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Metoauyeckue ykazaHus
10 BBITIOJIHEHUIO MPAKTUYECKOTO 3aHITHS Neb
10 JUCIUILINHE
CETHU 1 CUCTEMBI PAJIMOCBA31

CocraBurenu: A.I'. Kykosckuii, nmpod. kad. «UTCCy,
B.1. FOxHoB 3aB. xadenpoit U'TCC

PaccmoTpeno u ogo6peHo
Ha 3acefanuu kadenpsr UTCC
[Iporokomor « 19 »_ 12 20221, Ne 5



IIpakTuueckoe 3ansaTue Ne 5

Tema: HyTI/I IMOBBIIMICHUS CKOPOCTH II€pPeaavIM JaHHBIX B CETHAX
painocCBA3H. MHOFOMepHI)Ie CUI'HAJIbI.

Bormpocsl 3aHsTHA:

1. OO0uiee onucaHue MHOTOMEPHBIX CUTHAJIOB.

2. MHoromMepHasi OpTOroHajibHast MOIYJISILS.

3. Monyisinust OFDM.

1. Heanb paéoThl (3aHITHSA)
N3yunts:
— O06nacTh BO3MOXXHOCTH PabOTHI O€CIIPOBOIHBIX ceTel 1Mo TexHonoruu OFDM
— TeXHUYECKYI0 pean3aiio Pa3INIHbIX YCTPOUCTB, HCIIOIB3YIOMINX
texHonoruro OFDM
— 3HaYeHHs] TEPMUHOB U ONPE/ICICHUI;
— 3HaTh OCHOBHBIE CIIOCOOBI peanu3anuu TexHojgoruu OFDM B cetn

PaIuOCBSI3U.

2. OdopynoBanue padouero Mecra:
— KOMITBIOTEPBI, OJIKIIOYEHHBIE B CETh UHTEPHET

— METOINYECKOE mocooue

3. 3a1aHue HA BbINIOJIHEHHE MPAKTHYECKOH PadoThI
— WByuutsk ocobennoctu texnonoruu OFDM;
— HByuuts TexHUUecKue TpeOoBaHUs K ycTpoiicTBam ucnoib3ytomum OFDM.

— IIposectu cpaBHeHue paznuuHbix TexHosoruii OFDM B paanocssizu.



4. Kparkue cBeieHUs U3 TEOPUH

Cnocob moaynsumMm ¢ O4HOBPEMEHHbBIM MCMOSIb30BAHMEM HECKONIbKMX HECYLLMX YacToT,
nMerLwmnn HazsaHme OFDM (cnocob ¢ MynbTUNIEKCMPOBAHNEM OPTOrOHAsIbHbIX YacToT),
n3BecteH 6onee 30 nert, ogHaAKO B nocnegHue rogbl, C pas3sutmem undposoro TB BelwaHus,
npemmyLlecTsa 3TOro cnocoba MoayasLUMM OKasasiMcb akTyasbHbI.

OcHOBHasa naes, NosoXKeHHas B OCHOBY 3TOr0 Crocoba, 3aKk/toyaeTcs B CeAYHOLLEM.
MepenaBaeMbin LMGPOBOM NOTOK MOAYIMPYIOLLErO CUrHala «pacrnapasjieNIMBaeTca» u
nepenaeTcs No HEeCKONbKMM KaHasnaM - NyTeM MOAYASUNU HECKONbKUX HecyLmx. Ymucno
3TUX HeCcyLWwmx BblbupaeTcsa Tak, uTobbl HeobxoanMbiM 06pa3oM COKPaATUTb CKOPOCTb
nepenaym nHGoOpMaLmMmM Ha KaXkaolh OTAeNbHOW Hecyleln. B pesynbTate Aocturaercs
rnaBHOE - Ha Nepefayy O4HOro CMMBOJIA Ha KaXAo0M OTAENbHOW HecyLen MoXeT bbiTb
oTBeneHo 6onbliee BpeMs. HacTtonbko 6onbliee, ytobbl caenaTtb nepeaavy Kaxzaoro
CMMBOJ1a HE3aBUCUMOM OT HaSIMUYMS OTPaXKEHHbIX CUIrHaN0B, 06YCNOBNEHHbIX TaK
Ha3bIBAEMbIM «MHOIO/1yYEBbLIM» PACNPOCTPAHEHNEM PAANOBOJIH, YTO AOCTATOYHO
XapaKTEepPHO ANS FOPOACKUX YCIOBUNA.
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PucyHok 5.1 MNMpuMep AeMynbTUNIEKCUPOBaHNA LMEPPOBOro CUrHana

Ha puc. 5.1 nokasaH npumep npeobpasoBaHus («pacrnapajnenmBaHus>») ogHOro
nocnefoBaTelbHOro LMMpPoOBOro cMrHana B NATb OTAENbHbIX CUTHAIOB NyTEM
OEMYIbTUMIEKCUPOBAHMWS, YTO MO3BOJISET YBEANUYNTb ANUTENBHOCTb NEpeaaym CMMBOJa B
KaXXA0M M3 NATU CUrHaNoB B NATb pas. [Janee, Kaxabli U3 NOYyYEHHbIX TakuM 06pa3om
CUrHaN0B C YMEHbLUEHHOW CKOPOCTbIO Nepeaadn CUMBOIOB MOAY/IMPYET COOTBETCTBYHOLLYO
HECYLLYI, YNCNO KOTOPbIX paBHO YNCY MOAYNPYIOLWMUX CUrHanoB. MNpun 3ToOM gonyckaeTcs
dazoBas (PSK) nnu kBagpatypHas amnnutygHas (QAM) Moaynsuma KaxKaom HecyLuen.
CaMn HecyLne YacToTbl NMpU 3TOM BbIGUpPAOTCS U3 CeayoLWnX coobpareHuit:

® 4YMCNO HeCyLWMX A0KHO ObiTb TaKUM, YTO6bI MPU HEM3MEHHOM CKOPOCTU MOTOKA AAHHbIX
Ha Bxoae moaynatopa OFDM yBenuuntb Ao TpebyemMol BeNNYMHbI BpEMS nepegadn O4HOro
CMMBOJIA Ha KaXA0W HecyLUeln;



e HecyllMe A0KHbI 6bITb AOCTAaTOYHO BM3KKM MO YacToTe APYr K APYrY, YTO6bl COKpaTUTb
3aHMMaeMYHo MosoCcy 4YacToT KaHasla CBSA3U;

® YaCTOThbl HECYLLUNX AOJI>KHbI 6bITb Bbl6paHbI Tak, 4Tobbl OHU HEe co34aBasin B3aUMHbIX
noMex.

MNMocnenHee ycnoBue BbIMOSHAETCS, €CNM YacTOTbl YA0BNETBOPSAOT TPe60BaHMIO
OPTOroHaNIbHOCTU. ®U3NYECKUI CMbIC/T OTOro0 TPEBGOBAHUA 3aK/OYAETCA B CleAYHOLIEM:
CMEKTP KaX[0l HecyLlen nocse MoaynsaLMM AONXKEH UMETb «HYJIM» Ha YacToTax, Ha
KOTOPbIX PacCrosioXeHbl OCTallbHble Hecylime. BbinonHeHne aToro ycnosus o6ecrneymBaeT
OTCYTCTBME B3aMMHbIX MOMEX N HE3ABMUCUMYIO Nepeaadvyy MHGOpMaLUnM Ha KaXXaon HECYLLEN.

Ha puc. 5.2 nokasaH cnekTp 04HOM HeCyLW,en B pe3ysbTaTe MOAYISLNN €€ CUTHAIoM
NMPsSIMOYrosibHOM (POpMbl.

PucyHok 5.2 Ormnbatowias cnektpa 0O4HON HecyLlel ¢ HomepoM k npu moaynsuum OFDM

Ncxonsa U3 ycioBMS OpTOrOHasibHOCTM, YacToThl HECYLLMX AO/KHbI pacrnofiaratbCs Ha ocu
4acToT C WaroM, o6paTHbIM BennymnHe Ts- BpEMEHU Nnepeaayn oAHoro cMMeona. Mpu 3ToM
3HAYEHNS KaXKA0N YaCTOTbl ONPEAENATCSA BblpaXXEHNEM:

1
fk="fo+k Is ,(5.1)
rnek=0,1,2,...,n-1,N.

TakuM 06bpa3oM, NonyyaeTcsa psaa YacToT, PAchosIOXEHHbIX PpAaBHOMEPHO U C 06LWMM
CMEeKTPOM, AOCTAaTOYHO 6/1M3K0 Npubnmxarowmmcsa K NnpsaMoyrosibHon dopMe, UTo
no3BonseT apdeKTMBHO MCMONb30BaTb YaCTOTHbIN KaHan nepegayun (puc. 5.3).

Kawxan napega4u
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PucyHok 5.3 CnekTp nepepasaemMoro curHana npu moaynsaumm OFDM



BaxxHbIM (hbakTOPOM MpM TakoM cnocobe Moaynauum SBASETCSA Tak Ha3biBaeMas
«MeXCMMBOJIbHas nHTepdepeHuma» (ISI), nnm, No cylwecTBy, NepekpPecTHblie UCKAXXEHUS.
Moaynsuus OFDM no3BonsieT NpUMEHUTb MPOCTON nNpueM Ass 60pbbbl C 3TUM ABIEHUEM:
Nnpu yBeNMYEeHUN KOMYECTBA HECYLLUMX YaCTOT BPEMS Ha nepegadvy 04HOro CMMBOJIA TakxXe
YBE/INYMBAETCHA. DTOr0 YBE/IMYEHUS OKa3blBAE€TCHA AOCTAaTOYHO A5 TOro, Ytobbl BBECTU
Mexay nepefaBaeMbIMM CMMBOJIAaMW TaK Ha3blBaeMbll «3alWMTHbIM MHTepBan» (GI) (puc.
5.4).

