Geper Ha ce-
051 pyHKMuU paguouHTepdeiica U ABISETCS CBI3YIONIUM 3BEHOM MEXY IMOJb-
3oBatesnbckuMu TepMuHaiaMu(UE) u cetbio EPC. OcHOBHOM 0COOEHHOCTHIO,
otnuyatouieit cetb LTE oT ceTelt Apyrux nmoxkojaeHuu, ABiasercs 1o, 4To Oa30BbIe
ctaniuu eNodeB mMoryt oOMeHuBaThCsi My coO0i MHPopManuend mo IpoTo-
Koy X2 M OCYyWIECTBIATh (YHKUMM yIpaBieHus. B oTinumume oT crTanmapra
GSM, rne noacucrema 6a3oBbIx cTaHuii BSS cocrosina u3 6azoBoro npuemo-
nepeaaturika BTS u xouTpomnepa 6a3oBbix ctaniuii BSC B cetn LTE B oHOM

anemente eNodeB o0beneHeHbl PyHKIMU NIepeiaTyuka U KOHTPOJUIepa.

CEOHM
ceTH
2G,/3G

| Hss

eModeB I N— MME PCRF

eModeB

SEW f———— PG —. [P ceTb

eModeB

eModeB — Bvalved NodeB PCRF — Policy and Charging Rules
MME — M ohility M anagernent Entity  Function Fonoc / AaHHele
SGW - Serving GateWay HSS —Home Subscriber Server

PG — Public Data Network G ateway CHrHan9salma

Bce anemeHTbl B3aUMOAencTEYIOT 4Yepes IP ceTu.

Puc. 2.3. Ctpykrypa u GyHKIHOHAIBHBIN cocTaB TexHoJoruu LTE.

HasnaueHne OCHOBHBIX DJIIEMEHTOB CETH.
BC (EnodeB) B cetu LTE Bemomnusier cneayromue QyHKITUI:
o YmpasieHue paaropecypcamu (RRM-Radio Resource
Management): pacrupeneicHie paJrioKaHaIOB, TUHAMHYECKOE pPaCIpeeiCHue
PECYPCOB B BOCXOJSIINX W HACXOJSIIMX HAIIPABJICHUSAX - TaK HA3bIBAEMOC JIHC-

neruepu3samnus pecypcon (scheduling).
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o Bribop Onoka ymnpasinenuss moOunbHOocThI0 (MME) mpu Bkitoue-
HUU B CETh IOJIb30BATEIbCKOTO TEPMHHANIA MPU OTCYTCTBUU Y TOr0 MH(pOpMa-
MU O TPOILJIOM MOAKIIOUECHUH.

o lI3MepeHHe U COCTaBICHUE COOTBETCTBYIOIIUX OTYETOB JJIS yIPaAB-
JIeHUSI MOOWJIBHOCTBIO U AUCTIETYEPU3AIUY.

o MapupyTu3zanus B M0JIb30BaTEILCKON IIOCKOCTH MAKETOB TaHHBIX
10 HAIPaBJICHUIO K 00CIyKuBaromemMy nuio3y (S-GW).

o JlucneTuepusanus W repegava BhI3BIBHOW M BEIIATEIbHON WHOOP-
MalliH, MOJIy4eHHOM OT 0J10Ka ynpasieHuss MoouabHocThi0 (MME).

o Jlucneruepuzanusa u nepenada coodmenuit PWS (Public Warning
System, crcTeMa TPEBOKHOTO OIOBEIICHUS), MOJYYSHHBIX OT OJIOKa yIpaBie-
Hust MoomibHOCTEIO (MME).

o Cxartue 3arosioBkoB IP-makeroB, mudpoBaHue MoToKa MoOJb30Ba-
TEIBCKUX JIAHHBIX.

MME (VY3en Ynpasiaenus MoounsnocTsio - Mobility Management Enti-
ty). D10 ocHoBHOM ympasisioniuii smement B cetd LTE. OH ocymecTtBiser
TOJIbKO (DYHKIIMHM YTIPABIEHUS U HE pabOTaeT ¢ MOJIb30BATEIIbCKUMU JAHHBIMH.
Nmeer nenocpenctBennyto cBsizb ¢ UE yepe3 mpoTOKOJ CHUTHANIM3alMU BHE
yposus goctyma (NAS - Non Access Stratum ).

S-GW (Serving Gateway — 00cayKHBAIOLIUH IILII03):

[Ipennasnauen st 00pabOTKU U MapUIIPYTU3AIMH MTAKETHBIX JAHHBIX IO-
CTYMAIOUIUX U3/B MOACUCTEMY 0A30BBIX CTAHIIHM.

PGW (ITakermeii mmmo3 — Packet Data Network Gateway):
[TakeTHbIi 1UTI03 0O0ecnieunBaeT coenuHeHrue ot UE K BHEIIHUM MaKeTHBIM Ce-
TSIM JIaHHBIX, ABJISSICH TOUKOW BX0o/a 1 BeixoAa Tpaduka mis UE.

PCRF (Y3en BeicraBieHusi cyetoB aboneHtam - Policy and Charging
Rules Function).

Policy Function (ympaBieHue MOJIUTUKON) TaKKE MOXKET OBITh Pa3AeICHO

Ha 2 QYHKIMHU: KOHTPOJIb IUTI03a (gating control) 1 KOHTPOIB KAYECTBOM.
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Charging Function (ympaBieHHe HayUCIEHHEM IUIaThl) 0O0sA3aTEbHO
npeaycMaTpuBaeT on-line Tapudukanmio, T.€. aDOHEHT U ONEepaTop MOryT B pe-
aJbHOM BPEMEHHU OTCIIEKUBATH COCTOSIHUE CUETA.

HSS (Home Subscriber Server - cepBep a0OHEHTCKHMX JaHHBIX CETH)
HSS npencrasnser coboit 6obiyto 0a3y JaHHBIX W MPeAHA3HAYCH JIJIsl XpaHe-
HUS JaHHBIX 00 aboHeHTax. HSS Qakrtuuecku 3ameHseTr HaOOp pPETUCTPOB

(VLR, HLR, AUC, EIR), koTopsle ucnoiab3oBaiuck B ceTsix 2G u 3G.

4. CTpyKTypa 1 PyHKUMOHAJBHBINH cocTaB TexHoaoruu CDMA.

Crpykrypa u (yHKITMOHATBHBIN COCTaB CETH MPUBEICH Ha pUcyHKe 2.4
MobunbHas ctaHius B3aumoaeicTByeT ¢ RAN s momydeHus: HeoOxo-
JTAMBIX PECYPCOB CETU C LIEJIBIO JOCTYyNAa K MAKETHOW CETH, U Jajiee€ CICIUT 3a

COCTOSHHUECM BBIICIICHHBIX PECYPCOB (3aH$ITBI, CBO60)1HBI€, PEXKUM O)KI/IIIaHI/ISI).

e
nogocTeMa 1 | NoACHCTEMA CETb

1 BA30BkIX | KOMMYTALMM TENEKOM M YHKA LKA
| CTAHLUMA N/ | OBLLETC NOMB30BAHKA

CETb TchONs ISDN

AMTC/
ATC

~ MSC

CETbNA N

— HA

|
|
|
|
|
|
|
|
|
|
APVTAS CETB MG |
|
|
|
|
|
|
|
|
|

Puc. 2.4. Ctpykrypa u GyHKIHOHAIBHBINA cocTaB TexHoJoruun CDMA.

[Toncuctema 6a3oBbIx cranimil (BSS) sBnsieTcs BXOqHOW TOYKON aOOHEH-
Ta BO BCIO CETh ONEpaTopa, HE3aBUCHMO OT MPEaoCTaBiIseMon yciyru. M3-3a
n00aBIIeHUS B CETh OTEpaTOpa HOBOTO JIOMEHA ¢ KOMMYTaluel maketoB Ha BSS
OBLITM BO3JIOXKEHBI HOBBIE (DYHKITUW: UACHTH(PUKAINS A0OHEHTOB B CETH, 00CITy-
KUBAaHUE COCJMHEHUU K CETH ¢ KOMMYTaIlMed MakeToB, MPOBEPATH MpaBa Jo-

cTymna abOHEHTa K 3amnpaniuBacMoMy cepBucy [11].
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bazoBas cranmus (BTS - Base Station Transceiver) — KOHTpOJUpPYET Bce
neicTBUs Ha paguo uHTepdeiice mexay BTS u MS, a Takxke cimyXuUT UHTEp-
delicoM MeXay CeThbl0 U MOOWJILHBIMU YCTPONCTBAMU. YTIpaBJIE€HUE PAIUO pe-
CypcaMM, HapUMEpP, HaA3HAYEHNE YaCTOTHBIX KaHAJIOB, Pa3/IeJICHUE COT, YIIpaB-
JIEHUE MOILHOCTBIO MEPEeAayu U T.I. OTHOCHUTCS K 3ajja4yaM 0a30BOM CTaHLIUU.

Kontpomnep 6a3osbix cranmnuii (BSC - Base Station Controller) - nepe-
JaeT COOOLIEHUsI CUTHAJIU3allMd U TOJIOCOBBIE JaHHbIE MEXIy coTamu 1 MSC
(Mobile Switching Centre). Kpome Toro, BSC BbeImosiHsieT HeKOTOpBIE MPOIIEAY-
pBI CBSI3aHHBIE C MOOMJIBHOCTBHIO AOOHEHTOB, HAIIPUMEP, KOHTPOJIUPYET Mpolie-
Iypy X3HAOBEpPa MEXKy COTaMH B Cly4yae HEOOXOIUMOCTH.

YcrpoiictBo kouTponst makeTHbix coeaunenuii (PCF - Packet Control
Function) — uoBsii asement cett CDMA2000, kotoporo He 6bu10 B CDMA
One. Ero rnaBHo# 3amayeil sBigeTcs MaplipyTuzanus nakeroB mexay BTS u
PDSN.

Cetrp kommytarmuu (NSS (Network Switching System)) He mpeteprena
CYIIECTBEHHBIX M3MEHEHUH 1o cpaBHeHUIO0 ¢ cucteMoii CDMA One. B Hee
Takke BXoIAT MSC, KOTOpBIl OTBEYAET 3a YCTAaHOBIIEHHE FOJIOCOBBIX COEIUHE-
HUM B cucteme, a tTakxke psan peructpoB (HLR, VLR u ap.), B KOTOPBIX XpaHUT-
cs1 nHpopmarus 06 aboHEeHTaX.

Cetp maketHorr kommyTtanuu (PCN - Packet Core Network). 3to coBep-
[IEHHO HOBAasi CUCTEMa B CETH COTOBOMW CBSI3M, OTBEUAIONIas 3a Meperavdy Mojb-
30BaTEJILCKUX MAKETOB W3/B BHEIIHUE ceTu (Hampumep MHTEpHET), a Takxke 3a
ayTreHTu(uKanuo aboHeHTOB, Ha3HAYeHHe [P-anpecoB U HEKOTOphIE ApyTHE.

OOcCay)KUBaIOIMKA y3€]I TAaKeTHOW CeTH, OOBCAMHEHHBIH C BHEIITHUM
areatom (PDSN/FA - Packet Data Serving Node / Foreign Agent) — ato nutro3
MEXKJy CEThIO0 PaJl0 JOCTYyNa M BHEIIHUMHU MAKETHBIMH CETSIMHU. DTO YCTPOil-
CTBO BBITIOHSET ClIeAyIONTUe () yHKITHN:

- YIIpaBJIseT COSAMHCHUSIMU MEXKy CHCTEeMOW 0a30BBIX CTAHITMI U MaKeT-

HOM CCThIO, BK/IIOYasd YCTAHOBJICHUC, ITOAACPKAHNC U 3aBCPILICHHC C€CCHI>1;
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- npenoctasisiet [P-anpeca abonentam cetu;

- BBINOJIHSIET MapIIPyTH3ALUI0 MAKETOM MEXAY CEThbI0 olepaTopa H
BHEIIIHUMU CETAMHU Mepeaaun TaHHbIX;

- popMupyeT u nepesaeT cyeTa 3a OKa3aHHbIE YCIYTU B CUCTEMY OMJIIMH-
ra;
yIpaBiisieT a0OHEHTCKUMU YCIIYyTaMH, B COOTBETCTBUH C MPOPUISIMU AOOHEHTOB,
nojay4yeHHbIMU U3 AAA-cepBepa;

-IPOBOJIUT ayTEHTU(PHUKALINIO CAMOCTOATENbHO. JInOo nepegaeT 3amnpoc Ha
ayreHtudukanuo k AAA-cepsep.

AAA (Authentication, Authorization, and Accounting) - cepBep UCIOJIb-
3yeTcsi JUIsl MPOBEJICHUs TMPOIEeAyp ayTeHTU(UKAIMKU W aBTOpU3AlMU a0OHEH-
TOB, a TAKXXe Il XpaHEHUsI a0OHEHTCKUX JIaHHBIX C ENbI0 OWIIMHTA U BbI-
CTaBJICHUS CUETOB.

HNomamuuii arent (HA - Home Agent) npenocrapisieT O€CIIOBHBIN po-
YMUHT K apyrum cetsm cranaapta CDMA2000. HA npenocTtaBiseT SIKOPHBIM
IP-anpec nst MS, cyxamiuii ans nepeaadu JiroObIX MOJb30BATEIbCKUX JAHHBIX
yepe3 HMCXOJHYI0 ceTh. Kpome TOro, JHOMamiHuUW areHT MOAJIEPKUBAET peru-
CTpanuio abOHEHTOB, nepenady nakeroB k PDSN, a taxxke (oniuoHalbHO) CO-

3JIaHUE 3allUIIESHHOTO COCINHECHHUS.

5. CTpykTypa U PYyHKIMOHAJIBHBI cocTaB TexHogoruu Wi-Fi.

CereBas crpykrypa Wi-Fi cocTouT u3 IByX OCHOBHBIX THIIOB 000pY/I0Ba-
HUs: aOOHEHTCKAsl CTaHIIMS, KOTOpask OOBIYHO MPEACTaBIACT COOONH KOMIBIOTED
(HOYTOYK HW.T.H), YKOMIUIEKTOBAHHBIM OECIPOBOJAHON CETEBON HMHTEp(dECcHON
KapToi u Touka goctymna (AP - Access point), KOTOpasi BBITIOJHIET POJIb MOCTa
MEX1y 0€CTIPOBOTHOM M TPOBOIHOM CETSAMM.

Wi-Fi umeeT aBa OCHOBHBIX pexuma paboTsl — «Touka-rouka» (Ad-Hoc)

u «Muadpactpykrypa» (Infrastructure).
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[lepBeiit u3 HUX, pexxum Ad-Hoc, Takke Ha3blBaeMblii HE3aBUCUMBIM Oa-
30BbIM HaOopom ciyx0 IBSS (Independent Basic Service Set), - a3To mpocras
CEeTh, B KOTOPOM CBSI3b MEX1Y MHOTOYMCICHHBIMH CTaHIUSIMU YCTaHABIMBAETCS
HarpsaMyto, 0€3 UCIOJIb30BaHUs TOUKH JocTyma. st 3Toro pexxuma tpedyercs
MUHUMYM OOOpYAOBAaHUS: Ka)xaas CTaHLMs JOJDKHA OBbITh OCHAILEHA BCEro
JHIIE OECIIPOBOIHBIM alanTepoM (PUCYHOK 2.5).

Pexum «MHdpacTpykTypa» nmpencraBiser co00il COTOBYIO apXUTEKTYpY,
MIPUYEM CETh MOXKET COCTOATh KaK M3 OJHOM, TaK U HECKOJIBKUX sSUeeK (PUCYHOK

2.6).

Puc. 2.5. Apxurtektypa cetun Ad-Hoc.
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Puc. 2.6. Apxutektypa cetn « Uudpactpykrypay.
6. CTpykTypa 1 PyHKIHOHAJIBHBIN cocTaB TexHomxoruu Wi-MAX.
Apxutekrypa cetu WIMAX Bxitouaet B ce0s 2 rnobanbHbie yactu: ASN

- moaceTh aoctyna, CSN - moacerh, oOecreunBaroias MOJKIIOUYEHHE K CETSIM
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IP. Ilognepxka crannapra 802.16 momHocThio peanu3oBaHa B ASN. OObI4HO
nojcetsio CSN Brianeer npogaitnep IP ycimyr, NSP - Network Server Provider,
nojcetsio ASN - mpoBaiinep paguogoctyna, NAP - Network Access Provider.
NSP u NAP MoryT sIBISITECS OTHUM MPOBANRIEPOM.

Onna moxacetrh poctyma, ASN, MOXKET HCIOJIb30BATHCS HECKOJbKUMU
nposaitnepamu ycayr (NSP), 1.e. k ogHoMy ASN MOTYT OBITH OJKJIIOYEHBI HE-
ckonpko CSN, a taxxe onud nposaiaep IP ycmyr, NSP, MoxeT ucnosip3oBath
HECKOJIbKO Pa3HbIX MOJIceTei maocTyma, T.e. K ogqHoMy CSN MoxeT ObITh MOJ-
KJIFOYEHO HECKOJIbKO ASN.

YkpynmaenHo WiMAX ceTh COCTOUT U3 CIAEAYIONIUX JIOTHYECKUX O0BEK-
TOB:

1) SS (Subscriber Station) ;
2) ASN (Access Service Network) ;
3) CSN (Connectivity Service Network) .

Kaxp1it 00beKT MOKET ObITh peain30BaH B OJJHOM (DPU3UUECKOM MOIYJIEe
(manpumep, SS) unu B Heckonbkux (ASN, CSN).

Heckonbko CSN MoryT ObITh MOJKIIOYEHBI K oqHOMY ASN, 1 HA000pOT;
HeckoJibko ASN MoryT O0bITh noakiIoueHbl K ogHOMY CSN. ASN u CSN moryT
NPUHAJIEKATh OTHOMY OIIEPATOPY WIIH PA3HBIM.

Apxurektypa cett WiMAX noka3aHa Ha pUCyHKe 2.7:
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Puc. 2.8. KomnonenTs! apxutekrypa cetd WiMAX.

Omnepatop MoxeT BiaaaeTh WiMAX CEeTblO MOJTHOCTBIO WM YaCTHYHO.
Omnepatop, NpeaOCTaBISIONINN paano-nocTyn, HasbiBacTcss NAP - Network
Access Provider. Emy moxeT npuHamiiexxatb oquH wik Heckobko ASN. Orre-
paTop, MPEAOCTaBISIOMMNA CEPBUCH ceTH (HocTyn B HTEpHET, epemaady rojo-
ca, JIOCTYIl K OIpeaelIcHHOMY KOHTeHTY) Ha3biBaeTcss NSP - Network Service

Provider, emy MoryT npuHaasiexaTh 0 uH WK HecKOIbKO CSN.
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User terminal mim Mobile Station, MS, umm Subscriber Station, SS -
YCTPOMCTBO, 00ECTICUNBAIOIIEE COCTMHEHUE MEXy 000pYy/T0BaHUEM MOJIb30Ba-
Tensl (HarpuMmep, KOMIBIOTEPOM) M CeThbi0. MS MOXET MpeacTaBiaATh cOOOU
CPE, Customer Premises Equipment, oGecneunBaroiiiee MOAKIIOUCHUE K CETH
HECKOJIbKUX KOMITBIOTEPOB.

Base Station, BS, 6a3oBas craHums - JJOTMUECKHN 3JIEMEHT CETH, BBHIIOJI-
Haronmi 00padotky pusznueckoro u MAC ypoBaeit o ctangapty 802.16. BS
MPEACTABISET OJUH CEKTOP C OJIHOM yacTtoToil. BS MoxeT moakitoyaTbes K He-
ckonbkuM ASN GW s obecriedeHust pe3epBUPOBAHMS U/ UK OalaHCUPOBKU
Harpy3ku. OIHO Qu3HUECKOe W3/IeNINEe MOXKET BKJIIOYaTh B ce0s HecKoiabko BS
(Jioruyeckux 0ObEKTOB).

ASN-GW, nutro3 paronoaceTy - JOTHYSCKUM AJIIEMEHT CETH, BBITIOJIHS-
IOIUNA arperupoBaHue (0OOBEIWHEHNE) CUTHAIBHBIX (DYHKIUN, a TaKXkKe, eclu
HEO0OXOIMMO, MapIIpyTU3AIMI0 TOTOKOB JIaHHBIX MoJib3oBaTenei. ASN-GW
MO3KeT ObITh cBsi3aH ¢ apyrumMu ASN-GW mis oGecnieueHusi pe3epBUpPOBAHUS U
OaJlaHCUPOBKU HArPY3KH.

AAA server, Authentication, Authorisation, Accounting, - yctpoicTtBo (cepsep),
BBITIOJTHS FOIIUNA MTPOLIETYPHI:

- ayTeHTU(UKAIMK TOJIB30BATENs, T.€. MPOBEPKU €ro MOJJIMHHOCTH U
BO3MOYKHOCTH JIOCTYTIA B CETh

- aBTOpHW3allUHd - BBIJICIICHHE €MY PECYpCOB CETH B COOTBETCTBUHU C
yCIIyraMy, Ha KOTOPbIE OH MOJIIKUCAaH

- aKKayHTa - TMOJCYET MOTPEOICHHBIX MOIb30BATEIEM PECYPCOB (KOJIH-
YeCTBO BPEMEHH WJIHM pa3Mep MEPEeNaHHbIX JaHHBIX) N7 (POPMUPOBAHMS CUETa
3a MOJIb30BAHUE CETHIO.

MIP HA - Mobile IP Home Agent. IIpumensiercs il MOAACPKKA MO-
omnpHOCTH, 3aaHkepHOM B CSN, cM. 1. «ObecnieueHrne MoOmIbHOCTHY. OH XKe
OObIYHO siBIsieTCS edge-poyTepoM - pOyTEpOM-ILII030M, PACIIOJIOKEHHOM Ha

rpanuiie WiMAX ceTu ¥ BHEIITHUX CETEH.
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BriBoanl k riaase 11.

B nanHO# rimaBe paccCMOTPEHBI apXUTEKTYpa, CTPYKTypa U (PYHKIIMOHAI b-
HBIN COCTaB TEXHOJOTUI MOOMJIBLHOM CBSI3M U OECIPOBOJIHOTO IIUPOKOTOIOCHO-
ro JOCTyMa, a Takxke B3aumojeiicTBue unrepderico. [IpoBenen ananus cete-
BBIX DJIEMEHTOB, BBIMOJHAEMBIX MUMH (DYHKIUH, a TakKe B3aUMOJCHCTBUE C

BHCIIIHUMMU CCTAMU O6H.[€FO ITOJIB30BaHMUA.

