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HAUMWOHANBbHBLIN CTAHOAPT POCCUMUCKOWN OEOEPALUMU

TeneBngeHue BewaTernbHoe Ludpposoe

CUCTEMA LUM®POBOIO TENEBU3UOHHOIO BELWWAHUA ONA NOPTATUBHbLIX YCTPOMACTB
NMOCNEOYOWENO NOKOMNEHWA (DVB-NGH), CNELM®UKALUA ®PU3UHECKOIO YPOBHSA

MNpoduns MIMO

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

Dara BBegeHua — 2025—03—01

1 O6nactb NnpuMeHeHuA

HacToAwmia ctaHgapT pacnpocTpaHsAeTcs Ha cUcTeMy LMGpPOBOro TeneBM3WOHHOTo BelwaHusa (DVB)
AN NopTaTUBHbLIX YCTPOWCTB (TepmuHanos) nocneaytoulero nokonenuns (NGH) (nanee — DVB-NGH) n ycTa-
HaBnuBaeT Habop TpebOoBaHWIA, ONUCKLIBAKOLLMX BCKO YaCcTb (PM3MYECKOro YPOBHSA OT BXOAHbLIX MOTOKOB A0 nepe-
JaBaeMoro B ahup curHana, Korga nepegada v npMemM AaHHbIX OCYLLECTBISIOTCH CUCTEMaMU M3 HECKOMbKUX
Ha3eMHbIX aHTeHH (fanee — npocuns MIMO).

Cuctema DVB-NGH npegHasHa4eHa Ans 40CTaBKWM TPAHCMOPTHBIX MOTOKOB MITM MOTOKOB AaHHbIX 06LLe-
ro Ha3Ha4YeHWs Ha JIMHEeMHbIe Y HENTMHEWHbIE NPUOXKEHWA, TAKWe Kak TenesnaeHne, paguo, CepPBUChI JaHHbIX.

TepmuHansl DVB-NGH Takke moryt obpabatbiBaTh curHansl DVB-T2-lite.

HacTosawmia cTaHgapT cnegyeT NpMMeHATL NpyU pazpaboTke, N3roToBNeHWn M akcnnyaTtauun DVB-NGH,
a Takxe npu pas3paboTke, NPOEKTUPOBAHUM 1 3KCNNyaTalun nporpaMmmHoro obecneveHuns ceteit DVB-NGH.

2 HopmaTuBHbIE CCbINIKK

B HacToAlleM cTaHOapTe UCMoNb30BaHa HOPMATUBHAS CChINKa Ha CrefyoLWnUiA CTan4apT:
FOCT P 52210 TenesuaeHwe BelwaTtenbHoe Undposoe. TepMUHbl U ONpeneneHuns

MpumedyaHue—TpyNonb3oBaHWM HACTOALMM CTaHAAPTOM LienecoobpasHo NpoBEPUTL AEWCTBME CCbINOYHbIX
CTaHAapToB B MHPOpPMaLMOHHOKM crcTeMe OBLLEro Nonb30BaHna — Ha odmumansHoM caiTe PefepansHOro areHTCTEa Mo
TEXHUYECKOMY PETYNMPOBAHUI0 U METPONOMMK B CETW VIHTEPHET UMK MO eXXerogHoMy MHGOPMaLMOHHOMY ykazaTeno «Ha-
LMOHanbHble CTaHOapTbl», KOTOPbIWA ONyBNMKOBaH Mo COCTOSHUIO Ha 1 AHBaps TEKYLUEro rofa, v no BbINycKam eXemMecsy-
HOMO UHOPMALMOHHOTO YkasaTtens «HaunoHanbHele cTaHaapThi» 338 Tekylwmii roa. Ecnv 3ameHeH cebinodHblil cTaHaapr,
Ha KOTOpPbIA AaHa HeOaTUPOBaHHAA CChIfKa, TO PEKOMEHAYETCS WCMOMNbL30BaTh ASWCTBYIOLLYI0 BEPCUIO 3TOMO CTaHAapTa
C Y4ETOM BCEX BHECEHHbIX B [JaHHYI0 BEPCUID MU3MEHEHMWIA. Ecni 3amMeHeH CCbINOYHbIi cTaHOapT, Ha KOTOpbIA JaHa gaTw-
poBaHHasi CChINka, TO PEKOMEHYETCA UCTMONb30BaTb BEPCUID 3TOTO CTaHA4apTa C YKasaHHbIM Bbille ro0oM YTBEpXKAEHWUA
(npuHATURA). Ecnu nocne yTBepKAeHUs HACTOALLEro CTaHAapTa B CCbIMOYHLINA CTaHAAPT, Ha KOTOPLIA faHa AaTUpoBaHHas
CChINKa, BHECEHO M3MEHEHWE, 3aTpar1BatoLLee NonoXXeHWe, Ha KOTOPOE AaHa CChINKa, TO 3TO NONOXeHWe peKOMEHOYeTCs
npuMeHsaTs Be3 yyeTa AaHHOMO UaMeHeHUs. Ecnm cebiNoYHbIif CTaHaapT OTMEHEH Be3 2aMeHbl, TO MOMNOXeHUe, B KOTOPOM
[aHa CCbifka Ha Hero, pekoMeHAyeTcs MPUMEHSATE B YACTH, HE 3aTparuBaloLLen 3Ty CChITKY.