B npepenax 3alMTHOroO MHTEpBasia nepegaeTcs Kak 66l BoO3BpaLLEHHAs Ha3ag BO BPEMEHMU
KOMNUS NOCNeAyoLEeN YacTu CMMBOa. TakuMm obpa3oM, BpeMsi, 3aTpa4ynMBaeMoe Ha
nepeaayvy oaHoro cumona OFDM, cocTouT U3 MHTEpBana nepeaayn noae3Hom
MH(OpPMaLUUM U 3aLMTHOIO MHTEpBana:

Tes = Te + Ts, (5.2)

roe Tes- BpeMsi, 3aTpaynBaeMoe Ha nepenadvy o4HOro cCMMBona; Te- 3alUUTHbIM MHTEpBan;
Ts - BpeMsl nepeaayn nonesHom nHdopmaymu.
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PucyHok 5.4 Ha3sHaueHue 3almMTHOro nHTepBana npu moaynsumm OFDM

Mpouecc popMupoBaHmsa nonHoro cuMmposia OFDM, BkIOYalOLWEro 3alMTHbIM MHTEpBan,
CXeMaTU4yHO NokKasaH Ha puc. 5.5.

LLHHI'IH'-lEGI{DB pacwupeHue
B0 BREMEHHOR 0BNacTH

|
SauuTHed AKTUBHEIA CUMBON I
WHTEpBAN :
Ts Ts
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Tis
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PucyHok 5.5 K nosicHeHuto popMmpoBaHMs nonHoro cumposa OFDM



MpaBuUbHbIN BbIGOP ANUTENBHOCTU 3aLLMTHOINO MHTEPBAa NMO3BOMAET B ONpeAesiEHHbIX
npeaenax yCTpaHUTb MOMEXW, Bbi3bIBAEMbIE 3X0-CMrHanaMu. Ha puc. 5.6 nokasaHbl
BPEeMeHHbIe MHTEpBasibl AN1S OCHOBHOIO CMrHana u AByX ero 3X0CMrHanoB. 3aAepXKa
NnepBoro aXocuUrHana HaxoauTCcs B AOMNYCTUMbIX Npeaenax, U NepexoaHble NpoLecchl n3-3a
CTblKa ABYX CMMBOJIOB MPUXOAATCS Ha 3aLUUTHbIN MHTEPBAsl OCHOBHOIO CUrHasna, He
McKaXkasl ero rnosie3Hyk YacTb. HanpoTus, ecniv BTOPOI 3XOCUIHaN 3aZlepXKaH CBbIle
[OMNYCTUMbIX NMPEAEenoB, TO ero nepexoiHas 30Ha NpPMXoAMUTCS Ha MOJIE3HYIO YacCTb
OCHOBHOIO CuUrHana, T.e. 3aluTa He obecneymBaeTcs.

Mankaa ANATENBHOCTE CHMMBONA

SauTHoIA Meneaypid cuMean
OeHOBHOR _ WHTEpBAN ;o .
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Janepsea 2
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PucyHok 5.6 BpeMeHHble nHTepBasabl OCHOBHOIO U ABYX 3XOCUrHa 0B

Puc. 5.7 nnnioctpupyer CyMMMpoBaHMUE HECKOIbKUX 3a4EP>XXAaHHbIX CUTHANO0B C
obpa3oBaHMeM MellaoLero CurHana, yCTpaHIeMoro 3a CHeT 3alWmMTHOro nHTepeana. Ha
pUCYHKE MOMMMO OCHOBHOIO CMrHasa NoKasaHbl OTPaXEHHbIE 3XOCUrHasbl 1; 2 U curHan
cocegHero nepegatynka ogHoO4YacToTHOM ceTu (axocurHan 3). B npMeMHuMK noctynaer
CyMMa 3TUX YeTblpex curHasnos. Npu Bbibope BpeMeHu T 60Mblue BpeEMEHN UMMYIbCHOM
peakumMn KaHana unm BpeMeHU 3a4epXKu pacnpocTpaHeHmns, MCU cylecTtBeHHO
CHMXXAETCH, T.K. BCE MepexoHble MPOoLLECChl OT HeXenaTesIbHbIX CUTHa/IOB 3aBEPLUAOTCH B
npeaenax 3aWMTHOro UHTEpBasla. 3aMeTUM, YTO AaXKe NpU HaNNYUK 3aLLUTHOrO MHTEpPBasa
MHTepdepeHLUMsa Mexay HecyLMMn COXpaHseTcs. T.K. BBEAeHME 3alUNTHOro MHTepBeasna
CHWXXAET NPOMNYCKHY CNOCOBHOCTb CUCTEMbI, TO 06bIYHO Ha MPaKTUKe ero AJNTENbHOCTb
He NMpeBbILIAeT O4HOW YeTBEepTU OT ASINTENIbHOCTU CMMBO/IA.
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PucyHok 5.7 3awnTHbI nHTEpBan B cumBosie OFDM

lMpuMepHasa cTpykTypHasa cxemMa moaynsatopa OFDM nokasaHa Ha puc. 5.8. Ans
(hOopMMPOBaAHMS KaXXA0M N3 UCMOSb3YEMbIX HECYLLMX YAaCTOT He06X0AMM CBOM 3a4atoLni
reHepatop. Tak MOXeT OCyLeCcTBNATbCA cnocob moaynaumm OFDM npu He60AbLIOM
KONMYeCTBe HecyLmMX, OAHaKO NPMMEHUTENbHO K nepeaave undposoro TB curHana
KOJIMYECTBO HEeCYLLMX YacTOT Ha BbIXOA4E MOAYASATOPA MOXET COCTaBNSATb HECKOIbKO ThICSY,
NO3TOMY MPWU MOCTPOEHUN MOAYNATOpPa O6bl10 HAMAEHO OPUTrMHAIbHOE pELLEHME,
nossosimsLlee nlbexaTtb N3roTOBNEHUS TAKOM MHOrOKaHanbHOM CUCTeMbl Nepeaayun. [eno B
TOM, YTO KaXkAasi Hecyllasi OTBETCTBEHHA 3@ COOTBETCTBYHOLLYIO YacTb 06Lero cnekrpa
CUrHasaa Ha BbiXxo4e MoaynsTopa. B paanoTexHuke M3BecTeH NpueM CMHTE3a C/0XHOro
CUrHana u3 oTAesIbHbIX FAPMOHNYECKNX COCTaBASKOWMX. TakMM NpUeMoM sBASETCS
obpaTHoe npeobpazoBaHne Pypbe. CyLEeCTBYIOT XOPOLLIO OTpaboTaHHble aAropuUTMBblI,
NO3BOJISAIOLLME UCMONb30BaTb Takne npeobpasoBaHns B MMHUMaNbHOE BPEMS U C
MWUHUMabHbIMU BbIYUCAUTENbHLIMW 3aTpaTaMu.
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PucyHok 5.8 ®opMmumpoBaHue curHana OFDM



Ha puc. 5.9 nokasaH npumep dopMmpoBaHus curHana OFDM ¢ nomoubio o6paTHOro
6bicTporo npeobpasoBaHusa Oypbe (OBMN®), KOTOPOMY NMOABEPraeTcs BXOAHOM LMdpoBOM
notok. MNMocne OBMN® o6e YacTn BbIYMCIEHHOIO Npeobpa3oBaHmMs, BEWECTBEHHAS U MHMMas,
nepeBoAsaTCcs B aHanoroByt gopmy, npoxoas LIAM n ®HY ana yaaneHuMs BbICOKOYACTOTHbIX
NpoAYKTOB, 3aTEM MOCTYyNatT B NpeobpasoBaTesib YaCcTOTbl, FAe YMHOXatoTCS
COOTBETCTBEHHO HAa OCHOBHOW M KBaApaTyPHbIA CUFHaAbl - FApMOHMYeckoe KonebaHue
yacToTbl fo, DTO NO3BOMISET NMOC/E CyMMaTOpa MoJslyuYnuTb CriekTp curHana OFDM, cMeLleHHbIn
Ha yacTtoTy fo. Takaa onepauns cOOTBETCTBYET Npeobpa3oBaHMIO YacToTbl, HE06X0aMMOMY
npu GOpMUPOBaAHNM pagMOCUrHana Ansa BblIbpaHHOro KaHasia BelaHus.
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PucyHok 5.9 ®opMumpoBaHue pagnocmrHana OFDM c nomoLlbo 06paTHOro 6bICTpOro
npeobpazoBaHunsa dypbe

CnenyeTt OTMETUTb, YTO AaHHbIA CNOCO6 MOAYNALMN UMEET elle OANH «pe3epB>»
NOBbILLEHMS MOMEXOYCTOMYMBOCTM. B npouecce popMmpoBaHusa nepesaBaeMoro curHana,
CoAEep XKaLlero HeCKO/IbKO HECYLLUX, MOXET OKa3aTbCsa TaK, UYTO cieayroLwme apyr 3a ApyromM
nocsenoBaTesibHO BO BpEMEHW CMMBOJIbl MOAYJIMPYIOT COCEAHME MO YacTOTe Hecylme. DTo
ob6cToaTenbCTBO HEGMAronpMSATHO BAIMSET Ha YCTOMYMBOCTb TAKOW CUCTEMbI Nepeaayn K
noMexam, nopaxatroLmm cpasy onpeaesieHHbIM agnana3oH YyacTtoT (puc. 5.10).

NogHecywwe OFDM CnekTp noMexm

U \ ¢

&

(it

>

f

PucyHok 5.10 Bo3gencreue nomMex npu nepegade curHana OFDM

OanH 3 BapuaHToB cnocoba moaynaunm OFDM, n3BecTHbI nog Ha3BaHnem COFDM,
npeanonaraeTt «nepemMeLlnBaHne» nepefaBaeMbliX CUMBOIOB BO BpEMEHU TakuM o6pa3om,
4YTO cnepyrowme Apyr 3a ApYroM CUMBOJbI MONE3HON MHMOPMaLMK Ha NepeaatoLlein
CTOPOHE MOAY/IMPYIOT T€ HECyLUne, HoMepa KOTOpbIX MpeannuCbiBalOTCA cneumanbHON
3apaHee onpeaenieHHOM NoCNeAoBaTeNbHOCTLI0. DTa NOCAeA0BaTENbHOCTb TOYHO
BblAEPXUBAETCS Ha NepeaaroLlein CTopoHe u, B 06paTHOM NOpsSAKE - B MPUEMHOM
yCTporcTBe. Takas Mepa no3BosseT caenaTtb AaHHbIM cnocob nepeaaym nHdopmaunm
NPaKTUYECKU HEYYBCTBUTE/IbHbLIM K Pa3/INYHOro poja 3aMMpaHusaM, a Takxe rnomexam,
NCKIIOYAIOLWMM Ha KOPOTKOE BPEMS BO3MOXHOCTb MCMO/Ib30BaHMUS Kakoro-imbo yyacrka
AvanasoHa 4acToT.