I'nasa I11. UccnenoBanue 1 aHaIU3 MYJIbTHCTAHIAPTHBIX

a00HEHTCKHMX YCTPOMCTB MOOMJIbHOM CBSA3M.

1. MyJabTUCTAHAAPTHBIA TEPMHUHAJ, CKAHMPYIOUIUI 3aMIPOC A5
BbIpAaBHHBaHUS MHTepBaJa ckanupoBanuss WIMAX ¢ okHoM

nmouckoBoro Bpi3osa CDMA.

[Iporienypa oTHOCHUTCS K OECIPOBOJHOW CBS3U M, B YACTHOCTH, K OCY-
IIECTBJIICHUIO CBSI3U C MOOWJIBHBIMH YCTPOWCTBAMHU, KOTOPBIE MOIIEPKUBAIOT
HECKOJIbKO TexHojorui paauogoctymna (RAT) [21]. TexauueckuM pe3ysnbTaTom
ABIACTCS yIy4lieHre S()PEKTUBHOCTH TEPEKIIOYCHUE MEXIY IBYMS CETAMH
CBSI3U M YBEJIMYCHHE MPOITYCKHOM CITOCOOHOCTH B JIF00OM yciyre. TexHuueckui
pE3yNbTAaT JOCTUTAETCS TEM, YTO MPEJAOCTaBISIOT CIOCOO CKaHUPOBAHUS Ha
npeaMeT COOOUIEHUN CHUCTEMBbI MOMCKOBOTO BbI30Ba B ceTu co Bropoil RAT,
Hanpumep, CETH KOJUIEKTMBHOIO JOCTYyNa C KOJOBBIM PA3JEJICHUEM KaHAJIOB
(CDMA), npu noakntoueHuu k cetu ¢ neppoid RAT, nanpumep, cetu WiMAX.

J171s1 HEKOTOPBIX BapUAHTOB OCYIIECTBICHHUS PACIIMPEHHOE COOOIIEHUE C 3aMpO-
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COM CKAHMPOBAHUS MOXKET OOJIErYUTh YCTAHOBJICHHE LMKJIA CKAaHUPOBAHMS B
nepBoit RAT, KOTOpBI COBIAAAET C NUKIOM IIOMCKOBOrO BbI30Ba BTOpor RAT.
Cucremnl OecnipoBoHoi cBsizu OFDM u OFDMA no crannapty [EEE

802.16 ucnosb3yloT ceTh 0a30BbIX CTAHUUN JJIsl OCYIECTBIEHUS CBS3M ¢ Oec-
MIPOBOJHBIMH YCTPOHUCTBAMHU (TO €CTh MOOMJIBHBIMU CTAHIUSIMU), TIOAIUCAHHbI-
MH Ha YCIYTU B 3TUX CHUCTEMAaX, HA OCHOBE OPTOIOHAJIBHOCTH YaCTOT HECKOJIb-
KUX MOAHECYIIUX U MOTYT OBbITh Pealii30BaHbl AJIsl JTOCTHXKEHHSI HEKOTOPOIO
KOJIMYECTBA TEXHUYECKUX MPEUMYIIECTB ISl HIUPOKOIOJIOCHON OecpoBOAHOM
CBSA3U, HaIlpUMEp, CTOMKOCTH K MHOTOJIy4€BOMY 3aMHUpaHHI0 U noMexaMm. Kax-
nas 6azoBasi cranuus (BS) uznyuaer u npunumaet paauouyactotueie (RF) cur-
HaJIbl, KOTOPBIE MIEPEHOCST NaHHbIE K MOOWIBHBIM cTaHIUsIM (MS) 1 OT HUX.

YToObl pacuiipuTh YCIYyTH, AOCTyIHbIE aOOHEHTaM, HEKOTopble MS mo-
JNEPKUBAIOT CBA3b C MOMOLIBIO HECKOJIBKUX TeXHOdorui paguonoctyna (RAT).
Hampumep, mMuHoropexxumaass MS moxer nogaepxkuBatb WiIMAX nmns ycnyr
IIMPOKOIIOJIOCHOM Mepenadyn JaHHBIX U KOJUIEKTUBHBIN TOCTYN C KOJOBBIM pa3-
nenenrieM kaHaiaoB (CDMA) st TOJI0COBBIX YCIYT.

K coxanenuto, B TpaJuIIMOHHBIX cHCTeMaX Hed((PEeKTUBHOE MEPEKITIOYe-
HUE MEXIY JIByMs CETSIMH MOKET BbI3BaTh YMEHBIIECHUE MPOMYCKHOU CIOCo0-
HOCTH B JIFO00# yciyre.

Hekoroprie BapraHTBl OCYIIECTBICHHUS HACTOAIIETO PACKPBITUS U300peTe-
HUS B 1[EJIOM MPEAOCTABISIOT CIIOCOO OCYIIECTBICHUS CBSI3U C MOMOIIBIO MHO-
rOpeKUMHOU MOOMIBHOM cTaHuuu (MS) ¢ mepBoil U BTOpOHl ceTsIMU MOCpEN-
CTBOM TIepBOi U BTOpo# TexHosoruit paauogoctymna (RAT). Cnocob B 1enom
BKJIFOYAET B C€Osl BBIYMCIICHHE HOMEpPA HAYAJIBHOIO KaJpa W MHTEpBaJia mepe-
MEXEHHUS IS BBINOJIHEHUST MOOWJIBHOM CTaHIMEW IUKIa CKAaHUPOBAHUS C I10-
Mo1bto nepBoil RAT, 4ToOBl MHTEpBA CKAHUPOBAHMS B LIUKIIE CKAHUPOBAHMS
COBIIaJIaJl C OKHOM ITOMCKOBOTO BBI30Ba B LIMKJIE IIOMCKOBOI'O BBI30BA BTOPOU
RAT, ormpaBky 3ampoca CKaHUpOBaHHS B 0Aa30BYIO CTAHIIMIO B TIEPBOM CETH,

YTOOBI YCTAaHOBUTb IHKJI CKAHHUPOBAHHA C HOMCPOM HAYAJIbHOI'O KaJpa W HH-
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TEpBAJIOM CKaHUPOBAHUSA, IIPUYEM I10 MEHBIIEW Mepe OAUH U3 HOMEpA Hayajb-
HOI'O KaJpa U MHTEpBaia NEPEMEKECHUs, OTIIPABICHHBIX B 3alIPOCE, IPEBHIIIAET
8 OUTOB, U NEPEKITIOYEHUE HA BTOPYIO CETh JJIsl OTCIEKUBAHUS COOOILEHUN CH-
CTEMbI IIOMCKOBOI'O BBI30Ba B TEUCHUE MHTEPBAJa CKAHUPOBAHUSA B LIUKJIE CKa-
HUPOBAaHUS 0€3 MpepbIBaHUS COSAUHEHMS C IEPBOM CETHIO.

Hekoropble BapraHTbl OCYIIECTBICHHUS HACTOALIETO PACKPBITUS U300peTe-
HUSl MIPENOCTABISAOT KOMIBIOTEPHBIN IPOTPAMMHBIN MPOAYKT JJI OCYILECTBIIE-
HUS CBSI3U C TIOMOIIBI0 MHOTOPEXUMHOM MOOMIBbHOM cTtaniuu (MS) ¢ nepBoit u
BTOPOM CETAMHU IMOCPEACTBOM IIEPBOM M BTOPOM TEXHOJIOTMM PagUOI0CTyIIa
(RAT), conmepxamuii MalIMHOYMTAEMbIil HOCUTENb WHGOPMAIMU, WMEIOIIUN
COXpaHEHHbIC HA HEM KOMAaH/Ibl, UCIOJIHSEMbIE OJIHUM WJIM HECKOJIBKUMU IPO-
neccopamMu. KoMaHpl B 11€JI0M BKIIIOYAIOT B €05l KOMaH/bI JJI BBIYMCICHUS
HOMEpa HA4yaJbHOI'O0 KAJApa W HMHTEpBaja MEPEMEKEHUS ISl BBIIIOJIHEHUS MO-
OWJIbHOM CTaHLIMEW IUKIIA CKAaHUPOBaHUs ¢ oMolIsio nepBoid RAT, uroObl nH-
TEpPBajl CKAaHUPOBAHMs B IUKJIE CKAHUPOBAHUSA COBIIAJA] C OKHOM IIOMCKOBOIO
BbI30Ba B IIMKJIE IOMCKOBOTO BbI30Ba BTOpoi RAT, KOMaHbI 1JIs OTIPaBKH 3a-
poca CKaHUPOBaHUS B 0a30BYIO CTAHLIMIO B MEPBOW CETH, YTOOBI YCTAHOBUTH
LUKJI CKAHUPOBAaHMs ¢ HOMEPOM HA4yaJbHOI'O KaJpa U MHTEPBAJIOM CKaHHUPOBa-
HUS, [IPUYEM 110 MEHBILEW Mepe OJUH U3 HOMEpa HA4aJIbHOI'O KaJpa U UHTEpBa-
Ja mepeMeXeHUs, OTIPABICHHBIX B 3alpOCce, IPEBHIIIAET 8§ OUTOB, U KOMaH/Ibl
JUI TIEPEKIIIOYEHHs] Ha BTOPYIO CeTh Ul OTCJIEKUBAHUS COOOIIEHUN CHCTEMBI
IIOMCKOBOI'0 BBI30Ba B TEUCHHME MHTEPBAJIA CKAHMPOBAHMS B LIUKIIEC CKAHUPOBA-
HUs 0€3 IpepbIBaHUsl COETUHEHUS C IEPBOM CETHIO.

YT0oOBI MOXKHO OBLIO 0OCTOATEIHHO TOHSITH CITOCO0, KOTOPHIM OMHCHIBAIOT-
Csl BBILIETIEPEUNCIICHHbIE MPU3HAKU HACTOSIIET0 PacKphITUs M300peTeHusi, 0o-
Jiee KOHKPETHOE OMUCaHue, KPaTKO 000OIEHHOE BBIIIEC, MOXKET ObITh MOJTYy4YEHO
IIyTEM OTCBUIKM HAa BAapUAHTBI OCYIIECTBICHUS, HEKOTOPHIE U3 KOTOPBIX WILIIO-

CTPUPYIOTCSI HA PUCYHKAX.
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Pucynok 3.1. MmmroctpupyeT NpuMepHyI0 CUCTEMY O€CpOBOAHON CBS3U
B COOTBETCTBUU C HEKOTOPBIMU BapHMaHTAMM OCYLIECTBIICHHsI HACTOSLIETO pac-
KPBITHS ©300pETEHHUS.

PucyHok3.2. WIIIOCTpUpPYET pa3auyHble KOMIIOHEHTBI, KOTOPBIE MOTYT
HCIIOJIb30BAThCSl B OECIPOBOJHOM YCTPOMCTBE B COOTBETCTBUU C HEKOTOPHIMU
BapUaHTaMU OCYUIECTBIEHUS HACTOSILIETO PACKPBITUS U300pETEHHUS.

Pucynok 3.3. wUIIOCTpUpYET NPUMEPHBIA MEPENATYUK U INPHUMEPHBIN
MIPUEMHUK, KOTOPbIE MOTYT HCIOIb30BAaThCS B CUCTEME OECIpPOBOJHOM CBS3H,
KOTOpasi HUCMOJB3yET TEXHOJIOTHIO MYJbTHUIUIEKCUPOBAHUS C OPTOTOHAJIbHBIM
YaCTOTHBIM PA3JEIEHUEM KaHAJIOB U KOJUIEKTUBHOTO JOCTYIA C OPTOTOHAJIbHBIM
4acTOTHBIM pazzaenenueM kaHajioB (OFDM/OFDMA), B cOOTBETCTBUU C HEKO-

TOPBIMHU BapUaHTAMHU OCYIICCTBJICHHA HACTOAIICTO PACKPBITUA I/1306peT€HI/ISI.

Puc.3.1. IlpumepHas cucrema OECIIPOBOIHON CBSI3M B COOTBETCTBHH C He-

KOTOPBIMH BapHaHTaMH €TI0 OCYIIICCTBICHU .

BECTPOBOIHOE YCTPOHCTBO 202 [’FE e
214
Y
204 i 2
S e i ; _ 210 :
[POLIECCOP i ——-—L MEPEIATUHK
206 212
SAMTIOMHHATIOINEE i .
VOIPOBCTBO —| NPHEMHHEK
218 e — f—208
AETEKTOR CHIHAJIOR | B
222 220

Puc.3.2. PaznuuHbie KOMIIOHEHTHI, KOTOPBIE MOTYT UCIOJIb30BATHCA B

OEeCIIPOBOJIHOM YCTPOMCTBE.
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Puc.3.3. Mnnmtoctpanys npuMepHOro nepefardyuka u MpuMEPHOro MprueM-

HHKa, KOTOPBIC MOT'YT UCIIOJIb30BATHCA B CUCTCMC 6CCHp0BOﬂHOﬁ CBi3H.

BapuanTel ocyiiecTBIeHUST HACTOSIIETO PACKPBITHUS U300PETCHUS MOTYT
MO3BOJIUTh MHOTOPESKUMHOMY MOOHJIBHOMY YCTPOWCTBY, MOJJIEPKUBAIOIIEMY
texHojorun paauogocryna (RAT) WiIMAX u CDMA 1x, nepekitouyaTbecs
Mexay cetbio WIMAX u cetbto CDMA, uToOBI HaOII0aTh 3a KaHAJIOM Tiepe-
a4 TMOUCKOBBIX BbI30BOB CDMA B TeueHuMe HMHTEpBaja CKaHUPOBAHUS
WiMAX. B 4acTHOCTH, BapuMaHTBhl OCYILECTBICHUS MOTYT IPEIOCTaBUTH CIO-
co0 M yCTpONCTBO, MO3BOJISIONINE MHOTOpEKUMHON MS omnpenenuts Habop ma-
paMeTpoB HM3MEHEHHOTr0 MOOWJIBHOTO 3ampoca ckaHupoBanus WiIMAX
(MOB_SCN-REQ) u otmpaButh usmenerubiii MOB SCN-REQ, yBemomisito-
mmii o6cmyxuBaromyo BS WiIMAX 06 o0si3aTenbHOM XapakTepe mapameTpoB
3ampoca B MOIBITKE 00eCeYnTh, YTOOBI HHTepBal ckaHupoBanus WiMAX coB-
najiaj ¢ OKHOM MPOCIYLIIMBaHUs MOMCKoBOTro 3anpoca CDMA.

Tunosas cuctema 6eCcrpoBOTHON CBS3H

BricTpriii pocT OecnpoBOHBIX 00BETUHEHHBIX CETEH W CBA3U MPUBEN K
yBeJIMYUBatoelcsa MOTpeOHOCTH B BEICOKOW CKOPOCTH IMEpeayu IaHHBIX B 00-
nactu ycnyr 6ecripoBogHoi cBs3u. Cucremsl OFDM/OFDMA Ha ceroHsIIHUI
JIEHb PACCMATPHUBAIOTCA B KA4ECTBE OJHOU M3 HanbOoyiee MHOTOOOeMAomuX 00-
JJIACTEN UCCIEIOBAHUM M B KA4YECTBE KJIIOUEBOM TEXHOJOTHM JUISI CIEAYHOLIErO
MOKOJIEHUsI OECIPOBOIHON CBA3U. JTO OOYCIOBIEHO TE€M, YTO CXEMbI MOJYJIS-
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uuu OFDM/OFDMA moryT o0ecrneduTh MHOTO MPEUMYIIECTB, Harpumep d¢-
(PEeKTUBHOCTh MOJYJIALIMH, CHEKTPAIbHYIO 3(P()EKTUBHOCTb, THOKOCTh U CHJIb-
HYI0 YCTOMYMBOCTh K MHOTOJIyYEBOMY PaCIpPOCTPAHEHUIO IO CPABHEHUIO C Tpa-
JTULMOHHBIMU CXEMAMHU MOAYJISIIUU HA OJHOU HECYILEH.

Pucynok 3.1 umtoctpupyet npumep cucremsl 100 OecripoBoIHOM CBSI3H,
B KOTOPOM MOTYT NPUMEHATHCS BAPUAHTHI OCYIIECTBIEHUS HACTOAILErO pac-
KkpbiThs ipoueaypbl. Cucrema 100 6ecipoBOAHOM CBSI3U MOXKET OBITh CUCTEMOM
MIMPOKONIONOCHOM OecnpoBoHOM cBs3zu. Cucrema 100 GecnpoBOAHOW CBsI3U
MOKeT 00ecreyuBaTh CBA3b JUJIsl HEKOTOPOro kosnuuectBa coT 102, xaxaas u3
KOTOPBIX o0ciyxkuBaercs 0a3oBoit cranmuei 104. basoBas cranuus 104 moxer
OBITH CTAI[MOHAPHOM CTaHIIMEH, KOTOpasi OCYIIECTBISET CBS3b C MOJIB30BATEI b-
ckumu TepmuHaiamMu 106. bazoBas ctaniusa 104 B kauecTBe albTepHATUBBI MO-
YKET Ha3bIBaThCSA TOYKOM NOCTymNa, Y3J0oM b Winm HEKOTOpPOM NPyrod TEPMHHO-
JIOTHEMN.

Pucynok 3.1 u3zo0paxkaet pa3audHbIe MOJb30BaTebCKHUE TepMHUHAIBI 106,
paccpenoroueHnbie 1o Bcer cucreme 100. ITonp3oBarenbckue TepMuHaibl 106
MOTYT OBITh CTAllMOHAPHBIMU (TO €CTh HEMOABUXHBIMH) WU MOOWIbHBIMHU.
[Tonbs3oBarensckue TepMuHanbl 106 B KayecTBE albTEPHATHBBI MOTYT Ha3bl-
BaThCs YAQJICHHBIMU CTaHIMSMH, TEPMHUHAJIAMU JOCTyMa, TepMUHAJIaAMH, ado-
HEHTCKUMU MOJYJISIMH, MOOWJIbHBIMU CTAHIIUSMH, CTAHIMSIMH, TOJIB30BATEI b~
CKHUM oOopynoBanueM H T.1. Ilonp3oBarenbckue TepMuHaIbl 106 MOTYT OBITH
0ecpOBOHBIMUA YCTPONCTBAMM, HANPUMEP COTOBBIMHU TeleoHaMu, Mepco-
HabHBIMA TH(poBEIMU moMomHUKaMu (PDA), kapMaHHBIMH YCTPOWCTBaMH,
OecpOBOHBIMUA MOJIEMaMH, TIEPEHOCHBIMU KOMIBIOTEPAMH, MEPCOHAIBHBIMU
KOMITBIOTEPAMH U T.]I.

Psin anroputmMoB ¥ criocoOOB MOKET MCHOJIb30BaThCs AJIsl IEpeaayd B CU-
creme 100 GecripoBOAHOM CBSA3U MexkAy 0a30BbIMU cTaHIusiMu 104 1 mosb3oBa-
TeIbCKUMU TepMmuHaiamu 106. Hanmpumep, curnambl MOryT OTIIPaBISTHCS H

MIPUHUMATBCS MEXKIY 0a30BbIMHU CTaHIUSAMH 104 U MOIB30BATENBCKUMH TEPMHU-
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Hanamu 106 B cootBeTcTBUU ¢ MeToaukamu OFDM/OFDMA. B stom cnydae
cucreMa 100 OecnpoBOJHOM  CBSI3M  MOKET  HAa3bIBAThbCS ~ CUCTEMOM
OFDM/OFDMA.

JIlunus cBs3u, KOTOpasi oOecreynuBaeT nepeaayy ot 6azoBoii ctanuuu 104
K MO0JIb30BAaTEIbCKOMY TepMHUHaNy 106, MOKET Ha3bIBATHCS HUCXOJSIIECH JTUHU-
et 108 cBsi3u, a TUHUS CBSI3M, KOTOpasi objieryaeT nepeaady OT MOJIb30BaTellb-
ckoro tepmuHana 106 k 6azoBoii ctanuuu 104, MOKET Ha3bIBATHCS BOCXOAILIEH
nuHuen 110 cBsa3u. B xauecTBe anpTepHaTUBBI HUCXOAsAWas JUHUA 108 cBsA3M
MOKET Ha3bIBATHCS MPSMOU JMHUEH CBS3U WM MPSMBIM KaHAJIOM, a BOCXO/IS-
mias uHUs 110 CBA3M MOXKET Ha3bIBaThCsl 0OpaTHOM JIMHUEN CBSI3U WK 00pat-
HBIM KaHAJIOM.

Cora 102 moxer pa3aensaTbcs Ha HECKOJIbKO cektopoB 112. Cexkrop 112
aBigercs ¢puznueckoi 30Hoi oOciyxkuanus B core 102. bazoBbie cranuuu 104
B cucrteme 100 GecripoBOJHOM CBSI3M MOTYT HMCIOJIb30BAaTh aHTCHHBI, KOTOPHIC
COOMPAIOT MOTOK PHEPTHH B KOHKpeTHOM cektope 112 B cote 102. Takue an-
TE€HHBI MOT'YT Ha3bIBaThCSl HAIIPABJIECHHBIMH aHTEHHAMH.

PucyHok 3.2 wimocTpupyeT pas3ivyHble KOMIOHEHTBI, KOTOPBIE MOTYT
UCIIOJIb30BaThCs B 0ECIPOBOHOM ycTpoicTBe 202, KOTOPOE MOXKET MPUMEHSATh-
cs B cucreMe 100 6ecipoBosiHOM cBsi3H. becnpoBogHoe yctporicTBo 202 sBIS-
€TCsl IPUMEPOM YCTPOMCTBA, KOTOPOE MOKET KOH(PUTYPUPOBATHCS ISl peatu-
3allMM PA3IMYHBIX CIMOCOOOB, OMHCAHHBIX B 3TOM JOKymeHTe. becmpoBomHoe
ycTpoiictBo 202 MoxkeT ObITh 0a30BO¥ cTaHmmeir 104 Wiy MONIB30BATEIBCKUM
TepmuHaiom 106.

