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(57) Pedepar:

N306peTeHne OTHOCUTCH K TEXHUKE CBSI3W.
TexHnyeckuii pesynbTaT COCTOUT B MNOAAEPXKKE
CMUCTEMOW MHOXECTBA PEXMMOB MPOCTPAHCTBEHHOrO
MyNbTUMNEKCUPOBAHUST AN YNydlleHus
NPOU3BOANTENBHOCTU U BonbLuer rmMbkocTn. [ns aToro
B CUCTEME WUCMONb3yeTCs OAHOMOMb30BaTENbCKUM
HanpaBneHHbIA  pexvMMm, B  KOTOPOM  nepeaaloT
MHOXECTBO MOTOKOB AaHHbIX 4epe3 OpTOroHanbHble
NMPOCTPAHCTBEHHbIE KaHanmbl B  OOWH  MPUEMHUK,
OAHOMNONb30BaTENbCKUA HEHAMNPABIEHHbIN PEXUM, Npu
KOTOPOM nepefanT MHOXECTBO MOTOKOB [AaHHbIX
yepes MHOXECTBO aHTeHH B OAWH NpUEMHUK 0e3
NPOCTPaHCTBEHHON  0bOpaboTkm B nepegaryuke,
MHOrononb30BaTENbCKNMA  HanpaBIieHHbI  pexnM, B

KOTOPOM MepefalT MHOXECTBO MOTOKOB  [AaHHbIX
OOHOBPEMEHHO B  MHOXECTBO  MPUEMHMKOB C
NpoCTpaHCTBEHHOW o06paboTkon B nepegatyuke, W
MHOrononbL30BaTENbCKUA  HaMPaBMNEHHbIA PexuM, B
KOTOPOM MepefalT MHOXECTBO MOTOKOB  [AaHHbIX
yepes MHOXECTBO aHTEeHH, COBMECTHO
pacnonoXeHHbIX UM HEe COBMECTHO PaCMONOXEHHbIX,
6e3 nNpocTpaHCTBEHHOW 00paboTkM B nepepaTyvke B
NPUEMHNK, MWMEIOLWNA MHOXECTBO aHTeHH. [ns
Kaxgoro Habopa nonb3oBaTenbCKUX TEPMUHAroB,
PEeXUM MPOCTPAHCTBEHHOrO MYMNbTUMIEKCUPOBAHUS
BblbMpaloT  ana  Habopa  MoNb30BaTENbCKUX

TEPMUHANoOB K3  PEXWMOB  NPOCTPaAHCTBEHHOrO
MYynbTUMNEKCUPOBAHUS, MOAAEPXKUBAEMbIX CUCTEMOMN.
10 H. n 34 3.n. ¢b-nbl, 14 un., 3 Tabn.
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OF SPACE MULTIPLEXING

(57) Abstract:

FIELD: radio.

SUBSTANCE: system uses single-user directional
mode in which multiple data flows are transmitted
to one receiver over orthogonal space channels,
single-user non-directional mode in which
multiple data flows through multiple antennas to
one receiver without space processing in
transmitter, multi-user directional mode in which
multiple data flows are transmitted to multiple
receivers at the same time with space processing
in transmitter, and multi-user directional mode
in which multiple data flows are transmitted
through  compatibly positioned or incompatibly
positioned  multiple  antennas  without  space
processing in  transmitter to receiver  with
multiple antennas. Mode of space multiplexing for

each set of user terminals is selected from space
multiplexing modes supported by system.

EFFECT: system support of multiple space
multiplexing modes to improve performance and
increase flexibility.
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MputasaHue Ha npuoputeT no §119 U.S.C 35

HacTtoswaqa 3asBka Ha naTeHT NpUTa3aeT Ha NPUopuTET NpeaBapuTENbLHON 3asBKU Ha NaTeHT
CLUA Ne 60/421309, HasbiBaemon "MIMO WLAN System", nogaHHon 25 okta6ps 2002 r., npaBo
Ha KOTOpYto NepedaHo nNpaBornpeeMHUKY HacTosLwero n3obpeteHus, n Kotopas BKMoYeHa B
HacTosiLLiee onucaHue BO BCel CBOEW NOMHOTE B KA4eCTBE CChINKN.

OBJTACTb TEXHUKWN, K KOTOPOW OTHOCUTCA N3OBEPETEHVE

HacToswee nsobpeteHue B obLLEM Crydae OTHOCUTCS K CBA3M U, Bornee KOHKPETHO, K
KOMMYHWKaLMOHHOW CUCTEME C MHOXECTBOM BXOJ0B M MHOXeCTBOM Bbixogos (MIMO).

YPOBEHb TEXHUKW

MIMO cuctema, Kak npaBuno, UCNonb3yeT AN nepegayn aHHbIX Heckonbko (Nt)
nepegawLLmMx aHTeHH 1 Heckonbko (NR) NPYEMHbIX aHTEeHH 1 o6o3HavaeTcs Kak cuctema
(Nt, NR). MIMO kaHan, cdoopmupoBaHHbIn Nt nepegarowimm n Ng NpUEMHbIMU aHTEHHaMM,
MoXeT ObITb pa3noxeH Ha Ng MPOCTpaHCTBEHHbIX KaHanos, rae Ng < min{Ny, Ng}. Ans
JocTmxkeHus 6onbluer obLuer NponyckHon cnocobHocTu, Ansa nepegayn Ng He3aBUCUMbIX
NMOTOKOB AaHHbLIX MOryT Mcnonb3oBaTbcs Ng NPOCTPaHCTBEHHbIX kaHanoB. B obwem cnyyvae, ons
OQHOBPEMEHHOW nepefayn 1 BOCCTAaHOBMEHUSA HECKOMNbKUX NOTOKOB AaHHbIX NPOCTPaHCTBEHHAas
o6paboTka 06bIYHO BbINOMHAETCHA B NPUEMHUKE N MOXET BbIMONHATLCA UMW HE BbINONHATLCH B
nepegartyuke.

MsBecTHas MIMO cuctema oObIMHO UCNONB3yEeT onpedeneHHyo cxemy nepegayv ang
O HOBPEMEHHOW Nepefayvn HeCKOMbKMX NMOTOKOB AaHHbLIX. OTa cxema nepegaydn MoxeT 6bITb
BblGpaHa Ha OCHOBE KOMMNpPOMUCCa MeXAy PasnNUyYHbIMK hakTopamm, TakuMu Kak TpeboBaHus K
cucrteme, o6beM obpaTHOM CBA3M U3 NMPUEMHUKA B NepegaTyunk, BO3MOXHOCTU nepegaTymka u
npuveMHuka, u T7.4. lNepenatyumk, NPUEMHUK 1 CUCTEMA, K TOMY e, paspaboTaHbl ¢
BO3MOXXHOCTbIO NOAAEPKKU BbIOPAHHOW CXeMbI nepegayvn u OyHKLUMOHUPOBAHWS B COOTBETCTBUM
C Heto. YKkasaHHada cxemMa nepegayvm 06bIYHO MMeET NpeanovTUTENbHbIE NPU3HAaKK, a Takke
HebnaronpuaTHbIE NPU3HAKK, KOTOPbIE MOTYT BAUATbL HA MPON3BOANTENBHOCTL CUCTEMbI.

Takum obpasom, B AaHHOW 00nacTn TeEXHUKN cyLlecTByeT noTpebHocTb B MIMO cucteme,
BbINOMHEHHOW C BO3MOXHOCTbIO AOCTMKEHNS MOBbILLEHHOW 3(pEKTUBHOCTH.

PACKPbITVE N3OBPETEHUA

OnucaHa MIMO cuctema, koTopas noaAepKUBaeT HECKOSbKO PEXMMOB NPOCTPaHCTBEHHOIO
MynbTUnnekcupoBaHnst (SM) ons NoBbILLEHMS NPOU3BOAUTENBHOCTU N BonbLuen rmbKocTy.
lMpocTpaHCTBEHHOE MYNbTUNIIEKCMPOBAHWE OTHOCUTCH K OOQHOBPEMEHHON nepeaade HeCKOMbKNX
NMOTOKOB AaHHbIX Yepes3 HEeCKOMbKO MPOCTpPaHCTBEHHbIX kaHanoB MIMO-kaHana. Heckonbko
PEXMMOB NPOCTPAHCTBEHHOrO MyNbTUMMEKCMPOBAHNS MOTyT BKMNtoyaTb B cebsa (1)
O[HONONb30BaTENbLCKUIA HaNpaBnNeHHbIA PexnM, Npu KOTOPOM OCYLLLECTBRSETCS nepeaada
HECKOIbKMX MOTOKOB AaHHbIX MO OPTOroHarbHbIM NPOCTPaHCTBEHHLIM KaHanam B OAWH
NpUeMHUK, (2) ogHOMNOMNb30BaTEeNbCKNA HEHaMPaBMEHHbIA PEXUM, NPY KOTOPOM OCYLLLECTBIAETCH
nepegava HeCKOMbKMUX MOTOKOB AaHHbIX Yepe3 HECKONbKO aHTEHH B OAMH NpueMHuK 6e3
NPOCTPaHCTBEHHON 00paboTKM B Nnepeaatynke, (3) MHOrononb3oBaTeNbCKUA HaMpaBneHHbIN
pexuM, Npu KOTOPOM OCYLLIECTBNAETCH OQHOBPEMEHHada nepegadya HeCKONbKMX NOTOKOB JaHHbIX
B MHOXXECTBO MPUEMHWKOB C NMPOCTPaAHCTBEHHON 0O6paboTKON B Nnepeaatyuke, u (4)
MHOrononbL30BaTenbCKMIA HeHanNpPaBieHHbIA PeXxuM, NpyM KOTOPOM OCYyLLEeCTBNsSeTCa nepefada
HECKONbKMX NMOTOKOB AaHHbIX Yepe3 HECKONbKO aHTEeHH (COBMECTHO pPacmnonOXKeHHbIX UIu
pasfenbHO pacnornoXeHHbIX) 6e3 NpocTpaHCTBEHHOM 06paboTkn B nepeaatymke (nepegartymkax)
B MPUEMHUK (MPUEMHUKU), UMEIOLLMIA HECKONBbKO aHTEHH.

[nga nepegayn gaHHbIX NO HUCXOASALLEN U/UNK BocxoadLen NMHUM BelbupatoT Habop no
MEHbLLEN Mepe U3 OOHOro Nonb30BaTeNbLCKOro TepMuHana. BeibupatoT pexnm
NPOCTPAHCTBEHHOIrO MyfbTUMNMNEKCMPOBAHNS ANA Habopa Nonb30BaTeNbCKMX TEPMUHANOB 13
MHOXECTBa PEXMMOB MPOCTPaHCTBEHHOrO MynbTUNNEKCUPOBaHUS, NoAAePKMBAEMbIX CUCTEMOMN.
Takxke BbIOMpaloT MHOXECTBO CKOPOCTEN ANA MHOXeCTBa NOTOKOB AaHHbIX, NPeAHa3HaYeHHbIX
Ons nepefayun Yepes MHOXECTBO NPOCTPAHCTBEHHBIX kaHanos kaHana MIMO Habopy
nonb3oBaTenbCcknx TepMnHanos. Habop nonb3oBaTenbCkUX TEPMUHANOB MIaHNpYoT Ang
nepegayv gaHHbIX MO HUCXOZALWEN U/Mnn BOoCXoasLen NMMHUKN ¢ BblBpaHHbIMU CKOPOCTAMU U
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BbIOpPaHHbIM PEXMMOM NPOCTPAHCTBEHHOIO MynbTUMNMEKCMPOBaHUs. [locne 3Toro MHOXeCTBO
NOTOKOB [aHHbIX 0OpabaTtkiBaloT (HanpymMep, BbIMOSHAT KOAUPOBaHME, NepeMexeHme u
MOAYNSALMI0) B COOTBETCTBUM C BbIBPAHHBIMU CKOPOCTAMU U AOMONHUTENBLHO NogBepratT
npocTpaHCTBEHHON 06paboTke B COOTBETCTBUMN C BbIBPAHHBIM PEXMMOM MPOCTPAHCTBEHHOMO
MYNbTUMMEKCUPOBaHNS AN nepefayvn Yepes MHOXECTBO NPOCTPaAHCTBEHHbLIX KaHaros.

Hwxe 6onee nogpobHO onvcaHbl pasnuyHble acnekTbl, BapuaHTbl OCYLLEeCTBIEHUS U
OTNUYMTENbHbIE NPU3HaKN N306peTEHUS.

KPATKOE OMUCAHWE YEPTEXEN

Ha ®wur.1 nokaszaHa MIMO cuctema ¢ MHOXXECTBEHHbIM AOCTYMNOM;

Ha ®dur.2 nokasaHa CTpyKTypa kagpa v kaHana ana MIMO cuctemsl;

Ha ®ur.3 nokasaHa Toyka AOcCTyna u ABa nonb3oBaTensckux TepmuHana B MIMO cuctewme;

Ha ®ur.4 nokasaH nepegarowmii (TX) npoueccop AaHHbLIX B TOYKE AOCTYNa;

Ha ®ur.5 nokasaH TX NPOCTPaHCTBEHHbIV MPOLLECCOP U MOAYNATOPbLI B TOYKE AOCTYNa;

Ha ®ur.6 nokasaHbl geMoaynaTopbl U NpueMHbIn (RX) npocTpaHCTBEHHLIN NpoLeccop B
MHOrOaHTEHHOM MONIb30BaTENbCKOM TepMUHane;

Ha ®ur.7 nokasaH RX npoueccop AaHHbIX B MHOFOQHTEHHOM MOS1b30BaTeNbCKOM TepMuHarne;

Ha ®ur.8 nokasaHbl RX npocTpaHcTBeHHbIN npoueccop n RX npoueccop AaHHbIX
peanuayoLme cnocod nocrnegoBaTensHoro yaanexHms nomex (SIC);

Ha ®ur.9 nokasaHbl NpMemMHas/nepegatoLLme Lenn B Touke JOCTyna 1 NoSib30BaTefbCKOM
TepMuHane;

Ha ®ur.10 nokasaH MexaHu3M ynpasneHUsi CKOPOCTbIO Nepeaayn ¢ 3aMKHYTbIM KOHTYPOM
ynpasneHus;

Ha ®ur.11 nokasaH KOHTpoOrnep 1 NNaHUPOBLLKK AN NNaHNPOBaHUA NOMNb30BaTEeNbCKUX
TepMNHanoB.;

Ha ®ur.12 nokasaH npouecc NnaHMpoBaHWs MOMb30BaTENbLCKUX TEPMUHANOB ANd nepegayn
OaHHbIX;

Ha dur.13 nokasaH npouecc nepegayn AaHHbIX N0 HUCXOASALLEN NUHUK; U

Ha dur.14 nokasaH npouecc npuema gaHHbIX N0 BOCXOASALLEN NMHUN.

OCYLWECTBNEHNE N3OBPETEHNA

CnoBo "vnniocTpaTUBHLIN" UCMOMb3YeTCH B HACTOSILLEM ONUCaHUN Kak O3Ha4vatoLlee
"cryawuin B Ka4yecTse npumepa, unnctpaummn”. Jliobor BapmMaHT OCyLLECTBNEHNS, U3MNOXEHHbIV
B HacTosLLEeM onncaHumn Kak "unnicTpaTmMBHbIn”, He cnegyeTt ¢ HeobXoOUMOCTBLIO paccMaTpuBaThb
Kak npeanovTUTENbHbIA NNU NPENMYLLECTBEHHbIN nepes ApYrmMu BapnaHTaMu OCyLLEeCTBIIEHUS.

MIMO Cunctema MOXeT UCMNOMNb30BaTh OAHY HECYLLYIO UMY MHOXECTBO HecyLux ans
nepegaym gaHHblX. MHOXECTBO HECYLLUNX MOXET MPUMEHSATLCHA B MYNbTUNNEKCUPOBAHUN C
opToroHanbHbIM geneHnem vactoT (OFDM), B Apyrux cnocobax Moaynsaumm ¢ MHOXECTBOM
Hecywmx unn B apyrux cuctemax. OFDM adbcdhekTUBHO pasfenseTt Nofocy YacToT CUCTEMbI Ha
MHOXeCTBO (/VF) OpTOroHanbHbIX NO4ANANa30HOB, KOTOpble 0ObIMHO HA3bIBAKOTCS TOHAMU,
OvHaMu, HecyLMMM 1 YacTOTHbIMK KaHanamu. B cnyyae OFDM kaxabli nogananasoH CBsi3aH C
COOTBETCTBYIOLLEN HecyLeln, KoTopas MoXeT BblTb MOAYyNUpoBaHa AaHHbIMU. Huxecneaytowlee
onucanue gaHo gns MIMO cuctemel, ncnoneaytowen OFDM. OgHako KoHUEeNUUn, N3NoXKeHHbIe B
HaCTOosLLEM ONUCaHUK, paBHbIM 06pasomM npumeHuMbl K MIMO cucTteme ¢ 0aHOWM HeCyLLEN.

MIMO cuctema nogaepxuBaeT MHOXECTBO PEXUMOB MPOCTPAHCTBEHHOMO
MynbTUMNEKCUPOBaHNS NS YBENUYEHUs Npon3BOAMTENBHOCTHN N Bonbluen rmbkoctu. B Tabnuue
1 nepeuncrneHbl nogaepXnBaemble peXXnUMbl MPOCTPAHCTBEHHOIO MYMbTUMIEKCUPOBAHUA U AaHbl
WX KpaTKMe onucaHus.

Tabnvua 1
PexuM NpocTpaHCTBEHHOTO OnwucaHue
MynbTUNNEKCUPOBAHUS
O[HOMOMNb30BaATENbCKUI MHOXeCTBO NOTOKOB AaHHbIX NepeAatoT N0 OPTOroHasbHbIM NPOCTPAHCTBEHHbLIM KaHanam B OAUH NMPUEMHUK
HanpaeBneHHbIA
0[HOMOMNb30BaTENbCKUI MHOXeCTBO NOTOKOB AaHHbIX NepefatoT Yepe3 MHOXECTBO aHTEHH B OAWH NPUEMHUK 6e3 NPOCTPaHCTBEHHOM
HeHanpaBsreHHbI obpaboTku B nepeaaTynke
MHOromnonb3oBaTenbckuii | MHOXECTBO NOTOKOB Aa@HHbIX NepeaarT OAHOBPEMEHHO (1) 13 04HOTo NepeaaTyMka BO MHOXECTBO NPUEMHUKOB
HanpaeBneHHbI UNnU (2) U3 MHOXECTBA NepefaTyvKoB B OUH NPUEMHWK, B 0GOMX Cryvasix ¢ NpoCTpaHCTBEHHOW 06paBoTKoii B
nepegatyvke (Nnepegatymkax)
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MHOrononb30BaTenbCKNi
HeHanpaBneHHbIN

MHOXeCTBO NOTOKOB A@HHbLIX NepeaaroT 0AHOBPEMEHHO (1) U3 MHOXeCTBa NepeaaTyMKoB B OAUH NPUEMHUK unn (2)
13 OZIHOTO NepeaaTymka BoO MHOXECTBO NPUEMHUKOB, B 060X cryyasix 6e3 npocTpaHCTBEeHHO 06paboTku B
nepeparyvke (nepegaTyvkax)

MIMO cuctema Takxke MOXeT NoOAAEPKUBATL ApYrne U/nnm pasnuyHble pexuMsl
NPOCTPAHCTBEHHOIrO MyNbTUMNIIEKCMPOBAHUS, U 3TO HAaX0OUTCS B Npegenax obbeMa HacToALero
M300peTeHnS.

Kaxgblii pexxum NpoCTPpaHCTBEHHOrO MYNbTUMNIEKCMPOBaHNSA UMEET pasnnyHble KanmbpoBKku u
TpeboBaHus. PexMMbl HanpaBneHHOro NPOCTPaHCTBEHHOTO MYMbTUMIEKCUPOBAHWS, Kak
npaBunmno, NO3BONAT AOCTUYb MyYLleiln NPOU3BOAUTENBLHOCTN, HO MOTYT MPUMEHSTLCS, TONBKO
ecnu nepegatynk MmMeeT JOCTaTOYHY MHOPMaLMIO O COCTOSHUM KaHarna Ang opToroHanusauum
NPOCTPaHCTBEHHbIX KaHaMNoB Mpu NOMOLLM pasfoXeHUsa unu kakoro-nubo apyroro cnocoba, kak
onncaHo Hwxe. B cnyvae pexnmoB HeHanpaBneHHOro NPOCTPaHCTBEHHOMO
MynbTUNNEKCUPoBaHNS TpebyeTca oueHb Marno UHgopmMauun ona ogHOBPEMEHHOW nepedayn
MHOXeCTBa NOTOKOB JaHHbIX, HO MPOU3BOANTENBHOCTb MOXET ObITb HE TakoOl BbICOKOW, Kak B
crny4ae pexnumoB HanpaBneHHOro NPOCTPaAHCTBEHHOMO MyrbTUNNeKkcMpoBaHus. MNogxogawmm
pexuM NpOCTPaHCTBEHHOIO MyMbTUMMEKCUPOBaHUS MOXET BbITb BbiBpaH Ans UCMONb30BaHUSA B
3aBMCUMOCTW OT AOCTYMHON MHDOPMALMK O COCTOSIHUU KaHana, OT BO3MOXHOCTeN nepeaaTtymka
U NPUEMHUKA, CUCTEMHbIX TpeboBaHun u 1.4. Kaxabii 3 pexvmoB NpOCTPaHCTBEHHOMO
MYMbTUMNEKCUPOBAHNS ONNCaH HUXE.

1. OgHonoNb3oBaTENbLCKUN PEXMM HaNpaBNEeHHOro NPOCTPaAHCTBEHHOMO
MYyfbTUNEKCMPOBaHUA

YacTtoTHo-cenekTnsHblin MIMO kaHan cpopmnpoBaHHbid A nepegaroiuMmm aHteHHamm n Ag
NPUEMHbIMW aHTEHHaMu MOXET OblTb OXxapakTepusoBaH A: MaTpuuammn OTKIIMKOB KaHana B
YacTOTHOM AoMeHe, H(k) , ona A=1 ... Mg Kaxaas us KOTopbiX UMeeT pasMepHOCTb Nrx V.

Manmu,a OTKJIMKOB KaHana gna Kaxagoro nogananasoHa MoxeT ObITb BblpaXXeHa Kak:

(k) ha(k) ... By (k) |, ypasHerve (1)
Mak)  halk) oo By (R)

o] . .
a6 () e g ()

rae sanemeHT 4, (k) , Ana F1... Mg, A1... Mr v k=1 ... N npegcTtaBnseT coboi cBa3b (T.e.

KOMMMNEKCHOe yCcuneHne) mexay nepenaroLlein aHTeHHOW /1 NPUeMHON aHTeHHOW /ans
nogavanasoHa A.
Matpuua H(k) OTKMNMKa KaHana Ang kaxxgoro nogavanasoHa MoXeT 6bITb

"OnaroHanuanpoBaHa" ons nony4veHust Ng coBCTBEHHbIX MOA AJs 3TOro nogavanasoHa. Takas
aunaroHanmsaumsa MoxeT ObITb Npon3BeaeHa NyTeM BbINONHEHNS NMOO pasnoXXeHns no
CUHIYNAPHBIM 3Ha4YeHUAM MaTpuubl H(k) OTKNUKa KaHana unv pasnoXeHusi No COOCTBEHHbIM

BEKTOpaM KoppensiynoHHoW MaTpuupbl Ans matpuupbl Hk), KoTopas npeacrasnsieT cobon
R(k) = H'(oH(k), e "™
PasnoxeHne no CUHrynsapHbIM 3HaYeHAM MaTpuubl H(k) OTKIUKOB KaHana Ans Kaxaoro

nogananasoHa MOXeT OblTb BbIPaXXEHO Kak:
H(k) = U ZK)V” (k) - yPasHenue (2)
roe U(k) npeactaenseTt cobor (Mgx/NR) YHUTapHYO MaTpuLy feBbiX COOCTBEHHbLIX BEKTOPOB
ana Hik) ;
(k) npeacraenset cobon (Ngrx/Ny) oMaroHanbHy0 MaTpuULy CUHIYMSIPHbIX 3HaYeHun anga H(k) ;

roe obo3HavaeT TpaHCMOHMPOBaHMe C KOMMJ1EKCHbIM Conps>XXeHnem.

V (k) npeactaBnsieT cobon (AVyx/Nr) YHUTapHY MaTpuyuy nNpaBbiX COOCTBEHHbLIX BEKTOPOB Afs
H(k) ;
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YHUTapHOCTb MaTpuubl M XapakrepuayeTcs CBOWCTBOM pPni=1 »roe I npeacrasnser

coboli eANHNYHY0 MaTpuLly.

PasnoxeHne no cobCTBEHHbIM BEKTOPAM KOPPENALNOHHOM MaTpuubl Hik) Ona Kaxgoro
nogamnanasoHa MoXeT OblTb BbIPaXKEHO Kak:
R()= H" (OH(k) = VOAK)V (k) -~ ypasHeHve (3)

roe A(k) npegcrtaenset cobon (Mpx M) onaroHanbHy0 MaTpuLy CO6CTBEHHbLIX BEKTOPOB A5
R(k) . Kak nokasaHo B ypaBHeHusx (2) u (3), ctonbubl V (k) SIBNSATCA COOCTBEHHbLIMU
BekTopamu And R(k) , a Takke npaBbiMK COOCTBEHHbIMU BEKTOpamu and H(k) .

PasnoxeHne no CUHrynapHbIM 3Ha4YeHUsIM U pasnoXXeHne No coO6CTBEHHbIM BEKTOpPaM ONUCcCaHo
Gilbert Strang B kHure osarnaeneHHoln "Linear Algebra and Its Applications", sBTopoe
n3gaHne, Academic Press, 1980. OgHononb3oBaTeNbCKNN PEXNM HanpaBrieHHOro
NPOCTPAHCTBEHHOIO MYIbTUMIIEKCUPOBAHNA peann3oBaH MO0 NOCPeACTBOM Pa3fioXeHUS No
CUHIYNAPHBIM 3HA4YeHUAM, MO0 NOCPEACTBOM pPasfnoXeHNsa No cCOBCTBEHHbIM BekTopam. [ns
NPOCTOThI B HMXKECNEeayLWeM OnmcaHnm UCMNosb3yeTcs pasnoXeHne No CUHTYIAPHBIM
3HAYEHUSIM.

MpaBble cOBCTBEHHbIE BEKTOpa Ana H(k) Takke HasblBalOTCs "HanpaBnsowmumMm" BeKTopamm
M MOTYT ObITb UCNOMNBL30BaHbI NEPEAATUYNKOM OIS NPOCTPaHCTBEHHOW 06paboTku Npu nepegade
OaHHbIX No Ng cobcTBEHHbIM Mogam anst H(k) . JleBble coGcTBEHHbIE BEKTOpa AN H(k) MOryT
ObITb MCNONBb30BaHbI AN NPOCTPAHCTBEHHON 06PabOTKM B MpMEMHMKE NSl BOCCTAHOBEHUS
OaHHbIX, nepefaHHbix No Ng cobcTBeHHbIM Mogam. COBCTBEHHbIE MOABI MOXHO paccMaTpuBaThb
Kak OpTOroHarnbHbl€ NPOCTPaHCTBEHHbIE KaHarbl, NOMy4Yaemble B pe3ynbTaTe pasfnoxeHus.
OnaroHanbHas matpuvua Z(k) COOEepXWUT HeoTpuLaTeNbHOE BELLECTBEHHOE 3HAYEHNE Mo
OunaroHanu n Hynu B Apyrnx nosnuunsax. YkasaHHble guaroHarbHble 3r1eMeHThbl Ha3blBaloTCSA
CUHIYTAPHBIMW 3Ha4YeHnsaMK anga Hik) v npeacTaBnsioT yeuneHus kaHana ansa Ng COGCTBEHHbIX

Moa H(k) . CuHrynsipHble 3HadeHns ansa Hik), {01 ) o,(K) ... 5, (k)} TaKxKe npencrasngaoT
coboli kopeHb kBagpaTHbIi U3 COBCTBEHHLIX 3HayYeHu ansa Rik), {%(k) Z,z(k) e By (k)} rne

G, (k) = mﬁ (k) Jekomnosnuma no CUHTYINAPHbBIM 3Ha4Y€HUAM MOXET BbINOJTHATLCA A4 MaTpULbl

H(%) OTKNMKa KaHana He3aBMCMMO OJis Kaxaoro u3 Ar nogavanasoHoB ans onpedeneHus Ng

COBCTBEHHbLIX MO A5 3TOro nogananasoHa.
[ns kaxpgoro nogananasoHa CUHIYNSApHbIE 3Ha4YeHnsa B matpuue (k) MoryT ObITb

ynopsiaoYeHbl OT GONMbLUNX K MEHBLUMM 1 COBCTBEHHbIE BEKTOpa B MaTpuuax Vv (k) n Uk)

MOryT ObITb YNIOPSAOYEHbI COOTBETCTBYOWMUM 06pasoM. "LLnpokononocHas" cobcTBeHHas moaa
MOXeT ObITb onpefeneHa kak Habop cobCTBEHHbLIX Mo ANs Bcex N noganana3oHoB, MMEKLWNX
BbIMOSTHEHUSA NPOCTPAHCTBEHHON 06PabOTKM B MPUEMHMKE OAMHAKOBbI MNOPSOKOBbLIN HOMEP
nocre ynopsiaoyeHus (T.e. LUMPOKONoocHas cobCcTBEHHaa Moaa /m BKoYaeT B cebs
cobcTBEHHbIE MOAbI /77 BCEX MOAAMana3oHoB). B obuwem cnyyae, onsi nepegaym MoryT
ncnonb3oBaTtbcs Bce Mg nogananasoHOB UM MEHbLLIEE KOSIMYECTBO, MPUYEM HEUCMONb3yEMbIE
nogananasoHbl 3anofIHAKT CUrHanamMm ¢ HyneBbIM 3Ha4YeHMeM. [1na NpocToThl B
HWXKecneayLem onnucaHun npegrnonaraeTcd, Yto Bce Mg nogananasoHbl MCNONb3yTca ANng
nepegayu.

B ogHOMonb30BaTENbCKOM peXMMe HanpaBfieHHOro NPOCTPaAHCTBEHHOIO
MYNbTUMNEKCMPOBAHUS (MM NPOCTO "OAHOMONb30BATENLCKUN HaNpaBeHHbI pexmnm”)
nepeatoT Ns MOTOKOB CMMBOSIOB AaHHbIX No Ng cobcTBeHHbIM MogaMm MIMO kaHana. 31o
TpebyeT NpoCTpaHCTBEHHOM 06paboTkK, Kak B nepedaTymke, Tak U B MPUEMHUKE.

MpocTtpaHcTBEeHHas obpaboTka B NnepegaTyuke Ans Kaxgoro nogavanasoHa B cryvae
OLHOMNONb30BaTENbCKOr0 HanpaBfieHHOro peXxmMMa MOXET OblTb Bblpa)keHa Kak:

X, (k) =V{k)s(k)  ypaBHeHue (4)

roe s(k) npegcrtaBnsieT cobow (Mrx1) BekTop ¢ Ng HeHyneBbIMU anemeHTamu ans Ny

CUMBOSIOB AaHHbIX, MpeAHa3HavYeHHbIX ansa nepegaym no Ng Cob6CTBEHHBIM Modam
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nogavanasoHa A u
X, (k) npenctaenseT cobon (NMyx1) Bektop ¢ N anemeHTamu gns Ay cCMMBOMOB nepegayu,

npeAHasHadYeHHbIX Ana nepegayn Yyepes My nepefarolmx aHTEHH B nogananasoHe A.
Ns anemeHTOB s(k) MoryT npeactaBnsTb Ng NOTOKOB CUMBOJSOB AaHHbIX, @ OCTaBLUMECS

9NeMEeHThbI s(k) , €CNN OHWN €CTb, 3aMONHSIOT HYNAMW.

