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Mpeancnoeue

1 PASPABOTAH ABTOHOMHOWM HEKOMMEPYECKOW opraHu3auuen «HaydHo-TexHu4Yecknin LeHTp UHdop-
maTukuy (AHO «HTLUW»)

2 BHECEH TexHn4yecknm KOMUTETOM Mo cTanaaptmM3auun TK 480 «Ceasb»

3 YTBEPXOEH M BBEAEH B OEWCTBWE [Mpukasom denepanbHOro areHTcTeBa Mo TEXHUYECKOMY
perynupoBaHuio n Mmetponorum ot 23 aerycta 2024 r. Ne 1108-cT

4 BBEJEH BINEPBbIE

MNpasuna npumeHeHUss Hacmosweao cmaHdapma ycmaHoeneHsl 8 cmamse 26 @edepanbHO20 3aKOHA
om 29 uwoHsa 2015 2. Ne 162-®3 «O cmaHdapmus3ayuu 8 Pocculickol ®edepayuu». MHpopmayus ob u3-
MeHeHUsX K HacmosuwieMy cmaHO0apmy rybriukyemcs e exes00HOM (10 COCMOSAHUK Ha 1 AHeaps meKyuieao
2o0a) uHghopmayuoHHOM yKazamene «HayuoHansHble cmaHOapmbiy, a oguyuanbHbil MeKkcm usmMeHeHul
U ronpasoK — 8 eXeMecAaYyHoM UHOPMayUOHHOM ykaszamerne «HayuoHanbHbie cmaHdapmel». B cryvae
nepecmompa (3aMeHbl) unu ommMeHbl Hacmosuje2o cmaH@apma coomeemcmeyrouwee ygedomneHue bydem
onybnukogaHo 8 6ruxalwemM 6bINyCKe eXeMecsyHO20 UHGOPMAaUUOHHO20 ykaszamens «HayuoHanbHble
cmaHOapmsl». Coomeememaeyiow,as UHGhopMayus, yeedoMIeHUe U MeKCmbl pasMewalomcs makxe 8 UH-
gopmayUuoHHOU cucmeme 06wea0 Noab3o8aHUss — Ha oghuyuansHoM calime PedepasibHO20 azeHmcmea fno
MexHUYecKoMy peaynuposaHuro U Memponoauu 8 cemu MHmepHem (www.rst.gov.ru)

© OdpopmneHue. ®IBY «UMHcTUTYT cTaHgapTuzayumny», 2024

HacToawwmin ctaHgapT He MOXeT ObITb MOMHOCTLIO MMM YACTUYHO BOCMNpPOU3BEOEH, TUPaXXMNPOBaAH U pac-
NMPpOCTpaHeH B Ka4vecTBe OCbMLI,I/‘IElJ'IbHOFO n3naHua bes pa3peleHunsa G)e,qepaanoro dreHTCcTBa no TeXxHNn4ecko-
MYy perynmpoBaHvMi 1 METPOJIOTUA
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HAUMWOHANBbHBIA CTAHOAPT POCCUUCKON OEOEPALUMN

TeneBugeHve BelwaTenbHoe g poBoe

CACTEMA LMW®POBOIo TENEBU3NOHHOIO BELWLAHUA
ONA NOPTATUBHbLIX YCTPOWUCTB MNOCNEQYIOLWENO NOKONEHUSA (DVB-NGH),
CNEUNPUKALNA PUINYHYECKOIO YPOBHA

M6pugHLIi npoduns MIMO

Digital video broadcasting. Digital television broadcasting system for next generation handheld (DVB-NGH),
physical layer specification. Hybrid MIMO profile

Oarta BeegeHna — 2025—03—01

1 ObnacTtb NnpumMeHeHunA

HacTosawmin cTaHaapT pacnpocTpaHseTca Ha cucTeMy UMdpoBOro TeneBuaMoHHoro BelwaHusa (DVB)
ONsA NopTaTMBHbLIX YCTPONCTB (TepMmuHanos) nocnegytowero nokonexHus (NGH) (ganee — DVB-NGH) u ycTa-
HaBnMBaeT Habop TpeboBaHWA, ONUCKLIBAKOLLMX BCHO YaCTb PU3MYECKOrO YPOBHSA OT BXOOHbIX MOTOKOB 40 Nepe-
JaBaeMoro B apup curHana, Kkorga nepegada AaHHbIX U MPpUeM JaHHbIX OCYLLeCTBMAAKTCA COBMECTHO MO Ha-
3eMHOMY W CMYTHWKOBOMY KaHanam c ucnonb3oBaHveM TexHornorun MIMO (ganee — rmbpugHbiin npodune
MIMO).

Cuctema DVB-NGH npegHa3HayeHa Ans 4OCTaBKM TPAHCMOPTHbLIX MOTOKOB UMW NOTOKOB AaHHbLIX 0bLe-
ro HasHa4eHWa Ha NUHENHbIE U HENTMHENHbIE MPUNOXEHWUSA, TaKMe KaK TenesnaeHve, paguo, CepBUCHI OaHHbIX.

TepmuHansl DVB-NGH Takke moryt obpabatbiBaTts curHans DVB-T2-lite.

HacTtoawmi ctangapT cnegyet NpUMeHsTb Npu paspaboTke, M3roToOBNEHWW U akcnnyatauun DVB-NGH,
a Takxe npu paszpaboTke, NPOEKTUPOBAHUM 1 3KCMMyaTaunm nporpaMmmHoro obecnedyenus ceteit DVB-NGH.

2 HopmaTuBHbIe CCbINKK

B HacToflwem cTaHgapTe UCnonb3oBaHa HOPMAaTUBHAsA CChINKa Ha crnefywmi cTaHgapT:
FOCT P 52210 TeneBugeHue BelwatenbHoe Lunudposoe. TepMUHBI U onpedeneHus

MpumeyaHue — [pu NONB30BAHUM HACTOALLMM CTAHAAPTOM Llenecoobpas3Ho NpoBepuTs AEWCTBUE CChiNoy-
HbIX CTAHAAPTOB B MH(OPMAaLWMOHHOW cucTeMe OBLLEro nonb30BaHus — Ha ohMLMansHOM cainTe PenepanbHOro areHT-
CTBa MO TEXHWUYECKOMY PerynupoBaHWio U METPONOrM B ceTh MIHTEpPHET UMW MO eXeroqHoMy MHHOpPMaLMOHHOMY yKa3a-
Tenwo «HaluWoHanbHble CTaHOapThI», KOTOPbIA ONyBNUMKOBaH MO COCTOAHWIO Ha 1 AiHBaps TeKYLLEero rofa, v no Bbinyckam
EXKEMECAYHOIO MH(OPMAaLMOHHOTIO yKkasaTens «HauuoHanbHble CTaHgapThi» 3a TekyLini rog. Ecnn 3ameHeH CCbinouvHbIN
CTaHOapT, Ha KOTOPbIA AaHa HeaaTMPOBaHHAsA CChINKa, TO PEKOMEHAYETCH UCMOMb30BATH AENCTRYIOLLYI0 BEPCUIO 3TOTO
CTaHaapTa C YYEeTOM BCEX BHECEHHbIX B A@HHYI0 BEPCUI0 M3MEHEHW. Ecnu 3aMeHeH CCbiNouHbIi CTAHOApT, Ha KOTOPLIN
[aHa JaTWpOBaHHas CCbINMKa, TO PEKOMEHOYETCS UCMONb30BaTh BEPCUIO 3TOM0 CTaHAAPTa C yKa3aHHbIM BbILLE FOO0M YT-
BepkaeHust (NpuHATUA). Ecnn nocne yTBEPXKOEHWS HACTOsILIEero cTaHAapTa B CCbIMOYHbIA CTAHAAPT, HA KOTOPLIA AaHa
LaTUpOBaHHAA CCbiNKa, BHECEHO W3MEHEHWe, 3aTparuBatoLLee NonoXeHUe, Ha KOTOPOE AaHa CCbINKa, TO 3TO NOMOXEHWE
peKkoMeHAyeTCA NPUMEHATL BE3 yueTa AaHHOMo U3MEeHeHWs. Ecni cobinoyHbIf cTaHaapT oTMeHeH 6e3 3ameHbl, To nono-
KEHWE, B KOTOPOM [aHa CChIMNKa Ha HEro, PEKOMEHAYETCH NPUMEHSATE B YACTU, HE 3aTParMBaloLLEel 3Ty CCbIMNKY.