BecnipoBosiHoe ycTpoiicTBo 202 MOXKET BKJIOYATh B ceOs mporeccop 204,
KOTOpBIN ympaBisieT paboroit 6ecripoBogHoro ycrporcta 202. IIpomeccop 204
TaKXe MOYKET Ha3bIBaThCs IeHTpalbHBIM mpoiieccopoMm (CPU). 3anomuHaroriee
ycTpoicTBO 206, KOTOPOE MOXKET BKIFOYATh B ¢e0s KaK MOCTOSTHHOE 3allOMHHA-
tomee yctpoiictBo (ROM), Tak W omepaTHBHOE 3allOMUHAIOIIEE YCTPOMCTBO

(RAM), npenocraBisieT KOMaHbl U JlaHHbIEe Tpoieccopy 204. YacTes 3amomMu-
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HaroIIero ycrpoicta 206 Takke MOXKET BKIIOUYATh B ¢€0sl SHEPrOHE3aBUCUMOE
omnepatuBHOe 3anoMuHaroiiee yctpoictBo (NVRAM). Ilpomeccop 204, kax
MIPaBUJIO, BBIMOJIHSET JIOTMYECKHME U apu(PMETHUECKHe ONepalud Ha OCHOBE
IIPOrpaMMHBIX KOMaHJ, COXpPaHEHHBIX B 3amoMuHaromeM ycrporcrse 206. Ko-
MaH/Ipl B 3allOMUHaoEM ycrpoiictBe 206 MOTyT OBITh UCTIOJTHSIEMBIMH, YTOOBI
peanu3oBaTh ONKMCAHHBIE B 3TOM JIOKYMEHTE CITOCOOBI.

becnipoBoanoe yctpoiictBo 202 Takke MOXET BKJIIOYATh B ce0sl KOPITyC
208, KOTOpbIii MOXKET BKJIOYaTh B cebs nepenatuuk 210 u npuemuuk 212, yro-
Obl caenaTh BO3MOXXHOW Nepenadyy M MPHUEeM JaHHBIX MEX]1y OecrnpoBOIHBIM
ycTporictBoM 202 m ynaneHHbIM NyHKTOM. Ilepenatuuk 210 m npuemHuk 212
MOTYT ObITh 00bEIMHEHBI B TpremMonepenaTuuk 214. AHntenHa 216 MoXeT npu-
KperusThes K koprycy 208 U 3JIeKTpUYECKH COCIUHSATHCS ¢ MpUeMOoIepenaTy u-
koM 214. becripoBogHoe ycTpoicTBO 202 Takke MOXET BKJIIOYaTh B cels (He
MOKa3aHO) HECKOJBKO MEepPeaTYMKOB, HECKOJIBKO MPUEMHHUKOB, HECKOJIBKO MPU-
€MOIlepeIaTYMKOB U/UITM HECKOJIBKO aHTEHH.

becnipoBoaHoe yctpoiicTBo 202 Takyke MOXKET BKJIFOUATh B CEOsI IETEKTOP
218 curHanoB, KOTOPBIM MOXET HCIOIb30BaThCS C LENbIO OOHAPYKEHUS U U3-
MEPEHMS YPOBHS CUTHAJIOB, NPUHATBHIX NpueMmonepeaardukoMm 214. Jletexrop
218 curnaiioB MokeT OOHApY)XKMBaTh TaKWE CHUTHAJIBI, KaK 00IMast YHEPTHsl, OT-
HOILIEHNWE JHEPIMM KOHTPOJBHOIO CUTHasa K rceBnomrymMoBbsIM (PN) snemen-
TapHBIM CUTHAJIAM, CIEKTPaJIbHAs IIOTHOCTh MOIIHOCTH W APYTHE CUTHAJIBI.
becnipoBonnoe ycTporicTBo 202 Takke MOKET BKJIIOYATh B ce0st U POBOM Mpo-
reccop 220 curnanoB (DSP) nns ncmons3oBanus B 00pabOTKE CUTHAJIOB.

Paznuunbie KOMIOHEHTHI O0ECIIPOBOHOTO ycTpoicTBa 202 MOTYT Coenu-
HATHCSI BMECTE C TOMOIIBI0 MarucTpajibHOM cUCTeMbl 222, KOTOpas MOMXKET
BKJIFOYATh B ce€0s IIMHY MUTAHMS, [IMHY YNPABISAIOMIEr0 CUTHalIa U IIHUHY CHUT-
Hajla COCTOSIHUS B JJONIOJHEHUE K NIMHE JAHHBIX.

Pucynok 3.3 mwmmroctpupyet npumep nepeaaturka 302, KOTOPBIA MOXKET

HCIIOIb30BaThCs B cucteMe 100 OGecrmpoBOAHOM CBS3HM, KOTOpPAs HMCIOJIB3YET
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OFDM/OFDMA. Yactu nepeaatunka 302 MOTryT OBITh peaJii30BaHbI B Iepe-
natunke 210 GecnpoBogHoro ycrpoiictBa 202. Ilepenatunk 302 MoKeT OBITh
peanu3oBaH B 0a3oBoii craniuuu 104 mis nepepaun gqaHHbix 306 mosib30oBaTeN b-
ckomy TepmuHany 106 mo mucxoxasmerd naunun 108 cBszu. Ilepematumk 302
TaK)Ke€ MOXET OBITh PeajiM30BaH B MOJb30BaTEILCKOM TepMuHaie 106 nis nepe-
naud na"Hubix 306 x 0azoBoi ctanmuu 104 mo Bocxogaiiei auanu 110 cBsi3u.

Hannsie 306, KOTOpbIE HYKHO NIEPEaTh, MOKA3aHbl IPEAOCTABIAEMBIMU B
KauecTBE BXOJIHBIX JIaHHBIX B TMOCJIEN0BaTeIbHO-NIapaiuienbHbid (S/P) nmpeobpa-
3oBatenb 308. TlocnenoBarenbHO-MapaIeabHbIN peodpa3oBarenb 308 Moxer
pa3aensaTh JaHHbIE Niepenadyr Ha N napauiesibHbIX MOTOKOB 310 gaHHBIX.

N napanienbHbix TOTOKOB 310 JaHHBIX 3aT€M MOTYT MPEIOCTABISATHCS B
KauecTBe BXOJHBIX JaHHBIX B TpeobOpazoBarenb 312. IIpeobpaszoBatens 312
MOKeT mpeobpazoBath N mapauienbHbIX MOTOKoB 310 manHbiX B N Touek co-
3Be3nusl. [IpeoOpazoBaHrue MOKET BBITIOJHATHCS C UCIIOJIb30BAHUEM HEKOTOPOTO
CO3BE3/IMsI MOMAYJISIIIMYU, HAPUMEP ABYXIO3UIMOHHOW (ha30BOM MaHUMYJISIIUU
(BPSK), kBagpatypHo#i azoBoit manunyisiuu (QPSK), BocbMHUNO3UIIMOHHON
dazopoit Manunynsanuu (8PSK), kBagpaTypHON aMIUTUTYAHOM MOAYJISAIIUU
(QAM) u 1.1. Takum o6pazoM, npeodpazoBarenb 312 MoXeT BHIBOAUTH N Ta-
pajIeIbHBIX MOTOKOB 316 CHMMBOJIOB, IpUYEM KaXKAbli MOTOK 316 CHMBOJIOB
COOTBETCTBYET OAHON M3 N OPTOTOHAIBHBIX MOJIHECYIINX B 0OpAaTHOM OBICTPOM
npeobpazoBanuu 320 Oypre (IFFT). Ot N mapamienbHbIX TOTOKOB 316 cum-
BOJIOB TIPEACTABISIOTCS B YACTOTHON OOJACTH U MOTYT OBITh IIPE0OpPa30OBaHBI B
N napasnienbHbIx TOTOKOB 318 BEIOOPOK BpEMEHHON 00JIaCTH ¢ TTIOMOIIHI0 KOM-
nonenta 320 IFFT.

Byner npenocraBieHO KOPOTKOE 3aMEUaHHME KacaTelIbHO TEPMHUHOJIOTHH.
N mapaienbHBIX MOAYJISIWNA B YaCTOTHOM 00JacTH MACHTUYHBI N CHMBOJIAM
MOIYJISIIUU B YACTOTHOM 00JIaCTH, KOTOPBIE UACHTHYHEI N TIpeoOpa3oBaHUsIM U
N-roueunomy IFFT B uacToTHOW 001acTH, KOTOPOE UAEHTUYHO OJHOMY (I10-

ne3Homy) cumBory OFDM Bo BpemMeHHO# 00J1acTH, KOTOPBIN WaeHTHYCH N BHI-
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6opkam Bo BpeMeHHoM obsactu. Onun cumBoia OFDM Bo BpemeHHOM 0071acTy,
Ns , paBeH N¢p (KOIMYECTBO 3alIUTHBIX BBIOOPOK Ha cuMBoia OFDM) + N (ko-
JIMYECTBO MOJIE3HBIX BEIOOPOK Ha cuMBosl OFDM).

N nmapamienbHbIX TOTOKOB 318 BIOOPOK BpeMEHHOW 00J1aCTH MOTYT ObITh
npeoOpazoBanbl B noTok 322 cumBosioB OFDM/OFDMA ¢ nomouisto mnapai-
nenpHO-IocnenoBarenbHoro (P/S) mpeoOpaszomatenss 324. KommoneHt 326
BCTaBKH 3alUTHOTO MHTEpPBAJIa MOXKET BCTABUTH 3alUTHBIA MHTEPBAI MEXKIY
nocienoBarenbHbiMi cumMBoiaMu OFDM/OFDMA B motoke 322 CHMBOJIOB
OFDM/OFDMA. Pe3ynbpTaT KOMHOHEHTa 326 BCTaBKM 3alIUTHOrO MHTEpBaja
3aTeM MOXKET ObITh MpPeoO0pa3oBaH C MOBBIMICHUEM YaCTOTHI K HYXHOM TOJIOCE
4acTOT Tepesadu ¢ MOoMOoIIbIo BxoaHoro paaunodactoTHoro (RF) xackama 328.
3ateM anTeHHa 330 MOXKET nepeaaTh pe3yIbTUPYIOMUI curnan 332,

Pucynok 3.3 Ttakxke wuIOCTpUpyeT npumep npueMHuka 304, KOTOpbIN
MOKET MCIIOIb30BaThCS B 0€CIPOBOAHOM yCTpocTBe 202, KOTOPOE UCIOJIB3YET
OFDM/OFDMA. Yactu npuemauka 304 MOTyT OBITh peaiM30BaHbl B IPUEMHHU-
ke 212 6ecripoBoaHoro ycrpoiictea 202. Ilpuemuuk 304 MoxeT OBITh peaanu3o-
BaH B IOJb30BaTeIbCKOM TepMuHaiie 106 mis mpuema ganHbix 306 ot 6a3oBoi
craniuu 104 nmo mucxoxasment tuaun 108 cBssu. [Ipuemunk 304 Takxe MOXKET
OBITH peanu30BaH B 0a30Bou cranmuu 104 mas npuema gaHHBIX 306 OT MOJIB30-
Baresibckoro TepMunana 106 mo Bocxosieit auauu 110 cBs3u.

ITepenannbiii curaan 332 moka3aH HUAYIIMM 110 OECIPOBOIHOMY KaHAIy
334. Korna curnan 332' npunumaerca anteHHod 330", nmpuHaTeld curHan 332
MOXKET OBITh MOHWXKAIOIIE MPEeoOpPa3oBaH K OCHOBOIIOJIOCHOMY CHTHAly C IO-
MOIIbIO BXOJHOTO PaJovyacTOTHOTO Kackaaa 328'. KommnoneHTt 326' ynaneHus
3alIMTHOTO MHTEpBajla MOXKET 3aTEM YAAIUTh 3aIIUTHBIA HUHTEPBal, KOTOPBIN
BcTapisics mexay cumBoiamu OFDM/OFDMA ¢ momombio koMnoneHTa 326
BCTABKH 3aLIUTHOIO UHTEpBAJa.

Pesynbrar kommoHeHTa 326' ynalieHHsl 3alllUTHOIO WHTEpBajla MOXKET

MPEAOCTABIATHCS MOCISI0BATEILHO-TIApAUICIBHOMY TpeoOpa3oBartento 324",
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[TocnenoBaTenpHO-TIapaUIeNbHBIA TTpeoOpa3oBaTeib 324" MOXKET pa3aeauTh Mo-
Tok 322' cumBoioB OFDM/OFDMA na N napasnienbHbIX MOoTokoB 318' cumBo-
JIOB BPEMEHHON 00JIaCTH, KaXAbId U3 KOTOPBIX COOTBETCTBYET OJHOU U3 N op-
TOTOHaNbHBIX mogHecymux. Kommonent 320' ObicTporo mpeoOpazoBaHus
®ypre (FFT) moxer npeoOpazoBarh N napajienbHbIX MOTOKOB 318" cuMBoOIOB
BPEMEHHOM 00J1aCTH B YACTOTHYIO 00JIaCTh U BbIBECTH N MapasuiebHBIX MOTO-
KOB 316' CHUMBOJIOB 4aCTOTHOM 00J1aCTH.

OO6partHblil mpeoOpazoBatenb 312' MOXKET BBHINOJIHUTHL OOpAaTHOE JIECTBHE
K omnepaiuu npeoOpa3oBaHusi CUMBOJIOB, KOTOpasi BBINMOJHSIACH NMPeoOpa3oBa-
tenem 312, mocpeacTBom 3TOro BbIBOAS N mapajuiesbHbIX MOTOKOB 310" naH-
HeiX. [lapannensHo-nocnenoBarenbHbIil peoOpazoBaTenb 308" MoxeT o0beau-
HUTH N mapaiienbHblX MOTOKOB 310" maHHbIX B oauH moToK 306' naHHbIx. B
uaeane 3ToT notok 306' JaHHBIX COOTBETCTBYET AaHHBIM 306, KOTOpBIE MPEO-
CTaBJISJTUCh B KAUECTBE BXOJHBIX JaHHBIX B mepenatyuk 302. OTMeTuM, 4TO BCE
sanementsl 308", 310, 312", 316', 320", 318' u 324' MOKHO BCTPETUTH B MpOIIEC-

cope IpsIMOii TiepeauH.

2. TunoBasi paboTa MyJbTHCTAHAAPTHOI0 TepMHuHaJIa B ceTax CDMA 1x

¢ KOMMYTalMeil KaHAJIOB U HaJl0:keHneM WIMAX.

[Tpu pa3BepThIBaHUM OECTIPOBOIHBIX YCIYT pa3HbIe TEXHOJIOTHH PaTHUO0I0-
ctyna (RAT) MoryT oOBeAUHSTHCS I MPEJOCTABICHUS HECKOJIBKHX YCIYT.
Hanpuwmep, pucynok 3.4 wmoctpupyet cucremy 400, B kotopoii cetb 410 mo-
omnbHON WIMAX MoxeT 00benuHaAThes (Win "HakimaasiBaThes'") ¢ ceTbio 420
KOJUIEKTUBHOTO JI0CTyNa ¢ KOAOBBIM paznieneHueM kaHaioB (CDMA) 1x, uToObl
MPEAOCTaBUTh YCIYTy HIMPOKOIOJIOCHON Mepe/laun JaHHbIX U peud. B cucreme
a0OHEHTHI MOTYT MCIOJIB30BaTh OJIHY ABYyXpexkuMHyo (CDMA u WiMAX) mo-

ownbHyto ctanmuio 430 (MS) nns mHactporiku Ha ceTh CDMA, uT00BI MCTIONH-
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30BaTh KOMMYTUPYEMYIO TelnepoHHYIO0 ceTh 432 obuiero noaszoBanus (PSTN),
1 HacTpoiiku Ha ceTb WIMAX, 4yToObl HCIIOJIB30BATH YCIYTY HIMPOKOMOJIOCHON
nepeaayu NaHHbIX npu goctyne k MaTeprety 434 [21].

B TpanuuumonHbiX cuctemMax HEd(P(HEKTUBHOE MEPEKITIOYECHUE MEXKY JABY-
Ms CETSMHU MOXXET BbI3BaTh YMEHBIIEHUE MPOIMYCKHON CIOCOOHOCTH B JIHOOOM
yciyre. Hanpumep, B TpaAuIMOHHBIX CUCTEMax IByXpexuMHas MS 430, monx-
KkioueHHasd Kk cett WiIMAX 1711 IIMPOKOIIOJIIOCHBIX YCIIYT, MOXKET Mepuoguye-
CKA OCTaHaBIIMBaTh OOMEH IOTOKOM JaHHBIX M CKaHUpPOBaTh cocennue BS
WIMAX i OlleHKH JOCTYITHOTO KaueCTBa CHTHAJIA W, MPU HEOOXOJMMOCTH,
BBIMOJHATE nepenauy oocinyxuBanus (HO) B cooTBeTcTBUM €O CTaHIApTOM
IEEE 802.16. Kpome Toro, nyxpexumuas MS 430 moxeT ObITh BBIHYXJIEHA
nepuouvecKy nepekiaoyaTsesi Ha cetb CDMA s npoBepku cooOIIeHus mo-
uckoBoro Bbi3oBa CDMA wu Bemmonnenus peructpauu CDMA B BS 424
CDMA 1x. YacToe nepexiIoueHue ¢ yCIyru IHUPOKONOIOCHOW nepeaayu JaH-
HbIX Ha ckaHupoBanue BS WiIMAX u xoHTposib mouckoBoro BeizoBa CDMA
MOKET HApPYIIMTh CYIIECTBYIOIIYIO YCIYry LIMPOKOIIOJIOCHOHM IepeAadd JaH-

HBIX H YXYIIINTH BOCIIPUATUC ITOJIB30BATCIICM.

@r—\.uz
CDMA 1x |~ 424

MSC

A

CDMA 1x p~_ 426
BSC

400

4147 WiMAX CDMA Ix 424
424 BS BS

420

WiIMAX CDMA

_ ('I)y1A
Puc. 3.4. unmoctpupyet cetb WiIMAX, HaOKXEHHYIO Ha CETh KOJIJICKTHB-

HOT'O JOCTyMa ¢ KOAOBBIM pa3zzaeneHueM kaHaioB (CDMA) 1x, B COOTBETCTBHH C

BapruaHTaMH OCYIICCTBJIICHNA HACTOAIICTO PACKPBITHUA H306peTeHI/IH.
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Kak nponmmtoctpupoBano Ha pucyHke 3.4, cetb 420 CDMA moxeT Hakia-
neiBaThes Ha ceTh 410 WiIMAX. Yemyra CDMA MoxeT npeocTaBiIsThCsl HEKO-
TOpO#l reorpaduyeckoil 00J1acTh C MOMOILBIO MHOKECTBA aIMapaTHBIX U MpPO-
IpaMMHBIX KOMIIOHEHTOB. DJTa reorpaduueckas 00;1acTb MOXKET pa3JeisaThCs Ha
30HBI, Ha3bIBaeMbie coTamu 102, neHTpupoBaHHBIMU BOKpYT Oaimau 440 oOcny-
KUBaHUS. B MoOnbITKE YyBETUYUTH MPOCTPAHCTBEHHYIO 3(P(EKTUBHOCTH OJIHA
Oamns obcmyxxkuBanus 440 moxet noaaepxxkuBaTh HeckoJibko RAT. Hanpumep,
Oamns obcmyxxkuBanus 440 MoxeT MoAAepKUBaTh Kak 0a30Byro craHuuio 414
(BS) WiMAX, tak u BS 424 CDMA.

BS CDMA 424 moxet conepxarb o0OpyAoBaHUE il MHQPPOBAHUS U
nemudpoBaHusl CBSI3M ¢ KOHTposuiepoM 426 6a3oBoit ctaniuu (BSC), koTopsiii
MOXKET oOecreurBaTh WHTEIUIEKTYaJbHOE YIpaBlIeHUWE [JIs HECKoJbkux BS
CDMA. BSC 426 mMoXeT UMETh NECATKA WM JaXe COTHHU yIpasisieMblx BS.
BSC 426 moxer ynpaBiisiTh BBIJCICHUEM paJlOKaHAJIOB, IPUHUMATh HM3MeEpe-
HUS OT ABYXpeXKUMHBIX MS 430 unu ynpasisTh nepeaadyaMu 00CITyKUBaHUS OT
oanoit BS x apyroit BS. Jlononmautensno BSC 426 moxeT neiicTBOBaTh B Kaue-
CTBE€ KOHIIEHTPATOpAa, I/Ie MHOKECTBO coeqUHEHU ¢ BS ¢ HM3KOW MpomycKHOU
CIIOCOOHOCTBIO CTAHOBHUTCSI COKPAIIIEHHBIM /10 MEHBIIIETO KOJIMYECTBA COCIUHE-
HUM K 1eHTpy 428 xommyTaruu MmoounsHo# cBsizu (MSC).

MSC 428 MOXeT CIyX UTh B Kau€CTBE OCHOBHOI'O y3Ja OKa3aHWs YCIyT
st cetu CDMA. OH MoXeT oTBeuaTh 3a 00pabOTKy peueBhIX BBI3OBOB M TEK-
CTOBBIX coo0meHuit (SMS), a IMEHHO 3a YCTAaHOBKY U pa3beIUHEHNE CKBO3HBIX
COEIMHEHUM, 00pab0TKy MOOMIBHOCTH M TPEOOBaHUH K Tepeaade oOCIyKuBa-
HUS BO BpEMsl BBI30BA, CJIEKEHUE 32 3apAJKONM M KOHTPOJb IPEIOIUIAY€HHOIO
cyeTa B peadbHOM MmacmTadbe BpeMenu. bonee Toro, MSC 428 moxer omnpene-
JATh MECTOIONIOKEeHne MS, KOoTopas BBI3BIBAETCS, U MOXKET OCYILECTBIATH
CBS3b C Ha3€MHOM JMHUEN cBs3H, HanpuMmep Kommytupyemoit tenedoHHOU ce-

ThIO 00111er0 mosib30BaHus (PSTN).
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Anayormyno BSC 426, nutto3 416 cetn noctymna k yciayram (ASN-GW)
MOKeT yrnpaBisaTh HeckolbkuMu BS B cetn 410 WiIMAX. ASN-GW 416 moxet
BBIJICATh KaHaJbl, NMPUHUMATh HU3MEPEHHs] OT IBYXpekMMHbIX MS 430 wu
yIpaBIsATh MepenadyamMu oociykuBaHusi oT ogHou BS k apyroii BS. ASN-GW
416 moxeT npenoctaBuTh AByXpexkuMHOM MS 430 noctyn k Muatepnety 434
nocpeacTBoM cetu 418 ¢ BO3MOXKHOCTBIO mojikiodeHus Kk yciayram (CSN) mo-
craBimuka ycnyr MuartepHera. CSN 418, B TOM 4uciae MOXET NPEAOCTABIISITH
Aytentudukanuto, ABropuzauuio u Yuer (AAA), cucteMy JOMEHHBIX WMEH
(DNS), IIporokon aunamuyeckod koHdurypauuu xocta (DHCP) u ycnyru
MEKCETEBOTr0 dKpaHa Jyisl NocTaBLIMKa yciuyr HTepHeTa.

