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BonbLWMHCTBO COBPeMeHHbIX KOMMEPYECKMX CTAaHAAPTOB 6eCnpoBOAHOM CBS3M 6a3MpyeTcsi Ha UCKIIOUYUTENBHO
YHUBEPCaJIbHOM CXeMe nepeayu: MysibTUMNIEKCMPOBaHME C OPTOrOHaIbHbIM YacTOTHLIM pa3fefieHNeM KaHanoB
(orthogonal frequency-division multiplexing — OFDM). KpoMe Toro, ncnosb3yeTcs METOA, NO3BOSISAOLWMIA
HECKOJIbKMM MoJIb30BaTeNsIM paboTaTb B OA4HOM M TOM XKe CreKTpasibHoM KaHane OFDM. 31oT MeTog nonyunn
Ha3BaHMe MHOXXECTBEHHOro A0CTYNa C OPTOroHasIbHbIM YacTOTHbIM pasaeneHuneM (orthogonal frequency-
division multiple-access — OFDMA). MpuMepamu cTaHaapToB cUCTEM 6ECNPOBOAHON CBA3M, KOTOpble
MCMONb3YIOT 3TV TexHonoruu, sienatotcs: 802.11a/g/n, 802.11ac/ad, 802.16e WiMAX, FDD-LTE, TDD-LTE n
LTE-Advanced.

TexHonorun OFDM 1 OFDMA ob6ecneuynBaloT BaXkHble NPEVMYLLECTBA B YETLIPEX 061aCTAX: CKOPOCTb Nepegayu
[aHHbIX, CNeKTpanbHas 3GPEeKTUBHOCTL U MACLUTabUPYeMOCTb, LLeNIOCTHOCTb AAHHbIX M YCTOWYMBOCTL CUFHAMOB
B NPUCYTCTBUM 3aMUPaHNIA, 0BYCIIOBNEHHbBIX MHOFONy4YeBbIM pacnpocTpaHeHneM. Kpome Toro, 06e TexHOMorvm
UMELT NoTeHUMan ans MoanduKaLmum B COOTBETCTBMU C BO3HUKAKLLMMY TpeboBaHUSMU.

C y4€éToM 3Tux 1 MHorux gpyrux npuind OFDM n OFDMA paccMaTpuBaloTCs B KaYeCcTBe KM3HEecnocobHbIX
TEXHOJSIOrMI ANs pa3paboTKM CUCTEM CBA3M, BKOYAs MPOrpaMMHO-onpeaenseMble pagmocuctemsl (software-
defined radio — SDR) 1 KOrHUTMBHbIE CMCTEMBI PaanocBsa3un. Yem Gosee ycnewHo MoryT 6biTh pa3BepHyThI
cucTeMbl Ha 6ase 3TUX TEXHONOrMI, TeM npolue 6yaeT 4OBUTLCS NPSIMON CBA3M M KOOPAMHALMMN MeXOy pa3-
JINYHBIMM cNyBamy 6€30MacHOCTU MU BOOPYIKEHHBIMU CUSTAMU.

Bbicokasa cnoxHocTb TexHonorui OFDM n OFDMA BneuveT 3a co6oit MHOXXeCTBO Npo6ieM B npouecce pa3paboT-
KU, K CHACTbI ero MOXHO YCKOPUTb 3@ CHET UCMO/Ib30BaHUSA CreLManbHbIX MIHCTPYMEHTOB, KOTOPbIe YMNpoLLaT
CO3[aHue, MOAENMPOBaHME, reHepaLmMIo M aHaNn3 CTaHAAPTHbLIX M cob6CcTBEHHbIX curHanos OFDM n OFDMA.