MapaHune ochbuumnansHoe
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3 TepMuHbI, onpeaeneHns, COKpaLleHMa u o6o03HavYeHunn

3.1 TepMuHBLI 1 onpegeneHus

B HacToswem cTaHgapTte npuMeHeHsl TepmuHbl o FOCT P 52210, a Takke cnegyowne TepMUHbI C CO-
OTBETCTBYOLUUMU OnpegeneHnsamu:
3.11

6azoBbI npodinnb (basic profile): Habop TpeboeaHuit k cucteme DVB-NGH, onuckiBawLLmnx BCH
YacTb PU3NHECKOrO YPOBHSA OT BXOAHbIX MOTOKOB [0 NepenaBaemMoro B ahup CUrHana, 3a WCKIHeHnem
TpeboBaHun, cneyndundHbix ana npoduna MIMO, rubpuaHoro npodunsa u rmbpuaHoro npodouna MIMO.,
[FTOCT P 71241—2024, nyHkT 3.1.1]

3.1.2

rmbpugHein npodmns (hybrid profile): Habop TpeboraHuin k cucteme DVB-NGH, onucbiBatoLmx Bco
YacTb (hM3NHECKOro YpOBHSA OT BXOAHbLIX MOTOKOB [0 nepegaBaeMoro B adhup curHana, korga nepegada v
NMPWeM AaHHbIX OCYLLEeCTBSATCA COBMECTHO MO HA3€MHOMY W CMYTHUKOBOMY KaHarnam.

Mpnmevyanne — [Jonyckaerca npumeHeHne TexHonornn MISO npu mogynauum OFDM.

[TOCT P 71241—2024, nyHkT 3.1.2]

3.1.3

rmSpugHbin npoduns MIMO (hybrid profile MIMO): Habop TpeboeaHuii k cucteme DVB-NGH, onu-
ChiBalOLWMX BCIO YacTb (PM3NYECKOro YPOBHS OT BXOAHLIX MOTOKOB [0 NepefaBaemMoro B 3¢up curHana,
Korga nepefada U npyveM AaHHbIX OCYLLECTBMASKTCSA COBMECTHO MO HAa3eMHOMY W CMYTHWKOBOMY KaHanam c
ucnonb3oBaHuem metoga MIMO.

[TOCT P 71241—2024, nyHkT 3.1.3]

3.1.4

KaHan cpuamnveckoro ypoBHA; PLP (physical layer pipe; PLP): KaHan ¢ ycTaHOBNEHHbIMU HEU3MEH-
HbIMY MapamMmeTpaMu nepefayun (BKMYas BUA MOOyNAUMK, KOLOBYH CKOPOCTb, MMyBuHY nepemexeHus Bo
BpeMeHu), nepefaBaeMblil B 3aaHHbIX NOACErMEeHTax C UCMoMb30BaHWeM MYyNbTUNNEeKCUPOBaHNsS C Bpe-
MEHHbIM pasgeneHuem.

MpnmedvyaHune — PLP MOXeT nepeHoCUTb OAHY UMMM HECKOMBKO CNyKO.

[FTOCT P 71241—2024, nyHkT 3.1.4]

3.1.5

npodcpune MIMO (profile MIMO): HabGop TpebosaHui k cucteme DVB-NGH, onvcbiBaloLLMX BCHO YaCTb
h131YeCcKoro ypoBHA OT BXOOHbIX MOTOKOB 40 NepefaBaemMoro B 3up curHana, korga nepefada gaHHbIX U
npveM OaHHbIX OCYLLECTBNSATCA CUCTEMAMMW U3 HECKOINBKNX HA3eMHbIX aHTEeHH.

[FTOCT P 71241—2024, nyHkT 3.1.5]

3.1.6

curHanusauusa L1-PRE (signaling L1-PRE): CurHanusauws, nepegasaemasi cumeonamu P2, umeto-
WKMW (PUKCUPOBAHHLIN pasMep, KOgUMpoBaHWE M MOAYNAUMIO, BKIYaoLWas OCHOBHYK WMHpOpMauuto o
cucteme NGH 1 uHcopmaumo, HeobxogvMmMyto ANA AeKoaupoBaHua curdanmaauvm L1-POST.

[FTOCT P 71241—2024, nyHkT 3.1.6]

3:1.7

curHanusauusa L1-POST (signaling L1-POST): CurHanvsauus, nepefaBaemasi B Ha4ane norm4ecko-
ro Kagpa v npegoctaenswoLLas nogpobHyw nHpopmaumio ypoeHa L1 o cucteme NGH un PLP, cocToswas ns
KOHUryprpyeMmon n AuHaMm4ecKon 4acteu.

[FTOCT P 71241—2024, nyHkT 3.1.7]
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3.1.8

cumBon aP1 (symbol additional P1; aP1): JononHuteneHblid cumeon P1, Hecywwuii curHanbHbie nons
S3 n S4 1 pacnonoxeHHbIW cpasy nocne cumeona P1.
[FTOCT P 71241—2024, nyHkT 3.1.8]

3:1.8

cumBon P1 (symbol P1): CvmBon nunoT-curHana nocTOAHHOW ANUHLI, MEPEHOCALLMIA MHOPpMAaLMI0
curHanusauum B nonax S1 v S2 n Haxogawmiica B Hadane kaxaoro NGH-kagpa, nepegaBaemoro no paguo-
YaCTOTHOMY KaHany.

MpumeuvaHne — OcHOBHOE HasHadyeHwe cuveona P1 — 310 BbicTpoe nepBoHaqanbHoe CKaHMpPOBaHWe Mo-
nocel paguokaHana ang obHapykenus curiana NGH, ycraHoBneHms BpeMeHHON CUHXPOHM3aLMIK, ONpeaerneHnsa cMme-
LLUEHUA 4acToThl M pasmepa GeicTporo NpeobpasoBaHus Pypbe.

[TOCT P 71241—2024, nyHkT 3.1.9]

3.1.10

cumBon P2 (symbol P2): CumMmBon nunoT-curHana, pacrnonoXeHHbIn cpaly nocne cumeona P1 unn
aP1 (ecnn oH NpuUCyTCTBYET), C TEM Xe pa3mepom GbicTporo npecbpasosanns dypbe U 3aLUTHEIM MHTEp-
Banom, KakK y CUMBOMOB AaHHEIX.

Mpumeuvyanune — Yucno cumsonos P2 3aBucuT oT pasmepa beicTporo npeobpasoaHusa Pypoe. CumBonsl
P2 ncnone3ytoT Ans TO4HOW BPEMEHHOW 1M YaCTOTHOW CMHXPOHM3aLUWUW, a Takke AN NepBoHavyanbHOW OUeHKW kaHana.
Cumeonel P2 HecyT nHgopmaumio curHanmaaumm L1 n L2, a Takke MOryT NepeHoCUTb AaHHbIe.

