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MoOunbHble ceTn NATOro NOKONeHus

K 6yaywmm MOOU/IbHBIM CETAM NATOrO MOKOJIEHUA NPeAbABNAITCA Caeaywme
TpeboBaHMA:

1) 1000-KkpaTHOE yBe/MYEHME NEpeAaBaeMon MHpopmMaLMM Ha

YCJIOBHYIO eAMHULY naowaium;
) 10-100-KpaTHOE yBE/IMYEHME KONMYECTBA YCTPOUCTB;
3 10-100-kpaTHOE yBe/IMYEHME CKOPOCTU Nepenayn AaHHbIX;
4)  10-KpaTHOE CHUXXeHUe dHepronoTpebieHns;

5)  3aJep)XKa nepegayvuv AaHHbIX MeHee 1 McC.



MoOunbHble ceTn NATOro NOKONeHus

OFDM apontupoBaH K 6ecnpoBoAHbIM CTaHAapTaM CBA3M, BKAOYatowmm LTE ¢

cemencTtBo IEEE 802.11 (Wi-Fi), 6narogapsa npeMmyLLeCTBaM, TaKUM KaK:
CTOMKOCTb K MHOI0Jly4EBOMY 3aTyXaHMI0;
NpoCTOTa peanmsaumu;

3¢pdeKTMBHOE OJHOKPATHOE YACTOTHO-BPEMEHHOE YpaBHUBAHWE, BO3MOMKHOE

6narogapsa MCnoJsib30BaHUIO LMKIMYECKOro NpeduKca;

npsiMoe W npoctoe npumeHeHne @yHkumMn MIMO (Multiple Input Multiple

Output) 1 BO3MOXHOCTU (POPMMPOBAHMA YCUNEHHOIO JTyya.



Llenb BbiNyCKHOU KBannpunkKkaunoHHON
pPaboThbl:

- passumue mMemodo8 NoBbIWeHUA chekmpasibHol 3¢ppekmusHOC

B MOBUJIbHBIX cemsax NnAmo20o noKoseHuUd 5G



OCHOBHBbI€e 3a4a4n MarucTepPCcKou
AnccepTaumm:

n3yvyeHme npumeHMMocTun curdana ¢ Fast-OFDM un pa3spaboTtka cxembl peannsauum;

N3y4yeHne NPUMEHEHUs1 CUrHana ¢ HeCKonbKMMKN HecyLmMMmn Ha 6ase Habopa punetpos FBMC

(filterbank multicarrier) n oueHka adpdekTMBHOCTU peannsaumn aHHON CXEMbI;

n3yvyeHune rnpumeHeHnd yHmBepcasibHOro d)I/IJ'IpryeMOFO curHasia ¢ HECKOJIbKUMN HECYLLUMH

UFMC (universal filtered multicarrier);
aHanu3 cnektpanbHou aPdPEKTUBHOCTU Npea1oXeHHbIX MeTO40B;

Bbl60p onTnmMaribHoOro peLeHund, obecneymBatoLEero MMHUMAarbHbIE noTepun B KaHalle CBA3MN.



CTpyKTypHas cxema cuctemMmbl nepepaym
AaHHbIX

Cxema nepeda4yu 0aHHbIX, nocmpoeHHass 8 MATLAB Simulink



OFDM

Bbicokas CNeKTPpa/ibHaA [penmyuiectBom  TexHosnormm  OFDM

3 HEKTUBHOCTD TEXHO/I0M MK OFDM ABNAETCA  BbICOKaA  YCTOMYMBOCTb
obecrne4yunBaeTcA AOCTAaTO4HO O6/IM3KMM Y3KOMOJIOCHbIM  MOMexaM M  Y4acTOTHO
pacno/ioKeHnem 4aCToT coceHnX CEJIEKTUBHbIM  3aMMPAHMAM, Bbl3BaHHbI
nogHECYLWMX KoniebaHuu, KOTOpbIE MHOI0J1y4E€BbIM XapakTep
reHepmpyroTcd COBMECTHO Tak, YTOObI pacnpocTpaHeHMA CUrHana.
CUTHaJ bl BCEX noagHeCywmx 6b11U
OPTOroHa/lbHbl.
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OFDM

OpgHako TexHonormm OFDM npucywm wm  HekoTopble
He4OCTaTKM1, B YaCTHOCTMU: OFDM, 200 Subcarriers

BbICOKaA 4YYyBCTBUTEJIbHOCTb K CMEWEeHUN0 4YaCTOThbl
NMPHUHUMaEMOTI O CHUIrHa1a OTHOCUTEJIbHO OnopHOro
rAapMOHMNYECKOI O KonebaHuA NMPUEMHUKA;
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Fast-OFDM

Fast-OFDM no cBomctBam cxox ¢ OFDM c ToM nuwb pasHuuen, vto B Fast-OFD
pa3HOC Y4acTOT MoAHecCylMx noaenéH Haasoe, M coctaBndet 1/2T Tu. lpn 3710
CYyWEeCTBEHHO, YTO, HECMOTPA Ha ABYKpaTHOE YMNJIOTHEHME MO 4YacToTe MO CPaBHEHMIO
OFDM, curHasnbl no-npexHemMy OCTalTCA OPTOroHa/ibHbIMKU APYr ApyryY.
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8-carier FOFDM
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Fast-OFDM
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KoHcmennauuoHHble duazpammsi Fast-OFDM npu BPSK u QAM npu N=8 nodHecyuiux
A - nepedaya
B - npuém

Boivrpbill B crnekTpasibHoOM 3MdEKTUBHOCTM MO oTHoweHuto K OFDM B
Fast-OFDM B0O3MOXeH TONbKO npu mucnonb3oBaHnu BPSK man ASK. B npoTmBHOM
nepegaHHaa ¢ nomMoulbto Fast-OFDM curHanos MHdpopmMauma He MOXKET ObiTb BOC
Ha NMPMEMHOM CTOpOHE.



