Tpu Kno4yeBble TexHosiorum B 5G-ceTax

LLlymnxa Bokpyr 5G B OCHOBHOM COCpef0TOYeHa Ha NoTeHUMase, KOTOPLIA nNpeanaraeT 3TO NOKOJIeHNE
CBS131: MOJIHMEHOCHbIE 3arpy3Kun, MUHUMaJibHble 3a8eP>XXKW, 1 KOHEYHO HOBble TEXHOJIOMUN, TaKne Kak
BUPTYyaJibHas peasibHOCTb 1 BecnuaoTHble aBToMobuAK. Ho Mano KTo obpallaeT BHUMaHME Ha OOMH
YOVBUTENbHbLIA (GaKT, KOTOPbLIA 3aKJo4aeTcs B PyHAAMEHTaIbHOM TEXHOJIOFMYEeCKOM npopbiBe, 6narogaps
KOTOPOMY BCE 3TO CTaJio BOSMOXHbIM. Tpy (pyHAaMeHTasIbHbIX PeLLUeHns: nepexon B MUIJIMMETPOBLIN
Onana3oH (mmWave), ynnoTHeHune 6a30BbIX CTaHUMA 00 Manbix coT (SmallCells) u co3gaHmne maccneoB
MHOI0@HTEHHbIX cCucTeM (massive MIMO) onpegennnm NyTb pa3BuTmnsa 6€CNpoBOAHON MHAYCTPUM Ha
CNenyrLmnx HECKOIbKUX AeCATUAeTun.

YT1006bI MONHOCTBLIO oueHnTb, HaAaCKOJIbKO DEBOJ'HOLI,I/IOHHOVI CTaHeT 3pa 5G-C€T€I7I, N KaKoe BJINdHWEe OHa
OKaXXeT Ha uHaycTpuio becrnpoBogHom cBA3mM B byayuiemM, gaBanTe npoaHaaM3npyemMm, 4To NpPon30LJIo 3a
rnocnegHue 10 neTt. 3a 3TOT Nepuod PocT CNeKTpasbHON 3pPEKTUBHOCTY B r106asibHbIX COTOBLIX CETAX
HaMHOro npes3oLllesn 3akKoH Kynepa.

MpuayMaHHbIN MHXXeHepoM, n3obpetatenem coToBoro tenegoHa, MaptnHom Kynepom, "3akoH"
rnepBoHa4YasibHO NMpeanoJsaras, YTo MPonyckHas cNoCObHOCTb COTOBLIX TeNeOHHbIX NNHUNA By neTt
yABanBaTbCA NpUMepHO Kaxkable 30 mecsaueB (To eCTb NPUMEPHO B 16 pa3 3a Ka)Kable AecATb JieT).

KpoMme 3Toro, CyLweCcTBEHHO BO3POCa U CKOPOCTb 3arpPy3KM AaHHbIX C HECKOJIbBKUX MerabuT B CEKyHAY B
2010 roay oo npumepHo 50 MéuT/c B 2020 rogy. BmecTe € TeM, NMKOBas CKOPOCTb Nepenayn gaHHbIX 3a
TOT )K€ Nepuoj BpeMeHun yBenmdniacb 6osee 4em B 1000 pa3 (C HeCKONbKUX MBUT/CceK [0 HECKOJIbKUX
F6uTt/cek). OduumanbHble UKUdPbLI NOKa3asa Toproeas accoumauna nHAycTpum becnposoaHom cesasu (CTIA).
CornacHo nx gaHHbIM, oblias nponyckHasa cnocobHocTb coToBon ceTn CLUA yBennyunacb B 96 pa3 ¢ 2010
rno 2019 roa. Mpwu 3ToMm, B 2019 roay cpenHnn aboHeHT noTpebnan 9,2 rurabanta AaHHbIX B MeCSLL.

Wireless Use is up Across All Metrics.

Americans continue to use their wireless devices more and more—with the
increase in data consumption outpacing the number of new devices added.
Last year, the average smartphone user consumed 6.6 GB per month. This
year that number is up to 9.2 GB per month. And it's not just data use that's

up-voice minutes and text messages also increased year-over-year.