OcobeHHocTbio Moaynsunm OFDM aBnsieTca NoBbllWeHHass HEPaBHOMEPHOCTb YPOBHS
MOLLHOCTM FpynnoBOro Moay/AMpoOBaHHOro curHana. Ha puc. 5.11 nokasaH pesynbtaT
CYMMUPOBAHMUSA MATU HEMOAYMPOBAHHbLIX HECYLLMX PasfiM4YHbIX YacToT. X cyMMapHbIi
CUrHaA UMEET CUNIbHY0 HEPABHOMEPHOCTb aMnInTyAbl. OTHOLIEHME NMUKOBOW K CpeaHen
MOLLHOCTM B KaXaAoM cybkaHane cunctembl OFDM Takxxe Kak 1 Ans CUCTEM C OANHOYHOMN
HecyLleln 3aBUCUT TOJIbKO OT BUAA CMIHa/IbHOrO CO3Be3AMS U KO3 dULMEHTA CKPYr/IEHUS
cnekTpa a. TeopeTMyeckn pasinyme B 3HAYEHUSX OTHOLUEHNIA MUKOBOM MOLLHOCTU K
cpeaHen gnsa nonHoro cnektpa cuctembl COFDM mn cnctembl C OAMHOYHOM HECYLLEN
coctaBnsieT A(Pm/Po)=10 IgN, rae N - yncno Hecywmx. Mpu N = 1000 pasHuua AOHKHA
coctasutb 30 ab.

OTHOEUTENEHBIA YpoBEHL curdana OF DM

— sin{x} OTHOCUTENBHOE BOEMA
—— sin{2x)
— sin{3x)
—— sin{dx)
sin{Sx)
—  Wx)

PucyHok 5.11 Cymma Hecywux OFDM

OaHaKo NMpakKTUYeCcKn 3a CYET paHAOMU3ALUM AAHHbIX CKpeMbanpoBaHUeM U opyrux
npeobpasoBaHnii CTPYKTYpPbl NOTOKa TEOpEeTUYECKOe 3HaYeHMe MOXeT 6biTb 4OCTUIHYTO B
OYeHb peaKux cnyyasx, B HaCTHOCTWU, Npu 60NblIMX pa3Mepax CUrHaJbHOro Co3Be34us.
T.K. ckpeMbanpoBaHHbI curHan OFDM MoXxeT paccMaTpmMBaTbCH KaK Moc/eAoBaTe/IbHOCTb
HE3aBUCUMbIX O4MHAKOBO pacrnpeaeseHHbIX HEeCYLLUMX, TO COr/laCcHO LleHTpasibHOM
npeaenbHoOn TeopeMe TeEOpPUN BEPOSTHOCTEN NMpu 60ablwoM yncne Hecywmnx (N = 20) ux
pacnpeaeneHne npubanxxaeTcsa K raycCoBCKOMy. pn 3TOM BEPOSATHOCTb TOrO, 4YTO
MpeBbILLEHNE MNKOBOM MOLLHOCTM HaJ CpeAHEeN MOLWHOCTbIO cocTaBuT 9,6 ab, paBHa 0,1%,
a yTo npesblweHne coctaBuT 12 b - meHee 0,01%.



1. AHATNU3 PA3BUTUA TEXHONOI UM CETEMA PAOUOLOCTYNA MOBUITbHOW CBA3N

MepBoe nokonexue Lndposbix ceteit MobunbHoi cesan GSM (BTopoe nocne aHanorosbix) co3AaBanoch ¢
YYETOM OKa3aHusi OCHOBHOM YCIyr — pe4eBON. Tak kak peyeBoil Tpadmk CHUTAETCH CUMMETPUYHBIM, TO 3a
OCHOBY MOCTPOEHUs ceTen paguogoctyna 6bin BbiOpaH MeTod YactotHoro gynnekca FDD. [pocrtas
WHTerpaumust ¢ TenedoHHbIMM ceTamm obuero nonb3oBaHus PLMN, obecneumBatoliasi BbICOKME TEMMbI
paseepTbiBaHns ceten GSM B mupe, notpeboBana oT pa3paboTuMKoB peanusauui LWMPOKO UCNONb3yeMOro
npuHumna kommyTtaumn kaHanos CS (Circuit Switching) u cuctembl curHammusaumm SS7. Passutue
LOMNONHUTENBHBIX YCAYT CBA3M MHULMMPOBAIO pYrue acCUMMETPUYHBIE TUMbl Tpaduka: NOTOKOBbIN, (POHOBbIN
N B HEKOTOPbIX Cryyasx MHTEPaKTUBHbIA. Kpome TOro, ruraHTCkue TeMmbl pas3BuUTMS W 3G(EKTUBHOCTb CETH
WHTepHeT nokasanu BbICOKYHO akTyarnbHOCTb MOCTPOEHUS CeTer MO MpUHLMNY KOMMYyTauuu naketoB PS
(Packet Switching). B cBsi3n ¢ 3TuM COBpeMEHHbIE CETU MOBMIBLHON CBSA3M NOLAEPXKNBAIOT METOA BPEMEHHOTO
pynnekca TDD, ux pa3sutue CTPOUTCS C y4E€TOM KOHLenuum «Bce no |P».

C y4eTOM Moaenu B3aMMoaencTans oTkpbiTbix cuctem OSI[1] Hanbonee MHTEPECHO pacCMOTPETL NPOTOKOSb
(hM3N4ECKOro W KaHambHOrO YpoBHEN (ypoBHM 1,2), KOTOpble SBASAOTCS Hambonee BaxHbIMA ANS
paguouHTepdieiica. 3T NPOTOKOMbI  ONPefensaT XapaKTepUCTUKW Tak Ha3blBAaEMOrO KaHana CBS3W
(Nepepatumk/MogynaTop — JMHWS  CBA3M —  MPUEeMHUK/aemoaynaTop). HenpepbiBHOE — ynyulleHne
XapaKTepuCTUK KaHana CBSA3N CBA3AHO C Pa3BUTUEM MCMOSb3YEMbIX B HEM TEXHOSOMMIA:

e npeobpa3oBaHNs NEPBWYHOM WHGOPMALMM B [BOWYHYK MOCNEA0BaTeNbHOCTh (Kodepbl U
BOKOAEpb!);

e [OBbILLEHNS MOMEXOYCTONYMBOCTU U 3(DPEKTUBHOCTU (MOMEXOYCTOMYMBOTO KOAMPOBAHUS W
[EKOAMPOBaHUS AaHHbIX; NEPEMEXEHNS; PACLLMPEHUS CMEKTPa; NPOCTPAHCTBEHHO-BPEMEHHOM W
nonspu3saLoHHon 06paboTku; NPOCTPAHCTBEHHO-BPEMEHHOIO KOAMPOBAHNA U T.4.);

e MOZYNSALMM M CTPYKTYpbI CUTHana;

e pasferneHus KaHarnoB 1 MHOrOCTaHLMOHHOMO AOCTYNa;

e yNpaBMneHus napameTpamm U3fly4aemoro curHana (Hanpumep, MOLLHOCTbH, HECYLLEN YacToTON),
Np1emo-nepeaarLLMn aHTEHHBIMM CUCTEMaMK (HanpuMep, AuarpaMMOin HanpaBfeHHOCTH);

e ONTUMANbLHOTO NpUeMa 1 4eMoaynALMM 1 ap.

OTtnnumuTensHon ocobeHHOCTbH ceTeit GSM aBnseTcs:

e /CMONb30BaHME Y3KkOMonocHoro curHana ¢ MSK - moaynsumen ¢ nonocon 200 k' 1 xopoLwmnmm
CreKTpanbHbIMM 1 KOPPENALUMOHHBIMU  XapakTepucTukamu, 0ByCroBieHHbIMW  BbIBOpOM
MUHMMArbHOTO  MHAEKCa 4acToTHOW mogynsaumm u  AYX  crnaxusarowero ¢unbTpa Ha
nepegaroLen CTOPOHE;

e KECTKOe pacrnpeaeneHne pagnopecypcoB ceTh Mexay aboHeHTamu B pexume TDM;

e /CMONb30BaHNE KackagHOrO MOMEXOYCTOMYMBOrO KOAMPOBAHUS (BHELHWA Kog — OroKoBbIN
CUCTEMATUYECKUI LMKITNYECKIIA, BHYTPEHHUI - CBEPTOYHBIN);

e MOCTPOEHME NOACUCTEMbI KOMMYyTaLWK C y4eTOM TpeboBaHW K 1CMONb30BaHMO kaHanos TDM u
curHanuaaumumn SS7.