[Ins TeCTMPOBaHWUS YCTPOWMCTB CUrHAMbI MOTYT BbiTb CO3AaHbI C MCMOJIb30BAHWEM MPOrpaMMHOro obecneyeHus
MPOEKTUPOBaHWs Ha cucTeMHOM ypoBHe (ESL) SystemVue komnaHuu Keysight u 3arpyeHbl B npeLu3noHHbIN
reHepaTop CMrHasoB NPOM3BObHON GopMbl KoMNaHuKn Keysight. BeKTopHble reHepaTopbl CUrHANOB, TakUe Kak
reHepaTopbl cepun MXG komnanum Keysight, uMetoT BCTpoEHHbIE reHepaTopbl CUrHANI0B NPOM3BObHOWM GOpMbI
¢ nosiocon yactoT Mogynaumm go 160 MI. OHM MoryT UCMOIb30BaTLCA AJ1S FeHepaLny CUrHaNoB HecyLen
4acToTbl B rMrarepLoBOM AManasoHe YacToT, MOAYIMPOBAHHbIX CUrHaNaMuy Nob30BaTENs MW CTaHAAPTU3UPO-
BaHHbIMU curHanamu. C TOYKM 3peHUs aHann3a, MOXKHO NMPOBOAUTL U3MEPEHNS CUTHANOB CUCTEM C OAHON nepe-
[OaloLLEen aHTEHHOW 1 0QHOW NPUEMHOM aHTeHHOM (SISO) 1 cucTeM ¢ HECKONIbKUMY NepeaatoLLMMm aHTeHHaMM 1
HECKOJIbKUMU NMPUEMHbIMM aHTeHHamm (MIMO). Hanpumep, nsmepexus curdanos OFDM nonb3oBatens cucrem
SISO MOXXHO BbINOSIHUTB C NoOMoLLbio PY-aHanm3aTtopa curHanos cepun X komnauum Keysight nnm Beicokonpo-
n3BogmuTenbHoro umoposoro ocumnnorpada cepun 90000X cemercTaa Infiniilum B coyeTaHum ¢ nporpaMMMHbIM
obecneyeHneM BEKTOpPHOro aHanm3a curHanos 89600 VSA komnanuum Keysight. Kpome Toro, ocumnnorpad n
nporpamMmHoe obecneyeHne 89600 VSA MoxxHO MCMoSIb30BaTh 415 M3MEPEHNS CTaHAAPTHbIX curHanos OFDMA
cuctem MIMO, takux Kak LTE nnn WiMAX.

[laHHblEe pEKOMEHAALMU N0 NPUMEHEHMIO B 0BLLIMX YepTax OMMChIBAOT CII0XKHOCTU, C KOTOPBIMU MOXHO CTOJI-
KHYTbCS NPU reHepaLmn 1 aHannse cTaHAapTM3NPOBaHHbIX CUFHAN0B U CUrHasoB Nob30BaTesNs, NpeasaraT
TEXHUYECKME PeLLeHUs], KOTOpble PeLlatoT 3T NpobsieMbl M NPeAcTaBASIOT pe3ysibTaTbl, NOSyYEHHbIE NpU
MCMOSIb30BaHMM NPeasioKeHHbIX NoaxonoB. s Tex, KTo 3aMHTepecoBaH B Nojsly4yeHumn 6onee rnyboKnx 3HaHum
no TexHonorusiMm OFDM 1 OFDMA, B KoHLe 3TUX peKOMeHZauM Mo NPUMEHEHUIO BKITHOUYEH NepeyeHb ConyTCTBY-
fowen nHpopmaumm.
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Npobnema

Mcnonb3oBaHue curHanos OFDM nonb3oBaTtens co3naér
HEeCKOJIbKO OCHOBHbIX NPO6sIEM Kak nNpu pa3paboTKke, Tak 1 npu
TECTUpOBaHUN. Bo-nepBbIX, cpeabl MOAEeNMPOBaHUS LOJIXKHbI
061aaTb BO3SMOXHOCTAMM UMUTALMMW aNropUTMOB MOZYNALMM
curHanoe OFDM nonb3oBaTtens s reHepaumm v aHanusa
CNOXXHbIX CUTHAN0B, UCMnonb3yeMbix B PY-cxeMax nporpaMmHo-
onpegensieMbix paguocuctem (SDR). Bo-BTopbIX, NporpaMMHoe
obecneyeHve MOLENMPOBAHMUS U U3MepUTeSIbHOE 060pyaoBaHNe
L0/MKHBI BbITh 3QPEKTUBHO MHTErPUPOBAHbI AJ151 CO34aHMSA U
aHanm3a ucnbitTatenbHbix curdanos OFDM nonb3oBaTtens, KoTo-
pble He NOALEPXKMBAKTCS CTaHAAPTHLIM U3MEPUTESIbHBIM 060-
pYLOBaHUEM, HO He06XoaMMbI 419 TECTUPOBAHMUS YCTPONCTBA.

CnoxHocTb reHepauun curHanos OFDM 3acnyxuBaeT 6onee
BHWMATENbHOr0 paccMoTpeHust. leHepauus curHana npoucxoauT
cnegytolwmm o6pasom (puc. 1):

- OundpoBaHHbIN peyeBor CUTHAN WK BUTbI AaHHbIX NOAAT-
cs Ha 6110KM MOZYNALUN.

- BoKy MOZY ALK BbIMOSHAIOT KOAVPOBAHME 1 MEpeMexe-
HWe BXOLHOMO NOTOKa 6UTOB 1 0TOBPAXKAIOT PesynbTuUpyto-

wme “n” 6UTOB cpa3y Ha co3Be3aune nepefaBaeMbiX AaHHbIX.
- B paHHOM npuMepe YeTbipe 6uTa “1011" cooTBETCTBYIOT
ayenke c I/Q-koopamHatamm 0,29 +j0,85 B co3Bespum
16QAM. 3T0 KOMMNJIEKCHOE 3HaYeHUe 3arpyXKaeTcs B Cneay-
IOLLMIA 3/IEMEHT B MaccuBe U3 52 KOMMIEKCHbIX 3HAYeHUN.