MonyyaeTcs, 4To 3a nocsiegHne 10 neT NPOn30LLI0 NOYTM CTOKPATHOE yBeMYeHne NPonyCKHON
cnocobHocTn. CnegyeT OTMETUTL, YTO 3TO MPOU3OLLJIO eLlle A0 TOro, Kak B 0Tpac/n 6ecrnpoBoaHON CBSA3M
ObINN BHeAPEHb! KJI0YEBble TEXHOIOMNN, YBEINYMBatOLLME NPOMNYCKHY0 CrocobHOCTb B 5G-ceTax:

® 1Ccnosb3oBaHMe Manbix coT (Small Cells);
e nepexon B MUWIJIMMETPOBYIO YacTb cnekTpa (mmWave);
® 1ICMN0JIb30BaHMNE MYJIbTU aHTeHHON TexHonornm MIMO (massive MIMIO).

O6WwupHble pecypchbl CreKTpa, AOCTYNHble Ha YacToTax Bbiwe 100 T, B 6nxanwee gecatuneTme ckopee
BCEro JafyT TbiCAYEKPATHOE YBESIMYEHNE NPOMYCKHON CNocobHOCTU. ECin TeHAeHUMA pocTa CKOpoCTen
rnepenayn AaHHbIX U YBEMYEHUSA MPOMNYCKHOM CNOCOBHOCTN COXPAHUTCS, TO CPpeAHEeCTaTUCTUYECKUIA
aboHeHT k 2031 roay 6yneTt cka4ymBaTb 6onee TepabaliTa AaHHbIX B MecCsL, a NMMKOBAs CKOPOCTb
6ecnpoBoaHON 3arpy3kun 6yaeT coctaBnsaTb 2-3 [6MT/c. Mpn 3TOM, NMKOBas CKOPOCTb Nepenayn AaHHbIX Ha
onHy 6a3oByto cTaHuuto byaeT cocTaBnaTb 1 TouT/Cek.

Pa3zButue Small Cells


https://www.ctia.org/news/report-2020-annual-survey-highlights

B 2018 roay ®epepasnbHasa komuccums rno ceasm (FCC) BbinyCTuaa npukas 0 MajibiXx COTax, KOTOPbIA
no3BoJINT onepaTtopaM 6ecnpoBOAHON CBA3M A4OCTAaTOYHO BbICTPO YNJIOTHATL CETb Ha BCEN TeppuTopUn
CoeaunHeHHbIX LWLTaToB. Pa3Butue n ysennyeHne KoamyecTsa MasblX COT SABASETCH K/IOYEBbIM aceKToM,
nospossowmm obecrnevymnBaTb 6€CNPOBOLAHYIO CBSI3b CO CKOPOCThLIO HECKOJIbKMX TepabuT B cekyHAy. Takxe,
komuccmen FCC 6biam BbiNyLWeHbl AOKYMEHTbI, paspeLlamlime NMueH3npoBaTh CMEKTP B AMana3oHe Bbille
95 'MTu. AHanornyHble 4OKYMEHTbI OblM BbiNMyLWEHbl 1 B AHr MK YnipasneHuem cesasm (Office of
Communications - Ofcom). 3To BCe 3T0O FOBOPUT O TOM, 4TO HabnoaaeTCcsa ABHaA MMPOBas TeHAEeHUNS
YBEJINYEHUSA MNOTHOCTU UHTErpaumm 6a3oBbiX CTaHUWA N Nepexony B cyb-TeparepuLoBbi Anana3oH, 4To
npueeneT K AaJibHeNLWweMy pPOCTy CKOPOCTen nepefadun AaHHbIX.

