Hy>xHo 6onbLie aHTteHH! Unu Massive MIMO B 6ecnpoBOAHbIX
ceTax

Ha Tekywwuin MoMeHT 5G BCe elle HaxoauTCs Ha CTaAuX NJaHUPOBAHUSA, MHOIME YaCTHblE KOMMAaHWUN U
oTpacneBsble rpynmbl MPOU3BOAAT COBMECTHbIE NCC/IeA0BaHNA, YTOObI MOHATL, YTO e byAeT NPoMCXoaunThb C
3TVM MOKOJIEHNEM CeTen B BanXKalune HECKObKO JieT. Bce OHM cXoAsiTCS BO MHEHUM, YTO MO Mepe pocTa
4yucna noJsib3oBaTesnen, Nx cnpoc Ha MobunbHbI NHTepHeT gosxkeH obecneynsaTb ropasao 6osbline
o6beMbl Tparka Ha 6osiee BbICOKMX CKOPOCTAX. [J1s1 3TOro HY>XHbl COOTBETCTBYlOLLME 6a30Bble CTaHLUWK,
COCTaBAAOLWME COTOBLIE CETU.

Y coBpeMeHHo 6a30B0I CTaHLUWM YeTBEPTOro NokKosieHus 4G nmeeTcs C AeCATOK NMOPTOB A/ aHTEHH,
obpabaThiBalOLWNX BECb TPadUK: BoceMb paboTaloT Ha nepeaady u YyeTbipe Ha npuem. Ho pa3paboTynku
pewnnn Ha 3TOM He 0CTaHaBJIMBATLCA U NPULLM K BbIBOAY, 4TO 6a30Bble CTaHUMU 5G O0/XKHbI
NoAAEP>XMBATb OKOJIO COTHU MOPTOB U LiEJIbIi MAaCCUB aHTEHH. DTO 03HavaeT, 4To 6a30Bas CTaHUMS CMOXET
OTMPaBASATb U MPUHUMATb CUTHAJIbl OT KOJIOCCAJSIbHOIO KOJIMYEeCTBa NoJib30BaTesiel 04HOBPEMEHHO,
yBen4ymMBasi NPoMnyCKHy CnocobHOCTb MOBUIbHOW CeTU B AeCATKU U COTHU pa3. bykBasibHO B MpOLLJIOM
rogy uccnenoBaTenn BpUcTonbCKOro yHMBepCcUTEeTa co3aann nabopaTopHbIA CTeHA, COCTOALWMIA N3 128-
3JIeMEHTHOW aHTEeHHOW pelleTKn. Bna skcnepumeHTanbHoro obopynoBaHus npeacTaBieH Ha pucyHke 1.
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PucyHok 1 - Massive MIMO, nnn 128-31eMeHTHasi aHTEHHas PELLETKA

dTa TexHoNorna nosyymna HassaHue Massive MIMO. Korga-t1o ngea npumMmeHuTb TexHonorunto MIMO,
NCMNOJIb3YIOLLYIO HECKOJIbKO pagnomoaynen oas npveMa v nepefadm MHOXKeCcTBa NOTOKOB AaHHbIX
0OHOBPEMEHHO, CTaJsia NPOopPbIBHbIM pelleHneM. M-MIMO BbIBOAUT 3Ty KOHLUEMNUUIO Ha paiuKasibHO HOBbIN
YpPOBeHb, Npeasiaras NCNoJsib30BaTb AeCATKN U COTHU MIMO aHTeHH B OHOM MacCuBe, PUCYHOK 2.
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PucyHok 2 - HarnsaHoe cpaBHUTeIbHOE npeacTaBsieHne TexHosaoruvi MIMO n Massive MIMO

Ncnonb3oBaHme 601bLIOrO KONMYECTBA AOMOJHUTENbHbIX aHTEHH MOMOXKET CHOKYCMPOBaTb IHEPIUIO Ha
b6onee menkme obnacTu NPOCTPaHCTBA, YTO B CBOIO O4Yepelb MONOXKNTEIbHO CKaXKeTCs Ha yBeM4eHnmn
MPOMNYCKHOM cNocoBbHOCTN 1 3hheKTUBHOCTU NCMOSIb30BaHUA n3ny4yaemon aHeprumn. B IEEE yka3biBatoT
TakXXe 1 gpyrue npenmMmyLlectsa ucnosibzosaHua Massive MIMO, - 3To 6onee gewesoe Npon3BoACTBO
OTAEJ/IbHbIX KOMMOHEHTOB aHTEHHON cncTeMbl, 6olee HN3KUE 3a4ePXKKK B CETU 1 ynpoLlleHue paboTbl Ha
ypoBHe MAC (cdun3snyeckom yposHe mogenm OSl).