Mpouecc nosTopsieTcs, noka 192 6uta He 6ynyT npeobpa-
30BaHbl, U BECb MAaCCUB HE 3aM0JIHATCS 3TUMU 3HAYEHUAMMU.
[ononHutensHble YeTbipe 3/IeMeHTa COAepXKaT NUNOTHbIE
CUrHanbl.

- Hap cdopMupoBaHHbIM MaccBOM BbiNosHAeTcs obpaTHoe
BMN®, co3naBas HOBLIM MaccuB, KOTOPLIN COOEPXKUT b4
KOMM/IEKCHbIX 3HAYEHUS.

- PesynbTupytowme 3Ha4eHNs BbIBOAATCS C 4acTOTON TaKTo-
Boro curHana 20 Mly, BbipabaTtbiBas CErMeHT CMrHania npo-
LOMMKUTENBHOCTbIO 3,2 MKC, KOTOPbLIN NPeACcTaBAsSeT OauH
“CMMBON", KOTOPbLIN B JAHHOM criyyae cogepxut 192 6uta
nosie3Hon Harpy3ku. HeckonbKo CUMBOJIOB 06bEAVHSATCS
OJ1s CO3[aHNs ogHoro “kagpa.”

Ha npMéMHOM KoHLEe Haf KaXKablM CUrHasIoM CUMBOJIA BbINos-
HsieTcs BIN®, co3paBas 3aHOBO NepBoOHaYasibHbIM MacCUB U3
52 KOMNIEKCHbIX 3HAaYEHUIN. 3TN 3HAYEHNS 0TOOPaXKaKTCa Ha
co3Be3gue, npeobpasyoTcs 06paTHO B 6GUThI, AEKOAMPYIOTCS 1
Tak panee.

3TOT NpoLiecc CTaHOBMUTCS eLLg 6onee CIOXKHbIM 3a CYET BO3-
MOXHOCTM “MHOXeCTBeHHoro gocTyna” B TexHonorun OFDMA.
B npouecce B3aMMofencTBMSA Ha3HAYEHME NoOHeCYyLLen

MOXXET U3MEHATLCS B 3aBUCHMOCTM OT BpeMeHU (Hanpumep,
CMMBOJI0B, TANMCJIOTOB, KapOB) A1 NOALEPXKKM MHOXKECTBa
NoJsib30BaTesiel UM MHOXXECTBA NPOrpaMMHO-0NpeaensieMbix
paguocuctem (SDR). YnpaBneHue 310 AOMOSTHUTESIbHOW C/IOXK-
HOCTbI MPMBOAMT K eLLé BosbLuel Harpy3Ke Ha yCTPOMCTBa,
nporpaMmHoe obecrneyeHne MoLeNMpPoOBaHUS U U3MEPUTESIbBHOE
obopynoBaHue.

Butbl
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PucyHok 1 — leHepauus curHanos OFDM TpebyeT pacluvpeHHbIX BO3MOXHOCTEN UMUTALMKN aNropuTMOB MOAYISLUU.

MoBTOpKTL 52 pasa
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TexHnyeckune peweHns n pesynbtatbl: curHansl OFDM nonb3oBaTtens

TexHuyeckoe pelueHune ang co3ganus curianos OFDM nonb3so-
BaTeNs BKJIIOYAET LWeCTb OCHOBHbIX 3ieMeHToB: CAP, reHepaTop
CUrHaNoB NPOU3BoJIbHON GOPMbI U BEKTOPHBIN reHepaTop
CUTHaNoB AJj1s CO34aHNsa CUTHANoB; ocuunnorpad, aHanmsartop
CUTHaNoB 1 NporpaMMHoe obecneyeHve BEKTOPHOro aHanm3a
CUrHanoB — A5 ONpefeneHns XapaKTePUCTUK CUTHAIOB.

CAMP SystemVue n nporpamMHoe obecrneyeHne BEKTOPHOIO
aHanusa

curHanos 89600 VSA coBMecTHO 3aeiCTBOBaHbI ANsi MOAAEPK-
Kun peanusauuii cuctem SISO, ncnonb3yowmx curdansl OFDM
nonb3oBartens. Hanpumep, SystemVue BkntouaeT 6ubnmoteky
OFDM o6Luero HasHa4YeHus, a TakKe NpPUMepPbI MPUMEHEHWN,
KOTOpblE MOXHO UCNO/Ib30BaTb B KAYECTBE OCHOBbI 415 pa3-
paboTku dpopMaToB cUrHaNoOB Nosib3oBaTens. Mogenupyrowuin
curHan OFDM c komnoHeHTaMu | 1 Q MoXKeT BbITb CO30aH B
SystemVue n1bo Kak ngeanbHbI CUrHan, M60 Kak UCKaXEHHbIN
CUTrHan, KOTOPbIV yYUTLIBAET MHOFOJTy4YEBOE PAcrpoCcTpaHeHue,
3aMupaHue u gpyrue npobiembl, KOTOpbIE ABASIOTCS MONE3HbIMU
npu TectupoBaHum cxeM SDR.