[anbHeinwee passutie cetn GSM B HanpaBneHMM NOBbILLEHNS CKOPOCTM nepedayn nakeToB AaHHbIX GPRS

(mo 384 k6ut/c) npuseno k cosnaruio TexHonorun EDGE. B Heit nosbILieHmre ckopocTv nepeaayn AaHHbIX B 3
pasa JoCTuranoch 3a cyeT nepexoga ot buHapHon manunynsaumm MSK k MHoronosuuuonHon 8PSK. OgHako,
Takoe yBenuyeHue aHcambns curHanoB (kak u noboe Opyroe) NPUBENO K HEKOTOPOMY YXYALIEHMIO
NOMEXOYCTOMYMBOCTM W YyBCTBUTENBHOCTU. [lpyroil OTNMYMTENbHOM OCOBEHHOCTbI0 TexHornorum EDGE
SBNSETCA peanu3auns Metoda «MOBbILAKOWENCH U3BbITOYHOCTUY MPU NMOMEXOYCTONYMBOM KOAMPOBAHN,
CYTb KOTOPOrO 3aKMK4YaeTCs B MOBbILEHWW MWUKOBOA CKOPOCTW Mepedayl AaHHbIX 3a CYET BO3MOXHOMO
YMEHbLUEHNS N30bITOYHOCTY KOLOB NP afanTauum (M3MEHEHUM MOLLHOCTY KOLOB) K Ka4eCTBY KaHanoB CBA3M.
[MpUHLUMNMANbHO HOBLIM 3TanoM Pa3BUTUSt MOOWUIBHON CBA3N SBNSETCA pa3paboTka M BHEAPEHUE CeTeil
UMTS, nossonsiowmx obecneunts MUKOBYK CKOPOCTb nepeaadd AaHHbix 4o 2,048 MGut/c. nasHbIM
otnnumem cet UMTS ot GSM/EDGE/GPRS ctano ucnonb3oBaHue wupokononocHslx curianos (LUMC) ¢
nonocon 5 MI'y n 6ason curHana mHoro 6onblue eguHuubl (B >> 1). B cetax WCDMA/ UMTS ucnonb3ytotes
nocnegoarenbHble LUMC - DS-CDMA (Direct Sequence).



PacwwpeHnune 6a3bl curHana ocyLecTBIsSeTCS NyTeM BeAEHUS YaCTOTHOM 13BbITOYHOCTI, KOTOpas M npegaet
paguocurdany UMTS  onpedeneHHble  MOMOXMTENbHbIE CBOWCTBA:  BbLICOKYD — MOMEXOYCTOMYMBOCTD,
YCTOMYMBOCTb K BO3AEUCTBUKO MHOTONY4OBOCTM (MpW YCMOBWM, YTO pasHuLa 3afepXeK pacrnpoCcTpaHeHus
PaaMOBONH PasnnyHbIX HanpaBfieHUn pacnpocTpaHeHus Gonbluie Yem AUTEeNbHOCTb OHOMO 3remMeHTa
curana UMTS - 15). Kpome TOro, ucnonb3oBaHue LLUMPOKOMOMOCHBIX CUrHanoB NO3BOMUIIO peanu3oBaTb
HOBbI MeTOZ pa3fesieHns kaHaros B CeTu — kopoBblil CDM.
BaxHas ocobeHHOCTb anroputMa goctyna, ucnonsayemoro UMTS ans kogoBoro pasgenenus kaHanos CDMA
3aKrn4yaeTcs B €ro YyBCTBUTENbHOCTM K MOLLHOCTM MpUHUMaeMbIX paguocurHanos. Moatomy B UMTS
peanu3oBaHo ObICTPOe ynpaBneHne MOLWHOCTbH n3nyyeruns. Opyrumn ocobenHocTamm UMTS asnstotca[1]:
e 1bkoe pacnpegenexne pagmopecypcos cetn pagnogoctyna UTRAN;
e yNpaBMeHWe Ka4ecTBOM YCIyr B LLEMOYKE «KOHEYHbIA NOMb30BaTeNb — KOHEYHbIV NOMb30BaTeNby
QoS Bearer Service;
e yBenuyeHne 3PGEKTUBHOCTM UCMOMNb30BAHNS (PU3NYECKON Cpedbl nepedayn nytem BBEAEHUM
HOBOIO TUMNa KaHanoB — TPaHCMOPTHbIX;
e onTummM3aumsa Tpaduka onopHoit cetn Core Network nytem BHegpeHus meauawwno3os MGW u
SoftSwitch 1 MakcmanbHoe paciumMperne ncnonb3oBaHus B CETU npoTtokona IP;
e LUMpOKOE pasHoobpasue aganTuBHbIX peyeBblx kogekos (AMR-NB, AMR-WB, AMR-WB+);
e KOHBEpreHuusi ¢ ceTamn pUKCUpoBaHHOM cBA3K (Mcnonb3oBaHue SS7 nosepx MTP3 unu Sigtran);
e BO3MOXHOCTb peanusauuv VolP.
NanbHenwee passutie UMTS B Lensx NOBbILLEHWS CKOPOCTEN nepefayun AaHHbIX U MUHUMU3ALMK 3afepXeK
nepefayn AaHHbIX MpU UCNOMb30BaHWUKM NMPOTOKOMOB MAIOCKOCTEN NONb3oBaTens u ynpasneHus (User-plane,
Control-plane) onpegenuno paspabotky TexHonornin HSPA (HSDPA/HSUPA), B KOTOpbIX Hawwnn cBoe
NPUMEHEHNE MHOTOMO3NLMOHHBIE CUrHambl C KBagpaTypHON amnamtyaHon manunynsumen 16QAM, 64QAM.
Ocoboe BHMaHWE B 3TUX TEXHOMOIMSAX B LIENSX MUHAMU3ALMM YKa3aHHbIX 3a4epXeK yAeneHo MoaepHu3aLmm
npokona goctyna K usnyeckon cpeae nepegaym MAC.
TexHnyeckuin Gym BbI3BaHHbIN Ucnonb3oBaHnem curdana OFDM B 6ecnpoBoaHbIX CETSX nepeaayn OaHHbIX
WiFi/WIMAX He ofoluen CTOPOHOW U CETU COTOBOW CBA3W. HauaBlumics nyTb paspaboTkM TEXHOMOMM
HSOPA (High Speed OFDM Packet Access) Bbinuncs B koHUenuuo anutensHoin asomoumn LTE (Long
Term Evolution) cuctembl UMTS.

2. COBEPLIEHCTBOBAHME TEXHONOMMA CETEM PAOMOAOCTYNA UTRAN/HSPA B
HAMPABJIEHWWU LTE

Hauanom pab6otbl 3GPP- [lapTHepckoro npoekta Mo CeTsiM TPeTbero MOKOMEHWs Had AanbHenLwmMm
pasBUTUEM 3TUX CETEN cumTaeTcs cemuHap no asomoumn RAN, npoefeHHbIn 2 - 3 Hosbps 2004 roga B
TopoHTo (KaHaga). OcHOBHbIMK LiensiMi 1 3agadamu paboT no aancHenwemy passutuio UMTS cranu:
CHUXeHMe cebecTonmMocTn Ha BUT MHopMaLK;
YBESMYEHME KONMYECTBa YCNyr C OpuUeHTaLmen Ha TpeboBaHNs abOHEHTOB;
NOBbILLEHME MMBKOCTU MCMOMNb30BaHMS UMEKOLLMXCS 1 HOBbIX YaCTOTHbIX AMANa30HOB;
YNPOLUEHWNE apXMTEKTYPbI, OTKPLITOCTU MHTEPENCOB;
yny4LUeHne paunoHarnbHOro notTpebneHns aHeprim aboHEHTCKMMM TepMUHaNamm.

e obecneyeHne eauHbIX NapaMeTpoB CTaHAAPTU3ALMM W UCKITHOYEHUE M3MMLLHUX ONLWA.
Takum o6pasom, rmasHbiMi Lenamu asontoumn cuctem 3G k texHonoruu Evolved UTRAN (E-UTRAN)
SBNSETCA OanbHenlee ynyylleHue KayecTBa MNPeAOCTaBIEHUS YCMYr W YMEHblUEHWe pacxogoB
nonb3oBaTeNeN, a Takke 1 3KCNNyaTaLMOHHbIX pacxo4oB OnepaTopos.

OcobeHHocTH paguouHTepchenca LTE B nuHum «BHU3» (Downlink).

Paguonntepdpeiic LTE nogaepxusaeT oba MeToaa AynnekCHOro pasgderneHus kaHamnos: YactoTHbin FDD u
BpemeHHoit TDD [2-4]. OcobeHHocTblo paguouHTepdeiica B nuHuM «BHU3» ceTu E-UTRAN aBnsetcs
NCNOMb30BaHWEe TEXHOMOrMM MHOXeCTBeHHOro aoctyna OFDMA, obecneuynBarowlen BbICOKYH TMOKOCTb



pacnpegeneHus W MaclwtabupyemocTb PaguopecypcoB Ans KaHanoB nepefayn AaHHbIX C PasfuyHOM
nonocown nponyckanus. VHtepsan spemenu nepegaum (TT1) B nuHmum «BHU3» cet E-UTRAN cooTsetcTayeT
ANUTENbHOCTM noakaapa v paseH 0.5 mc (kak u gns texHonornn HSDPA). Mpn aTom obecneynBaeTcs HU3Koe
BPEMS OXWZAHWS W BbICOKAs 3QGEKTUBHOCTb NMaHMPOBaHUS Mepedayy NakeToB  AaHHbIX  Ha
paauonHTepdoeiice. B nuHMM «BHU3» noaaepxusatoTcs cnegyowme suabl mogynauyum: QPSK, 16QAM u
64QAM.
B nuHumM «BHW3» npegnonaraetca ucnonb3oBaHue TexHonmorun MIMO (Multiple Input Multiple Output).
OcHoBHasi KoH(urypaums TexHonorn MIMO npegnonaraet ucnonb3oBaHWe ABYX Nepedarowmx M AByX
NPUEMHbIX aHTeHH 6a30BoOi CTaHuMM U MoBUMbHOrO TepmuHana. MakcumanbHO npegnonaraeTcs
ncnonb3oBaTh 4-e nepefarlmx aHTeHH 6a30BbiX CTaHUMM M 2-4 MPUEMHbIX aHTEHHbI aBOHEHTCKMX
TepMmuHanoB. TexHornorns MIMO ofecneuvBaeT nepefaun daHHbix kak MHorux (MU-MIMO), Tak w
euHcTBEHHOro nons3osatens (SU-MIMO).
InHmna «sHm3» E-UTRAN nogpasymeBaeT Ucnonb30BaHue Creayowmx husmyecknx kaHanos [2]:

e PDSCH (Physical downlink shared channel) — pacnpegeneHHbii TpaHCMOPTHbIA (OU3NYECKUI

KaHamn MHAN «BHU3Y;

e PDCCH (Physical downlink control channel) — dpn3andecknin kKaHan ynpaBneHns fIMHUN «BHU3Y;

e CCPCH (Common control physical channels) — 06wynin ouanyecknin kaHan ynpasneHus.
CBI3b TPAHCMOPTHBIX 1 U3NYECKUX KaHanoB nokasaHa Ha puc. 1. B HacToswee Bpemsi B E-UTRAN ansa LTE
onpeaeneHbl YeTbIpe TPAHCMOPTHbIX KaHana:

e BCH (Broadcast Channel) — BewyaTenbHbI KaHan;

e PCH (Paging Channel) — kaHan Bbl30Ba (NENmKMHra);

e DL-SCH (Downlink Shared Channel) — coBMeLLEHHbIN KaHan NUHAN «BHU3Y;

e MCH (Multicast Channel) — kaHan BewyaHus B rpynne.