M3paHue ochbnumnansHoe
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3 TepmuHbI, onpeaeneHns, COKpalleHmMsa u 0603Ha4YeHun

3.1 TepMuHbI 1 onpedeneHus

B HacToswem cTaHgapTe npumeHeHbl TepmuHbl o FTOCT P 52210, a Takke crieqyolne TepMUHBI C CO-
OTBETCTBYHOLWMMW ONpeaeneHns Mu:
3.4

6aszoBbin npodune (basic profile): Habop tpeboeanui k cucteme DVB-NGH, onucbkiBawwmx Bl
4acTb (PU3NHECKOro YPOBHA OT BXOAHbIX MOTOKOB A0 NepeaaBaemMoro B ahup CUrHana, 3a WCKIHeHnem
TpeboBaHWi, cneunduyHeix ans npoduna MIMO, rubpugHoro npodwunsa u rubpugHoro npoduna MIMO.
[FOCT P 71241—2024, nyHkT 3.1.1]

3.1.2

ru6puaHbin npodmns (hybrid profile): Ha6op Tpebosanuit k cucteme DVB-NGH, onuchiBaowmx 8cio
YyacTb (OU3NYECKOro YPOBHA OT BXOAHLIX MOTOKOB A0 NepedaBaemMoro B 3chup curHana, korga nepegada u
npWemM OaHHbIX OCYLLECTBAAKTCS COBMECTHO MO HAa3eMHOMY U CMYTHUKOBOMY KaHanam.

MpumeyaHwne— Jdonyckaerca npuMeHeHne TexHonornn MISO npu mogynauum OFDM.

[FOCT P 71241—2024, nyHkT 3.1.2]

3.1.3

rn6puaHbin npodmnes MIMO (hybrid profile MIMO): Ha6op tpe6osaHuii k cucteme DVB-NGH, onu-
ChIBaKOLMX BCHO YacTb (PM3MYECKOro YPOBHSA OT BXOAHLIX MOTOKOB [0 NepedaBaemoro B 3chup CUrHana,
Korga nepegada v npuemM AaHHbIX OCYLLEeCTBNATCA COBMECTHO MO HA3e@MHOMY M CNYyTHUKOBOMY KaHanam c
ucnonsb3osaHvem metoga MIMO.

[FTOCT P 71241—2024, nyHkT 3.1.3]

3.1.4

kaHan domsndeckoro ypoBHs; PLP (physical layer pipe; PLP): Kanan ¢ ycTaHOBNEHHbIMW HEW3MEH-
HbIMK MapameTpamMy nepefayu (BKMwYas BUA MOOYNAUUW, KOOOBYH CKOPOCTb, MyOWHY NepemexeHus Bo
BpeMeHHM), NnepefaBaeMblil B 3adaHHbIX NOACErMEHTax C MCMNoMb30BaHWeM MyNbTUNNEKCUPOBaHUS C Bpe-
MEHHbIM pasfeneHnem.

MpumeyaHwne— PLP MOXeT nepeHoCUTL 0OHY UM HECKOMBKO CNyKO.

[TOCT P 71241—2024, nyHkT 3.1.4]

3.1.5

npodcpune MIMO (profile MIMO): Habop TpeboBaHuin k cucteme DVB-NGH, onvceiBatowWwmnx BCIO YacTb
h13NYECKOro YPOBHSA OT BXOOHbIX MOTOKOB A0 NepegaBaeMoro B aup curHana, korga nepefada gaHHbIX 1
MpMeM OaHHbIX OCYLLECTBASTCS CUCTEMAMMN U3 HECKOMNBbKMX HA3EMHbIX aHTEHH.

[FTOCT P 71241—2024, nyHkT 3.1.5]

3.1.6

curHanuzauua L1-PRE (signaling L1-PRE): CurHanusauwms, nepegasaemas cumeonamu P2, nmeto-
WKMMN (PUKCMPOBAHHLIA pasMep, KoOMpPOBaHWE WM MOZYNSALMIO, BKIOYAKLWAsa OCHOBHYH WHMOPMAaLUD O
cucteme NGH v nndopmaumio, Heobxogumyto Ans AekogupoBaHus curHanusaumm L1-POST.

[FTOCT P 71241—2024, nyHkT 3.1.6]

3.1.7

curHanusauusa L1-POST (signaling L1-POST): CurHanusauus, nepegaBaemas B Havarne norm4ecko-
ro kagpa v npegocTaensowas nogpobHy nHdopmaumio ypoeHsa L1 o cucteme NGH un PLP, cocToswas us
KOHUrypmupyemMon n uHamMmmn4ecKon 4acten.

[FTOCT P 71241—2024, nyHkT 3.1.7]
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3.1.8

cumBon aP1 (symbol additional P1; aP1): JononHuTenbHeIn cumBon P1, HeCyL Wil curHaneHble nons
S3 n S4 v pacnonoxeHHbIW cpasdy nocne cumeona P1.
[FOCT P 71241—2024, nyHkT 3.1.8]

3.1.9

cumeon P1 (symbol P1): CumBon nunoT-curHana nocToAHHON ANUHLI, NMepeHoCcAW A MHopMaLno
curHanusauum B nonsax S1 u S2 u Haxogsawmidcsa B Havane kaxgoro NGH-kagpa, nepegasaemoro no paguo-
HaCTOTHOMY KaHany.