Pucynok 2.5. wimoctpupyet npuMmepnsie onepaiuu 500, KoTopbsie MOTyT
BBITMIOJHATHCSA, HAapUMep, ABYXpexkuMHOW MS 430 nns HaOmoneHus 3a KaHa-
JIOM Tepeiadyr NOUCKOBBIX BbI30BOB CDMA B TeueHne MHTEpBaJIOB CKAaHUPOBA-
Hust WiIMAX, B COOTBETCTBUUM C HEKOTOPHIMH BapHaHTaMH OCYLIECTBICHUS
HACTOSIIEr0 packpbITHs n300pereHus. Onepaunu 500 MOryT BBINIONHATHCA,
HanpuMep, NocpeACcTBOM MS B NOIBITKE NMO3BONIMTE MS NpUHUMATh pedyeBOU

BBI30B, HampaBlieHHbIH depe3 cetb CDMA 11X, mpu NOIKIIOYEHUH K CETH

WIMAX.
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M HAYATIOM KAJIPA CDMA

&

ONPEJIEIUTE HABOP HAPAMETPOB WIMAX (HAIIPHMEP,
HAYAJIEHBIF KAJIP JUIMTENILHOCTE CKAHMPOBATHS
HHTEPBAJIHTEPEMEKEHHS! H T,J1) HA OCHOBE
BPEMEHHOL'O CJIBHTA

HPH MOJIKIMIOYEHWH K CETH WIMAX H3MEPHTE
BPEMEHHOM CIBHI" MEXKIIY HAUYAJIOM KAZIPA WIMAX 502

OTITPABHUTL 3AMPOC CKAHUPOBAHHSA, BKJIIOUAIOLLMIA B CEBS -
HABOP ITAPAMETPOB WIMAX, B OBCIYAHBAIOILYIO BS WIMA) 306

__‘\

MEPEKJIOYNATHCA HA CETh CDMA B COOTBETCTBHH C

LHKIOM CKAHUPOBAHHA WIMAX HA OCHOBE HABOPA 508
MTAPAMETPOB WIMAX

BEPHYTBCA B CETh WIMAX 514
H BO30BHOBHTbL
OEBBIYHBIE OMEPALIMH

MOHCKOBEIH

MPEPBATbH COEIMHEHHME WIMAX M
BKJIHOUHTL OBbIYHBIE OLEPALIMH s12
C CETBIO CDMA

Puc.3.5. TlpumepHsbie onepainu, BHITOJHIEMbIE MOOMIBHOM CTaHITUEH TIpU

nepexioueHnu ¢ cetn WiMAX nHa cetb CDMA 1x.

Onepanun HaunHatotcs Ha atane 502 ¢ nByxpexxumHon MS 430, uzme-
pAIOIICH BPEMEHHOM CABUT MEXIy Hadaiom kaapa WiIMAX u Hadanom Kajzpa
CDMA. Takoit cnpur moka3aH Ha pucyHke 3.6 B Buge T offset 600 mexmay
HayaJioM Ipou3BoiibHOTO Kagpa WiIMAX ¢ Homepom kaapa N1 610 u Hauamom
cootBeTcTBYIOIIEr0 Kaapa CDMA c cucremubiM BpemeHeM CDMA (HOoMepoMm
kaznpa) N2 612. Uto6s! usmeputh xpoHoMmeTpax kagpoB CDMA, MS 430 moxet
noTpedoBaTh MHTEPBAJ CKAHUPOBAHUSA, B KOTOPOM HYXHO MEPEKITIOYAThCS C Ce-
™ WIMAX Ha cetb CDMA. Ilpu u3MepeHun BpEeMEHHOTO CABUTA ABYXPEKUM-
Hasgs MS 430 taxxe MoxeT ompenenuTh Homep kaapa WIMAX u cuctemMHOe
Bpemss CDMA B kagpax CDMA. Cnenyer orMmeTtuTh, 4to Kaap WiIMAX
(T_wm_frame) MOXeT MMETh MEHBIIYIO JIUTEIbHOCTh, YeM Kaap CDMA.

Hanpumep, tpaguuuonssiii kagp CDMA MoxeT uMeTh MIUTENbHOCTH B 20
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MUJUIMCEKYH]I, TOTJa Kak conocTaBUMbIA kaap WIMAX MoOXeT COCTaBIAThH 5

MUJITUCEKYH/I.

610

NI | NI [ NieT] [ [ | |

Kanpuporanne WiMAX

N2 [ N2~ |
Kanpupoeanne CDMA
L 612

T offset

\-(1()0
Puc. 3.6. [Ipumep BpeMEHHOTO CABUTa MEXIY Ha4ajloM KaJpa B repeaaye

WiMAX u Hauanom kajapa B nepegadse CDMA 1x.

Ha stane 504 nByxpexxumuass MS 430 moxer omnpenenuTs Habop mapa-
metpoB WiIMAX Ha OCHOBE paHee BBIYHCIEHHOIO BpeMEHHOro casura. Ompe-
nenennbie MS 430 mapamerpsl WiIMAX MoryT BKJIIO4aTh B ce0s, HO HE Orpa-
HUYMBAIOTCS, Ha4albHbIN Kagap WIMAX, nauTenbHOCTh HHTEpBaIa CKAaHUPOBa-
Hust WIMAX (AuTenbHOCTh CKAHUPOBAHUS) U JITUTEIbHOCTh MHTEpBaJla mepe-
MEXKECHHUS.

B HekoTophIX ciydasix (Hampumep, ciydasix, B KOTopblx MS HaOmromaet
TOJIBKO 3a KaHAJIOM Ilepeaadn MOMCKOBbIX BbeI30BOB (PCH)) mmmrensHOCTH CKa-
HUpOBaHUs (B equHHUIAX KaapoB WiIMAX) MOXKeT OlpenensaThesl, KaKk OMMCAHO

ypaBHeHueM (3.1):

Scan _ Duration= Ceiling {w} + Ceiimg{max(r _offset,T _tune)=T _oﬁet} (3.1)

_wm _ frame T wm _ frame

rae T_tune - Bpemsi, kotopoe Tpedyercs MS, 4ToObI HACTPOUTHCS C CETH
WIMAX Ha cetb CDMA, u rne T_wm_frame mosxeT cocTaBisaTh 5 MuILIHCE-
KyH7. OYHKIMS HAUMEHBIIIETO IIEJIOTO OMPEeNesisieT HauMEHbIee 1EJI0€ YUCIIO,
KoTopoe Oombiie aub0 paBHO ee aprymeHTy (To ecth Ceiling[x] BepHer
HavMEHbIIee Iesioe yucio >= X). OgHako B HEKOTOPBIX Claydasx (Hampumep,
ciy4asix, B KoTopeix MS nHabmoaaet Tonbko 3a PCH u kananom ObICTpOTO TO-
uckoBoro Bbi3oBa (QPCH)) nnutenbHOCTh CKaHMPOBAHMS (B €AMHUIAX KAJIpPOB

WiMAX) moxkeT onpenensiThes, Kak ONrUcaHo ypaBHeHueM (3.2).
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Scm_Durarion:(:'e:.!iﬂg{lsouwrf—Qﬁet}+C‘ezﬁmg{mw{g—Oﬁer’r—mne}_r—oﬁet} (3.2),

_wm _ frame T _wm _ frame

[Tockoneky MS 430 nomkHa CAylmiaTh Kak KaHall MEpeladyd MOUCKOBBIX
BbI30BOB CDMA, Tak u kaHan ObicTporo nouckooro BeizoBa CDMA, Heo6xo-
JUMO€ BpEeMs IIPOCTYIIMBAHUS MOXKET ObITh OOJbIE, YEM B paHee ONMUCAHHBIX
BAPUAHTAX OCYILECTBICHUS.

OnHako BaXHO OTMETUTh, YTO TeKylue Bepcuu ctanaapra IEEE 802.16
OrPaHWYMBAKOT MaKCHUMaJbHYI [JUIMTEIBHOCTh HHTEpBaja IEPEMEKECHUS
WiMAX. B vactHocTH, uaTepBai nepemexxenuss WiMAX MokeT onpeaensTbes
NyTeM B3ATHS MaKCHMaJbHOTO 3HAuY€HUs M3 MHOXECTBa uucen, K, KoTtopble
yIOBJICTBOPSIIOT CICAYIONIUM JABYM yCIOBUsAM: K<256; u

1,28cex * Q- QAR _REX (T frame
{(Scan  Duration+k)

— MONOMMTENBHOE Lienoe yucno (3.3)

Breimenpusenennsiit Slot Cycle Index siBisieTcst mapameTpoM, UCHOIb3Y-
€MBbIM JIJIsl OTpeJIeNIeHUs JUIUTeIbHOCTU IUKJIa TTOUCKOBOro BeizoBa CDMA 1x
no cranmapram CDMA. Hampumep, Tam, rae JIMTeNbHOCTH Kaapa WiIMAX
(T_wm_frame) paBHa niatu musutucekynaam, Slot Cycle index pasen 1, a piu-
TENBHOCTh CKaHUpPOBaHUA paBHa 20 Kaapam, YUCIUTEIb YCIOBHS 11) paBeH 512.
CooTBeTCTBEHHO, MHOKECTBO k uncen, KOTOpoe yA0BIETBOPSIET 000UM YCIOBH-
MU, BKiIrodaeT B ce0s {236, 108, 44, 12}, u MakcUMalbHOE 3HAYEHUE YITOM S-
HYTOTO MHOKECTBA YKCEJ paBHO 236 (TO €CTh IIUKJI CKaHUPOBaHUs, N, B € IUHU-
nax kagpoB WiMAX).

Bbonee toro, npu onpenenennn Habopa napametpoB WiMAX HauanbHbBIN
KaJIp MOXET OTHOCHUTBCS K CaMbIM MIIAAIIUM § OuTaMm abCOIIOTHOTO HOMEpa
kangpa WiIMAX. CrnemoBatenbHO, BApUAHTHI OCYIIECTBICHUS HACTOAIIETO pac-
KPBITHSI N300PETEHHSI MOTYT ITO3BOJIUTh OMPEACNIITh HadalbHbIN Kaap WiIMAX,

KaK onmucano B ypaBHeHUH (3.4), korma MS nabmogaet Tonbko 3a PCH:

20ms

T _wm_ frame

S!czrr_Frczme=[ ® M +N1—‘r}mod256 (3.4),

'€ TMOXKCT BBIPAXKATBCA KaK
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Ceﬁmg|:max(f_oﬁfs*ef,f’_fwze)—f_oﬁ%et}

T wm _ frame
H

a M Moxer BeIpakaTbca Kak (4¥*PGSLOT-N2) mod 64%*2S/otCycle_Index
PGSLOT saBnsercs mapameTpoM, UCIIONBb3YEMBIM JJISI ONPEAEICHUS CIBUra Ha
UK ouckoBoro BeizoBa CDMA 1x no crangapram CDMA, 1 OH 3aBUCHUT OT
IMSI (MexnyHapoausiii uaeHTUGUKaTop MoOMIbHOM ctanuuu) y MS 430. O -
HAaKO BAapUAHTHl OCYUIECTBJIEHHUS HACTOSIIETO PACKPBITUS M300pETEHUS MOTYT
NO3BOJIUTH OMNpeNeiaTh HavanbHbId Kagp WiIMAX, kak onucaHo B ypaBHEHHH

(3.5), korma MS natmogaet ogHoBpemenHo 3a PCH u QPCH:

S'rart_Frame={$*M+Nl—m¢—r:|mod256 (3.5)

T _wm_ frame T _wm_ frame

Ha srane 506 moOwibHbIi 3anpoc ckanupoBanusi (MOB_SCN-REQ),
BKJIFOUAromuii Habop mapameTpoB WiMAX, MOXKET OTIPaBIATHCS K OOCITYKH-
Batomiedi BS 414 WiMAX. Kak yka3aHo pasblie, Ha0op napametpoB WiIMAX
MOKET BKJIIIOUATh B ceOs1 HauabHbIA Kagap WIMAX, JIHTEIbHOCTh CKAHUPOBA-
HUS, UHTEPBA] MEPEMEKEHHS] U KOJIMYECTBO LUKIOB CKaHUPOBAHUSA, KOTOPOE
3anpammBaeT MS (MM KOJUYECTBO UTEpALUMN CKAHUPOBAHMS, KOTOPOE HYKHO
BBITTOJIHUTD ).

KonmnuecTBo utepaiuii MOXET yCTaHABIMBATHCA B JTI000€ YHCIIO MEXKIY |
U 255 1 yKa3bIBaeT KOJIMYECTBO LIMKIOB CKAHUPOBAHMS, 3AMIPOLICHHBIX ABYXpe-
xuMHoii MS 430. Ilepen 3aBepuieHueM Bcex urepaunii MS 430 moxer oTnpa-
BUTH JIPYrO¥l 3ampoc CKaHUPOBAHUS, YTOOBI OOHOBUTH MHTEPBAJIBI MEPUOIHYE-
CKHX MEpEeKII0YeHn. B HEKOTOPBIX BapuaHTaX OCYIIECTBICHUS 3HAYEHUE UTE-
palyy MO YMOJYaHUIO MOXET COCTaBJATH 255 M YMEHBLIECHUS KOJIUYECTBa
3alpOCOB CUTHAJla CKAHUPOBAHUS, OTIIpaBlieHHbIX MS 430.

BS 414 WiMAX MOXeT UCIOJIb30BaTh OJIMH WX HECKOJBKO MPEI0CTaB-
JICHHBIX TMAapaMeTPOB MPH YCTAHOBJICHWH LWKJIAa cKaHupoBaHus WIMAX wu3
YCIIOBHS, YTOOBI JTUTEILHOCTh CKaHWpoBaHus WiMAX coBmamana OoJbIIeH

YaCThIO C KaXKJIBIM U3 OKOH MouckoBoro BeizoBa CDMA. Ha stane 508 nByxpe-
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xuMHast MS 430 moxer nepekintountscs Ha cetb CDMA B cooTBeTCTBUM €
[IUKJIOM CKaHUPOBaHUs, ycTaHoBiIeHHbIM BS 414 WIMAX.,

Ha srtane 510 nByxpexkumuas MS 430 MoxeT onpeaennuTb, UMEETCS v
nouckoBslil 3anpoc CDMA, npegnazHaueHnsiil 11 MS 430, npucyrcTByronmii
B KaHaJIe TMepejadyl MOMCKOBBIX BBI3OBOB. EciM kaHan mepesayu MOMCKOBBIX
BbI30BOB CDMA He mMeeT MOMCKOBOTO 3ampoca, NpeaHa3HauYeHHOro 1js MS
430, To MS moxeT BepHyTbcsa B ceTb WIMAX 1 BO300HOBUTH OOBIYHBIE ONIEpa-
mun WiMAX na stane 514. Oxgnako ecniu MS 430 npuHUMaeT MOUMCKOBBIN 3a-
npoc CDMA, to MS 430 moxer nipepBath coequHenue WiMAX u 3aHsThCs
oObIYHBIMU onepaiusiMu ¢ cetbio CDMA, Kak NpoWLIIOCTPUPOBAHO Ha 3Tarie
512.

Puc.3.7. wimocTpupyeT, 4TO B HEKOTOPBIX BapHUaHTaX OCYIIECTBICHUS
nnutensbHocTH 720 ckanupoBanuss WiMAX MoryT ObITh CIUIAaHMPOBAHBI Tak,
yT0o y MS 430 ecTh n0cTaTOYHO BpeMeHH 1Jisg HacTpouiku ¢ cetn WiIMAX Ha
cetb CDMA u npocnyniMBaHus KaHasla Mepeaadyr MOMCcKoBbIX BbI3oBoB CDMA
IUIsl BCETO OKHA MOMCKOBOT'O BBI30Ba B T€UEHHE ONHOMN ayuTenbHOCcTH 720 cka-
HUpoBaHud. OJHAKO B HEKOTOPBIX BapUAHTAaX OCYLIECTBICHHS JIUTEIbHOCTH
720 cxanupoBanuss WiMAX MoxeT ObITh HEIOCTATOYHOMW IO JJIMHE, YTOOBI
no3BoJauTh MS ciymaTk Bce OKHO mouckoBoro BeizoBa CDMA. B Takux Bapu-
aHTax ocyuectBieHuss MS moxker HacTpoutbcsi Ha cetb CDMA HacTonbko
J0JITO, 4YTOOBI CJyIIaTh HWHTEpBAJ KaHalla TEpeladyd TOMCKOBBIX BBI30BOB
CDMA, COOTBETCTBYIOIIMI MHTEpBAIY KaHaja Iepeaadyn MOMCKOBBIX BbI30BOB,
BbiZIesiecHHOMY MS 430 B Teuenne okHa 730 mouckoBoro BeizoBa CDMA. Onna-
KO IBYXpexuMHOU MS 430 MOkKeT BbIAEIATHCS MHTEPBAJI KaHalla Mepeiadu mo-
HCKOBBIX BbI30BOB. COOTBETCTBEHHO, ABYyXpeKUMHasi MS 430 MoxeT nepexito-
quThCcsl 00paTHO Ha cethb WiIMAX mocie mpociaylmiMBaHusl MHTEpBalia KaHasa

nepeaayy NOMCKOBBIX BBI30BOB, HO 0 OKOHYaHHMS OKHa 730 MOMCKOBOIO BhI30BA

CDMA.
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H

Puc. 3.7. BeipaBHMBaHue uHTEpBaIoB ckaHupoBanus WiMAX ¢ okHamu
nouckoBoro BeizoBa CDMA 1x Ha OCHOBE mapaMeTpoB, Olpe/ie-
JICHHBIX U3 U3MEPEHUSI BPEMEHHOTO C/IBUTA.

bonee toro, cieayer oTMETUTH, UTO U3-3a OTPAHUUYECHHOTO pa3Mepa HH-
TepBasia 722 nepemexxkenus no cranaapraMm WiMAX moxkeT npou3oiTu Oosee
OJIHOTO IMKJIa ckaHupoBanuss WIMAX Mexay mocienyronMmu okHamu 730
nouckoBoro BeizoBa CDMA. CooTBETCTBEHHO, ABYXpexkumHas MS 430 moxer
He HacTpauBaThcs Ha ceTb CDMA B TeueHue Kaxaou maiutenbHoctu 720 cka-
HupoBanus WiMAX. B tedenue nimutenbHocTed 720 CKaHMPOBAHUS, KOTOPHIE
HE COBIIQJIal0 C OKHaMHU MOMCKOBOro Bbi3oBa CDMA, nByxpexumuas MS 430
MOKET ckaHupoBaTh cocequue BS WiMAX, 4To0bl OlIeHMBAaTh COOTBETCTBYIO-
Iiee KauecTBO CUTHAJIA.

Pucynoxk 3.8. wimoctpupyeTt npuMepHble 00MEHBI MEKY IBYXPEKUMHON
MS 430, BS 414 WiMAX u BS 424 CDMA B CcOOTBETCTBUU C BapuaHTaMU
OCYIIECTBJICHHSI HACTOSIIETO PacKphITUs u300peTeHus. B Hacrosimem npumepe
MS 430 mokeT UMETh UCXOOHOE aKTHBHOE coenunenue ¢ BS 414 WiMAX, Ho
Takke HaxoauTbes B cote CDMA.

[Ipu moAroToBKe K MpOCTYIIMBAHUIO KaHaJla MepeIadynd MOUCKOBBIX BbI30-
BoB CDMA MS 430 MOXeT H3MEpUTh BPEMEHHON CABUT MEXKIY KaJpoM
WiMAX u xkagpom CDMA, kak npowLTIocTpupoBaHo cchutkoit 802. B Teuenue
sToro nepuona udmepenus MS 430 Takxke MOXKET ONpeleuTh HabOp MmapameT-
poB WiMAX, nanpumep HadanbHbIM Kaap WiIMAX, 3HaueHWE MIATEIHLHOCTH

CKaHUpPOBaHUs (M3MEpEeHHOE B eAnHuIax kaapoB WiIMAX), 3HaueHue UHTEpBa-
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Ja mepeMexeHus (M3MEepeHHoe B eauHuiax kaapoB WiMAX) u KoJuuecTBO

HTepaHHﬁ, KaK OIINCAaHO BHIIIC.

430 414 424
fAE WIMAX CDMAIx
BS BS
l 802
( TSNiepaer canni )

MOB_SCN-REQ

804

806

720 MOB_SCN-RSP
1

k—{ ( MS niepexmouaeTes Ha cets |1 X s TMPOCIAYIUMBAHUS MOHCKOBOIO BbI30BA }-/‘ 808

720 ( MS Bozppamaerca 8 WiMAX }/‘ 814
!

TACTCH Ha CETh X UL HPOCIIYINMBAHHS HTOHCKOBOT'O BLIZORA W OOHapyKHBaeT RI8

MS Bozepamaercs 8 WiMAX j‘/- 824

MOB _DREG-REQ

826

MS nepexarouaeres Ha ceTh IX M OTBEUACT MOMCKOBBIM OTBCTOM, Nepexoast

828
K YCTAHOB/ICHHIO BXOLLCIO BBIZOBA

Puc.3.8. IlpumepHbIe 0OOMEHBI MEXKTy MHOTOPEKUMHOM MOOUIILHON CTaH-

el u 6asosoii cranimeit WiMAX u CDMA.

