MynbTuaHTeHHble cucTteMbl B LTE ceTsax

MHOroaHTEeHHble CUCTEMbI CTasn MpUBJIEKaTE bHbIM PeLEHNEM 4151 MOBbILLEHNS CKOPOCTW Nepegayn
MoOJIb30BaTE/IbCKMX AaHHbIX, YBEJINYEHUNS 30HbI MOKPLITUS COTOBOM CETU, @ TaKXXe yBEeIMYEHNS ee
MPOMyCKHOWM CNocobHOCTK. Mcrnonb3oBaHME HOBENLIMX @aHTEHHbLIX TEXHONOINIA MOXXET 3HAa4YNTESbHO
YBEJINYUTb MPON3BOANTENBLHOCTb paanoceTn 6e3 CyleCcTBEHHbIX N3MEHEeHNN y3/10B 6a30BbIX CTaHLUUN W
TPaH3UTHbIX COEOMHEHUN NMpaKTUYeckn 6e3 yBenyeHns KanmTabHblX 3aTpaT. XpOHOJIOrMs pa3BUTUS
MyJIbTUAHTEHHbIX cucTtem B LTE npuBeneHa Ha pucyHke 1:
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PucyHok 1

MNepsas Bepcusa LTE B 3GPP Release 8 Bkntoyana nogaepxky: MIMO 2x2 B HUCXoAALWEM KaHane, 4-X
aHTEHHYI0 Nepefavy AaHHbIX B HUCXOoAAWeM KaHane MIMO 4x2, a Tak)Xe MHOFOaHTEHHbIN Npuem B
BOCXOAsLLEM KaHane 0n4 4-x n 8-Mu aHTeHH. B pennzax 9 n 10 6binm gobaBreHbl 4ONOHUTESbHbIE
BO3MOXXHOCTU 0218 8-MU aHTEHHbIX CUCTEM, Ha3BaHHbIE peXXxnMaMu nepepayvm (Transmission Modes - TM) 8 n
9 COOTBETCTBEHHO. PeXXuUMbl Nepefayn onpenensatoT: YACI0 NOTOKOB AaHHbIX (TOYHEe, CKOJIbKO UX MOXeT
ObITb NepenaHo 0JHOBPEMEHHO), UCMOJIb30BaHME NUNOTHLIX curHasnoB (SRS, DM-RS), cnocob
npeaBapuTenbHOro koguposaHus n np. B 11-m pennse bbina nobasneHa dyHkuma CoMP ons Hucxogawen
JINHUN CBSAI3U C MAeasibHbIM TPAH3UTHbLIM MapLpyToM, a B 12-M penm3e oHa bblnla yCoBepLUEHCTBOBaHa 1
Ha3BaHa enhanced CoMP. CoMP (Coordinated Multi Point) - koopanHuposaHHasa nepenada/npmem, Kotopas
SIBJIAETCA CBOEro poaa anrpengom ana LTE-ceTen. Ee 0oCHOBHOW 3afa4ven ABASIETCS yayylleHne
rnokasaTtesienn paboTbl MOBUNBbHBLIX CTaHLWIA, paboTaloWwmx Ha rpaHuLLE 30HbI 06CnyXnBaHNA 6a3oBoWn
cTaHuun. CyTb ee paboTbl 3ak/l04aeTCa B TOM, YTO HaXOA4sAWMECS Ha FPaHULLE COTbl MOBUJIbHbIE CTaHLUN
00Cny>XMBalOTCSA HE OHMM CEKTOPOM, @ HECKOJIbKMUMUN. TO eCTb HUCXOASLAa nepegadya Ao MobunbHom
CTaHUUN B OJUH MOMEHT BPeMEeHN MOXXeT OCYLLEeCTBAATLCA C HECKOJIbKUX CEKTOPOB. TO XXe camoe
CNpaBeannBo 1 418 BOCXOASLLEN nNepefadn (BO3MOXKEH NpUeM AaHHbIX OT 0AHOro aboHeHTa HeCKONbKUMU
CeKTopaMu), pUCyHOK 2
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PucyHok 2