FBMC (Filter Bank MultiCarrier) - MHOro4acTtoTHas
nepepava c rpe6eH4yaTou huabTpaumen

B texHonormn FBMC Kaxxkdas nodHecvuwiags OFDM-curHana gusibmpyemcs
UHOUBUOVAJ/IbHO, 3a CYET Yero CHUKAemcs VDPOBEHb BHENOJIOCHbIX U3/1y4eHUU W
nosbIlWaemcs ycmoU4yusocmb CU2HA/1a K UHMepdepeHUuU Mexay noAHECYLMMM.
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FBMC (Filter Bank MultiCarrier) - MHOro4acTtoTHas
nepepava c rpe6eH4yaTou huabTpaumen

Mcnonb3oBaHWe GUALTPOB 60/bLLIOM PAa3MEPHOCTM C  BbICOKOM YACTOTHOM
CENEKTUBHOCTbIO MPUMBOAUT K CHUMNKEHUIO 3(PpPEKTMBHOM nepedayn CurHana BO
BPEMEHHOM 06/1aCTU, YBE/IMUYMBAS 3aEPKKM Nepesadn MUHDOPMALMOHHbIX AAHHbIX.
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Cnekmp OFDM 8 cpasHeHuu ¢ FBMC



UFMC (Universal Filtered Multi-Carrier) -
TE€XHOJI0rMs MHOIFrO4YacTOTHOMU Nepeaaydn C
YHUBepca/sibHoM puabTpaumen

B texHonormm UFMC, B ot/iimume ot FBMC, cusabmpyvromcsa He Kaxaas
nogHecywad B  OTAENbHOCTM, a  2pynnbl____NOJHeCcyWwux  4Yacmom
(moganana3soHHble  OJI0KKM), cCcocToAlMe M3 OnpefesIeHHOro  KoJin4vyecTBa
coceHUX NOAHEeCYLIUX YacToT.




UFMC (Universal Filtered Multi-Carrier) - TexHonorus
MHOro4acToTHOM Nepejayvm c yHMBepcasibHOU huabTpaumen

20

OFDM

KonuyectBo

OTCYETOB 1024
brno

Tvn

MOAY ALK 16-QAM

Muk-daktop | 8 8843
PAPR, nb

FSU (aBVV/HZ)

Cnekmp OFDM (200 nodHecvuwiux) 8 cpasHeHuu ¢ UFMC (10
nodnoJioc, 20 nodHecywux 8 Kaxdou)

TakoM noAxoA MO3BOJISIET YMEHbLIMTb BHEMOJIOCHbIE M3JlyYEHUA 6€3 CYLIECTBEHHOIO
yBeNIMY4eHNA AJIMHbl CUMBOJ1IA, YTO AOCTMraeTcAa 6narogapAa MCMoJIb30BaHUIO MpU pacyeTe
UMDPoBOro pmabTpa BECOBOr0 OKHa MEHbLUEW AJIMHbI, YeM B TexHonorum FBMC. MoaTtomy
npenmyuiectsoM TexHonorum UFMC nepea FBMC aBnAaoTCcA MeHbLUME 3a€PXKKM nepeaayduu
AaHHbIX.



CBoaHadA Tabsimua

OFDM FBMC UFMC

KosmyecTtso

oTc4yéToB bld 1024

Tun
MoAyAUMN

[MuK-dakTop 8,8843 8,2379
PAPR, ab

BepoATHOCTb
CUMBOJIbHOM
owmnoku SER

BepoATHOCTb
6UTOBOM
owmnokKm BER

16-QAM




BbiBOAbLI

Mcnonb3oBaHne TexHonormi FBMC n UFMC B cetn paamoaoctyna 5G
NO3BOJIMT MNOBbLICUTb CMEKTPaNbHYO 3PDEKTUBHOCTb MO CPaBHEHUIO C
ceTAMMU, Mcnosib3yrowmmMmm TexHonornmio OFDM. OHM No3BONAIOT OTKasaTbCA
OT WMCNOJIb30BaHMA LMKAMYECKOro npedukca KoTopbliM 6opeTcs C
MEXCUMBOJIbHOM UHTEpdepEHUMEN, U, CNe0BaTE/IbHO, NMOBbLICUTb CKOPOCTb
nepegaym MHPOPMALMUOHHbIX AAaHHbIX.

Tak Kak B TexHonormn UFMC, B otimume ot FBMC, dunbTpyotca He
Karkgasa nogHecyuwaa ro OTAe/IbHOCTU, a Uesible Trpynnbl NOoAHECYLMX
4acTtoT, TO Mcrnonb3oBaHne TexHonormm UFMC He npuBoguMtT K
CYLWEeCTBEHHOMY YBEJ/IMYEHMIO AJIMHbI CMMBOJIA, M MNOSTOMY OHa MMeeT
MEHbLLUME 3a4ePXKKM nepedayvm AaHHbIX, YyeM TexHonorma FBMC.




Cnacubo 3a eaHumaHue!