[Tocne mamepenust u onpeneneHus: mapamerpoB WiMAX MS 430 3atem
MOKET OTIpaBUTh MOOWIBHBIN 3anpoc 804 ckanupoBanus (MOB_SCN-REQ) k
BS 414 WIMAX, BkIIOUaOmMiA yIIOMSHYThIE MapamMeTpbl. B oTBET Ha mpuem
MOB_SCN-REQ 804 BS 414 WiMAX MoxeT chopMUpOBaTH MOOUIBHBIN OT-
BeT 806 ckanupoBanus (MOB_SCN-RSP). Ilpennonaras, uro BS 414 ynosine-
TBOpseT 3amnpoc, BS 414 WiMAX moxet otnpasute MOB SCN-RSP 806, xo-
TOPBIM YCTaHABIWBACT HAadaJIbHBIN Kajap 710 m mimmrensHOCTh 720 CKaHHpOBa-
HUS, KOTOpas BBIPABHUBACT NIUTENBHOCTh 720 ckanupoBanus WiIMAX ¢ kax-

IeIM 13 okoH 730 mouckoBoro BeizoBa CDMA.
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[Ipennonaras, uro BS 414 ornpaBuna orBer 806, ya0BIETBOPAIOLINNA 3a-
npoc 804, MS 430 moxeT nepexiounThes ¢ cetu WiIMAX Ha cetb CDMA, kak
MPOWJLTIOCTPUPOBAHO MO cchuike 808, B cOOTBEeTCTBUU ¢ HHpOpMaLUei B
MOB_SCN-RSP 806. Ilockoneky BS 414 nmoarsepauna MOB_SCN-REQ u
npeaocTaBuia JUIMTENbHOCTh 720 ckanupoBaHus, BS 414 MoxeT HE oTnpaBisaTh
oToK AaHHbIX K MS 430 B Teuenue anmurenbHOCTH 720 CKaHMpPOBAaHMS, TrapaH-
Tupys, uto MS 430 HEe NpOIyCTUT HUKAKOW IMOTOK TaHHBIX.

MS 430 moxet npoaomkuTh caymarsk ceTb CDMA, moka oHa HE YCIbl-
IIMT NOMCKOBBIN 3aIpocC, IpeaHa3HaueHHbId 11 MS 430, uin noka He 3aKOH-
YUTCSl OKHO MouckoBoro Bei3oBa CDMA. Eciiu MS 430 He oOHapy»X)uBaeT 1o-
uckoBblit 3anpoc CDMA, o MS 430 moxet BepHyThes B ceTh WIMAX u mpo-
JOJKUTH OObIuHbIE ornepanun WiMAX, Kak NpowLTIOCTPUPOBAHO MO CCHLIKE
814.

MS moxeT paboTaTh HUKIAMHU MEXAY JUIUTEIbHOCTSIMU 720 CKaHUpOBA-
HUSL U OObIYHBIMU onepanusiMu WiMAX, BBINOTHSEMBIMU B TEYECHUE MHTEpBa-
J0B 722 mepeMekeHus i1 KoJnuecTBa uTepauuii, ykazannoro B8 MOB SCN-
REQ, mu60 nmoka MS 430 ne nmpumer nouckoBbiii 3anpoc CDMA, npenHa3Ha-
YEHHBIA 11 ynoMaHyToll MS, kak mpousuttocTpupoBaHo 1o cceuike 818. Tlpu
npUeMe MOUCKOBOIO 3a1rpoca, npeanazadeHsoro st MS 430, MS moxker Bep-
HyTbcs B ceTb WiIMAX, Kak mpOMJUTIOCTPUPOBAHO MO CChUIKE 824, U OTIPABUTH
MOB_DREG-REQ 826 k BS 414 WiMAX.

ITocne ormensl perucrpanuu B cetd WiMAX MS 430 MoXeT OTBETUTH
BS 424 CDMA nouckoBsiM 0TBeTOM CDMA 1 npucTynuTh K OOBIYHBIM OIlepa-
uusam ¢ cetbto CDMA (Hanmpumep, YCTaHOBJICHHIO BXOJSIIErO BBI30BA), Kak
MPOWJLTIOCTPUPOBAHO MO cChUIKe 828.

Tunosoe n3smenennoe coodmenre MOB SCN-REQ.

Kak onucano Bhllle, UCTIOJIb30BaHUE MHTEpBaia ckaHupoBaHuss WiMAX
JUIs. HAOJTIOJICHUST 32 KaHAJIOM Mepeaadyu MOMCKOBBIX BbI30BOB CDMA ¢ momo-

b0 MHOTOpEeXXUMHOM MS 430, koTOpasi onurcaHa BbIIIE, MOXXET MOBBICUTh HE-
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npepbIBHOCTH 00cmyx)uBaHus B ceTsix CDMA u WiMAX. Onnako orpaHudeHus
10 JIJIMHE TPaJuLMOHHOrO0 MHTEepBaja ckaHupoBaHusa WiMAX Moryt norpedo-
BaTh HEA(P(HEKTUBHOTO BKIIOUYEHUSI BO BpeMs "(PUKTUBHBIX" MHTEPBAJIOB CKaHU-
pOBaHMs, KOTOpbIE HE COOTBETCTBYIOT LHKJIaM MOUCKOBOro Bbi3oBa CDMA.
OpHako 1718 HEKOTOPBIX BAPUAHTOB OCYLIECTBICHHUS HACTOSLIETO PACKPBITHS
M300peTeHnsl HW3MEHEHHas BepcHs MOOWIBHOIO 3ampoca CKaHUPOBaHUS
(MOB_SCN-REQ) MoseT 1M03BOJIMTh MOOMIIbHOM CTaHIIMK 3arpaliuBaTh 0ojiee
JUIMHHBIA MHTEPBaJ CKaHUPOBAHUS, KOTOPbII MOXKET MOMOYb YCTPAHUTh Oecro-
JIE3HbIE MHTEPBAJIbI CKAHUPOBAHUS.

ITo texymeit Bepcun cranaapra IEEE 802.16 MS moxer onpenensite u
npenarath OnpeiesieHHbIe 3HaUYeHUs JIJIs Pa3jIMYHbIX MapaMeTpoB CKaHUPOBa-
HUS, BKJIIOYAIOIMX WHTEPBAJ CKAaHUPOBAHMS, MHTEPBAJ MEPEMEXKEHUs, uTepa-
IIUI0 CKAaHWPOBAHUS U PEKOMEHIOBAaHHBIN HayalbHbIA Kajp. Kak omucaHo BbI-
e, MS MOeT BBIYUCISTH U BBIOMPATh 3TU 3HAYEHHS MMapaMeTPOB MPH MOMBIT-
ke obecrnieunTh, YTOOBI MHTEpBas ckaHupoBanus WiMAX coBnagal ¢ OKHOM
nouckoBoro BeizoBa CDMA. Opnako BS 414 mMoXeT OTKIOHWUTH 3ampoc WU
IPEAOCTABUTH aJIbTEPHATUBHBIE 3HAYEHUS TapaMETPOB.

bonee Toro, mo texymei Bepcuu cranpapra IEEE 802.16 BS WiMAX
MOXKET O0XKHJIaTh OTBET OT MS, coolmaronuii pe3yabTaThl CKAHUPOBAHUS CO-
ceqaux BS WiIMAX (kxotopeie He ObLIM OBl JOCTYIHBI, eciii MS mpociyriana
cetb 420 CDMA). Kpome Toro, 8-OMTOBOE 3HAUCHHE IOJsI MHTEpBajia IepeMe-
xeHust B crangaptHom coobmennn MOB SCN-REQ mosker mpuBectd K Ju-
TEJIbHOCTU HMHTEpBaJia MEPEMEKEHHUs, HEIOCTaTOYHOM [Ji OXBaTa MHTEpBaja
MOMCKOBOT'O BbI30Ba MeXIy pa3HbiMu RAT. §8-OutoBoe 3HaueHue moss urepa-
IIUM CKAaHUPOBAHMSI TaKXKe MOKET MOoTpeOoBaTh OT MS CIIMIIKOM 4acToro Imo-
BTOPHOI'O 3alpOCa BPEMEHU CKaHUPOBAHUS.

OpnHako BapuaHThl OCYLIECTBIECHHUS HACTOSIIETO PACKPBITHS U300pETEHNUS
MOTYT MPEAOCTaBUTh U3MEHEHHYIO BEPCHIO MOOWJIBHOIO 3alpoca CKaHHpOBa-

HUSI, KOTOpas MPEeAOCTaBIIsIET MHOropexxuMHor MS, moaaepkuBaromet RAT
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WIiMAX u CDMA 1x, 00abIIuii KOHTPOJIb MPU 3aMPOCE UHTEPBaJia CKAaHUPOBa-
HUs, 4TOOBI ckaHupoBaTh ceTb CDMA Ha npeaMer cooOleHnid CUCTEMBbI TIOUC-
KOBOr0 BbI30Ba. Hampumep, m3MeHEHHOE COOOIIEHHE MOXET MO3BOJIUTH MS
onpenensaTh Habop u3MeHeHHbIX napamerpoB WiMAX 11 3ampoca UHTepBaja
CKaHUPOBAHUS C JJIMHOM, KOTOpasi COOTBETCTBYET IIUKIY MTOMCKOBOI'O BBI30BA B
cetu CDMA, a taxoxe ans yBegomiieHus oociyxusaromeid BS WiMAX 06 00s-
3aTEeJIbHOM XapaKTepe 3alpoIICHHBIX TapaMeTPOB B MOMbBITKE MPEOA0JIETh paHee
OTHMCAHHbIE HEJOCTATKH.

Pucynok 3.9. mwroctpupyet npuMepHbIil popMaT M3BMEHEHHOTO MOOHITb-
HOT'O 3alpoca CKaHUPOBAHMS C MPUMEPHBIM HAOOpPOM TMoOJjed MOOMIBHOTO 3a-
poca CKAaHUPOBAHUS B COOTBETCTBUU ¢ HEKOTOPHIMU BapHaHTaMH OCYIIIECTRIIC-
HUSI HACTOSAIIETO PACKPBITHS U300pETEHUS.

B mpowntoctpupoBanHoMm npumepe nose 910 mHTEepBana nepemMexeHus
uMeeT JMHYy 16 OUTOB BMECTO 8-OMTOBOrO 3HAYECHHUS IO TEKYIIEH BepcUU
craugapta IEEE 802.16. Tekymiee 8-0utoBOe 3HaUeHHE OOECIeUMBaeT Jauaria-
30H 3HaueHuil mexay 0 u 255. CoorBerctBeHHo, MOB SCN-REQ co ctaH-
napTHbIM 8-OuTOBBIM mosieM 910 mHTepBana mnepeMexeHus MOXKET OBITh Orpa-
HUYEHO 3amnpocoM 255-kaapoBoro, win 1,275-CeKyHaHOT0, MHTEpBaJIa IepeMe-
KEHUS.

Onmnako 1,275 cekyHIBI MOXET OBITh HEAOCTATOYHOH JTHUTEIIBHOCTBIO JIJIS
O0XBaTa MHTEpBaJIa MMOMCKOBOrO BbI30Ba MexAy padHbiMu RAT (To ecTh mukia
norckoBoro BbizoBa CDMA), kak NpoMJUTIOCTpUpPOBaHO Ha puc.2.7. bomee
JUTMHHOE T10JIe UHTEpBaJIa MEPEMEKEHUS, HAPUMEP MPOUILTIOCTpUPOBaHHOE 16-
OUTOBOE T0JIe, MOKET MO3BOJIUTH IOCTATOUYHOM JUIUTETHHOCTH OXBaTUTh UHTEP-
BaJl TOMCKOBOTO BhI30Ba Mexy pazHbiMu RAT, mocpeactBoM 3Toro uzberas mo
BO3MOXHOCTH 0€CIOJIe3HBIX ""PUKTUBHBIX'" HHTEPBAJIOB IPOCTYIITUBAHUSI.

Takum oOpa3zoM, ucnoib3oBaHuE Ooliee IIMHHOTO Tosst 910 mHTEepBana
MEPEMEKCHHSI MOXKET TPUBECTH K YBEITWYECHHOW MPOIMYCKHOW CIIOCOOHOCTH B

cetu 410 WiMAX. Hanpumep, eciu cets 420 CDMA uMeeT UMK TOUCKOBOTO

69



BBI30Ba JIJIMHHEE HAWOOJIBIIIETO BO3MOXKHOTO IIMKJIAa ckaHupoBaHuss WiMAX, To
MS 430 moxeT ObITh BBIHYXJE€HA IUIAHUPOBATh JIBa WM Oojee cyOonTHUMallb-
HBIX 1UKIa ckaHupoBaHud WiMAX, 4ToObl COXpaHUTh BbIPABHUBAHUE MEXKIY
uHTepBanioM ckanupoBaHusi WiIMAX u oxnom npocinymmuBanuss CDMA. Ilna-
HUPOBAaHME JIBYX WU O0jee cyOONTHUMalIbHBIX LIMKIOB cKaHupoBanus WiMAX
MOXET MPUBECTU K TOMY, 4T0 MS 430 m3nuiHe nepekirodaeTcs Ha ceTb 420
CDMA. Bpewms, B koropoe MS 430 wm3nuimuHe HacTtpamBaeTcsi Ha ceTb 420
CDMA, sBnsieTcsi TOTEPSHHBIM BpeMEHEM JUIsl MPOMYCKHOM CmocoOHOCTH
WiMAX. Onnako nytem u3MeHeHus noiig 910 unTepBaia nepemMexeHus Bapu-
aHTBI OCYILECTBIIECHUSI HACTOSIIETO PACKPBITUS U300PETEHHUS MOTYT HPEI0KUTh
MS 430 rubkocTh B COXpAaHEHUU BBIPABHUBAHMS MEXKIY MHTEpBAJIaMH CKAHU-
poBanus WiMAX u 1ukiiaMu moUCKOBOTO BbI3oBa Jpyrux RAT Hapsiay ¢ yBe-
JUYEHUEM MPONYyCKHOU criocooHocTH WiIMAX.

Kak npowmntoctpupoBaHo, AJii HEKOTOPHIX BAPUAHTOB OCYIIECTBICHUS
HACTOSIIETO PACKPBITHUS H300PETEHUS TaKKe MOXKET yBEIIMYMBATHCS OUTOBas
mHa 1ods 920 peKOMEHI0BAaHHOTO HAYaJIbHOTO KaJpa OTHOCUTENBHO TpaJu-
IIMOHHOTO 8-O0MTOBOTO MO 10 Tekyme Bepcuu ctangapta IEEE 802.16. Tpa-
TUITMOHHOE 8-OMTOBOE IM0JIE OTPAHUYHMBACTCS MPEIIOKEHUEM OHOTO U3 TMOCTe-
Oyromux 255 KaapoB, YTO MOYKET OKa3aThCS OrPAaHUUYMBAIOIIMM MPH MOIBITKE
BBIPOBHSTh HHTEPBAJIbl CKAHUPOBAHUSA C LIMKJIAMH MOUCKOBOTO BbI30Ba CDMA.

ITytem yBenuueHus: 1OMyCTUMOT0 3Ha4eHUsI 1oist 920 HavanbHOTO Kajpa,
KaK U B ciiyyae ¢ u3MeHeHueM noiist 910 untepBana nepemexxenus, MS 430 mo-
KET NOOUThCA THMOKOCTH B COXPAHEHHHM BBIPABHUBAHHS MEXKIY HHTEPBAIAMHU
ckanupoBanusi WiMAX u oxknamu npociuymuBanus CDMA. 3nauenue moss
HAYaJbHOIO KaJpa MO-IPEKHEMY MOXKET BBIYHCIATHCA CHOCOOOM, aHaJIOrH4-
HBIM ONKMCAaHHOMY BBIIIE CO CChUIKOM Ha ypaBHeHUs (4) u (5), HO Oe3 onepauuu
MQOD 256. Ilpennonarasi, 4To ucnonabzyercss 24-OUTOBbIN aOCOTIOTHBIA HOMED
kaapa, ¢ynkuuss MOD B ypaBHeHusix (4) u (5) MoXeT ObITh M3MEHEHa st

dbopmupoBanus 16-OMTOBOr0O 3HaAUCHHSI PEKOMEHIOBAHHOT'O HAYAJIBHOTO KaJIpa.
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B furrom

X Jr—

934 —

936 7
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buT #0:
[ HeoBasatenennie {BS momer

OTEAOHHTE 3alPos HAH H3MEHHTL
napameTpel 8 MOB SCN-REQ)
H:O0xareneteic (BS obasana paspemirmy
Bee napametpel 8 MOB_SCN-REQ)
T~ buT #1:
0 CraHupoBaHHe 3ABEPIIASTCA NOCTe
Hrepauun cranuposasns
I: Cxanmporasne sapepusastes MOSIE TR,
kit M3 9BHO OTHTHMHT CRAHHPOBAHHE
myTem omnpasky MOB SCN-REQ), a
Hrepaums ckanmpoBaRns HIHOPHPYETCA
. but #21:
0:MS srmosaet coceneii WiMAN sin
CEAHHUPOBAHHE RCEX I:{!DE.J'[EH
B MOB_NBR-ADY
I:MS He BRIIOYALT HHKAKNX COCEngil
B MOB_SCMN-REQ
[T~Bur #3:
0:Pesinmg OTHETA ONPEnenaeTes
MOB _SCN-RSP
I:Oruer oteyTerayer
T Bt #4+-7: Japesepenposannt, Homwnn
OprTE yeranopmeHs B ObO000

Puc.3.9. Ilpumepnsbiit hpopMatT U3MEHEHHOTO MOOMIILHOTO 3a1poca CKa-

HUPOBAHUS C TPUMEPHBIM HAOOPOM MMOJIeil MOOUIIFHOTO 3aMpoca CKAaHUPOBAHUS.

B kxauectBe AJIbTCPHATHUBLI JII HCKOTOPBIX BAPHUAHTOB OCYIICCTBJIICHUA
MOOMJIbHBIN 3aIlIPOC CKAHUPOBAHUA MOXKCT OBITh U3MEHEH JJIs1 BKJIIFOUCHHSA B CC-

0s1 24-0UTOBOTO TMOJST PEKOMEHIOBAHHOTO HAYaJIBHOTO KaJpa, TaK YTO HUKAKOM

¢byakuuu MOD He Tpebyercs.

J17151 HEKOTOPBIX BAPUAHTOB OCYILIECTBICHUS TAKKE MOKET UCIIOIb30BAThCS
ornenbHOe nosie 930 ycnoBuid 3ampoca CKaHHUPOBAHMS. JTO MOJE€ YCIOBUH 3a-

poca CKaHMPOBaHHSA MOXeT momodb MS coobmate BS WiIMAX nononHu-

TeIBHYI0 WHHOPMAITHIO.

B kauectBe mpumepa nosie 930 ycimoBu# 3ampoca CKaHUPOBAHUS MOXKET

HUMCTBb OAHWH NI HCCKOJBKO ouTOB 932, YKa3bIBaAOIIUX, ABJIAOTCA JIW OJHWH HWJINU
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HecKoJbKo mnapamerpoB WIMAX, BkimtoueHHbIX B coobmenne MOB_ SCN-
REQ, HeoOs3aTenbHbIMU WK 00s13aTeNbHBIMU. [l0 TEeKyluM BepcusiM cTaHaap-
ta IEEE 802.16 MS 430 moxer BkiouaTh napametpsl WiIMAX, Hampumep
JUIUTETLHOCTh UHTEPBaJla CKAHUPOBAHUS, JUIMTEILHOCTh MHTEPBAJIA NIEPEMEXKe-
HUs, HAYAJIBHBIM KaJp U urepannto ckannpoBanus, B MOB SCN-REQ, ornpas-
nenHoe K BS 414, no BS 414 MOxeT OTKIIOHUTh 3alpOC CKAHUPOBAHUS WU Pe-
aJM30BaTh aJbTEPHATUBHBIN MapaMeTp, UTHOPUPYs 3HAUCHUS MapaMeTpoB, OT-
npasieHHbie MS 430.

OpnHako, Kak OTMEUaJOCh BbIIIE, 3HAUEHUS MMApaMETPOB, ONpE/Ie/ICHHbIE
MS 430, moryt ObITb HEOOXOIAUMBI ISl COXPAHEHHS BBIPABHMBAHUS MEXKIY
IIUKJIOM TTOMCKOBOro Bhi30oBa CDMA u 1nukiiom ckanupoBanus WiMAX. Coot-
BETCTBEHHO, OJMH WMJIM HECKOJIbKO OMTOB, YKA3bIBAIOLIUX, SBIISIOTCS JIM Hapa-
metpsl WiIMAX B coobmennnt MOB_SCN-REQ nHeo0Osi3arenbHbIMU UK 00s13a-
TEJIbHBIMHU, MOTYT TIOMOYb B 00CCIIEYCHUN BBIPABHUBAHUS MEXKAY ITUKIOM I10-
ruckoBoro BeizoBa CDMA u mukiiom ckanupoBanus WIMAX.

JonomuutenbHo MS 430 MoxeT moTpeOdoBaThCsl KOHTPOJIMPOBATH OKHA
MIOMCKOBOTO BBI30BA JIPYIHX CETEH, U COOTBETCTBEHHO MOXKET ObITh HedPdek-
TUBHO YacTO 3alpalliuBaTh NOBTOPHO BpPEMsI CKAaHUPOBAHUS JII KOHTPOJISI OKOH
MOMCKOBOT'O BbI30Ba JIpyrux ceteil. [103ToMy HEKOTOpbIE BapHaHThl OCYLIECTB-
JICHUS! HACTOSIIETO PACKPBITHS H300pETEHUs MOTYT MPEIOCTABIATh OJWH WIH
HECKOJIbKO OuTOB 934 mist ykazanwus, Oynet mu MS 430 BBIIONHATH OrpaHUYCH-
HOE KOJIMYECTBO UTEpALMI LIMKJIAa CKAaHUPOBAHUS B COOTBETCTBUU CO 3HAYECHUSI-
MU TI0JIs1 uTepanuu ckanupoBanus B coobmeHnn MOB SCN-REQ wnu Beimo:-
HATH HEOIPEEICHHOE KOJINYECTBO UTEPALlUN LIMKJIAa CKAHUPOBAHUS.