B akcnepumeHTe, n306pa>keHHOM Ha pUCyHKe 1, 6bl1la 4OCTUIHYTa CKOPOCTb Nepefayn AaHHbiX B 145,6
(6buT/cek)/lT'y oNs 0QHOBPEMEHHOI0 NMOAKI/IOYEHNS 22-X MOoJsib30BaTeNen. na KaXKa4oro nosb3oBaTesns
obecneydmBanack Mmoaynauma 256-QAM. LLinpuHa pagnokaHana ctaHgapTHas - 20 My, kak 1 B 06bi4HOM Wi-
Fi, na>xe 6e3 gononHUTEeNLHOro obbeAnHeHNs KaHanoB. YacToTa paboTbl aHTeHH 3.51 . Mpwn
OEMOHCTPaLMN 3KCNepMeEHTa UCcnosb3oBaiack rmbkas nnatdopma NnpoToTUNMpoBaHus oT National
Instruments ¢ nporpaMmmHbIiM obecneyeHnem LabVIEW n annapaTHbiM obecnedyeHuem PXI.

B cpaBHeHUU ¢ cywecTByowmnMn ceTamm 4G 3(p(peKTUBHOCTb UCMNOJIb30BaHUA UMEIOLLEro CcnekTpa 4oCcTurna
22-X KpaTHOro yeenn4yeHuns. Massive MIMO noka 4710 6b121 NpoTeCTUPOBaH Anb B 1abopaToOpHbIX YCIIOBUAX
N HEKOTOPbIX MOJIEBbIX NCMbLITAHNAX, U KOMMEPYECKON peasninsaLmnn ewe He noay4us, Ho yxe cemyac oH
MO3BOJINA 3aPUKCMPOBATb HOBbIN MUPOBON pekoph Mo 3PHEKTUBHOMY UCMOIb30BAHUIO AOCTYMHOIO
CrneKTpa 4acToT.

ToHkocTn Massive MIMO

KoHe4Ho, o MosHOThI MPUBOANUMON MHDOPMaL N HESb3S YMOYaTb O TOM, YTO YKa3aHHbIe pe3ybTaThl
ABNSAIOTCA BCE )K€ IKCMEPUMEHTAJIbHbIMUK N ByAyT 04EeHb AasieKn OT TOro, 4TO NOAYHYUTCA NMpu
KOMMEpPYECKON peanmnsaumnm cnctemsl. NpeacraBieHHbIE SKCNEPMEHTaJIbHble U3MepeHNs Bblan NOJTyYeHbI B
cpepne 6e3 nomex n OTCYTCTBUA CUTHAJIOB OT APYrMX COTOBbLIX YCTPONCTB. Kpome Toro, nosib3osaTesnu
0CTaBa/IMCb HEMOABMXXHbLIMU, B TO BPEMSA KaK peasibHble abOHEHThLI BCE-BPEMS Hax0oOATCA B ABUXKEHWN, a
AHTEHHbI X 6€CNPOBOAHBLIX YCTPONCTB MOIYT HAaXO0ANTLCSA NOL COBEPLUEHHO Pa3HbIMUK yriamum B
MPOCTPaHCTBe OTHOCUTENBbHO 6a30Bo cTaHUMK. U, Kak Bbl MOXeTe cebe NpeACcTaBUTb, pa3BepTbiBaHNE
CUCTEMbI C COTHAMW U TbICAHaMN aHTEHH U TEPMUHAJIOB HEJsb3s Ha3BaTb "MJIaBHbIM" NepPexonoM K CeTAaM
cnenylouLero nokoaeHns. 3to TpebyeT cnoxkHom 06paboTky MonyvaeMblx OaHHbIX B Y3/1aX, U KaKAbIA y3en
[OJHKEH MMETb BO3MOXXHOCTb OMNpefenaTb AaHHble nepenaBaeMble 0T N- aHTEHHbl 1 YMETb OT/IN4aTb UX OT
OaHHbIX, NepefaBaeMble aHTEHHOW M. B NnpoTuUBHOM ciy4dae adpcpekTnBHasa paboTta maccmea MIMO byneTt
HEeBO3MOXKHa, No3ToMy TpebyeTcsa nopaboTka meTonos 06paboTkn MHGPOPMaL UK.
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Tak>XXe, Hesb3sl He 0TMEeTUTb, YTO YCTaHOBKa 60/bLIOro KoSiM4ecTBa aHTeHH ana 06paboTku COTOBOro
Tpadurka Bbi3biBaeT 60bLUME MOMEXN B C/IyHa€ HAJIOXKEHUS 3TUX CUFHAN0B, PUCYHOK 3.