BCH PCH DL-SCH MCH TpaHcnopTHbIe KaHansl
TIMHUW «BHU3Y»

dusnyeckme kaHanbl
JTIMHUN «BHU3»

CCPCH PDSCH PDCCH

Puc. 1: CBA3b TpaHCNOPTHbIX U (hU3NYECKUX KaHANOB B NUHUM «BHM3» E-UTRA

Kak BugHO u3 puc. 1, passutue ceten LTE HanpaBneHo Ha MakcumanbHoe, rae BO3MOXHO, YMpoLleHue
NpoToKonoB obmeHa wHgopmauuen. Mommumo mogynsumm OFDM/QAM B kaHanmax fvHUM «BHU3» ceTu E-
UTRAN npegnonaraeTcs ucnonb3oBaHue nepcnektmHon mogynsuum OFDM/OQAM.

Moaynsuua OFDM/QAM B nuHUM «BHU3». TEXHONOTMS OPTOrOHANBHOMO YaCTOTHOIO MYNbTUMNEKCUPOBAHUS
OFDM (Orthogonal Frequency Division Multiplexing) ocHoBaHa Ha (hopMUPOBaHUIN MHOTOYACTOTHOMO CUrHana,

Af = |a)n B a)n—1|

COCTOSILLEr0 13 MHOXECTBA MOAHECYLLMX YaCTOT, OTIIMYAIOLLMXCA HA BESIMYUHY 27 BbiBpaHHyH
W3 yCrOBWS OPTOrOHArNbHOCTM CUrHAMOB Ha COCEOHNX NOAHECYLMX konebaHusx (wy — pagnanbHas yactota
Nn-ro nogHecyLero konebaxus).

Mpn  opmuposaHun OFDM  curHana noTOK  NOCHeAoBaTenbHbIX  MHOPMALMOHHBIX  CUMBOMOB

ANUTENBHOCTBIO T./N pasbusaetcs Ha broku, cogepxalyme N cumsonos. [anee 6ok nocnegoBatenbHbIX
WH(OPMALIMOHHBIX CUMBOMOB Npeobpasyetcs B napannenbHblil, B KOTOPOM KaXAbl K3  CUMBOSIOB
COOTBETCTBYET ONpefeNieHHON MOAHECYLLeil MHOroYacTOTHOTO curHana. lpuyem npu 3TOM OnMTENbHOCTb
CMMBOSIOB yBenuunBaeTcs B N pas. Takum 0bpasom, CyMMapHas LMpWHA CreKTpa MHOro4acTOTHOMO CUrHarna
COOTBETCTBYET LUMPUHE CMEKTPa UCXOLHOMO NOCNEA0BATENBHOIO CUrHana.



Llenbto Takoro npeobpa3oBaHWs SBMSETCS 3alynTa OT Y3KOMOMOCHBIX NOMEX (MO0 OT YaCTUYHBIX UCKaXKEHWIA
CNekTpa B pesynbTate NepeoTpaXeHWA U MHOroMy4yeBOro pacrnpocTpaHeHus). ITo JOCTUraeTcs TeM, YTo
napannenbHble  CUMBOMbI  MHOTOYACTOTHOMO — CUrHana  NpeactaBnsoT  coboi  KOOoBOe  CrioBO
NOMexXoyCTonYMBOro Koga (Hanpumep, koga Pupaa-CornomoHa), KOTOpbIM MO3BONSET WX BOCCTAHOBUTL B
cnyyae oWWBOYHOro nMpuema 3a CYEeT WCKAKEHUI criekTpa. YactoTHo-BpeMeHHoe npepcTaBneHne OFDM
CUrHana npeactaBneHo Ha puc. 2. [MpeobpasoBaHne curHana W3 BPeMEHHOM B YacCTOTHy obnacTb
obecneunBaeTcs ANCKpeTHbIM NpeobpasoBaHnem dypee (DFT - Discrete Fourier Transform).

[Monoca kaHana 5 My

MoaHecyLime

. YactoTa

Puc. 2: YactoTHo-BpemeHHoe npeactaBneHne OFDM curiana npu wupuHe cnektpa 5 M.

Kpome Toro, npeumyiyectso OFDM 3akmioyaeTcst B yMEHbLIEHUM HEOOXOAMMOro KONMYecTBa BpPeMeHHbIX
3alMTHBIX WHTepBanoB. [pu nocrnegoBaTeNlbHOM CUrHane 3aliuTHble MHTEpBanbl LOBaBRAKTCA Mexay
KabIMW CUMBONaMM, @ NPV MHOrOYacToOTHOM — Mexay rpynnamu cumsosioB (OFDM-cumsonamum).
OcobeHHocTblo curHanos OFDM aenseTcs:
1. MynbTunnekcupoBaHue Hecylmx konebaHun (Has3blBaeMblX NOLHECYLMMK), MOAYNUPOBAHHbIX
WHOPMALMOHHBIMM CUMBOIaMK 10 BblbpaHHOMy 3akoHy (QPSK, 16QAM, 64QAM);
2. [logHecylme opToroHanbHbl (B3aMMHas KOPPensuMoHHas PYHKUMS paBHa HYMH), WK, No KpanHen
Mepe, KBa3MOPTOroHanbHbl (Ha NPakTUKe);
3. Kaxgbin OFDM-cuMBON UMEET 3aLLUMTHBIN BPEMEHHON WHTEPBAN ANS UCKMYEHUS MEXCUMBOSTbHOM
WHTEpdepeHUMn. ITOT 3alMTHBLIA WHTEpBaN BbIBUPAETC C YY4ETOM WMMYNbCHON XapaKTEPUCTUKK
TNUHUK CBSA3M (PU3NYECKO Cpeabl PacnpOCTPaHEHNs paguocurHana).
MpuHUMn popmuposanns OFDM-curHana nokasaH Ha puc. 3.

) QAM
MOZynATOp
QAM
MOZynATOp
QAM
—>
MOZyNATOp

CkopocTb MaHunynauum = 1/T, e jon 4t
CMBONOB/CeK

Puc. 3: MpuHuun dopmuposanna OFDM-curnana.

Ha npaktuke npu copmupoaHun OFDM-curHana wucnonb3yetcs obpaTHoe [AuCKpeTHoe ObicTpoe
npeobpasosanne Pypbe ( Inverse Fast Fourier Transform —IFFT) Ha N Touek (puc. 4). 3T0 3HAUMUTENBHO
ynpoLLaeT NpaKkTYeckyto peanusaumio npuemonepeaatoLlero ycrpoinctea OFDM.
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Puc. 4: Ucnonb3oBaHue npeobpasoBanus IFFT npu dopmupoBanum OFDM-curHana.

Ha puc. 4 nog a(mN+n) 0603Ha4eH MOZYNMPOBAHHbIA CUMBOS N-ro YacTOTHOrO MofkaHana AUTENbHOCTbIO
Ty B uHTEpBane BpeMenn mT,<t< (m+1)T,. Bektop sm Ha Bbixoge IFFT npegcraenser cobon OFDM-
cumeon. Cxema copmuposarus OFDM-cumBona B nepegatuuke 6asosoi ctaHumn cetn E-UTRAN nokasaHa

Ha puc. 5.

CkopocTtb QAM-cumBONOB =
NIT, cumBon/cek

OFDM
CUMBOIbI
1T,
cum/cek

l N notokos
QAM CMMBOMOB

MOAYNATOP CM1“:/T(:ueK

IFFT

OFDM
CUMBObI

Puc. 5: Cxema hopmupoanus OFDM-cumBona B nepepatymke 6azoBon ctaHumm cetn E-UTRAN.

Cxema copmmpoBaHus OFDM curHanos B pexume TDD ucnonb3yet umknudeckue npedukcsl CP (Cyclic-
Prefix) ans 6opbbbl ¢ MeXCUMBOMbHON WHTepdepeHuuein ¢ anutenbHocTbld TCP ~4.7/16.7 Mkc (npw
pasHeceHun nogHecywmx Ha 15 kl'u). BpemeHHble oTpesku (kagpbl gnutensHoctblo 10 mc) coctoaT us 20
noaKagpoB OAMHAKOBOW ANMTENbHOCTU Tsupframe = 0.5 mc. MapameTpel curtanos OFDM nuHUM «BHM3Y» B

pexume TDD npusegeHs! B Tabnuue 1 [1].
Tabnuua 1: MapameTpbl curhana OFDM/OQAM nuHuM «BHM3»

Mapametpbl curHana OFDM/OQAM nMHUK «BHU3Y»
Monoca curHana BW 1.25MIy | 2.5 Mly SMly 10 MI'y 15 MI'y 20 My
[nuTenbHOCTb Noakaapa 0.5mc
YacTtoTHoe pasHeceHue 15 kY
NogHecyLwux
Yactota guckpetmsaym | 1.92 My | 3.84 My | 7.68 My | 15.36 My, | 23.04 My | 30.72 MI'y,
(TakToBas YacTota) (112 x (2x384 | (4x384 | (6x384 | (8x3.84
3.84 MI'y) Ml) Ml) Ml y) Ml )
Pa3mep npeobpa3oBaHus 128 256 512 1024 1536 2048
FFT
Konnyectso nogHecyLmx 76 151 301 601 901 1201
Konuyectso OFDM 716
CMMBOJOB B nofkagape




(Short/Long CP)
Intka CP | Kopotkni | (4.69/9) x | (4.69/18) | (4.69/36) x | (4.69/72) x | (4.69/108) | (4.69/144)
(Mkc/samples*) 6, x 6, 6, 6, x B, x 6,
(5.21110) | (5.21/20) | (5.21/40) x | (5.21/80) x | (5.21/120) | (5.21/160)
x 1* x 1 1 1 x 1 x1
OnvHnoli | (16.67/32) | (16.67/64) | (16.67/128) | (16.67/256) | (16.67/384) | (16.67/512)

*) FFT paamep = camnn («samples» unu Boibopka, anst OFDM paBHa pasmepy npeobpa3soBaHus ®ypbe).