MpuHATbIE CUMBONbI, NOMYYEHHbIE MPUEMHUKOM ANS KaX40ro nogavana3oHa MoryT ObiTb
BblpaXeHbl Kak:
r,-, = H{&)x, . (k)+n(k) = H(K)V()s(k) +n(x) ypaBHeHue (5)

roe r,,.. (k) npegctaenset cobor (Mgx1) Bektop ¢ AR anemeHTamu ansa Ng NPUHATBLIX

CUMBOJOB, MONYYeHHbIX Yepe3 Ng NPMEMHbIX aHTEHH A5 nogananasoHa A; u
n(¥) npegcrtaensiet cobor BEKTOp WyMa Ans nogguanasoHa A.

MpocTpaHcTBEeHHas obpaboTka B NpMeMHUKE Ansi BOCCTAaHOBMEHUS BEKTOpa s(k) ANS
Kaxaoro nogamnanasoHa MoXeT OblTb BblpaXeHa Kak:
8, (=27 (U (D)L, () ypasherue (6)
= £ (HU" (HEV(F)s(k) +n(b)
= £ (1)U ()(UEEEV " (V. (F)s() + (k)
=s(k)+n, (k) ,

MM g e (1) = U7 (e () M 8 () =27 (03, (1)

roe 3, (k) npeacraenset cobon (NMVrx1) BekTop ¢ Ng 4ETEKTUPOBAHHBIMU CUMBOSIAMU
AaHHbIX ANa nogananasoHa A;
$,.- () npeacraenset cobon (Myx1) BekTop ¢ Ng BOCCTAHOBMNEHHBbIMY CUMBOMaMu AaHHbIX O51s
nogavanasoHa A u
n,_ (k) npeactaensiet cobon BeKTop WwyMa nocne obpaboTku ansg nogananasoHa A
§ (B npeacTtaenseT cobort HEHOPMMPOBAHHYHO OLIEHKY BEeKTopa s(k) AaHHbIX, a BEKTOp
S, (0) npencTaBnseT cobON HOPMUPOBAHHYIO OLIEHKY S(K). YMHOXeHue Ha g'l ) B
ypaBHeHUn (6) yunTbiBaeT (BO3MOXHO, pasnuyHble) yeunennsa Ng NpoCTpaHCTBEHHbIX KaHaroB U
HOpPMUpPYET pe3yrnbTaT NPOCTPaHCTBEHHON 06paboTKn B NpMEMHMKE Takum obpa3oM, 4To B
nocneayoLwmn 6nok o6paboTkmM NpefoCcCTaBNATCA BOCCTAHOBMNEHHbIE CUMBOSbI AAHHBbIX,
nUMetoLLMe NOAXOOALLYI0 BENNYUNHY.

[ns ogHononb30BaTENbLCKOro HanpaBneHHOro pexxuma matpuua F,_ (k) HanpaBnswoLwmx
BEKTOPOB, NCMONb3yemasi B nepegartyuke Ans Kaxaoro noganana3oHa, MOXeET ObiTb BblpaXeHa
Kak:

F..()=¥(k) ypaBHeHue (7)

Matpuua npocTpaHCTBEeHHOW (hunbTpayuun, ncnonb3yemasi B NpUeMHUKe Ans Kaxaoro
noaamanasoHa, MoOXeT ObiTb BblpakeHa Kak:
M, (k)= EH (k) YPaBHeHve (8)

OpHononb3oBaTeNbCKUIA HaNpPaBEHHbIN PEXUM MOXET ObITb UCMOMNb30BaH, eCnu nepeaaTymnk
nmeeT MHOpPMaLMIO O COCTOSHUN KaHana nNnbo B Buae Matpuupbl H(k) OTKNMKa KaHana, nubo
MaTpuubl V(k) npaBblXx COBCTBEHHbIX BEKTOPOB Anst H(k) , and k=1 ... Ag. MNepepatunk moxeT
oueHuTb H(k) nnm v k) ANsi KaX40ro nogananasoHa, OCHOBbIBAsCb Ha MUMOT-CUrHane,
nepegaBaeMoM NMPUEMHUKOM, KaK OMUCAHO HUXE, U MOXET MOMNyYnTb 3Ty MHAOPMAaLMIO OT
NpYeMHUKa No kaHany obpaTHow cBs3u. Kak npaBunio, NpUEMHUK MOXET nonyunTtb Hik) vnm

u? (k) ANs Kaxaoro nogauanasoHa, OCHOBbIBasiCb Ha NUMOT-CUrHane, nepejaBaemMom
nepegatynkom. M3 ypasHeHus (6) BugHo, 4to Ng NOTOKOB s(k) CMMBOJSIOB AaHHbIX, NCKaXKEHHbIX
TOMbBKO WYMOM n,_ (k) KaHana nocne obpaboTku, MoryT ObiTb NOMyYeHbl B Cryvae

O[HOMNONb30BaTENbCKOro HarpaBneHHOro pexmnma nocpeacTBOM NoAXOAsLEen
NPOCTPaHCTBEHHON 06paboTKM, kKak B NepedaTynK, Tak U B MPUEMHHUKE.
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OTtHoweHue curHan/wym-n-nomexn (OCLLU) ana ogHonons30BaTensCKOro HanpasBneHHOoro
pexnmMma MOXeT ObITb BblpaXXeHO Kak:

P (k e nm=1 ... Ns, ypaBHeHue (9
}’m—_,’m(k)z m( ;-/}n( ) , S yp ( )

roe P (k) npeactasnsieT coboi MOLHOCTL nepeaaYy, MCronb3yemyio AN CUMBOMA AaHHbIX,

nepefaHHOro B NnoAananasoHe A LUMPOKOMOSIOCHOW COBCTBEHHOW MoAbI /77,

A, (k) NpeacrasnseT coboit cobcTBEHHOE 3HaUYeHMe A NoAAMana3oHa A LUMPOKOMOOCHOM
COBCTBEHHO MO /77, KOTOPOE ABMAETCA /7+-bIM ONaroHanbHbIM 3MeMEeHTOM AN A(k) ; u

¥ u-sm(®) TPencTaBnsiet coboit OCLU ans nopamanasoHa A LIMPOKOMOMOCHO! COBCTBEHHOM
mogbl /7.

2. OgHononb3oBaTENbCKUI PEXMM HEHANPaBAEHHOro NPOCTPaHCTBEHHOIO
MVYITbTUMJIEKCUPOBAHUA

OaHononb30BaTENbLCKNA PEXUM HEHAMNPABIEHHOTO NPOCTPAHCTBEHHOIO
MYNbTUMNEKCMPOBaHNS (MM NPOCTO "OAHOMONb30BATENLCKUA HEHAMNPAaBNEHHbIN PEXUM") MOXeT
ObITb UCNONBL30BaH, ECNU NepeaaTyuk He UMeeT J0CTaTOYHO UHopMaLMK O COCTOSIHUM KaHana,
UM OOHOMONBb30BaTENBCKUI HAMPAaBIEHHBIN PEXUM He NoSAepXKNBAETCH MO KakuM-nnbo apyrum
npuymHam. B cnydyae ogHOMONL30BaTENbLCKOrO HEHAMPAaBNEHHOrO pexnma nepegatt Ng
NMOTOKOB CMMBOJIOB AaHHbIX Yepe3 Ny nepedarmnx aHTeHH 6e3 Kako-nmbo NpoCcTpaHCTBEHHOM
06paboTkn B nepegaTymke.

B cnyyae ogHononb30BaTenbCKOro HeHanpaBneHHOro pexnma matpuua F,, (k)

HanpaBnsoLWMX BEKTOPOB, NCNONb3yemasi nepeaaTtymkoM Anst Kaxaoro nogamnanasoHa, MoXeT
ObITb BblpaXkeHa Kak:
F,(k)=1 ypaBHeHue (10)

MpocTpaHcTBEeHHas obpaboTka B nepedaTunke AN Kaxaoro nogananasoHa MoxeT ObiTb
BblpaXXeHa Kak:
x,, (k) = s(k) ypaBHeHue (11)

roe x,. (k) npeacrtaensieT cobon BEKTOP CUMBOSIOB Nepeaayy Anst O4HOMNoNb30BaTeNbCKOro

HeHanpaBfneHHOro pexxuma. "LLInpokononocHbIn" NpoCTpaHCTBEHHLIW KaHan s 3TOro pexunma
MOXeT ObITb onpedeneH Kak NPOCTPaHCTBEHHbIM KaHar, COOTBETCTBYHOLLMIA AaHHOW NepearoLlei
aHTeHHe (T.e. LUMPOKOMNOSIOCHLIN NPOCTPaAHCTBEHHLIN KaHan /1 Ansi 0QHOMOMbL30BaTENbCKOro
HEeHanpaBEHHOIO pexnmMa BKMNoyaeT B cebs Bce nogananasoHbl nepefatoLleil aHTEHHBbI /7).
MpuHATLIE CUMBOIBI, MOMYYEHHbIE MPUEMHUKOM ONSA KaXX40ro nogavanasoHa MoryT 6biTb
BbIpa)KeHbl Kak:
r,, () = H{k)x,, (k) + n(k) = H{k)s(k) +n(k) ypaBHeHve (12)
[MpreMHUK MOXET BOCCTAHOBUTL BEKTOP s(k) AaHHbIX, NCMOMb3ys pa3finyHble Crnocoobl

06paboTkn, Takme Kak cnocob MHBEPCUN KOpPEnALMOHHON MaTpuubl kaHana (CCMI) (koTopbii
Takke M3BECTEH Kak cnocob "obpalleHns B HyNb He3Havalmx koadduumeHTos"), cnocob
MUHMMarnbHON cpeaHen kBagpaTuydHon owmnbkm (MMSE), koppekTop ¢ peluatoLen obpaTHOM
cesasblo (DFE) n cnocob nocnegoBatensHoro yaaneHus nomex (SIC) u 1.4.

A. lNMpocTpaHcTBeHHasa obpaboTka CCMI

MpremHnk moxeT ncnonb3oBatb cnocod CCMI ans BblaeneH1si NOTOKOB CUMBOJSIOB AaHHbIX.
CCMI npueMHUK ucnonb3yeT NPOCTPAHCTBEHHbLIN (PUNBLTP, UMEIOLNIA OTKNUK M,..(k) , ons k=1

... NE, KOTOPbIN MOXET ObITb BblpaXkeH Kak:
M,..(0) = [H (oH@m) | B () = RI(HH(k) YPaBHeme (13)
MpoctpaHcTBeHHasa obpaboTka B CCMI npuemHuke B criydyae ogHOMoNb30BaTeNIbCKOro
HeHanpaBeHHOro pexmnmMma MmoxeTt ObITb BblpakeHa Kak:
Soomi () = ML, ()L, () ypasHeHue (14)
= R ())H" ()(H(k)s(e) + (k) ,
=s(k)+m,,,, (k) ,
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roe §,..(k) npeactaenset cobor (Mrx1) BekTop ¢ Ng BOCCTAHOBNEHHBIMW CUMBOSIAMU

AaHHbIX ANa nogananasoHa k; u
n,..(K)=M, (ki) npeacrtaensaeT cobon wym nocne CCMI dpmnbTpaymm ana nogananasoHa

k.
AsTOKOBapMaUMoHHas MaTpuua ¢ (k) wyma nocne CCMI dunbTpaumumn Ans Kaxaoro

noganana3oHa MoXxeT 6b|Tb BblpaxeHa Kak
@ (1) = En.onZ, @), ypasHenne (15)

=M, (e (HOM.(*)
=o'R7(*) ,
roe E[x] npeactaensiet coboii MaTemaTuyeckoe oxuaaHve ans x. B nocnegHem paseHcTse
ypaBHeHus (15) npeanonaraeTcs, Y4TO WyM n(k) NpeacTaBnsieT cobor aganTUBHbIN Genbin
rayccoBckuii wym (AWGN) ¢ HyneBbIM cpeaHUM, Acnepcueit g> U aBTOKOBapUaLMOHHOM
MaTpuLen @ ()=E _mz_(k)gﬁmf(k)l =o?’1 - BoaTtom cnyyae OCLU ans CCMI npuemHuka
MOXeT ObITb BbIPaXXEHO KaK:
B (k) , m=1 ... N5, ypaBHeHue (16)

r (K)o’
rae P () npeacrtaenseT coboii MOLHOCTb Nepefayn, UCrosb3yemMyto ANl CUMBOSIA AaHHbIX,

}{ comi,m (k) =

nepegaHHoro B noggnanasoHe k LLINPOKOMNOJTOCHOIo NpoCTpaHCTBEHHOIO KaHana m;
rmm(k) npeacraendeT cobori m-n guaroHasnbHbIA 3NIEMEHT R(¥) Ons nogavanasoHa A u

(k) npeacTtasnset coboit OCLL ans nogamanasoHa A LLIMPOKOMNONOCHOrO

p—
NPOCTPaHCTBEHHOro KaHana m.

W3-3a cTpykTypbl R(k) cnocob CCMI moxeT ycunmeaTthb LUyM.

B. MNpocTtpaHcTBeHHaa obpabotka MMSE

MpuemHunk moxeT ucnone3osate MMSE ansa nogaeneHus nepekpecTHbIX NMoOMeX Mexay
NoTOKaMu CUMBOSOB AaHHbIX U MakcumnanposaTs OCLLU BocCcTaHOBMEHHbIX NOTOKOB CUMBOSOB
AaHHbIXx. MMSE nprnemHmnk ncnons3yeTt NpoCTpaHCTBEHHbIA UbLTP, UMEIOLWNIA OTKINK MaTpuULbl
M,..(5) , 4N A1 ... N, KOTOPYIO BbIBOAAT Takum 00pa3oM, YTO cpeaHeKBaapaTMyHas ownbka
MeXay OLEeHEeHHbIM BEKTOPOM AaHHbIX U3 MPOCTPAHCTBEHHOMO (purbTpa U BEKTOPOM s(k)
OaHHbIX MUHUMKU3MpoBaHa. MMSE kpuTepuin MOXeT ObiTb BbIpaXeH Kak:
G | (00, 00 = $0)* (ML ()8, () — 5| YP2BHEHAE (17)

PelieHne 3agaym ontMmmsayum, onmcaHHon ypasHeHuem (17), MmoxeT OblTb MONyYeHO
pasnuyHbiMy cnocobamu. B ogHOM 13 unnicTpaTmMBHbIX cnocobos matpuua M, . (k) MMSE

MPOCTPaHCTBEHHOrO hUnbTpa ANa KaxKAoro noaavanasoHa MoXeT BbiTh BblpaXeHa Kak:
M.....(%k) = gﬁ(k)[g(,k)ﬂf‘ () + ;_om(ﬁ:)]_l _ YpaBHeHue (18)

- H*(|H©OH? (0 + o°1] .
Bo BTOpOM paBeHcTBe ypaBHeHus (18) npegnonaraercsd, YTO BEKTOP nik) LWymMa
npeactaensaet cobon AWGN c HyneBbiM CpegHUM 1M ANCcnepcuen o2 .

MpocTpaHcTBeHHasa obpaboTka B MMSE npuemMHuke B crlydae 04HOMOSb30BaTENbCKOro
HeHarnpaBNEHHOro pexnma CoCcTouT M3 AByX aTanoB. Ha nepsom atane MMSE npruemMHuk
YMHOXaeT BEKTOp r,, (k) anst Vg NOTOKOB MPUHATBLIX CUMBOSOB Ha MaTpuuy M,,...(k) MMSE

NPOCTPaHCTBEHHOrO UbTPa AN NONyYeHUst BEKTopa §,,..(k)  ans Ng NOTOKOB
AETEKTUPOBaHHbIX CMMBOJIOB CreayoLWwmuM obpa3om:
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S e K) =M ()T () ypaBHeHue (19)
=M,,...(K)(H(k)s(k) +n(k)) ,

= Qk)stk)+m,, (k) ,
rae m,, . (k)=0M,_  (kn(k) npeactaendaet cobon wym nocrne MMSE dunbTtpaumm, un
Q(¥)=M,___ (F)H(¥) - Ns NOTOKOB AETEKTUPOBAHHbIX CUMBOSOB NPEACTaBsAoT cobon
HEeHOPMMPOBaHHbIE OLEeHKN Ng MOTOKOB CUMBOSOB JaHHbIX.
Ha BTopom atane MMSE nprveMHUK yMHOXaeT BEKTOp §,,...(k) Ha macwTabupyoLyto
Matpuly pt (i) Ana nonyyeHunsa BekTopa §,,,.(k) ana Ns NOTOKOB BOCCTAHOBIIEHHbIX

CVMMBOJIOB aHHbIX, CrieyloLwmm obpa3om:
Smse () = D ()3, (k) YPABHEHNE (20)

roe D,...(kK) npeactaBnset cobon guaroHanbHyo MaTpuly, Ybi AMaroHanbHbIe Sf1EMEHThI
ABNATCA AnaroHanbHbIMU 3rieMeHTaMu Q(k) ,T.e, D (£)= diag[Q(&’)] . N5 noTtokoB

—mmse
BOCCTaHOBJEHHbIX CMMBOJIOB AaHHbIX NPeACTaBnseT coboli HOPMUPOBAHHbIE OLEHKM Ng
NOTOKOB CYMBOJIOB AaHHbIX.
Vicnonbays onpenenexne obpaTHo MaTpuLbl, MaTpuua Q(k) MoXeT BbiTb NpeacTaBneHa

cnegyowmm obpasom:
Q) = B () (HH® [ (g (omee) +1]

- HY OHGE" WHG + o]
Bo BTOpoM paBeHCTBe ypaBHeHus (21) npegnonaraeTcs, YTo Wym npeactaBnseT cobo
AWGN c HyneBbIM CpeaHNM U gucnepcuen 2.

OCW ans MMSE npuemHnka MOXeT ObITb BbIPaXXEHO Kak:
, m=1 ... N5, ypaBHeHune (22)

ypaBHeHue (21)

py= 2 _p
aman )= 2225 1)

rae g (k) NpeacTaenset coboli /m-i anaroHanbHbIA 9NeMeHT Q(k) Ana nogananasoHa kn

(k) npenctasnset cobon OCLL ana nogananasoHa A Ans LUMPOKOMONOCHOIO

y go——
NPOCTPaHCTBEHHOro KaHana m.

C. ObpaboTka B NpyeMHUKe npun nocnegoBaTenbHOM yganeHum nomex

MpuemHnk MmoxeT obpabatbiBaTe AR MOTOKOB MPUHATLIX CUMBOJIOB, UCMONb3ys cnocod SIC
ans BoccraHoBneHust Ng NOTOKOB CMMBOMOB AaHHbIX. B cnydae cnocoba SIC npuemHuk cHavana
BbINOSHAET NPOCTPAHCTBEHHY0 06paboTKy AR MOTOKOB MPUHATBLIX CUMBOJIOB (Hanpumep,
ncnonb3dysa CCMI, MMSE unu kakoi-nmbo gpyron cnocob) n nonyvaeTt OanH NOTOK
BOCCTAHOBMEHHbIX CUMBOSOB AaHHbIX. [TPUEMHMK BbINOMHAET AONOMHUTENBHYI0 06paboTky
(Hanpumep, BbINOMHSET AeMoaynsauuio, obpaTHoe nepemMexeHne u 0eKoAMpoBaHNE) NoToka
BOCCTaHOBIEHHbIX CUMBOSIOB AaHHbIX NS MNOMyYeHUs NoToKa AEKOOUPOBAHHbIX AaHHbIX. 3aTem
NPUEMHUK OLleHMBaeT NoMexy, KOTOPYHo 3TOT NOTOK co3aaeT ansa apyrux Ns-1 notokos
CVMMBOJIOB AaHHbIX U yaansaeT OLEHEHHYI0 MoMeXxy 13 AR NOTOKOB NPUHATBHIX CUMBOMOB 4115
nony4yeHus Ar NOTOKOB MOANULNPOBAHHBLIX CUMBOSIOB. 3aTeM NPUEMHUK MOBTOPSET TaKyto Xe
06paboTky Ans Mg NOTOKOB MOANMULMPOBAHHBLIX CUMBOJIOB AN BOCCTaHOBMEHNS APYroro
NnoToKa CUMBOJIOB OaHHbIX.

Onga SIC npyeMHUKa NOTOKU BXOAHbIX (T.€., NPUHATLIX NN MOANULNPOBAHHBLIX) CUMBOMOB
ana atana £, rge £ =1 ... Ns, MoryT 6bITb BblpakeHbl Kak:

r, (k)= H' (Ox., () +nk) = H' ()8’ (k) +n) ypasHerue (23)
roe Ef!_c (k) npeacrtasnaet coboi BekTop Nz MOAMMULMPOBaHHBLIX CUMBOSIOB AN

nogananasoHa A Ha atane £ , u
r. (k)=r, (k) ANS Nepsoro atana;

s’ (k) NpeAcTasnsieT cobon BekTop (Aq-£ +1) CUMBONOB A@HHBIX, €LUe HE BOCCTAHOBIEHHbIX, ANS
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nogavanasoHa A Ha atane £ ; u
H”(k) npeacTaenseT coboi N, x(N, —£+1) peAyuMpoBaHHyt0 MaTpULly OTKNWKa kaHana Arns

nogananasoHa A Ha atane £ .
B ypaBHeHWn (23) npegnonaraeTcs, YTO NOTOKM CUMBOMNOB JaHHbIX, BOCCTAHOBMEHHbIE Ha
npegwectayowmx (£ -1 aTanax yganeHbl. PaamepHocTb MaTpuubl H(k) OTKIMKa KaHana

nocrnefoBaTenbHO peayumpyeTcs Ha O4uH cTonbel, Ansa KaXaoro npy BOCCTaHOBMEHUN U
yAarneHuu notoka CUMBOIIOB AaHHbIX. [ins atana £ pefyuyupoBaHHas matpuua g'(y) OTKIMka

KaHana nony4aetcs nytem yaaneHus (£-1 13 ucxogHom matpuubl H(k),  cooTBeTCTBYlOLMNX
(/-1 notokam npeaBapuTENbHO BOCCTAHOBMEHHbLIX CUMBOSIOB AaHHbIX, T.€.,

. -
H' (k) = tllf; () b, () . by (k)] ,rae h, (k)  NpeAcTaenseT cobol Nxx1 BEKTOp OTKNMKa
KaHana mexay nepegaroLlert aHTeHHOM j, U Mg NpUeMHbIMWN aHTeHHamu. [ina atana ¢, (¢ -1)

NoTOKamM CMMBOJSIOB aHHbIX, BOCCTAHOBIEHHbIX HA NpeablayLmMx aTanax, npucBansaloT MHAEKChI
{i o s} N, —£+1) NOTOKaM CMMBOJIOB aHHbIX, eLle He BOCCTaHOBIEHHbIX,
NPUCBaMUBAIOT MHAEKCHI {j, Jj, - ju. } -
Ona stana ¢ SIC npMeMHUK BbIBOOMT MaTpuLy Mic (3 NPOCTPaHCTBEHHOW unbTpaumn, ong
k=1 ... N, OCHOBbIBasICb Ha peayLUMpOBaHHOW MaTpuLle H‘(k) OTKNWKa kaHana (BMecTo

ncxogHon matpuubl H(k) ), ucnonedysa cnocod CCMI, kak nokasaHo B ypaBHeHuu (13), cnocob
MMSE, kak nokasaHo B ypaBHeHUu (18), nnu kakoii-nnbo apyroi cnocob. Matpuua n (i)
nmeeT paamepHocTb (N, —£+1)xN_. [lockonbky y'(r) sIBNsieTCst pa3Hoi Ans Kaxaoro aTana,
MaTpuua p’ (k) MPOCTPaHCTBEHHOW UNbTPaLMK TakxKe sIBMISETCS PasHOW ANs Kax4oro sTana.
SIC npueMHUK yMHOXaeT BEKTOP y’ (i) Ansi g MOTOKOB MOANDULMPOBAHHbBIX CUMBOMOB Ha
Marpuuy I\_wa 3 NPOCTPAHCTBEHHON hnnNbTpaLmm Ans nonyyvyeHns
BekTopa §’,
¥l () = ML (Bl () ypasHenue (24)
= M, ())(H (k)" () +1' (k)
=Q, () () +n'()

roe Ilfm (k) = Mﬁm (;,;)I_l" (k) npeacTaenseT coboi Wwym nocne dpunbTpaymMm ans

(k) Ansa (N-£ +1) NOTOKOB AETEKTMPOBAHHbBIX CUMBOMOB CreayLLM 0BpasoM:

nogananasoHa A Ha aTane £ n”(k) npeacTaensaeT coboin peayunpoBaHHbIA BEKTOP n(k) , U

Qfm (k) = Mfm (k)ﬂﬁ () - 3atem SIC npnemHuk BbIBUpPaAET OAUH M3 NOTOKOB AETEKTUPOBAHHbLIX

CVMMBOIOB AN BOCCTaHOBMNEHUS. [TOCKOMbKY Ha KaXkgoM aTane BOCCTaHaBNUBAKOT TOMbKO OONH
NOTOK CUMBOMOB AaHHbIX, SIC NpUeMHUK MOXET NPOCTO BbIBECTM OAUH (1x/NR) BEKTOP-CTPOKY

mﬁ_ (k) NPOCTPaHCTBEHHOW unbTpauumn Ans notoka {s;,} CVMMBOJOB AaHHbIX,
¢

NpeHa3Ha4eHHbIX NSl BOCCTAHOBNEHMs Ha aTane £ BekTop-cTpoka m’ (k) npeacTaensieT
I
coboit 0HY CTpoky MaTpuubl I, (k). B aTOM criyyae npocTpaHcTeeHHas obpaboTka Ans atana

£ [ONns BOCCTaHOBIIEHUS MOTOKa {Sfﬁ} CMMBOJIOB AaHHbIX MOXET ObITb Bblpa)XeHa Kak:

5,00 =m; ()r. (1) = ¢ (D' () + mi (n(e)  YPasHenue (25)

roe ‘lj- (k) TPeAcTaBnsieT co6oM CTPOKY ¢ (k) » COOTBETCTBYIOLLYIO MOTOKY {s, } CUMBOIOB
—J

[a@HHBbIX.
B nioGowm criy4ae NpUeMHMK BBINONHSAET MacluTabnuposaHie NoToka {3, } AETEKTNPOBaHHbIX

CMMBOJI0B 14 Nony4eHnA noToka {‘§3',3} BOCCTaHOBJ1€HHbIX CUMBOJ10B AaHHbIX N BbINOJTHAET
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OOMNONHNTENbHY 006paboTKy (Hanpumep, BbIMOMHAET 4eMOoaynsauuio, obpaTHoe nepemMexeHme n
JekogmpoBaHue) NoToka {s“JAt} Ong rnony4vyeHusa notoka {&. } JeKoanpoBaHHbIX OaHHbIX.
]

MpueMHMK Takke (OPMUPYET OLLEHKY MOMEXM, KOTOPYIO 3TOT MOTOK CO34aeT ANA APYrMX NOTOKOB
CMMBOJIOB [aHHbIX, €Le He BOCCTaHOBMEHHbIX. [N OLEHKN MOMEXU NMPUEMHWUK BbINOMHSAET
NOBTOPHOE KOAMPOBAaHWE, NEPEMEXEHNE U OTOOPaKEHNE CUMBOSIOB MOTOKA {&_ }

]

OEeKOOUPOBAHHbIX AaHHbIX TaknM e cnocobom, KOTOPLIN BbINOMHAETCH B NnepegaTymke u
nony4aeT noTok {5, } "MOBTOPHO MOAYNMPOBAHHLIX" CMMBOJIOB, KOTOPLIA NpeacTaBnseT cobon

OLIeHKY TOJ1IbKO 4YTO BOCCTAHOBJ1I€HHOIO NOTOKa CMMBOJ10B AaHHbIX. 3aTtem NPUEMHUK BbINONHAET
CBEPTKY NMOTOKa NOBTOPHO MOAYJTMPOBAHHbLIX CUMBOJ10B C KaXXOdblM U3 NR 3N1EMEHTOB B BEKTOpE
h_’, (%) OTKINKMKa KaHalla anAd rnoToka {Sj,g} Aana nonyvyeHuns NR KOMMNOHEHTOB i;’ (%) nomexu,
=Jy i

CO3/1aBaeMOoM 3TUM MOTOKOM. 3aTeM AR KOMMOHEHTOB MOMEXM BbIMUTAIOT U3 Mg MOTOKOB ¢! (i)

MOAMULMPOBAHHBLIX CUMBOSOB ANsA 3Tana £ Ansi nonyyexnst AR NoTokos /i) ans
+ 8 . #+1

criedytowero atana £ +1, T.e., p(p) =r (-1, () MoTokn ()  MOAUDNLMPOBAHHBIX

CMMBOJIOB NPeACTaBnsAoT NOTOKM, KOTOPbIE BbINK Bbl NPUHATLI, ecnn Bbl NOTOK {s,,} cumBoroB

OaHHbIX He nNepefasarncs (T.e., NpeanonaraeTcs, YTo yaaneHne noMexum 6bino BblNOAHEHO
appeKkTnBHO).

SIC npuemHuk obpabaTtbiBaeT Mg MOTOKOB MPUHATBLIX CUMBOSOB Ha Ng NocrnegoBaTernbHbIX
aTanax. [Ana kaxgoro atana SIC npnemHuk (1) BbINONHAET NPOCTPaHCTBEHHYO 06paboTKy
nnéo AR NOTOKOB NPUHATLIX CUMBOMOB, NMM60 AR NOTOKOB MOANMULMPOBAHHBIX CUMBOSIOB U3
npeaLwecTBYyOLLEero atana ansa nonyyeHns O4HOro NOTOKa BOCCTAHOBMEHHbLIX CUMBOSOB AaHHbIX,
(2) pekogmpyeT STOT MOTOK BOCCTAHOBIIEHHbLIX CUMBOJIOB AaHHbIX 4115 MONyYeHns
COOTBETCTBYIOLLErO NOTOKa AEKOANPOBAHHbIX AaHHbIX, (3) BbINOMHAET OLEHKY U yaansieT NOMeXy,
CBSI3aHHYI0 C 3TUM NOTOKOM, U (4) nonyyaet Ar NOTOKOB MOAUMPULMPOBaAHHLIX CUMBOSOB AN
cnepgytoulero atana. B cnyyae ecnu nomexa, CBA3aHHas C KaXXAbIM NMOTOKOM AaHHbIX, MOXET
ObITb TOYHO OLIEHEHA 1 yaaneHa, To No3Xe BOCCTAHOBMEHHbBIE NMOTOKN AAHHBLIX B MEHbLLEN
cTeneHn noaBep>KeHbl BINSHUIO MOMeX U MoryT umeTb 6onee Boicokoe OCLL.

