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BNMUAHWE HECTABUITIbHOCTU YACTOTbI JUCKPETU3ALUN HA MOMEXOYCTONYNBOCTb
CUCTEMbI CBA3U CO MHOIMMMU HECYLLUMU
Kazanues A.A.
WkeBckuii rocy1apCTBEHHBIN TEXHUYECKUN YHUBEPCUTET

B nacrosmiee Bpems moxaymsinua co MHOruMy Hecynmu (MCM, OFDM) npumenseTcst A1l TOCTPOSHUS ITH-
POKOIOJOCHBIX M BBICOKOCKOPOCTHBIX cucteM cBsi3M [1]. Ilpuauun OFDM 3aximrogaercss B pa3fefeHUH IMOJIOCHI
YaCcTOT HEWJCATLHOTO (HMIBTPOBOrO KaHaja Ha MHOMKECTBO IOJKAHAJIOB TaK, YTO KAXKABIA MMOJKaHAJI CTAaHOBHUTCS
MPaKTHYECKN MICATbHBIM [2]. DIeMeHTBl OIHOTO cooOmeHus (Kaapa) NepearoTcsl Ha HECKOJIBKUX JIecsITKax (coT-
HSIX, THICSIYaX) MOAHECYIINX YacTOTax 10 CBOEMY MOAKAaHAY. DTO MO3BOJSET PEIIUTh MPOOIeMy MEKCHMBOJIBHON
nHTep(EepeHINH, TTOBBICHTH CKOPOCTh Iepeiadun HHpopMau 1 3Gp(eKTHBHO NCIIOIB30BaTh BHIJEICHHYIO I10JIOCY
yactoT. [TmaToii 3a xopomre nokazaTeny SBISIETCS CTPOroe TpeOOBaHNWE COXPAHEHUS! OPTOTOHAJIBHOCTH ITOJHECY-
mmx. OpTOTOHANBHOCTE O0ECIIEYNBAETCS BBIOOPOM ONTHMAIBHOTO PACCTOSHUS MEXAY ITOTHECYIIHMH, 0OpaTHO
MPOTIOPIIMOHAIEHOMY CKOPOCTH mepeaadn cumBoia [1,2]. B peanbHBIX yCIOBUSIX MPOUCXOIUT HAPYIIEHUE OPTOrO-
HAJIBHOCTH TIOAHECYIINX U YXyALIeHHe KadecTBa paboTsl cucteMsl OFDM. OnHo# U3 mpudnH, BeIyIINX K HapyIIe-
HHIO OPTOTOHAJIBHOCTH MOJHECYIIHX, SABIISETCS HECTAOMIBHOCTh YAaCTOTHI IMCKPETH3AIMHU CUTHAIAa B IpHeMoIepe-
naromei anmaparype. CiieioBaTesbHO, HEOOXOAUMO OLICHUTH UCKa)KEHUsI, BBI3bIBAEMbIe HECTaOMIBHOCTBIO YaCTOTHI
JICKPETU3ALIMH, U BO3MOXKHOCTh KOPPEKLIUH ITUX UCKAKECHUI.