[FTOCT P 71241—2024, nyHkT 3.1.10]

3.1.11

cy6-6nok (sub-slice): pynna s4eek na ogHoro PLP, koTopkle nepeq 4acTOTHBIM NepemMeXeHueM pas-
MewatTca Ha OFDM-auelikax aaHHbIX ¢ NocnenoBaTenbHeBIMA aapecaMy Ha 0QHOM paguoKaHane.
[FOCT P 71241—2024, nyHkT 3.1.11]

3.2 CokpaweHusa n o603HaYeHUA

B HacToflweMm cTaHgapTe NpUMEHeHB! criefyoline cokpalleHusa 1 oboaHaveHus:

BlMN® — beicTpoe npeocbpasoBaHue Pypbe;

Bl — BepTukanbHas nonspuaayns;

[T — ropuaoHTanbHasa nonspuaaLus;

JIKIN — neBas kpyroBas nonsapusauuns;

MYC — MHOoro4yacToTHas ceTb;

OYC — ogHo4vacToTHas CeTb;

MKMN — npaeags kpyroeasa nonsipusauus;

MM — npocTpaHCTBEHHOE MYNLTUMMEKCUPOBaHUWE;

pOYC — paclimMpeHHas 0gHO4acTOTHAs CeTb;

plMM — paclwmpeHHoe NPOCTPaHCTBEHHOE MYNLTUNMEKCUPOBAHUE;

ClN® — ckaykoobpasHasa nepecTporka dasbl;

BICM — kogupoBaHue ¢ nepemexeHuemM 6utoe n mogynauus (bit interleaved coding and modulation);

DVB — uundporoe TenerunsnoHHoe BellaHue (digital video broadcasting);

ESC — obwuin kog Bbixoda (general escape code);

FEC — npsimoe ynpexgatLiee ucnpaenenue ownbok (forward error correction);

GSE — MHKancynMpoBaHHbIA NOTOK 00Llero HasHavyeHusl (0BLWKMiA MHKaNCcyIMpoBaHHbIA NOTOK) (generic
stream encapsulation);

IU — 6nok nepemesxeHus (interleaving unit);

I/Q — cvHdazHbIN M KBaApaTypHbIA KOMMNOHEHTEI curHana (imaginary/quadrature);

L1 — nepBblii (husnyeckunin) ypoBeHsb (layer 1);

MIMO — «MHOXECTBEHHbIN BXO[, MHOXECTBEHHbIA BbIXOA» — METO[ NMPOCTPaHCTBEHHO-BPEMEHHOO
KOOVPOBaHUS! C MHOXECTBOM aHTEHH Ha nepefadqy M MHOXeCTBOM aHTeHH Ha npuem (multiple input, multiple
output);
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MISO — «MHOKECTBEHHbIA BXOA, OOWHOYHbINA BbIXO4» — METOA NPOCTPaHCTBEHHO-BPEMEHHOIo KoaMpo-
BaHWs C MHOXXECTBOM aHTEHH Ha nepefady M 04HOW aHTeHHOW Ha npuem (multiple input, single output);

MIXO — MISO nnu MIMO;

MU-6nok — Bnok namsiTv (memory unit);

NGH — nopTtatuBHOe yCcTpoWCTBO NocneaytoLero nokoneHnsa (next generation handheld);

NUM_ADD_IUS_PER_LATE FRAME — u4ucno gononHutensHbix |U Ha nornyeckuii kagp B nosgHen
4YacTW Kagpa BPeMEeHHOro NepeMexeHus;

OFDM — mHoro4actoTHasi cxemMa MoAynsiLuMK C OPTOrOHanbHbIM YacTOTHbIM pacrnpefeneHueM Hecy-
LKMX B nonoce kaHana BellaHus (orthogonal frequency-division multiplexing);

PLP — kaHan cusumyeckoro ypoBHs (physical layer pipe);

PP1...PP9 — wabnoHbl NUNoT-CUrHanos;

RBM — mopens bycepa npuemHuka (receiver buffer model);

SC-OFDM — opHO4acTOTHOE MYNbTUNNEKCMPOBAHWE C OPTOTrOHANbHbLIM YacTOTHBIM pasfeneHvem Ka-
Hanos (single carrier orthogonal frequency-division multiplexing);

SISO — «0AWHOYHEIM BXO4, OAMHOYHLIA BLIXOA» — CUCTEMAa C OAHOW nepegatoLlei 1 ogHOW NPpUeMHONR
aHTeHHon (single input, single output);

TS — TpaHcnopTHLIN NoToK (tfransport stream);

QAM — kBagpaTypHaa amnnuTyaHas moaynsauvs (quadrature amplitude modulation);

QPSK — kBagpatypHas oTHocuTenbHasa daszoean moaynauma (quadrature phase shift keying);

VMIMO — BuptyansHoe MIMO (virtual MIMO);

fo f5j+4 — Napa aveek, nepenasaemMas napow nepenatyunkos Tx1 u Tx2 cOOTBETCTBEHHO B OLHOM CUM-
Borne OFDM unn SC-OFDM, roe i — vHAEKC napsbl;

Nppey — YNCIIO UCMOMb3YEMbIX BbuToB Ha KaHan (number of bits per channel use);

N gis — UMCIO A4eek aaHHbIX B 6noke FEC (number of data cells per FEC block);

Ntdpc_ yucno 6utos B LDPC-kogupoeaHHoM Bnoke (number of bits of LDPC-coded block);

Nyyuys — 4meno MU-6nokos (number of memory units);

Nyus,pLp— Hvcno MU-6nokos ans otaensHoro PLP (number of memory units for one PLP);

NMUs,PLP,1 frame — Uncno MU-6nokos ana otgensHoro PLP B npegenax ogHoro NHG-kagpa (number of
memory units for one PLP, 1 frame);

P,— OnvHa BpeMEeHHOTo nepemMexuTens,

P|ate — ANWHA NO3AHEN YacTU MepeMexeHns No BPEMEHU, BLIPAXEHHAsA B KONMYECTBE YWCIe noruye-
CKWUX KafpOB Ha AJIMHY MOMTHOMO BPEMEHHOTO nepemMexutens P, (4onycTMMbIN OvanasoH sHadenuin ot 0 fo 7);

TxN — npeHtudpmkaTop nepenaryuka Homep N, pabotawwero no metogy MIXO.

4 OnpepeneHue u apxutektypa cuctembl DVB-NGH rubpugHoro npodunsa
MIMO

4.1 ObwKre nonoxeHUs

MMbpuaHbld npochuns MIMO npenctaenaeT cobol AONONMHUTENbHLIA Npodunb, obecnedynBaroLMi
ynpoLeHHoe ucnonb3oeadme MIMO Ha HazeMHbIX WKWK CNYTHUKOBBLIX KOMMOHEHTax B rMGpuMaHOM cLeHapum
nepenayu.

B rubpugHom npocgune MIMO meToa CHWBKEHMSA NMUK-aKTOpa NyTeEM aKTUBHOIO pPaclUMPEHUS CUTHAaTb-
HOro COo3Be34MsA He JOMYCKAEeTCs NPUMEHATL K Kagpam ¢ popmaTtom npeambynesl «NGH-MIMO».

B rubpuaHom npodune MIMO gocTynHbel ABa pexxuma, ONUCcaHHbIe B CNeaytoLwwmux NyHKTax.

4.2 OYC rmbpuagHoro npodguna MIMO

O4C rubpugHoro npoduna MIMO npepctaensieTr cobol BapuaHT, Korga CnyTHUKOBas U HAa3eMHas 4va-
CTW Mepegaqyn MCMNonb3yT OOHY M TY e HEeCcyllylo 4acToTy U M3Ny4yatT CUHXPOHWU3VMPOBAHHLIE CUTHAM,
npegHasHadYeHHble Ana cozaanusa achdektueHon OYC. B OYC SISO, oxBaTbiBaemMoi rudbpuaHbIM npochunem,
CUrHanbl HOMWHANLHO MAEHTWMYHBI (32 UCKITKOYEHWEM BO3MOXHOMO npumeHeHna pO4YC). B OYC rubpugHoro
npocouna MIMO npegBapuTtensHoe kogupoBaHve MIMO MoxeT ocylecTBNATLCA B COYETaHUKM ¢ NpeaBapu-
TensHoW obpaboTkon pOYC. Pexumom OYC rubpuagHoro npocuna MIMO onpeneneHsl cnyyau, korga npeg-
BapuTensHoe koguporaHue MIXO npumeHaeTca BHYTPU UMW MEXAY CNYTHUKOBLIM U HA3EMHbLIM KOMMNOHEHTa-
MW nepegadn. MNMpu cmewaHHon nepegadve SISO/MIXO npegeaputensHoe kogupoeaHue MIXO npumeHseTcs
TonbKO Npu nepenade kaapos MIXO; npu nepegade rubpugHbix kagpos SISO moxeT npumeHaTbes pOYC.
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4.3 MYC ru6pugHoro npoduna MIMO