PucyHok 3 - B3anMHbIe€ MOMeXN OT MHOXECTBaA aHTeHH Massive MIMO

Ho nmeHHo ans YMeHbLIEHNA B3aUMHbIX MOMeX B 5G Oo/KHbI 6y,u.yT NCrnosib30oBaThbCA Takne
TEXHONIOIrM4YeCKne peeHns Kak:

NCMNoJIb30BaHNEe MUIJIMMETPOBOMO ANarna3oHa AJIMH BOJH;
opraHm3aums OTHOCMTENbHO HEBONbLLMX Ppa3MepPOB COT (OECATKN METPOB);

e TexHonorma beamforming (aBToMaTnyeckoe chopmMmpoBaHue sy4ya AvarpaMmmbl HanpaB/eHHOCTU B
CTOpoHy aboHeHTa) N MoSHOAYMNJIEKCHasA rnepefaya SaHHbIX.

Massive MIMO 6ypneT o4eHb NepcneKkTMBHbIM peLlleHNneM C TOYKN 3peHna MmacwTabupyemoctn 5G. HecmoTps
Ha TO, YTO NMPUBELEHHbIE BbIlLE pe3ysibTaTbl Moay4deHbl B nabopaTopun, 3ahHEKTUBHOCTL cnekTpa bbina
yBefnnyeHa 6onee 4em B ABa AecATka pa3! 3To HanpsAMYlo roBopuT 06 NCKAIOYMTENBHOM NoTeHumane
TexHonorun.

MpakTunyeckana peanusaumua Massive MIMO

KoHuenuwus peanmsaunm Massive MIMO npegnonaraeTt NCNoJsib30BaHNUE MHOM03/1IEMEHTHbIX ha3npPoOBaHHbIX
aHTeHHbIX pelweTok (PAP). MNpn 3TOM, OTAESIbHbIE SNIEMEHTHI PeLeTKM MOryT 06CNyXnBaTb O4HOBPEMEHHO
COBEPLUEHHO pa3HbiXx aboOHEHTOB, HaXOAALWMXCA B npenenax yrnos o63opa ®AP, pucyHoK 4:

256-aneMeHTHaA aHTeHHa
Massive MIMO

PucyHok 4 - Peanuzaumnsi Massive MIMO

A HM>XXe, Ha pUcCyHKax 5 n 6 npmBeaeH nNpuMmep peasbHbiX JabopaTopHbiXx cuctem M-MIMO:
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PucyHok 6 - lMpakTudeckas peaandaumnss M-MIMO B YHuBepcuTeTe Lund B LLIBeLnn Ha ocHoBe obopynoBaHus
USRP RIO (cneBa) n Kpocc-rnoaspu30BaHHOM aHTEHHOU peLueTKuy (cripasa)

B 6nuxxanwem 6yayLiemM KOHCTPYKTUBHbBIE COOPY>KEHWS MerarnosInCoB NPeBpaTATCSA B €QMHYI0
pacrnpenesieHHY0 aHTeHHyo cuctemMy. Ha pucyHke 7 n3obpa>keHbl MPOTOTUMbI NaHapHOM (1) 1
UNINHOPUYECKON (2) aHTeHHbIX peweTok M-MIMO, o6beaNHEHHbIX B €AMHYI0 pacnpeaeneHHY aHTeHHYIo
cuctemy (3). MNopgobHbIe aHTEHHbIE peleTKM MOryT yCTaHaBAMBaTbLCA Ha KpbilWax U pacafax 34aHnn, un
06BbeANHATLCS B 00LLYIO CETb C MOMOLLbIO ONTOBOJIOKOHHOIO Kabens:
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PucyHok 7 - Bun peannsyembix reometpui M-MIMO (cnpasa) n nx BO3MOXXHO€E pacrioJIoXXeHue B Merarosice
(cneBa)

3akKJouyeHue

MNmeHHo 6narogapsa Massive MIMO nH>xeHepsbl, paboTaowme Hag 5G, NAaHMPYOT NOCTpouTbL 6eCcnpoBOAHYIO
ceTb A9 BCeX MoJib30BaTesiel CMapTHOHOB, aBTOHOMHbIX AOPOXHbIX CUCTEM U faXke Nojsib3oBaTenen
BUPTYaJIbHOW peasbHOCTU, obecneymBas CBEPXHU3KYHO 3a0E€PXKKY B CETU N PEKOPAHLIE CKOPOCTU Nepedayn
OAHHbIX AN KOHeYHoro notpebutens. U, noxxanymn, camoe oNnTUMUCTUYHOE 3aK/lo4aeTca B TOM, YTO BCe
TexHosorna Massive MIMO yxe cyLilecTBYeT 1 peajibHO paboTaeT, 0CTaN0Ch NLb ONTUMU3NPOBATL ee
paboTy.

Mpu noaroToBke cTtaTbM OblJIN UCNOJIb30OBaHbI MaTepuanbi:

1. Massive MIMO (Very Large) MIMO Systems
2. 5G Researchers Set New World Record For Spectrum Efficiency
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