MpumeyaHune — OCHOBHOe HasHadeHue cumBona P1 — 31o BbicTpoe nepBoHa4anbHoe CKaHMpoBaHue no-
nocel paguokanana ansa obHapyxerus curHana NGH, ycTaHOBNeHWA BpeMeHHON CUHXPOHU3auun, ONpeaeneHns cMme-
LLIEHUS 4acTOThl U pasmepa BbiCTporo NpeobpasoBanus Gypoe.

[TOCT P 71241—2024, nyHkT 3.1.9]

3.1.10

cumeon P2 (symbol P2): CumBon nmunoT-curHana, pacnonoXeHHbI cpa3y nocne cumeona P1 wunwm
aP1 (ecnw oH NpUCYTCTBYET), C TEM e pasMepoM BeicTporo npecbpasoBaHusa Pypbe 1 3aWUTHBIM MHTEP-
BanoM, Kak y CUMBOIOB AaHHbIX.

MpumeyaHwne — Yucno cumeonos P2 3aBucuT oT paaMmepa beicTporo npeocbpasoBaHua ®ypee. Cumsonel P2
WCMONB3YKT ANs TOMHOW BPeMEHHOW W 4acTOTHOW CMHXPOHW3aUMW, a TarKe ONs nepBoHayanbHOW OLEeHKW kaHana.
Cumaonbl P2 HecyT uHdopMaumio curdHanmaadnn L1 u L2, a Takke MOryT NepeHoCUTb JaHHbIe.

[TOCT P 71241—2024, nyHkT 3.1.10]

3.1.11

cy6-6nok (sub-slice): Mpynna sueek u3 ogHoro PLP, koTopbie Nepes YacTOTHbIM NepeMeXxeHnemM pas-
mellatTca Ha OFDM-a4yelikax AaHHbLIX C NocrnefqoBaTenbHLIMK agpecaMu Ha OQHOM paguoKaHane.
[FOCT P 71241—2024, nyHkT 3.1.11]

3.2 CokpaweHuna n o6o03Ha4YeHnnA

B HacTosaLwem CTaHOapTe NpuUuMeHeHbl cnegyuye CoKpalleHna n 0bo3HauyeHus:

Bro — BbicTpoe npeobpasoBaHue Pypbe;

Bl — BepTUKarnbHas nonapuaauus;

rm — ropu3oHTanbHas nonsipusauns;

KM — KpOCCNonApW3aunoHHOE MYMbLTUNIEKCUPOBAHWE;

OblNe — obpartHoe bbicTpoe npeobpasoBaHue Pypbe;

pO4C — paclMpeHHas O4HOYACTOTHAA CETh;

cno — ckauykoobpasHas nepecTpoitka dasbl;

BCH — ko Boyaa — Yoyaxypu — XokesuHrema (Bose — Chaudhuri — Hocquenghem code);

BICM — KoguMpoBaHWe ¢ nepemMexeHnem butos u mogynauus (bit interleaved coding and modu-
lation);

DVB — uudpoBoe TeneensnoHHoe BellaHue (digital video broadcasting);

ESC — obwwmi koa Beixona (general escape code);

FEC — npsmMoe ynpexgatwliee ucnpaeneHune owwnbok (forward error correction);

GSE — MHKancynupoBaHHbIA NOTOK 06Lero HasHavYeHus (0OLWMIA MHKaNCyNMpPOBaHHbLIA MOTOK)
(generic stream encapsulation);

L1 — nepBbli (usnyeckunin) yposeHs (layer 1);

LDPC — KOA C ManoW NroTHOCTbIO MPOBEPOK HA YEeTHOCTb (HU3KOMMOTHOCTHLIN kof) (low-density

parity-check code);
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MIMO

MISO

MIXO
MU-6nok
NGH
OFDM

PAM
PH
PLP
SISO

SM-bnok
TS

QAM

QB
QPSK
VMIMO
F

Fai Faiss
92i» 92i+1

N data

N cells
Nbpcu
Nfdpc
NM Us

Nuus, pLp
TxN

W(i)
X(i)

Xoj» Xojs1

«MHOXECTBEHHbIN BXOO, MHOXECTBEHHbIN BbIXOO» — MEeTOZL NPOCTPaHCTBEHHO-BpeMeH-
HOrO KOOVPOBAHWUSI C MHOXKECTBOM aHTEHH Ha nepefady ¥ MHOXECTBOM aHTEHH Ha npuem
(multiple input, multiple output);

«MHOXECTBEHHbIA BXO[, OAMHOYHBIA BbIXOA» — METOA MPOCTPaHCTBEHHO-BPEMEHHOIo
KOAWPOBaHUA C MHOXECTBOM aHTEHH Ha nepegavy U O4HOW aHTeHHOW Ha npuem (multiple
input, single output);

MISO unu MIMO;
Briok namaTn (memory unit);
nopTaTMBHOE YCTPOWCTBO NocreaywLero nokonexHus (next generation handheld);