MepcnektnBHas mogynsauma OFDM/OQAM B nuHum «BHU3Y. Mogynsuus OFDM/OQAM, B oTnnyme OT yxe
cTaBwwei TpaguumoHHoi mogynsum OFDM, He TpebyeT Hammums 3alUMTHBbIX MHTEPBAMOB (LMKINYECKUX
npedukcos). KeagpatypHas amnnutygHas manunynaumus co casurom Offset QAM (OQAM) 3HauuTenbHO
noBbIlWaeT 3 EEKTUBHOCTb WUCMONb30OBAHUA CMEKTpa 33 CYET YMEHbLUEHWS WUHTepdepeHLMOHHbIX
MEXCUMBObHbIX NOMEX, YNMOTHEHWS CUrHana no BpemeHu (puc. 6).

Mpu cdopmupoBanun curHana OFDM/OQAM cumeonbl QAM (Cmn) pasaensiioTcs Ha ABE KOMMMEKCHble
COCTaBNAOLLME: BELLECTBEHHYIO YacTb Re{Cmn} =amn U MHUMYIO Im{Cmn}= bmn, NPUYEM MHUMAS 4acTb
CABUraeTCs BO BPEMEHM Ha BENNYMHY T,/2 OTHOCUTENBHO BELLECTBEHHOMN.

Knaccuueckuin OFDM curHan 3anucoiBaeTcsi B Buae BblpaxeHus (6e3 yueta umyknnieckux npedmukcos):

N=+w0 m=Nu -1

st)=2 > cme”*" " g(t-nT,),

n=—co m=0

(1)

1 npunT, <t <(N+1T, .
rpe g(t—nT,)= — NPSIMOYTONbHbIM BUAEOUMMYIIbC.
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Puc. 6 . Mpeumywecteo TexHonorun OFDM/OQAM no oTtHoweHuto Kk OFDM/QAM.

®opmupoaHue curHana OFDM/OQAM npu pasnoXeHWn Cmn HA KOMMIEKCHbIE COCTaBISOLME MOXET ObITh
NPEACTAaBIEHO BbIPAXEHNEM:

n=+00 M=N, -1 ) )
st)=2 D an """ g(t-nT, )+ jb,, j"e " 1g(t+T, /2-nT, )=
n=-—oo m=0
n=+00 M=N, -1 ) )
=2 2y "e ™ g(t-nT,)+b,, """ g (t+T, /2-nT,).
n=—co m=0
BbipaxeHue (2) MOXHO ynpocTUTb
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®  dmn = amn UK by B 32BUCUMOCTU OT 3HAYEHUS N;
e j™N onpedensieT TUn cnaraemoro: real (ecnu m+n YeTHoe) unu imaginer (ecnm m+n HeYeTHoe);
e Jun (t) - punbTpyrowas gyHkums I0OTA (Isotropic Orthogonal Transfer Algorithm),

obecneymBatoLiasi opToroHanbHocTb nogHecywmx 8 OFDM-cumsorne, a Takke OFDM-crmBonos.

0ns oywkumm 3, (t) cnpaseanveo eipaxetue Re jSm’n(t)-an,yn,(t)dt = mOnn

R
BaxHbiM otnnynem OFDM/OQAM w knaccuyeckon OFDM sBnseTcs T0, 4TO CKOPOCTb Nepefayn CurHamnbHbIX

CMMBOIOB Y/iBanBaeTcs (70 ~ T./2 ). Cxema chopmupoBanus curdana OFDM/OQAM B nepegatumke 6a3oBoi
craHuyum cetn E-UTRAN nokasaHa Ha puc. 7.

OQAM cumBonbI co
ckopocTbto N/o cum/c
N notokos

QAM ¢ CUMBOIIOB

cumlc

OFDM/OQAM
MHorodhasHast | cumaorsl

IFFT unbTpaLms e

cumlc

OFDM/OQAM
CMMBONbI

Puc. 7: Cxema chopmupoBaHus curiana OFDM/OQAM B nepepatumke 6a3oBom cTaHuum ceTy E-
UTRAN.

B cxeme, npuBeeHHOI Ha puc. 7, MogynsTop reHepupyeT N BellecTBeHHbIX CMBONOB (real) 1o = Tu/2. 3aTem
(a0 npeobpasoBanus IFFT) OHWM MynbTUNNEKCUPYIOTCA C YYETOM COCTaBMSIOWEN im™", KOTOpasi NpU YETHOM
m+n SBNSETCA BELLECTBEHHON, NPU HE YETHOM — MHUMOW (MPW 3TOM MOTYT BbITb KaK NOMOXUTENbHBIMK, TaK U
oTpuyatenbHeiMi). Ha puc. 8 nokasaHa 4YacTOTHO-BPEMEHHAs MaTpuua KOMMMEKCHbIX CUrHanoB
OFDM/OQAM 1 OFDM/QAM.
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Puc. 8: YactoTHo-BpemeHHas maTtpuua curianos OFDM/OQAM n OFDM/OQAM.

BaxHbim otninunem OFDM/OQAM ot knaccuyeckoro curHana OFDM siBnsieTcs Mcnosib3oBaHne MHOrogasHom
dunbTpauun  (unbtpytowas  QyHkums IOTA - g) nocne npeobpasosanus IFFT, wucknovatoLLei
NCMONb30BaHNE LMKIUYECKUX NpednkcoB. ANropuTM  (OYHKUMOHMPOBAHUS Mepedatymka M NpUeMHMKa
curHanos OFDM/OQAM npeacTaBneH Ha puc. 9.
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Puc. 9: Anroputm ¢hyHKLUMOHUPOBAHMA NepeaaTymka u npuemHmka curianos OFDM/OQAM.

OOHUM M3 YNPOLLEHHbIX BapuaHTOB MHorogpasHon unbtpauum (yHkumm 10TA), obecneunsarowen
OPTOrOHasNbHOCTb CUTHASOB, SABMSETCS rayCCoBCKas (PYHKLMS BO BPEMEHHOMN W YacTOTHON obrnacTu.
bnarogaps dyHkumm I0TA npoucxogut nokanusauus cnektpa (nonyvaetca 6Gonee kpyTow cnag no
cpaBHeHMo ¢ knaccuyeckum OFDM), B pesynbTaTe 4Yero YMEHbLIAKTCA WUHTEP(EPEHLMOHHbIE 1
BHYTPUCMCTEMHbIE nomexu B ceTu. Ha puc. 10 npuseneHo cpaBHeHue cnektpos curHanos OFDM/OQAM u
OFDM ¢ wwpwuHoi cnektpa 5 MI'y (512 Tovek npeobpasosanus ®ypbe, 300 nogHecywumx).
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Puc. 10: CpaBHeHMe cnekTpanbHbIX nnoTHocTen curHanoB OFDM/OQAM u knaccuyeckoro OFDM.

MapameTpsbl curHanos OFDM/OQAM ¢ pasHeceHue nogHecywmx Ha 15 k'y nogo6Hel napametpam OFDM.

OcobeHHocTH paguounHtepchenca LTE B nuHum «Bepx» (Uplink)

OcobeHHocTblo nuHMM «BHU3» ceTn E-UTRAN saBnsietca MCnonb30BaHME TEXHOMOTMM MHOXECTBEHHOMO
poctyna SC-FDMA (Single Carrier — Frequency Division Multiple Access) ¢ 0gHOM Hecyliei 4acToToit u
cpeaHen molHocTelo nepeaaun PAPR (Peak-to-Average Power Ratio). McknioueHne B3auMHOrO BnMSHUS
nonb3oBaTenen [OOCTUraeTcsl BBEAEHWEM LMKMUYECKUX NpeduKCOB W MUCMOMb30BaHWEM 3PEEKTUBHBIX



9KBanam3epoB B MpUEMHbIX yCTpowcTax. WHTepsan Bpemenu nepegauu TT| B nuHun «BBEpX» ceTn E-
UTRAN cootsetctByeT TTI B niuHWN «BHM3» 1 paBeH 0.5 Mc. BO3MOXHO MCnonb3oBaHWe yBenuyeHHoro TTI
ANS cneumanbHblX TUMOB coednHeHun (ycnyr). OCHOBHas KOH(Urypauusi aHTEHH JIMHUM «BBEPX» MpU
ncnonb3osaHum MIMO npegnonaraet Mcnonb3oBaHWe ABYX NepeatoLLnX aHTEHH Ha MOBUTBHOM TepMUHane
W ABYX NPUEMHBIX aHTEHH Ha 6a30BOV CTaHLMK.

B npouecce mogynsumm OFDM B TexHonorn MHoxecTBeHHoro goctyna SC-FDMA ucnonb3yertcs
AnckpeTHoe npeobpasosanne ®ypoe DFT (puc. 11).
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Puc. 11: CTpykTypHas cxema nepeaarowlero ycTpoucTea npyu MHOXeCTBEHHOM JocTyne
SC-FDMA B texHonoruu E-UTRAN.
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Puc. 12: Metoab! hopmupoBaHus nogHecywmx OFDM-curiana: nocneaoBatenbHbIN
(cneBa) u cmewwaHHbIN (cnpaBa).