MYC rubpugHoro npodguna MIMO npencraensaeTt coboli BapuaHT, korga CnyTHUKOBAs 1 HA3eMHasA 4acTu
nepefayn MCNomnb3yT pasHble HEeCyLlWe 4acToTbl M He 0BA3aTenbHO COBMECTHO MCMOMb3YHT Kaky-nubo
OOLLYH CMHXPOHM3aUMIO KagpoB UMM CMMBOJIOB Ha (oM3MYECKOM YPOBHE; NMPU 3TOM OHU MOTYT MMETb 00K
KOHTEHT OaHHbIX NonesHown Harpy3ku. o KpanHen mMepe ogWH W3 KOMMOHEHTOB fnepefadu, HaseMHbIn unu
CMYTHWKOBbIW, JOMKeH ObITb CKOH(MIYpMpOoBaH 415 MCMOMb30BaHMsA HECKOMbKNX aHTEHH. B npoTvBHOM chy-
yae chbopma nepefadun oTHocKTCes K rnbpugHomy npodunio, a He rmbpugHomy npoduno MIMO, TpeboeaHus K
KOTOPOMY YCT@HOBINEHbI B HACTOSALLEM CTaHaapTe.

Ha pucyHke 1 npegcraBneHa CTPYKTypHasi cxema usndeckoro ypoBHsi rubpugHoro npocgpuna MIMO
NGH. Bnoku, nmetrwmne yHKUMOHaNbHbIe OTNKYKA OT 6a30BOro Npodouns, NoKasaHbl cepbiM LBeToM. [daH-
Has CTPYKTypHas cxema aensetca obwen gna OYC u MYC rubpmagHoro npodgpuna MIMO. OguH us kaHarnos,
Ha3eMHbIA UMW CMYTHUKOBbLIW, UCNONb3yeT ABe Nnepefatole aHTEeHHbI.

HazemHblIli kaHan

CwvrHan
Bxoael TS B achupe
unu GSE KoHcTpykTOp
—™| BxogHas BICM kaapa FeHepauus
obpabortka (SISO, MISO, OFbM |
MIMO)
Bxogbl TS
wnu GSE
CnyTHUKOBBIA KaHan CurHan
B athupe
KoncTpykrop
Bxognas BICM kagpa leHepauus
obpaborka (SISO, MISO, OFDM |
Bxogsl TS MIMO) (SC-OFDM)
uwnu GSE

PucyHok 1 — CTpykTypHas cxema dmsnyeckoro ypoBHs rubpugHoro npoduns MIMO NGH

4.4 lepemexeHne BO BpeMeHHU

Ona cxem rmbpugHoro npodmnna MIMO ¢ yaBoeHHOW cKopocTbio nepedayun obe eetsn MIMO, T. e. cur-
Hanbl, opMUMpyeMble ONA ABYX NepefakwLLMX aHTeHH, OOMKHbI UCNONb30BaTh OAHY U TY e KoHUrypaumo
BpeMeHHoro nepemexntens. Tpebyemble 0bbeMbl namaTn obpaTHOrO BpEMEHHOIo NepeMeXMTens NMUS,PJ{_,D
M Npus pLP1 frame Ha BETBE MIMO paccunTbiBaloT Tak xe, kak ans cxembl SISO rmbpuaHoro npodmns, koraa
oguH MU-bnok cooTBeTcTBYeT ogHou Adverke. OOwuin Tpebyembln 06bem NamsaATM 0O6paTHOrO NepemMeXeHns
ons obeux seteert MIMO gomkeH ObiTh B ABa pasa Oonblie 3Toro odbema. OrpaHudeHne namaTv gns rm-
6puaHoro npodmnga MIMO cocTtaBnsieT Z2Npyys pLp = 221y Z2Npus, PLPA frame = 218 rne cymmy nonyyarot no
Bcem PLP B Tekywiem knactepe PLP, a koachduumeHT 2 BReAEeH NOTOMY, 4TO paaMmep Ansa obeunx setsen MIMO
BOBOe bonblue, 4em pasmep ogHon et MIMO.

Ecnuv nepegatotca gBa curHana, Kotopble OOMKHbBI ObiTe rMOpuaHO 06bednHEHEl B MPUEMHUKE, TO CYM-
ma TpebyemMbix pasmMepoB NaMaTu o6paTHbIX BpeMeHHbIX nepeMexuTenen (B eguHuuax MU-6nokos) gns obo-
MX CMIHamoB He JOMKHa NpeBbIaTh BbilleyKasaHHbIX Npeaernos.

RBM, wncnonb3yemasa ansa rubpugHoro npoduna MIMO, gormxkHa cootBetcTBoBate RBM rubpugHoro
npocuns.

5 OpHovacToTHasa ceTb rm6puaHoro npocuns MIMO

5.1 CoBMecTMMOCTb CUCTeMbI Npuemal/nepegaum

YTobbl Mcnonb3oBate OYC rmbpuagHoro npoduns MIMO, nepegatowee obopygoBaHWe OOMMKHO BKIHO-
YaTb Ha3eMHbIe U CMYTHUKOBbIE NepeaTyvKi C COOTBETCTBYIOLUMMM aHTeHHaMKM Ans nepegayu curhana OFDM
B Ha3eMHbIA W CMYTHUKOBBIA KaHanbl. [IPUMEHSIIOT BapuaHTbl C OQHOW UMK ABYMS (KPOCCMONAPU3aLMOHHBIMMK
C NIMHEVNHON Nonsipu3auuneit) Ha3eMHbIMW aHTEHHaMK B KOMBMHAaLWK ¢ OAHON unu AByMSA (kpoccnonsapusaum-
OHHBLIMUW C KPYroBOW Nonsipu3aumnein) cnyTHUKOBbIMU aHTeHHamu. Mpu nepegadve MIMO c yaBoeHHOW cko-
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pocTbio (Hanpumep, npu pl1M) co cnyTHWKa KM Ha3emHoro obopyaoBaHUA NpMEeMHWK JormkeH bbiTh obopyno-
BaH JBYMS aHTEHHaMW C ABOWHOW nonsipusaumen (MMHernHoN unu Kpyroson). [Ina nepegaym co ctaHoapTHON
CKOpOCTbH (Hanpumep, Npu KoaupoBaHuK AnamoyTtu unu pOYC) gocTaTouHO MCNOMNbL30BaTh OAHY NMPUEMHYH
aHTeHHy. [1na 3TUX Uenei Takwke AOMycKaeTcs NPUMEHSTbL KPOCCMNONAPU3ALUOHHYH NPUEMHYH aHTEHHY.

Ons Bcex OYC cnyTHMKOBad nepefaya BbIMMAOAUT «NPO3padvyHon» AN NpUeMHMKA, KOTOPbIA BOCTIPUHK-
MaeT 3KBMBarieHTHYH nepeaady Ha3eMHOro curHana no paclMpeHHOMy KaHany, YacTu4Ho obecnevnsaemMomy
cnyTHUKoBOW nepegadein. LabnoHel nunoTt-curHanos gna SISO/MIXO npumMeHUMbl Kak NPy Ha3eMHON, Tak 1
npW CNyTHMKOBOKM nepegadax (cMm. npunoxeHue A).

SC-OFDM He npumenstoT ana OYC rubpuaHoro npocdunsg MIMO.

5.2 Pabouue pexumbl OYC

KombuHaumn pabounx pexunmor OYC ana ctTaHgapTHOW M YABOEHHOW CKOPOCTEN nepefayu npueeneHsbl
B Tabnunuax 1 n 2 cooTBETCTBEHHO.