MHOFQ4acToTHasi CXeMa MOAYNSALMU C OPTOrOHaNbHBIM YacTOTHBIM pacnpeeneHvemM He-
CyLLWMX B noroce kaHana eewanus (orthogonal frequency-division multiplexing);

aMnnuTygHO-MMNynbCcHas Mmogynaumnsa (pulse-amplitude modulation);
ckauykoobpasHas nepecTtpoiika dasbl (phase hopping);
kaHan duandeckoro ypoBHsa (physical layer pipe);

«OOWHOMYHBIA BXOA, OOMHOUHBIN BbIXO4» — CMCTEMa C O4HOW nepefatoLein 1 OQHOM Npu-
eMHoW aHTeHHoW (single input, single output);

NPOCTPaHCTBEHHO-MYNLTUNNEKCUPOBRaHHLIN Bnok (spatial-multiplexing);

TpaHCNOPTHbIM NoTok (transport stream);

KBagpaTypHasi amMnnutyaHas moaynsumsa (quadrature amplitude modulation);
KBasuymknuyeckuin 6nok (quasi-cyclic blocks);

KBafpaTypHas oTHocuTenbHas dasoeasa moaynsaums (quadrature phase shift keying);
BupTyansHoe MIMO (virtual MIMO);

dhuKcupoBaHHaa MaTpuua NPekogupoBaHnus NPOCTPaHCTBEHHOIO MYNBTUNNEKCUPOBAHUS;
napa a4eek cumeona OFDM po npekoguposanua MIMO, rae i — vHOEKC napbl;

napa siyeek, rnonyyveHHasa B pesynbsrate npekoguposaHua MIMO, nepepgaBaemas napomn
nepegaty4nkoB Tx1 M Tx2 cooTBeTCTBEHHO B ogHom cumBone OFDM, roe i — wHAeEKc
napsi;

4yKUcno sveek AaHHbIX B cuMmBone OFDM (Bknioyas BCe HEMOOYNMPOBaHHbIE AYEAKM OaH-
HbIX B CMMBOJE 3aKpbiTua kagpa) (number of data cells);

uucro a4eek, Tpebyembix A4na nepefayn oaHoro broka LDPC npu ncnons3osaHnm Kogm-
poBaHus MIMO u kotopoe paBHO Ny, /Ny, (number of cells per LDPC block);

YMCcno Mcnonb3yembix BUTOB Ha kaHan (number of bits per channel use);

yucno 6utos B LDPC-kogupoBaHHom Bnoke (number of bits of LDPC-coded block);
uncno MU-6nokoer (number of memory units);

yucno MU-6nokoe anst otaensHoro PLP (number of memory units for one PLP);
unaeHTudukatop nepegarymka Homep N, paboTtaroLero no metogy MIXO;
KOMOWHWPOBaHHas MaTpuua NPeKogMpPOBaHUS;

nepeMeHHas MaTpuua ckadkoobpa3Hon nepecTponkn dasebl;

— napa d4eek, nonyyeHHasa B pes3ynbrate npekoaunpoBaHUA NPOCTPAHCTBEHHOIoO MyInbTU-

nnekcMpoeaHus u3 napel sueek cumeona OFDM f,;, f5,,4, A€ | — WHAEKC napbl.

4 OnpepeneHue u apxutektypa cucrtembl DVB-NGH npocduna MIMO

4.1 Obwue nonoxeHus

Onuuu nepegadym MIMO BknoYeHsl B AONONHUTENbHLIA npoduns MIMO ¢ Lenbio Ucnonb3oBaHusa npe-
MMYLLIECTBA pPa3HECEHHLIX MPMEMA U NEPEAAYM W BbICOKOW NPOMYCKHON cnocoBHOCTKU, NONYyYEHHLIX B Pe3yb-
Tate MCNonb30BaHUA HECKOMbKUX aHTEeHH B nepegaTtumke W npuemHuke. OueHKa KaHana, nogxogswas ans

4
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MIMO, obecneynBaeTca COOTBETCTBYIOLLEA CTPYKTYPOW MWUMOT-CUTHaNoB, MOAeHTUYHOM Ba3oBomy npodumo
DVB-NGH gns kagpoe MISO. TepmuH «kagpbl MIXO» oxBaTbiBaeT Bce kagpbl, cogepxallue Takume nNUnoT-
curHansl. MNoatomy MIMO MoOXeT ABMATLCA YacTbi) nepefaBaemMoro curHana, skmwodaa MISO PLP, a Tak-
¥e kagpbl SISO cornacHo H6asosomMy npodcunio. B kagpax MIXO k coctasnsowmm PLP moryT npyumeHaTeCa
pa3Hble CXeMbl B COOTBETCTBUM C XENMaeMbiMKU XapakTepucTukaMmu nepegadvu, Hanpumep, MISO moxeTt npu-
MeHATbCS AnA curHanusauum L1 nnu noboil gpyro HU3KOCKOPOCTHOW BbiCOKOHaAexHoW nepegayn. bonee
BbICOKOCKOpOCTHasa nepegada MIMO, B koTopol yBennyeHuMe CKOPOCTW MYMLTUNNEKCUMPOBAHUA OaHHbIX O0-
cTuraetca Gnarogaps oTnpaBKe OTAENbHOW MHAXOPMauWMW OT KaKAOro aHTEHHOro 3feMeHTa, UCMoNb3yeTcs
Tam, roe nponyckHas cnocobHOCTL ABNAETCH MAaBHON LENbi.