Hampumep, 6ut 934 co 3nauenuem "0" MOKET UCIONB30BATHCA JIJIS yKa-
3aHus, 4T0o MS 430 3aBeplIUT CKaHUPOBAHHUE TOCJIE KOJIMYECTBA UTEpalUid,
MPEAYCMOTPEHHOTO MOJIEM WTEpAllMU CKaHUPOBaHHUs, Torga kak Out 934 co
3HaueHueM "1" MOKeT MCchoyb30BaThes sl yKazaHus, 4To MS 430 BeINOTHUT

HEOIPEICICHHOE KonnuyecTBO urepanuid. Eciu mone 930 ycnoBuit 3anpoca cka-
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HUPOBAHHUs yKa3bIBaeT, 4TO MS 430 BBINOJHUT HEONPENEIEHHOE KOJIUYECTBO
uTepanuid 1HKIa CKaHUPOBaHUA, TO MS MOXET aBTOMAaTU4YECKH MPEKPATUTh
IMKJIBl  CKAaHUPOBAHUS  MyTEM, HaMNpUMEp, OTIPABKU  MOCIECAYIOIIErO
MOB_SCN-REQ c nonem utepannu cKaHUPOBAHUS CO 3HAUEHUEM HYJIS.

Texymas Bepcust ctanaapra IEEE 802.16 Ttakke coaep>KuT mose, 4ToObl
MS 430 yxa3siBana, kakue cocennue BS 414 WiMAX MS mnanupyet ckaHupo-
Batb. OxHako, ecnu MS 430 nokunaer cets 410 WiMAX st npociymBaHus
nouckoBoro 3anpoca CDMA, to MS 430 moxer He uMeTh coceaneir BS 414
JUTSL yKa3aHUsL.

CoOOTBETCTBEHHO, BapUaHTBl OCYIIECTBICHHUS HACTOAIIETO PACKPBITHS
U300pEeTeHNs MOTYT BKJIIOUATh B Ce0S1 OJMH WJIM HECKOJIBKO OMTOB 936 miist yka-
3aHus, ianupyet au MS 430 ocraBathes B cetd 410 WiIMAX u ckaHupoBaTh
coceanue BS 414 unu nepexntountbes ¢ cetu 410 WiIMAX u ciymath HOUCKO-
BbIM 3ampoc apyrux ceredt. Hanpumep, onunounsii 6ut 936 co 3nauenuem "0"
MOXET MCIOJIB30BaThCs s ykazaHusg, 4yto MS 430 ocranerca B cetu 410
WIiMAX u Oyzaer ckanupoBath coceanue BS 414 WiMAX, Torma kak OUT co
3HaYeHueM "1" MOKeT HCIoJb30BaThes s ykazaHus, uto MS 430 ue Oyner
ckanupoBaTh coceanue BS 414 WiMAX.

Ecamn nmone 930 ycnoBuil 3anpoca CKaHUPOBAaHUS yKa3bIiBaeT, yTo MS 430
octanetcs B cetu 410 WiMAX u O6yner ckanupoBath coceauue BS 414, to MS
MOKET yKa3aTh, Kakue BS 414 HyHO CKaHUPOBaTh, B COOTBETCTBUHU C TEKYLIEH
Bepcueit cranaapra IEEE 802.16. C apyroii croponsl, eciau none 930 ycnoBuii
3ampoca CKaHWPOBaHMS yKa3bIBaeT, uTo MS 430 He OymeTr cKaHMpPOBATH COCEI-
Hue BS 414, To COOTBETCTBYIOIIUE MOJSI MOTYT HE BKIIOUATHCA B COOOIICHUE
MOB_SCN-REQ, nanmpumep coceauue BS.

AnanornyasiM 00pazom obcmyxuBatomas BS 414 WiMAX, koropas
ynosaeTBopsieT 3anpoc MOB SCN-REQ, moxeT mpeamnonaraTb oTBET oT MS
430 mocnie UHTEpBaIa CKAaHUPOBAHUS, COOOIAIONINN PE3YIbTaThl CKAHUPOBAHUS

WIiMAX cocemanx BS. Hampumep, BS 414 WiMAX mnpu oTnpaBke
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MOB_SCN-RSP mosxer ykazate, uto MS 430 gomxHa popmMupoBaTh Nepuoau-
YEeCKUU WM MHUIIMUPOBAHHBIA coObiTHEM oTueT. OnHako MS 430, koTopas ne-
pEKJIIoYaNa CeTH B TEUEHHWE MHTEpBaAIa CKAaHUPOBAHMSI, YTOOBI CIYIIATh MEXKCe-
TEBOM TOMCKOBBIA 3ampoc, MOXKET HE HMETh pPE3YyJIbTaTOB CKaHUPOBAHUS
WiMAX niisa cooOuieHus.

COOTBETCTBEHHO, BapHAHTBl OCYLIECTBICHUS HACTOSIIETO PAaCKPBITHS
M300peTeHHsI MOTYT BKIIIOUATh B c€0s1 OJUH WJIM HECKOJIbKO OMTOB 938 miis yka-
3anus, mwanupyet a1 MS 430 npegocraButs BS WiMAX otuer o ckaHupoBa-
HUU, WIH SIBISETCSA JTU oTueT 0 ckaHupoBaHud WiMAX HEHYXXHBIM U HE Oyaer
npeaocrariedH. Hanmpumep, oguHouHbId OUT co 3HadeHueM "0" MOXET UCIOJIb-
30BaThCs Ui ykazanus, uro MS 430 npenoctaButr BS 414 WiMAX otuet o
CKAaHMPOBAHUMU B COOTBETCTBUU C TeKylled Bepcueil cranaapra IEEE 802.16,
TOTJIa Kak OMT co 3HaueHueM "1" MOXKeT UCTIONB30BaThCS ISl YKa3aHUs, YTO OT-
4eT 0 ckaHupoBaHn WiMAX sBisieTcss HEHYKHBIM U HEe OyJIeT TTPEeI0CTaBIICH.

Kak mpowmocTpupoBaHo, sl HEKOTOPBIX BAapUAHTOB OCYIIECTBICHUS
nonosiHuTeNbHBIe OUTH 940 B Tosie 930 YcnoBuit 3anpoca CKaHUPOBAHUS MOTYT
OBITH 3ape3epBUPOBAHBI JIJIsl OYIYIIETO UCIIOJIb30BaHUS.

Pucynok 3.10 umatoctpupyeT, kak MHOTOpekuMHast MS 430 MoxeT moj-
JIEp>KMBATh BhIpaBHUBAHWE MEXIY LUKIOM ckaHupoBaHuss WiIMAX u mukioMm
nourckoBoro Bbi3oBa CDMA myTeM UCIMOJIb30BaHUSI U3MEHEHHOTO MOOMIIBHOTO
3ampoca CKaHUPOBAHHUS, B COOTBETCTBUU C BapUAHTAMH OCYIIECTBIECHHUS HACTO-
AIIEro pacKkpbIThs n3ooperenus. Hampumep, B nepcnektuBe MS 430 gomonHu-
TEJILHO MOXKET HCIoab30BaTh TLV ¢ OGonbIIuM IMOJeM PEKOMEHIOBAHHOTO
HayaJIbHOTO KaJapa JJis MPEeJI0oKEeHUs HadanbHOro kaapa 710. 9To Moxker nos-
BouTh MS 430 npeonosneTs 0oJiee KpyIHbIE BOBMOKHbBIE CABUTY MEXKIY Hada-
oM kaapa CDMA u naganom kaapa WiMAX, mo cpaBaenuto ¢ TLV momst pe-
KOMEH/I0BaHHOTO HayajabHOoro kajapa B MOB_SCN-REQ no tekymieil Bepcuu

craggapra [EEE 802.16.
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Jomomautensao MS 430 MOXKET MCIIOIB30BaTh 00JIee MIMHHOE MOJIC HH-
TepBajia MePEMEKEHUsI, YTOObl 0OECIIEYUTh MHTEPBAJIbI MEPEMEKEHUS ¢ OO0JIb-
el JIIUTeIbHOCThI0. Kak ommcaHo BbINIE, MCIOJIB30BAaHHE OoJiee JJIMHHOTO
MOJIsl MHTEpBajla NMEPEMEXKEHUS MOXKET YCTPAaHUTh HEHY)KHBIE MHTEpPBaJbl CKa-
HUpoOBaHUs (Hampumep, puc.2.7, untrepBanbl 7202 u 7204 CkaHUpPOBaHUS),
MPEIOTBPATUTh HEHYXHOE mnepekntoueHue Ha cetb 420 CDMA u npuBectu K

YBEJIMUEHHON NPOIyCKHOM criocoOHocTH B cetr 410 WIMAX.

710 —~ HauanbHeblii kanp

720 720 3 720 5
( Hwrepean g Hurepsan g
Tnurens NepeMeReHHs Tnrons TEPEMEKCHHA Tomrens-

HOCTh CKa- STh CKa- HOCTh CKa-
HHPOBAHUA HHPORAHHA HHPOBAHHS

WiMAX! spons

Lluxa nomckosoro eeizosa CDMA 1 E Lluxn mouckosoro seizosa CDMA

SIS [ Touok
730 |~ i | 7305~ i 7304

BEIZOR BEITOB

CDMA Bpems
Puc.3.10. BeipaBHMBaHue nHTepBasioB ckaHupoBanus WiMAX ¢ okHamu
nouckoBoro Bei3oBa CDMA 1x Ha ocHOBe napameTpoB WiMAX, cOOOIIEHHBIX

B MI3MEHEHHOM MOOMIILHOM 3aIIPoOCC CKaHUPOBAHUA.

Pucynok 3.11. unmmoctpupyet npumepHbie onepauuu 1100, koTopbie Mo-
I'YT BBINOJHATHCS, HAllpuMep MHoropexxumHon MS 430, ucnons3yromeit n3me-
HeHHoe coobmenne MOB_SCN-REQ, nanpumep, nmokazanHHoe Ha pucyHke 3.9,
9TOOBI OCYIIECTBIATH CBsA3b ¢ BS 414 WiMAX onHOBpeMeHHO ¢ HaOJII0AeHUEM
3a KaHaJIOM Iepeaay MOUCKOBBIX BbI30BOB CDMA B TeueHHe MHTEpBajia CKa-
HupoBaauss WiIMAX. Oneparuu 1100 MOTYT BBITIOTHSTHCS, HAPUMEP, YTOOBI
noBBICUTHh 3P dekTuBHOCTE MS 430 B BBIpaBHHBAaHWUU IHMKJIA CKAHHUPOBAHUS
WiMAX c¢ mukinom nouckoBoro BeizoBa CDMA u yBenTWYHTH MPOMYCKHYIO
cnocooHocth WiMAX Ha MHOTOpe)kuMHON MS 430.

Oneparun HaumHatoTcs Ha dTame 1102 ¢ mHOropexxumuoit MS 430,
ompenenstonieil HavanbHbI Kagp 710 WiIMAX, KOTOpBII MOMET HCIHOJIb30-
BaThCs JUIsl BIpAaBHUBAHMS Hayana 1ukia ckanupoBaHuss WiIMAX c Havaiom

uukina ckanupoBanuss CDMA. Hanpumep, MS wmoxer copmupoBars 16-
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OMTOBOE 3HAUCHHE HAYAIBHOTO KaJpa JJI BKIIOUEHUS B COOOIIEHUE MOOUIILHO-
ro CKaHUPOBAHUS, KaK OMHUCAHO BbIIE. B HEKOTOPHIX BapuaHTaX OCYIIECTBIIE-
HUS omnpejesieHue HadaibHOro kajapa WiMAX MoXeT BKIIIOYaTh B ce0s1 KOPOT-
Koe nepekimoueHue Ha cetb 420 CDMA u usMepenue BpemeHHoro casura 600

Mexy HadasioM kaapa WiMAX u nauanom kajapa CDMA.

/II\'II}.-\

CPENCTED LA ONPENENEHHA 16-EHTOBOI 0 HAYATBHOTD KAIPA
N8 RRIPARHWAAHEA HUKDA CHAHHPOEAHLE WIMAY C UMEMA e | TOZA
M CREOTD BRREA COMA TP NOMCTEOMEHRE K CETH WIKAX
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i CPEACTRD A NEPEETIOHEHHA HA CETE CDMA B

COOTBETCTEHH O UMEROM CRAHHPOBAHHR WIMAX HA = | 1084
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\‘ CPERCTED A NFEPRHBAHKA COEIHHEHWE Wikax W

4 o B11EA
BEEHIYEHHA GEIAUHEY OEPALHE C CETLAR O A

Puc.3.11. brok-cxema cpeiCcTB, COOTBETCTBYIOIINX IPUMEPHBIM OIEPAIHSIM
puc.3.9. nus nepexitodeHus ¢ cett WiMAX na cetb CDMA 1x, ucnons3ys u3-
MEHEHHBIN MOOMJIBHBIN 3aIIPOC CKAHUPOBAHUS.

[Tpu uzmepenuun BpemenHoro casura 600 muoropexxumuast MS 430 takxe
MOXeT ompeaenuts Homep kaapa WiIMAX u cuctemuoe Bpemsi CDMA B kan-
pax CDMA. Cnenyer ormetrutb, uto kKamp WIMAX (T wm frame) moxer
MMETh MEHBIIYIO JJIUTEIBHOCTh, YeM kaap CDMA. Hanpumep, TpaauliMOHHbBIN
kaap CDMA MoOXeT UMETh JJIUTEIbHOCTh B 20 MUJIIMCEKYH/I, TOT/1a KaK COIO-

ctaBuMblid kagp WiMAX MOXET COCTaBIATh S MUJLTUCEKYH/I.
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Ha srane 1102 muoropexumuas MS 430 moxer onpenenuts 16-OUTOBbIN
PEKOMEHIOBaHHBIM HAYaJbHBIM KaJp HAa OCHOBE PAHEE BBIUYMCIEHHOTO BPEMEH-
Horo casura 600 ¢ W3MEHEHHBIMH NapameTrpaMHd. PeKOMEHIOBaHHBIM HA4alb-
HbI kaap Start Frame MoeT BBIUUCIATHCS C MOMOILBIO U3MEHEHHBIX ypaBHe-
Huii (3.4) u (3.5), UCTIOJIB3YEMBIX [JIs1 OTpakeHus: 16-OMTOBBIX Mmojed. YUuThI-
Basg 16-OuMTOBBIC 3HAUEHUS, PYHKIUHU JCICHUS 110 MOAYIIO B 3TUX YPaBHEHUIX
cta”oBsTcs "mod 65536", npuBoAs K HOBBIM ypaBHEHUSIM (4) u (5) cieayromum
obpazom. [Ipu nabmonenuu 3a PCH:

20mc
T wm_ frame

Stczr.t_Frczme:[ *M+N1—r}mod65536 (3.6).

[Tpu nabmonenuu 3a QPCH u PCH:

Start _ Frczme=[TL*M+M—%—erOdGSS3G (3.7)

_wm _ frame T _wm _ frame
Ha srane 1104 muoropexxumuas MS 430 mosxer onpeaenutb 16-0UTOBbIN
MHTEpBaJ NEPEMEKEHUS U §-OUTOBYIO JUIMTEILHOCTh CKAaHUPOBAHMS HA OCHOBE
paHee BBIYMCIEHHOTO BpeMeHHOro ciasura 600 ¢ M3MEHEHHBIMHU ITapaMeTpaMu.
16-6uToBast MINTENBHOCTh MEPEMEXKEHNS K MOKET BBIYUCIATHCA HA OCHOBE U3-

MEHEHHOM Bepcun ypaBHenus (3.3):

k = 1,28cek » 25totcycls Index /T ymm frame — Scan_Duration (3.8)

B HekoTopbIX BapumaHTax OCYIIECTBICHUS JIUTEILHOCTh MHTEpBaia Iie-
pemexennss WiIMAX (B enunaniax kaapoB WiMAX) MoxeT onpenensiThes my-
TEM TIOJYYCHHUSI PA3HOCTH MEXAY IMKIOM CKaHMPOBAHUS U PaHEE BBHIYUCIICH-
HBIM UHTEPBAJIOM CKaHUPOBAHUSI.

Ha orame 1106 wu3MeHeHHBIE MOOWIBHBIM 3ampoc CKaHUPOBAHUS
(MOB_SCN-REQ), Bxmrovaromuii Habop mapamerpoB WiMAX, MOXeT OT-
npaBisiThesl K obcmyxkuBatomeit BS 414 WiMAX. Kak onwucano Beimie, HaOOp
napametpoB WiMAX moskeT Bkito4ath B ce0si 16-OMTOBBINM HAYAIBHBIA KaJp
WIMAX, 8-0uToByI0 JUIMTEIHPHOCTh MHTEpPBATA CKAHUPOBAHHUS U 16-OMTOBYIO

JJINTCIIBHOCTh MHTCPBAJIa IICPCMCIKCHUA. Kaxk ommcano BBIIIIC, N131105 pas3pce-
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IIEHHBbIE 3HAYEHUS MMapaMeTPOB MOTYT OMOYb M30€KaTh OECIOJIE3HBIX UHTEP-
BaJIOB CKAHUPOBAHUSI.

Bonee toro, usmenennoe MOB_SCN-REQ moxkeT BkJtouath B ce0sl moJie
930 ycnoBuil 3ampoca CKaHUPOBAHUS, KOTOPOE MOXKET UMETh OJWH WU He-
CKOJILKO OMTOB, COOOIIAIONIUX JOTOJHUTEIbHYI0 HHPOPMAIUIO, 3HAUUMYIO TSI
MS 430, nactpausaromeiics Ha cetb 420 CDMA. Kak onuceiBanocs panee, mo-
Jie YCIIOBUM 3ampoca CKaHUPOBAHUSI MOKET UMETh OJIMH WJIM HECKOJIbKO OUTOB,
yKa3blBalOMKX, SBIsitoTcs Jn napamerpel WiIMAX B coobmenun MOB_SCN-
REQ HeoOs3aTenbHbIMU WM 00si3aTenbHbIMU, OyneT au MS 430 BbINTONHSTH
OTpaHUYEHHOE KOJIMYECTBO HUTEpAIlUi IUKJIAa CKAaHUPOBAHUS, W TUIAHUPYET JIU
MS 430 octaBathcst B cetu WIMAX 410 u ckanupoBath cocequue BS 414 win
nepektounThes ¢ cetdt WiIMAX 410 u ciaymarh TOMCKOBBIN 3aMpoc APYTHX Ce-
TEH.

BS 414 WiMAX MOXeT UCIOJIb30BaTh OJIUH WU HECKOJBKO MPEIOCTaB-
JICHHBIX MapaMeTPOB MPHU YCTAHOBJICHUM LMKJIA cKaHupoBaHusi WiIMAX wu3
yCIIOBUSA, 4YTOOBI MHTEpBal ckaHupoBaHusg WIMAX coBmagan ¢ KaXIbIM U3
okoH mouckoBoro BbizoBa CDMA. Ha srane 1108 muoropexxumuas MS 430
MOXET NMepekaounThes Ha ceTh 420 CDMA B COOTBETCTBUHU C ITUKJIOM CKaHHU-
poBaHus, yctaHoBIeHHBIM BS 414 WiMAX.

Ha stane 1110 MS 430 moxeT 3aTeM omnpeaeanuTb, UMEETCs JU MOUCKO-
Bl 3anipoc CDMA, npennasHaueHHblil 111 MS 430, npucyTcTByrOmHMil B Ka-
HaJle mepejaur mouckoBbiX BbI30BoB CDMA. Ecnu kaHan nepeaadyyd NOMCKOBBIX
BbI30BOB CDMA He MMeeT MOMCKOBOTO 3ampoca, MpelHa3HayYeHHOro s MS
430, o MS moxet BepHyTbcs B ceTh 410 WiIMAX u B0300HOBHUTH OOBIYHBIC
onepanun WiMAX Ha stane 1114. OgHako BapuaHThI OCYIIIECTBICHUS HACTO-
SIIIIETO PACKPBITHS M300peTeHUsT MOTYT MO3BOJIMTE MS 430 ocTaBaThCs B CETH
410 WIiMAX nonbmie miepen Bo3BpamieHueMm B cetb 420 CDMA, uTto0sl ciy-
marth MOUCKOBBIM 3ampoc CDMA, moTeHUHaTIbHO YBEIWYHBAs MPOMYCKHYIO

criocobHocth B cetu 410 WiIMAX. Onnako eciu MS 430 npuHMMaET MOUCKO-
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BbIi 3anpoc CDMA, to MS 430 MOxkeT aBTOMaTUYECKHU MpepBaTh COCINHEHUE
WiMAX u 3aHaTbCsl 00BIYHBIMU OTIepanusiMu ¢ ceTbio 420 CDMA, kak npouJ-
JOCTPUPOBAHO Ha dtare 1112.

Paznuunbie onepanyu cnoco00B, OMMCAHHBIX BbIIIE, MOTYT BBIIOJIHATHCS
Pa3IUYHBIM anmnapaTHBIM W/WIKA IPOrpaMMHBIM KOMIIOHEHTOM (KOMITOHEHTaMH )
u/unu moayieM (MOOyisiMU), COOTBETCTBYIOIIUMH OJ0KaM '"CpPeICTBO IUTIOC
¢yHKUMA", TPOUJUTIOCTPUPOBAHHBIMU Ha pucyHkax. Kak mpaBuio, Tam, rue
UMEIOTCS CIOCO0bI, MPOUUTIOCTPUPOBAHHBIE HA PUCYHKAX, UMEIOIINX COOTBET-
CTBYIOIIME OTBETHBIE PUCYHKH "CpeacTBO Mitoc (yHKUuMA", OJOKM omeparuii
COOTBETCTBYIOT OJIOKaM "CpelICTBO MUIIOC PYHKIMA" ¢ aHAJTOTMYHONW HyMepalu-
eii. Hampumep, 502-514, npowuiroCTpUpOBaHHBIE HA PUCYHKE 3.5, COOTBET-
cTBy1OT Osokam 502A-514A "cpenctBo mitoc GyHKIUA", TPOUSITIOCTPUPOBAH-
HbIM Ha pucyHke SA. AHamoruuHbiM oOpa3zom Onoxu 1102-1114, mpowusutro-
CTpupoBaHHbIe Ha pucyHke 11, coorBercTByroT O610kam 1102A-1114A "cpen-
CTBO TUTIOC (PYHKIIHS", MPOMJUTFOCTPUPOBAHHBIM Ha pucyHke 11A.