MpumevaHna

1 Ecnu mogynauwa npeactaeneHa kak A+b, To «A» oTHocuTes K HaseMHow JacTtu, «b» — K cnyTHUKOBOW YacTu.
2 Pexum pOYC MOXeT ONuMOHAanNeHO MPUMEHSTLCA K MHOBOMY KOMMOHEHTY nepedayun, B KOTOPOM OH elle He
NpUCYTCTBYET.

3 MpeHnTudomkatop nepegartymka Tx, yKkasaHHbI B Tabnuue 1, OOmMKeH NPUMEHATLCA B COOTBETCTBUM C Ba30BbLIM
npodunem.

Tatnuua 1— CxeMbl CO CTaHOAPTHOW ckopocThio nepegayn OYC rubpugHoro npodpmna MIMO

HazemHas nepepava CnyTHuKOBasi nepegaya Cxema(bl) MIXO

OpgwuHouHana nonapusaums | OguHodHas  nonapusaums | pOYC: Ha3eMHbIA U CNYTHUKOBBIA KOMMOHEHTHI C ABYMS
(BM wvnn ITT) (MKTT nnm NKIT) pasnuyHbIMK naeHTUMKaTopaMmu Tx (B kagpax SISO)

Kog AnamoyTu (B kagpax MIXQO)

[eoiHaa  nonapusaumsa | OguHodHas  nonapusaunsa | pOYC: aea HazeMHbIX KOMMOHEHTa U OOWH CMNYTHUKOBLIN
(BM vnu 1) (MK vnm NKM) C TPEMS pasnuyHbIMU MaeHTUgUkaTopammn Tx (B Kagpax
SISO)

Kog AnamoyTtn + QAM (B kappax MIXO)

OauHouHana nonapusaums | [OBonHas nonsgpusaunsa | pOYC: oguH Ha3eMHbI U OBa CNYTHUKOBLIX KOMMNOHeHTa
(BMunu M) (MK v 1K) C TPEMS pasnuyHbIMU MaeHTUdUKkaTopamn Tx (B Kagpax
SISO)

Kog AnamoyTtn + QAM (B kappax MIXO)

[eorHas  nonspusauusa | JeorHas nonspusauunsa | pOYC: oBa HazeMHbIX W ABa CMYTHUKOBbLIX KOMMOHEHTa C

(BM wnu M) (MK vm NKM) YeTbIpbMS pPasnuyHbiMK UaeHTUdUKaTopamu Tx (B kKagpax
SISO)

[eoiiHas  nonspusauusa | [JeorHas nonsapusaumsa | Kog Anamoytu + Kog AnamoyTtu (B kagpax MIXO)

(BM wnu M) (MK v NK)

Tabnuua 2-— Cxembl c yaBoeHHOW ckopocTbio nepeaadn OYC rubpugHoro npocgunsa MIMO

HazemHasn nepegada CnyTHUKOBaa nepegada Cxema(-b1) MIXO

[eoiiHan nonapuzaums (BN unu | OeoiHas nonapusauna (MKM unm | plM + CMN$ HazemMHoro KoMnoHeHTa
[TT) TIKIT) + plfM + Cl® + pOYC cnyTHUKOBOrO KOMMO-
HeHTa (B Kagpax MIMQ)

5.3 BapuaHTbl COOTHOLWEHUA MOLLHOCTEN

Mpu gucbanaHce MOLHOCTER HA3eMHBIX KOMMOHEHTOB CMYTHUKOBLIE KOMMOHEHTLI MOAAEepKUBAET (Uk-
cupoBaHHbli gucbanaxc 0 4B, HO NPUHUMALT TE XKe 3HaYeHUs NapamMeTpoB O v a, YTO U y HA3EMHOW Nepeaayn
Ansa BeibpaHHoro aucbanaHca. B tabnuue 3 npueseaeH HaGop napameTpor pl1M cnyTHMKOBOTO KOMMOHEHTA B
O4C.
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Tabnuua 3 — lNMapametpbl p[IM cnyTHUKOBOrO KoMnoHeHTa B O4C

COOTHOLLEHWE MOLLHOCTEN MeXay

ABYMS HaseMHbIMW NepeaarLLmmm 0 ab 3 nb 6ab
aHTeHHamu
Nbpcu Mogynauua B ] o B 0 o B 0 o
fzi( Tx1) QPSK
6 0,50 45° 0,44 0,50 0° 0,50 0,50 0° 0,50

frisq(Tx2) | 16-QAM

£,(Tx1) | 16-QAM
2

8 - 0,50 amtg[‘/i”] 050 | 050 | 25° | 050 | 050 | 0 | 050

fynq(Tx2) | 16-QAM V2 +2

f,(Tx1) | 16-QAM
10 0,50 23° 050 | 050 | 15° | 050 | 050 | 0° | 0,50
feq(Tx2) | 64-QAM

6 MHoro4yacTtoTHas ceTb rubpugHoro npocdpuna MIMO

6.1 CoBMecTUMOCTL cUCTEMbI Npuema/nepenayu

YTtobel ncnonszoeate MYC rubpuagHoro npocgpuna MIMO, nepenatoliee obopyaoBaHME OOMKHO BKIHO-
YaTb Ha3eMHble U CMYTHUKOBLIE NepefaTyuku ¢ COOTBETCTBYHLLMMKW aHTeHHaMU, nepeatwnMm HaseMHbIN
curHan OFDM un cnyTtHukoBbid curHan OFDM wvnu SC-OFDM. MNpyuMeHsAT BapyMaHTbl C OQHOW MMM ABYMS
(kpoccnonsApM3aLMOHHLIMK C NIMHENHON NonApu3aLnen) HaseMHbIMW aHTEeHHaMW B KOMBUHaUWMKM C OOHOW Unn
OBYMSA (Kpoccrnonsapu3aunoHHbIMKW C KPYroBOW Monsipu3auven) CnyTHUKOBbIMW aHTeHHamu. [pu nepepave
MIMO ¢ yoBoeHHoW ckopocTelo (Hanpumep, npu plM) co cnyTHMKa u/unu HazemHoro obopynoBaHUs npu-
€MHWK JOImKeH ObiTh 0bopyaoBaH ABYMS aHTEHHaMKM C ABOWMHOW nonspuaaumnei (MMHeNHON N KpyroBow) ¢
COOTBETCTBYKOLLEA(MMM) Nnonocoi(amun) yactoT. [Ana nepegaymn co cTaHOApTHOW CKOPOCThID (Hanpumep, npu
koguposaHum Anamoytu unu pOYC) oocTaToO4HO MCNOMNBb30BaTh OAHY MPUEMHYH aHTEHHY OISl COOTBETCTBY-
ljoWwen cnyTHUKOBOW UMW HAa3eMHOW NONockl YacToT. [na aTux uenen Takke AonycKaeTca NpUMeHsATh Kpoccno-
NAPU3ALNOHHYIO MPUEMHYI0 aHTEHHY.

6.2 Paboumne pexkmmbl MYUC

Toboin HazemHbIR pexum SISO unu MIMO (13 6azororo npocunsa unu npocduna MIMO cooTBeTcTREH-
HO) AoMyCKaeTcs UCMoNb30BaTh B COMETaHWUM C NTKDbLIM CMYTHUKOBBIM pexmnMom SISO (13 rmbpugHoro npodu-
ns) unn pexumamun MIMO, onpegeneHHeiMy B Tabnuuax 1 M 2, ¢ yyeTtom Toro, 4To pexumbl MIMO ¢ yoBoeH-
HOI CKOPOCTbIO Nepefayu MoryT ucnonb3osath napy mogynauui QPSK (2 - QPSK), npu aToM He gonyckaeTcs
noboe ucnonb3oBaHue mogynauum 64-QAM.

Pesynbtupytowme napametpsl plIM ang cnyTHUMKOBOro KoMnoHeHTa ¢ mogynsauven OFDM npuBeneHsi
B Tabnuue 4.