Momnmo eCoMP B 12-m penuse 6bina gobasneHa HoBas LTE kogosas kHura 4 TX, koTopas obecnedunna 10%-
I NpUPOCT NMPOU3BOANTENIBHOCTN CUCTEMbI. B 13 penmnse ncnonblyetcs 6onblioe konanyectso MIMO-aHTeHH
(Massive MIMO). BObLUMHCTBO COBPEMEHHbIX aBOHEHTCKMX TEPMUHAJIOB MMEIOT ABE aHTEHHbI ANa npuemMa u
0OHYy ONa nepedadvn faHHbIX. YeTblpexaHTeHHble TepMUHabl, peann3oBaHHblie B Buage LTE+Wi-Fi
MapLUIPyTM3aTOPOB, YXe He ABASI0TCA PeAKON HOBUHKOM U NX MOXKHO BCTPETUTb Ha pbiHKe 6ecnpoBoAHOIro
obopypnoaHus. PaboTta Hag 14 penn3oM Havyanacb B ceHTss6pe 2014 roaa, a paboTa Haa ero 3aBeplLUeHNEM
nnaHnpyeTcs neTom 2017. MpoekTbl 15 1 16 penn3os y)ke pa3MeLleHbl Ha canTe 3gpp.org 1 nx 3agava
OyneT BKAYaTb ABYX3TAMHYIO MHTErpaumo ceten 5G 1 NokKa C/I0XKHO CKa3aTb, KaKne MMeHHO M3MEeHEeHUs
KOCHYTbCS HErnocpeacTBEHHO aHTEHHOM YacTu. Huxxe npmBefeH pUCYHOK C omumanbHOro camTa 3gpp,
OTpa’katoLKnin BbIMYCK Pesin3oB, CBA3aHHbIN C 3Boatounen rnobanbHbix 6€CNpoBOAHbIX CETEN.
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PucyHok 3

Ons ynobcTBa NPakTUYECKOro NPUMEHEHUS MyibTUAHTEHHbIX CUCTEM KpaliHe Ba)KHbIM SBNISieTCA
KOMMaKTHOCTb PeasiM30BaHHOI0 TEXHNYECKOro pelleHns. K MUHUMYMY O0/1>KHO 6biTb CBEAEHO HE TO/IbKO
KOJINYECTBO PaAMNOYaCTOTHbLIX 6/I0KOB, HO 1 pa3Mepbl CaMMX aHTEHH. TUMNYHAsA KOHCTPYKLNS KpocCc-
MosAPM30BaHHbIX aHTEHH NMoKa3aHa Ha puUcyHke 4.
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PucyHok 4

AHTEHHbI C YeTbIpbMS BETBSAAMU UCMOJIb3YIOT ABa CTONOLA KPOCC-NOAPU30BAHHBLIX @aHTEHH B O4HOM
obTekaTene, Tak Xe Kak U aHTEHHa C BOCEMbIO OTBETBJIEHMSAMU, KOTOPAs COCTOUT UX YeTbipex CToNbLoB.
Cononsipu3oBaHHbIe 3/1IEMEHTbI BHYTPU CTONOLA (hOPMUPYIOT BEPTUKAJIBHYIO AMarpamMMy HanpaBJieHHOCTH,
HeobxoAuMYI0 AN NOKPLITUA CeKTOpa. Pasmep aHTEeHHbI 3aBUCUT OT ANMHbI BOJIHbI, COOTBETCTBEHHO, YEM
ona 6osee BbICOKMX YacTOT OHa NpejHa3HavyeHa, TeM MeHblUune rabapuTHble pa3mepsbl MeeT. Ha pucyHke 5
rMoKa3aH OTHOCUTENbHbIN pa3Mep aHTEHHON "KOPOBKN" AN pa3HbIX YaCTOTHbLIX AMaMNa30HOB.
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PucyHok 5