Bce yalle cTanu nosBAsATbCA MaTepuaibl Hay4HbIX CTaTen, B KOTOPbIX ONMpoOBEpPraeTcs pacnpocTpaHeHHoe
MHEHMEe O TOM, 4YTO LUMPOKOMOJIOCHasA Nepefada AaHHbIX Xy>xe paboTaeT Ha YacToTax MUIIMMETPOBOIO U
TeparepuoBoro anarna3oHoB, 4eM Ha Bosiee HU3KMX YacToTax (MCMOob3yeMbIX B MOKONEHMAX 1G-4G COTOBbIX
TexHosIorni). B KayecTse npuMepa MOXKHO BbIAE/IUTb CTaTbIO C OTKPbLITLIM A0CTYNOoM Ha IEEE Xplore
(ccblIka), B KOTOPOM aBTOPbI MOKa3aaun, YTO Mexay YacToTaMu Huxe 6 'y n 140 'y noTepun Ha Tpacce
pacnpocTpaHeHus Aasa ropoAckoro pagmokaHasia He OTJIMYalTCA Ha pasHbIX YacToTax nocsie yyeTa
rnepBoro MeTpa NyTu n3sly4yaeMoro CUrHasa.

oT0 O3Ha4aeT, 4YTO KaK TOJIbKO paanoCurHan goctmraeTt ,u,aane|7| 30HbIl, HaCTOTa OKa3blBaeT yOANBUTEJIbHO
HebosbLIOe BAMSAHME Ha 3aTyXaHWe CUrHasla NMpu ero NPoxXoXXAEeHUN B CJI0OXKHOW FOPOACKON cpepe.
NckntoveHme cocTaBnatoT HebnaronpmnsaTHble aTMOCEPHbIE SIBJIEHUS, TakKne Kak foXAb, TyMaH U T.4. 9ToT
aKT O3Ha4aeT To, YTO:

paboTa rMo ynaoTHEHWIO COTOBLIX CTaHUWI He ByaeT Npoaos/»KaTbCs Be4YHO. MocTpoeHHble B 6anxxalliee
BpeMs BbILWKWN Ana 5G 6yayT NCMoIb30BaTbCs B Te@YeHMe MHOIMMX gecaTuneTuin B byayuiem.

Pazsutue mmWave

Large Millimeter Wave Bandwidth Opportunity

Ewe B 04HOM CTaTbe C OTKPbLITbIM AOCTYMNOM NOKa3aHO, HaCKOJIbKO CUJIbHO MPOUCXOAUT 3aTyXaHue
CUrHaJIOB Pa3HOM 4YacTOThbl C YBe/IMYeHEM NPONAEHHOro paccTosHus. B paboTe nokasaHo, 4TO Ha YacToTax
00 400 'y Bo3ayx nmeeT notepu Bcero 10 geumben Ha kKnnomeTp. Mo CcyTn 3TO 03HaYaeT 3aTyXxaHne BCero


https://docs.fcc.gov/public/attachments/FCC-18-133A1.pdf
https://ieeexplore.ieee.org/document/7434656
http://ieeexplore.ieee.org/document/9450810

B 1 neunben Ha 100 MeTpoOB, 4TO NPMMEPHO COOTBETCTBYET 3aTyXaHUto B Manon cote 5G. Takxe B paboTe
MOKa3aHo, YTOo Aake Ha YacToTax 4o 900 My 6onblwas YacTb cnekTpa umeeT notepu B 100 ab/km (nnn 10
neumnben Ha 100 meTpoB B HebonbLoh coTe). 3aTyxaHne 10 ob 6yaeT OTHOCUTENbLHO JIErKo
KOMMEeHCMPOoBaTb HaNpaBJ/IEHHbIMWN aHTEeHHaMU. [JOXXAb U INCTBA CO3[al0T AOMOJIHUTE N IbHble NpobieMsbl,
0QHaKO fafibHenwero yxygleHns XxapakTepucTuk Ha 4yactotax ot 70 'y v BnaoTb Ao 1 Ty He
nponcxoaunt. C nomoLbio Bbibopa NpaBmnibHOM HaMpPaBiIEHHOCTN aHTEHHbIX CUCTEM MOXXHO byneTt
rnpeofosieBaTb TPYAHOCTU C pacnpocTpaHeHNeM CUrHasoB, 3a CHET NX JIyHEeBOro PacnpoCcTpPaHeHus.