MporpamMMHoe obecneyeHmne SystemVue Takxe npegocTaBnsieT
napaMeTpu30BaHHbIN 06pa3LoBbIn MCTOYHKUK curHana OFDM c
MOJIHOM CTPYKTYpOU Kafpa v npeambynamu, CKOMMOHOBAHHbIV
13 mogenen 6ubnuoteku curHanos OFDM. [laHHbIN UCTOYHUK
curHana OFDM takxke npegocTaBnseT MHGopMaLumio o KoHdury-
pauuu Ansa npunoXeHus, obecneynBaroLLero aHaans Moaynauum
curHanos OFDM nonb3oBaTtens B cocTaBe NPOrpaMMHOro

o6ecneyeHuns 89600 VSA (onums BHF), obecneunsas yaobHyio
LEMOAYNALMIO M aHaU3 CUTHASOB NoJb30BaTens (COBCTBEHHbIX
cuUrHanos).

MporpamMMHoe obecneyeHvie BEKTOPHOIO aHanm3a CUrHanoB
89600 VSA noppepxuBaeT 6onee 70 cTaHOAPTOB CUrHANOB

1 BUOOB MOAYNSILUW, @ ero NepefioBble MHCTPYMEHTasNbHble
CpefcTBa OTIAAKM NO3BONSIOT NPOBOAUTL U3MEPEHUS BO Bpe-
MEHHOW, YaCTOTHOM U MOZYASILMOHHON 06nacTax. YTo6bl NOMOYb
06HapYXWTb, YTO MPOUCXOAMUT BHYTPU CIIOXKHbIX 6ECNPOBOAHbBIX
YCTPOWCTB, COBPEMEHHbIN rpaduyeckmit MHTepdenc nob3oea-
Tensi 06ecrneyrBaeT BO3MOXKHOCTb 0TOBPAXKEHUSI MPAKTUYECKM
HeorpaHWYeHHOro Ynca rpaduKoB M MapKepPOB Ha KaXXOoM rpa-
¢duke. MocKonbKy AaHHOe NporpaMMHoe obecneyeHve paboTaert
Ha 6onee 30 n3mMepuTenbHbIX N1atpopmax komnaHum Keysight,
BKJHOYAOLLUX ocLmiorpadbl, aHanM3aTopbl CUrHaIOoB 1 J0ru-
YeCKWe aHanM3aTopbl, BEKTOPHbIV aHaNIM3 CUTHANOB MOXKET BbITb
NPUMEHEH NPaKTUYeCKM B NI060I TOUYKE CTPYKTYPHOM CXeMbI. ITO
No3BoJIsieT MPOBOAUTL OLEHKY curHanoB cucteM SDR B TpakTax
PY, MY unu 1/Q, a Takxke npu paspabotke MJINC, ncnonbays noru-
YecKui aHanmsaTtop ¢ AuHammuyeckum npobHukom MJINC.

06napas TakuM gmanasoHoM Bo3MoxkHocTel, CAlMP SystemVue
1 nporpamMMHoe obecneyeHne BEKTOPHOro aHanun3a CMrHanos
89600 VSA obecneunBatoT Habop MHCTPYMEHTOB pa3paboTunka,
KOTOPbIN MOXHO UCMONb30BaTh KaK Ans pa3paboTku, Tak v ans
BepudmKalummn popmaToB curHanos cBs3un Ha 6aze OFDM, coot-
BETCTBYHOLMX TPeBOBAHMAM 3aKa3umKa.
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Pab6oTta c curHanamu OFDM nonb3oBaTtens cucrtem SISO

B atom cueHapun CAMNP SystemVue ucnosb3osanack gns
co3paHusa curHanos OFDM nonb3oBaTensi, a NporpaMMHoe
o6ecneyeHne BEKTOPHOMO aHaM3a CUrHasoB (3anyLieHHoe Ha
ocumnnorpade) — Ans 4EMOLYNALMM MOSYYEHHbIX B pe3ysbTate
curHano.. B kauecTBe anbTepHATVBLI ANs AEMOAYNALUN U
@HaNM3a MOXHO MCMOJIb30BaTh aHanm3artop curHanos PXA ¢
paboTaloLMM NporpaMMHbIM 0becrneyeHeM BEKTOPHOMO aHau-
3a curHanos.