Jist hopMUpOBaHUsI CUTHAJIA CO MHOTMMHM HECYIMMHU IIPUMEHseTCsl o0paTHoe ObicTpoe npeodpasoBanue Dy-
pre (OBIID). B aToMm ciryuae nepesaBaeMblii IpynInoBON CUTHAT B TUCKPETHOM BpeMeHH umeet Buf [1,2]:
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rae X, — mepenaBaeMblii KOMIUICKCHBIN CHMBOJ Ha k-0l momgHecymieii, N-pasmep BII®, T — mnurenpHOCTH
cuMBoIa, t=nT -AUCKpeTHOE BpeMs, T —IepHo TUCKPETH3alHN.
JnurensHocTs cuMBona B cucteme OFDM onpenensercs kak:
T=NT =N/f, 2)
e f; —4acToTa ITUCKPETU3alUH.
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Jemonynauus curnana OFDM ocyuiecTBiIAeTCsl ¢ NoMoIbo npsmoro BII®. IIpu atom B pesynbrare HecTa-
OWMIBHOCTH YacTOTHI JUCKPETH3aIMHU B NEpelaTINKe M NMPHEMHHUKE MEXAY HUMH BO3HHKAaeT pasHocTh Af,. Torma
IIPUHUMAEMBII CUTHAJ 71-0U OJHECYIEeH MOKHO MPEACTaBUTh KAK:
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rae €=Af,/ f; — OTHOCHTENbHAs! PACCTPOWKA YACTOThI AUCKPETH3ALHH.
Jlnst yOpoIIeHHs JaNbHEHIIero aHamu3a (4) mpeanonoxum, uto e<<l u umeer BemmunHy mopsaka 10°-107,

M1 BIIpaB€ CACIaTh TaAKOE€ IMPEAIOJIOKEHUEC, TaK KaK COBPEMEHHBIC KBAapPILICBbIC T'CHEPATOPHI 06J'IaI[aIOT BBICOKOCTA-
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OUJIBLHBIMU XapaKTCpUCTUKAMMU. B sTtom cllydae e MOXKHO NPEACTAaBUTH KaK:
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Kak BumgHO M3 (6), MpUHUMAEMBIH KOMIUIEKCHBIA CHMBOJ Y, TIPEACTAaBIIET cO00i CyMMy IepenaBacMoro
curHana X, u nomexu E,,, paBHOH CyMMe IIPOU3BENCHUN BCEX KOMIUIEKCHBIX MEPEAABAEMBIX CUMBOJIOB U HEKOTO-
POl BEIMYMHBI, 3aBUCALIEN OT OTHOCUTENBHOM pacCTPOMKH YacTOThI JUCKpETU3alMU €. PaccMoTpuM JBa citydas:

1. m= k. IIpu 3TOM CUrHaJ MOMEXH MTPUMET BH/I;

N-1
E ==X, 2T]i,mg2n=—1 -X,-0, (7)
2nm8 = 2nm8
rie ®m= dn= N “N(N —1) = nme.-
n=0

[ToncraBnss (7) B (6), mOTy4YUM:
Y, ~X,-jX,0,=X,(-j-6,) ®)
Onwmpascs Ha paHee BBEICHHOE AOMYIIECHNE O MAJIOCTH €, AOIyCTUM TaKXXe, UYTO U @m JIOCTaTOYHO Maio. To-
rza (8) MOKHO NPEJCTaBUTh Kak:
Y =X, (cos(®, )—j-sin(® ))=X, e’ ©9)
U3 crnemyer (9) BBIBOA, 4TO HECTAOMIIBHOCTH YaCTOTHI IUCKPETU3AIMN IIPUBOAUT K TIOBOPOTY CUTHAIBHOT'O CO-
3BE3MsI HA HEKOTOPBIA yroJ @m , KOTODBII NPsSIMO NMPONOPLHOHAJIEH IPOM3BEICHUIO HOMEpa IOoHeCyel m 1

OTHOCHUTEJIbHOW pacCTPOMKH 4acTOThl AUCKpeTH3auuu €. HampaBieHue moBoporta ompenensierca 3HakoMm €. s
MIPOBEACHHUS KOJIMYECTBEHHOTO aHAIN3a BEPHEMCS K BRIpaKeHHIO (4) 0e3 JOmyIIeHnss O MaJlocTH €. Torxa mpuHu-
MaeMbIii CHMBOJI MOKHO MpCACTaBUTH KaK:

1 N-1 —j—ma

V=X, Xe (in

CymMMa 110 7 TIpeICTaBIsIeT CO00H EH(D 10 YaCTOTE C HOMEPOM M€ OT UMITYJIbCA JUIMTEIBLHOCTBIO B N BpEMEH-
HBIX OTCYETOB U ¢ amIumuTynoi 1/N. Kak m3BecTHO, Takoil uMmynbc umeet cuekTp sinc(me) [2]. Toraa (11) mpumer
BHI:

Y =X -sinc(mg) (12)
Kak Bugao u3 (12), curHan xaxqol MOAHECYIIeH MopakaeTcs MYJIbTUIUINKATUBHON TTIOMEXOH, CeJIEeKTHBHOM
10 YacToTe. 3aBUCHMOCTh MOAYJISl [IOMEXH OT HOMepa IOTHECYIIe IpecTaBieHa Ha puc. 1.
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Puc.1. 3aBucUMOCTh MOyl MYJIBTUIUTUKATUBHOM MOMEXH OT HOMepa noaHecymeit m (N=1024, £€=0,005).

W13 anamu3a puc.l. ciaemyer, 4To NpH yBEIMYCHHH HOMEpa IIOJHECYIUSH m aMIUIMTYAa MYyJIbTHILTHKATHBHON
[IOMEXH YMEHBIIACTCS, COOTBETCTBEHHO, YMEHBIIACTCS U aMIUIUTY/a IOJE3HOTO CHIrHANA. 3[eCh MOXKHO BBIACIHTD
TpHU 00JacTH:

a). [IpousBenenue |me|<<l. B aTom cityuae BenuduHa sinc(me) ~1, aMIUIMTy/a MOJE3HOTO CUTHala YMEHbIla-
€TCsl He3HAUUTENBHO, 1 UMEET MECTO JIMILb IOBOPOT CHUI'HAIBHOTO CO3BE3/US Ha YTOJ @m

0) 0.1<|mel<1. B »TOM cirydae aMIUIATY[a ITOJIE3HOTO CUTHAJIA YMEHBIIAETCS 3HAYUTENIFHO, KPOME TOTO, UMe-
€T MECTO IOBOPOT CUTHAJIBHOTO CO3BE3/IMs Ha OOJBIION yroia @m

B) |mel=1,2,3..n, neZ. B Takux Toukax BeIM4YHHA sinc(me)=0 1 MPOMCXOANT MOTHAS MTOTEPS IAHHBIX.
2. m#k Torpa:
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B sToM ciydae moMexa mpencTaBisieT co00ii cyMMapHBIH CHTHANl CUTHAJIBHBIX CO3BE3MIUI X}, OT OCTaNBHBIX N-

. 2nnme ’%(k -m)
1 nogHecymux, yMHOXKEHHBIX HA CyMMY IIPOU3BEACHUN BemuuMH ~="°% y @ . Ota momexa npeacTaB-

N
nsieT co0oii pe3ynbraT MexkaHanbHOH uHTepdepenunu (MKU). Benenctpue ciydaliHOro xapakrepa rnepeaBaeMbix
JIAaHHBIX TIOMEXa UMEET CIIydaiiHOe paclipeielieHHe U TP JI0CTaTOYHO 0OJIbIIOM YHcie noaHecymmx (N/2>100) ee
MOXHO alpOKCUMHUPOBATh KaK rayCCOBCKUH CiTy4dailHbIN mpouecc. Haiinem Momyis 3Toi moMexu Juis cirydasi Mo-
OYJALUM KaXJOW ITOAHECyIeW  C IOMOLIBIO YETHIPEXIO3MIMOHHON OTHOCUTENBHON (ha30BON MaHHITYJISIAN
(400M, nmm QPSK). IIpu 3TOM MOAYIh KaXKIOTO CHTHAJIHHOTO CO3BE3MUS X OIMHAKOB JJIS BCEX ITOJHECYIIHX.
Torna:

‘E, 27‘cm8 Z‘X ‘ ngln'ejz—;\;”(k—m) _ 27‘[7’}218 ‘Xk‘ N’IN’ln.ej(%(k—m)ﬂp‘—g) _
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_ 2mme - T
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2 2
27tm8 SIN-1 N-1N-1
‘X‘ %z{:}n sm(—(k m)+o,) kz(;z(;n cos(—(k m)+e¢, ) (14)
k#m k#m

CootBerctBeHHO, oTHOmeHue curHan/mrym (OCI) s m-oit momHecymield MOXXHO OyIeT UMETh BUJ:
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I'padmk 3aBHCHMOCTH Y, OT m MpeACTaBIeH Ha pUC.2.
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Puc.2. 3aBucumocts OCII v, oT HOMepa moHeCyIeH m mpu pasaudHbIx € (N=1024).