[Mpu hopMMpOBaHUM FPYNMOBOTO CUrHaMa B fIMHUM «BBEPX» AN KaXA0ro TepMuUHana pelaeTtcs, kakas YacTb
NOAHECYLMX MCMONb3YeTCs (3amnoNHSeTCs AaHHLIMK), @ Kakas HET (3anomnHseTcs «Hynamuy») (cm. puc. 12).
Mexay kaxabiMu1 BbIxogamu AUCKpeTHoro ®ypbe BCTaBnseTcs L-1 HyneBbIX CMBOSIOB.
[Mpu nocnegosatensHOM pacnpegeneHnn nogHecywmx L=1 (puc. 12, cneea), To eCTb MeXgy curHanamu c
Bbixoga npeobpasosatens DFT He BcTaBnstotcs Hynesble nogHecywme (L-1=0). lpu cmewwaHHOM
pacnpegeneHuu (puc. 15, cnpasa) L>1.
InHmna «sBepx» E-UTRAN nogpasymeBaeT UCnosb3oBaHue CriedyoLwmx (msnyeckmnx KaHanos:
e PRACH (Physical random access channel) — qpuanyeckuin kaHan npom3BOMbLHOTO (Cry4anHoro)
[oCTyna;
e PUCCH (Physical uplink control channel) — cu3nyeckuit kaHan ynpasneHust IMHAN «BBEPXY;
e PUSCH (Physical uplink shared channels) — dpuanyeckuin pacnpeaeneHHbl TpaHCNOPTHBIN KaHas
TNIMHUM «BBEPXY.
CBsI3b TPAHCMOPTHBIX 1 (hM3NYECKUX kKaHanoB nokasaHa Ha puc. 13. B HacTosiwee Bpems B E-UTRAN ans
LTE onpeneneHo aBa TPAHCMOPTHbIX KaHana NUHAN «BEPX»:
e RACH (Random Access Channel) — kaHan cnyyaiHoro gocryna;
e UL-SCH (Uplink Shared Channel) — pacnpegeneHHblin KaHan fIMHUA «BHA3Y.



TpaHCnopTHbIE KaHanbl
TINHAK «BBEPX»

dusnyeckme kaHanbl
TN D 77 nuHMM «BBEpX»
PRACH PUCCH PUSCH

Puc. 13: CBA3b TpaHCNOPTHLIX U (hU3NYECKUX KaHanoB B nuHuM «BBepx» E-UTRAN

MapameTpbl hyHKLMOHUPOBaHUA paguouHTepdencos LTE

[ina ynpaBneHus kayecTBoM B ceTsx LTE ucnonb3ayotcs gBa nepecekarowmxcsi MHOXECTBA, COCTOSALLMX U3
napameTpoB kayectBa (yHKUMoHupoBaHust cetn (Network Perfomances) u napameTpoB KkavectBa ycnyr
(Quality of Service). Kaxgomy coeguHenuio B cetn LTE wu papmounHtepgpeiicax E-UTRAN  pomxHo
COOTBETCTBOBATb HEKOE MHOXECTBO COrfTacOBaHHbIX MapamMeTpoB (DYHKLMOHUPOBAHUS CETH, CBSA3bIBAIOLLNX
BOeAMHO Bce acnektbl QOS, TakMe Kak CKOpPOCTb MNepefauu [aHHbIX, 3adepxka MakeToB, [XKMTep,
OTHOCUTESTbHOE YMCNO OWKMBOYHO NPUHATBLIX MAKETOB M JOCTYMHOCTL CETW.

lMukoBasa (MakcumanbHasn) ckopocTb nepeAayn AaHHbIX Peak Data Rates. 3HaueHus nukoBom ckopocTy
nepefayn OaHHbIX B NIMHUSIX «BBEPX» U «BHWU3» NPUBEAEHbI B Tabnuue 2.

lMpu pacyetax NWUKOBOW CKOPOCTU Mepefayn AaHHbIX y4nTbiBanacb kagpoBasi CTPYKTYpa NMUHUA «BBEPX» W
«BHU3Y (LMKNNYeCKMe NpeduKehbl, BPEMEHHbIE 1 YACTOTHbIE 3aLLUTHBIE MHTEPBASIbI, KOHTPOMbHbIE CUMBOSbI),
BMAbI MOAYNALMW U NOMEXOYCTONYMBOrO KOAMPOBaHUS. Kpome TOro, yuuTbiBanuch CryxebHble 3aroroBku
NPOTOKONOB  (PU3MYECKOTO W  KaHamnbHOro ypoBHen (L1/L2 — coobuleHns nnaHMpoBaHus nepedauu
WHopMaLmm, npoTtokona nostopHoi nepegaun HARQ, coobueHns AT o6 n3MepeHHOM kadvecTBe KaHarna
caQl).

Tabnuua 2: MukoBas ckopocTb nepeAaym AaHHbIX TexHonorum E-UTRA

JINHWS «BHU3Y JTnHns «BBEPX»
Ycnosus 2 TX MIMO, 64 QAM, R=1 OpauH TX, 16QAM, R=1
10 % curHana — cnyxebHas 14 % curHana - cnyxebHas
WH(opmaLms WHGOpMaLKs
Eavnnya namepenms M6wut/c B nonoce | but/c/Ty | M6éwut/c B nonoce | but/c/ly
20 MI'y 20 MI'y
3HaveHve 100 5.0 50 2.5
C yyeTom cnyxebHoin nHopmaLmm 182 9.1 57 2.9
(UMKNMYECKMX NPEUKCOB, 3aLUUTHBIX
WHTEPBAsIOB BO BPEMEHU M Ha YaCToTe,
KOHTPOIbHbIE CUMBOSbI)
C y4eToM 3aronoskoB npoTokosos L1/L.2 144 7.2 48 2.4
n 29 % cnyxebHoi nHopmaLum
CUCTEMb

B tabnuue 2 npuBedeHbl NUKOBbIE 3HAYEHWNS CKOPOCTW Mepefays OaHHbIX B NIMHUSAX «BHU3» W «BBEPX» B
ycnosusx BrnaronpustHoin nomexoBon obctaHosku (C/I > 20 dB), korga MOXHO  WUCMOMb30BaTh
MHOrono3nLMoHHble  Buabl Mogynsaumm  16QAM, 64QAM. Yxyowenwe otHowenus C/I npuogut K
YMEHbBLUEHWIO CKOPOCTU Nepefayn (puc. 14 — Ans NUHAM «BHU3Y, 15 — AN NIMHUK «BBEPXY;).
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Puc. 14. 3aBMCMMOCTbL CKOPOCTM Nepefaymn AaHHbIX OT OTHOWEHMSA CUrHAN-WYM B NIUHUUA KBHU3»
(nonoca curiana 20 My, moGunbHOCTL aboHeHTa Ao 3 km/yac). Mctounuk: ETSI

Kak nokaszaHo Ha puc. 14 cKOpOCTb nepedaqn AaHHbIX 3aBUCKUT OT XapaKTEPUCTUK MOMEXOYCTONYMBOCTY
anroputMa npuema n obpaboTku curHana. Ha pucyHke 06o3HayeHo:
e MMSE (Minimum Mean Squared Error) — nuHenHoe aetekTupoBaHue curHanos MIMO no
KPUTEPUIO MUHUMYMa CPeHEKBaAPaTUYECKON OLLINGKY;
e QRM-MLD c ucnonb3oBanmem ASESS (Adaptive Selection of the Surviving Symbol Replica
Candidates) — aganteHoe HenuHenHoe fetektupoBaHme QRM (QR decomposition and the M-
algorithm) curHanos MIMO no kputepuio Makcumyma (pyHKUMOHana npaegonogobus MLD
(Maximum Likelihood Detection).
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Puc. 15: 3aBUCMMOCTb CKOPOCTU NepeAaym JaHHbIX OT OTHOLUEHUSA CUTHAN-WYM B JIMHUMN «BBEPX»
(nonoca curhana 20 MIy, mobunbHOCTL aboHeHTa Ao 3 km/yac). McTouHuk: ETSI



3Has Tpebyemoe OTHOLUEHME CUrHan LWyM W MOLLHOCTb Nepeayun MOXHO ONpeaenuTb BO3MOXHbIE CKOPOCTM
nepefayn JaHHbIX Ha pasHbIX yaaneHusix o1 6a3oBoit CTaHLmMK.

CnekTpanbHas 3peKTUBHOCTb. YIyulleHHble napameTpbl cniekTpansbHon addektusHocTn ans E-UTRAN
npuBegeHbl B Tabnuue 3 v 4 (ans abOHEHTOB C HU3KOM MOBMNBHOCTBIO 1 YacTOTbI pagnocurHana B obnactu 2
).

Tabnuuya 3: CnektpanbHas 3¢p¢heKTUBHOCTL B IMHUM «BHU3Y

AbcontoTHoe 3HaueHwe, but/c/Ty

CpepHss cnekTpanbHas 3heKTUBHOCTb [0 2.6
(2x2 MIMO)
CpeaHsist cnekTpanbHas 3pgeKTMBHOCTb Ha OQHOrO Monb3oBaTens po 0.27

B coTe (Touka 5 % Ha uHTerpanbHoi dyHKuUK pacnpepenenus CDF
nonb30BaTeNbCKOM MPOMYCKHON CNOCOBHOCTH)

Tabnuua 4: CnektpanbHasa 3¢pheKTUBHOCTb B IMHUU «BBEPX»

AbcontotHoe 3HayeHue, but/c/Ty

CpepHss cnekTpanbHas 9heKTMBHOCTb £o 0.9

CpegaHsisi cnekTpanbHas apgeKTMBHOCTb Ha OQHOro Monb3oBaTtens po 0.15
B coTe (TouKa 5 % Ha uHTerpanbHoi dyHKuuK pacnpepenenus CDF
nonb30BaTeNbCKOW NPOMyCKHOW CNOCOBHOCTH)

3apepXKu nepegauu NakeToB Ans NPOTOKONOB nnockoctu nonb3oBatena (User Plane Latency).
ObecneyeHne HU3KMX 3adepxek nepedaqn LaHHbIX BaXHO AN YCnyr B peanbHOM Maclitabe BpemeHw
ByayLumx ceTel COTOBOW CBA3M, (PYHKLMOHUPYHOLLMX MO NPUHLMNY KoMMyTaummn naketos (TCP/IP).