Metoauku, MOTYT MCIIOJIB30BAThCS JJISl PA3JIUYHBIX CHCTEM CBSI3H, BKIIO-
yasi CUCTEMBI CBSI3U, KOTOPHIE OCHOBAHBI Ha CXEME OPTOTrOHAJIBLHOIO MYJIbTH-
riekcupoBanus. [Ipumepsl TakMX CHUCTEM CBSI3M BKIIIOYAIOT B Ce0sl CHCTEMBI
KOJUIEKTUBHOTO JIOCTyIla C OPTOrOHAJIBHBIM YAaCTOTHBIM pa3/eiCHUEM KaHAJIOB
(OFDMA), cucteMbl KOJUIEKTUBHOT'O JIOCTyIa C pa3/ieICHUEM KaHaJoB IO ya-
crote Ha oxHoi Hecyiel (SC-FDMA) u tak nanee. Cuctema OFDMA ucnosis-
3yeT MYJBTUIUIEKCUPOBAHUE C OPTOrOHAJIBHBIM YAaCTOTHBIM pa3/IelICHHEM KaHa-
noB (OFDM), koTopoe siBAsieTCd METOAMKON MOIYJALIMU, KOTOpas pa3lenseT
BCIO TOJIOCY IPOITYCKaHUSI CUCTEMBI Ha HECKOJIBKO OPTOIOHAJIBHBIX IOJHECY-
IUX. DTH NOJHECYIIHE TAKKE MOTYT Ha3bIBaTbCs TOHAMH, HJIIEMEHTAMM JTHCKpe-
tizanuu U T.J. C momonipto OFDM kaxkaas mogHecymas MOXKET HE3aBUCHMO
MoayiupoBatbes ¢ AaHHbIMU. Cuctema SC-FDMA MmokeT ucnoiib30BaTh yepe-
nytomuiics FDMA (IFDMA) nis nepeaaud Ha MOAHECYIIUX, KOTOPBIE pacmpe-

JIeJIE€HBI TI0 TI0JIOCE MPOMYCKaHUsl CUCTEMBI, JIokann3oBanHbli FDMA (LFDMA)
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JUIsl Tiepeayn Ha OJIOKE COCEAHUX MOJHECYIIMX WM YCOBEPIICHCTBOBAHHBIN
FDMA (EFDMA) ans nepepaun Ha HECKOJIBKMX OJIOKaX COCEIHUX MOJHECY-
mux. BooO1ie cuMBOJIBI MOIYIAIIUU OTIHpaBIsAOTCcs ¢ nomolnbio OFDM B ua-
cToTHOM 00sactu u ¢ nmomotisio SC-FDMA Bo BpemMeHHO# 00J1acTH.

Otanbl criocoda WX alropuTMa, OMUCAHHBIC B CBSI3M C HACTOSIIUM pac-
KpBITUEM HM300pETEHUSI, MOTYT OBITH pean30BaHbl HEMOCPEACTBEHHO B amra-
paTHBIX CPEACTBAX, B MPOrPAMMHOM MOJYJI€, BBIMOJHIEMOM MPOIIECCOPOM, HIIH
B COUETAHWM JIBYX 3THX CPeACTB. lIporpaMMHBIA MOAYJIb MOXET MOCTOSHHO
XpaHUTKLCS Ha JIIOOOM BUJIe HOCUTENST UHGOPMAIIMU, KOTOPBIM U3BECTEH B JaH-
HOM oOnactu TexHUKH. HekoTopsle mpuMepsl HOCUTEIeH uHMOpMaIMM, KOTO-
pbl€ MOTYT HCIIOJB30BAaThCS, BKIIOUAIOT B CeOSl OMEpATHBHOE 3allOMHUHAIOIIEE
yctporictBo (RAM), nmoctositnHOe 3anoMuHaroiiee yctporicteo (ROM), dmdm-
namsaTh, naMsiTe EPROM, namsate EEPROM, peructpsl, KeCTKUNA AUCK, ChEM-
HBIM TUCK, KOMIAKT-IUCK U Tak jajnee. [IporpaMMHBIN MOy MOXET COJep-
KaTh OAHY KOMaHJly WJIM MHOTO KOMaHJ U MOET ObITh pacmpejeneH Mo He-
CKOJIBKUM Ppa3HbIM KOJOBBIM CETMEHTaM, CPEId Pa3HbIX NMPOrpaMM U IO He-
CKOJIbKUM HocutensiM uHpopManuu. Hocutens uHpoOpManuu MOXeET OBITH CO-
€IMHEH C MPOIECCOPOM TaK, YTO MPOIECCOP MOKET CUUTHIBATH MHPOPMALIUIO U
3amuchiBaTh MHGOPMAIMIO HA HOCHTENb MHpOpManuu. B anbTepHaTUBHOM Ba-
pUaHTe HOCUTENb UH(POPMAIIMU MOXKET COCTABIATH €IMHOE IEJ0€ C MPOIECCO-
pOoM.

PackpbIThie B ATOM JOKYMEHTE CIOCOOBI COAEPKAT OJUH I HECKOIBKO
ATANOB WJIM JIEWCTBUMN JJIsl BHITIOJHEHUSI OMUCAHHOTO crioco0a. DTambl crocoba
W/WIM TEUCTBHUSI MOTYT MEHSTHCS JIPYT C IPYyroM 0e3 OTKJIOHEHHUs OT oO0bema
dbopmynel n3o0peTeHus. pyrumu ciioBamu, Moka HE 3ajaH OCOOBIN IMOPSIOK
ATANOB WJIM JEHCTBUMN, TIOPSIOK W/WINA MCIOJIB30BaHUE OMPEICICHHBIX 3TAloOB
W/WIM IEUCTBUI MOTYT OBITh M3MEHEHBI 0€3 OTKIOHEHHUS! OT 00bhemMa (HOpMYyJIbI

HU300pETECHHS.
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OnucanHbie GYHKINU MOTYT OBITh peaJIN30BaHbI B alapaTHBIX CPEACTBAX,
MPOrpaMMHOM OOECIIEUeHUH, MUKPOIPOrpaMMHOM OOECIEUEHUH WU JI000M
ux couetanuu. [Ipu peanuzanuu B nporpaMMHOM oOecrieueHur GyHKIIUU MOTYT
XPaHUTHCS B BUJI€ OAHOM WJIM HECKOJBKUX KOMAaHJ Ha MAIIMHOYUTAEMOM HOCH-
tene. Hocurenu nngopmanuu MOryT OBbITh JTHOOBIMU AOCTYIHBIMH HOCHUTEISIMH,
K KOTOPBIM MOHO OOpalaThCs ¢ MOMOIIBI0 KOMIIbIOTEpa. B kauecTBe mpume-
pa, a He OTpaHUYEHUS, TAKHUE MAIIMHOYUTAEMbIE HOCUTEIIN MOTYT OBITh BBITIOJI-
HeHbl B BUjie RAM, ROM, EEPROM, koMmakT-aucka Wik APYyroro HaKOMUTes
Ha ONTHUYECKUX NUCKAX, HAKOMUTENSI HA MarHUTHBIX JUCKAX WU JPYyTrUX Mar-
HUTHBIX 3aIIOMUHAIONIUX YCTPOUCTB, JTUOO JIF0OOOT0 IPYroro HOCUTEIISI, KOTOPHIN
MOKET UCIIOJIB30BAThCS JIJIsl MIEPEMEIICHUST WU XpaHEHUs HEOOXOIUMOro Tpo-
rpaMMHOTO KOJia B BUJE€ KOMaH]l WU CTPYKTYp JAHHBIX, U K KOTOPOMY [HOCH-
TEJ0| MOXKHO oOpamiaTbesi ¢ momoIbio kommnberoTepa. Juck (disk) u guck (disc),
IIPU WCIIOJIL30BAaHUU B JAHHOM JIOKYMEHTE, BKJIFOYAIOT B ce0s KOMIIAKT-IUCK
(CD), nazepHbIi OUCK, ONTHYECKUA TUCK, U(PPOBON YHHBEPCATbHBIN JHCK
(DVD), rubkuit guck u auck Blu-ray®, rae aucku OOBIYHO BOCIHPOH3BOMIST
JaHHBIE MAarHUTHBIM CIOCOOOM, TOT/Ia KaK JIUCKH BOCIPOU3BOMASAT JAaHHBIE OTI-
TUYECKH C TIOMOILBIO J1a3€pOB.

[IporpammHuoe obecrieueHre Wil KOMaHbl TaKKE MOTYT MepeaaBaThCs MO
nepenaroiei cpeae. Hanpumep, eciam mporpaMMHoe 0OecriedeHne MepeaaeTcs C
BeO-caiiTa, cepBepa WM APYroro yJAaJeHHOTO0 MCTOYHUKA C MCIOJIb30BaHUEM
KOAaKCHAJIbHOTO Ka0eJsi, ONTOBOJOKOHHOTO Kabelns, BUTOW maphl, IUGPOBOM
abonentckor nuuHuu (DSL) mnm GecnpoBOAHBIX TexHOJorui, Hampumep MK-
CBSI31, paanodacToTHOU cBs3u U CBY-cBsA3M, TO KOaKCHABbHBINA KaOeab, ONTO-
BOJIOKOHHBIN KaOenb, BuTas mapa, DSL wnm OecnpoBOJHBIE TEXHOJIOTHH,
Hanpumep WK-cBs3b, paamoudactoTHast cBsizb U CBY-cBsi3p, BKIIOYAIOTCA B
ONpPEAEICHNUE IEPENAIOIIEN CPEIBI.

JIOTIOMHUTENBHO CIeNyeT MPHUHITH BO BHUMAHUE, YTO MOJYJU W/WIN APY-

roc nmoaxoadamec CpeaACTBO AJI BBIIIOJIHCHUA cImoco0oB u MCTOJUK, OIIMCAHHBIX
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B 3TOM JIOKYMEHTE, MOTYT 3arpyXaTbCsi W/WIM HHBIM 00pa3oM MOJy4yaThCs
[I0JIb30BATENIbCKUM TEPMHUHAJIOM H/MiaM 0a30BOM CTaHIUEN COOTBETCTBEHHO.
Hanpumep, Takoe ycTpOWCTBO MOXKET COEIUHATBCS C CEPBEPOM I obecrede-
HUS TIepelaur CPe/ICTBA ISl BHIMOJIHEHHS CIIOCOOOB, OMUCAHHBIX B ATOM JIOKY-
MeHTe. B kauecTBe aibTepHATUBbI Pa3IU4YHbIE CIIOCOObI, OMCAHHBIE B 3TOM J0-
KyMEHTE, MOT'YT NpEJOCTaBIATHCS NPHU MOMOIIU CPEACTBA XpaHEHUs (Hampu-
Mep, RAM, ROM, ¢uznueckoro Hocurenass UHPOpMaALMU, HAIpUMEP KOMIIAKT-
nucka (CD) mnm rubkoro gucka, u T.1.), TaK YTO IMOJIb30BATEILCKUN TePMHUHAI
u/unu 6a30Basi CTAHIMS MOTYT MOJY4YaTh Pa3IMYHbIe CIIOCOOBI MPU COSTUHEHUN
WIM TIPEJOCTABICHUH YCTPOUCTBY cpeacTBa xpaHeHus. Kpome Toro, Moxer uc-
MOJIb30BaThCsl JI00ast Jpyras MOAXOASIIAs METOAMKA JUIsl TMPEA0CTaBICHUS
YCTPOMCTBY CIOCOOOB U METOAMK, OTIMCAHHBIX B 3TOM JJOKYMEHTE.

HyxHo nmonumats, uto ¢hopmysa n300peTeHus] He OrPaHUYUBAETCS TOYHOM
KOH(UTrypanyued ¥ KOMIIOHEHTaMH, MPOWJLIIOCTPUPOBAHHBIMU BhIlIe. Paznny-
Hble MOJU(UKALNY, U3MEHEHHUS ¥ Bapualliud MOTYT OBITh NPOU3BEICHBI B KOM-
IIOHOBKE, paboTe U MOAPOOHOCTSAX CIOCOOOB U YCTPOMCTBA, ONMMCAHHBIX BHIIIIE,

0e3 OTKJIOHEHHUs 0T 00bemMa (HopMyITbl H300pETECHHUS.

3. MyJabTHCTAaHIAPTHASA Nepeaaroinasi cucTeMa /1Jis 6ecrpoBOHOM
CHCTEMBbI CBSI3HU.

becnipoBo/iHbIE KOMMYHHUKAIIMOHHBIE YCTPOWCTBA, TAKUE KAK COTOBBIE Te-
nedOHBI, MHUPOKO UCTIOIB3YIOTCS B KAUECTBE 3aMEHBI TPATUIIMOHHBIM TeIePOH-
HbIM cucteMaMm. OTHUM U3 TPEUMYIIECTB OCCIIPOBOIHBIX KOMMYHUKAIIMOHHBIX
YCTPOUCTB SIBISIETCS UX MOOWIBHOCTB. [lonmp3oBarens MoxkeT paboTaTth ¢ Oec-
MPOBOJHBIMH KOMMYHUKAITMOHHBIMU yCTPONCTBAMHU TMPAKTHYECKH B JIOOOM
Touke 3emin. Tak Kak pa3Mepbl KOMIOHEHTOB, BEC U SHEPronoTpediieHne oec-
MIPOBOTHOTO KOMMYHHUKAIIMOHHOTO YCTPOWCTBA MOT'YT I'YOUTEIBHO CKa3aThCs Ha
€ro MOOMIILHOCTH, OHH SIBJISIFOTCSI BAXKHEHIITUMU (PaKTOPAMHU, TIPSIMO BIIASFOIIHU-

MU Ha €ro MPaKTUIHOCTH [21].

82



JIs1 yCTaHOBIIEHHS CBSI3U KOMIIOHEHTBI OECIPOBOJHBIX KOMMYHUKAIIMOH-
HBIX YCTPOMCTB MeEpeNaloT U MPUHUMAIOT curHaibl. llepenarunku, Oyaydu oT-
JEIbHBIMU WM SIBIISSICH YaCThIO MpHEMONEpeaaTurKa, BHITIOIHSIIOT B Oecmpo-
BOJIHBIX KOMMYHUKAIMOHHBIX YCTpOHCTBaxX 3amgauu nepenauu. Kak mpaswuiio,
nepeaTIYMKU JOJDKHBI OCYIIECTBIISITh TIepeady CIOXKHBIX ITU(POBBIX HU3KOUA-
CTOTHBIX CHUTHAJIOB. DTH CJIOKHbIE IIU(PPOBbIE HU3KOYACTOTHBIC CUTHAJIBI T'EHE-
pUpyroTCsl B 6€CIIPOBOJAHOM KOMMYHHUKAIIMOHHOM ycTpoicTBe. [lanee nmepenat-
YUKUA MPOU3BOASAT MOIYJISIIIUIO, TIEPEHOC B IMOJIOCY PAJAMOYacTOT, IuppoaHano-
rOBO€ MpeoOpa3oBaHKE U YCUJICHHE MOIIIHOCTH HU3KOYACTOTHBIX CUTHAJIOB.

[udpoananororoe nmpeoOpazoBaHUEe SBISCTCS BaXXHBIM aCIEKTOM PadOThHI
nepeaaTINKOB, TaK KaK MOTEHIIUAIBHO CIIOCOOHO MPOU3BOIUTH OOJIBIIIOE KOJIH-
YeCTBO IIyma. TpagullMOHHBIE MOAXOJbI K IU(pPOaHATIOroBoMy mpeodpaszoBa-
HUIO BKJIIOYAIOT B c€0sl MCIOJIb30BAHUE KOHKPETHBIX THUIMOB IU(PPOaHATIOTOBBIX
npeoOpazopateneit (LIAIl, DAC) ¢ 0THOCUTEIBHO BBICOKMM YHCIIOM OIEpallu-
OHHBIX OWT ISl OCYIIECTBICHHS IIU(POAHAIOTOBOro npeoOpazoBanus. B yacTt-
HOCTH, HEKOTOPBIC TIEpPeIaTUUKN UCTIONB3YIOT 10-OuTHBIC Win 12-6utHbie [ATIL.
[Ipu Apyrux TpaauLHOHHBIX NoAXoAax UCNoib3ylT LIAIl ¢ MeHbIIUM YUCIOM
OTEpPAllMOHHBIX OUT ISl CHUKEHUS CTOMMOCTH, HO MPU 3TOM BBIHYKJIEHBI 00-
POTBCS C JOTIOJHUTEIBHBIM IIyMOM, BbI3biBaeMbIM [IAIl ¢ HU3KOW OUTHOCTHIO,
MOCPEJICTBOM CJIOKHOM (PUIIbTPALIUU.

AHanu3 KOMIIPOMUCCHBIX PEIICHUN MEXIy KOJIMYECTBOM IIymMa, T€HEpU-
pyemoro I[AII ¢ Hu3kol OuTHOCTBHIO M cToMMOCThIO I[AIl ¢ BBICOKOW OUTHO-
CTBIO CTAaHOBHTCS 0oJiee CIIOKHBIM I TIEPEaTIMKOB, pa3padaThIBAEMBbIX JIJIS
MYJIbTUCTAHJAPTHBIX KOMMYHUKAIIMOHHBIX YCTPONCTB, TAKUX KaK MYJbTHUCTAaH-
JApTHBIN COTOBBIN TeneoH. B 4acTHOCTH, acTieKThl CTaHJAPTOB COTOBBIX TeJe-
($OHOB, OTHOCAIIMECS K YIUIOTHEHWIO OJHOBPEMEHHBIX TeIe(OHHBIX BHI30BOB,
3HAYUTEIBHO BIUSIOT HAa peann3anuio LIAIl B MynbTHCTaHAAPTHOM OKPY>KEHUH.
B o6miem cirydae B COTOBBIX TENE(POHHBIX CUCTEMAX YIUIOTHEHUE TTPOU3BOAUTCS

1100 crnocooom MHOI'OCTAHIIMOHHOI'O AO0CTYyIIa C 4aCTOTHBIM Pa3aCJICHUCM Ka-
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HanoB (MIYP, FDMA), nu60 croco6oM MHOTOCTaHIIMOHHOTO JOCTYIa C Bpe-
MEHHbIM paszaenenueM kaHanoB (MABP, TDMA), nubo cnoco6oM MHOrOCTaH-
IIMOHHOTO JIOCTYMa C KOJAOBBIM pazaeneHuem kanaios (MIKP, CDMA).

CrpykTypa 1 (pyHKIIMOHAJIbHASI CX€Ma CUCTEM Mepeaun JUCKPETHOM nHpopMa-
1un. OrucaHue 3JIeMEHTOB CUCTEM (KOJIEKH, MOJIEMBI, KaHATbI)

bnok-cxema 11000i cuCTeMBbI Nepeadl JUCKPETHON HHPOPMALIMHN «TOYKA-
TOYKa» TOKazaHa Ha puc. 3.12. PaznuyHbIM BHAaM KOJEPOB Ha IMEpearoliei
CTOPOHE COOTBETCTBYIOT «0OpaTHbIe» Aekojaepbl. KonupoBanue ucnoibzyercs
JUTSL CKaTUs MH(pOpMaIMsl, KpUOTOrpapuuyecKoil 3aluThl, a TaKKe MOBBIIIECHUS
MIOMEXOYCTOMYUBOCTH 32 CUET BHECEHHs M30BITOYHOCTH Ha MEpearolien CTo-
poHe. BbIX0Jl KOPPEKTUPYIOIIETO KOJiepa U BXOJ COOTBETCTBYIOIIETO JIEKOEpa

06pa3y}0T BXOI U BbIXOA JUCKPCTHOI'O KaHaAJIa CBA3U.

LuckpeTHiit Kopep, Kpunto Kogep
UCTONHUK [~ YCTpaHsiowmi L——b Kogep % KOpPPeKTUPYIOWEro
36k xoaa
N> Moaynsrop f—{ H i P> A p —P—

Kaxan

NonyHenpepeBHLi Kakan

uckpeTHb# Kanan

Lexopep, Monyuatens

Kpwnro BHOCALLWA [UCKDETHOM
Rexopep 36 b i

Bexopep

Koaa

Puc. 3.12.

B oOmeM ciydae MUCKpETHBIN KaHAl CBSI3M SIBISETCS MaTEMaTHYECKUM
o0BekToM ¢ | BXomamu U J BBIXOJIaMU C OIPEACIICHHBIMU TIEPEXOTHBIMU BEPO-
aTHOCTSIMU. Ecnu metanu3mpoBath (GU3NUECKOE COACp)KaHWE AUCKPETHOTO Ka-
HaJla, TO OKaXETCs, YTO OH COCTOUT U3 MOCIEAOBATEIbHON LENOYKU «MOIYJIS-
TOP—HENPEPBIBHBIA KaHAN - JAEMOAYJIATOP», MNPUYEM LENOYKA «MOAYIISATOP -
HETMpPEPBIBHBIN KaHam» 00pa3yeT MoJyHenpepbIBHbIM KaHall. HenpepbIBHBIN Ka-

HaJl ABJIACTCA KaHaJIOM C HCIIPCPBIBHBIM BXOAOM M HCIIPCPBIBHBIM BBIXOOAOM, a
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MOJYHENPEPHIBHBIN KaHANI - ¢ JUCKPETHBIM BXOJOM U HENPEPHIBHBIM BBIXOJOM.
[To3xe Oyzner BUIAHO, UTO HEMPEPHIBHBINA KaHAJ UCIIONB3YETCS ISl CHHTE3a CUT-
HAJIOB KOJOBBIX KOHCTPYKIIMM, @ MOJYHEIPEPBIBHBIA KaHAI - ISl JEKOAUPOBA-
HUSI C MATKUMM pelIeHUuEM. BaXHO Takke MOHMMAaTh, YTO BCE PACCMOTPEHHBIC
KaHaJIbl SBJISIIOTCA MaTEeMaTUYECKUMU MOJEISIMU COOTBETCTBYIOIIMX (usnue-
CKHUX KaHaJlOB CBsA3M. PeanbHas cuctema mepenayd AUCKPETHOW HH(OpManuu
COJIEPKUT OOJIBIIOE YMCIO Y3JI0B U (PYHKIIMOHAJIBHBIX AJIEMEHTOB, HE OTOOpa-
KEHHBIX Ha puc. 3.12, TeM He MeHee 0e3 KOTOPhIX CUCTEMa He (PYHKIIMOHAJIbHA.
B nepByro odepenib, 3TO yCTPONCTBAa CUHXPOHU3ALUHU 10 HECYIIEH, TAKTOBOW U
0JI0KOBOI1 yacToTe, 0€3 KOTOPhIX AEMOIYJALNS U JEKOAUPOBAHNE CUTHAJIOB He-
BO3MOXHBI. Kpome TOro, 3To 3ajaroline reHepaTopbl, CUCTEMBbI YIPABICHUS,
nepeaTiuky, TPUEMHUKH, aHTEHHBI B CIy4ae paJMOCUCTEM W MHOTHE JPYTrue
aneMeHThl. OJTHAKO TaHHOE PACCMOTPEHUE Mbl OIPAHUYUM y3JaMU, U300pakeH-
HeIMH Ha puc. 3.12. Ecnu paccMarpuBaemMasi cucTeMma SIBISIETCS HENPEPBhIBHOM,
TO MpPU MOMOUIM Teopembl KoTenbHUKOBa, paCCMOTPEHHOW HMXKE, CUCTEMA W3
HENPEepBhIBHOM MpeBpamiaeTcss B AUcKpeTHyro. Llemouka 3tux mpeoOpazoBaHMit

nokasaHa Ha puc. 3.13.