Kak BuIHO puc.2, 4TO ¢ yBeJIMYEHHUEM HOMEpa MOJHeCyllel m BenuunHa ommoOku, BHocumoit MKU, yBenu-
ynBaetcs. CooTBeTCTBEHHO, yMeHbmaercs 3HaueHne OCILL. Kpome Toro, npu yBenn4eHun 3Ha4CHHS € B 5 pas, pas-
nHuna B OCLL qyis ogHOM M TO ke ToiHecyIel cocTaBisieT B cpeanem 1o 10 ab.

[MocTpoum rpadmk 3aBUCHMOCTH BEPOSTHOCTH OLIMOKHM Ha cUMBOJI Ipu yuyere kak MKU, tak u nmoBopora ¢a-
30BOro co3Be3nus. Pacuer nposenem mo ¢popmynam u3 [2]:

p=0(a,b)—05-I,(a-b)-¢ >

a=y7,-1-05), b=y, 1+0.5) (16)

rae Q—¢bynkms Mapkyma, lp-moaepansnpoBanHas ¢yHkus beccens 1-ro posra HyeBoro mopsiika.
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Puc.3. 3aBucuMocTh BeposiTHOCTH omOKH Ha cuMBoI 1t 40PM oT HOMepa MoIHEeCYIIeH m MPH PA3TUIHBIX €
(N=1024).

W3 amanmmsa puc.3 ciemyer, 4TO BEPOATHOCTh OIIMOKHM CYIIECTBEHHO BO3PACTaeT IMPH yBEIHMYEHHH HOMEpa
MOAHECYIIEH U 3HAUYEHUsI OTHOCUTEJIBbHOM PacCTPOMKHM 4acTOThl JUCKpeTH3aluu €. IIpu 3ToM BUAHO, YTO IpH 3HA-
yenmsx £>107 BEPOSATHOCTH OIIMOKH B PE3yJIbTATE COBMECTHOTO JIEHCTBUSA MIH u (azoBoro caura, 10CTaTOYHO
BEJIMKA.

Jist ycTpaHeHus BIMSIHUSL HECTAOMIIBHOCTH 4acTOThl AuckpeTu3auuu B cucteMe OFDM HeoOxonumo mpeny-
CMOTPETh COOTBETCTBYIOIIMI 010K Koppekimu. OJUH U3 METOJ0B OCHOBaH Ha NMpeoOpa3oBaHMU OMIMOKH M3 Yac-
TOTHOW 00J1aCTH BO BPEMEHHYIO, OLICHKH BPEMEHHOI'O CIIBUTa M MOCIEAYIOIIeH ero koppekiuu. Jlpyroi crmocod
3aKJII0YAeTCsl B OLCHKE PasHMIbI MEXIYy 4acTOTAaMU JMCKPETH3alMU B TEpeNaTUNKe W NMPUEMHHUKE W COOTBETCT-
BYIOIEH MOJCTPOMKE YaCTOTHI TUCKpeTn3anuu. st 3Toro He06X0ANMO, YTOOBI B IPUEMHUKE YacTOTa JAUCKPETH3A-
LMY 32/1aBAJaCh YIIPaBIIEMbIM TEHEPATOPOM.

BbiBOaBI.