Ha pucyHke 2 nokasaHa koHourypauus cuctemol. Curnan OFDM
13 SystemVue 6b1n 3arpyeH B reHepaTop CMIHaIo0B NPoun3-
BOJIbHOW GOPMbI, BCTPOEHHbIV B BEKTOPHbIN FeHEPaToOp CUrHaNoB
cepun MXG. 3TOT BCTPOEHHbIV FeHepaTop CUrHaJI0B NPOU3BOJTb-
Hol GopMbl/reHepaTop MOAYIMPYIOLLMX CUrHANO0B, paboTatoLwuit
B peXXvMe peanbHOro BpEMEHW B BEKTOPHOM reHepartope

curHanos cepun MXG, umeet nonocy Yactot PY-mMogynsiuum oo
160 Mlu. MogynupoBaHHbIN CUrHaN HecyLen YyacTtoThl 5,8 My,
MOXET BbITb UCNONb30BaH B KA4YECTBE BXOAHOIO CUrHANa Ansi
annapaTHoro TecTupyemoro yctponctaa (RF DUT).

Ons aHanu3sa curHana OFDM nonb3osatens 6bi1 Ucnosib3oBaH
BbICOKOMNPOU3BOAMUTENbHBIV ocLmiorpad ¢ nosaocou NponycKa-
Husa 13 [Ty 1 paboTatowmM NporpaMMHbIM 0becrneyeHne BEKTOp-
Horo aHanu3sa curHanos 89600 VSA. Kak nokasaHo Ha pucyHKax

3 1 4, paHHOe NporpamMMHoe obecrneyeHne AeMoayMpPoBano
curdan OFDM u peanusoano 256- nnu 512-toueyHoe BIN®, coot-
BETCTBEHHO, A1 NPEACTABIEHUS COOTBETCTBYIOLLEr0 YaCTOTHOMO
cneKTpa (neBblit BEPXHWIA yron Kaxgoro rpadwika). Juarpammel
co3Be3aunit v 3HauyeHnss EVM (amnnntyna BekTopa ownbKkm) 6uinm
noJiyyeHbl U3 4eMOAYIMPOBAHHbIX CUrHASOB.

BeKTopHbIV reHepaTop curHanos

N5182B cepuun MXG

]

600000000000 o= ~10.00 ==

PY-aHanusaTop curHanos

Ocumnnorpadp

T Wererson  pas
}: EX@EEDE@E

PucyHok 2 — KoHdurypaumsa ans cosganus curdanos OFDM cuctem SISO B caMoM NpocToMm cliy4ae MOXeT BKIOYaTb reHepaTop CUrHanoB
nponssosibHon dpopMsl (AWG), nporpamMmmHoe obecnedyeHne BEKTOPHOIo aHanusa curHanos u ocuunnorpad unm PY-aHanmsatop curHanos.

[
Fie Gt Conl ot Mesietup Toce Mnkes Widow Uikies N

i @ 1 5 5. 3]
e

10.10,10,101,0,1,0.10.10.1
22222222222222222.- |
012345

012468
54443,044304438443.8¢

55ymbots

PucyHok 3 — [JaHHble pe3ynbTaTbhl 0TOOpaXkaloT AeMoaynsaumto cur-
Hana OFDM nonb3oBatens: guarpaMmma cossesaus (cnesa Beepxy),
CMEKTP, MONyYeHHbI B pe3ynibTaTe peannsauum 256-To4eqHoro
BMN® (cnesa BHU3Y), 3aBUCcKUMOCTb EVM 0T yacToThbl nogHecyLien
(cnpaBa BBepxy) 1 3HaueHns EVM (cnpasa BHU3Y).

012468
34443.4440044%0443.40

5 Symbats

PucyHok 4 — [JaHHble pe3ynbTaThl 0TOOPaXKaoT AeMOoayNALnI0 CUr-
Hana OFDM nonb3oBatens: guarpamma cossesaus (cnesa Beepxy),
CMEKTP, MONyYeHHbI B pe3ynbTaTte peannsauum 512-toyeuHoro
BMN® (cnesa BHU3Y), 3aBUCKUMOCTb EVM 0T yacToThbl nogHecyLien
(cnpaBa BBepxy) 1 3HaueHns EVM (cnpasa BHU3Y).
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PaboTta c curHanamm OFDMA cuctem MIMO
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PucyHok 5 — 3Ta KoOHdUrypaumsa nogaepXMBaeT co3naHve, reHepaLmuio U aHanms

curHanoe ans cuctem 2x2 MIMO.

B naHHom npumepe (2x2 MIMO) cucTema BKItoYaeT ABa reHepa-
TOpa CUTHAOB CUrHANOB NPOV3BOJIbHOM GOPMbI, BA BEKTOPHbIX
reHepaTopa CUrHasoB 1 OOVH MHOTOKaHasbHbIN ocuunnorpad
(pncyHok 5). TouHOCTb U3MepeHus curHanos cuctem MIMO
3aBUCUT OT CTabUSILHOCTU Ha30BbIX COOTHOLLEHUI MEXAY BCEMU
CUrHanamu.