BbicokoypoBHEBasi CTPyKTypHas cxema duandeckoro ypoBHa NGH gns npoduna MIMO npueegeHa
Ha pucyHke 1. o cpaBHeHuo ¢ BazoebiM npodunem B npodune MIMO Tonkko 6noku BICM, koHCTpykTOpa
kagpa u OFDM reHepauuu cogepxaT PyHKLWOHAMNbHbIE OTNMYMA (NOKa3aHbl CepbIM LBETOM).

CurHan
B achupe
Bxogbl TS
unn GSE BxonHas KoHcTpykTop leHepauusn
™ o6pagorka [ S Kagpa ™| oFDM _

PucyHok 1 — BrlcokoypoBHeEBaA CTpYKTypHas cxeMa duaundeckoro ypoBHa NGH ona npoduna MIMO

4.2 BuTtoBoe nepemexeHue, kogupoBaHue, mogynauusa, MISO- u MIMO-npekogupoBaHue

CrtpykTtypHas cxema BICM gnsa npocduns MIMO npuBegeHa Ha pucyHke 2, Bnoku ¢ otTnm4nsamu oT 6aso-
BOro Npodouns nokasaHsl CEPbIM LIBETOM.

= BHytpukapposce |-
PLPO FEC- BuToBLIA Orobpaxeruie f—ei MIMO- | Mepem auH|  ceeprovwos | .
— KoaMpOBaHWe |~ nepemexu- [ AYesK NpeKoavpoBa- PEMEXUTI e
(16x LDPC/BCH) Tens Ha cosseanua e sueek Lo
T | nepemexeHue K KOHCTPYK-
TOpY
B NOMMYECKNX
Burol 0106 = HYTPWUKAOPOBOE |-
PLP1 FEC- BbIA paxerme [l MIMO- |l Hel cgpmme |, kagpos
——=| KOOMpOBaHWE [~ rnepemexu- [~ HueeK npeKoaMpoBa- pe S g
(16x LDPC/BCH) Tenb Ha CO3BE3OMA HYe AveeK Bhoutoe
nepemMeeHue
L I
BHyTpUM BOS
PLPn FEC- BuTOBbIi1 Orobpakerme el MIMO- ol [ o c@pm
— lisiaecscs] B T ot npexkoavposa- W BHELLHeS
(16x LDPC/BCH) Terb Ha co3seamst s Tenb sHeek GrcuHoe
nepemMexeHue
L I
L%ﬁE L1-PRE MKmef.ﬁge; Orobpaskenve MISO- L1 -F‘RE —
ckpembnep NpopexeHHoe A4eeK =1 npexoovpo- =t bl 8
4k LDPC/BCH) Ha co3ee3nus BaHUe o s,
leHepauus
=1 curHanusauum
L1 L1-POST = Crrost
onep FEC - POS
BuThI L1-POST {yropouerHoe/ BuToBbIi OrobpaneHve MIXO- Py
ckpembnep NPOpEeXeHHoe [~ nepemexu- [ A4eek 1 npexoopo- -
4k LDPC/BCH) Tens Ha co3BE3NA BaHve - ; encmx
Kappos

PucyHok 2 — CtpyktypHana cxema BICM ansa npocouna MIMO

CrtpykTypHas cxema BICM co cmewanHbimn MIMO n MISO PLP npuBegeHa Ha pucyHke 3, Brioku ¢ oT-
nuYnsMKU oT 6aszoBoro Npoduns NokasaHsl CEpPbIM LIBETOM.
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} BHyTpukagposoe |-
PLPO FEC- BuToBbIA OtobpakeHue = MIMO- || Mepemexu- CBEpTOMHOE =K koHCTpYKTOPY
————» rogvpoBaHve |1 nepemelm- | A4eek NpeKoaupoBa- W BHEUWHeS nor4eciax
(16k LDPG/BCH) Tene Ha cosmeaans |-, Hme TETle AHEeK negﬁﬁue Kappos
I I
” » BHyTpukanposoe
PLP1 KO.DMZ%{;EHME BuroBbiii ﬂ::g‘: i OHISHGE: Nepeme-| | 4, MepemexeHne CBEPTO4HOE MISO- =
—_— =1 nepeme- o1 COp | e sommens pe] 28909 Lt vommorermos || Brewnee || nperomupo-
{16k LDPC/ sty 6uvToB A4eeK Ha el Co3BE3aUA e} BriouHoe BaHWe -
BCH) Ha siqeln | |coaseanus nepemMexeH1e
K koHCTpyKTOpY
NOTU4ECKNX
. . - - Eipon
_ BHyTpukagposoe
PLPn FEC- BUTOBbIN OtobpaxeHue || MIMO- ~ Mepen L CBEPTOMHOE K koHcTpykTOpy
——— kogupoBaHve | nepemerat =] A4eeK npeKoamMpo- me’eex“"m' 1 BHELUHee NOMHECKIAX
(16x LDPC/BCH) Tenb Ha cosseausi |-=|  Bawme | nepsgn?‘e:c%iue Kanpos

PucyHok 3 — CtpyktypHasa cxema BICM co cmewanHsimm MIMO 1 MISO PLP

4.3 KogupoBaHue FEC v nepemexxeHue BHyTpu 6noka FEC

MIMO PLP B npodune MIMO gomkHbl MCMONB30BaTk M3MEHEHHbIN BUTOBBIA NepeMexuTens Ans ynpo-
LeHns uTepayuoHHoro aekoguposaHua MIMO B npueMHuke. [emynstunnekcmposaHue 6asoBoro npodguns
OWMTOB Ha AYEKM B ABHOM BMAE NPUMEHATb HEe AOMycKaeTcs.