B cny4yae cnoco6a SIC OCLU kaxgoro noToka BOCCTAHOBEHHbLIX CUMBOSIOB AaHHbLIX 3aBUCUT
oT (1) cnocoba npocTpaHcTBEHHON 06paboTkm (Hanpumep, CCMI nnn MMSE), ncnonb3yemoro Ha
KaXkaoMm aTane, (2) KOHKPETHOro aTana, Ha KOTOPOM BOCCTaHaBNMBAKT AaHHbLIA NOTOK CMMBOSIOB
OaHHbIX, 1 (3) BeNUYNHbLI MOMEXN, CBA3aHHOW C MOTOKaMU CUMBOMOB AaHHbIX, BOCCTAHOBIIEHHbIX
Ha 6onee paHHux atanax. OCLW gns SIC npuemHnka ¢ CCMI moxeT BbITb BbIPaXKEHO Kak:

E (k) , m=1 ... N, ypaBHeHue (26)
Y omoomimK) = =
r (ko

roe y;m(k) npeacTaBnsaeT cobown /7-i AnaroHarnbHbIA 31IEMEHT [I_ﬁ (k)] AN noaananasoHa
k1ae Ry = [ B -

OCUW gns SIC npnemHmka ¢ MMSE mMoXeT BbITb BbipaXXeHO Kak:

o , m=1 ... Ns, ypaBHeHue (27)
}'sz'c —comim (k) = %mf—()Pm (k)
roe qim(,k) npencraBnsaeT cobon /71 guaroHanbHbIA 3N1IEMEHT Qf‘ 3 ansa

nogawnanasoHa A, rge Qf (k) » KaK MOKa3aHO B ypaBHEeHNM (21), HO ocHOBbLIBasICb Ha

s

peoyumMpoBaHHOW MaTpuue Hf(;g) OTKNUKa KaHarna BMecTo MCXoOHON MaTpuubl H(k) .

B 06IJJ,eM cny4yae, ocul nporpeccuBHO yny4ywlaeTca Oand NoTOKOB CUMBOJIOB AaHHbIX,
BOCCTaHOBJ1EHHbIX Ha NO34HUX 3Tanax, NOCKOJ1bKY yaanAlTCA nNnoMexmn OoT NOTOKOB CMMBOJIOB
AaHHbIX, BOCCTAHOBJIEHHbLIX HaA NpealwecTBYOWNX 3Tanax. 9710 no3BonseT ucnonbL3oBaTb bonee
BbICOKME CKOPOCTU nepeaayvn AaHHbIX And NOTOKOB CUMBOJIOB AaHHbIX, BOCCTAaHOBJIEHHbIX
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nosgHee.

3. MHorononb3oBaTensCKUA PEXnM HanpaBneHHOro NPOCTPaHCTBEHHOrO
MynbTUNEKCUPOBaHUA

MHorononb3oBaTenbCKUA PeXxmMM HanpaBieHHOro NPOCTPaHCTBEHHOMO MYMbTUMNEKCUPOBaHUS
(vnun npocTo, "MHOrononNsL30BaTeNbCKMIA HanpasBneHHbIN pexxuM") nogaepxmeaeT
OOHOBPEMEHHYI0 nepeaady AaHHbIX OT OAHOro nepegaTynka KO MHOXECTBY NPUEMHMKOB,
OCHOBbIBasAICb Ha "MPOCTPAHCTBEHHbIX CUrHaTypax" npMemMHUKoB. MNpocTpaHCTBEHHAsA curHatypa
Ona npyeMHMKa JaeTca BEKTOPOM OTKIMKa KaHana (Ang kaxaoro nogananasoHa) mexay Ny
nepegarwLLmMMn aHTEHHaMU 1 KaXXaoW NpUeMHON aHTeHHOW B NpueMHuke. [Nepeaatumk MoxeT
NONyYnTb NPOCTPaAHCTBEHHbIE CUTHATYpPbl AN NPUEMHUKOB, Kak 3TO OMMUCAHO HUxXe. 3aTem
nepegaTyuuk moxeT (1) BblbpaTb Habop NPUEMHMKOB AN OAHOBPEMEHHOM nepefadn AaHHbIX U
(2) BbIBECTM HanpaBnsALWMe BeKTopa A51s NOTOKOB CMMBOIOB AaHHbIX, NpegHasHavYeHHbIX Ang
nepegayv B BelOpaHHbIE MPUEMHMKN TakuM 06pa3oM, YTO NePEKPECTHbIE MOMEXN ANs
nepefaBaeMbiX MOTOKOB aAeKBaTHO NOAABMSIOTCA B MpUeMHUKaXx.

Hanpasnsowme BekTopa B Criyyae MHOromnosb30BaTenbCKoOro HanpaBneHHOro pexuma mMoryT
ObITb BbIBEAEHbI pa3nuyHbIMK cnocobamm. Huke onvcaHbl ABE UIMKOCTpaTUBHbIE CXeMbl. [ns
NPOCTOThbI MPUBEAEHHOE HMXKe OnuMcaHue AaHo Ans O4HOro nogavanasoHa U npegnonaraeTcs,
YTO KaXAbli MPUEMHMK 060pyA0BaH OJHON aHTEHHOW.

B cxeme vHBepcuu kaHana nepegaTymk nonyyvaeTt HanpasnsawLwue BeKTopa Ans MHOXeCTBa
NPUEMHUKOB, UCMNOMb3ysa UHBepcuto kaHana. CHavyana nepegatyuk BelibnpaeT Ay ogHOAHTEHHbIX
NPUEMHUKOB A58 ogHOBPeMeHHoW nepedaun. MNepegatuuk nonyyaeTt 1xNr BEKTOP-CTPOKY h, (k)

OTKNIMKA KaHarna Ans Kaxagoro BbibpaHHOro npuemMHuka n popmunpyeT Npx Ny matpuuy H, . (k)
OTKNUKa KaHana ¢ Ay BekTopamu-cTpokamu gns Ay npueMHuKoB. 3atemM nepegaTymk UCnosnb3yeT
WHBEPCUIO KaHana ans nonyyexnus matpuubl F,. (k) 13 M HanpaBnsilowWmx BekTopos ansa M
BbIOpaHHbIX MPUEMHMKOB CrieayoLmMm o6pa3om:
F,.. (k)= E;:w (k) YpaBHeHue (28)

MpocTpaHcTBEHHaa ob6paboTka B nepedatymke s KaKgoro nogavanasoHa aons
MHOrOMoIb30BaTENbCKOIO HaNpPaBEHHOro pexmnma MoXeT ObiTb BblpaXeHa Kak:
X, (B) = E,, (R)8(K) ypaBHeHve (29)

roe x,... (k) npepctaenset cobor BEKTOP CUMBOSIOB Nepedayn A MHOrOMonbL30BaTeNbCKoro
HanpaBreHHOro pexvma.

MpuHATbIE cMMBOIbI B AMr BbIGpaHHbLIX MpUEMHMKaX ANs Kaxaoro nogananasoHa MoryT 6biTb
BblpaXeHbl Kak:
(k)= H,, (k)X (k) +n(k) , ypastetue (30)

=H,., (K)F,, (K)st)+nk) ,

= s(k)+ik)+n(k) ,

roe r,.. (k) npeacrtasnset cobon (ANrx1) BEKTOP NPUHATLIX CUMBOSOB ANs
noaaunanasoHa A v Np BbIOpaHHbIX MPUEMHWKOB, U i(k) NpeacTaBnsieT NEPEKPECTHY MOMEXY
BCNEACTBME HenaeanbHOCTU OueHKkN F,._ (k) B nepepatymke. Kaxabii BbIOpaHHbIA NPUEMHUK
OOMmKeH Obin Obl MONMYYNTb TOMBKO OAMH SNEMEHT BEKTOPA I, (k) [ONS KaXaon NpueMHon

aHTeHHbl. Ecnn npocTpaHcTBeHHas o6paboTka B nepeaaTynke aBnseTcs aeKTUBHOW, TO
MOLLHOCTb, CoAepXallascs B i(k) , ABNAETCA MarnoW, U KaXablii NOTOK BOCCTaHOBEHHbIX

CUMBOSOB AaHHbIX MOABEPXKEH ManoMy BIIUSHUIO NepekpecTHbIX nomMex oT (A4-1) opyrmux
NOTOKOB CMMBOIOB [laHHbLIX, NepeaBaeMbiX B ApYyrue npuemMHuKn.

MepeamaTtunk Takke MOXeT nepedaBaTb HanpaBreHHbIN NMUITOT-CUTHaN B KaXkabli BblOpaHHbIN
NPUEMHUK, KaK ONMCAHO HUXE. 3aTeM Kaxabli MPUEMHUK MOXET obpabaTbiBaTb CBOW
HarnpaBfeHHbI NUNOT-CUrHaN AN OLUEeHKM ycuneHusa u dasbl KaHana v BbINOMHAET KOrepeHTHYo
AemMoaynsaumio NPUHATLIX CUMBOMOB OT CBOEN OAHOM aHTEHHbI C OLleHKaMu ycuneHus u gasbl ons
Nnony4yeHns NOTOKOB BOCCTAHOBMEHHbIX JAHHbIX.

OCLU, gocTvxnMble NSt MHOronosib3oBaTeNbLCKOro HarnpaBneHHoro pexvma, npeactasnsoT

!mu-.s LTS
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cobon KoBapuauuoHHyo dyHKUMo Matpuubl H, (k) OTKNuka kaHana. bonee Beicokne OCLLU
MOryT BbITb JOCTUMHYThI NpU BblBope "coBMeCTUMbIX" MOMb30BaTENbCKUX TepMUHanoB. MoryT
oueHMBaTbCA pasnuyHble Habopbl U/MnKM KOMBUHALMK NOMNb30BaTENbCKUX TEPMUHANOB U ANg
nepenayvm AaHHbIX MOXeT BblOMpaTbhcs Habop/kombuHauua ¢ HamBbicimmn OCLLL

XOoTH cxema UHBEepCUM KaHana siBNseTcst NpMBIeKaTeNbHON B CUIY CBOEW NMPOCTOTLI, B 00LLEM
cny4vae, oHa obecneynBaeT HN3KYH NPOM3BOAMTENBHOCTb BCNEACTBUE TOrO, YTO
npegBapuTenbHas obpaboTka NOTOKOB CMMBOJIOB AaHHbIX C 0OpaLleHHON MaTpuLer OTKIMKa
KaHana B ypaBHeHUn (29) BblHy>KOaeT nepegaTynk HanpaBnsaTb OCHOBHYIO 4O €ro MOLWHOCTY B
Hauxyglme cobeTBeHHble Modbl MIMO kaHana. Takke B HEKOTOPLIX KaHanax, rnasHbIM ob6pasom,
B MeILLMX BbICOKYIO KOppensauuio Mexay anemeHtamu H,,. (k) , Matpuua OTKNUKa kaHana
UMEEeT HEMOMHbIN paHr, U BbluMCNeHMe 0bpaTHOM K HEN He SIBNAETCS BO3MOXHbIM.

B cxeme npeaBapuTensHOro KoUPoOBaHUA nepefaTymK BhINOMHSAET npeaBaputensHoe
KoanpoBaHue Mr NOTOKOB CUMBOSOB AaHHbIX, NpefHasHadYeHHbIX Ansa nepegayvm B M BblbpaHHbIX
nNpUeMHUKax Taknm obpasom, YTO 3TU NOTOKN CUMBOMOB AAHHbLIX UCMbITLIBAIOT B MPUEMHMKaX
Marnble nepekpecTHble nomexu. MNepenatynk MoxeT chopMmpoBaTb MaTpuuy H,.(k) OTKMIMKa
kaHana onsa Mg BeIbpaHHbIX NPMEMHUKOB. 3aTeM nepefatyuk BoeinonHaeT QR dakTopusaumio ang
M, (k) Takum obpasom, 4to H,, (k) =F, (k)Q_ (k) ,rae F.(k) npenctaBnsiet coboi HUXHIOW

NeByIo TPeyrombHyIo MaTpuly, a Q (k) NpeAcTasnseT coboii yHUTapHylo MaTpuLy.
MepefaTymk BbINOMHSIET ONepaLuio NPeABapUTENBHOMO KOAUPOBAHUS BEKTOpa CMBOSIA
RaHHbIX, NPeAHa3HAYEHHOTO ANs Nepenadn, (i) = [s, (k) s,(k) ... s, (k)] » NS nonyyeHms

BEKTOPa NPe/BapuUTENbHO KOAMPOBAHHBIX CUMBOIIOB g(j) = [al(k) a, (k) .. ay (k)]f

cregyoLmm obpasom:

a, (k) = %[sﬁ () —i fﬁ.(k)a!.(k)] mod(}M /2)

roe MnpenctaBnsaeT coboin KONMYECTBO YPOBHEN, pas3fefeHHbIX eOMHUYHBIMU NHTEpBanamu,
B CMHA3HOM UM KBagpaTypHON pa3mMepHOCTUN KBagpaTa curHanbHoro co3se3ams QAM; un
£, (¥) npeacrasnset coboi anemeHT F,, (k) B CTpoke /1 cTtonbue /.

,ansa £ =1 ... My, ypaBHeHune (31)

Onepauus (mod) nobaensieT 4OCTaTOMHOE KONMMYECTBO LeNbiX COMHOXUTeNen M B aprymeHT
TakMm 06pasomM, YTO pesyrnbTaT YAOBNETBOPSET g, (k)& [—MZ, A z] . a(k) Q. (&)

1gmu-pc (k) = gmu (k)g(k)

BeKTOp NPUHATbIX CUMBOJI0B AJ14 CXeMbl npeaBapnTeribHOro KognpoBaHNUA MOXeT ObITb
BblpaXXeH Kak:

Eepe () = Ko ()Q), (0)a(k) + (k) = E, ()ak) +m(k)  yPaBHetve (32)
Mo3HO Moka3saTb, YTo F,,(k)a(k) mod(d /2)= s(k) . Taknum o6pasom BEKTOP CMMBOSIOB
A@HHbIX MOXKET ObITb OLUEHEH KaK §,.. (k) =T, . (F)mod(3/2) . Kaxabiii s Ny BbIGpaHHbIX

S mu—pc

NPUEMHKOB MOSTyHaeT TOMbKO OAUH U3 Nf BNEMEHTOB r,,, . (k) W MOXET OLEeHUTb CUMBOSb

[AaHHbIX, NepeAaHHble eMy NocpeAcTBOM BbINONHEHUs onepaumn mod(M2) ons ero NPUHATLIX
CYMBOJIOB.

B MHorononb3oBaTenbCKOM HanpaBneHHOM pexuMe nepeaaTymk Takke MOXeT nepegaBaTb
MHOXECTBO NMOTOKOB CMMBOJIOB aHHbIX B MHOrOaHTEHHbIN npueMHuk. MaTtpuua H,,, (k)

OTKIMKa KaHarna npu 3TOM BKI0YaeT B ce6sl 0AMH BEKTOP-CTPOKY AN KaXaoW NPpUeMHO
AHTEHHbl MHOTOAHTEHHOIo NPUEMHHUKA.

MHorononb3oBaTeNbCKUN HanpaBeHHbIV PEXUM Takke NoadepXMBaeT nepegady AaHHbIX OT
MHOXeCTBa MHOTOAHTEHHbIX NepeaaTymMkoB B OAMH NPUEMHUK. Kaxablii MHOrOaHTEHHbIM
nepenartymk BbINOMHAET NPOCTPAHCTBEHHYI 06paboTKy CBOEro NoToka CUMBOSIOB AaHHbIX A
opueHTauuy NoToka B HanpaBneHun npuemMHuka. Kaxaplii nepegatymk Takke nepeaaet B
NPUEMHMK HanpaBneHHbI NUNoT-curHan. [na npuemHuKa Kaxablii nepeaaTyvk BbirmaanT Kak
eavHnYHas nepefava. NprUemMHUK BbINOMHAET NPOCTPaHCTBEHHYO 06paboTky (Hanpumep, CCMI,

Crpanuua: 15



170

15

20

25

30

35

40

45

50

RU 2330381 C2

MMSE wn T.4.) ANs BOCCTaHOBMEHUS HanpaBfieHHbIX NOTOKOB CMMBOJSIOB AaHHbIX OS5 BCEX
nepeaaT4ymKoB.

4. MHorononb30BaTENbCKUA PEXUM HEHAMPABNEHHOrO NPOCTPAaHCTBEHHOIO
MYNbTUMNAEKCUPOBAHUSA

MHorononb3oBaTeNLCKNIA PEXUM HEHAMNPaBIEHHOrO NPOCTPAHCTBEHHOIO
MYNbTUMNAEKCUPOBaHNS (MMM NPOCTO, "MHOrOMNONbL30BaTENbLCKUIA HEHANPaBIEHHbIN pexnm")
noaaepXKmBaeT OQHOBPEMEHHYHO Nepefady AaHHbIX (1) ogHUM nepegaTyMKoM BO MHOXECTBO
NPUEMHWNKOB (Hanpumep, ANg HACXOASALWEN NTMHUK) 1 (2) MHOXeCTBOM NepefaTynkoB B OOMH
NPUEMHUK (Hanpumep, AN BOCXOASLWEN NMHUK).

Mpy HeHanpaBneHHOW nepefade OT OQHOro Nepegarynka BO MHOXECTBO NPUEMHUNKOB
nepeaaTyuk nepegaeT OAMH MOTOK CMMBOJIOB JaHHbIX Yepes KaxKayto nepeaaroLlyo aHTeHHY ans
NPUHMMaOLLLEro NpuemMHuka. [ns KaxKgoro npMHUMaroLero NnpMeMHmka MoryT nepegaBaTbCs
OLVH UMW HECKOMbKO NOTOKOB CUMBOJIOB AaHHbIX. Kaxabl NpUHUMAaIOLLMIA NMPUEMHUK BKINIOYaET B
cebs, Nno meHbLLen mepe, Mr 1 MOXET BbINOMHATE NPOCTPAHCTBEHHYIO 06paboTKy Ansa nsonayumn
N BOCCTaHOBJIEHNS €ro NoToka (NOTOKOB) CUMBOSIOB AaHHbIX. Kaxabli npuemHuk, TpedyoLlmii
nepegavy AaHHblx, oueHusaet OCLU ansa kaxgon us Mrnepefarolmx aHTeHH 1 nocebinaet M
oueHok OCLU B nepegatuuk. Nepepatyunk BeidOMpaeT HAbop NPUEMHMKOB ANS nNepefayn SaHHbIX,
OCHOBbIBasiCb Ha oleHkax OCLU oT Bcex npueMHUKOB, Tpebyowmx nepegady AaHHbIX (Hanpuvep,
MaKkCcMMn3npys obLLYIO NPOMYCKHYHO CMOCOBHOCT).

Mpv HeHanpaBneHHON nepefayve OT MHOXeCTBa NepeaaTynKkoB B OAMH MPUEMHUK
nepeaaTynkmn nepeaaroT NOTOKM CMMBOJSIOB JaHHbBIX Yepes UX aHTEHHbI (T.e. 6e3
NPOCTPaHCTBEHHOM 06paboTkn) TakMm 0Opa3om, YTO STU NOTOKM NPUBLIBAKOT B NPUEMHUK
Np1MONM3NTENBHO BbIPOBHEHHBIE MO BPpeMEHW. [IPUEMHMK MOXET OLLEHUTb MaTpuLly OTKMMKa
KaHana gns Bcex nepefaTynkoB, kak ecnv 6bl OHM Bbinv ogHUM nepeaatynkoM. MNepegaTymk
MOXET BOCCTaHOBUTb MHOXECTBO MOTOKOB CMMBOJIOB AaHHbIX, NCMOMNb3ys Noboi 13 cnocobos,
OMNMCaHHbIX Bbille AN OQHOMONB30BaTENBCKOIO HEHAMNPABIEHHOMO pexxuMa (Hanpumep, crnocoobl
CCMI, MMSE u SIC).

5. NpocTpaHcTBEHHas obpaboTka

B Tabnumue 2 cBeaeHbl cnocobbl MPOCTPaHCTBEHHOW 06paboTkn B NnepegaTynke n npueMHmKe
OnNs YeTbipex PexxnMoB NPOCTPAHCTBEHHOMO MYMbTUMNIIEKCMPOBAHUS, ONUCaHHbLIX Bbilwe. [Ans
HeHanpaBMEHHbIX PEXNMOB TakKe MOryT OblTb MCMOMNb30BaHbI CNOCOOLI 06paboTKN B NPUEMHMKE,
oTnunyHble ot CCMI n MMSE. MNocneaHuii ctonbey, B Tabnuue 2 ykasbiBaeT, MOXET Nn
NPUMEHATLCSA B NpuemHuke cnocob SIC.

Tabnuua 2
Pexvm npocTpaHCTBEHHOrO MyNbTUMNEKCMPOBAHNSA Mepepava Mpuem MacwTtabuposaHue |SIC
F(k) M%)
OAHOMONb30BaTENbCKWIN HAaNpPaBnNEHHbIN v (k) UH (k) E—l (k) HeT
OQHOMONb30BaTENbCKUI HEHANPaBeHHbI I ™M (k) - na
= ———ecmi -1
Dmm.ﬁs(k)
£y
Jﬂmmssk"" )
MHOronosib30BaTeNbCKNIA HanpaBneHHbIN (0AMH NepeaaTynk BO MHOXECTBO NPUEMHUKOB) H -1 (k') - - HeT
——nuTs
MHOronosb30BaTeNbCKNIA HeHanpaBneHHbIN (MHOXECTBO NepeaaT4MKoB B OANH I ™ (k) - na
NPUEMHWUK) - iy D—l (}.’)
—_—mmse
M, e ()

[nsa npocToTbl NPOCTpaHCTBEHHAA 0OpaboTka Ansi MHOroNOb30BaTENbCKOro HanpaBneHHoro
pexumMa OT MHOXeCTBa nepeaaTynkoB B OOUH NPUEMHUK N MHOMOMOMb30BaTENbCKOMo
HeHanpaBnNeHHOro pexmMmMa OT O4HOro nepefaTymka B MHOXECTBO NPUEMHUKOB B Tabnuue 2 He
nokasaHa.

B HwxecneayloLwemM onucaHum LLIMPOKOMNOSTOCHbIN NPOCTPAHCTBEHHbIN KaHamn MOXeT
cooTBeTcTBOBaTh (1) LUMPOKONONOCHOW COBCTBEHHOM MOAE ANS peXumMa HarnpaBneHHOro
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NPOCTPaHCTBEHHOIO MYNbLTUMNEKCUPOBaHNS (2) nepearoLlert aHTeHHe Ans pexuMa
HeHarnpaBNeHHOro NPOCTPaHCTBEHHOrO MynbTUMNNEKCUPOBaHUS unu (3) KoMbuHaLMM OgHOro UK
HECKOJSIbKMX MPOCTPAHCTBEHHbIX KaHamnoB AN O4HOrO UM HECKOSbKMX NoaAnana3oHoB.
LLINpOKONOMNOCHBLIN NPOCTPAHCTBEHHbIV KaHarn MoXeT ObITb UCMNOMb30BaH ANs nepeaavn OgHoro
HEe3aBNCUMOrO MOTOKA AaHHbIX.

6. MIMO cuctema

Ha our.1 nokazaHa MIMO cuctema 100 MHOXXECTBEHHOIO JOCTYNa C HECKONIbKUMU TOYKaMm
110 poctyna (AP), koTopble NoAAEPKMBAOT 0OMEH AaHHBIMU C HECKONBbKUMM
nons3oBatensckumn TepmmuHanamu (UT) 120. Ona npoctoTbl Ha dur.1 nokasaHbl TONLKO ABe
Toukm 110a 1 110b goctyna. Todka goctyna B obulemM criydyae npeactaBnseT cobow
HEMOABMXKHYIO CTaHLMIO, KOTOpas UCMONb3yeTcs ANnd CBA3M C NoNb30BaTENbCKUMN TEPMUHANAMM
N Takke MOXeT Ha3biBaTbCsA 6a30BOMN CTaHUMEN UK KaknM-nnbo apyrum TEPMUHOM.
Monb3oBaTenbCKUt TepMUHAI MOXET ObiTb PUKCUPOBAHHBLIM UITM MOOUMNBHLIM U TaKKe MOXET
Ha3blBaTbCA MOOUITLHONM CTaHUMen, 6ecnpoBoAHbLIM YCTPONCTBOM UITM KakMM-nnbo apyrum
TepmmHoM. KoHTponnep 130 cuctemel coeamHeH ¢ Toukammn 110 goctyna n obecneumsaeT nx
KOOpAMHALUMIO N yNpaBrieHne Ans HUX.

MIMO cuctema 100 moxeT NpeAcTaBnATb COO0OM CUCTEMY OYMIEKCHOM Nepeaayn ¢
BpeMeHHbIM pa3geneHueM kaHanos (TDD) unu cuctemy oynnekcHon nepefadn ¢ YacTOTHbIM
pasgenenunem kaHanos (FDD). MNMpamasa n obpaTtHas nuHus (1) ana cuctemsl TDD cBAsm
COBMECTHO UCMNONb3YT OANH AnanasoH YacToT U (2) MCNONb3YOT pasHble Anana3oHbl YacToT
ansa cuctemsl FDD. B Hukecneaytowem onncaHumn npegnonaraetcsd, 4to MIMO cuctema 100
npeacraendet cobon cuctemy TDD.

MIMO cuctema 100 ucnonb3dyeT HabOp TPAHCMOPTHLIX KAHAINOB ANdA Nepefayn pasnmyHbIX
TUMOB OaHHbIX. TPaHCMOPTHbIE KaHarbl MOTyT ObITb peanu3oBaHbl pa3fiMyHbIMKU cnocobamu.

Ha ®wur.2 nokasaHa nnnioctpatusHas cTpyktypa 200 kagpa v kaHana, Kotopasi MOXeT
ncnonb3oBatbecs B MIMO cucteme 100. Nepegaya gaHHbIX npomucxoanT B Kagpax TDD. Kaxabii
TDD kagp Anutcsa 3agaHHbI NPOMEXYTOK BPEMEHU, HAaNpUMep 2 MCeK, U pasaeneH Ha dasy
HUcxoadLwern nuHun n hasy socxogsLlen nuHun. Kaxkgaa dasa ONONHUTENBHO pasdeneHa Ha
MHOXecTBO cermeHToB, 210, 220, 230, 240 n 250 ans MHOXeCTBa TPAHCMOPTHLIX KaHAaMNoB.

B dhase HucxoasLwen nuHuun WwinpokoseLLatenbHbli kaHan (BCH) HeceT mask nunoTt-curHana
214, MIMO nunot-curHana 216 n BCH coobuwenne 218. Mask nunoTt-curHana Mcnonb3yoT Ans
nonyyeHns TaiMmmpoBaHuna n Yactotel. MIMO nunoT-curHana ncnonb3yrT ANs OLEHKN KaHana.
BCH coobueHne coaepxuTt CUCTEMHbIE NapameTpbl 4118 NONb30BaTENbCKUX TEPMUHATIOB.
Mpsamoii ynpasnstowmin kaHan (FCCH) HeceT uHdopmauuio nnaHMpoBLIUKa A51s Ha3HavYeHUs
PEeCyYpCoB HUCXOOALLEN NUHUN N BOCXOOALLEN NMUHUM 1 APYTYHO CUrHanM3aumio ans
nonb3oBaTenbCckMx TepmuHanos. MNMpamon kaHan (FCH) HeceT FCH ©6nokn gaHHbIX npoTokona
(PDU) ansa Hucxogawer nuHmn. FCH PDU 232a BkntodaeT B cebsi nunoT-curHan 234a n naket
236a pgaHHbIxX, a FCH PDU 232b BkntovaeT B cebs Tonbko naket 236b aaHHbIX. B dase
Bocxoadwen nuHum obpatHbiv kaHan (RCH) Hecet RCH PDU ans Bocxogsiwen nunnn. RCH
PDU 242a Bknto4yaeT B cebs Tonbko nakeT 246a gaHHbix, 1 RCH PDU 242b BknovaeT B cebs
nunoT-curHan 244b n naket 246b gaHHbIX. KaHan nponssonbHoro goctyna (RACH)
ncnornb3yeTcst NoNb3oBaTeNbCKUMN TEPMUHANamMU AN Nofy4YeHns OoCTyna B CUCTeMy U Ans
OTNpaBKnM KOPOTKNX coobLeHnid no Bocxoasiuen nuHnn. RACH PDU 252, nepegaBaemsbliin no
RACH, BkntovaeT B cebs nunoTt-curHan 254 n cooblueHne 256.

Ha ®ur.2 nokasaHa 6nok-cxema B Todke 110x goctyna v ABYX NONb30BaTENbCKUX
TepmuHanoB 120x n 120y 8 MIMO cucteme 100. Touka 110x gocTyna siBNsieTCcA 04HOM N3 TOYEK
Aoctyna no dur.1 n obopynosaHa MHOXeCTBOM (A,,) aHTeHH 324a-324ap. MNonb3oBaTenbCKum
TepMmmHan 120x obopyaoBaH ogHOW aHTeHHON 352X, a nonb3oBaTenbCcknin TepmuHan 120y
obopyaoBaH MHOXeCTBOM (NV,;) aHTeHH 352a-352ut.

B cnyyae Hucxogsawen nuHumn B Touke 110x goctyna TX npoueccop 310 AaHHbIX NpUHMMaET
OaHHble Tpadmka Ansa O4HOro UM HECKOSbKMX MOMb30BaTENbCKUX TEPMMHANOB U3 UCTOYHMKA
308 pgaHHbIX, ynpasnsawwme gaHHble n3 koHTponnepa 330 1, BO3MOXHO, ApYyrMe AaHHble 13
nnaHnpoBLmka 334. PasznunyHble TUMbl AaHHbLIX MOTYT nepefaBaTbCs N0 pas3fnyHbIM
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TpaHcnopTHbIM kaHanam. TX npoueccop 310 gaHHbIX BbIMONHAET 06paboTky (Hanpumep,
BbINOSHAET KOAMPOBaHNE, MEPEMEXEHNE N OTODPaXKEHNE CMMBOJIOB) PasfMYHbIX TUMOB AaHHbIX,
OCHOBbIBasICb Ha OOHOW UMW HECKOMNbKNX CXeMax KoAUPOBaHUA U MOgynsauun onsa nonyyeHns Ns
NMOTOKOB CMMBOSOB AaHHbIX. Kak ncnonb3dyeTcsa B HaCToSALWEeM onMcaHuu "cumMBon AaHHbIX"
OTHOCMUTCS K CUMBOMY MOAYNAUUKM A58 AaHHbIX, @ "NUNOTHBIA CMMBON" OTHOCUTCS K CUMBONY
MoaynauMu Ans nunoT-curHana. TX npocTpaHCTBeHHbIN npoueccop 320 npuHumaeT Ns NOTOKOB
cMMBONOB AaHHbIX oT TX npoueccopa 310 AaHHbIX, BbINOMAHAET NPOCTPAHCTBEHHYO 06paboTky
CMMBOIIOB AaHHLIX C MaTpuuamu F_ (k). AN k=1 ... Nk, OOMNOMHUTENbBHO MyfbTUNNEKCUpyeT

NMMNOTHbIE CUMBOJ1bI U NpeaocTaBnAeT Nap NOTOKOB CMMBOJIOB nepenayun ana Nap aHTEHH.
MaTpuubl Eap(k) BbIBOAAT B COOTBETCTBUU C PEXNMOM NMPOCTPaAHCTBEHHOIO

MYINbTUMIIEKCMPOBaHNS, BbIDpaHHOro ans ucnonb3oBaHusa. O6paboTka B TX npoueccope 310
OaHHbIX 1 TX npocTpaHcTBEHHOM npoueccope 320 onucaHa HUXe.