1. HecTaOUIBHOCTD 9aCTOTHI AUCKPETHU3AIUA TPUBOIUT K MOBOPOTY CHTHAJIBHOTO CO3BE3IHS U MEKKaHAIb-
HOH MHTEpEPEHIINN.

2. Yron moBOpOTa MPSMO MPOIOPIIHOHANIEH MPOM3BEACHUIO HOMEpa MOIHECYIIEH m U OTHOCHTENBHOW pac-
CTPOWKH YaCTOTHI AUCKPETH3aluH €. HampaBieHne moBopoTa onpeAensercs 3HakoM €. [Ipu o4eHb OOIbIINX 3HaUe-
HusIX € (e>107) TPOMCXOMT CYIIECTBEHHOE OCIA0NeHHe aMIUTMTYBI MOAHECYIMX. Kpome Toro, B Toukax
|me[=1,2,3..n, n€Z, mpOUCXOANT TOIHAS TIOTEPS TaHHBIX.

3. Monyns momexw, Bo3HuKaromeil Beanenctesrue MKU, Takxke Bo3pacTaeT ¢ yBeIHYeHHEM HOMepa OAHECYIIeH
m.

4. Ucxons u3 aHanmm3a rpaduka 3aBHCUMOCTH BeposaTHOCTH ommOku 11t 40PM, MakCHMaIbHO JOMYCTHMBIM
3HAYEHHEM &, IPH KOTOPOM CHCTEMa CO MHOTHMH HECYIIMMH MOKET (byHKIIHOHHPOBATH, sBIsiercs 107,
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INFLUENCE OF SAMPLING FREQUENCY’S INSTABILITY ON NOISE-IMMUNITY OF
MULTICARRIER SYSTEM
Kazantsev A.
Izhevsk State Technical University

At present time Multicarrier modulation technique (MCM, OFDM) is used for making of wideband and high
rate communications systems [1].

Principle of OFDM is concluded in division of the frequency band of fading channel on great number of sub-
channels so that each subchannel becomes practically ideal [2].

This allows to solve a intersymbol interference problem, raise information send rate and effectively use chosen
band of the frequencies. Charge per good factors is a strict requirement of conservation of the subcarriers orthogo-
nality.

In real conditions occurs breach of the subcarriers orthogonality and deterioration of quality of OFDM system
performance. One of the reasons, leading to breach of the subcarriers orthogonality, is sampling rate instability in
transceiver equipment.
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At present work is researched influence of sampling frequency’s instability on noise-immunity of Multicarrier
system.

It is considered system, in which information is sending by 512 subcarriers. Accordingly, number of points for
Fast Fourier Transform (FFT) is 1024. Noise-immunity of the OFDM system was researched under different values
relative offset of sampling rate e.

Was realized that sampling rate instability brings to rotation of the signal constellation on determined angle.

The formula was obtained for computing of angle value at dependency from subcarrier’s index m and value of
relative offset of sampling rate €. Direct of rotation is defined by sign of €.

Was showed, that under very large values of & (¢>10~) occurs essential weakening of the subcarrier’s ampli-
tude, and at points |me|=1,2,3..n, neZ, occurs full data loss.

Besides, under present of sampling frequency’s instability is occurred interchannell interference (ICI). As a re-
sult of ICI actions, on useful signal of subcarrier with index m is superimposed information from other subcarriers.

In consequence of casual nature of sending data this hindrance has a casual distribution and under enough large
numbers of subcarriers (N/2>100) it possible approximate as Gaussian casual process.

Was made calculation of signal to noise ratio (SNR) for event, when each subcarriers is modulated by quadra-
ture phase shift keying (QPSK). Was realized, that absolute value of obstacle, occurring in consequence of ICI, in-
creases with increasing of subcarrier index m. Respectively, SNR reduce with increasing of subcarrier index m and
more quickly, than bigger &.

Was made calculation dependency of symbol error rate (SER) (under signal constellation rotation and present
of ICI) from subcarrier index m. Coming from analysis of the SER dependency for QPSK, greatly possible impor-
tance of ¢, under which system with many carrying can still working, is 10™.
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