4.4 Moaynauua U nepemMexeHue KOMMNOHEHTOB

CurHanbHbIMU CO3Be3aUAMM SOMKHBI ObiTe QPSK, 16-QAM n 64-QAM, bes noeopoTa. Ha BbiXxoae ABYX
MIMO-noTOKOB cUrHanbHble CO3Be3ans MOryT BbiTb OAWHAKOBLIMU UM Pa3HbIMK, B 32aBUCMMOCTW OT BbibpaH-
Horo pexuma paboTbl.

4.5 NMepemexeHUe BO BpeMeHU (BHYTPUKaApPOBOe CBEPTOUYHOE NepeMeXeHne U BHellHee
Bno4yHoe nepemexeHue)

lMepemexeHne BO BpEMEHWN BLINONHAKT nocne reHepauuu apyx MIMO-NOTOKOB, NOSTOMY MCMNOMb3YHOT
napannenbHoO ABa nepemMexuTens Bo BpemeHu. MNepemexeHue Bo BpemeHn B obounx MIMO-noTokax gomkHO
ObITb UOEHTUYHBIM. [INa coxpaHeHus obluein NoTpebHOoCTN B NamMATK Kaxabli u3 atux MIMO-noTokoB AormkeH
MMETb BOBOE MEHbLLYI0 MakcuManbHyto rmybuHy, yem B 6asoBom npodune.

4.6 KoHcTpyKTOp Kagpa, 4acTOTHOEe rnepemMexeHue

CTpyKTypHas cxeMa KoHcTpykTopa kagpos MIMO npueeneHa Ha pucyHke 4. CTpyKTypa COOTBETCTBYET
BGazoBoMY Npodunio 3a MCKMYeHWeM BblAeneHust Mecta Ana cumsona aP1. HacToTHbIN nepeMexuTens co-
OTBETCTBYET NnonapHoMmy nepemexuTento 6asoBoro npoduns.
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S—— T —— KoHcTpykTOp
——— CBopka sveek | noruueckux kanpos
o |  oBuwero PLP | (cobupaer moaynm-
I | pOBaHHbIe AYENKN
[ PLP 1 curHanuaauum
___: L L1_POSIaI; g:lmwecme KoHcTpykTop
_____ . kagpoB NGH
PLP1| [ Coopka sueek | Paﬁ;’:amﬁ"”;a;“ (cobupaet
pauebix PLP | Avmamuuecko MOZYNMPOB&HHBIE
| MHcbopmaLy AYEIKN NOTUHECKX
| | 13 pacnucaxus, KaOpoB W CUrHaNM3aLmm
L _| meeaccrasnsiemoro »| L1-PRE B MaccuBbl,
————— MaHNPOBLUMKOM) COOTBETCTBYIOLLME
_____ cumeonam OFDM. _[Ha reHepa-
—l [ Mpoueccop 1 Nornyecime |  PaBotaet cormacHo y : uuio
cy66EnoKoB | Kazpebl OMHAMUMECKON L v ey OFDM_
PLPA| | | MHcOpMALI e -
Tenb [
| [ M3 pacnucaHus,
NpeaocTaBnsAEmMoro
[P J NNaHUPOBLLMKOM. b =
BuigensieT mecto
AnA cumeona aP1)
r Cbopka 1
| aueek L1-POST | L1-PRE
— | | —
| |
L _ J

PucyHok 4 — CTpyKkTypHas cxema KoOHCTpykTopa kagpos MIMO

4.7 TeHepauua OFDM

TexHOMorMs CHUXeHNA NUK-hakTopa NyTeM akTMBHOIO pacllMpeHns CUrHanbHOro CO3Be3dus K Kagpam
¢ bopmaTom npeambynel «kNGH-MIMO».
CTpykTypHas cxema reHepaumm OFDM npuBegeHa Ha pucyHke 5.