Kaxgpii mogynatop (MOD) 322 npuHumaeT 1 o6pabaTtbiBaeT COOTBETCTBYHOLLNIA MOTOK
CUMBOMOB nepefaydn aAnsa nonyyvyeHnsa notoka OFDM cumMBonoB, 1 BbINOMHAET JONONHUTENBHYIO
06paboTKy (Hanpumep, ycunmeaeT, QUNbTPYET M NoBbIWaeT YacTtoTy) notoka OFDM cumBonos
AN reHepaumm curHana HUCXoAsALWen nuHun. N,, Moaynatopos 322a-322ap npeaoctaensaioT N,
CUTHaNoB HUCXOAALLEN NUHWUK AN nepedayn Yepes N, aHTeHH 324a-324ap, COOTBETCTBEHHO,
B Nonb3oBaTenbCcKkMe TepMUHansi.

B kaxxgom nonb3oBaTtenbckom TepmuHane 120 ogHa nnu HECKONbKO aHTEHH 352
npuHUMatoT N, CUrHaNoB HUCXOASALLEN NIMHUK, U Kaxkaas aHTeHHa NpedoCTaBnsAeT NpUHATHIA
curHan B cooTBeTcTByOWMI aemoaynsatop (DEMOD) 354. Kaxabin gemoaynaTtop 354
BbINOMHAET 06paboTKy, KOMMNIIEMEHTapHYI BbINOMHAEMOW MoAynaTopoM 322, u npeaocTaBnsaeT
NOTOK MPUHATLIX CUMBOMOB. [N 0AHOAHTEHHOrO Nosfb3oBaTenbckoro TepmmHana 120x RX
NPOCTPAHCTBEHHbIN npoueccop 360X BbINOMHAET KOrepeHTHYH0 AeMOAYNSALMI0 NOTOoKA NPUHSATBIX
CUMBOJIOB M3 €AMHCTBEHHOMO AemoaynaTopa 354x n npeaocTaBnsaeT OAnH NOTOK
BOCCTaHOBMEHHbIX CUMBOJIOB AaHHbIX. [1Ns MHOroaHTEHHOro Norib30BaTeNbLCKOro TepMuHana
120y RX npocTtpaHcTBeHHbIN npoueccop 360y BbIMONHAET NPOCTPaHCTBEHHYIO 06paboTKy Ny
NOTOKOB MPUHATLIX cUMBONOB OT A, AemoaynsaTopoB 354 ¢ maTpuuamu M, (k)

NPOCTpaHCTBEHHON chunbTpaumu, ansa k=1 ... Mg, n npegoctaensaet N,;; NOTOKOB
BOCCTaHOBMEHHbIX CUMBOSIOB AaHHbIX. B no6om criyyae kaxabli NoToK {§ } BOCCTAHOBMEHHbIX

CMMBOJ10B OJaHHbIX NnpeactaBndaeT cobori OLIeHKY MNMOTOKa {Sm} CMMBOJ10B AaHHbIX, nepeaaHHbIX

Toukor 110x gocTyna B AaHHbIN nonb3oBartenbckuii TepmmHan 120. RX npoueccop 370 aaHHbIX
NPUHUMaET N OeEMYNbTUMNNEKCUPYET BOCCTAHOBIEHHbIE CUMBOSbI AaHHbLIX B COOTBETCTBYHLLNE
TPaHCMNOPTHbIE KaHarbl. 3aTeM BOCCTAHOBMEHHbIE CUMBOJSIbI AaHHbIX OIS KaXA0ro
TpaHCMNOPTHOro kaHana obpabaTtbiBaloT (Hanpyumep, BbIMOMHAKT 0bpaTHoe oTobpaxeHue,
obpaTHoe nepemMexeHne 1 eKoanpoBaHne) aAnsa NonyyYyeHns AeKOAMPOBaHHbLIX OAHHbIX A4S
OaHHOro TPaHCMOPTHOro KaHana. [lekoanpoBaHHble AaHHbIE AN KaX40ro TPaHCNOPTHOro KaHana
MOTyT BKITlOYaTb B ce0s BOCCTAHOBMNEHHbIE AaHHbIE Tpaduka, ynpaBnsaoLmne AaHHbIe U T.4.,
KOTOpble MOryT ObITb HanpaBneHbl B NoTpebutens 372 gaHHbIX AN COXpaHEeHUst n/unu B
kKoHTponnep 380 ona ganbHerwen odpaboTku.

B kaxgom nonb3oBaTtenbckom TepmuHane 120 yctponcTeo 378 OLeHKN KaHana oueHMBaeT
OTKJIMK HUCXOASALLEro KaHana 1 NpeaocTaBnseT OLEHKM KaHana, KoTopble MOryT BKIoYaTh B
cebs oueHkn ycunenns kaHana, oueHkn OCLL v 1.4. KoHTponnep 380 npMHUMaET OLEHKM
KaHana, BbIBOAUT BekTopa U/unu koadduuneHTsbl, UCNonb3yemMble Npu NpoCTPaHCTBEHHOM
06paboTke B nNepenaroLLel 1 NPUEMHON Liensx, 1 onpeaensieT NoaxoAsilyo CKOPOCTb Ans
KaXkgoro notoka CMMBOMOB AaHHbIX HUCXoasLwen nuHnn. Hanpumep, koHTponnep 380y B
MHOrOaHTEHHOM Mofb30BaTeNbCKOM TepMuHane 120y MOXeT BbIBOAWUTb MaTpuubl M, (k)

NPOCTPaHCTBEHHON UNbTPALUN ANA HUCXOAALWEN NUHUN U MaTpuupbl F, (k) HanpaBnsoLmx
BEKTOPOB NS BOCXOAALLEH NMMHMUKN, OCHOBbLIBAsACbL Ha MaTpuuax H, (k) OTKMUKa HUCXOAALLEro

kaHana, ansa A=1 ... Ng. Kontponnep 380 Takke MOXeT NpMHMMAaTh CTaTyC Kaxaoro
naketa/kagpa, NPUHATOrO Mo HUCXOASLWEN NTMHUN, 1 KOMMNOHOBATbL MHAOPMAaLMI0 06paTHOM CBS3N

Ctpanuua: 18



170

15

20

25

30

35

40

45

50

RU 2330381 C2

ansa Toukm 110x goctyna. NHopmaumst o6paTtHOM CBA3M U JaHHbIE BOCXOASILLEN NNHUN
obpabaTtbiBatoTcst B TX npoueccope 390 aaHHbIX, MOABEpratTcs NPOCTPaHCTBEHHON 06paboTke
B TX npocTpaHcTBEHHOM npoLleccope 392 (ecnn OH NPUCYTCTBYET B NOSb30BaTENbCKOM
TepmuHane 120), [ONONHUTENBHO MYSNbTUMMAEKCUPYIOTCS C MUAOTHLIMU CUMBONAMM,
JononHutensHo obpabaTtbiBatoTCA B O4HOM UIM HECKOMbKMX MogynaTopax 354 n nepegatotcs
yepes OAHY UIM HECKONbKO aHTeHH 352 B Touky 110x goctyna.

B Touke 110x gocTtyna nepefaHHble CUrHanbl BOCXOAALWEN NMNHUM NPUHUMAKOTCSA aHTEHHaMM
324, nemopynupytoTtcs gemogynaropamu 322 n obpabatbiBatotca B RX npocTpaHCTBEHHOM
npoueccope 340 n RX npoueccope 342 gaHHbIX COCOOOM, KOMMNEMEHTAPHbLIM BbINONTHAEMOMY
B Nonb3oBaTtesnbckux TepmuHanax 120. BocctaHoBneHHas MHdopmauus obpaTHO CBA3N
npegoctaensieTcs B koHTponnep 330 n nnaHmposwuk 334. MNnaHnpoBLlUnK 334 MmoxeT
ncnonb3oBaTb MHoOpMaLmMo 06paTHON CBA3W AN BbINOSHEHUSA PYHKLUNIA, Takmx Kak (1)
nnaHMpoBaHne Habopa NoNb30BaTENbCKMX TEPMUHANOB ANt NepeAayn AaHHbIX N0 HACXOAALEN
NVHUN N BOCXOZALEN NMUHUN 1 (2) Ha3HaYeHne AOCTYMHLIX PECYPCOB HUCXOOALWENA NMUHAN K
BOCXOASLEN NMHMM 3annaHMpoBaHHbLIM TEPMUHANaMm.

KonTponnepsl 330 1 380 ynpaensioT paboTor pasnnyHbix 6rokoB 06pabdoTku B Touke 110x
JocTtyna v nonb3oBaTtenbckom TepmuHane 120, cootBeTcTBEHHO. Hanpumep, koHTponnep 380
MOXeT onpefensaTb HaMBbICLLUME CKOPOCTM, NoAOEpKNBAEMbIE NPOCTPaHCTBEHHBIMW KaHanamum
HUCXOoAsALWEN NUHMK ans nonb3oBaTenbckoro TepmuHana 120. Kontponnep 330 MoxXeT BblOnpaTtb
CKOPOCTb, pa3mep Mnosfie3Horn Harpy3ku un pasmep OFDM cumBona aons kaxgoro
NPOCTPAHCTBEHHOMO KaHana Kaxgoro 3anfiaHMpoBaHHOIO Nosfib30BaTeNbCKOro TepMmHana.

O6paboTka B Touke 110x goctyna u none3oBatensckux TepmuHanos 120x n 120y ans
BOCXOAALLEN NMMHMM MOXET ObITb TAKOM e, kak 00paboTka AN HACXOASALWEN NMUHWKN, UNn
OTNIMYHOW OT Hee. [Ina NPoCTOThl HMXKe NoAPOOHO onrcaHa obpaboTka ANst HUCXOAALEN NTMHUN.

Ha ®ur.4 nokasaHa 6nok-cxema BapuaHTa ocyuiecteneHus TX npoueccopa 310 gaHHbIX B
Touke 110x goctyna. [Anga aToro BapuaHTa ocyulecteneHus TX npoueccop 310 gaHHbIX BkoYaeT
B cebsa ogmH Habop u3 kogepa 412, kaHanbHoro nepemexuntens 414 n 6noka 416 otobpaxeHus
CUMBOIIOB AN KaX4oro 13 Ng NOTOKOB AaHHbIX. [ kaxaoro notoka {7, } AaHHbIX, rae /m=1

... Ns, kogep 412 npuHnmaeT n KogupyeT NOTOK AaHHbLIX, OCHOBLIBasICb HA CXeme KoAMpOBaHUS,
BbIOpaHHON 4118 3TOro NOTOKA, U NPEeAOCTaBNSET KOAMPOBaHHbIE OuTbl. CxeMa KoanpoBaHus
MOXeT BkNtovaTth B cedbss CRC kogmpoBaHmne, CBEPTOHMHOE KOAMPOBaHMe, TypboKkoanpoBaHue,
KOAMpPOBaHWE C HU3KOW NIOTHOCTLIO NPOBEPOK Ha YeTHocTb (LDPC), 6noyHoe koguposaHue 1
Apyrve Buabl KOOUPOBaHUS UMK UX KOMBUHaUMK. KaHanbHbIM nepemMexuTens 414 BbINonHAeT
nepemexeHuve (T.e. MEHSIET MOPSAOK CNEA0BaHUSA) KOOUPOBAHHbLIX OUTOB, OCHOBLIBAsCb Ha CXeme
nepemexeHnsi. bnok 416 oTobpaxxeHns1 CUMBOSIOB OTODpaXkaeT NoABEepPrHyThle NepeMeXeHuto
Bu1TbI, OCHOBbIBAsACb Ha cxeme Mogynsauun, BbibpaHHOW AN 3TOro NoToka, 1 npegocTasnseT
MoToK {s } CWMBOIIOB AaHHbIX. Briok 416 rpynnupyeT kaxapii Habop 13 B noaseprHyTbix

nepemMexeHuto 6MToB Anst popmmnpoBaHusa B-OMTHOro ABonyHoro 3HaveHus:, rae B>1, n nanee
oTobpaxaeT kaxgoe B-6uTHoe ABOMYHOE 3HaYeHue Ha onpeaerneHHbIi CUMBOI AaHHbIX,
OCHOBbIBasICb Ha BblOpaHHON cxeme moaynsaumm (Hanpumep, QPSK, M-PSK unu M-QAM, roe M=
28). KoaupoBaHue n Moaynsuuio Ans Kaxaoro noToka JaHHbLIX BbINOMHSIIOT B COOTBETCTBUN C
cuUrHanamu ynpasneHus KogupoBaHMeM U Moaynsaumen, npegoctasnsgemMbiMmn KoHTponnepom 330.
Ha ®ur.5 nokasaHa 6nok-cxeMa BapyaHTa ocyllecTBneHns TX npocTpaHCTBEHHOMO
npoueccopa 320 u moagynaTopoB 322a-322ap B Touke 110x goctyna. [ns aToro BapuaHTta
ocyuiectBneHms TX npocTpaHCTBEHHbIV Npoueccop 320 BknoyaeT B cebsa Ny
aemynbstunnekcopos (Demux) 510a-510s, A: TX npocTpaHcTBeHHbIX npoueccopoB 520a-520f
noaavanasoHos n A, mynstunnekcopos (MUX) 530a-530ap. Kaxablin aemynbTunnekcop 510
NPYHUMAET COOTBETCTBYHOLLWIA MOTOK {5 } CWMBOIIOB AaHHbIX OT TX NPOCTPaHCTBEHHOO

npoueccopa 320, oeMynbTUNNekcnpyeT NOTOK Ha A MOAMNOTOKOB CUMBOMOB AaHHbIX Ans N
nogananasoHoB 1 npegocTtaenseT M nognotokoB B AE NpocTpaHCTBEHHbIX NpoueccopoB 520a-
520f. Kaxxabli npocTpaHCTBEHHbIN npoueccop 520 npuHumMaeT Ng NoaNOTOKOB CUMBOMOB AaHHbIX
ans ero nogamanasoHa ot Ns gemynbtunnekcopos 510a-510s, BbINOMHAET NPOCTPAHCTBEHHYIO
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obpaboTky B nepedaTyunke Ans 3TUX NOAMNOTOKOB M npegoctasnsaeT N,, NoOnoToKOB CUMBOIIOB
nepeaayn ans N, aHTeHH B Touke JocTyna. Kaxablii NpocTpaHCTBEeHHbIV npoleccop 520
YMHOXaeT BEKTOP §,, (k) AaHHbIX Ha MaTpuly F_ (k) OnNa NonyyYeHns BekTopa X, (k)

nepefaun. Matpuua F_ (k) cootsetctByeT (1) Matpuue V. (k) NpaBbix COBCTBEHHbIX BEKTOPOB

ansa H,. (k) ANs 04HONONbL30BaTENbLCKOro HanpaBneHHOro pexuma, (2) matpuue F, (k) ans
MHOronob30BaTENbCKOro HanpaBneHHOro pexuma unu (3) eanHudHon matpuue I ang

O[HONONbL30BaTENbLCKOr0 HEHANPaBNEeHHOro pexunma.
Kaxabli mynbtunnekcop 530 npuHumaeT Mg NOANOTOKOB CUMBOSOB nepefayv Ans ero

nepegaroLLert aHTeHHbl oT AV: NpocTpaHCTBEHHLIX NpoueccopoB 520a-520f, mynsTunnekcupyet

9TW NMOANOTOKN U NUMOTHbIE CUMBOIbI U NPEAOCTABNSET NOTOK {x;} CUMBOIIOB nepeaayn Ans

ero nepegarwoLlein aHTeHHbl. [MMNOTHbIE CUMBOSIbI MOTYT BbITb MYNbLTUMNEKCUPOBAHbI MO YacToTe
(T.e. B HeKoTOpble NnogananasoHbl), Mo BpeMeHu (T.e. B HEKOTOpble Nepnobl CUMBOIOB) U/Mnn
B KOALOBOM NPOCTPaHCTBE (T.€. C OpTOroHanbHbiMu kodamu). N,, mynbTunnekcopos 530a-530ap
npenocTaenaoT N,, NOTOKOB {x,} cumBOnOB nepenaqu, Ans F1 ... Ny, ana N, aHTeHH 324a-

324ap.

[nga BapraHTa OCyLLeCTBEeHNs, NoKasaHHOro Ha dur.5, kaxabln mogynaTop 322 BkniovaeT B
cebs 6nok 542 obpartHoro 6uicTporo npeobpasoeanHnsa Pypwe (IFFT), reHepatop 544
yuknunyeckoro npedmkca n 6mok TX RF. Brnok 542 IFFT u reHepaTop 544 LMKIMYECKOro
npedmkca obpasytor OFDM mogynatop. Kaxabii mogynatop 322 npyHMMaeT COOTBETCTBYIOLLUNA
noTok {x,} CVMMBOIOB Nepeaayn 3 TX npocTpaHcTBEHHOro npoteccopa 320 1 rpynnupyeTt

Kaxkabln Habop M3 A cumBonoB nepedayn ana Mg nogamanasoHoB. briok 542 IFFT npeobpasyet
KaxkabIn Habop MV: CMMBOMOB Nepefayvn BO BPEMEHHOW JOMEH, UCcnonb3yst Mg ToueyHoe
obpaTHoe 6bICcTpoe NpeobpasoBaHme Pypbe, N NPEAOCTaBASET COOTBETCTBYOLNIA
npeobpa3oBaHHbIN CUMBOS, KOTOPLIN COAEPXKUT Ny anemeHTapHbIX curHanos. ['eHepaTtop 544
LMKnndeckoro npedmkca NoBTOPSIET YacTb Kagoro Npeodpas3oBaHHOro CUMBOSA Afist MoNyYeHus
cootseTcTBytowero OFDM cumBona, KoTopblt coaepkuT Nq+MN;, aneMeHTapHbIX CMrHanos.
MoBTOpsiemMast YacTb (T.€. umMKnmyeckuin npedumkc) rapaHtTmpyet, Yyto OFDM cumBon coxpaHut
CBOM OpPTOroHarnbHble CBOMCTBA B MPUCYTCTBUU MHOrONy4eBoro pasbpoca 3agepxek, Bbl3BaHHOIO
YaCTOTHO-CENEKTUBHbIM 3amupanuneM. bnok 546 TX RF npuHMmaeT 1 4ononHUTENbHO
obpabaTbiBaeT notok OFDM cumBOnoB 13 reHepaTopa 544 ans reHepauMm MoaynmMpoBaHHOMO
curHana HuCxoasLlen NMHn. A, MOAYNMPOBAHHbIX CUTHANOB HUCXOAALLEN NMMHUM NepeaaroT
uepes N, aHTeHH 354a-354ap, COOTBETCTBEHHO.

Ha ®ur.6 nokasaHa 6nok-cxema BapvaHTa ocyllecTBneHnsa gemoaynaropos 354a-354ut n RX
NpOCTpaHCTBEHHOro npoueccopa 360y Ans MHOrOaHTEHHOro Nofb30BaTeNbCKOro TepMuHana
120y. B nonb3osatensckom TepmuHane 120y A aHTeHH 354a-354ut npuHumaiot N,
MOAYIMPOBAHHbIX CUTHAMNOB, NepefaHHblx Toukon 110x gocTyna, u npegoctaBnsaoT N
NPUHATBLIX curHanoB B N, aemoaynaTtopoB 354a-354ut, cooTBeTCTBEHHO. Kaxabiin gemoaynstop
354 sknoyaet B cebs bnok 612 RX RF, 6nok 614 yaaneHusa umknuyeckoro npedukca n 6rnok
616 6bicTporo npeobpasosanust Pypee (FFT). briokn 614 n 616 obpasytor OFDM gemoaynsTop.
B kaxgom gemopynartope 354 6nok 612 RX RF npuHumaeT, obpabatbiBaeT un oundpoBbiBaeT
COOTBETCTBYHOLLMIA NPUHATBIA CUrHaN U NPeaoCcTaBnsieT NOTOK 3fIEMEHTApPHbIX CUrHanoB. bnok
614 ynaneHust UMKnMyecKkoro npedukca yaanseT UMKIMYeckuin npedukc B KaXKaoM NPUHATOM
OFDM cumBone gnsa nony4eHus NpuHAToro npeobpasoBaHHoOro cumeona. 3artem 6nok 616 FFT
npeobpasyeT Kaxabli NPUHATLIA Npeobpa3oBaHHbIN CUMBOS B YAaCTOTHbLIA JOMEH Npw
nomoLn Mg TodevHoro GbicTporo npeobpasoBaHnsa Oypbe Ans nonyvyeHns Mg NPUHATBIX
cumeonoB ana Mg nogananasoHoB. brok 616 FFT npegoctaBnsieT NOTOK NPUHATBIX CUMBOJIOB B
RX npocTtpaHcTBeHHbIN npoueccop 360y U NOTOK NPUHATLIX MUNOTHBIX CUMBOJIOB B YCTPOMCTBO
378y oueHkn kaHana.

[lns BapmaHTa ocyLlecTBneHuns, NokazaHHoro Ha dur.6, RX npocTpaHCTBEHHbIN npoLeccop
360y BkntovaeT B cebs N,; aemynbTunnekcopos 630a-630ut ana A,;; aHTEHH B
nonb3oBatensckoM TepmuHane 120y, M RX npoctpaHcTBEHHbLIX npoueccopoB 640a-640f
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nogananasoHoB U Ag yCcTpoicTB 642a-642f macwtabupoBanna ons Ar nogananasoHoB, u Ns
MynbTunnekcopoB 650a-650s ana Ng noTokoB AaHHbIX. RX NpocTpaHCcTBEHHbIN npoueccop 360y
nony4aeT M, NOTOKOB {7} MPUHATbLIX CUMBOSOB, AN ~1 ... N, U3 aemonynatopos 354a-354ut.

Kaxabin OEeMyInbTUNINEKCop 630 npuHMmaeT COOTBeTCTByIOLIJ,VIVI NOTOK {,v;} NPUHATbLIX CUMBOJ10B,

OeMynbTUNNEeKCUpPYeT NOTOK HAa A MOONOTOKOB NPUHATBIX CUMBOMOB A58 AVF NogananasoHoB U
npegoctasnset M- NnognoTokoB B M: NpocTpaHCTBEHHbIX npoueccopoB 640a-640f. Kaxabiv
NpocTpaHCTBEHHbIN npoueccop 640 nonydaeT A NOANOTOKOB NPUHATLIX CUMBOSOB ANS ero
nogamanasoHa u3 N, aemynbtunnekcopoB 630a-630ut, BbINOMHAET NPOCTPAHCTBEHHYO
06paboTKy B MpUeMHMKe ns 3TUX NoANOTOKOB 1 NpegocTasnseT Ng nognoTOKOB
OEeTEeKTUPOBaHHbIX CUMBOSIOB 418 ero nogavanasoHa. Kaxabli NpoCTpaHCTBEHHbIV NPOLIECCOp
640 yMHOXaeT NpUHATLIN BEKTOP 1 (k) Ha maTtpuuy M, (k)  Ons nonyyvyeHus Bektopa § .. (k)

[AeTeKTMPOBaHHbIX cMMBOoB. MaTpuua M., (k) cooTseTcTByeT (1) Matpuue u¥ (i) neBbIX

COOCTBEHHbIX BEKTOPOB AN H, (k) B Cny4ae 0QHOMOMb30BaTEbCKOro HanpaBneHHOro pexmmMa
unu (2) matpuue M., (k), M.,,....(5) UK Kakon-nubo apyron MaTpuue B criyyae
O[HOMNONbL30BAaTENbLCKOr0 HEHaNPaBnNeHHOro pexnma.

Kaxgpii 6nok 642 macwtabupoBaHus npuHumaeT Ng NOANOTOKOB OETEKTUPOBAHHbBIX
CVYMBOJSIOB A5l CBOEro nogavana3oHa, MacluTabupyeT 9Tu NoanoTokm 1 npegoctaBndeT Ny
NoAMNOTOKOB BOCCTAHOBIEHHbLIX CUMBOSOB AaHHbIX A58 cBoero nogamnanasoHa. Kaxabin 6nok 642
MacLTabmMpoBaHMs BbIMONTHAET MacLUTabMpoBaHWe curHana anst Bektopa 3 ., (k)

0EeTeKTUPOBaHHbIX CUMBOJSIOB C MOMOLLBIO AMaroHanbHOM MaTpuLbl D;L(k‘) n npenocrtasndeT

BEKTOp §,,. (k) BOCCTAHOBIIEHHbLIX CMMBOSIOB AaHHbIX. Kaxabiin mynbTunnekcop 650 npnHnUmaeT u

MyrnbTUNRekcupyeT Mg NOAMNOTOKOB BOCCTAHOBIEHHbLIX CUMBOSOB AaHHbIX A4S €ero NoToka
OaHHbIX U3 Mg 6rokoB 642a-642f macwitabrMpoBaHus 1 npegocTaBnNsAeT NOTOK BOCCTAHOBIEHHbIX
CMMBOIOB AaHHbIX. Ng MynbTunnekcopos 650a-650s npepocTaensioT Ng NoTokoB {5 3

BOCCTaHOBMNEHHbIX CMMBOJSIOB AaHHbIX, ana m=1 ... Ns.

Ha ®ur.7 nokasaHa 6nok-cxema BapuaHTta ocylecteneHus RX npoueccopa 370y gaHHbIX B
none3oBaTtensckom TepmuHane 120y. RX npoueccop 370y gaHHbIX BKMOYaeT B cebsa oanH Habop
13 6noka 712 obpatHoro otobpaxxeHnsa CMMBONOB, 06paTHOro nepemexutens 714 kaHana u
Aekoaepa 716 ans kaxaoro u3 N NOTOKOB AaHHbIX. [INs KaXaoro notoka {5 3 BOCCTaHOBIIEHHbIX

CUMBOSOB AaHHbIX, rae m=1...Ns, 6nok 712 obpaTHOro oTobpaKeHNs CUMBOSIOB BbINOSHAET
aemMoaynsunio BOCCTaHOBMEHHbLIX CUMBOSOB AaHHbLIX B COOTBETCTBUM CO CXEMOW MOAYIALMM,
MCnonb3yemMon Ans 3Toro noTtoka, U NpeaocTaBnseT 4eMoayiMpoBaHHble AaHHble. OOpaTHbIl
nepemexutens 714 kaHana BbINOMHAET obpaTHoe NepemexeHne 4EMOAYNIMPOBAHHBLIX AAaHHbIX
cnocobom KoMMneMEHTapHbIM NePEMEXEHMIO, BLINOIHAEMOMY AN 3TOro notoka B Touke 110x
poctyna. 3atem gekogep 716 gekoaupyeT nogBeprHyTbie 0OpaTHOMY NEPEMEXEHMUIO AaHHbIE
cnocobom, KomnnemMeHTapHbIM KOAUPOBaHMIO, BbINONTHAEMOMY AJ1st 3TOro notoka B Touke 110x
Joctyna. Hanpumep, B kadyecTBe Aekogepa 716 mMoryT ncnonb3oBatbcs Typboaekogep vnm
nekoaep Butepbu, ecnu B Touke 110x gocTyna BbINOMHAETCS TypObokoaMpoBaHue nnm
CBEPTOYHOE KOAMpPOBaHMe, COOTBETCTBEHHO. [lekoaep 716 npegocrtaBnsaeT 4eKOANPOBAHHbIN
nakeT ANs Kaxgoro naketa NPUHATLIX AaHHbIX. [dekogep 716 4ONONHUTENBHO BLINOMHAET
NPOBEPKY KaXK40ro 4eKOAUPOBaHHOMO NakeTa Ans onpeneneHus, 6bin N1 nakeT 4eKoanpoBaH
BEPHO MM C OWMOKOK, N NpeaocTaBnsaeT cTaTyCc AeKOAMPOBAHHOIO naketa. [lemoaynaums u
OeKoanpoBaHMe AN KAaXKA0ro NOTOKa BOCCTAHOBIIEHHbBIX CUMBOSIOB AaHHbIX BbIMOSHSOT B
COOTBETCTBUW C CUTHANamu yrnpaeneHns gaemoaynsaumen n 0eKkoanpoBaHnemM,
npegocTaengemMbiMn KoHTponnepom 380y.

Ha ®ur.8 nokasaHa 6nok-cxema RX npocTpaHcTBeHHOro npoueccopa 360z n RX npoueccopa
370z pgaHHbIX, KoTOpble peanuaytoT cnocob SIC. RX npoctpaHcTBeHHbIN npoueccop 360z n RX
npoueccop 370z aaHHbIX peanusyloT Ng nocnegoBaternbHbIX (T.€. KackaanpoBaHHbIX) 3TanoB
(kackagoB) 06paboTku B NnpuemHmke ansa Ng NOTOKOB CUMBOSIOB AaHHbIX. Kaxabin n3 atanos
(kackagoB) ¢ 1 no Ns-1 BkntovaeT B cebsi npocTpaHCTBEHHLIN npoueccop 810, ycTpoicteo 820
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yaoaneHunsa nomexun, RX npoueccop 830 notoka gaHHbix U TX npoueccop 840 noToka AaHHbIX.
MocnegHuin aTan BKNoYaeT B cebst TONbKO NpOCTpaHCTBEeHHbIN npoueccop 810s n RX npoueccop
830s notoka gaHHbIX. Kaxagbin RX 830 noToka gaHHbIX BkItovaeT B cebsa 6nok 712 obpaTHoro
oToGpakeHnsa cCMMBOSIOB, 0bpaTHLIN NepemexuTens 714 kaHana n gekogep 716, Kak nokasaHo Ha
®ur.7. Kaxgeii TX npoueccop 840 noTtoka AaHHbIX BKINOYaeT B cebs kogep 412, nepemexunTens
414 kaHana u 6nok 416 oTobpaeHns CUMBOJIOB, Kak nokasaHo Ha dur.4.

Ha atane 1 npoctpaHCcTBEHHbIV npoueccop 810a BbINONHAET NPOCTPAHCTBEHHYO 00paboTky B
NpUemHuke A MOTOKOB MPUHSITLIX CUMBOMOB W NPEOCTaBMSIET OAWH MOTOK {5, }

BOCCTaHOBJ1E€HHbIX CMMBOJ10B AaHHbIX, rae I'IO,EI,CTpO‘-IHbIVI VIHD,GKC/% obo3HavaeT aHTEeHHY B
TOYKe O0CTyna, ncnonb3yemylo Aand nepenadu rnoTtoka {sﬂ} CMMBOJIOB AaHHbIX. RX npoueccop

830a noToka AaHHbIX BbINOMHAET AeMoaynsaumnio, obpaTHoe NepemMexeHe n gekoanpoBaHne
rnoToka {3, } BOCCTaHOBIEHHbIX CMBOMOB A@HHBIX U NPEAOCTABSIET COOTBETCTBYIOLWIA MOTOK

{df ) AEKOAMPOBAHHbIX JaHHbIX. TX npoueccop 840a noToka AaHHbIX BbINOMHAET KOANUPOBaHKE,

A

nepemexeHve 1 Moaynauuio noToka {d?‘ } AEKOAMPOBAHHBIX AaHHBIX TEM Xe cnoco6om, KoTopblii
A

BbInonHsieTcsa B Touke 110x AOoCTyna Ana 3Toro noToka 1 npeaocrtaBndeT {Eﬂ} NOBTOPHO

MOAYNMPOBaHHbLIX CUMBOSIOB. YCTpoicTBO 820a yaaneHusi moMexu BbiNOSHSeT
MpOCTpaHCTBEHHY0 06paboTKy MOTOKa {F,} NOBTOPHO MOAYNMPOBAHHLIX CUMBOIOB TEM Xe

CcnocoboM (ecnu OH BLIMOSTHAETCSA), KOTOPbIN BbINOMHAETCS B Touke 110x goctyna u
JononHutTensHo obpabaTtkiBaeT pe3ynbTaT npy NomoLLM Matpuubl H, (k) OTKNMKa kaHana ons

nony4yeHua Nut KOMIMOHEHTOB NOMEXU, CBA3AHHOW C MNOTOKOM {33‘1} CMMBOIJ10B. Nut KOMMNOHEHTOB

NoMeXu BbIYMTAOT U3 N,; NOTOKOB NMPUHSATBLIX CUMBOSIOB AN nonyyeHns A, NOTOKOB
MOOVULIMPOBaHHbBIX CUMBOOB, KOTOPbIE NMPEAOCTABNSATCA Ha aTan 2.