Tabnuya 4 — Napametpbl pl1M cnyTHMKOBOro KoMnoHeHTa ¢ Mogynauvein OFDM B MYC

Nbpcu Mopynsauus B 4] o
£,{Tx1) QPSK
4 ’ 0,50 arctg(v2 +1) 0,50
fyreq(TX2) QPSK
£,{Tx1) QPSK
6 0,50 45° 0,44
I ) 16-QAM
£, Tx1) 16-QAM
8 ' 0,50 rctg{ﬁ“] 0,50
fyreq(TX2) 16-QAM 2+2

MpumeyaHunn

1 Tlpwn npyumeHeHWW ONs CNyTHWKOBOro KomnoHeHTa mogynsuum SC-OFDM c yaBoeHHOW cKOpOCThi0 nmepenadu
emecTto pl1M mncnoneaytoTt npoctoe NM cornacHo npodunio MIMO.

2 Bce napameTtpbl npusBeneHsl Ans auvcbanaHca MmowHocTen 0 ob mexay nepepalowMMy CiyTHUKOBLIMU
aHTeHHaMK.
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Onsa Toro, 4tobbl Npodune 6bin KBanuuunposaH Kak rmbpuaHsin MIMO, no kpalnHein Mepe OaMH KOM-
NOHEHT OOMKeH nepegaeaTbesa B pexknme MIXO, nHayve npodune anaetcsa rubpugHbIM.

6.3 KogupoBaHue nNpocTpaHCTBEHHOro MyNbLTUNNEKCUMPOBAHUA cnNyTHUKOBoro curHana MIMO
¢ mogynsaunein SC-OFDM npu yABOEHHOW CKOPOCTU Nepegayn

KooupoBaHue NMpOCTPaHCTBEHHOTO MYNbLTUMNNEKCMPOBaHWS CNYTHUKOBOMO curHana ¢ mogynsuven SC-
OFDM aHanorn4Ho HazemHon cxeme MIMO ¢ yaBOEHHO CKOPOCTLIO Nepefayn 3a UCKMIOYEeHNeM TOro, HYTO HU
npekoguposanue MIMO (pl1M), Hn CIN® He NpUMEHSIOT.

[Ons HazemHoro curHana obpabotky MIMO He npuMeHsOT K cuMBonaM npeambynel P1, aP1 un P2,

O6pabotka MIMO pgomkHa npumeHsaTbCA Ha yposHe PLP, koTopasi coctouT B nepefadye nap sueexk (fy;,
f2,-+1) B OHOM 1 TOM Xe cumBone SC-OFDM, Ha ogHo Hecyllei ¢ AByx nepenatyukoB Tx1 n Tx2 cooTeeT-
CTBEHHO W NMpefcTaBneHa BbipaXeHWem

G2i11) \Faint
rae i — WHAeKc napsbl A4eek B brnoke FEC,;
Noys  — 4mcno sueek B 6roke FEC;

(95)» 95j+1) — Napbl 3aKOAWPOBAHHbIX AYEEK.

LWabnoHkl nunoT-curHana ans AByx nepefarwLLnx aHTeHH Nony4arwT u3 ogHoro 3 curhanoes SC-OFDM
SISO:

- Tx1 nepegaeT TOT e WabnoH NMNoT-curHana, 4to u curdan SC-OFDM SISO rubpugHoro npoduns;

- Tx2 nepepnaet TOT Xe WabnoH nunoT-curHana, 4to n Tx1, npu aToM chasa onopHOW NocnegoBaTenb-
HOCTW MHBEPTUPYETCH B NUNOT-CUrHane Ang Kaxxnoohn BTOpoW HecyLlen.

Ons nepepatymkoB Tx1 1 Tx2 pgonyckaetca npumeHATb napbl mogynauun QPSK (2 - QPSK) n napbl
mogynauuin 16-QAM (2 - 16-QAM).

7 OcobeHHOCTM AaHHbIX curHanusauum L1 ana rmépuagHoro npoduna MIMO

7.1 OaHHbie curHanusauumn P1 n aP1

MbpuaHbln npocpuns MIMO pormkeH curHanuanpoBaTbcs B Npeambyne P1 3HaveHusamu nona S1 = 111
(kog ESC) v nong 1 nona S2 (nepebie Tpy 6uTa nonda S2) = 011, yto ykaseiBaeT Ha rubpugHeiin MIMO curxan.

3a npeambynon P1 gomkeH crnefoBath AoNONHUTENbBHbIA cuMmBon P1 (aP1). Cumeon aP1 gomxkeH co-
gepxatb 7 OUT ongd curHanuMsauun cornacHo tabnuue 5.

Tatnuua 5— Popmar cumeona aP1 B rubpuaHom npodune MIMO

Mone [OnuHa nons, 6ut HasHaueHue
S3 3 Moaynauns
S4, none 1 4 PazmepHocTb BlN®/3aumTHBIR MHTEpBan
S4, none 2 1 3apesepBupoBaHO

Mone S3 (3 6uTa) yKasbiBaeT BUO MOAYNALMM cornacHo Tabnuue 6.

Tabnuuya 6 — 3HadyeHue nona S3

3::::%”; Moaynauwus Onucaxne
000 OFDM Cumeon P2 1 cumBonel AaHHbIX B kKagpe NGH ncnonsaytoT mogynsumo OFDM
001 SC-OFDM Cumeon P2 n cumeonel gaHHbix B kagpe NGH ucnonbayot mogynsumio SC-OFDM
010—111 3apesepBupoBaHo | 3apesepBUpoBaHO

KombuHaumm S1 =111, S2 = 011x n S3 = 001 He NpMMeHSIOT.
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Mone 1 nonsa S4 (3 6urta) ykasbiBaeT pasmepHocTb Bl u 3HaveHue 3awMTHOTO WHTepsana. [ns
ocTankeHbIX cumBonoB B kaape NGH pasmepHocTs — no Tabnuuam 7 n 8 ana moaynauuii OFDM u SC-OFDM

COOTBETCTBEHHO.

Tabnuya 7 — 3nadvenne nona 1 nona S4 (mogynauywa OFDM, S3 = 000)

S4, none 1 | PasmepHocTte BIM®/3aLMTHBIM MHTEPBAN OnucaHve
000 PasmepHocTte BIMN®: 1k, 3awmTHBIA MHTEpBan 1/32 YkasbiBaeT pasMepHocTb Bl1d un
001 PasmepHocTs BIN®: 1k, 3aWMTHbIA MHTepBan 1/16 2:?,113;1?3 SggaT:i?nng;%p:ana
010 PaamepHocTe BIN®: 2k, 3aWnTHbIA nHTepBan 1/32
011 PasmepHocTte BIMN®: 2k, 3awmTHbIA MHTepBan 1/16
1XX 3apesepBrpoBaHo

Tabnuya 8 — 3Hadyenue nonsa 1 nona S4 (mogynauwa SC-OFDM, S3 = 001)

S4, none 1 PazmepHocTb BI®/3aWmTHLIA uHTEpPBan OnucaHwe
000 PasmepHocTts BIN®: 0,5k, 3awmTtHeIA MHTepBan 1/32 YkasbiBaeT pasmepHocTe BIMId un
001 PasmepHocTts BIN®: 0,5k, 3awmTHeId nHTepsan 1/16 z:i;:aimﬁa ;g_”é“;;cl\}gola K';;Leep;%-ﬁ
010 PasmepHocTte BIN®: 1k, 3awWmMTHBIA MHTepBan 1/32
011 PasmepHocTte BIMN®: 1k, 3awutHeIA nHTepean 1/16
100 PaamepHocTte BIMN®: 2k, 3awmnTHeIA nHTepean 1/32
101 PasmepHocTe BIMNd: 2k, 3awmutHeIld nHTepean 1/16

110—111 3apesepBupoBaHo

MocnegHwin 1 6uT nong S4 (HaswiBatoT nonem 2 nond S4) 3apesepBupoBaH AN Oyaywmx NpUMeHeHui.
Moaynsauunsa u coctas cumeona aP1 rubpugHoro npodmns AOMKHbI COOTBETCTBOBATL MOAYNSALMU U CO-

cTaBy cumeorna aP1 6asosoro npoduns.
7.2 JaHHble curHanun3auuu L1-PRE
B tabnvue 9 npusenena curdanmsaums L1-PRE, cneunduyHas ana rmbpuaHoro npoduns MIMO.