Beraska nunor- [1 1 I 1 H 1 | uvdpo- ||
CUHANOB U 11 | OgpaGotka || ! CHukenune || Bemnmt |y Beraska | Tx1
—={ mononkurensHoe He{ ~ 0 = OBMN® [+ = 3aumTHOrO H—>| cymeonop [H-=-{ 2HaMOTOB0E
1 po4C I I | nuk-chakTopa| | | | npeobpa-
—|  pesepaupo- . - - == WUHTEPBANA | =i P1uaP1 | soranme. |
Banve Tona || | i | | | | Tx2
1 J 1 1] T | T ] 1 ] 1 ] 1

K nepepatunkam

PucyHok 5 — CTpykTypHas cxema reHepauum OFDM

5 CoBMecTUMOCTb CUCTEMBI npuemalnepenaqu

Ons ucnonb3oeaHua npoduns MIMO, cormacHo HacTosileMy CTaHOapTy, annapatHoe obecnevyeHue
nepenartyMka QOMMKHO BKIMOYAThL KPOCCMNONSAPU3aLMoHHbIe aHTEHHbI C pa3fgenbHoW Nogadeill CUrHanos Ha ane-
meHTbl [T1 1 B, [ns npuema u aekoanposaHuna curianos MIMO Ha npueMHOM TepMUHane Takke Heobxoou-
MO Hanuyve AByX KPOCCMNONsApU3aLMOHHbIX aHTEHH.

B otoensHoMm PLP MoXeT UCnonb30BaThCsl TONBKO 0AHO 13 kogupoeaHuin MISO unu MIMO, T. e. OHU He
ABMATCA KackagupyembiMu.

Ons npoduns MIMO HeobxoguMmo ucnonb3oBaTh BUTOBLIA NEPEMEXKUTENL, ONUCaHHbLIA B pasgene 6.
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6 BuTOBLIW NepemMexuTenb

ButoBbIi nepemexutens, ncnonb3yemelin onsa MIMO PLP, otnnyaeTtca ot 6utoBOro nepemexxuTens 6a-
30Boro npocunsa. CTpykTypHasa cxema butoBoro nepemexutens npodunsa MIMO npueeneHa Ha pucyHke 6.

Hesaap: K otoBpakeHmnio
VKnU4eckoe MepemexeHune
. MNepemexeHve - u > pe © > g
M0 YEeTHOCTU BrovHoe CeKUui Ha CO3BEATME
nepemMexeHne

PucyHok 6 — CTpykTypHas cxema 6utoBoro nepemexutens npocgpuna MIMO

Ons 6onee adpcheKTUBHOM peanusauuyn npueMHuka buTtoBbin nepemexutens npodgpuna MIMO gon-
eH ObiTb aganTMpoBaH K KBasvUMKIMYECKoW cTpykType koga LDPC. BuToBbiv nepemexutens npoduns
MIMO pomxeH Bknto4aTh B cebs gBa KOMMOHEHTA: NepeMeXXuTenbs YeTHOCTW M NnapannenbHbid 6UTOBLIA Nepe-
MEXMUTENMb.

BbutoBkbil nepemexutens npoduna MIMO naeHTuueH GutoBomy nepemexuTtento H6asoBoro npodunsi.
ButoBbiv nepemexuTtens npocduna MIMO npegHasHadeH ans npeobpasoBaHWsi CTYNEHYaTOW CTPYKTYPbl YeT-
HOWM YacTu MaTpuLbl NpoBepku YeTHoCcTU LDPC B KBa3ULUWKNMYECKYH CTPYKTYPY, aHANOTMYHYyK MHpopmauu-
OHHOM YacTu MaTpuubl. Ha Bbixoge nepemexntensa 4eTHocTM kogosoe cnoeo LDPC comepuT 45 CMexHbIX
QB. Kaxgbin QB coctouTt 13 360 6ut. KogoBoe cnoBo ¢ nepemexXeHnemM rno 4yeTHocTn obpabaTeiBaeTcsa na-
pannensHbIM BUTOBLIM NepeMexuTeneM, a 3atem oTobpaxaeTca Ha nocrnegoBaTensHocTe SM-bnokoB no
Nbpcu BuT kaxabii. Ha pucyHke 7 npyvBegeHa CTPYKTypHaA cxema napannenbHoro BUToBoro nepemexuTens
ans N‘bpcu = 8.

QB 1 QB 2 QB3 QB 45

ot W et N e t— r—’ﬁ%

T by by 1 bago 1

.

SM-Gnok SM-Gnok SM-6riok SM-6nok
2 3 4050

PucyHok 7 — CTpykTypHasa cxema napannensHoro 6MToBoro nepemMexuTens ans Nbpcu =8

MapannensHeli OUTOBLIA NEPEMEXKUTENL COCTOUT M3 OBYX YacTei: KBa3auLnKnuyeckoro brnovyHoro nepe-
MEXMTENA U NEpPEMEXNTENS CEeKLUUNA.

KBaamumknuueckuin brodHblil nepemMmexuTens nameHsieT nopsaok 45 QB kogoeoro cnoea LDPC. Mepe-
ctaHoBkn QB onTumMManpoBaHbl 4Ns pasnuyHbiX KOMBUHAUMIA Nbpcu, CKOPOCTM KOLa M COOTHOLLUEHWS MOLL-
HocTeW. MNepecTtaHoBkn QB ana Nbpcu =6, 8 n 10 npuBegeHbl B Tabnuuax 1—3 COOTBETCTBEHHO, Kaxaas Ta-
Bnunua cogepxunt nepectaHoBkn QB ons pasnuYHbIX BapMaHTOB CKOPOCTU KOA4a M COOTHOLUEHUSA MOLLHOCTEN.
MHaekcbl QB BapbupytoTcs oT 1 o 45.
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[Nocne KBaznUMKNMYecKoro Bno4Horo nepemMexunTensa Kogoeoe Crnoeo LDPC OennuTCcH Ha napannernbHble

cekuumn, Kaxgas cekuma cogepxunt N 2 cmexHbix QB. Kaxaan cekumns obpabaTtbiBaeTcs HE3aBUCKUMO C NOo-
bpc