Kaxgpiii 13 atanos ¢ 2 no Ng-1 BbINOMHSIET Ty e camyto 0bpaboTKy, 4To 1 atan 1, 3a
UCKINIOYEHNEM TOrO, YTO nony4alT A NOTOKOB MOAMMULIMPOBAHHBIX CUMBOSIOB U3
npeaLecTBytoLLero atana BMecTto N NOTOKOB MNPUHATLIX CMMBOMOB. [locneaHuii aTan
BbINOSHAET NPOCTPaHCTBEHHY 06paboTky 1 aekoguposaHue N MOTOKOB MOAMMULIMPOBAHHbIX
CUMBOSOB M3 3Tana Ng-1 1 He BbINOSTHAET OLIEHKU U yAaNeHNs NOMEXM.

MpocTpaHcTBeHHbIE Npoueccopbl 810a-810s kaxabln MOryT peann3oBbiBaTb cnocobbl CCMI,
MMSE vnu kakon-nnbo gpyror cnocob obpaboTkm B npuemHuke. Kaxapin NpoCTpaHCTBEHHbIN
npoteccop 810 yMHOXaeT BEKTOP y (i) BXOAHbIX (MPUHATBIX MM MOANPULIMPOBAHHBIX)

CMMBOIIOB Ha MaTpuLly M’ (k)  AJ1s1 NonydeHust Bektopa §* (r) [AEeTEeKTUPOBaHHLIX CYMBOOB,

BblGUpaeT n MacwtabupyeT oavH U3 NOTOKOB AETEKTUPOBAaHHbLIX CUMBOIOB, U NpefocTaBnsaeT
NOTOK MacLTabupoBaHHbIX CUMBOSIOB B KAQYeCTBE MNOTOKA BOCCTAHOBMEHHbIX CUMBOIOB AaHHbIX
ansa atoro atana. Matpuuy Mir,(k) BbIBOOAT, OCHOBbLIBasICb Ha peayLmnpoBaHHOW MaTpuue

H', (k) OTKNMKa kaHana Ans aToro arana.

Bnokn o6paboTku B Touke 110x gocTyna 1 nonb3oBaTtenbckom TepmuHane 120y ans
BOCXOASALLEN NTMHUN MOTyT BbITb peann3oBaHbl, Kak ONMCaHo Bbille A5 HUexogswen nuHnm. TX
npoueccop 390y aaHHbIX 1 TX NpOCTpaHCTBEHHbIM npoueccop 392y MoryT GbITb peann3oBaHbl B
Buae TX npoueccopa 310 gaHHbIx no dur.4 n TX npocTpaHcTBEHHOro npoueccopa 320 no
®ur.5, cooTBeTcTBEHHO. RX NpocTpaHCcTBEHHbIN npoueccop 340 MoXeT ObiTe peann3oBaH B BUAE
RX npocTtpaHcTBeHHoro npoueccopa 360y unu 360z, n RX npoueccop 342 AaHHbIX MOXET ObITb
peanusoBaH B Buae npoueccopa 370y nnm 370z.

[na ogHOaHTEHHOro Nosib3oBaTenibCkoro TepmmnHana 120x RX npocTpaHCTBEHHbIM NpoLeccop
360x BbINOMHSAET KOrepeHTHYO AEMOAYSALMIO OQHOr0 NOTOKa NPUHATBLIX CUMBOJSIOB C OLEHKaMu
KaHana ansa nosyYyeHnsa notoka BOCCTAHOBMEHHbLIX CUMBOSIOB JaHHbIX.

A. OueHka kaHana

OTKNMK KaHana Ans HUCXOASLWEN NTIMHUM U BOCXOASLWEN NIMHUN MOXET ObITb OLlEHEH
pasnuyHbiMK cnocobamu, Hanpumep npu nomowm MIMO nunoT-curHana unu HanpaeneHHOro
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nunoT-curHana. Ana TDD MIMO cucTtembl Ans ynpoLleHnst OLLeHKN KaHana MoryT
MConb30BaTbCs onpeaeneHHble cnocobbl.

B cnyyae Hucxogsawen nuHum Tovka 110x goctyna moxeT nepegasaTb MIMO nunot-curHan
nons3osatenbckum TepmuHanam 120. MIMO nunot-curHan cogepxut A, nepeday nunot-
curHana ot N, aHTeHH To4ek AoCTyna, Npuyem nepegaya nNuoT-curHana vYepes Kaxayro
a@HTEeHHyY "NoKpbITa" pasnnUYHbLIMM OPTOroHanNbHLIMM NOCNeA0oBaTENBHOCTSAMU (Hanpumep,
nocrnegoBatensHocTsaMK Yonwa). MNMokpbiTne npeacraBnseT cobon npouecc, NocpeacTBOM
KOTOPOro AaHHbI CMMBOJT MOAynsAuMmM (Mnn Habop 13 L CMMBONOB MOAYNAUMN C OAMHAKOBLIM
3HavyeHMeM), NpefHa3Ha4vYeHHbIA Ansa nepegadv, yMHOXalT Ha L anemMeHTapHbIX
CUrHanoB L-cuUrHanbHOW OpPTOroHarlbHOW NocrneaoBaTeNbHOCTM AMs NONyYeHUs L NOKPbITbIX
CHMBOIIOB, KOTOpbIE 3aTem nepeaatoTcs. MNpu NOKPbITUM AOCTUrAETCA OPTOrOHANbHOCTL AN Ny,
nepegay NuUoT-curHana, oTnpaBnieHHbIX Yepes N, aHTeHH TOYKM JOCTyna, YTo No3sonseT
nosib30BaTeNbCKUM TepMMHanNam pasnuyartb nepegadvy nurnoT-curHana oT KaXKaoW aHTEHHbI.

B kaxxgom nonb3oBatenbckom TepMmuHane 120 yctponctso 378 oueHKM KaHana "cHUMaeT
NOKPbITUE" NPUHATLIX MUOTHBIX CUMBOMOB ANSA K&XA0W aHTEHHbI /NOMb30BaTENbCKOro
TepMuHana npy NoOMoLLM Takux e N,, OpToroHanbHbIX NocreaoBaTensbHOCTEN, KOTOpble
ucnonb3oBanuce B Todke 110x goctyna ans N, aHTEHH, AN NonyYeHUst OLEHOK KOMMIIEKCHOro
yCUNeHUs KaHana Mexay aHTEHHOW /Nob30BaTeNbCKOro TepMmHana n kaxaon u3 N, aHTeHH B
ToYke goctyna. CHATME MOKPLITUS ABNAETCA KOMMSIEMEHTAPHbLIM K MOKPLITUIO U NpeacTaBnseT
coboli npoLecc, NocpeaCcTBOM KOTOPOro NPUHATLIE (MUITOTHbIE) CUMBOSbI YMHOXAHKT Ha L
3N1eMEeHTapHbIX CUrHanoB L-CUrHanNbHOM OPTOroHarlbHOW NocneaoBaTENbHOCTU ANs NonyveHus L
CUMBOJIOB CO CHATBIM NOKPbITUEM, KOTOPbIE 3aTEM CYMMUPYIOT AN NONYYEHUS OLLEHKN
nepegaHHoro (MMNOTHOro) cMMmBora. YCTporUcTBO 378 OLEHKN KaHarna BbINOMHSAET TaKyto Xe
06paboTKy NUIOT-CUrHana Ansi Kaxgoro nogananasoHa, UCrnosb3yemMoro ans nepegayu nunot-
curHana. Ecnn nunoTHble cuMBOIbI NEpeaaroT TONbKO B NOAMHOXECTBE N NoaamanasoHoB, TO
YCTPONCTBO 378 OLEHKM KaHana MOXeT BbIMOSIHNTbL MHTEPNOSIALMIO OLEHOK OTKIMKAa KaHana ans
nogamanasoHOB C nepegadert NMnoT-curHana ang nofyyeHnst OLeHOK OTKMMKAa KaHana ans
nogamanasoHoB 6e3 nepefayv nunoT-curHana. [ns ogHOaHTEHHOro Nosib30BaTENbCKOro
TepmmHana 120x ycTporcTBo 378X OLEeHKM kaHana npeaocTaBseT BeKTopa f_ldn(k’) OLlEHOK

OTKIMKOB HMUCXOASALEro kaHana, ansa A=1 ... Mg, Ang ogHon aHTeHHbl 352. [Ina MHOroaHTEHHOro
nonb3oBaTtensckoro TepmuHana 120y yctporctso 378y OLEeHKN KaHarna BbINOMHAET Takylo Xe
06paboTKy nunoT-curHana ansa scex N,; aHTeHH 352a-352ut n npegocTaBnaeT maTpuLbl ﬁdn(k)

OL|EHOK OTKMMKOB HUCXOAsALWEero kaHana, ansa A=1 ... M. Kaxablii nonb3oBaTeNbCKUn TepMmnHan
120 Takke MOXeT oLeHUBaTb AUCNEepPCUto LWyma NS HACXOOSALWEN NMUHUKN, OCHOBbLIBAACH Ha
NPUHATBIX NUNOTHBLIX CUMBOMAX, U NPEAOCTaBMSET OLEHKY LyMa HUCXOASLLEN NUHWMN, C"rgn .

B cnyyae BocxoasLei NMMHUN MHOrOaHTEHHbIV NoNb3oBaTenbCkuii TepmuHan 120y MoxeT
nepenaeatb MIMO nunoT-curHan, KoTopblii MOXeT GbiTb UCMONb3oBaH B Touke 110x gocTyna ans
OL|eHKM OTKIMKa g (k') BOCXOAALLEro KaHana Ans nosb3oBaTenbCkoro TepMuHana 120y.

==up

OpaHoaHTeHHbI Nonb3oBaTenbCkuin TepmuHan 120x MoOXeT nepefaBaTtb NUNOT-CUTHAN Yepes
CBOI €AMHCTBEHHY0 aHTEeHHY. MHOXXeCTBO OQHOAHTEHHbIX NONb30BaTeNbCKNX TepmMuHanos 120
MOryT nepegaBaTb OPTOroHanbHbIE NUOT-CUrHanNbl O4HOBPEMEHHO MO BOCXOASALLEN NUHWM,
npu4yemM OPTOroHasNbHOCTb MOXET JOCTMraTbCs Mo BpEMEHM u/unn Yactote. BpemeHHas
OPTOrOHanNbHOCTb MOXET ObITb NOMyYeHa Npu NOMOLLN NOKPLITUSA KaXKAbIM NMOSb30BaTENbCKUM
TEPMMHaNoM CBOEr0 NUNOT-CUrHamna BOCXoAsLWEN IMHAN pas3nNnYHbIMWA OPTOroHanbHLIMU
nocnegoBaTeNibHOCTSAIMU, CBA3AHHBIMW C AaHHbBIM MOSIb30BaTENbCKMM TEpMUHANoM. YacToTHas
OPTOrOHanbHOCTb MOXET ObiTb NOMydYeHa Npu nNepefade KaxabiM Nnofb30BaTeNbCKUM
TEPMMHaNoM CBOEro NUIOT-CUrHana BocxosLlen NMMHM B pasnnyHomM Habope nogamanasoHoB.
OaHoBpeMEHHbIe Nepegayn NMNOT-CUrHanoB N0 BOCXOASLEN NIMHUN OT MHOXECTBa
NoNb30BaTENbCKUX TEPMUHANOB OOITKHbI OblTb MPUONN3NTENBHO BbIPOBHEHLI MO BPEMEHU B
Toyke 110x goctyna (Hanpumep, BbIPOBHEHbI NO BPEMEHMW B Npeaenax LUuknuyeckoro npedukca).
Ona TDD MIMO cuctembl 06bI4HO NPUCYTCTBYET BbICOKAst CTENEHb KOPPEnaumMm Mexay
OTKIMKaMW KaHana Ansa HACXO4ALEN IMHUN U BOCXOOALLEN NIMHUN, NOCKOMbKY 3T NUHUK
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COBMECTHO MCMONb3YT OOWH M TOT e Anana3oH YacTtoT. O4HaKO OTKIMKK
nepegarnLLmx/npueMHbIX Lener B TOYKe OCTYNa, Kak NpaBuio, He COBMagaloT C OTKIIMKaMu
nepegarLmx/NpMeMHbIX Liener B Nonb3oBaTeNbCKOM TepMuHane. Ecnu ykasaHHoe pasnuyve
onpeaensioT N yYUTbIBaOT NPU MOMOLLM KannbpoBKKu, TO OBLLME OTKIIMKN HUCXOAALWEN NINHUA U
BOCXOASILLEN NIMHMM MOTYT paccmaTpmBaTbCs Kak B3anMoobpaTHble (T.e. TPaHCMOHNPOBaHHbLIE)
NoO OTHOLLUEHWMIO APYT K OpYyry.

Ha dwur.9 nokasaHbl npuemMHble/nepegatone yenm Todkn 110x goctyna n nonb3oBaTeNbCKOM
TepmuHane 120y. B Touke 110x gocTtyna nepenatowymnii Tpakt mogenmpyetcs Nypx Ny, Matpuuei
T (k) v npuemMHbIn TpakT Moaenupyetca Nypx N, MaTpuLen R (k) - B nonb3oBaTtenbckom

TepmuHane 120y npuemMHblii TpakT mogenupyetcsa Nyx Ny maTtpuuein R . (k) , 1 nepefaromia
TpakT mogenupyetca NNy matpuuen T, (k) . BEeKTOp NPUHATBIX CUMBOSIOB ANSA HUCXOASLEen
MIVHMN N BOCXOZSLLEN NMMHMUN ON1S KaXO0ro nogavanasoHa MOXeT ObITb BbIpaXeH Kak:

I, (k) = R (W)HE)T,, (k)x,, (k) , u ypaHehue (33)

—ap

L (k) = Ry (H ()T (1), (k)

roe "™ o6osHavaeT TpaHcnoHnpoBaHue. B ypaBHeHun (34) JonyckaeTtcs, U4To HUCXoAsLas

NUHNS 1 BOcXoasLas NUHNS SBNSIOTCA TPaHCNOHUPOBAHHBIMU MO OTHOLLEHUIO APYT K OpYrY.
"OppeKkTnBHLIE" OTKMNKM HUCXOOSLLErO N BOCXOAALEro kaHanos, H, (k) nH,, (}) ans

Kakgoro nogguanasoHa BKYalT B cebs OTKNMKM nepefatoLlernt n NpUeMHON Lienen n moryT
ObITb BbIpa)KeHbI Kak:
r
H...(0) = R (DHI) T, (k) u H, (k) =R, (HH (5)T,. (k) YPasHenme (34)
OdbdeKTNBHbBIE OTKIMNKN HUCXOASLLENO N BOCXOASLLErO KaHaNoB HE SIBMSOTCA
B3a1MOO6paTHbLIMM MO OTHOLLEHWO Apyr K Apyry (T.e. H_, (k) = H. . (k)), ecnv oTknuku

nepeaaroLLmx/NpMeMHbIX Lene HUCXoasLwern NMHAM U BOCXOOALEN NMMHUM He paBHbl APYr Opyry.
Touka 110x goctyna un nonb3oBaTtenbckuii TepmuHan 120y MoryT BbINOMHUTL KanubOpoBKy Ans
ronyYeHnsi nonpaBoYHbIX MaTpuL K (k) nK,E ANsi KaX4oro nogananasoHa, KoTopble

MOTYT ObITb BbIPaXeHbI Kak:
-1 -1
K. (k)= TL()R, (k) n K. (k)= T, ()R, (k) - YPaBHeHue (35)
MonpaBoyHble MaTpULbl MOTYT OblTb NOMy4YeHbl NpU NnomoLm nepegaydn MIMO nunoT-
CUrHanoB Kak no HVICXO,D,HLIJ,eVI JIMHUN, TaK N MO BOCXO,D,SlLIJ,eVI JNIMHUN, N BbiBOAa NOMpaBOYHbIX

maTtpuu, ncnonbays kputepmin MMSE nnu kakne-nnbo gpyrvue cnocobbl. [NonpaBoyHbie MaTpuLbl
K.,k VWEK.®) ncnonb3ytoT B Touke 110x gocTyna n nonb3oBaTensckoM TepmnHane 120y,

OTBETCTBEHHO, Kak nokasaHo Ha dur.9. OTknukn "kannubpoBaHHbIX" HUCXOOALLENO U
BOCXOAsLWero kaHanos, H_,.(k) nH.,.*) , MIpX 3TOM ABMSTCA B3auMoobpaTHbIMM MO

OTHOLUEHMIO APYT K APYTY U MOryT BbiTb BbIpaXKeHb! Kak:
T
H,., (k) = H (DK, (k) = H,(0)K_ (k)" = H (k) YpasHerue (36)

PasnoxeHune no CUHIYNAPHbIM 3Ha4YeHNAM MaTpul, OTKIMTMKOB BOCXOoAALLEro n Huexoggdtiiero
KaHanos, H_..(kx) W H (k) , ONa Kagoro nogananasoHa MoXeT ObiTb BblpaXXeHO Kak:

==cup

H.,(0)=U_(OZ(k)V] (k) , u YPasHeHue (37)

Tr P "?* /?_\‘."(!_\‘I'TH AN
Mo ln) = Ve ln)adr))U i) -
Kak nokasaHo B cucteme ypaBHeHUn (37) matpuubl me(k) n g (k) neBbIX U NpaBbiX
= X ap

COBCTBEHHbIX BEKTOPOB AN H_..(k) ABMASIOTCA KOMMNIIEKCHO COMPSXXEHHbIMU MaTpuuam B
V() WU_(k) nNpaBbiX 1 NeBbIX COBCTBEHHbIX BEKTOPOB chp(k) . Matpuua U_ (k) Moxer

ObITb ucnonb3oBaHa B Touke 110x gocTyna Anst NpOCTPaHCTBEHHOW 06paboTku kak npu
nepegade, Tak n npu npueme. Matpuua V. (k) MOXeT ObiTb UCNONb30BaHa B

nonb3oBaTenbCckoM TepMunHane 120y onsi NpoCTpaHCTBEHHOM 06paboTkun Kak Npu nepegade, Tak
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W Npu npueme.
Bcneacteue B3aumoobpaTtHon npupoabl MIMO kanana gnss TDD MIMO cuctemsl 1 nocne
BbINOMHEHNS KanUMBpoBKM ANd yvyeTa pasnuunii B nepegalowmx/npueMHblX Lensx, pasnoxeHue no
CUHIYNAPHBIM 3HAYEHUSAM OOMKHO BbiTh BbINOMHEHO TOMNbKO NGO B NONb30BaTENbCKOM
TepmuHane 120y, nmubo B Touke 110x gocTtyna. B cnydae BbINOMHEHUSA B NONb30BaTENBCKOM
TepmuHane 120y maTtpuubl V.. (k) , Ana A=1 ... Mg, ncnonb3ylotca Ansg npocTpaHCTBEHHON

06paboTku B Nonb3oBaTENLCKOM TEpMUHane, a matpuua U, (k) , AN A=1 ... N, MOXeT BbiTb

npegocTaeneHa B TOMKY AocTyna, Nnbo HenocpeaCcTBEHHO (T.e. NyTeM nepegayvn afieMeHToB
matpuubl U_, (k) ), TMBO B KOCBEHHOI chopme (Hanpumep, Npu NOMOLLW HanpaBieHHOro NUMoT-

curHana). PeanbHo nonb3oBatensckuii TepMmuHan 120y MoxeT NnonyyYnTb TOMbKO H_, (k) 4T

sangaeTca oueHkon H.,. (k), M MOXET BbIBECTU TOJSIbKO \?m(k) f(k) ng () , KOTOpblE
-, 7 = —ap

npencraensatoT cobon oueHkn ¥, (k), E(k) n U, (k), COOTBETCTBEHHO. [INs npocToThl B

NpUBEAEHHOM HUXe OnMMcaHuMK genaetcs OonyweHne, YTo oleHKa KaHana BbirnofiHeHa 6e3
OLINBOK.

HanpaBneHHbIi NNNoT-CUrHan BOCXOASLWEN NMHMMK, NepegaBaeMblii NONb30BaTENbCKUM
TepMmHanom 120y MOXeT ObiTb BblpaXKeH Kak:

X (F) = Ko ()., (F)p () YP@BHEHME (38)
roe v, (k)  npeactaBnseT cobont /b cTonbey V, (k), n p(k)  npegcraenseT cobou

NUNOTHbIA cuMBON. [PUHATLIN HanNpPaBNEHHbIN NUNOT-CUrHaN BOocXoasdLlen nMHun B Touke 110x
,D,OCTyI'Ia MOXeT 6bITb Bblpa)KeH KaK:
ro.(K)=u_ (K, plk)+n,(k)  ypaBHeHue (39)

V13 ypaBHeHus (39) cnegdyeT, 4To Touka 110x 4oCTyna MOXeT nony4nTb Matpuuy U_ (k) ,

OAWNH BEKTOP €ANHOBPEMEHHO, OCHOBbLIBasICb Ha HanpPaBnNeHHOM MUITOT-CUrHane BOCXOAsLLEN
NNHUM OT NOMb30BaTENLCKOro TepMmmnHana 120y.

Takke MOXeT ObITb BbIMOMHEH KOMMIIEMEHTAPHbI NPOLECC, NP KOTOPOM MONb30BaTENbCKUI
TepmmHan 120y nepegaet MIMO nunoT-curHan no BOCXOAsLWeRn nMHuK, a Todka 110x goctyna
BbIMOSTHAET pasnoXeHne No CUHIYNSPHbIM 3HAYEHMUAM 1 NepeaaeT HanpaBneHHbIN NUIOT-CUrHan
no Hucxoaswen nuHuK. OUEHKN KaHana ans HUCXoAsALWEN NMUHUM N BOCXOASLLEN NIMHUM Takxke
MOTyT ObITb BbIMOJTHEHLI APYrMMK criocobamu.

B kaxxgom nonb3oBaTtenbckom TepMmunHane 120 yctponctso 378 OLEeHKN KaHana MoXxeT
BbIMOSTHUTb OLIEHKY OTKMMKa HUCXOAALEro kaHana (Hanpumep, ocHoBbiBasick Ha MIMO nunoT-
CUrHane nnu HanpaefeHHOM NUNOT-CUrHane, nepeaasaeMomM Toykor 110x goctyna) u
npeaocTaBuUTb OLEHKN HUCXoAsLero kaHana B koHTponnep 380. [ns ogHOaHTEeHHOro
nonb3oBaTtensckoro TepmuHana 120x koHTponnep 380X MOXET BbIBECTU KOMMIIEKCHbIE YCUMNEHUS
KaHana, ucnonb3yemble A58 KOrepeHTHon gemoaynauuun. ng MHOroaHTEHHOro
nons3oBaTtensckoro TepmuHana 120y koHTponnep 380y mMoxeT BblBECTU MaTpuuy M, (k) ,

ncrnonb3yemyto Ans NpoCTPaHCTBEHHOW 06paboTkM Npu npueme, U matpuuy F . (k)

ncnonb3yemyto Ansi NpocTpaHCTBEHHOW 00paboTkun Npy nepegaye, OCHOBLIBASACL HA OLEHKax
Hucxogsilero kaHana. B Touke 110x goctyna ycTporicTBo 328 OUEHKM KaHarna MOXeT BbINOMHUTb
OLLEHKY OTKIIMKa BOCXOASLLEro kaHana (Hanpumep, OCHOBbIBAACb Ha HanpaBleHHOM MUIOT-
curHane nnn MIMO nunoT-curHane, nepegaBaeMbIM MOSb30BaTENLCKUM TepMuHanom 120) u
npenocTaBUTb OLEHKN Bocxoasiwero kaHana B koHTponnep 380. KoHtponnep 380 moxeT
BbIBECTV MaTpULy F_ (k) . “Cnonb3yemyto Ans NPOCTPaHCTBEHHON 06paboTkM Npu nepenade, u

maTpuly M, (k) , Ucrnone3yemyto Ansi poCcTPaHCTBEHHON 0GpaGoTKM NPy Nprueme, OCHOBLIBAsICH

Ha oLeHKax BOCXoAsLero kaHana.
Ha ®ur.10 nokasaHa npocTpaHcTBeHHast obpaboTka B Touke 110x goctyna u

nonb3oBaTenbCKkoOM TepMnHane 120y ona HUCxogsaLwen NMHUM N BOCXOOALEN NIMHUK NSt OGHOro

nogauanasoHa 4. B cnyyae Hucxoaswen nuHmm B TX npocTpaHCcTBEHHOM npoueccope 320 B
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Touke 110x gocTyna BeKTOp s, (k) AaHHbIX CHa4ana yMHoXatoT Ha matpuuy F_ (¥) B Grioke
910 1 ganee yMHOXalOT Ha NOMPaBOYHYO MaTpULy K, (k) B 6noke 912 gns nony4yeHus

BeKkTopa x, (k) nepenayn. Bektop x, (k) obpabartbiBaeTca nepegatoulen uenoto 914 B

mMoaynaTopax 322 n nepegaetca no MIMO kaHany B nonb3oBaTensckuini TepmuHan 120y. brnoku
910 1 912 BbINOMAHAKT NPOCTPAHCTBEHHY 06pabOTKy Npy nepegade ANg HUCXOASLEN NMNHUMN 1
MOryT 6bITb peanuaoBaHbl B TX NpocTpaHCTBEHHOM npoueccope 520 nogamanasoHa no dwur.5.
B nonb3oBatenbckoMm TepmuHane 120y curHanbl HUCXoasLWen NMHMM obpabaTtbiBatoTcs
npuemHon ueneto 954 B pemogynatopax 354 ons nony4yeHus NpuHATOro Bektopa r . (k) . B RX

npocTpaHcTBeHHOM npoLueccope 360y MNPUHATLIA BEKTOP 1., (k) CHayana yMHOXalT Ha MaTpuly
M, (k) B 6noke 956 n 3ateM macTabunpytoT Npy NoMoLLM obpaTHON AMaroHanbHOKW MaTpuLbl
D;L(k) B 6noke 958 ansa nonyyeHust Bektopa §,,.(k) , KOTOPbIA NpeacTaBnsieT cobon OLeHKy

BEKTOPA §,4,(¥) AaHHbIX. Bnokn 956 n 958 BLINONHAT NPOCTPaHCTBEHHY0 06paboTKy npu

npyvemMe Ans HUCXOOALLEN NUHUN 1 MOryT BbiTb peanusoBaHbl B RX npocTpaHCTBEHHOM
npoueccope 640 nogamnanasoHa no dur.6.

B cnyyae Bocxogswern nuHum B TX npocTpaHCTBEHHOM npoleccope 392y B
nonb3oBaTenbckoM TepmuHane 120y BekTop s, (k) AaHHbIX CHa4ana yMHoXatoT Ha MaTpuly

F . (k) B 6noke 960 1 ganee yMHOXalOT Ha NonpaBoYyHyt0 MmaTpuuyy K . (k) B 6noke 962 ansa
nony4eHus Bektopa x (k) nepeaaun. BekTop X, (F) obpabaTbiBaeTcs B nepeaatoLlen Luenm 964

B mogynatopax 354 n nepegaetca no MIMO kaHany B Touky 110x goctyna. bnokn 960 n 962
BbINOSHAOT NPOCTPAHCTBEHHYO 06paboTky Npu nepefaye Ans BOCXoAAWEN NUHNN.

B Touke 110x gocTyna curHanbl BOCXOAsLWEen NMHMM obpabaTbiBalOTCs NpuemMHon Lenoto 924 B
Jemopynatopax 322 ons nonyyYyeHnsa nNpuHSTOro BeKTopa r,.(%)- B RX npocTpaHCTBEHHOM

npoueccope 340 NPUHATLIN BEKTOP r,(¥) CHaYana ymHoXalT Ha MaTpuuy M_ (%) B Grioke

926 v 3aTem MacLITabupyoT Npu NOMOLLY 0BpaTHO AnaroHanbHoN MaTpuubl ™ (k) B Onoke
—ap

928 pns nonyyeHus sexktopa §,,(k), KOTOpbIN NpeACcTaBnseT coboM OLEeHKY BekTopa s, . (k)

OaHHbIX. Bnokn 926 n 928 BLINOMHAT NPOCTPaAHCTBEHHYO 06paboTKy Npu Npueme ans
BOCXOASALLEN NTMHUM,

B. MNpocTpaHcTBeHHasa obpabotka ana TDD MIMO cuctemsbl

B Tabnuue 3 cBeaeHbl UNMOCTPATUBHbIE BapuaHThl Nepenadn nunoT-curHana u
NPOCTPaHCTBEHHON 06pabOoTKN, BLINMONMHAEMOW B TOYKE OOCTYMNa U NOSb30BaTENbCKUX
TepMuHanax npv nepegaye AaHHbIX MO HACXOOALWEN NIMHUN U BOCXOAALLEN NIMHUKN ONs
pasnU4YHbIX PEXMMOB MPOCTPaHCTBEHHOro MynbTunnekcuposaHusa 8 TDD MIMO cucteme. Ong
OAHOMONb30BaTENBbCKOr0 HanpaBNeHHOro pexunmMa Tovka goctyna nepegaet MIMO nunot-curHan,
JaBasi BO3MOXXHOCTb MOfb30BaTENbCKOMY TEPMUHAINY OLEHUTL OTKIIMK HUCXOASLLEro KaHana.
lMonb3oBaTenbCkUin TepMUHAN NepefaeT HanpaBeHHbIA NUNOT-CUrHarn, AaBasi BO3MOXHOCTb
TOYKE OO0CTyna OLEHUTb OTKITMK BOCXOASALLEro KaHana. Tovka 4ocTyna BbiNoNHAET
npocTpaHcTBeHHy 06paboTky Npu nepegadye v npueme ¢ noMowbio U (k) -

Monb3oBaTenbCKU TePMUHAI BbIMOSHAET NPOCTPAHCTBEHHYO 06paboTKy npu nepeaade u
npueme ¢ NOMoLLbo V.. (k)

[nga ogHononb3oBaTeNbCKOrO HEHANPaBeHHOro pexnma ansa nepegady AaHHbIX no
HUcxoasLLer NMHUK Todka aoctyna nepegaet MIMO nunoT-curHan yepes BCe aHTEHHbI U NOTOK
CUMBOSOB aHHbIX Yepes Kaxayto aHTeHHy. [Nonb3oBaTenbCkuii TepMyHan oueHMBaeT OTKWK
H1cxogsLero kaHana npu nomown MIMO nunoT-curHana u BbINONHAET NPOCTPaHCTBEHHYIO
06paboTKy nNpu Npueme, NCMOMNb3ys OLEHKM HUCXOAALLEro kaHana. [Ana nepegayun gaHHbIX Mo
BOCXOASLLEN NIMHUM BbINOIMHSAETCS KOMNNMMEHTapHas obpaboTka.