C uenbio reHepaLmmn Ga3oKorepeHTHOro CUrHana Ans KOHdU-
rypauum 2x2 MIMO ¢ ucnosnb3oBaHWEM reHepaToOPOB CUTHAMOB
cepun MXG Bbixog LO Out (Bbixog curHana retepoamHa)
BedyLuero reHepartopa (Master) nogkntouaetcst ko Bxoay LO In
nogunHéHHoro reHeparopa (Slave). Beixop LO Out o6ecneuvBsaet
[OCTaTOYHYH aMMIMTYAYy CUrHana reTepofmHa npu Hermo-
CPEeACTBEHHOM MOAK/OYEHNUM ANS YNIPABAEHUS MOAYNHEHHBIM
(Slave) reHepaTopom curHanoe cepum MXG, obecneumsas Takum
06pa3oM $a30By0 KOrepeHTHOCTb CUrHasoB Ha Bbixogax RF

Out. CurHan onopHoit yactotsl 10 My (10 MHz Ref) oT BeayLwero
BEKTOPHOI0 reHepaTopa CUrHasoB Obl1 MOAK/OUEH K KaXKA0MY
U3 Opyrux u3MepuTesbHbIX Npubopos. Kpome Toro, Ans ycTaHoB-
JIEHWS BPEMEHHOW CUHXPOHM3aLMMN MEXAY ABYMS reHepaTopamu
CUTHaNoB NPOM3BoJIbHON GOPMbI, MO3BOSIAILLEN 3TUM NpUbopam
COBMECTHO MCMO0JIb30BaTb OAMH W TOT XK€ TAKTOBbIN CUTHAN Anc-
KpeTusaumu, 6b11 UCNOSIb30BaH AOMOSHUTESbHbIN CeuuanbHbIi
Kabenb.

Ons 3arpy3ku curHanos | n Q ns SystemVue B kKaxabivi n3
reHepaTopoB CUrHAJIOB NPOM3BOSIbHOM GOPMbI UCMOB30BANOCH
coefmHeHue no nokansHoi cetn (LAN). Boixoge! | v Q Bepyero
M NOSUYUHEHHOrO reHepaTopoB CUFHAMIOB NMPOU3BOJIbHOW HOPMbI
6bIn1 NOAKIIIOYEHbI K LUMPOKoMosiocHbIM Bxodam | 1 Q BeayLuero
1 NOJYUHEHHOIO BEKTOPHOrO reHepaTopa CUrHasoB.

[Ons uenen [EMOHCTPALMM BO3MOXKHOCTEN U3MEPEHMS U
aHanm3a curHanos cuctem MIMO MogynupoBaHHbIe CUTHaNbI
Hecywen yacTtoTbl 5,8 My 661K NoaKtoYeHbl K KaHanam 1 u

3 yeTblpéxkaHanbHoro ocuuanorpada. [ockonbKy Bce YeTbipe
KaHana senawTcs GpasoKkorepeHTHbIMK, ocumiorpad cepum X
ceMeiicTBa Infiniilum MoxkeT 6bITb UCMOJIb30BaH ANA NPOBEAEHUS
namepenuit PY-curHanos cuctemsl MIMO ¢ nomoLbto nporpamMm-
Horo obecneyeHns 89600 VSA.
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[ins npoBepKu NpaBWAbHOCTY CUHXPOHU3ALMKN ABYX curHanoB cucteMbl MIMO 6bin1 ncnonb3oBaH ocuuiorpad
c nonocow nponyckanus 13 ML, Kak Noka3aHo Ha pucyHke 6. Mcnonb3ys gpasokorepeHTHbIE BXOAbI OCLWIIO0-
rpada, nporpaMMHoe o6ecneyeHne BEKTOPHOro aHanusa curHanos (VSA) cMorno Hagnexalimm o6pasom gemo-
nynupoBaTb 06a cMrHana u NpefoCcTaBUThb Pe3ysbTaTkl, NOKa3aHHbIe Ha pUCYHKe 7. Ha 3ToM pucyHKe cBepxy
CcneBa nokasaHbl ABe AYarpaMMbl CO3BE3AMIA, CHU3Y cieBa — ABa crnekTpa (c LeHTpoM Ha yactote 5,8 M)

1 pe3ynbTaTbl U3MepeHust EVM — crnipaBa oT BepXHUX U HUXHUX rpadmKkoB. B faHHOM cnyyae 3HaveHue EVM
6b1n0 NpubnnanTtenbHo paBHo -40,4 b ons kaHana 1 v -40,6 pb — pns kavana 2. Mpu 3ToM ANS NPOrpaMMHOro
obecneyeHuns bblna MCnonb3oBaHa yCTaHOBKA, MPeANUCbIBakOLLAs MCMONb30BaHWe npeaMbysibl, MUAOTHbIX
CWUTHaNOB U JaHHbIX B KayecTBe 00yyaloLLein NocnefoBaTeNbHOCTM KOPpeKTopa.