Uctounuk | [uckpern- | KsanroBanme | Cucremame- | LAIl | ®umbtp [Tonywatens He-
HeTpephIB- 3alMs 10 | 110 aMIUIUTYAE | penadd Juc- HIDKHUX | IpepbIBHOM HH(OP-
HOU uH)Op- BpPEMEHHU (ALIID) KpPETHOW MH- 4acToT MaIiu

MarIiu hopmarm

Puc. 3.13. Cxema npeobpa3oBaHuil HEPEPHIBHOW CUCTEMBI CBSI3H B JIHIC-

KPETHYIO

Takum 006pa3om, AUCKPETHBIC CUCTEMBI Mepeay MOKPHIBAIOT BCE CHUCTE-
MBI, KOTOPBIE OYTyT pACCMOTPEHBI HUXKE.

Monesiu ¥ TUIIBI KAHAJIOB IUPOKOIOJIOCHOTO OCTYIIA.

IIpu paccMoTpeHrMr HEOOXOMMO pa3inyaTh pealibHble (PU3NUECKUE KaHa-

JIbI CBA3M, BO3HHKAOIINC IIPU MIUPOKOIIOJOCHOM AOCTYIIC, U COOTBCTCTBYIOIINUC
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UM MOJeNu. B 3aBHCHMMOCTH OT Cpenbl mepeaadydl ITUPOKOIOJIOCHBIN TOCTYII
MOXKET OBITh TMTPOBOJIHBIM M OECIPOBOIHBIM. [IpoBOIHBIC KaHATBI XapaKTEPHU3Y-
I0TCs OOJIee MMOCTOSTHHBIMU TTapaMeTpaMu, 9YeM OecripoBoHbIe. BeceM kaHamam -
Y TPOBOJIHBIM, ¥ OSCIIPOBOAHBIM MPUCYIIH TTOMEXH M MEIIAIONTUE BO3ACHCTBUS
OT Ipyrux aDOHEHTOB CHCTEMBI. B ciiyuae OECTIpOBOJHBIX KaHAJIOB IMapaMETPhI
MOCJICTHUX MOTYT CYIIECTBEHHO MCHATHCS BO BPEMEHH. JTO MOXKET OBITH BHI-
3BaHO, BO-TIEPBBIX, 3aMHUPAHUSIMHU MEPEIaBacMOr0 CUTHAJIa B PE3yJIbTaTe OTpa-
KEHUI BO BpeMs paclpoCTpaHEHUs U, BO-BTOPHIX, dddexTom [loruiepa, BO3HU-
KaOIIUM TIPH JBUKCHUU aOOHCHTOB.

Bce 310 mpuBOAMT K OOJBIIOMY pa3HOOOpPA3HI0 COOTBETCTBYIOIIMX MOJIE-
Jel KaHAJIOB, HEOOXOJMMBIX JUIS CHHTE3a CHUTHAJIOB, KOJOB M CHUTHAJIBHO-
KOJOBBIX KOHCTPYKIUH. [IepBbIM MPUOIMIKEHUEM SIBISIECTCS PACCMOTPEHHUE TaK
HA3bIBAEMBIX KaHAJIOB JINCKPETHOI'O BPEMEHHM, KOTJa PAaCCMaTPUBAIOTCS TOJBKO
BPEMEHHBIC OTCUEThI CUTHAJa B MOMEHTHI BpeMeHH 1,2,... K, k+1, DTu curHaisl
MOTYT BO3HHMKAaTh, HAIlpUMEP, B MOMEHTHI CTPOOMPOBAHUSA HEKUM CTPOOHPYIO-
UM YCTPOWCTBOM. BTOpBIM CyIIECTBEHHBIM OTpaHUYEHHUEM SIBIISIETCS pac-
CMOTpEeHHE KaHaIoB 0€3 MaMATH, KOTJa K- OTCYET HE 3aBUCUT OT MPEIbIAYIIHX
U TOCJIETYIONINX OTCUETOB. TPEeThbUM CYIIECTBEHHBIM OIPAaHUYECHHUEM SIBIISIETCA
OTpaHUYECHHUE MOIIHOCTH CUTHaNa P, Ha BXOJle KaHana. M HakoHel, YeTBEepThIM
OTpaHUYCHUEM SIBIISIETCS aIIUTUBHBINA XapakTep IIyma B kaHaine. Bece aTo mpu-
BOJUT K KaHATy C OTHOIIIEHHEM CUTHAL/IIYM Py/Pyy;.

Ecnu naHHbIA HENPEpBhIBHBIN KaHall KBaHTYeTCsA Ha | cocTosHMil O BXomy
1 J cocTostHUMIT TIO BBIXOY, MOJIy4aeTCs AUCKPETHBIN KaHan O0e3 mamstu ¢ [ Bxo-
JaMu ¥ J BBIXOJaMH C COOTBETCTBYIOIIMMU MEPEXOIHBIMU BEpOsITHOCTIMH. Ha
BXOJIe KaHalla BO3HUKAeT oaHa u3 | Oyks u3 andasurta A = {«u, ar,..., a/}, a Ha
BbIXoJie oHa u3 J OykB u3 andasurta B={61,62,... ,&j}. [lepexoaHbie BepOSTHO-
CTH TIOJyYUTh Ha BbIXoJe OykBY Dj mpu ycioBuum, 4To Ha BXOje OblIa OykBa a,,
ob0o3Hauarorcs kak p(bj/ai), 1 =1,..., |, j =1,..., J. BaxxHo moHumMath, 4T0 B 00-

meM ci1ydac pasMCphbl aﬂ(baBHTOB II0 BXOAY M BBIXOJY KaHalla HC COBIIaJaroT.
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JIuckpeTHBIN KaHaia 0e3 maMsATH Ha3bIBA€TCS CHMMETPUYHBIM, €ClIi HaOOp Tie-
PEXOJIHBIX BEPOSITHOCTEH NIl OJTHOTO M XOJa WJIM BBIXO/A 33/1a€T MPOCTHIMU T1€-
pECTaHOBKaMH COOTBETCTBYIOIIHNE HAOOPHI I IPYT WX BXOJOB WA BBIXOJIOB.

CaMbpIM TIPOCTHIM KaHAJOM HAa3bIBACTCS IBOWYHBIA CHUMMETPUYHBIA KaHAJ,
U1 KOTOpOro ayn(aBUTHI MO BXOAY M BBIXOAY COBMANAIOT M COCTOAT M3 JIBYX
oyks 0, 1. [lepexonubie BeposTHOCTH paBHbI p (0/0) = p(1/1) =1 - p, ap (0/1) =
p (1/0) = p. Torna p Ha3bIBaeTCs BEPOSTHOCTHIO OMIMOKH, a 1 — p BEpOSATHO-
CTBIO MPABUIILHOTO MTPHEMA.

Taxoke oueHb MPOCT TaK HA3BIBAEMBIA CTHPAIOUINA KaHAJ, I KOTOPOTO
umeercs n1Ba Bxoaa 0, 1 u tpu Beixona 0, 1,. CumBoa * Ha3bIBaeTCsl CTUPAHUEM
uiu otkasoM. [lepexoanbie BepositHocTH paBHbl p (0/0) =p (/) =1 - o, p (0/1)
=p(1/0)=0,a p(0/*) = /< (1[/*) = oc. Toraga a — 3T0 BEpPOSTHOCTH CTHPa-
HUS, a 1 - 0 - 3TO BEpPOATHOCTH MPaBUIILHOTO MpuemMa. B ciydae nomyHenpepbiB-
HOTO KaHaTa, HEOOXOAMMOTrO MPH MSITKOM JEKOJUPOBAHWH, BBIXOJ KaHaia
OOBIYHO KBAHTYETCSl Ha HECKOJIbKO 3HaueHuil. B aToM ciydae pazmep andasura
[0 BBIXOJy KaHana J CyIIecTBEHHO MpeBbIIaeT ajadaBuUT MO BXOoAYy KaHana I.
Odenb 00JIbIIIOE BHUMAaHHE yNIENSE€TCA TayCCOBY KaHAIy ¢ MEKCUMBOJIBHOW MH-
Teppepennueir. Takoil kaHan JUCKPETHOTO BPEMEHHM COCTOUT M3 MOCIEAO0Ba-
TEJBHOT'O BKJIFOUEHHUS JIMHEWHOTO (PUIbTPA U HCTOYHUKA aJITUTUBHOTO rayccoBa
mryma. Haunbornee TpaguIMOHHBIMU MOJIEISIMU HETIPEPHIBHBIX KAaHAJIOB C TMaMsi-
TBIO SIBIISIIOTCS KaHAJIBI C PEJICEBCKUM WJIM PaiicOBCKUM 3aMupaHueM. Yacto uc-
MOJIB3YIOT JUCKPETHBIE MOJIETTH KaHAJIOB C MaMSThIO, CAMBIMU MPOCTHIMU U3 KO-
TOPBIX SIBIISIOTCS KaHAJbI, 0Opa30BaHHbIE MPOCTHIMU IensiMu MapkoBa. B kax-
JIOM U3 HECKOJIBKUX COCTOSIHUM KaHaj cOOTBETCTBYeET onpeneneHHomy JCK.

Cucrema nepenaym JUCKPeTHOI MH(OPMALIMM KAK CMCTEMA IIMPOKOIOJIOC-
HOT0 10cTyNna K MHGopMaloHHbLIM pecypcam. [lpakTuyeckue npumMepbl CHCTEM.

Huxe Mb1 OynieM paccMatpuBaTh cieliuUUECKUE CUCTEMBI TIepeIadul JHC-
KpeTHOW MH(pOpMAIIH, KOTOpPIe OyZeM Ha3bIBaTh CHCTEMAaMH IIIMPOKOTIOIOCHO-

ro J0CTymna K mHpopMaImoHHbIM pecypcam. [log 3To ompeneneHnne moamamaet
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OTrPOMHOE KOJIMYECTBO CHCTEM - 3TO M mpoBoaHbie cuctembl DSL (digital sub-
scriber line) mepenaun auckpeTHON MHMDOPMAIMK IO MEIHBIM TPOBOAAM, 3TO U
oecnpoBoanbie cucrembl BWA (broadband wireless access), 3To u cuctemsl
1u(GpPOBOT0 paJHOBEIIAHNS U TEICBUICHHUS, 3TO U CITyTHUKOBBIC CHCTEMBI U CE-
TH U MHOTHe Japyrue. CUCTEeMbl MOTYT OBITh M JYIUIGKCHBIMH (JBYHAITPaBIICH-
HBIMHU), U CUMIUICKCHBIMU (OJHOHAMPABJICHHBIMU), U MPOBOJAHBIMHU, U OECHpo-
BOJHBIMU. CHCTEMBI MOTYT OBITh MPEIHA3HAYCHBI JUIs JTFOOOr0 BHJIA TEICMET-
puueckoi nHbopMaIuu, 1 nepeaadn TeaeGoHnH, a TakKe TPAHCIISIIIUN BUICO
¥ 3ByKa. AGOHEHTBI B CHCTEMaXx IIMPOKOIIOJIOCHOTO JOCTYIa MOTYT OBITh HEIO-
JIBMOKHBI, TTOIBM)KHBI M OTPAHUYEHHO TOBUKHBI.

O/HaKO BCE CHCTEMbI MIUPOKOIOIOCHOTO JOCTyIa O0BEAUHSACT HECKOIBKO
OOIIIUX CBOWCTB.

Bce cucTeMbl MIMPOKOMOIOCHOTO TOCTYIA CTPEMSTCS UCIOIb30BATh CPEIy
nepenaun (KaHaj CBsI3M) Ha mpejaene (QU3HYSCKUX BO3MOXKHOCTEH, T. €. IpO-
MYCKHON CTIIOCOOHOCTH, YTO BJICUET 3a COOOW MPUMEHEHNE HOBEUITUX METO/IOB
CUHTE3a W MPHEeMa CUTHAJIOB, KOJIOB M CHTHAJIbHO-KOJTOBBIX KOHCTPYKITHH.

Bce cucteMbl IIMPOKOTIONOCHOTO TOCTYIA HCIIONB3YIOT 3P (EKTUBHEIC Me-
TOJIBI TOCTYTA K Cpefie Mepeaadu U MYJbTUIICKCUPOBAHUSI COOOIIEHUI B 3TOM
cpelie, 4To BJICUET 32 cOOO0W MPUMEHEHHE HOBEHIIMX METOJJOB MHOYKECTBEHHOT'O
JOCTYTIA.

Bce crucTteMbl MIMPOKOIIOJIOCHOTO JOCTYIA ISl MAKCHUMHU3AIUN CBOEH -
(EeKTUBHOCTH HMCTOJB3YIOT CXKATyl0 HH(POpPMAIHMIO, YTO BjedeT 3a coOoi wuc-
MOJIb30BaHUE HOBEHUIITUX METOJIOB KOJIUPOBAHMS HCTOYHHKA.

[Tpu mepenaye HEMPEPHIBHBIX COOOMICHUI HCITOJIB3YETCSl UX OMH(POBKA U
JTUCKpeTHas Tepenada. Eciam Ha HaYalbHOM dTale pa3BUTHS TaKMX METOIOB
onu(dpoBKa COOOIIEHUS MPUBOJAMIIA K CYIIECTBEHHOMY YBEIUYCHHUIO ITOJIOCHI
CUTHaJa, TO Terephb OMUPPOBAHHOE COOOIICHNE YaCTO 3aHUMAET I0JIOCY B TPH-

4YCThIPC pa3a MCHBIIC NCXOJHOI'O aHAJIOI'OBOIO.
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M HakoHel, Bce CUCTEMBI IIMPOKOIOJOCHOTO JAOCTYIA, 3aMEHsIsl COO0H y3-
KOIIOJIOCHBIE U CPEJIHE IOJOCHBIE CUCTEMBI, CYIIECTBEHHO PACIIUPSIOT MOJIb30-
BaTEJIbCKHE CBOMCTBA U MPUBOAAT K MYJIBTUCEPBUCHOCTHU YCIYT JIJIsl aDOHEHTOB.

Tenepb MOXHO paccCMOTPETh (PyH/IAMEHTaJIbHbIE OCHOBBI TEOPUU TE€peaaun
uH(pOpMaIUK, NO3BOJIAIOMINE 3(PPEKTUBHO CTPOUTH CUCTEMBI IIMPOKOMOJIOCHO-

ro JOCTyIa.

BriBoanl k riaase I11.

HazemHble MOOWJIBHBIE CHUCTEMBI CBS3M B HACTOSIINEE BPEMS HIUPOKO
MPUMEHSIOTCS JUIsl OOCITYy)KMBaHMs TOTpeOuTeseld B OOJIBIIMHCTBE TOPOACKUX U
CeIbCKUX palloHOB BO BceM Mupe. [losiBlieHHE pa3IMYHBIX BUIOB CUCTEM MO-
OWJIBHOM CBS3M CIOCOOCTBOBAJIO OKa3aHUIO MOTPEOUTENSIM IIMPOKUN CIEKTP
YCIIYT C BBICOKOW MPOMYCKHOW CIOCOOHOCTHIO. K MaHHBIM yCciyraM MOXKHO OT-
HECTH KaK PEYeBYIO CBs3b, Mlepeadya KOPOTKUX COOOIIECHUM, Tepeada JaHHBIX,
MyJbTUMEIUa U Ap. [ moIHOZOCTYMHOTO MOJIb30BaHUS JaHHBIMH BUAAMU
yCIYT CO CTOPOHBI TOJIb30BaTelie BO3HHUKIA HEOOXOJUMOCTh MPUMEHEHUS
MHOTOPEKUMHBIX MYJIBTUCTAHAAPTHBIX A00OHEHTCKUX YCTPOUCTB, KOTOPHIE MOT-
au Obl 00ECIEeUNUTh MOJJCPKKY CBSI3U C PA3IUYHBIMH CHCTEMaMH MOOWIBHOM
CBSI3M MOCPEACTBOM €IMHOM YHUBEPCAIIBHOW CETH JIOCTYIIA.

J1J1ist HenpephIBHOCTH M KayecTBa MoTy4yaeMoil nHpopMaIuu He00X0uMO
oOecrieueHus MyTbTUCTAaHAAPTHBIMU a00OHEHTCKUMH yCcTpoicTBaMu 3 eKTHB-
HOCTH TNEPEKIIOUCHHS] MEXAY PA3IUYHBIMU CETSMH CBSI3U, KOTOPbIEC MOAAECPKU-
BAIOT Pa3IUYHBIC BHUJIBI TEXHOJIOTHHN PAUOJOCTYNa U YBEIMUYECHHUE MPOITYCKHON
CIIOCOOHOCTH B JII00OH yciyre.

OnHuM U3 IpeuMyiiecTB 0eCpOBOAHBIX KOMMYHHUKAIIMOHHBIX YCTPOUCTB
ABJISIETCA UX MOOMIBHOCTD. [loap30BaTenb MOXKET paboTaTh C OECIPOBOIHBIMU
KOMMYHHUKAIIMOHHBIMU YCTPOMCTBAMH MPAKTUYECKHU B JII000M Touke 3emau. Ho

MIpU 3TOM TpeOyeTcs:
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- o0ecrneueHne kauecTBa oOpaboTKu MHGOPMALMK B MEPEIAIOIIEM U MPHU-
€MHOM TpPAaKTE;

- BEIOOP COOTBETCTBYIOIIETO AOCTYIA M BUAa MOAYJISIIIAH;

- obecrnieyeHne KayecTBa (PU3MYECKUX KAHAJIOB CBSI3U, DJIEKTPOMATHUTHOMN

COBMCCTUMOCTD U Jp.
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3akiroyeHue

TexHuueckuil mporpecc BHEAPSET B HAIIy >KW3Hb Maccy HOBBIX pa3pabo-
ToK. [lopoif 3TO MPOMCXOAUT HACTOJIBKO OBICTPO, YTO CIIOKHO OBIBAET pa3o-
OpaTbCs B TOHKOCTSAX MX Pas3IMYUi, YTO OCOOCHHO Ba)KHO, €CJIM T€ WU HHBIC
TEXHUYECKUE JOCTHKCHHUS HaM IPUXOJIUTCS HCIIONB30BaTh Ha mpakTuke. O0-
JIACTh MOOMJILHOM CBSI3H - TOMY SIPKOE TTOATBEPIKICHUE.

B Hacrosimiee Bpems B 001acTH MOOMIJIBHOW CBSI3U TPUMEHSIFOTCS PSJT TEX-
HOJIOTHH W CTaHJapTOB, KOTOPhIC OOECIEYMBAIOT MPEACTABICHUE TOJb30BaTe-
JISIM Pa3IUYHBIX BUJIOB YCIIYT CBSI3M C BBICOKOM MPOMYCKHOW CIOCOOHOCTHI0. K
TaKUM YyCJIyraM MOKHO OTHECTH Tepeaady pedd, mepeaady JaHHbBIX, JOCTYI B
UHTCPHET, MYJbTUMEIUHHBIX CEPBUCOB (MHOTOIOJIBL30BATEIIBCKUE WUTPBI, COITUAIb-
HBIC CETH, BUICOKOH(EPEHIMH, CHCTEMbl MOHHTOPHWHTA, MHTCPAKTUBHBIC OH-TaliH
NPUIIOKEHUS U JIP. ).

TexHOMOrnM MOOMITBHOM CBSI3U SIBJISTFOTCSI MHOTO(D YHKITMOHATGHBIMH | JICIISAT-
CSl Ha CIIEMYIOIINE BUABI MO TPEJOCTABISIEMbIM YCIyraM: 0OOpYIOBaHHWE COTOBOM
(MOOWMITBHOH) CBsI3M, 00OpyIOBaHWE OECIPOBOTHOTO MIMPOKOMOIOCHOTO JOCTYIIA,
000pyIOBaHUE UCTIONB3YEMOE B TIEPCOHAITBHBIX OECTIPOBOTHBIX CETSAX, 000PYIOBaHHE
CITYTHUKOBOW MOOMJTBHOM CBSI3U M JIP.

B nanHoit pabore ocoboe BHUMaHKE ObLIO YAEICHO HAa PaCCMOTPEHHE CYIIe-
CTBYIOIIUX TEXHOJIOTHH MOOWIJIBHOM CBSI3U U IIMPOKOITOJIOCHOTO JOCTYTIA, IPUMEHSI-
eMbIX B MOOMJIBHBIX IpriIokeHmsax Takux kak GSM, CDMA, UMTS, LTE, Wi-Fi,
WIMAX;, Bluetooth. OcBerierb! KpaTkie XapakTepUCTUKH W TaITbl SBOJTFOIUOHHOTO
pa3BUTHS JTAHHBIX TexHoyoruid. OnucaHa apXHWTEKTypa, B3aUMOICHUCTBUE CETEBBIX
AIIEMEHTOB U COOTBETCTBYIOIINX UHTEP(EHCOB.

[IpoBeneH CpaBHUTENBHBIN AaHAIM3 TAPAMETPOB U XAPAKTEPUCTUK JAHHBIX
TEXHOJIOTHA W OCOOEHHOCTEH WX MpuMeHeHws. OnpeeNieHbl JOCTOMHCTBA U HEJo-
CTaTKH TAHHBIX TEXHOJIOTH.

Paccmotpen mpuHImIm padoThl M TOCTOMHCTBO MYJIBTUCTAHIAPTHOTO YCTPOU-

CTBa IIPUMCHACMOI'O B MOOMJIBHBIX CUCTEMAX CBS3H.
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