MNpencrtasneHus o 6onbwmx noTepax Ha 6onee BbICOKMX YacTOoTaxX O4eHb CKOPO MO>XHO 6y,u,eT Ha3BaTb
npegBs3AaATbiM N YyCTapeBLUNM.

HecoMHeHHO, kto4eBon NpobneMon MUANMMETPOBOIO AMarna3oHa OCTalTCa NPenAaTCTBUSA, Takne Kak
CTeHbl, OKHa 1 ABepn. Ho B LesioM, aHann3npys MmaTepuasbl CTaTeln Ha 3Ty TeMy, CKlaAblBaeTca
OLLYLLEHNE, YTO UHTerpaTopbl U pa3paboTymkm 5G paccynTbIBalOT Ha TO, 4TO 3Ta Npobnema byneT pelleHa
nyTem opraHusaunm CBA3M B NPSMOA BUAMMOCTU, N yCTaHaBamBaTb BC Taknm 06pa3om 4Tobbl OHU MOrnun ee
obecne4ynTsb (c y4yeTom Beamforming"a). Mpu 3ToM, BUGMMO, OHN PAaCCHUTLIBAIOT Ha TO, 4TO MowHOCTM BC
6yneT [OCTaTOYHO, 4TOObI MPONTUN CKBO3b CTEHY 3AaHUA Ans obecneyeHns ceasun. Hanpumep, B cTaTbe
MPON3BOAUTCA pacyeT N U3MepeHne YyBCTBUTENbHOCTU N APYrX napamMmeTpos cBa3u 5G B AnanasoHe oOT 2
0o 73 I'Ty Ha paccToaHuax oT 4 oo 1238 M. lNMpn 3TOM B NPMBEAEHHON CTaTbe OTMEYaeTCs, YTO Ha
paccTosHuax go 100 M (NnpuMepHOMY paganyca Manbix cOT B 5G) 3aTyxaHUa BHYTpU 34aHNN TaKOBO, YTO
cnocobHo obecne4ynTb HeOOXOANMbBIN YPOBEHb KayeCTBa Nepenayvn AaHHbIX B CETAX MATOro MOKOJIEHMWS.

[ OMNONHNTENbHBIV BbIMIPbILI MOLLHOCTW B KaHajle CBS3U C HOBbIMUW TexHoornsmmn 5G 6onee yem
KoMneHcupyeT Ntobble NoTepn pagnokaHasa, Korha pacrnosioxeHne 6a30BbIX CTaHUMIA TWATENbLHO
NMpoAyMaHo AJis KOHKPETHOWN njolwanku, a obopygoBaHue pasMelleHo Tak, 4Tobbl n3bexxaTb MaCCUMBHbIX
npensaTCcTBUA. BONBLWNHCTBO NPENATCTBUA Ha YacToTax MUIJIMMETPOBOro AMana3oHa U Bbille CTaHOBATCA
OTpaKaloLWmMMn, 4YTo faeT 60osiblie BO3MOXXHOCTEN A8 HanMpaBieHHbIX aHTEeHH HaxoAUTb U KOMOMHNPOBATL
NyTW MPOXOXXAEHUS CUTHAJIOB. 3TO yaydllaeT 6l04XKeT MOLWHOCTU JIMHUN CBA3UN, KOTOPbIA 3aTEM MOXKHO
Ncnonb3oBaTb AJia obecneyeHus KaHanoB € ropas3no bosiee LWNPOKON MOOCON NponyckaHusa bes
YyXYLEHNA OTHOLIEHUS CUFHA/LWLYM MO CPaBHEHUIO C COBPEMEHHbIMU 6eCnpoBOAHLIMU CUCTEMAMN.