MckaxkeHus |/Q MoryT noBnusTb Ha XapaKTepucTUKK octatouHon EVM yctpoiicTea. B naHHoM npumepe pas-
6anaHc I/Q HacTpamBancs Bpy4YHyt C NOMOLLbIO OPraHoOB YNpaBfieHUs NepeHel NaHenu reHepaTopa CMrHanos
npov3BosibHoN dopMbl. [1na 3Toro cHavana curHanbl cucteM SISO Gb1v 3arpy)KeHbl B KaXKabl reHepaTop
CUrHanoB NPou3BoJsIbHOM GOPMbI, @ 3aTeM aHanun3saTop curHanos PXA ¢ 3anyLleHHbIM NporpamMMHbIM 06e-
cneyeHveM 89600 VSA 6bin ucnonb3oBaH ans uaMepeHns pasbanaHca I/Q B npouecce HaCTPOMKM YCTaHOBOK
reHepaTopa CUrHanoB NPOU3BOJSIbHON GOpPMbI.
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Trigger:
Sampling Mode Real Time Hode Edge (1)
Capture Time 500 us

InfiniiScan Off

ng Mode Real Time d Edge (1)
Capture Tine 1.00 us
InfiniiScan OFf

PucyHok 6 — [JaHHOe oTo6parkeHne CMrHanoB BO BPEMEHHOW 06/1aCTV NOKA3bIBAET CUHXPOH-
HOCTb A,BYX LUMPOKOMOJSIOCHbIX CUTrHaNoB cuctembl MIMO.

Control Input Meassetup Trace Markers Window Ukies Help

O B [luvirt HB

PucyHok 7 — [aHHble rpaduKku, NnoslyyeHHble € NOMOLLb nporpaMMHoro obecneveHms 89600 VSA
NoKasblBatloT pe3ynbTaThl geMogynsaunm PY-curdanos cuctemsl MIMO Ha yacToTe 5,8 ['Tu: ABe guarpam-
Mbl CO3BE34MM, [BA YAaCTOTHbIX CMEKTPA W ABa pe3ynbTaTa uamepeHusa EVM.
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BbiBoabl

TexHonornv OFDM n OFDMA obecneun-
BAIOT BaXKHble NPENMYLLECTBA B CKOPOCTH
nepepayn faHHbIX, CNEKTPasibHOM
3¢bdeKTMBHOCTU U MacwTabupyeMocTu,
LieSIOCTHOCTY AaHHbIX U YCTOMYMBOCTH
CUrHasNOB B MPUCYTCTBUU 3aMUPaHU,
06yCr10BNIEHHbIX MHOTFOJTYYEBbIM pac-
npoctpaHeHneM. Kpome Toro, cuctemsl,
MOCTPOEHHbIE HA OCHOBE TEXHOJIOMUM
OFDM, MO>KHO nerko MoaMpuLMpoBaTb

B COOTBETCTBUU C TPeBOBaHUSIMU 3aKa3-
YvKa OSig yooBNeTBOpeHWs TpeboBaHuMI
YaCTHbIX MPUIOXKEHUN, TAKUX KaK Mpo-
rpaMMHO-oNpefensieMble paanuocuCcTEMBI
(software-defined radio — SDR) u
KOTHUTUBHbIE CUCTEMbI PAANOCBA3N.

TexHnYecKne pelleHust Ans CUCTEM
SISO n MIMO, npeacTaBneHHble 34ech,
YNpOLLAT CO3AaHNe, MOLeNIMpoBaHue,
reHepawuio M aHann3 CUrHanos

OFDM nonb3oBaTens 1 cTaHAAPTHbIX
curtanos OFDMA. TnbkocTb 1 yaobcTBO
U3MepUTEeSIbHbIX NMPUBOPOB M NMPOrpaMm-
Horo obecneyeHuns komnaHum Keysight
YCKOPSIIOT pa3paboTKy 1 B KOHEYHOM
cyéTe nomoratoT obecneynTb ycnewHoe
B3aMMOAENCTBME MEXAY Pa3/IMYHbIMU
areHTCTBaMu oxpaHbl 06LLEeCTBEHHON 6e3-
0MacHOCTU WU BOOPYXXEHHBIMU CUNTaMU.