B coBpeMeHHbIx 6ecnpoBogHbIX CUCTEMAX LWNPOKO MCMOJIb3YIOTCA MHOFroAMana3oHHble aHTEHHbI, KOTOpble
MOryT MMeTb Pa3Hble aHTEHHble CEeKLUN AJ1S HU3KUX U BbICOKMX YacToT. C nepexonom Ha bosee BbICOKUE
4acTOTbl MUHUMM3ALNSA 3aTParMBaeT He TOJIbKO aHTEHHYI0 YacTb, HO U RF 6/10KK, Ha pUCyHKe 6 NoKa3aHo
Hanbosiee KOMMakTHoe peweHne obbeMom (19 cpaBHeHUS) He Bonee 25 nuTpoB. OAnH Takom MOoAyJib
MoXXeT obecneynTb pexum paboTbl aHTeHHbI MIMO 2x2 ana TpexcekTopHom 6a30BON CTaHUUK:
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PucyHok 6
MpuMep TeXHUYEeCKNX XxapakTepucTmk 6asoson cTaHumm 4TX4RX

Peyb nongeT NMeHHO 0 TEXHNYECKOM pelieHnn 4TX4RX, KoTopoe aABNseTCs YacTblo TexHonorum MIMO 4x4,
peann3yemMoin Ha CTOPOHe npoBanaepa. To eCTb Yy4lIeHMs KacaloTca To/bko 6a30BON CTaHUUU N Y
ornepaTopa HeT BO3MOXXHOCTU BINATbL Ha KOJINYECTBO aHTeHH aboHeHToB. MIMO 4x4 3agencTBOBaHHOE B
nosHom obbeme nogpasymMeBaeT Hannmyume 4-x aHTEeHH, B TOM 4nC/ie N Ha abOHEeHTCKOM yCTpPoOnCTBe
nosib3oBaTens. bonblWMHCTBO coBpeMeHHbIX 6a30Bbix cTaHUuui (BC) ceTn LTE NCnonb3yoT ABYXaHTEHHbIE
cuctembl MIMO 2x2 (aHTeHHbl 2TX2RX). ba3soBas cTtaHums ¢ peweHnem 4TX4RX, Kak NOHATHO U3 Ha3BaHuA,
NCMonb3yeT AN nepefaduv n npmema no 4 aHTeHHbl. Elle Ha4YnHasa ¢ BOCbMOro penmnsa, sce 6a3oBble
CTaHuun LTE noafnep>XMBatloT YeTblpexaHTEHHOE peLleHue, no3ToMy anrpeng ceten ¢ MIMO 2x2 Ha MIMO
4x4 BO3MOXXHO faxke B ToM ciydae, ecnm bC ncnonbsyet 6onblUoe KONMYeCTBO CTaporo obopynoBaHus.

Hu>xe npuBeneM cpaBHeHMe xapakTepucTunk bC, ncnonb3yowmx aHTeHHbl 4TX4RX n 2TX2RX:
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* naHHble AnA aBOHEHTCKMX YCTPOWCTE C YMCAOM aHTEHH = 2
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PucyHok 7

BHenpeHune 4TX4RX rno3sonseT yNydLlnTb CKOPOCTb Nepefadun AaHHbIX BHYTPU coTbl Ha 20% B HUCXoAsALLEeM
KaHane n 50% B BocxogsuweM. Ha rpaHuLe COTbl CKOPOCTb nepefaydun AaHHbIX YBEINYNBAETCA NPUMEPHO A0
50% no cpaBHeHuio ¢ MIMO 2x2. KpomMe TOro yBennymBaeTcsa paanyc 3oHbl obcnyxvmaHus n rnybuHa
MPOHNKHOBEHMWSA CUrHaNa B NOMeLleHMe, TakK Kak MOLWHOCTb CMrHana nosbiwaeTcs Ha 3 ab.