Pa3zButTue massive MIMO
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TpeTba HO He MeHe BakHas TexHosiorusa ana 5G - maccus MIMO. OHa NO3BONUT YBEJINYUTL KOJMYECTBO
aHTeHH 6a30BbIX CTAHUWNA, UCNOMb3YS dJIEMEHTHbIE PeLLeTKN pa3mepoM 64x64 n Bbile. OnepaTopsbl MO
BCEMY MUPY Y>Ke pa3BepTbiBaloT Maccuebl MIMO B cpefHel nosioce cnekTpa C UCMoJib30BaHUEM
AYMNJEeKCHON CBA3M C BPEMEHHbIM pa3fefieHneM. [Noka 3To NpoCcTo 03HavyaeT, YTO CUrHasabl mexxay 6a3oson
CTaHUMen 1 Nosib30BaTeNeM NCMOb3YIOT OAHY U Ty XKe 4acTOTy, HO pa3HeceHbl Mo BpeMeHU, 4Tobbl He
KOHMINKTOBaTb Mexay coboin. B bavxanwme rogbl 3Ta TEXHONOM NS HAMAET CBOe NMpUMeHeHne B
6eCcnpoBOAHbLIX CMCTEMAX MUIJIMMETPOBOrO 1 cybTeparepL0OBOro Anana3oHoB.

Ewe HepaBHO obLenpunHATEIM ybexxaeHnem, 41o B obnactm 6ecnpoBogHON MOBUIBHON CBA3UN HY>KHO


http://ieeexplore.ieee.org/document/7434656

MNCrnoJsib3oBaTb BCeHalpaB/iEHHbIE aHTEHHbI. CerogHsa 370 y6e>K)J,eH|/|e CXO0AUT Ha HeT.

HauunHas ¢ 5G, B 6ecnpoBOfHbIX CMCTEMAX UCMOJb3YIOTCS HanpaBJ/ieHHbIE aHTEHHbI C BbICOKUM

KO3 PULMEHTOM YCUNEHUS @aHTEHHbI N Y3KOW LUMPUHOM Sly4a Kak Ha MobuibHOM abOHEHTCKOM YCTPOMCTBE,
Tak 1 Ha 6a3oBon CTaHUMK (BpyruMmn crioBamMum Ha obounx KoHLax 6ecrnpoBoaHOM CBA3M). DTO obecneymnBaeT
60/1bLUYI0 MOLWHOCTb CMFHala A1 Ka>Xk4Aoro nosib3oBaTesis Mo Mepe nepexoda K YacToTam
MUIIMMETPOBOr0, Cyb-TeparepLoBOro U, B KOHEYHOM UTOre, TeparepLOBOro Anarna3oHoB.

3aKJsio4yeHue

MpeuMyllecTBa, NpeasiaraeMble TPEMS PAaCCMOTPEHHbBIMU TEXHNYECKUMU CTOJINaMu, NO3BONAT
NPOEKTUPOBATb U Pa3BepPTLIBAaTL CUCTEMbI 5G y)Ke CEerofiHs, a X apdPeKTUBHOCTb COXPaHMUTCS Ha
fecsTuneTusa B byayuiem, no Mepe Toro, kak byaeT oTKpbiBaTbCs BCe HoMbLUas YacTb CeKkTpa Ha cyb-
TeparepuoBbIX 1 TeparepLoBbiX YacToTax. B MobunbHbIX ceTax cBs3n byayuiero MoxxHo byneT
NCMOJIb30BaTh TY XK€ MHPPACTPYKTYPY COTOBOW CBSA3U U Te e (pyHOaMeHTallbHble MPOpPbIBbl B paAnocxemax
N @aHTEHHbIX TEXHOJOIUAX, KOTOopble cenvac cTposATcs ana 5G. TeM He MeHee, 3TW NOKOJIEHNSI COTOBOW CBSA3MU
6ynyT LenaTb 3TO € ropa3fo 6oee BbICOKMMY CKOPOCTSIMM Mepefayn faHHbIX, YTO CO34aeT OFrPOMHbIe
06beMbl JaHHbIX U HOBble BapWaHTbl UCMOJIb30BaHUA B BAvxKailLne fecaTUneTus.
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