ConyTcTBytOWwas nHpopmauus

SystemVue ESL software: www.keysight.com/find/SystemVue

- PekomeHgaumuu no npumeHeHuto: Custom OFDM Signal Generation Using
SystemVue (FeHepaums curHanos OFDM nonb3osaTtens, ucnonb3ys SystemVue),
HoMep ny6nukauunm 5990-6998EN http://cp.literature.keysight.com/litweb/
pdf/5990-6998EN.pdf

- PekomeHgauuu no npumeHeHuto: Flexible OFDM Signal Generation, Analysis
and Troubleshooting (TM6kne Bo3MOXHOCTH reHepauum curHanos OFDM,
aHanus v otnagka), Homep ny6avkaummn 5990-9757EN http://cp.literature.keysight.
com/litweb/pdf/5990-9757EN.pdf

- bBpowtopa: Keysight SystemVue System-Level Design & Verification Environment
(Cpepa npoeKTMpoBaHus 1 BepudUKaLMM CUCTEMHOIO ypoBHS SystemVue komna-
Hum Keysight), Homep ny6nvkaumu 5990-9412EN http://cp.literature.keysight.com/
litweb/pdf/5990-9412EN.pdf

- TexHuueckunin 0630p: Keysight EEsof EDA SystemVue 2012 (CAMP SystemVue
nogpasgeneHus EEsof EDA komnanuu Keysight, Bepcus 2012), Homep ny6nmkauum
5990-4731EN http://cp.literature.keysight.com/litweb/pdf/5990-4731EN.pdf

89600 VSA software: www.keysight.com/find/89600

- bBpouwtopa: Keysight 89600 VSA Software: See through the complexity
(MporpamMmHoe o6ecneyexne 89600 VSA komnaHum Keysight: nccnegosats, npe-
ofi0/1eBas CI0XHOCTK), HoMep nyBnukaumm 5990-6553EN http://cp.literature.
keysight.com/litweb/pdf/5990-6553EN.pdf TexHuuyeckuin 0630p: 89601B/BN-105
Link to EEsof ADS/SystemVue (OvHamuyeckas cesasb 89601B/BN-105 ¢ EEsof
ADS/SystemVue),
HoMmep ny6nukaumm 5990-6410EN
http://cp.literature.keysight.com/litweb/pdf/5990-6410EN.pdf

[eHepaTop c1rHanoB NPOM3B0OJSIbHOWM GOPMbI C HAaCTOTON AMcKpeTu3aumm 8o 12 Mewib/c

M8190A: www.keysight.com/find/M8190A

- Bpowtopa: Enhance your reality, Keysight M8190A AWG (MoBbiweHue peannctuy-
HOCTW UCMNbITaHUI, reHepaTop CUTrHA0B NPon3BosibHON dopMbl M8190A koMnaHum
Keysight), Homep ny6nukauum 5990-7516EN http://cp.literature.keysight.com/
litweb/pdf/5990-7516EN.pdf

[eHepaTop curHanoB NPoM3B0OJSIbHOM GOPMbI C HAaCTOTOM AUCKpeTU3aunm 8o 4,6 Bbib/c

81180B: www.keysight.com/find/81180

- TexHuueckue paHHble: Keysight 81180B Arbitrary Waveform Generator
(FeHepaTop curHanos nponssonbHoit popMbl 81180B komnaHum Keysight), Homep
ny6nukaunm 5991-0364EN http://cp.literature.keysight.com/litweb/pdf/5991-
0364EN.pdf

Ocumnnorpadsl cepun 90000X cemerictga Infiniium: www.keysight.com/find/90000X-series
- TexHuyeckue paHHble: Keysight Infiniium 90000 X-Series Oscilloscopes
(Ocumnnorpadsl cepumn 90000X cemeinctea Infiniium komnanuu Keysight),
HoMmep ny6nukaumm 5990-5271EN
http://cp.literature.keysight.com/litweb/pdf/5990-5271EN.pdf

Ananusatop curdanos PXA N9030A: www.keysight.com/find/PXA

- bBpouwtopa: Drive your evolution, PXA X-Series Signal Analyzer N9030A
(YnpaBnsiite cBouM paseutueM, aHanusatop curHanos PXA cepun X N9030A),
HoMmep ny6nukaunu 5990-3951EN http://cp.literature.keysight.com/litweb/
pdf/5990-3951EN.pdf

- TexHuyeckue paHHble: AHanu3aTop curHanos PXA cepun X N9030A, Homep
ny6nukauum 5990-3952RURU http://cp.literature.keysight.com/litweb/pdf/5990-
3952EN.pdf

- bBpowtopa: X-Series Signal Analysis (AHanu3aTopbl curHanos cepum X), Homep
ny6nukaunm 5990-7998EN http://cp.literature.keysight.com/litweb/pdf/5990-
7998EN.pdf

MHorokaHanbHbIn aHanusatop curHanos N7109A: www.keysight.com/find/N7109A

- TexHuueckue gaHHble: Keysight N7109A Multi-Channel Signal Analyzer
(MHorokaHasnbHblit aHanm3aTop curHanos N7109A komnaHum Keysight), Homep
ny6nukaunu 5990-6732EN http://cp.literature.keysight.com/litweb/pdf/5990-
6732EN.pdf

LLinpokononocHbIN BeKTOPHbIN aHanusatop curdanos MIMO B popmate PXI:
www.keysight.com/find/PXI-VSA
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