Hw>xe npuBeneHo cpaBHeHME KOHMPUIypauMm MHOrFOAHTEHHbIX peLleHnn, @ uMeHHOo: MIMO 2x2 (TM3 n TM4)
n MIMO 4x2 (TM4).
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PucyHok 8

MoaepHunsaumsa 6a30BbIX CTaHUUI OT ABYX Mepefatowmx aHTEHH A0 YeTblpex AaeT yBeJIMYeHNE NPOnyCKHOMN
CNocobHOCTU KaHana, 0CObeHHO B CUTyauMaX C HASKUM 1 CPeAHUM OTHoLeHneM curHan-wym (SNR). Obuas
MOLLHOCTb NepedaTynKa C YeTbipbMa NnepenarolmMm aHTeHHaMN faeT yBesIn4YeHne MoLWHoOCTN Ha 34b.
3HayeHue SNR Ha ropmM3oHTaIbHOM OCK N3MepeHo abOHEHTCKNM YCTPOMCTBOM C ABYMS aHTeHHaMU. Takxe
Ba>XHbIM NPenMyLLEeCTBOM NUCMNOJIb30BaHNS YeTbIPpeX aHTEHH SBSETCH BO3MOXXHOCTb UCMOJIb30BaHUSA 4-
rnosiocHoro kombuHupoBaHmsa (MRC) nnm TexHonormm nogasseHns nomex (IRC) B BocxogsLLeM KaHane.

Hu>xe npuBeaeHbl pe3yibTaTbl U3MEPEHUIN 3HAYEHUS MPONYCKHOW COocobHOCTN OHOW A4EVKW Ha peasibHON
COTOBOW ceTun, ncnonbiytouten 2TX2RX n 4TX4RX, KOTopble NoKa3aHbl Ha pUcyHke 9:
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PucyHok 9

3aMeTuMm, 4To nponyckKHas CrnocobHOCTb B BOCXOAALLEN JIMHUN CBA3N YBEJINYNBAETCH Ha 100%, 41O
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ABNSAETCH OYEeHb XOPOLUUM pe3ynbTaToM, U (paKTUYeCKU NoKasbiBaeT yJy4ylleHne KayecTBa BOCXo4ALero
KaHaJla, 4TO ABNSeTCA OCHOBHOW NMPUYNHONM pa3BepTbiBaHUSA TexHosnormm 4TX4RX. MNponyckHas cnocobHOCTb
AYENKN HUCXOOALWEN JIMHUN CBA3U TaKXXe YBEJIMYMBAETCA, HO Inb Ha 50%.

HdanbHenwee pa3BuUTNE NOJYYNIIN BOCbMUAHTEHHbIE (8TX) cucTeMbl GOPMUPOBAHUSA JlyHa, NCMONb3yloLWne
pexnmbl nepepavn TM8 n TM9 B LTE ceTax. Pexxum TM8 ncnonb3yeT nHpopmaLmo oT yCTponcTBa aboHeHTa
Ha OCHoBe 06X 3TAaNIOHHbIX CUTHANOB HUCXoAAWen nmHnK cea3m (Common Reference Signals - CRS), a
Takxe uHhopmaumio oT 6a30BOI CTAHLUUM Ha OCHOBE OMOPHbLIX CUTHAJI0B 30HAMPOBAHNA BOCXOAALEN JINHUN
cBsA3n (Sounding Reference Signals - SRS). HegocTaTkoM pelleHuns onsa popmmpoBaHmns nyda beamforming
Ha ocHoBe SRS fABSeTCHA TO, HTO B BOCXOAALWEN NMHUM CBA3M UCMNONb3YETCA TONIbKO 04Ha nepeaatoulas
aHTEeHHa, B TO BpeMS KaK MPUEMHbIX aHTEHH ABe. DTO 03HA4YaeT, YTO BOCXOAsAWas IMHMUSA He NpefocTaBnaseT
MOJIHYO MHpOPMaLMIO O HanpaBiieHNX nepegadn CMrHana onast HuCxooawen MMHun. B cesisn ¢ atum 6bin
BbIMyLLEH pexxum TM9, ncnonbsywwmnii curHansl gemoaynaumm Demodulation Reference Signals (DM-RS)
ON151 reHepauunn curHanoB obpaTHoW cBA3n B ceTu. NMoapobHee o0 NMUIOTHbLIX curHanax LTE MOXXHO
npoYnTaTb 340€eChb.