Tabnuuya 9— CurHanuzaums L1-PRE, cneuyudmynas ansa rubpugHoro npocpuns MIMO

Mone OnuHa
HYBRID_MIMO_PH_FLAG 1 6ut
4 duta
L1_POST_MIMO 3 buta

L1_POST _NUM_BITS_PER_CHANNEL_USE

Mone HYBRID_MIMO_PH_FLAG (1 6uT) ykasbiBaeT, 4To ncnonbayetca onuusa CMP. Ecnm none pas-
Ho 0, To CMN® He npumeHsaeTca. Ecnv none pasHo 1, To CMP npumensaeTtca. MNpu ucnonbsosaHum VMIMO
(cm. npunoxeHwve B) aTo none yctaHaenuaetca B «0», nockoneky ClMN® Hecoemectuma ¢ VMIMO.

Mone L1-POST_MIMO (4 6uta) ykaseieaeT cxemy MIMO 6noka gaHHbix curHanuaauymm L1-POST.

Cxema MIMO gon:kHa curdanuaupoBaTbea cornacHo tabnuue 10.

Tatbnuya 10 — dopmart curHanusaumu cxemel MIMO Bnoka gaHHbIX curHanusaumm L1-POST

3HadeHue CurHaneHoe cosgesave
0000 AnamoyTun
0001 plM/CMN®
0010 N
0011—1111 3apesepBupoBaHO
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Mone L1_POST_NUM_BITS PER_CHANNEL_USE (3 6uta) yctaHaBnuBaeT yucno BMToB Ha kaHan
anst cxembl MIMO, ncnonesyemoin curHanusaumnen L1-POST. 3HavyeHne 3Toro nonsa onpepeneHo B Tab-
nuue 13.

7.3 OaHHble curHanusaumm L1-POST

7.3.1 KoHdwurypupyembie gaHHble curHanmsauuum L1-POST
B Tabnuue 11 npuBegeHa cemaHTuKa KOHPUIypupyembix nonen curHanusaumm L1-POST, xapakTepHbIx
ans rmbpuaHoro npodpuns MIMO.,

Tabnuua 11 — CemaHTuka KoHurypupyembix nonen curHanusaumm L1-POST, xapaktepHbeix ong rubpugHoro npo-
duna MIMO

Mone OnuHa
IF S1="111"and S2 = "000x" or “011x” {
PLP_MIMO_TYPE 4 6uta
IF PLP_MIMO_TYPE ="0001" or “0010” {
PLP_NUM_BITS_PER_CHANNEL_USE 3 buta
1
ELSE {
PLP_MOD 3 6uta
1
}
ELSE {
PLP_MOD 3 6uta
}
IF S1="111"and S2 = "001x" or "0x0x" {
TIME_IL_LATE_LENGTH 3 6uta
NUM_ADD_IUS_PER_LATE_FRAME 4 6uta
}

Mone PLP_MIMO_TYPE (4 6uta) ykazeiBaeT cxemy MIMO, ucnonsayemyio Tekywmm PLP. Cxema MIMO
[OMKHa CUrHanuanMpoeaTtkesi cornacHo Tabnuue 12.

Tabnuua 12 — dopmat curHanuaauum cxemsl MIMO B none PLP_MIMO_TYPE

3HaveHne Cxema MIMO Tekywero PLP
0000 AnamoyTu
0001 prM/CTI®
0010 Y
0011—1111 3apesepBupoBaHo

Cnegyouwee none npucyTcteyeT, Tonbko ecnu PLP_MIMO_TYPE = 0001 wunu 0010 (pMM/CM®
unu MM).

Mone PLP_NUM_BITS PER_CHANNEL_USE (3 6uTa) ykasbiBaeT 4yMcno BUTOB Ha KaHan Nbpcu ans
cxembl MIMO, ucnonsayemoii Tekywinum PLP. 3HayeHune aToro nons onpepensieTcs B COOTBETCTBUKM ¢ Tab-
nuuen 13.

Tabnuua 13 — dopmar curHanuaauum nona PLP_NUM_BITS_PER_CHANNEL_USE

3HaueHue Nppeu Moaynsauns
HLATx1) QPSK
000 4
foiq(TX2) QPSK
f,{Tx1) QPSK
001 6
f5i04(TX2) 16-QAM

10
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OkoHyaHue mabnuus! 13

3HaveHne Nyoeu Moaynsauua
fL{Tx1) 16-QAM
010 8
f5141(Tx2) 16-QAM
011 — 111 3apesepBupoBaHo 3apesepBupoBaHo

Cnepywuwee none npucyTtcTByeT, Tonbko ecnu PLP_MIMO_TYPE He paBHo 0001 u He paBHo 0010
(T. e. paBHo 0000, cxema AnamoyTw).

Mone PLP_MOD (3 6uTa) ykasbiBaeT Mogynauuio, ucnonesyemyr Tekywum PLP. Mogynauua gomkHa
CUrHanM3anpoBaTbCs cornacHo Tabnuue 14.

Tabnuya 14 — Mogynsuua, ucnonbdyemasa tekyum PLP

3HayeHune nons PLP.MOD Mogaynauua
000 QPSK
001 16-QAM
010 — 111 3apeaepBupoBaHO

Mone TIME_IL_LATE _LENGTH (3 6uta) npefcrasnset AnuHy P, No3aHen 4YacTu, BbIPaXKEHHYI0 B
norudecknx kagpax. [o3gHAA 4acTb — 3TO NOCNeaHAA 4acTb MOMHOW ANWHbI BPEMEHHOTO NepeMexuTens,
koTopasa curHanmaupyetca B TIME_IL_LENGTH.

Mone NUM_ADD_IUS_PER_LATE_FRAME (4 6uta) yka3sbiBaeT 4icno Napp 1y per 1ATE ONOKOB Me-
pemexeHusa IU B mo3gHel yacTu, B gononHeHwe K ogHoMy U, npucyTcTBYOLWEMY B KaXO0OM NOrMYecKoM
kagpe.

7.3.2 IuHaMmn4ecKkue gaHHble curHanusauum L1-POST

B rubpuaHom npodcune MIMO guHammuyeckas curHanusauua L1-POST nomkHa cooTBETCTBOBATL CUT-
Hanuaauuu 6aszosoro npoduns.

7.3.3 BHyTpunonocHaa curHanusayusa tuna A

B rubpugHom npocune MIMO BHyTpunonocHasa curHanusaums Tuna A JomkHa cOOTBETCTBOBAaTL CUrHa-
nnzaumnm 6asoBoro npoduns.

11
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MpunoxeHune A
(cnpaBo4Hoe)

LLlabnoH paccpenoToyeHHOro NMNoT-curHana ana mogynauuu SC-OFDM

B HacToswem npunoxeHun Ha pucyHke A.1 nokasaH wabnoH paccpenoTtodeHHoro nunot-curHana PP9 ansa mo-
aynauun SC-OFDM, koTopblid MCNONb3yeTca Ans CryTHUKOBoro Tpakta rubpuanoro npoduna MIMO. MNMunoT-curHane! B
pexumax SISO n MIMO nepegatoTca Ha OOHUX U TEX e NO3nNLMAX.

Mpu ucnonbaoeaHuu rmbpuaHoro npodunsa MIMO c nepBoi aHTeHHb! Tx1 nepefaeTca NUNOT-CUrHamn TOro e LWa-
BrioHa, Kak npu ncnonesoBaHuK rmbpugHoro npodunsa SISO. Co BTOpoW aHTeHHb! Tx2 NUNOT-CUrHan nepejaerca Ha Tex
We nosmumax, 4to 1 Tx1, Ho c Apyrumu chazamu, Kak onucaHo B nyHkTe 6.3.