Tabnvua 3

PeXnm npocTpaHCTBEHHOTO Mepepaya gaHHbIX NO HUCXOAALWEN NUHUN Mepepayva faHHbIX NO BOCXOAALWEN NUHUN
MymNbTUNNEKCUPOBaHUSA
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O[IHOMOMNb30BaTENbCKWI HANPaBNEHHbIN AP nepegaet MIMO nunot-curHan AP nepegaet MIMO nunot-curHan
UT nepepaet HanpaBneHHbIN NUNOT-CUrHan UT nepepaet HanpaBneHHbIN NUNOT-CUrHan
AP nepepaet aaHHble © UT nepepaet AaHHble C
Eap (k) XU‘: (k)

AP npuHumaeT faHHble ¢
UT npuH1MaeT aaHHble ¢ vV, (k) Hap (k)

O[JHOMNOMb30BaTENbCKUIN HEHanpaBeHHbIN AP nepegaet MIMO nunot-curHan UT nepenaet MIMO nunoT-curHan
AP nepepaet faHHbIe Yepes Kaxayto aHTeHHY UT nepenaeT AaHHble Yepes Kaxayto
UT ncnonbsyetr CCMI, MMSE v 1.4. aHTEHHY
AP ncnonb3yet CCMI, MMSE n 1.4.
MHOrononb3oBaTenbCkuii HanpasneHHbii |UT nepeaatoT opToroHasnbHbIv MUNOT-cUrHan AP nepepaet MIMO nunoTt-curHan
AP nepepaeT HanpaBneHHble AaHHble UT nepepaet HanpaBneHHbI NUNOT-CUrHan
AP nepepaeT HanpasneHHbIA NUNOT-CUrHan UT nepepaeT HanpaBneHHble AaHHble

UT nprHMMaloT ¢ NOMOLLbIO HanpaeneHHoro nunoT-|AP ncnonb3yet CCMI, MMSE v 1.4.
curHana

MHOronosib3oBaTenbCkuii HeHanpaenenHbli| AP nepegaet MIMO nunot-curHan UT nepepatoT OpTOroHanbHbIi NUMoT-
UT nepepatoT ckopocCTb Ans Kaxaon AP aHTeHHb! curHan
AP nepepaeT faHHble Yepes Kaxayto aHTEeHHY AP BbI6upatoT coBmecTumble UT
UT ncnonbaytot CCMI, MMSE n 1.4. UT nepepatoT AaHHbIE Yepes Kaxayto

aHTEHHY
AP ncnonb3yet CCMI, MMSE n 1.4.

[ns MHOrononb3oBaTENbCKOro HanpaBreHHOro pexnMma ans nepegadm gaHHbIX no
HUCXoAsLEN NMMHUN B OOHOAHTEHHbIE U/UNN MHOTOaHTEHHbIE NONb3oBaTeNlbCkne TepMUHanbI
Nnonb3oBaTenbCKMe TepMUHarbl NepenarT OPTOroHasbHble NMUNOT-CUMHarbl MO BOCXOASLLEN
NNHUN, faBasi BO3MOXHOCTb TOYKE 4OCTYMNa OLEHUTb OTKIMK HUCXOASLLEero kKaHana.
OaHOaHTEeHHbI NONbL30BaTENLCKUI TEPMUHAN NepefaeT HeHanpaBeHHbIA NUAOT-CUrHan, a
MHOrOaHTEHHbIN NONb30BaTENbCKUA TEPMUHAN NepeaaeT HanpaBeHHbIA NMNOT-curHan. Touvka
[OCTyna BbIBOAMT HamnpaensowmMe BeKTopa HUCXoasLenh NMMHUN, OCHOBbLIBAsICb Ha
OPTOroHarsbHbIX MUITOT-CUTHaNax BoCXodsLen NMMHNN, N NCMOoNb3yeT HanpaBnsaoLLMe BeKTopa
Ans nepegayvv HanpaeneHHbIX NUOT-CUrHaNoB M HanpaBfeHHbIX MOTOKOB CUMBOSOB AaHHbIX B
BblOpaHHble Nosb30BaTeNbCKMe TepMuHanbl. Kaxabid Nonb3oBaTeNbCKUn TepMUHAI UCNOMb3yeT
HanpaBIeHHbIN NUNOT-CUrHaN A5 NpuemMa HanpaBfieHHOro NOTOKa CUMBOJIOB OaHHbIX,
nepeaaHHOro B AaHHbIN NoNb3oBaTenbCkMi TepMuHan. [na nepegaym gaHHbIX N0 BOCXoAsLLEN
NIMHUN OT MHOTOAHTEHHbIX NOMb30BaTENbLCKNX TEPMUHANOB ToYvka focTyna nepegaet MIMO
nunoT-curHan. Kaxxabli MHOrOaHTEHHbIV NOfb30BaTENbCKUI TEPMUHAN NepeaaeT HanpaBreHHbIN
NUNOT-CUrHAN U HanpaBIieHHbIA NOTOK CMMBOJIOB AaHHbIX MO BOCXoAsALEeN NUHUK. Toyka gocTtyna
BbINOSHAET NPOCTPAHCTBEHHYO 06paboTky B NnpuemMHuke (Hanpumep, CCMI, MMSE u 1.4.) ons
BOCCTaHOBIEHNSI MOTOKOB CMMBOJIOB AaHHbIX.

[ns MHOrononb3oBaTENbCKOro HEHaMNpPaBIIEHHOrO pexumMa ansa nepegayvm gaHHbIX no
HUCXoAALWEN NMMHAM B MHOrO@HTEHHbIE MOSib30BaTeNbCkne TEPMUHAnbl ToYKa OCTyna nepenaeT
MIMO nunoT-curHan no Hucxogsawern nuHuK. Kaxxabii Nonb3oBaTeNbCKU TepMUHan onpenensaet
N OTCbINaeT o6paTHO CKOPOCTb, C KOTOPOW OH MOXET BECTU NPUEM OT KaXk[0W aHTEHHbI B TOYKE
poctyna. Toyka goctyna BelbmpaeT Habop Nonb3oBaTENbCKUX TEPMUHANOB M NepenaeT NoToKu
CUMBONOB AaHHbIX AJ1s1 BbIOpaHHbIX MOIb30BaTENbCKNMX TEPMUHANOB Yepe3 aHTEHHbI TOYKN
poctyna. Kaxablii MHOroaHTEHHbIN NONb30BaTENLCKUA TEPMUHAN BbIMOMHAET NPOCTPaHCTBEHHYHO
06paboTky B npnemHuke (Hanpumep, CCMI, MMSE v T.4.) Ans BOCCTAHOBMEHUSA CBOEro NOTOKa
CUMBOSOB AaHHbIX. [N nepegayn gaHHbIX N0 BOCXOAALLEN SIMHUN OT OOHOAHTEHHbIX U/Mnn
MHOrOaHTEHHbIX MOMb30BaTENbLCKUX TEPMUHAMNOB MNOJfIb30BaTENbLCKME TEPMUHATLI NepeaarT
OpPTOroHarnbHble (HEHanpaBneHHbIE) NMAOT-CUrHanbl N0 BOCXOAsLWen nMHMK. Todka gocTyna
OLeHMBAET OTKITMK BOCXOASLLEro KaHana, OCHOBbLIBAsiCb Ha NUIOT-CUrHaNax BOCXoAdLern NMHnK,
1 BblGMpaeT Habop COBMECTUMbIX NONb30BaTENbCKNX TepMMHanoB. Kaxabiin BbIGpaHHbIN
Nnonb30BaTENbCKUIA TEPMMNHAN nepeaaeT NOTOK CMMBOJSIOB AaHHbIX Yepe3 aHTEHHY
Nnonb30BaTeNbCKOro TepMmHana. Touka AocTyna BbIMOSTHAET NPOCTPaHCTBEHHYO 06paboTky B
npuemnuke (Hanpumep, CCMI, MMSE 1 T.4.) Ana BOCCTaHOBMEHMS NOTOKOB CMMBOJSIOB AaHHbIX.

C. Bbibop ckopocTu

Kaxxabli NOTOK AaHHbLIX ANA HUCXOASLWEN NIMHMM U BCXOAALLEN NMHMM nepeaatoT no
LLUMPOKOMOSIOCHOMY MPOCTPaHCTBEHHOMY KaHany m, UCMoNb3ys OANH U3 PEXUMOB
NPOCTPAHCTBEHHOIO MyNbTUMNEKCMPOBaHNSA. Kaxablin NOTOK AaHHbLIX Takke nepenarT Ha
CKOPOCTM, KOTOPYHO BbIOMpPAalOT Taknm obpas3om, YTO ANA AaHHOro NOToKa MOXeT ObITb JOCTUMHYT
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LeneBol ypoBeHb NPOM3BOANTENBHOCTM (Hanpumep, 1 NpoueHT nakeTHbIX owmnbok (PER)).
CKOpOCTb A1 KaXKA0ro NoToka AaHHbIX MOXeT ObITb onpeaerieHa, ocHoBbiBasicb Ha OCLL,
OOCTMXKMMOM B NpMEeMHMKe Anst 3Toro notoka (1.e., OCLW npu npueme), rae OCLU 3aBucut ot
NPOCTPaHCTBEHHOW 00paboTKM, BbINOMHAEMONM B NepedaTynke N NPUEMHUKE, Kak ONNCaHO BbILLUE.
B unntocTpaTtnBHOM cxeme BbiOOpa CKOPOCTU ANS onpeaesieHns CKopocTu ans
LUMPOKOMOIOCHOTO NPOCTPaHCTBEHHOTO kaHana /m, cHadana nonyyatoT ouerky OCL, v (i),

(Hanpumep, B eanHuuax Ab) ansa kaxgoro nogananasoHa A LWMPOKOMNOSTIOCHOMO
NMPOCTPAHCTBEHHOrO KaHana, kak ornucaHo Bbille. 3atemM Bbluncnstot cpegHee OCLU, » _, ans

avg

LUIMPOKOMNOMOCHOrO NPOCTPAHCTBEHHOMO KaHana /m cnegyowmum obpasom:
1 ¥ ypaBHeHue (40)
Yovgn = —— 2 Y (K)
NF k=1

Oncnepcuio oueHok OCLL, o-:f

TaKXe BblMUCAKOT crnegyumm o6pa30M:

1 M ypaBHeHue (41)
ol = k) - :
= 12 O )
®aktop 3anaca ana OCL, », ~ , oNpeaenstoT, OCHOBbLIBAsACh Ha PyHKLMM Fy 0-}% )
* avgm? -

cpeaHero OCLU n ancnepcun OCLU. Hanpumep, MmoxeT 6bITb Ucnonb3oBaHa hyHKLUMUA
F(y o-i )=K,- cr? ,roe &, npeacTaensgeT cobon MaclTabupyroLnn akTop, KOTOpPbI
avgm? - -

MOXeT ObITb BbIOpaH, OCHOBbIBAsACh HA OAHOW UIN HECKONbKMX xapaktepuctukax MIMO cuctemsl,
Takux Kak nepemexeHve, pasMmep naketa u/mnu cxema KognpoBaHus, UCnonb3yemsle s
AaHHOro noTtoka gaHHblx. Paktop 3anaca OCLU yunTtbiBaeT nameHeHns OCLU B LUMPOKONONOCHOM
NPOCTPaHCTBEHHOM kaHarne. 3aTeM BbluncrisiioT pabodee OCLL, ¥, . ANS LLMPOKOMONOCHOTO

KaHana /m cnegylowmm obpasom:
Yomm = Vavem = Yoo YPABHEHME (42)

3arteMm, ocHoBbIBasACb Ha paboyem OCLL, onpeaensatoT CKOPOCTb ANS JaHHOMO NOTOKa AaHHbIX.
Hanpumep, B Tabnumue npocmotpa (LUT) MoxeT XxpaHuTbCca Habop CKOpOCTEN, NoaaepKmBaemMbix
MIMO cuctemon, n tpedyemsblie ana Hux OCLL. Tpebyemoe OCLU ansa kaxaon ckopocTn MOXET
ObITb ONpeaeneHo Npu NOMOLLY KOMMBbIOTEPHOrO MOAENMPOBAHNS, SMMUPUYECKUX U3MEPEHWNI U
T.4., 1 OCHOBbIBAETCS Ha JONYLEeHUn Toro, 4Yto kaHan asnsetcs kaHanom AWGN. Hausbicwas
CKOpOCTb B Tabnuue npocmoTpa ¢ Tpedbyembiv OCLL, KoTOpbIi paBeH unu MeHbLUe paboyero
OCLU, BbIOMpatloT B Ka4ecTBe CKOPOCTU AN NOTOKAa AaHHbLIX, NepeaaBaemMoro no
LLIMPOKOMOSIOCHOMY MPOCTPAHCTBEHHOMY KaHany /7.

Takke MoryT OblTb NCNONb30BaHbI APYrne CXembl BbIGopa CKOPOCTH.

D. YnpaBneHne CKOpPOCTbIO C 3aMKHYTbIM KOHTYPOM YNpaBieHus

YnpaBneHne CKOPOCTbIO C 3aMKHYTBIM KOHTYPOM ynpaBreHust MOXeT ObiTb CMOSb30BaHO A5
Kakgoro noToka AaHHbIX, MepegaBaemMoro no MHOXECTBY LLUMPOKOMOMOCHbLIX NMPOCTPAHCTBEHHbIX
KaHanoB. YnpaBreHne CKOPOCTbI0 C 3aMKHYTbIM KOHTYPOM ynpaBrieHnsi MOXeT ObITb BbIMOMHEHO
npu NOMOLLM OOHOrO UM MHOXECTBA KOHTYPOB.

Ha owur.10 nokasaHa 6nok-cxema BapmaHTa ocyllecteneHns mexaHunama 1000 ynpasneHus
CKOPOCTLIO C 3aMKHYTbIM KOHTYPOM YNpaBneHusl, KOTOPbI COAEPXUT BHYTPEHHUI koHTyp 1010,
KOTOpPLIN paboTaeT COBMECTHO C BHELIHUM KOHTYpom 1020. BHyTpeHHWn KoHTYp 1010 BbINONHSAET
OL|EHKY COCTOSHMS KaHana u onpeaensieT CKOpOCTb, MOAAEPKNBAEMYIO KaXXabIM
LUMPOKOMOSOCHBIM NPOCTPAHCTBEHHbLIM KaHanoM. BHewwHnin koHTyp 1020 BbINOMHAET OLEHKY
KayecTBa nepegayvn AaHHbIX, MPUHATBIX MO KaXaoMy LUMPOKOMNONIOCHOMY NPOCTPAHCTBEHHOMY
KaHany, U COOTBETCTBEHHO HacTpamBaeT paboTy BHYTPEHHEro KOHTypa. [Ing npocToThl paboTa
koHTypoB 1010 n 1020 nokasaHa Ha ®ur.10 n onucaHa HWxe Ans1 OAHOMO HUCXOASLLEro
LLUMPOKOMOMOCHOrO NPOCTPAHCTBEHHOMO KaHana /.

[ns BHewwHero koHTypa 1010 ycTponcTBo 378 OLEHKN KaHana B NOMb30BaTENbLCKOM
TepMmuHane 120 BbINONHAET OLEHKY LUMPOKOMNONOCHOMO NPOCTPAHCTBEHHOMO KaHana /mu
npeaocTaBnAeT OLEHKN KaHana (Hanpumep, OLEHKM YCUITEHUS KaHana 1 OLEHKY anucnepcum
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wyma). Yctporicteo 1030 Bbibopa ckopocTn B koHTponnepe 380 onpeaensieT CKOpOCThb,
NoAdEePKMBAEMYIO LLUMPOKOMOMOCHBIM MPOCTPAHCTBEHHBLIM KaHaroM /1, OCHOBbIBasick Ha (1)
oLeHKax KaHana mn3 yctponcTtea 378 oueHkn kaHana, (2) daktopa 3anaca OCLU n/vnn

HaCTPOWMKM CKOPOCTW A5l LUMPOKOMOMOCHOro NPOCTPaHCTBEHHOrO KaHana /77 u3 ycTponcTea

1032 oueHkn kavecTtBa 1 (3) Tabnuysl npocmoTpa (LUT) 1036 ckopocTei, nogaepXnBaembix
MIMO cuctemon, n OCLL, Tpebyembix ons HuX. MNogaepxmnBaemMble CKOPOCTU AN
LLIMPOKOMOMOCHOrO NPOCTPAHCTBEHHOMO KaHana /77 oTnpaenaTca KoHTponnepom 380 B TOUKy
110 poctyna. B Touke 110 goctyna koHTponnep 330 npyHMMaeT NoaaepXxnBaemMyo CKOpoCTb AN
LLIMPOKOMOMOCHOIO NPOCTPaHCTBEHHOrO KaHana /71 1 OnpeaenseT curHarnbl ynpasneHus
CKOpOCTbLIO Nepeaayn AaHHbIX, KOOUPOBaHMEM U MOoayNsaUMEl Ans NoToka AaHHbIX,
npegHasHa4YeHHoro Ang nepegayun no 3ToMy NPOCTPaAHCTBEHHOMY KaHany. 3aTem NOTOK AaHHbIX
obpabaTbiBalOT B COOTBETCTBMM C 3TUMK curHanamm ynpaeneHus B TX npoueccope 310 aaHHbIX,
noABepraroT NPOCTPaHCTBEHHON 06paboTKe 1 MyNbTUNNEKCUPYIOT C NUNOTHLIMKU cuMBOnamm B TX
npocTpaHcTBeHHOM npoueccope 320, obpabatkiBatoTcs B Mmoaynsatope 322 1 nepenaroTcs B
nonb3oBaTtenbckuii TepmuHan 120.

BHewwHui koHTYyp 1020 BbINOMHAET OLEHKY KayecTBa NoToKa AeKOAMPOBaHHbLIX AaHHbIX,
NPUHATBIX MO LUMPOKOMONIOCHOMY MPOCTPaHCTBEHHOMY KaHamny /77, U HacTpanBaeT paboTty
BHyTpeHHero koHTypa 1010. MNpuHATbIe cMMBOMbLI AN LUIMPOKONONOCHOMO NPOCTPaHCTBEHHOMO
KaHana /m noAaBepratTcs NPoCcTpaHCTBEHHOM 06paboTke B RX npocTpaHCTBEHHOM npoLieccope
360 n panee obpabaTtbiBatoTcss RX npoueccopom 370 gaHHbIX. RX npoueccop 370 gaHHbIX
npeaocTaBndAeT CTaTyC Kaxaoro nakera, NPUHATOro Nno LUMPOKONOSIOCHOMY NPOCTPaHCTBEHHOMY
KaHany m w/unu meTpuky aekogepa B yctporctBo 1032 oueHkn kadecTBa. BHeELHNIA KOHTYP
1020 moxeT obecneumBaTtb pasnuyHble TUMbl MHGopMaumm (Hanpumep, daktop 3anaca OCLL,
HacTpoKKa CKOpPOCTU U T.4.), UCNONb3yeMble ANs ynpaBneHus paboTon BHYTPEHHErO KOHTypa
1010.

YnpaBneHne CKOpOCTbO 3aMKHYTbIM KOHTYPOM YMNpaBrieHUsl, ONMCaHHOE BhbiLlEe, MOXET Taknm
00pa3oM BbINOMHATLCA HE3ABMCUMO AM151 KXKAO0r0 HUCXOOSLLErO Y BOCXOASLLErO
LLIMPOKOMOMOCHOrO NPOCTPAHCTBEHHOrO KaHarna, KOTopbIi MOXET CooTBeTCTBOBaTH (1)
LLUMPOKOMOMOCHOW COBCTBEHHOW MOAE ANt O4HOMNOMNBb30BATENBCKOro HanpaBneHHOro pexumMa nnm
(2) nepepatoLLlent aHTeHHe ANA OQHOMOMNB30BATENbCKOrO U MHOrONosib30BaTeNbLCKOro
HeHarnpaBMneHHbIX PEeXNMOB.

E. [naHupoBaH1e nonb3oBaTenbCknMX TEPMUHANORB

Ha ®ur.11 nokasaHa Onok-cxema BapuaHTa ocyLlecTBneHus koHTpornnepa 330 u
nnaHnpoBLwuka 334 Ans nnaHMPoOBaHUSA NONb30BATENbCKMX TEPMUHANOB ANs Nepefayn AaHHbIX
Nno HUCXOASALWEN NMHMM 1 Bocxoasawen nuHnn. B koHTponnepe 330 npoueccop 1110 3anpocos
nonyyaeT 3anpockl Ha AOCTYN, nepefaBaeMble nosnb3oBaTenscknum TepmmHanom 120 no RACH,
1, BO3MOXHO, 3anpockl Ha JOCTYN OT APYrMX NCTOYHMKOB. Takmne 3anpockl Ha JOCTyn
npegHasHayeHbl Ang nepegayn gaHHbIX MO HACXOAALEN NIMHUKN U/ BOCXoOsALWENR NNHUN.
Mpoueccop 1110 3anpoca obpabaTtbiBaeT NOMy4YeHHbIE 3anpockl HA AOCTYN M NpegocTaBnseT
naeHTudmkatopsl (ID) n ctaTycbl BCex 3anpallnBaroLmx Nonb30BaTENbLCKUX TEPMUHATOB.
CraTtyc ang nonb3oBaTENbCKOro TePMUHANa MOXET yKa3blBaTb KONIMYECTBO aHTEHH JOCTYMHbIX B
OaHHOM TepMUuHane, oTKannbpoBaH N AaHHbIN TepMUHAN, U T.4.

Cenektop 1120 ckopoCTU NPUHUMAET OLEHKM KaHanoB OT YCTPOWCTBA OLEHKM kaHanos 328 u
onpegensieT CKOpocTu, NOAAEPKNBAEMbIE LLUMPOKONOSTOCHLIMW NPOCTPAHCTBEHHBLIMI KaHanamm
BOCXOASALLEN NIMHUN WM/UNN HACXOZALEN NUHUN ANA 3anpallnBaroLLmMX Nofb30BaTeNnbCKNX
TEPMUHAMNOB, Kak OnMcaHo Bbllwe. [ HACXOAALEN NIMHUN KaXKablli NOMb30BaTENbCKUA TEPMUHAT
120 MOXeT onpenennTb CKOPOCTb, MOAAEPKMBAEMYIO KaXObIM €r0 LUMPOKOMOSOCHbLIM
NPOCTPAHCTBEHHbLIM KaHasoOM, Kak onncaHo Bbiwwe. [NogaepxmBaemasa CKOPOCTb ABMSETCA
MaKCMMarsibHOM CKOPOCTbLO, KOTOpas MOXET ObiTb MCNONb30BaHa A5 nepeaadn AaHHbIX Mo
LLIMPOKOMOSIOCHOMY MPOCTPAHCTBEHHOMY KaHany Ansi AOCTUXKEHUS LerieBOro ypoBHS
BbiNnonHeHus. Kaxxabl nonb3oBaTenbCcknini TepmuHan 120 MoXeT nockinatb NogaepKuBaemble
CKOPOCTM ANS BCEX CBOMX LLUMPOKOMOSOCHbLIX MPOCTPAHCTBEHHbIX KaHaroB HUCXOAALEN NMUHUN B
Touky 110 gocTtyna, Hanpumep, Yepe3s RACH. B kayectBe anbTtepHaTuBbl, Touka 110 goctyna
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MOXEeT onpefensaTb nogaepXneaemMble CKOPOCTU AN LUMPOKONONOCHLIX MPOCTPaHCTBEHHbIX
KaHanoB HUcxoasLwen nnHun, ecnu (1) HACXoZsAWas NMMHUS U BOCXOAALLas NMHUSA ABNSIOTCH
B3anmoobpaTtHbiMu 1 (2) Touke 110 gocTyna npegocTaBnAeTca gucnepcus wymMma unm ypoBeHb
LWyma B nosnb3oBaTtensckoM TepMmuHane 120. [ina Bocxogsiwen nuHum Todka 110 goctyna moxet
onpegenaTb NOAAEPXKNBaEMY0 CKOPOCTb 1151 KaXXA0ro LUMPOKONOSIOCHOro NPOCTPaHCTBEHHOIO
KaHana ansa Kakgoro 3anpallnsaroLlero nosnb3oBatensckoro tTepmmHana 120.

Cenektop 1140 nonb3oBaTtend BblbnpaeT pasnnyHblie Habopbl N3 O4HOrO UM HECKOIbKNX
TepMMHanoB M3 BCeX 3anpalmBaroLnx TepMmHanos AN BO3MOXHOM nepefadn AaHHbIX Mo
HUCXOOALLEN NUHUN N/UnK BocxoasLen nuHun. None3oBaTensckue TepMuHansl MOryT ObITh
BblIOpaHbl UCXOAA U3 pa3fUYHbIX KPUTEPUEB, TakUX Kak TpPeOOBaHMS CUCTEMBI, BO3MOXHOCTM
NoNb30BaTENbCKUX TEPMUHANOB N NOAAEPKUBAEMbIE CKOPOCTU, MPUOPUTET NoNnb3oBaTens,
KONMUYECTBO AaHHbIX, NpefHa3Ha4YeHHbIX Ans oTnpasku, 1 T.4. [ns MHOrononb3oBaTenbCKMX
PEXMMOB NPOCTPaHCTBEHHOIO MyJIbTUNIIEKCUPOBAHUS NOMb30BaTeNbCKNE TEPMUHAnbl Ang
Kaxxgoro Habopa Takke MOryT BelOMpaTbCs, OCHOBBIBASICb HA X BEKTOPAX OTKIMMKOB KaHamoB.

Cenektop 1130 pexnma BbIOMPAET KOHKPETHbLIN PEXUM NPOCTPaHCTBEHHOIO
MYMbTUMNEKCUPOBAHNS ANs1 MCMONb30BaHUS NS KaXX40ro Habopa Nonb30BaTeNbCKUX
TEPMUHANOB UCX0Asa U3 pabodero COCTOSHMS U BO3MOXHOCTEN MONb30BaTENbCKMX TEPMUHANOB B
Habope K1, BO3MOXHO, ApYrMxX oakTopoB. Hanpumep, ogHOMOMbL30BaTENbCKNIA HANpPaBeHHbIN
pPeXuUM MOXeT ObITb MCMONb30BaH AN "KannbpoBaHHOMO" MHOrOAHTEHHOMO NOSIb30BATENBCKOro
TepMuHana, KOTopbI BbINOMHWUA KannbpoBKy Taknm 06pa3omM, Y4TO OTKMMK KaHana ans ogHown
NVHUN (Hanpumep, HUCXOoAsALWEN NMNMHUM) MOXeT ObITb OLleHEH, OCHOBbIBasAChb Ha (Hanpumep,
HanpasfieHHOM) NUMOT-CUrHane Nony4YeHHoOM Nno APYro NUHUKM (HanpumMep, BOCXOAALLENn NMNHNUN).
OpHononb30BaTeNbCKUA HEHAMPAaBMEHHbIN PEXUM MOXET ObITb UCMOMB30BaH A1
"HekanMbpoBaHHOIO" MHOrOAHTEHHOIO NONb30BAaTENbCKOIO TEPMUHANA, KOTOPbIA HE BbIMOMHWA
KanMOpoBKY MMM HE MOXET NOAAEPKUBATL OAHOMOMNb30BATENbCKUA HAaNPaBIEHHbIN PEXUM MO
Kakon-nmbo npuymnHe. MHOrononb3oBaTENbCKUA HAaNPaBIEHHbIN PEXUM MOXET ObiTh
MCnonbL30BaH Ans nepefayn no HACXOASALEN JIMHUN BO MHOXECTBO NOSNb30BaTENbCKUX
TEPMUHAMNOoB, KaXabli U3 KOTOPbIX 0060pya0BaH O4HOM UMM HECKONBKUMM aHTEHHaMW.
MHorononb30BaTENLCKNA HEHANPAaBEHHLIN PEXMUM MOXET OblTb MCNOMb30BaH AN nepegayn no
BOCXOAALLEN NIMHUM MHOXECTBOM MOMb30BaTENbCKNX TEPMUHATIOB.

MnaxupoBwyk 334 npuHMMaeT Habopbl NOMNb30BaTENLCKUX TEPMUHANOB N3 cenektopa 1140
nonb3oBaTens, BolOpaHHbIA PEXUM NPOCTPAHCTBEHHOIO MYybTUMNNEKCUPOBAHUSA A5 KXKA0r0o
Habopa nonb3oBaTenbCcknx TepMmHanoB 13 cenektopa 1130 pexuma n BbibpaHHbIE CKOPOCTH
Ans Kkaxgoro Habopa nonb3oBaTenbCKUX TeEpMUHANOB U3 cenektopa 1120 ckopocTu.
MnaHnpoBLlwmK 334 nnaHMpyeT Nonb3oBaTenbCKMe TepMUHanbl Ana nepegaydm gaHHbIX No
HUCXOoAALWEN NMHUK U/ BocxogsALwen nuHun. MNMnaHmposLumk 334 BbIOMpaeT OguH Unu
HECKOJSIbKO HabopPOB MOSb30BaATENbCKMX TEPMUHANOB AN Nepeaayn AaHHbIX MO HUCXOOALLEN
FIVHUWN U OOWH UMM HECKONBbKO HabopoB NoMb30BaTENbCKUX TEPMUHANOB ANd Nepefayn AaHHbIX
no Bocxogsien nuHum ansa kaxaoro TDD kagpa. Kaxagbih Habop BknovaeT B cebst oguH unm
HECKOJIbKO MOJSib30BaTENbCKNX TEPMUHANOB U NMIaHUpyeTCa ANd nepefayn AaHHbIX napanfesnbHo
B Ha3Ha4YeHHOM MHTepBarne nepegaydn B TDD kagpe.

MnaHnposwmk 334 dopmupyeT anemMeHT nHdopmauun (IE) ana kaxgoro nons3oBaTensCKOro
TepMuHana, 3annaHMpoBaHHOro A58 nepeaadn AaHHbIX MO HACXOOALWEN IMHUK U/unu
BoCXoAsLWen nuHun. Kaxxabli aneMeHT nHdopmauum BrrodaeT B cebs (1) pexnm
NPOCTPAHCTBEHHOIO MYyNbTUMMEKCUPOBAHNS AN UCMONb30BaHUA AN nepeaadn AaHHbIX, (2)
CKOPOCTb 1151 UCMOMb30BaHMSA ANd NOTOKa AaHHbIX, NOCHINAeMOoro no Kaxaomy
LLIMPOKOMOMNOCHOMY MPOCTPaHCTBEHHOMY KaHany, (3) Ha4ano 1 AnMTenbHOCTL Nepefayn JaHHbIX
n (4), BO3MOXHO, ApYryto nHdopmaumio (Hanpumep, TMn NUNoT-curHana, npeaHasHayeHHoro ang
nepegayn COBMECTHO C nepegadven aaHHbix). MNnaHuposLymk 334 nocbinaeT afeMeHThI
WMHopMaLMn Onst BCEX 3anfaHMpOBaHHbIX NOfb30BaTENbCKUX TepMUHanos Yepe3 FCCH.
Kaxgbih nonb3oBaTenbckuii TepmuHan obpabatsiBaet FCCH anst BoccTaHOBNEHMSI CBOEro
anemeHTa nHpopmaumm, n 3atem NpMHMMaeT nepegayvy no HACXOAALEN SIMHUK U/Mnu nocbinaeT
nepeaavy no BocxoAsLien NMMH1UM B COOTBETCTBUMN C MOMYYEHHON MHAbOPMaLMeEn NNaHNPOBLLMKA.
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Ha ®wur.11 nokasaH BapuaHT OCYLLECTBMEHUS MaHMPOBaHWS Mosib30BaTeNbLCKNX TEPMUHAIIOB
Ons nepefayun OaHHbIX, €CNY NOAAEPKUBAKTCS PEXMMbI MPOCTPAHCTBEHHOIO
MynbTUNNEKCMpoBaHns. NnaHMpoBaHue MOXeT BbINONHATLCA APYrnMn cnocobamu, U 3To
HaxoauTca B npegenax obbema HacTosLero nsobpeTeHus.