IBoNOUNSA pa3BUTUA TexHONorum beamforming B 3gpp nokasaHa Ha pucyHke 10
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PucyHok 10

Ha pucyHke 11. nokasaHbl pe3yabTaTbl CPaBHUTEJIbHbLIX TECTOB AN4 pexxnumos TM3 n TM8:
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PucyHok 11

dopMmMpoBaHMe avarpaMmm HanpasBsIEHHOCTU C NOMOLW b0 TM8 faeT o4eBUAHbIA NPUPOCT B CKOPOCTU
rnepenayun AaHHbIX Mo cpaBHeHMIO ¢ TM3. HecMoTps Ha To, 4To TM8 He OaeT yBe/IMYEeHNA NMMKOBON CKOPOCTH
nepenayun AaHHbIX, CPeOHAS CKOPOCTb B COTE 3HAYNTENIbHO yBen4meaeTca. TM9 paet ayyuwyto
MPOV3BOANTEIBHOCTb MO CPaBHEHMIO C TM8, n OHa Tak)Xe MOXXEeT NokKa3saTb Jiy4ylune pesysabTaThl C
MCNosb30BaHMEM 4-aHTEeHHbIX cucteM. MNpu ncnonb3osaHum bC ¢ 4-aHTeHHaMun (MO CPaBHEHMIO C 2-
AHTEHHbIMN), EMKOCTb 04HOW SA4enKn yBennineaeTtcs Ha 40-50%, a CKOpOCTb nepepayvn AaHHbIX Ha 70-
100%.

Mpon3eoanTenbHOCTb TD-LTE HUCXoOAWEN INHUN CBA3U MOXKET ObiTb AOMOJIHUTENBHO YyJlyylleHa C
MOMOLLbIO aJITOPUTMOB NHTENINIEKTYasIbHOr0 (DOPMUPOBAHUS CUIFHaa, B KOTopoM anroputMbl eNodeB Takxxe
YYUTbIBAIOT MEXCOTOBbIE MOMEXUN. ITUN aIfOPUTMbI, Ha3blBaeMble B aHI1053bl4HOM inTepaType Intelligent
Beamforming, peanusyoTcs MHOrMMUK NpounssognTensmm obopynosaHus 6a3oBbiX CTaHLWNA.

Intelligent Beamforming He TO/IbKO MbITAa€TCA MaKCMMU3NPOBaTb YPOBEHb CUIFHAJa, HO TaK)Xe MblITaeTCs
MaKCMMMN3MPOBaTb OTHOLLUEHME CUTHas-MOMEXa, YTO NPUBOAUT K 6osiee BLICOKMM CKOPOCTAM nepegayn
OaHHbIX 0N nofsib3oBaTesien, paboTalowmx Ha rpaHuLe CoTbl, PUCYHOK 12,
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PucyHok 12 - Intelligent Beamforming 4158 npeaoTBpaLLeHnNss MEXXCOTOBbIX MOMEX

Ob6bepunHerme uplink 8RX ¢ MHorononb3oBaTenbckum MIMO (MU MIMO) aBnsaeTcsa npuBiekaTebHbIM
pelweHnemM a5 yBesim4eHus npornyCcKHON CNOCOBHOCTY N MOKPBLITUA AYeeK BOCXOASALEN NMHNN CBA3M. Ha
puycyHKe 13 nokasaHo, 4TO Mo pe3ysbTaTaM TeCTOB NMPUPOCT CKOPOCTU nepefayn gaHHbix MU-MIMO
BOCXOAALLEN NNHUN CBA3K NpeBbiwaeT 40%.
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PucyHok 13. YBenndyeHune nporyckHoM crnocobHoCcTn Bocxoasllero kaHasaa Ha 40% rpu ncrosib30BaHuu
MHOroroJsib3oBaTtesibckoro MIMO


https://cdn.nag.ru/news.public.uploads/upload/images/20170512-0051.png

	Мультиантенные системы в LTE сетях