3adepxkn nepefaynm naketoB Ans MPOTOKOMOB MNIOCKOCTM MOMb3oBaTens ONpPeaensioTcs Kak Bpems
nepefayn naketa AaHHbIX Monb3oBaTens ¢ IP-ypoBHS OAHOrO y3na ceti (MOGUIbHOMO TepMuHana, LU3a
GW) Ha |IP-ypoBeHb apyroro y3na cetu. Bpems nepefayn nakeToB AaHHbIX NONb30BATENS C OAHOMO y3na ceTu
Ha [pYron BKIOYAET pasnuyHble TUMbl 3afepkek, npuBedeHHble B Tabn. 5. CpegHss cyMmapHas 3agepkka
nepedayu NakeToB Ans NPOTOKOMOB NNOCKOCTK Nonb3oBaTens npu nepeaave AaHHbIXx anst E-UTRAN pasHa
4.0 mc (BKnovas 3agepkky nepegaum mexay 6a3oBomn cTaHUMen v Wio3oM ceTi). BoamMoXHOCTb cokpaLleHus
9TON 3aAepXKku 40 BenuumHbl 1.0 MC SIBNSIETCA LieNbio NpoeKTa co3daHuns paguouHTepdieiica Gyayulero B
pamkax npoekra WINNER.

Tabnuua 5: OueHka 3ajepxeK NPoTOKOJI0B NNIOCKOCTU NoJsib3oBaTens

otan Onwncanne 3HaveHve

0 AKTUBM3aLMS TepMUHana He yunTbiBaeTCA

1 Bpems 06paboTku 3agaHns NpoLECCOPOM TEpMUHAna 1 mMC

2 Bpems LIMKIOBOW CUHXPOHM3ALMM 0.25 mc

3 [nuTenbHOCTL Noakagpa 0.5mc

4 3agepxkn anroputma petpaHcnsauun HARQ 0.3*2.5 mMc

5 Bpems 06paboTku 3agaHns npoLeccopom 6a3oBomn CTaHLMK 1 mMC

6 Bpems nepegaun naketa AaHHbIX Mexay 6a30Boi CTaHUMEN 1 Ts1u (1 mc - 15 mc)
wrosom cetn GW

7 Bpems 06paboTku 3agaHus NpoLeccopoMm LUMK3a 0.5 mc
ObLan 3agepxka 4 mc+ Ts1u

BpemeHHas ctpyktypa curdanos E-UTRAN B pexume TDD

Bo BpemeHHoI obnactu thusmyeckuin ypoeeHb paguouHtepdenca E-UTRAN umeeT kagpoBylo CTPYKTYpY,
COCTOSILLYHO 13 noakaapoB (sub-kagpos) anutensbHocTeto 0.5 mc. OguH paauo kagp cogepxut 20 sub-kaapos.
BpemeHHas kagposas cTpyktypa curdanos E-UTRAN B pexume TDD npusegeHa Ha puc. 16.
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Puc. 16: BpemeHHas ctpykrypa E-UTRAN B pexume TDD.

B pexume BpemeHHoro gynnekca TDD nogkagpbl pacnpefenstoTcs Mexay NMHUSMU «BBEPX» U «BHU3» C
YY4ETOM pasfINyHbIX TUMOB MOMb30BATENLCKOrO Tpaduka. oakagpbl NMUHUA «BBEPX» U «BHU3» COCTOST U3
Lenioro KommyecTBa CUrHamnbHbIX CUMBOMOB (HEKOTOPblE U3  KOTOPbIX MOMYT MCMOSb30BaThCs  Ans
onpefeneHns BPeMEHHbIX 3afepXeK pacnpocTpaHeHus paguocurHanos). CTpykTypa nogkagpoB BHYTPU
Kagpa MOXET W3MeHATbCA OT MoaKaapa K MoAKaapy, afanTupysach K pasnuyHbIM npodunsm Tpadmka u
TpeboBaHUSAM K 3aepXKaM.

B nuHWW «BHU3» nogkagpbl CoOLepXaT CUrHarbl CUHXPOHU3ALMM 1 CUCTEMHYIO UHGOPMALMID. 3HAaUUTENbHOE
ynpoLyeHne abOHEHTCKOro TepMuHana [OCTUraeTcs 3a CYET aHasorMYHOCTW  CTPYKTYP  CWUrHaroB
CMHXPOHM3aLM 1 CUCTEMHOW MHOPMALLMK B pasninyHbIx pexumax TDD v FDD.

Kak BugHo n3 puc. 16 pagmo kagpbl E-UTRAN uMelOT ofgHy TOuYKa nepeknoyeHust sub-kagpoB M3 fMHUM
«BHM3» B NnHM0 «BBepx» DUSP (Switching point from downlink to uplink). Pasnuyuble Bapuantel TDD B
TexHonornu, wucnonobsyemon B E-UTRAN, npegnonaraloT Tak Xe WCMONb30BaHWE W ApYrol  TOYKK
NEePEKNOYEHNsT — TOUKW NepekntoyeHnst sub-kagpoB M3 NUHWK «BBEPX» B NUHMIO «BHM3» UDSP (Switching
point from uplink to downlink).

BbIBOAbI

He ycneB BHeApuTLCS Ha TeNeKOMMYHUKaLMOHHBIN pbiHOK Poccum TexHonoru HSPA( HSDPA n HSUPA) yxe
MOpasibHO YCTapenu u pa3sepTbiBaHue poccuiickumn onepatopamu ceten UMTS Ha ocHose Release 5 He
cnacaert 3Tu CeTu OT Hen3BeXHOI 1 CKOPO 3aMeHbl HOBOM TexHonorven LTE.

OcHoBHOW npobnemoit npyu pas3BepTbiBaHUM CETEN Ha OCHOBe TexHonorum LTE cTaHeT ee CTOMMOCTb U
COBMECTUMOCTb C CETAMU NMpeablayLLnx nokoneHuit. lNepexoq OT ceTeil NOCTPOEHHbLIX HAa OCHOBE TEXHOMOrUNA
HSPA+ Ha cuctembl LTE nogpasymeBaeT noa CcoboW He YCOBEPLIEHCTBOBAHME CYLLECTBYHOLLEN
WHpacTpykTypbl ceTen UMTS, a 3aMeHy unu ee 3HaYUTENBHOM YacTu, U BCe CETEBON HGPACTPYKTYPbI.
C ppyron cTopoHbl BHeapeHue LTE nossonut onepatopam ceteit UMTS ygepxatbcsd B nuaepax
ObICTPOMEHSIIOLLETOCS  TENEKOMMYHUKALMOHHOMO PbIHKA, OCHOBHBIMW TEHAEHUMAMW KOTOPOro SBRSKOTCS
KOHBEpPreHums ceten ukcupoBaHHOM U nogsuxHon cBsasu (Fixed Mobile Convergence - FMC) w
nepcoHuduKaLmus ycnyr ans aboHeHTOB( MHAMBMAYANEHOE YNpaBeHne ycryramu).

AHanua pa3sutua TexHonornit LTE 1 oueHka BO3MOXHOCTW MX CBOEBPEMEHHOrO BHeApeHMs Ha ceTsax IMT-
2000/UMTS pomxHbl CTaTb JONTOCPOYHOM MOMMTUKON POCCUACKUX OMepaTopoB «BOrbLION TPOMKWY, TaK Kak
paspaboTka HeobxoaumbIx TexHUYeckux cneuyndmkaumn LTE 6yget sasepwena B ETSI/3GPP k 2009 rogy, a
k 2011-2012 rogam B EBpone nosiBsTcs nepsble ceTit Ha 6ase TexHonorum LTE.
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5. Coaep:xanue u opopmjieHHe 0TUETA 0 MPAKTHYECKOH padoTe
— Ortuer opopMIIeTCs B AJIEKTPOHHOM BUJIE C UCTIOIb30BAHUEM TEKCTOBBIX
PEIAKTOPOB U MAaTEPUAJIOB U3 CETU UHTEPHET

— 3amnucaTh OCHOBHBIE ONPEIECICHUS U XapaKTEPUCTUKH.



— 3apucoBaTh CXEMBI
— IlpoBecTu cpaBHEHHE pa3IMYHBIX TeXHOJIOrUH peanusanuu OFDM.

- CI[CJIaTB BBIBOJHEI.

6. KoHTpo/ibHbIE BONPOCHI

1. [Tpuamn OFDM

2. Yto Takoe cuMBOJI?

3. Kak ocymectBisiercss 60pb0a ¢ MEKCUMBOJIBHON HHTEphEpeHITUEH?
4. Yto Takoe 3alllUTHBIN HHTEPBAJ U KAKOBA €T0 JJIUTEITLHOCTH?

5. N3ob6pa3zutk cxemy moxayisaropa OFDM.

6. N306pa3uts cxemy Moayisitopa OFDM Ha paguodactoTe C
ncnoisib3oBanuem OBIIOD.

7. Ocobennoctu ucnoyibzoBanuss OFDM B cetu Wi-Max.

8. Ocobennoctu ucnonb3oBanusi OFDM B cetu LTE.

9. N3006pa3uth cxemy popmupoBanusi OFDM-cuMBoJia B mepenaTuuke
6a30Boii crannuu cetu E-UTRAN.

10. M306pa3uth anroput™ PyHKIIMOHHUPOBAHUS MEpeaTINKa U PUEMHHUKA
curnaigoB OFDM/OQAM.

11. [TapameTpbl MOAYJISIIUU, UCTIONb3YEMBIE B ceTsX 4G.

12. Ocobennoctu ucnonb3zoBauua OFDM B cetsx Wi-Fi.