HenpepbIBHBIE NMNOT-CUrHaMNLI B AAHHOM Npodhune OTCYTCTBYIOT.

YacroTa (Homep Hecylein) =

0 15
MepBbii cumeon P2 —-m=
Bropo# cumeon P2 ——m=
|
|
cumeon P2
-~ 0
=
@)
c 1
Y
o 2
%]
2 3
g
= 4
=
2,
- s/ [0 B O [ P O
b
2 6
m
7
8
9
. 10
MocnegHui
rMEpuAaHLIA CUMBON

. - paccpeAoTOHEHHbIW NUNOT-CUrHarn; [:l - AUerka AaHHbIX

PucyHok A.1 — WabnoH paccpepotodeHHoro nunoT-curHana PP9 ana moagynsauyun SC-OFDM
(rvBpuaHbli npochuns MIMO)
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MpunoxeHune b
(cnpaBo4Hoe)

YOBoeHHan cKkopocThL nepedayu Npu ogHouW nepepalolleil aHTeHHe

B.1 O6wwure nonoxeHus

BapuaHTel nepegayvm MIMO BkntoYeHbl B fononHUTensHbIA npoduns MIMO, 4Tobel UCcnonb30BaTh NperMmMyLlecTsa
pa3HeceHHOW nepegaqu M NPOMycKHOW CnocoBHOCTK, MonyyeHHble Bnarogaps NPUMEHEHWIO HECKOMNbKMX NepeaaroLmnx
3aNeMeHTOB B nepegartquke v npuemHuke. B OYC HekoTopble Ha3eMHble nepedaTyuk MoryT BbiTe OCHaLLEHbl TOMNbKO
OOHOW MepearoLlel aHTeHHOW, B TO BpeMs Kak Apyr1e HaseMHble Nepegaryiki U CryTHUKOBbBIN NepegarymK OcHaLeHbl
OBYMS NepefaowyMy aHTeHHamuy. B Takoi cutyaumm nepegatymky ¢ O4HOW aHTEHHOW NPOCTO NepeaaroT curHan, nepega-
BaeMbli OOHOW U3 aHTeHH NepedaT4MKoB C ABYMSA aHTeHHamK. C ueneto obecneyeHus onTMMmn3aumm NpoM3BoaMTENBHOCTH
pekoMeHayeTca HacTpouTb cxemy BupTyaneHoro MIMO (VMIMO), To ecTb aMynupoBaTe Ha CTOPOHE Mepefatyunka onTu-
MWU3MPOBAaHHBIN KaHan 2 X 1. 3To No3BonsAeT nepedasaTb eAUHbIA CUrHaN, KOTOPbIA NpeacTaenser cobon ABa HOpMarb-
HbIX CWrHana ¢ yABOEHHOW CKOPOCTblo nepegadqu. [pu aToM ONTUMW3MPYETCH NPON3BOAUTENBHOCTL. [JONONHUTENbHbLIM
NPevMyLLEeCcTBOM ABMNAETCA TO, YTO HMKaKMX M3MEHEHWn B KOHCTPYKLUW NPUEMHMKA He TpebyeTcs.

B.2 CtpyKkTypHasa cxema
CrpyktypHasa cxema VMIMO npueeneHa Ha pucyHke B.1

MIMO
C YOBOEHHON
CKOPOCTLIO
nepegaqn

VMIMO = Tx

PucyHok B.1 — CtpyktypHaa cxema VMIMO

B.3 O6pa6otka VMIMO

Cxema VMIMO cocTtouT 13 o6paboTkn onTMMUM3MpoBaHHOrO BUpTyarneHoro kavana 2 *x 1 MISO nepen nepenaden.
3TOT BUPTYanbHbIA KaHan moxeT obpabaTbiBaTeCHA ANS BCEX BXOAHLIX MNOTOKOB. Takke ero orpaHuymsaroT go MISO u
MIMO yacTen mynsTUNNeEKca U He NpUMeHsatoT 06paboTKy K cuMmBonam cuHxpoHudauum P1, aP1 u P2.

KaHan 2 x 1 VMIMO xapakTepuayetca ABYMs KOahrUMEHTaMu: a, 1 a,. MNpouecc obpabotkm VMIMO npuseseH B
Tabnuue b.1, rae p,, — NUNOT-CUrHan, Uany4aemblil aHTEHHOW 1; d,, — AaHHbIE, U3NyYaemble aHTEHHOW n, Sig — curHansl
CHMHXPOHM3ALMW, 3aronoBKW, CUrHanM3auna Ha HopMarnbHOW CKOPOGTK Nnepedayn.

Tabnuya Bb.1— lNpouecc obpabotknm VMIMO

AHTEHHa AHTEHHa CurHan nepegatynka
nepegartyvka c nepegaryuvka ¢ C OHOM aHTEHHOW
ABYMS aHTeHHamu 1 ABYMS aHTEHHamMu 2 (VMIMO)
Munot-curHan Py Py aypqt+agpy
HaHHble d, d, a;dy+a,d,
CurHanbsl CUMHXpOHU3aUMK1, 3arofioBKWU, CUrHanwaa- Sig Sig Sig
Lns Ha HOpPManbkHOW CKOPOCTU Nepenaqu

B.4 YctaHOBKa napameTpoB

[onyckaeTtca He onpedensaTs ANA NPUEMHUKOB NapameTpbl a4 W a,. MNpoueccop oueHkn kaHana 6yner oueHnsaTtb
06K kKaHan, cocToALMA M3 kKomBuHauun kaHana VMIMO v peansHoro mHorony4eBoro kaHana. loatomy napameTpsl a4
W a, He HopMUpYIOT. B Tabnuue 5.2 npuBedeHsbl ONTUMU3NPOBAHHLIE 3HAYEHUA ANA PasMYHBIX CUTHASbHBIX CO3BE3AUA U
B 3aBMCUMOCTU OT npumeHenus pl1M npun aucbanance mowHocten 0 ab (1. e. gna a = = 0,5).
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Tatnuua b.2— lNapameTtpbl VMIMO npu gnucbanaHce mouwHocten 0 ob

[Mapametpsl VMIMO
Mogaynauuma Bes plM c plflMm
a, | a, (] | a, a,
2 x QPSK A - arctg(v2 + 1)= 67,5° 0,99748 0,0708
VB % S | ’
1 4 V2 + 4
i — arct —~
2 x 16-QAM AT A7 Q[JE+2] 0,95 0,312
B.5 ClN®

Cro Hecomectuma ¢ VMIMO, noatoMy ee He NPUMEHSIOT.

B.6 [ononHuTenbHbIe CBeOAeHUA

[Ons obecneyeHns Hauny4ylen NpPou3BoAUTENBHOCTM NpW paboTe ¢ 0QHOW Nepedarlleit aHTeHHoW aekogep MIMO
[omKeH BbiTh ONTUMAanNbHLIM (MakcuMarnsHoro npaegonogobus) Unv KBazuonTUManbHbIM, HE3aBUCUMO OT KoaddurLMeH-
TOB @, U a,.

Bbibop a, = 1 1 a; = 0 COOTBETCTBYET Crydato, Koraa nepenaryunk, OCHaLLEHHbIN OAHOW aHTEeHHOW, NepeaaeTt oauH
13 curHanos cxembl MIMO ¢ yaBoeHHOW CKOPOCTBID Nepenadu.
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YOK 621.397.132.129:006.354 OKC 33.170

Knioveebie cnoBa: UM poBOe BelwlaTenbHoe TeneBuaeHue, cucTtema UuMgpoBOro TeNeBM3NOHHOIO BellaHns
AN NOpTaTUBHLIX YCTPOMCTB MOCNeayoLlero nokoneHus, cneumdukauma cdunsndeckoro ypoeHsa, DVB-NGH,
rmbpugHeli npocgpuns MIMO, SISO, SC-OFDM, VMIMO, curHanuaauusi, Kpoccnonapuaawusl, MynsTUMNeKcu-
poBaHue, KognpoBaHue
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