Ha ®ur.12 nokasaHa bnok-cxema nocrnegoBaTenbHOCTM onepauun npouecca 1200
nnaHMpoBaHNS NONb30BaTENbCKMX TEPMUHANOB AN nepefaydn aaHHelx B MIMO cucteme 100.
Habop, no MeHbLUel Mepe, U3 O4HOro Nonb3oBaTeNbCKOro TepMUHana BelbupatoT Ang nepegayn
OaHHbIX MO HUCXOASLLEN NMMHUN U/MNn BOCXoasAwern nuHum (6nok 1212). ins Habopa
Nonb30BaTeNbCKUX TEPMUHANOB BbIOUPAKOT PEXUM MPOCTPAHCTBEHHOIO MYyMbTUMIIEKCUPOBAHMS
N3 MHOXeCTBa PEXMMOB NPOCTPAHCTBEHHOrO MyJbTUMNNEKCUPOBaHUSA, MOOAEPKNBAEMbIX JAHHOM
cuctemon (6nok 1214). Takke ana Habopa norb3oBaTENbCKMX TEPMMHANOB BbIOMpatoT
MHOXECTBO CKOPOCTEN AN MHOXEeCTBa MOTOKOB AaHHbIX, NpefHa3HauYeHHbIX AN nepegayu
yepe3 MHOXECTBO NMPOCTPAHCTBEHHbIX kaHanoB (bnok 1216). Habop nonbk3oBaTenbCKnx
TEPMUHANOoB NNaHUPYT AN nepefayn SaHHbIX MO HUCXOASLWEN NMHUM U/Unun BOCXoasLen
NHUK € BbIBPaHHBbIMU CKOPOCTAMU U BbIBPaHHbIM PEXMMOM NPOCTPaHCTBEHHOMO
MynbTUNnekcupoBaHus (bnok 1218).

Ha ®ur.13 nokasaHa 6nok-cxema nocnegoBatensHocTy onepaumii npouecca 1300 nepegaum
AaHHbIX no Hucxogawen nuHun B MIMO cucteme 100. MNpouecc 1300 MOXeT BbINOMHATLCS
Toukoin 110x poctyna. NepBoe MHOXECTBO NOTOKOB AaHHbIX KOOUPYIOT Y MOAYNUPYIOT B
COOTBETCTBUM C NepBbIM HABOPOM CKOpPOCTEN AN NOMyYeHNss NEPBOro MHOXeCTBa MOTOKOB
CUMBOJIOB AaHHbIX (6rok 1312). B cnyyae ogHOMNONbL30BaTENLCKOrO HanpaBfieHHOro pexuma ans
NnepBOro MHOXEeCTBa MOTOKOB CUMBOJIOB AaHHbIX BbIMOMHST NPOCTPAHCTBEHHYO 06paboTKy npu
NMOMOLLM NEPBOr0 MHOXECTBA HamnpaBnsAlLWUX BEKTOPOB AN NONy4YeHUs NepBOro MHOXeCTBa
NMOTOKOB CMMBOJIOB Nepefadv Angd nepefayun Yepes MHOXECTBO aHTEHH B NepBbI
nonb3oBaTenbCKUA TEpMUHAN B MEPBOM MHTepBane nepegayn (6nok 1314). MNMepebin Habop
HanMpaBnsALLMX BEKTOPOB BbIBOAAT Taknm 0b6pa3om, YTO NepBoe MHOXECTBO NMOTOKOB AaHHbIX
nepegatT MO OPTOroHanbHbIM NPOCTPAHCTBEHHLIM KaHanaM B NepBbIA NOMb30BaTEeNbCKUIA
TepMuHan. Bropoe MHOXeCTBO NOTOKOB AaHHbIX KOAUPYIOT U MOAYNNPYIOT B COOTBETCTBUM CO
BTOPbIM MHOXECTBOM CKOPOCTEN AMA NOfyYeHUs BTOPOro MHOXeCTBa NOTOKOB CUMBOSIOB AaHHbIX
(6nok 1316). [Ina ogHOMNOb30BaTENbCKOrO HEHaNPaBEHHOro peXxmnma BTOpoe MHOXECTBO
NMOTOKOB CMMBOJIOB AaHHbIX MPeOCTaBMnsAT B KA4eCTBE BTOPOro MHOXeCTBa NOTOKOB CYMBOJIOB
nepegayv Ansg nepegadv yepes MHOXECTBO aHTEHH BO BTOPOW Nofb3oBaTeNbCKUA TEpMUHAN BO
BTOpPOM uHTepBarne nepegadn (6nok 1318). TpeTbe MHOXECTBO MOTOKOB AaHHbIX KOAMPYHOT U
MOAYNUPYIOT ANSA Nofly4YeHnst TPeTbero MHOXeCTBa NOTOKOB CMMBOMOB AaHHbIX (6riok 1320). B
crny4ae MHOromnosib30BaTENbCKOro HaNpPaBeHHOro pexnma ans TpeTbero MHOXecTBa MNOTOKOB
CMMBOJSIOB AaHHbIX BbINOMHAIOT NPOCTPAHCTBEHHY0 06paboTKy NpY NOMOLLM BTOPOro MHOXECTBa
HanpaBnaoLLMX BEKTOPOB ANd MOMyYeHUs TpeTbero MHOXecTBa NOTOKOB CUMBOMOB Nepegayn
Ons nepefayun Yepes MHOXEeCTBO aHTEHH BO MHOXECTBO NOMb30BaTENbCKUX TEPMUHAMOB B
TpeTbeM MHTepBane nepegayn (6nok 1322). Bropoe MHOXECTBO HaNpaBMsOLWNX BEKTOPOB
BbIBOAAT TakMM 06pasoM, UTO TPETbE MHOXECTBO NOTOKOB CUMBOJIOB AaHHbIX BO MHOXECTBE
nonb3oBaTenbCKNX TEPMUHANOB NPUHUMAIOT C NOAABIEHHbIMU NEPEKPECTHLIMU NOMEXaMMU.

Ha ®dur.14 nokasaHa bnok-cxema nocnegosatenbHocTH onepaumin npouecca 1400 npuema
OaHHbIX no Bocxoasuen nuHmm B MIMO cucteme 100. Mpouecc 1400 Takke MOXET BbINOJTHATLCS
Toukon 110x goctyna. [NpocTpaHCTBEHHYIO 06paboTKy B MPUEMHMKE BbINOMHAIOT AN NepBOro
MHOXeCTBa NOTOKOB MPUHATLIX CUMBOSIOB B COOTBETCTBUM C NEPBbIM PEXUMOM
NPOCTPAHCTBEHHOIO MyIbTUNNIEKCUPOBAHUSA (Hanpumep, O4HOMOMNB30BaTENbCKUM HanpaBeHHbIM
peXnMOM) Ansi NoNydeHMs NepBOro MHOXECTBA MOTOKOB BOCCTAHOBIEHHBLIX CUMBOMOB AaHHbIX
(6nok 1412). NepBoe MHOXECTBO MOTOKOB BOCCTAHOBIIEHHbLIX CUMBOSOB AaHHbIX AEMOAYNNPYIOT
W OEeKOAMPYIOT B COOTBETCTBUN C NEPBbIM MHOXECTBOM CKOPOCTEN AN NoMyYeHUss NepBoro
MHOXECTBa NOTOKOB AEKOANPOBaHHbIX AaHHbIX (610K 1414). MNpocTpaHCTBEHHYIO 06paboTKy B
NPUEeMHUKE BbIMOMHAOT ANS BTOPOro MHOXECTBA NOTOKOB MPUHATLIX CUMBOSIOB B COOTBETCTBUM
CO BTOPbIM PEXMMOM MPOCTPAHCTBEHHOIO MYMbTUMMEKCUPOBaHUS (Hanpumep, HeHanpaBneHHbIM
pexvMoM) Ans NonyyYeHns BTOPOro MHOXEeCTBa MOTOKOB BOCCTAHOBIEHHbIX CUMBOSOB AaHHbIX
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(6nok 1416). Bropoe MHOXeCTBO NOTOKOB BOCCTAHOBJIEHHbLIX CUMBOJIOB AAHHbLIX 4eMOAYNUPYIOT
W OEKOAMPYIOT B COOTBETCTBUMN CO BTOPbIM MHOXECTBOM CKOPOCTEW AN NOMyYeHnsi BTOPOro
MHOXXECTBa NOTOKOB AEKOANPOBAHHbIX AaHHbIX, KOTOPbIE NPEeACTaBNASAT COOOM OLEHKM MOTOKOB
OaHHbIX, NepedaBaeMbIX OAHMM UM MHOXECTBOM MOSfb30BaTENbCKMX TEpMUHaNoB (6nok 1418).

Kaxgpblii Monb30BaTenbCKMI TEPMMUHAT BbIMOTHAET COOTBETCTBYOLLME onepauum npu
nepegaye AaHHbIX N0 O4HOMY USTM HECKOSbKMM BOCXOASILLUM LUMPOKOMOSTOCHbLIM
NPOCTPAHCTBEHHbLIM KaHanam 1 npu npueme AaHHbIX N0 OOHOMY UM HECKOSTbKUM HUCXOASILLUM
LLIMPOKOMOMOCHbLIM MPOCTPAHCTBEHHBIM KaHaram.

Mepenaya gaHHbLIX C UCMOMNB30BAHNEM HECKOJTbKUX PEXUMOB MPOCTPAHCTBEHHOMO
MYMbTUMNEKCUPOBAHNS, M3NOXEHHAs B HACTOALLEM ONMCaHUK, MOXeT BbITb peanu3oBaHa npu
NOMOLLM pas3nnyHbIX cpeacTts. Hanpumep, obpaboTka MoxeT ObiTb peanvM3oBaHa B BUaE
annapaTHbIX CpeacTB, NPOorpaMMHbIX CPeaCTB Unu UX KoMbuHaumn. B cnyyae peanusayum B Buge
annapaTtHbIX CPeACTB AMEMEHTbI, UCMONb3yeMble A1 BbINOMHEHNA 00paboTku AaHHbIX,
NPOCTPaHCTBEHHOM 06paboTKM 1 NNaHUPOBaHWS B TOYKE AOCTYMNa, MOryT ObITb peanvM3oBaHbl B
OLHOW WM HECKOMBbKNUX OPUEHTUPOBAHHbLIX Ha NPUNOXEHNe MHTerpanbHbix cxemax (ASIC),
LMdpOoBLIX cuUrHanbHbIX npoueccopax (DSP), undpoBbIx cUrHarnbHbIX NPOLLECCOPHbIX
yctpoicteax (DSPD), nporpammupyemMbix normdeckux yctporcrteax (PLD), BHyTpUCXeMHO
nporpaMmupyeMbix BeHTUIbHbIX MaTpuuax (FPGA), npoueccopax, KOHTpornnepax,
MUKPOKOHTPOSNEpax, APYrMx aNeKTPOHHbIX 6510Kax, BbIMOMHEHHbIX C BO3MOXHOCTbIO BbINOSHEHMWS
YHKLMIA, NITNTOXKEHHDBIX B HACTOALLEM ONMMCaHWUM UK NX KOMBUHauuKn. brniokn ob6paboTkm B
NoNb30BaTENbCKOM TEPMUHANE TakKe MOryT ObITb peann3oBaHbl B 04HON U Heckornbkux ASIC,
DSPuT.A4.

B cniyyae ocyulecTBneHusi B BUAe nporpamMmmHbIX CpeacTB obpaboTka B TOUKe JOCTyNa U
Nnonb30BaTeNbLCKOM TEPMUHAINE Npuv nepeaaye AaHHbIX C UCMONb30BAHMEM HECKOTMBbKUX PEXMMOB
NPOCTPAHCTBEHHOIO MyfbTUMMNEKCMPOBAHNS, MOXET ObITb peann3oBaHa Npy MOMOLLM Moaynewn
(Hanpumep, npouenyp, MYHKLUMIA 1 T.4.), KOTOPbIE BbIMNOMHAT PYHKLNN, U3NOXKEHHbIE B
HacTosiLeM onuncanun. MNMporpaMmHble KOAbl MOTYT XPaHUTLCA B 3aMOMUHAKOLLEM YCTPONCTBE
(Hanpumep, 3anomuHatoLem yctpornctee, 332 n 382 no dur.8) n NCNoNHATLCS NPOLLECCOPOM
(Hanpumep, koHTponnepamun 330 n 380). 3anomuHatoLLee YCTPOMCTBO MOXET ObiTb BbINOSIHEHO B
npoLieccope Unu Kak BHeLLHee N0 OTHOLLUEHMWIO K NpoLeccopy.

3aronoBku BKITKOYEHbI B HACTOSILLIEE OMNMCaHUe AN CCbINKM U AN NOMOLLM B MOMCKe
onpefeneHHbIX pasgenoB. YkasaHHbIe 3arofioBKM He criefyeT paccMaTpuBaTth Kak
orpaHu4MBaroLme ob6bem KOHLENUMIA B 03arfaBrneHHbIX MM pasgernax, U 9Tu KoHUenumm mMmoryT
NPUMEHATLCS B APYrMX pa3gernax no BCeEMy ONMCaHuIo.

MprBeneHHoe BhillEe ONMCaHNE PacKpbITbIX BapUAHTOB OCYLLECTBNEHNSA NpeacTaBreHo ans
TOro, 4Tobbl AaTb BO3MOXHOCTb Ntob6OMY cneumanncTy B 4aHHON o6nacT TEXHMKM UCNOMb30BaTh
HacTosiLee n3obpeTteHne. PasnnyHble MoangukaLmm B OTHOLIEHNN YKa3aHHbIX BapnaHTOB
OCYLLECTBNEHNS AOMMKHbI ObITb O4EBUAHbI 4SS CNeyuanmMcToB B JaHHOW 00nacTn TEXHUKN, U
obwue NPUHUMNLI, U3M0XKEHHbIE B HACTOALLEM OMUCAHMMU, MPUMEHMMbI K APYTMM BapuaHTaMm
ocyLlecTBneHnst 6e3 OTCTYNNeHNs OT CYLLHOCTU U 06bema HacTosILLEero N3o06peTeHns, Takum
obpasom, HacTosiLee n3obpeteHme He creqyeT orpaHMyMBaTb BapMaHTamMu OCYyLLECTBNEHNS,
pacKpbITEIMM B HACTOSLLLEM ONMUCAHNUW, HO, HAMPOTMB, COOTBETCTBYET CAMOMY LLMPOKOMY OBbeMY,
COBMECTUMOMY C MPUHLMNAMUN U HOBBIMWU OTIIMYUTENBbHBIMW OCOBEHHOCTAMM, PACKPbITLIMA B
HaCTOSILLEM ONUCaHUM.

dopmyna n3obpeTeHus

1. Cnocob nepegayn gaHHbIX B 6€CnpoBOAHON KOMMYHUKALMOHHOW CUCTEME C
MHOXXECTBEHHbIM JOCTYNOM C MHOXECTBOM BXO40B U MHOXeCTBOM Bbixogos (MIMO),
cogepXallui atanbl Ha KOTOPbIX:

BbIOMpaloT, MO MEeHbLLEN Mepe, ABa NOoNb30BaTENbCKNX TEpMUHANa Anga nepegadn gaHHbIX;

BbIOMpPalOT PEXMM HanpaBfE€HHOro NPOCTPAHCTBEHHOMO MYbTUMNIIEKCMPOBAHUS N3 MHOXECTBA
PEXUMOB NPOCTPAHCTBEHHOIO MYNbTUMMEKCUPOBAHUS, OANH N3 KOTOPLIX SIBMISIETCA PEXKUMOM
HanpaBfi€HHOro NPOCTPAHCTBEHHOIO MYNbTUMIIEKCUPOBAHUS, NOAAEPXKNBAEMbBIX CUCTEMON, AN

Crpanuua: 32



170

15

20

25

30

35

40

45

50

RU 2330381 C2

NCMOSb30BaHUS C, MO MEHbLUEN Mepe, OBYMSI MOJIb30BaTENbCKUMUN TEPMUHANaMu;

BbIOMpalOT CKOPOCTM ANt MHOXECTBA NOTOKOB AaHHbIX, NpedHa3HauYeHHbIX 45is nepegaym
Yepes MHOXECTBO NMPOCTPAHCTBEHHbIX KaHANoB Afs, No MeHbLUen Mepe, ABYX NOSb30BaTENbCKUX
TEPMMHanoB; U

NNaHNpYIOT, MO MeHbLUEeN Mepe, ABa NoNnb30BaTeNbCKMX TEPMUHANA ANsi nepegadn AaHHbIX C
BbIOpaHHbIMU CKOPOCTSIMU U BbIOPaHHBIM PEXMMOM NPOCTPAHCTBEHHOIO MynbTUMNNEKCUPOBAHUS.

2. Cnocob no n.1, B KOTOPOM OAMH NONb30BaTENbCKNN TEPMUHAN BbIOMpatoT, Ans nepegayn
OaHHbIX N BblIOpaHHbIN PEXUM MPOCTPAaHCTBEHHOrO MYSbTUMNIIEKCUPOBAHUS SBNSIETCA PEXNUMOM
HanpaBIIEHHOro NMPOCTPAHCTBEHHOrO MYINbTUMIIEKCUPOBAHUS.

3. Crnocob no n.2, 4ONOMHUTENBHO coaepXXalluin 3Tamn, Ha KOTOPOM BbIMOMHAOT
NPOCTPAHCTBEHHYO 06paboTKy MHOXECTBa NOTOKOB [AaHHbIX C MHOXECTBOM HanpaBnsioLmnX
BEKTOPOB ANA Nepefavyym MHOXEeCTBa NOTOKOB [aHHbIX N0 OPTOroHasrbHbIM NPOCTPAHCTBEHHbLIM
KaHanam B OOWH NONb30BaTENbCKUIA TEpMUHAT.

4. Cnocob no n.1, B KOTOPOM OAMH NOMb30BaTENbCKUA TEPMUHAN BbIOMpaloT, Ans nepegayu
OaHHbIX U BbIGpaHHbIN PEXUM NPOCTPAHCTBEHHOIO MYSbTUMNIEKCUPOBAHUSA ABNAETCH PEXNUMOM
HeHarnpaBneHHOro NPOCTPaAHCTBEHHOIO MYIbTUMIIEKCMPOBAHMS.

5. Cnoco6 no n.4, ONOMNHUTENBHO CoAaepXKaLlMiA 3Tamn, Ha KOTOPOM obecnevnBarT MHOXECTBO
NMOTOKOB [aHHbIX ANs nepenadn Yepe3 MHOXECTBO aHTEHH B OAMH NOSb30BaTENbCKUI TepMUHATT.

6. Cnoco6 no n.1, 4ONOMHUTENBHO COAepPXKaLLMiA 3Tamn, Ha KOTOPOM BbIMOSTHAKT
NPOCTPAHCTBEHHYO 06paboTKy MHOXECTBa NOTOKOB AaHHbIX C MHOXECTBOM HanpaBnsoLmnX
BEKTOPOB A5 HAanNpaBfeHNs MHOXECTBA NOTOKOB [AaHHbIX K, N0 MEHbLLEN Mepe, ABYM
Nnonb30BaTENbCKMM TEpMUHANaM.

7. Cnoco6 no n.1, 4ONOMHUTENBHO coaepXXaLyuin 3Tamn, Ha KOTOPOM BbIMOMHAOT
NPOCTPAHCTBEHHYO 06paboTKy B MPUEMHMKE MHOXECTBA NPUHATLIX MOTOKOB CUMBOJIOB )15
NosTyMeHns1 OLLEHOK MHOXXeCTBa MOTOKOB AaHHLIX, NepeaaBaeMbiX MHOXECTBOM
NoNb30BaTENbCKUX TEPMUHANOB, MPUYEM KaXKObI NOTOK AaHHbLIX 00pabaTbiBaoT C
COOTBETCTBYHOLUMM HanpaBnsawoLWwmMM BEKTOPOM Af151 HAaMpaBneHNsa NoTokKa AaHHbIX.

8. Cnocob no n.1, B kKOTOpOM A5 Nepegayn gaHHbIX BblOnpaloT MHOXECTBO
NoNb30BaTENbCKUX TEPMUHANIOB, U BbIOPAHHLIN PEXMM NPOCTPAHCTBEHHOMO
MYTNbTUMIIEKCMPOBAHNS SIBMSIETCS PEXMMOM HeHanpaBrieHHOro NPOCTPaHCTBEHHOIO
MYTNbTUMNEKCUPOBAHNS.

9. Cnocob no n.8, 4ONOMHUTENBHO COAEepPXKaLLMIA 3Tamn, Ha KOTOPOM BbIMOSTHAKT
NPOCTPAHCTBEHHYO 06paboTKy B MPUEMHMKE MHOXECTBA NPUHATLIX MOTOKOB CUMMBOJIOB AJ1S
NoNy4eHns1 OLLEHOK MHOXXeCTBa MOTOKOB AaHHLIX, NepeaaBaeMblX MHOXECTBOM
NoNb30BaTENbCKUX TEPMUHAMOB.

10. Cnoco6 no n.8, oonoNHUTENBLHO CoaepXXaLUuii 3Tan, Ha KOTOpoM obecneynBaroT
MHOXXECTBO NOTOKOB AaHHbIX ANdA nepefayn Yyepe3 MHOXECTBO aHTEHH BO MHOXECTBO
NoNb30BaTENbCKUX TEPMUHANOB, KaXXOblA N3 KOTOPbIX UMEET MHOXECTBO aHTEHH.

11. Cnoco6 no n.1, B koTopom MIMO cuctema npeactaenset cobow cuctemy AynnekcHom
CBSI3U C BPEMEHHLIM pa3aeneHnem kaHanos (TDD).

12. Cnoco6 no n.11, B KOTOPOM BbiOpaHHbIA PEXUM NPOCTPAHCTBEHHOIO
MYINbTUMIIEKCMPOBAHNS NPeACcTaBnsieT cobon pexxMmM HanpaBneHHOro NPOCTPaHCTBEHHOIO
MYNbTUMMEKCMPOBAHWS, €CNK, NO MEHbLLEN Mepe, KanubpyeTcst 0ANH NOfb30BaTENbCKUN
TepMUHan, N OTKIMMK HUCXOASLLEro KaHana aBnAeTca B3auMooOpaTHbIM OTKINKY BOCXOASALLENO
KaHana.

13. Cnoco6 no n.11, B KOTOPOM BbIGPaHHbINA PEXUM NPOCTPAHCTBEHHOIO
MYNbTUMIIEKCMPOBAHNS NPeacTaBnsieT cobon pexxMM HeHanpaBneHHOro NPOCTPaHCTBEHHOIO
MYNbTUMIEKCMPOBAHWS, €CNK, NO MEHbLUEN Mepe, He KannbpyeTcs OAMH MOSb30BaTENbCKUI
TepMUHan, N OTKIMMK HUCXOASLLEro kKaHana He SBMSIeTCS B3anMoobpaTHBIM OTKIMKY BOCXOASLLEro
KaHana.

14. Cnoco6 no n.1, B KOTOPOM BbIOOP MHOXECTBa CKOPOCTEN BKNOYAET B cebs OLIEHKY
OTHOLWeHUn curHan/wym-n-nomexm (OCLL) MHOXeCTBa NPOCTPAHCTBEHHbIX KaHanNoB; N BbIOOP
CKOPOCTEM, OCHOBbIBasiCb Ha oLeHeHHbIX OCLL MHOXeCcTBa NPOCTPaHCTBEHHbLIX KaHaroB.
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15. YcTpolicTBO Nepefayun gaHHbIX B 6€CNPOBOAHON KOMMYHUKALUOHHOW cucteme ¢
MHOXXECTBEHHbIM JOCTYNOM C MHOXECTBOM BXOA0B U MHOXeCTBOM Bbixogos (MIMO),
coaepxaltlee:

YCTPOWCTBO BblibOpa TEPMUHAMOB, BbINOMHEHHOE C BO3MOXHOCTbLIO Bbi6Opa, N0 MeHbLUEN
Mepe, ABYX NoNb30BaTeNbCKUX TEPMUHANOB AN nepefayu AaHHbIX;

YCTPOWCTBO BblibOpa pexuma, BbINOMHEHHOE C BO3MOXHOCTbLIO Bbibopa pexuma
HanpaBreHHOro NPOCTPaHCTBEHHOMO MYIbTUMNIIEKCUPOBAHMS U3 MHOXECTBa PEXUMOB
NPOCTPAHCTBEHHOIO MYNbLTUMMEKCUPOBAHNS, OANH U3 KOTOPLIX SIBAISIETCA PEXUMOM
HanpaBfieHHOro NPOCTPAHCTBEHHOIO MYNbTUMIEKCUPOBaHUS, NoaAepXUBaeMbIX CUCTEMON, ANS
NCMorb30BaHUA ¢, MO MeHbLUE Mepe, ABYMS MOSIb30BaTeNbLCKUMU TepMUHanamu;

YCTPOWCTBO Bbi6Opa CKOPOCTU, BbINONIHEHHOE C BO3MOXXHOCTbLIO BblBbOpa ckopocTen Ans
MHOXeCTBa NOTOKOB AaHHbIX, MpegHas3HavYeHHbIX AN nepegayn Yyepes MHOXeCTBO
NPOCTPaHCTBEHHLIX kKaHanoB kaHana MIMO ans, no MeHbLlen Mepe, ABYX NONb30BaTeNbCKUX
TepMMHarnos; u

NNaHNMPOBLLWK, BbINOMHEHHbIA C BO3SMOXHOCTbIO NITaHNPOBaHUSA, MO MeHbLUEW Mepe, ABYX
Nnonb30BaTeNbCKUX TEPMUHANOB ANS Nepeaayn aHHbIX ¢ BbIGpaHHbIMK CKOPOCTAMU U
BbIOpPaHHBbIM PEXUMOM NMPOCTPAHCTBEHHOIO MYMbTUMIIEKCUPOBAHMS.

16. YcTporcTBo no n.15, gononHUTensLHO coaepxallee nepegaroLlmii NpoCTpaHCTBEHHbIN
npoLeccop, BbINOMHEHHbIA C BO3SMOXXHOCTbIO NPOCTPaHCTBEHHOW 06paboTku MHOXeCTBa NOTOKOB
AaHHbIX COrnacHoO BbIGpPaHHOMY PEXUMY MPOCTPAHCTBEHHOIO MYMbTUMNEKCUPOBaHUS ANS
nony4yeHns MHOXXecTBa MOTOKOB CUMBOMOB Nepefayun Ans nepegadu yepes MHOXECTBO aHTEHH B,
no MeHbLUen Mepe, ABa Norb30BaTeNbCKUX TEPMUHANOB.

17. YcTpoicTBo no n.15, gononHuTensHO cogepallee npueMHblli MPoCTPaHCTBEHHbIN
NpoLEeCcCop, BbIMOTHEHHbIA C BO3MOXXHOCTBIO NPOCTPaHCTBEHHOW 00paboTku MHOXECTBA NOTOKOB
NPVHATBIX CUMBOMOB COMTACHO BbIOPAHHOMY PEXUMY MPOCTPAHCTBEHHOIO MYMbTUMNEKCUPOBAHNS
AN NonyyYeHnsa oLeHOK MHOXeCTBa MOTOKOB AaHHbIX, NepefaHHbIX, N0 MeHbLUEN Mepe, ABYMS
nonb3oBaTenbCKUMN TepMUHanamu.

18. YcTpolnicTBo nepedayuun gaHHbIX B 6€CnpoBOAHON KOMMYHUKaLWMOHHOW cucteme ¢
MHOXECTBEHHbIM AOCTYMNOM C MHOXECTBOM BXOAOB U MHOXeCTBOM Bbixogos (MIMO),
cofepxaltlee:

cpencTtBo BbIbopa, Mo MeHbLUEN Mepe, ABYX NOMb30BaTENbCKNX TEPMUHANOB AMs nepegayn
OaHHbIX;

cpencTBo BbibOpa pexxumMa HanpaBnEeHHOro NPOCTPAHCTBEHHOMO MYyIbTUMIIEKCUPOBAHMS U3
MHOXECTBa PEXMMOB NPOCTPAHCTBEHHOIO MYyIbTUMMNEKCUPOBAHNA, OOUH U3 KOTOPbIX ABMsieTCs
pPeXMMOM HarnpaBfeHHOro NPOCTPaAHCTBEHHOIO MYMbTUMMEKCUPOBaHUS, NoAepPXKNBaAEMbIX
CUCTEMOM, ANS UCNONb30BaHUA C, MO MeHbLUen Mepe, ABYMS Nofb3oBaTeNbCKUMU TEPMUHANamu;

cpencTBo BbIbopa CKOPOCTEN ANS MHOXECTBa NOTOKOB AaHHbIX, NpeHasHavYeHHbIX Ang
nepegayun Yyepes MHOXECTBO NPOCTPAHCTBEHHLIX kaHanoB kaHana MIMO ans, no MeHbLLen Mepe,
OBYX MOMb30BaTENbCKUX TEPMUHANOB; U

CpeacTBO MMaHNPOBaHWS, NO MeHbLUEN Mepe, ABYX MNOSb30BaTeNbCKUX TepMUHANOB AN
nepegayvv AaHHbIX C BbIOpaHHbLIMU CKOPOCTSAMM U BblIBpaHHbIM PEXMMOM NPOCTPaHCTBEHHOMO
MYNbTUMNEKCUPOBAHNS.

19. YcTporicTtBo no n.18, 4ononHUTENbHO codepallee CpeacTBO NPOCTPaHCTBEHHOM
06paboTKn MHOXeCTBa NOTOKOB AaHHbLIX COrMacHO BblIGpaHHOMY PEXMMY NPOCTPaHCTBEHHOMO
MynbTUMAEKCUPOBaHNS ANS NONyYeHUs MHOXeCTBa NOTOKOB CUMBOSOB Nepegayun Ans nepegayu
Yepes MHOXECTBO aHTEHH B, NO MEHbLUENn Mepe, OAMH MOSb30BaTENbCKN TepMUHan.

20. YcTpolicTBo no n.18, 40NONHUTENBHO cofepXKallee CpeacTBO NPOCTPaHCTBEHHOM
06paboTKN MHOXECTBA NMOTOKOB MPUHATLIX CUMBOSIOB COrMacHO BblIBpaHHOMY pexXuMy
NPOCTPaHCTBEHHOIro MyNbTUMNIEKCUPOBaHNS ANS NOMyYeHUs OLEeHOK MHOXECTBa NOTOKOB
AaHHbIX, NepefaHHbIX, N0 MeHbLUer Mepe, OOHUM NoMb30BaTeNbCKUM TEPMUHAIOM.

21. Cnocob npuema faHHbIX B 6€CrnpoBOAHONM KOMMYHUKALMOHHOW CUCTEME C
MHOXECTBEHHbIM AOCTYMNOM C MHOXECTBOM BXOAOB U MHOXeCTBOM Bbixogos (MIMO),
cofepallmin aTanbl Ha KOTOpPbIX:
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BbIMOJTHAOT NPOCTPAHCTBEHHYO 00paboTKy B MpUEeMHMKE NEPBOro MHOXECTBa MOTOKOB
NPUHSATLIX CUMBOJIOB B COOTBETCTBMM C NEPBbLIM PEXMMOM NMPOCTPAHCTBEHHOTO
MYNbTUMMEKCUPOBAHNS AN NONYYEHNA NEPBOr0 MHOXECTBA NOTOKOB BOCCTAHOBIIEHHbIX
CUMBOJSIOB AaHHbIX;

AemoaynupyroT U AeKOAMPYIOT NepBoe MHOXECTBO NMOTOKOB BOCCTAHOBIIEHHbLIX CUMBOJIOB
OaHHbIX B COOTBETCTBMM C NEPBbIM MHOXECTBOM CKOPOCTEN AN MONy4YEeHUs NePBOro MHOXECTBA
NOTOKOB 4EKOANPOBAHHbLIX AAHHbIX;

BbIMOJTHAOT NPOCTPAHCTBEHHYO 00paboTKy B MPUEMHUKE BTOPOro MHOXEeCTBa MOTOKOB
NMPUHSTLIX CUMBOJIOB B COOTBETCTBMM CO BTOPLIM PEXMMOM NMPOCTPAHCTBEHHOIO
MYTNbTUMIEKCUPOBAHNS AN NONTyYEeHNs BTOPOro MHOXECTBA MOTOKOB BOCCTAHOBITEHHbIX
CUMBOJSIOB AaHHbIX; U

AemMoaynupyroT U AEKOAMPYIOT BTOPOE MHOXECTBO NOTOKOB BOCCTAHOBIIEHHbLIX CUMBOJIOB
[OaHHbIX B COOTBETCTBMM CO BTOPbIM MHOXECTBOM CKOPOCTEWN A11s1 MONTy4YeHUs BTOPOro MHOXeCTBa
NMOTOKOB AEKOANPOBAHHbLIX AAHHbIX.

22. Cnoco6 no n.21, B KOTOPOM NEPBbIV PEXUM NPOCTPAHCTBEHHOIO MYJSbTUMIEKCUPOBAHNS
npeacTaenseT cobon pexxMm HanpaBneHHOro NPOCTPaHCTBEHHOrO MyNbTUMNNEKCUPOBAHUS, U B
KOTOPOM BbIMOSHSAOT NPOCTPAHCTBEHHYO 0O6paboTKy NEpPBOro MHOXECTBA NMOTOKOB NMPUHATBIX
CUMBOJIOB C MHOXXECTBOM COOCTBEHHbLIX BEKTOPOB AJ11 MHOXXECTBa NMPOCTPaHCTBEHHbLIX KaHaroB
MIMO kaHana gns nonb3oBaTeNbCKOro TepMmHana.

23. Cnoco6 no n.21, B KOTOPOM BTOPOW PEXUM MPOCTPAHCTBEHHOIO MyIbTUMNSIEKCUPOBAHUSA
npeacTaBnsaeT cobor pexnm HeHanpaBreHHOro NPOCTPAHCTBEHHOTO MYJbTUMIEKCUPOBAHNS.

24. Cnoco6 no n.23, B KOTOPOM BTOPOE MHOXECTBO MOTOKOB AEKOANPOBAHHbLIX AAHHBIX
npeacTaBnseT coboi OLEHKN MHOXECTBa NOTOKOB AaHHbIX, NepedaBaeMblX OQHUM
Nonb30BaTENbCKMM TEPMUHANOM.

25. Cnoco6 no n.23, B KOTOPOM BTOPOE MHOXECTBO NMOTOKOB 4EeKOANPOBAHHbLIX AaHHbIX
npeacTaBnseT cobon OLEeHKN MHOXECTBa MOTOKOB AaHHLIX, NepeaaBaeMblX OAHOBPEMEHHO
MHOXXECTBOM MOMb30BaTENbCKUX TEPMUHANOB.

26. Cnoco6 no n.23, B KOTOPOM BbIMNOSHSAOT NPOCTPAHCTBEHHYIO 06paboTKy BTOPOro
MHOXECTBa NOTOKOB NPUHATLIX CMMBOJSIOB, OCHOBbLIBAsICb Ha CNOCO6e MHBEPCUMN KOPPENSALIMOHHOM
mMaTpuubl kaHana (CCMI).

27. Cnoco6 no n.23, B KOTOPOM BbIMOSHSOT MPOCTPaHCTBEHHYIO 06paboTKy BTOPOro
MHOXXECTBa NOTOKOB NPUHATLIX CMMBOSIOB, OCHOBbLIBAsACb Ha CNocob6e MUHUManbHOW CpeaHen
KBagpaTuyHou owmnbkn (MMSE).

28. Cnocob no n.23, B KOTOPOM BbIMNOSHSOT MPOCTPaHCTBEHHYI0 06paboTKy BTOPOro
MHOXECTBa MOTOKOB NPUHATLIX CUMBOJSIOB, OCHOBbLIBasICb Ha cnocobe nocnenoBaTenbHOro
yaaneHuna nomex (SIC).

29. YcTpoInCTBO Npuema gaHHbIX B 6€CcnpoBOAHON KOMMYHUKALMOHHON CUCTEME C
MHOXXECTBEHHbIM JOCTYNOM C MHOXECTBOM BXOA0B U MHOXeCTBOM Bbixogos (MIMO),
coaepxatlee:

NPUEMHbIA MPOCTPaHCTBEHHbBIM NPOLLECCOP, BbIMNOMHEHHbIA C BO3MOXHOCTLIO

BbINOSTHEHNA NPOCTPAHCTBEHHOW 06paboTKM B MPMEMHMKE NEPBOr0 MHOXECTBA MOTOKOB
NMPUHSTLIX CUMBOJIOB B COOTBETCTBMM C NEPBLIM PEXMMOM NPOCTPAHCTBEHHOIO
MYNbTUMMEKCMPOBAHNS AN NONYYEHNSA NEPBOrO MHOXECTBA NOTOKOB BOCCTAHOBIIEHHbIX
CUMBOJSIOB AaHHbIX, U

BbINOSTHEHNA NPOCTPAHCTBEHHOW 06paboTKM B MPMEMHMKE BTOPOro MHOXECTBA NOTOKOB
NMPUHSATLIX CUMBOJIOB B COOTBETCTBMM CO BTOPLIM PEXMMOM NMPOCTPAHCTBEHHOIO
MYNbTUMIIEKCMPOBAHNS AN NONyYEeHNs BTOPOro MHOXECTBA NOTOKOB BOCCTAHOBIEHHbIX
CUMBOJSIOB AaHHbIX; U

NPUEMHbIA MPOLECCOP AaHHbIX, BbINOSIHEHHbIA C BO3MOXHOCTbIO AEMOAYNSaUmMn
OEeKoANPOBaHNA NEPBOr0 MHOXECTBA MOTOKOB BOCCTAHOBSIEHHbLIX CMMBOMOB AaHHbIX B
COOTBETCTBUM C NEPBLIM MHOXECTBOM CKOPOCTEN AN NONyYEeHNs1 MEPBOr0 MHOXECTBa NMOTOKOB
OEKOANPOBaAHHbIX OAHHbIX, U AEMOAYNALMU N OEKOANPOBAHNA BTOPOro MHOXECTBA NOTOKOB

BOCCTaHOBIEHHbLIX CUMBOSIOB A@HHbIX B COOTBETCTBMM CO BTOPbIM MHOXECTBOM CKOPOCTEWN
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OIS NONTyYeHnst BTOPOro MHOXeCTBa MOTOKOB AEKOAMPOBAHHLIX AAHHbIX.

30. Cnocob nepefayn gaHHbIX B 6€CNPOBOAHON KOMMYHUKALMOHHON CUCTEME C
MHOXXECTBEHHbIM JOCTYMNOM C MHOXECTBOM BXO40B U MHOXeCTBOM Bbixogos (MIMO),
coaepallyumii aTanbl Ha KOTOpPbIX:

NPUHMMAIOT MHPOPMALIMIO, YKa3bIBAKOLLYIO PEXMM NPOCTPAHCTBEHHOIO MYJNbTUMIEKCUPOBAHNS
N MHOXXECTBO CKOPOCTEN AN UCNOMb30BaHUA ANa nepefayn AaHHbIX, MPUYEM PeXuM
NPOCTPAHCTBEHHOIO MYJSbTUMIEKCUPOBAHNSA BbIOMPAOT M3 MHOXECTBA PEXNMOB
NPOCTPAHCTBEHHOIO MYNbTUMIIEKCMPOBAHUS, NOAAEPKNBAEMBIX CUCTEMON, U, MPUYEM KaXKOYo U3
MHOXECTBa CKOPOCTeN BblIOMpatoT n3 Habopa CKoOpoCTel, NoaAePKMBAEMOro 4aHHON CUCTEMON;

KOAMPYIOT U MOAYIIMPYIOT MHOXECTBO MOTOKOB AaHHbIX B COOTBETCTBUM C MHOXXECTBOM
CKOpOCTEN ANdA NonyyYeHUs MHOXXeCTBa MNOTOKOB CUMBOJSIOB AaHHbIX; U

BbINOJSTHAOT NPOCTPAHCTBEHHYO 06paboTKy MHOXXECTBaA NOTOKOB CMMBOJIOB AaHHbIX B
COOTBETCTBUN C PEXNMOM MPOCTPAHCTBEHHOTO MYJTbTUMIIEKCUPOBAHUSA OIS MOJTyYeHUs
MHOXX€eCTBa NOTOKOB CMMBOJIOB Nepeaayn ans nepegayvm yepes MHOXECTBO aHTEHH.

31. Cnocob no n.30, B KOTOPOM PEXMM NPOCTPAHCTBEHHOIO MYSbTUMNIIEKCUPOBAHMS
npeacTaBnseT coboin pexxMm HanpaBfeHHOro NPOCTPaHCTBEHHOIO MybTUMNNEKCUPOBaHUS, U, B
KOTOPOM BhIMOMHAT NPOCTPaHCTBEHHYO 00paboTKy MHOXeCTBa NMOTOKOB CMMBOJIOB AAHHbIX C
MHOXXECTBOM HanpaBnsAloLWMX BEKTOPOB 4SS Nepedayvs MHOXeCTBa NOTOKOB CMMBOJIOB AaHHbIX
MO MHOXECTBY OpPTOroHasbHbIX NMPOCTPAHCTBEHHbIX kaHanos MIMO kaHana.

32. Cnocob6 no n.31, gononHMTENbHO coaepXKallnin aTarn, Ha KOTOPOM nepedaroT
HanpaBMeHHbIA NUNOT-CUrHaMN MO KaXXAOMY KaHany M3 MHOXeCTBa OpTOroHasbHbIX
NPOCTPAHCTBEHHbIX KaHaroB.

33. Cnocob no n.30, B KOTOPOM PEXUM NPOCTPAHCTBEHHOrO MYIbTUMNINEKCMPOBAHNSA
npeacTaBnseT cobon pexxMm HeHanpaBneHHOro NPOCTPaHCTBEHHOrO MynbTUMNNEKCUPOBAHUS, U, B
KOTOPOM MHOXECTBO MOTOKOB CMMBOJIOB [JaHHbIX NPeaoCTaBNsoT B KAYECTBE MHOXECTBaA
NMOTOKOB CMMBOJIOB Nepenayu.

34. Cnocob6 no n.30, 4ONOMHUTENBHO COAEPKALLUIM 3Tar, HA KOTOPOM: BbINOSHAIOT KannbpoBKy
Takum 0Bpa3oM, YTO OTKIMK BOCXOASLLEro kaHana ABnsieTcst B3anmMoobpaTHbIM OTKITMKY
HUCXOAALLEro kaHana.

35. YcTponcTBo nepeaayun gaHHbIX B 6€CnpoBOgHOM KOMMYHMKALMOHHOW CUCTEME C
MHOXXECTBEHHbIM JOCTYNOM C MHOXECTBOM BXOA0B U MHOXeCTBOM Bbixogos (MIMO),
cofepxallee:

KOHTpPOJNEep, BbINOSIHEHHbIN C BO3MOXHOCTbLIO NMpuemMa MHopMauuK, ykasbiBaloLWwen pexxmum
NPOCTPAHCTBEHHOIO MYNbTUMIEKCUPOBAHNS 1 MHOXECTBO CKOPOCTEN ANs UCMONb30BaHWs Ans
nepegayn AaHHbIX, MPUYEM PEXUM NPOCTPAHCTBEHHOIO MYbTUNIEKCUPOBaHMSA BbIOUpatoT 13
MHOXECTBA PEXMMOB MPOCTPaHCTBEHHOrO MynbTUNNEKCUPOBAHUS, NOAAEMKMBAEMbIX CUCTEMOMN,
W, NPUYEM KXKAOYIO U3 MHOXECTBA CKOPOCTEN BbIOMpaloT M3 Habopa cKkopocTen,
noaaepXMBaemMoro aHHOW CUCTEMOIA;

nepeaaroLmii NpoLeccop AaHHbIX, BbIMONTHEHHbLIA C BO3MOXHOCTbLIO KOANPOBaHUS U
MOAYNIMPOBaHMS MHOXECTBA MNOTOKOB AaHHbIX B COOTBETCTBMM C MHOXECTBOM CKOPOCTEN ANs
NoyYeHnss MHOXXeCTBa NOTOKOB CMMBOJIOB [@HHbIX; U NepefatoLmnin NPOCTPaHCTBEHHbIN
NPOLLECCOpP, BbINOSIHEHHbIN C BO3MOXHOCTbIO BhINOTHEHWSI MPOCTPaHCTBEHHOW 06paboTku
MHOXECTBa NOTOKOB CMMBOSOB AaHHbIX B COOTBETCTBUN C PEXMMOM NPOCTPAHCTBEHHOIO
MYNbTUMNEKCMPOBAHNS AN NONYyYeHNs MHOXeCTBa NOTOKOB CMMBOJIOB Nepefayn Ans nepegadu
Yepes MHOXECTBO aHTEHH.

36. Cnocob nprema gaHHbIX B 6€CNPOBOAHON KOMMYHUKALUOHHOW cucteme ¢
MHOXXECTBEHHbIM JOCTYNOM C MHOXECTBOM BXOA0B U MHOXeCTBOM Bbixogos (MIMO),
coaepXallyumii aTanbl Ha KOTOpPbIX:

NPYHUMAOT MHOPMALIMIO, YKA3bIBAKOLLYK PEXMUM HanpaBfiE€HHOro NPOCTPaHCTBEHHOMO
MYNbTUMNNEKCMPOBAHNS U, MO MEHbLLEN Mepe, OOHY CKOPOCTb ANsl UCMOSb30BaHWS AN nepegaym
OaHHbIX, NPUYEM PEXUM HanpaBfeHHOro NPOCTPaAHCTBEHHOIO MyrbTUNNEKCUPOBaHUS BbiIGnpatoT
N3 MHOXECTBa PEXMMOB MPOCTPAHCTBEHHOIO MYIbTUMIEKCUPOBAHNSA, OOUH U3 KOTOPLIX ABMSETCA
PEXUMOM HanpaBfiEHHOro NPOCTPAHCTBEHHOIO MYIbTUMIIEKCUPOBAHNS, NOSAEPKMBAEMbIX
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CUCTEMOM, U, MPUYEM KaXKOYH 13, MO MEHbLUEN Mepe, OOHOM CKOPOCTM BbiOMpatoT 13 Habopa
CKopocCTel, NogaepXxnsaemoro gaHHoOM CUCTEMOWN;

BbIMOSTHAOT NPOCTPAHCTBEHHYO 00paboTKy, MO MEHbLLEN Mepe, OQHOrO NOTOKa NPUHATBLIX
CUMBOJSIOB B COOTBETCTBUUN C PEXXMMOM HanpaBfiEHHOro NPOCTPaHCTBEHHOO
MYMbTUNNEKCUPOBAHNS AMs NOSyYeHUsl, MO MEHbLUEW Mepe, OAHOIO NMOTOKA BOCCTAHOBIEHHbIX
CUMBOJSIOB AaHHbIX; U

AemMoaynupyroT U AEKOAMPYIOT, MO MEHbLUEN Mepe, OANH NMOTOK BOCCTAaHOBMEHHbLIX CUMBOJIOB
OaHHbIX B COOTBETCTBUM C, MO MEHbLLEN Mepe, OLHOW CKOPOCTbIO AMsi NONyYeHUs, MO MEHbLUEMN
Mepe, O4HOro NoToka AeKOAMPOBAHHbIX JaHHbIX.

37. Cnocob no n.36, B KOTOPOM OAMH M3 MHOXECTBA PEXMMOB HeHanpaBreHHOro
NPOCTPAHCTBEHHOIO MYSbTUMNIIEKCUPOBAHMS.

38. Cnocob no n.37, B KOTOPOM BbIMOSHAKT NPOCTPAHCTBEHHYO 06paboTKy MHOXeCTBa
NMOTOKOB MPUHATBIX CUMBOMOB, OCHOBbLIBAACh Ha Cnocobe MHBEPCUN KOPPEMSILMOHHONW MaTpuLlbl
kaHana (CCMI), cnocobe MMHUManbHOW cpegHen kBagpaTtuyHor owmndku (MMSE) unu cnocobe
nocriegoBatensHoro yaaneHnsa nomex (SIC) ansa nonyyeHMs MHOXeCTBa NOTOKOB
BOCCTAHOBIMEHHbIX CUMBOJIOB AaHHbIX.

39. Cnocob no n.37, B KOTOPOM OAMH MOTOK NPUHATBIX CUMBONOB 00pabaTkiBalOT C OLEHKaMM
yCUneHusi kaHana Ansi Nony4YeHns O4HOro NOTOKa BOCCTAHOBIEHHbLIX CMMBOJIOB AaHHbIX.

40. YcTpoicTBO Npuema gaHHbIX B 6€CcnpoBOAHON KOMMYHUKALMOHHON CUCTEME C
MHOXXECTBEHHbIM JOCTYMNOM C MHOXECTBOM BXO40B U MHOXeCTBOM Bbixogos (MIMO),
cofepxallee:

KOHTpOMMep, BbIMOMHEHHbIA C BO3MOXHOCTBIO NpYeMa MHOpMaLun, yKasblBatoLLen pexum
HanpaBreHHOro NPOCTPaHCTBEHHOIO MyJbTUMNIEKCUPOBAHUS U, MO MEHbLLEN Mepe, OOHY
CKOPOCTb AM1s1 MCMONb30BaHUA ANd nepefayun AaHHbIX, MPUYEM PEXUM HarpaBreHHOro
NPOCTPAHCTBEHHOIO MyNbTUMNINEKCMPOBaHUA BbIOBNPAIOT U3 MHOXECTBA PEXNMOB
NPOCTPAHCTBEHHOIrO MyNbTUMNIEKCMPOBAHNS, OAMH U3 KOTOPbIX ABNSAETCS PEXUMOM
HanpaBfiEHHOro NPOCTPAHCTBEHHOIO MYNbTUMIIEKCMPOBAHUS, NOAAEPKNBAEMBIX CUCTEMON, U,
npuyeM Kaxkayto 13, No MeHbLUen mepe, 0QHOW CKOPOCTK BbIOMpaloT M3 Habopa CKopocTen,
noaaep>KMBaemMoro JaHHOW CUCTEMOW;

NPUEMHBbIV MPOCTPAHCTBEHHbIV NMPOLECCOP, BbIMOMHEHHbIA C BO3MOXHOCTbIO BbIMOSTHEHMWS
NPOCTPaHCTBEHHOM 06paboTKkn, MO MEHbLUEV Mepe, OOHOro NOTOKa NPUHATLIX CUMBOJIOB B
COOTBETCTBUN C PEXUMOM HarnpaBfieHHOro NPOCTPAHCTBEHHOrO MynbTUMNNEKCUPOBaAHUA AN
nony4eHunsi, No MeHbLLE Mepe, OQHOro NOTOKa BOCCTAHOBIIEHHBIX CUMBOJIOB AaHHbIX; U

NMPUEMHBbIV MPOLLECCOP AaHHbIX, BbINMOMHEHHbIN C BO3MOXHOCTBIO 4EMOAYNMPOBaHNS U
0EeKoaANpOBaHUSA, MO MeHbLUENn Mepe, O4HOro NOTOKa BOCCTAHOBEHHbIX CUMBOSOB AaHHbIX B
COOTBETCTBUN C, MO MEHbLUEN Mepe, OAHOM CKOPOCTLIO ANA NOMy4YeHusl, N0 MEeHbLUEN Mepe,
O[HOro NOTOKa AEKOAMPOBAHHBLIX OAHHbIX.

41. YCTpOWCTBO Npuema AaHHbIX B 6€CNpoBOAHON KOMMYHUKALUMOHHOW cucTeEME C
MHOXXECTBEHHbIM JOCTYNOM C MHOXECTBOM BXOA0B U MHOXeCTBOM Bbixogos (MIMO),
cofepxallee:

CPeACTBO NpuMemMa MHpopMaumm, yKkasbiBatoLEN peXXUM HanpaBfieHHOro NpoCcTPaHCTBEHHOIO
MYMbTUMAEKCUPOBAHNS 1, MO MEHbLLEN Mepe, O4HY CKOPOCTb AMsi MCMONb30BaHUA ANs nepegayn
OaHHbIX, NPUYEM PEXUM HanpaBfieHHOro NPOCTPaAHCTBEHHOIO MyfbTUNNEKCUPOBaHUS BbiIGMpatoT
N3 MHOXECTBa PEXMMOB MPOCTPAHCTBEHHOIO MYIbTUMIEKCUPOBAHNSA, OOUH U3 KOTOPLIX SBMSETCA
PEXUMOM HanpaBfiEHHOro NPOCTPAHCTBEHHOIO MYIbTUMIIEKCUPOBAHNS, NOSAEPKMBAEMbIX
CUCTEMOM, NPY 3TOM KaXAYH U3 yKa3aHHOM, N0 MEeHbLUEN Mepe, OOHOW CKOPOCTH BbIOMpaloT 13
Habopa ckopocTen, NoaaepKMBaemMoro JaHHOW CUCTEMON;

CPEeACTBO MPOCTPaHCTBEHHOW 06paboTkK, NO MEeHbLUEN Mepe, OAHOro NOTOKA MNPUHATLIX
CUMBOJSIOB B COOTBETCTBUMN C PEXXUMOM HanpaBfiEHHOro NPOCTPaHCTBEHHOIO
MYNbTUMMEKCUPOBAHNS AN NONYYEHUs], MO MEHbLUEN Mepe, OOHOMo NOTOKA BOCCTAaHOBMEHHbIX
CUMBOJIOB AaHHbIX; U

CPeACTBO AeMOAYNMPOBAHUA U 4EKOOUPOBAHUS, NO MEHbLUEN Mepe, O4HOro NOTOKa
BOCCTaHOBSEHHbLIX CUMBOJSIOB JAHHbLIX B COOTBETCTBMM C YKa3aHHOW, MO MeHbLUEN Mepe, OOHOW
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CKOPOCTbI0 A5 MOMyYeHus, No MeHbLUEen Mepe, O4HOro NOTOKa AEKOAMPOBAHHbLIX AAHHbIX.

42. YCTpoKhCcTBO Mo N.41, B KOTOPOM OOWH U3 MHOXECTBA PEXMMOB NPOCTPAHCTBEHHOIO
MYNbTUMNNEKCUPOBAHNS NPeACTaBnseT cobon pPexxmMM HeHanpaBneHHOro NPOCTPaHCTBEHHOIO
MYNbTUMNEKCUPOBAHNS.

43. YcTtponcTBo no n.41, B KOTOPOM CPeACTBO NPOCTPAHCTBEHHOW 00paboTKN COAepPXKUT
CpeACTBO NPOCTPaHCTBEHHOW 06paboTkM, OCHOBAHHOE Ha cnocobe MHBEPCUMM KOPPENALNOHHOM
mMaTpuubl kaHana (CCMI), cnocobe MnHMManbHOW cpedHen kBagpaTuyHor ownbkm (MMSE) nnu
crnocobe nocnegoBartenbHOro yaaneHunsa nomex (SIC) ona nonyvyeHnst MHOXeCTBa MOTOKOB
BOCCTaHOBMEHHbIX CUMBOJIOB AaHHbIX.

44. YcTponcteo no n.41, B KOTOPOM CPeaCTBO AEMOAYNNMPOBAHNA U AEKOANPOBAHNSA COAEPKUT
cpeacTBo 06paboTku, N0 MEHbLLEN Mepe, OAHOro NPUHATOrO NOTOKa CMMBOJIOB C OLE€HKaMM
yCUINEeHUs KaHana ass nonyyYyeHns OAHOro NOToka BOCCTAHOBEHHbIX CUMBOSIOB AaHHbIX.
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Hauano
v 1212

Bri6upatot Habop, o MEHbITIEH Mepe, U3 OTHOTO

M0JI30BATENLCKOTO TepMUHANA JJIS TIepelaun

JAHHBIX 110 HUCXOALIEH TMHUN W/WITH
BOCXOJIAIICH THHUH

v 1214

Bri6upalor pesxuM mpocTpaHcTBEHHOTO
MYJIbTHILTCKCH POBaHHS /I Habopa
T0JIb30BATEHLCKAX TEPMUHAIIOB U3 MHOJKECTBA
PEKHUMOB MPOCTPAHCTBEHHOTO
MYJIbTUILIEKCUPOBAHU S, TIO/LJIEPIKUBAEMbIX
JAHHOU CUCTEMOM

v 1216

BriGupaloT MHOXKECTBO CKOPOCTEH IS
MHOXK€CTBA TIOTOKOB JIAHHBIX, IPeAHAa3HAUCHHBIX
JULS Iepelauy uepes MHOKECTBO
IIPOCTPaHCTBEHHBIX KaHAIIOB, 1711 Habopa
HOJIb30BATEILCKUX TEPMUHAIIOB

v 1218

IInanmpytoT nenonb3oBanne Habopa
HOJIb30BATENBCKUX TEPMUHATIOB IS TEPEain
JIAHHBIX ¢ BBIOPAHHBIMU CKOPOCTSIMH U
BBIOPAHHBIM PEKUMOM IPOCTPAHCTBEHHOTO
MyJIbTUIIIEKCHPOBAHU S

A 4
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Hauamo

1312

Koaupyrot u MOAYIHMPYIOT EPBOE MHOIKECTBO
MOTOKOB IAHHBIX B COOTBETCTBHH C MEPBBIM
HaGopOM CKOpOCTeH JIsI TIOMYUSHH S IEPBOTO
MHOXECTBA TIOTOKOB CUMBOJIOB JIAHHBIX

v 1314

BrInonHSoT npocTpaHcTREHHYIO 06paboTiy
[IEPBOIO MHOXKECTBA [TOTOKOB CUMBOJIOB JJAHHBIX
IIPY TIOMOIIM IIEPBOTO MHOKECTBA HAll PaBIIAOIIUX
BEKTOPOB (/151 OZHOIIOJIb30BATENILCKOrO
HaIpaBIeHHOTO peKUMa) A7 MOMTyYeHHs IEPBOTO
MHOKECTBa [IOTOKOB CHMBOJIOB IIEpeJayuy UL
[IEPBOrO MOJIb30BATEILCKOIO TEPMUHANA

v 1316

KoaupyroT u MogyIupyloT BTOPOe MHOXKECTBO
MOTOKOB JIaHHBIX B COOTBETCTBHU CO BTOPLIM
MHOKECTBOM CKOPOCTEH JIJIsl TIOJTyueH sl BTOPOTO
MHOX€CTBa IIOTOKOB CHMBOJIOB JAaHHBIX

v 1318

HpCZ[OCTaBIIH}OT BTOPOC MHOKECTBO TOTOKOB
CUMBOIJIOB JJAHHBIX B Ka4CCTBEC BTOPOI'O
MHOKECTBa MOTOKOB CUMBOJIOB I€peiaun (,IU'IS{
OJHOIIOJIb30BATCIILCKOT'O HEHAIIPABJICHHOI'O
pe)KI/IMa) JUI BTOPOI'O MOJIb30BaTCIILCKOTO
TepMHHAalIa

v 1320

KoaupyroT U MOLYIMpPYIOT TPEThe MHOXKECTBO
MOTOKOB IAHHBIX B COOTBETCTBHH C TPETHUM
MHOXKECTBOM CKOPOCTEH JIJIs ONTyYeH st
TPEThEro MHOYKECTBA TIOTOKOB CHMBOJIOB
JIAHHBIX

v 1322

Brinonusior npoctpancTBeHHYIO 00paboTKy
TPeTheTO MHOYKECTBA TIOTOKOB CHMBOJIOB JIAHHBIX
[IPH MTOMOIIM BTOPOrO MHOKECTBA HAIIPABIISIONIHX
BEKTOPOB (71711 MHOTOIIONIb30BaTEIbCKOTO
HaIpaBICHHOTO peXXUMa) AT ONYYEHHS TPETHETO
MHOXECTBa IIOTOKOB CHMBOJIOB TI€PeIauy AJIs
MHOYK€ECTBA I10JIb30BATEILCKUX TEPMUHAIIOB

v

Konen

®dur.13
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Hauasno

v 1412

BBINONHAIOT IPOCTPaHCTBEHHYIO 00paboTKY B
IIPUEMHHUKE JUIs IEPBOIO MHOJKECTBA [TOTOKOB
IPUHATBHIX CUMBOJIOB B COOTBETCTBHH C IIEPBBIM
PEIKUMOM TTPOCTPAHCTBEHHOTO
MYJIb THILICKCHPOBaHH s (HAIIpHMeED,
OJIHOTIOJNb30BATEILCKUM HATIPABIICHHBIM PEKUMOM)
JULSL TTOJTY4€HH S IEPBOIO MHOYKECTBA IOTOKOB
BOCCTAHOBJICHHBIX CHMBOJIOB JIAHHBIX

v 1414

JleMOyTHpYIOT ¥ IeKOAMPYIOT EPBOE MHOJKECTBO
MOTOKOR BOCCTAHORIIEHHBIX JIAHHBIX B
COOTBETCTBHH € NIEPBBIM MHOJKECTBOM CKOpPOCTEH
JUISL TIOTTY4€HUSI TIEPBOIO MHOXKECTBA TOTOKOB
JICKOINPOBAaHHBIX JAHHBIX

v 1416

BrimonssioT npocTpaHcTBeHHYIO 06paboTKy B
IPUEMHUKE JUIsl BTOPOrO MHOKECTBA TOTOKOB
IIPHHSTBHIX CHMBOJIOB B COOTBETCTBHH CO BTOPLIM
PEKUMOM TIPOCTPAHCTBEHHOTO

MYJIb TUIITIEKCHPOBAHUS (HaIpUMeD,
HEHATIPaBJICHHBIM PEXXUMOM) ISl TTOTYYESHH S
BTOPOT'O MHOJKECTBA TOTOKOB BOCCTAHOBIICHHBIX
CHMBOJIOB JJAHHBIX

v 1418

JleMOyTHPYIOT U IEKOAUPYIOT BTOPOE MHOXKECTBO
MTOTOKOB BOCCTAHOBIICHHBIX CHMBOJIOB JIAHHBIX B
COOTBETCTBHU CO BTOPHIM MHOXKECTBOM CKOPOCTEH
JUTS TIOTTy4€HHUS] BTOPOTO MHOKECTBA TOTOKOB
JICKOZM POBaHHBIX JIAHHBIX

v

Konerr
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