MOLLEK NepeMexunuTens cekunin. Yucno cekuymin Ha kogoeoe cnoeo LDPC gns Nbpcu =6, 8 n 10 gormHo ObITb

paBHo 15, 11 n 9 cooTBeTcTBEHHO. [pK Nbpcu = 8, nockonbky 45 He genuTcsa Ha 4 6e3 ocTaTka, nocnegHuin QB
He NMPUHaONEXUT HUKAKON CeKLMN U He JoImKeH obpabaTbiBaTbCA NepeMeKnTenemM cekLuin.

MepemMexeHne cekUMiA 3aKnYaeTcs B 3anuck BUTOB KaXK 4o CeKL MM NOCTPOYHO B MaTpuuy ¢ 360 cton6-
Lamm m NprUIZ CTPOKaMW U ganbHerlem YTeHMM MX nocnegoeaTtensHo ctonbey 3a ctonduom. MNMpumeHeHne

TaKOM cTpaTernv YepefoBaHUA rapaHTUPYeT, YTO Kaxablil SM-6nok cogepknT 2 CMeXHbIX brTa U3 Kaxgoro

QB B coOTBETCTBYIOLLEN CEKLMWMW, KAK MOKA3aHO Ha pucyHke 8 ons Nbpcu = 8. 3atem BGUTLI M3 BCeEX pa3genos
obbeanHaoTcs B cchopmmpoBaHHoe kogosoe cnoso LDPC.

by

bago

QB —

QB ¢

QB ¢

QB ¢}

I LVAVAY,

by by
NANANA Al
QB | ¥1|Ys
QB | V2| Ys
QB | Va|¥s
QB | Va| Vs
R Rl
SM- SM- SM-
Gnok  Gnok Gnok
1 2 180

PMC){HOK 8 — HGPEMQ}I{HTEJ'II: CeKUWin, nocnenoeaTtensHOCTU 3anncu U YTEHNUS

7 lNeHepauus KOMNIMEKCHbIX CUMBONOB

Nppcy BMTOB Kakpgoro SM-6rioka MOAynMpyIOT 1Ba KOMMIIEKCHBIX CUMBOMA Sy 1 Sy, KOTOPbIE MPOCTPaH-

CTBEHHO-MYIMbTUTINEKCUPYHTCA Ha BE aHTEHHbI. OTOﬁpa}KEHMe buTOB Ha OelcTBUTENbHbIE (Real) N MHUMbIE

(Imag) yacTn KOMMMEKCHBIX CUMBOINOB MOKa3aHO Ha pPUCYHKe 9 ons Nbpcu =6, 8 n 10. but b, Bcerga ABnAeTCA

M3z Wnm.
Nbpcu =6 Nbpcu =8 Nbpcu =10
Real
y by 2-PAM Y10—21 b, Y1 0—|b,
10— by apav FRe3 apam LRE3
yZH b1 Imag }QH b2 Y2 H b2
4-PAM S.
Y30—>1 b T 0—>b Imag Y3 O—> b, Imag
2 Real 4-PAM S1 ¥4 0—>|b, 4-PAM S
Ya0—>b, 2-PAM S,  ¥a0—>lb, e
Ys0—>>b Y5 O—21 by Real Y6 O—21b, Real
° — 4PAM S 4-PAM S,
Y70—> b, Imag Yg O—2 by Imag
4-PAM Yo O—>{b, 4-PAM
Y O—> b, Y10 O—2 by

PucyHok 9 — OTobpaxeHue SM-6r1oKkoB Ha napbl KOMMNMEKCHbIX CUMBOIOB

CooTeeTcTByOLLME BUTOBOE KOOWPOBaHWE U MAapKMPOBKA peanbHbix cumBonos PAM nokasaHbl Ha pu-
cyHke 10. but b1 BCErga ABnAeTca Mnagllnm.
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Mopsapok 6uTos: b,

4

2-PAM-kogvipoBaHue

Mopsinok Gutos: b,b,

10 1 01 00
¢ —¢
-3 -1 1 3

4-PAM-kogupoBaHme

lMopspok 6uTtos: bybob,

100 101 111 110 010 01 001 000
——¢—9¢—

—¢—¢—¢

-7 -5 -3 -1 1 3 5 7

8-PAM-kogupoBaHme

PucyHok 10 — BuToBOE KOOMPOBRAHWE WU MAapKUPOBKA peankbHblx cuMmeonoe PAM

PesynbTupylolue curHanbHble co3pesansa Ans cuMBonoB S, u S, npuvBeaeHsl B Tabnuue 4.

Ta6nuua 4 — CurHanbHble CO3BE3AWA ANA CUMBONOB Sy U S,

CwurHanbHoe cosBeague

Cumson Nppcu = 8 Nppeu = 8 Nppey =10
S, QPSK 16-QAM 16-QAM
S, 16-QAM 16-QAM 64-QAM

MpumedaHue—[Ona 64-QAM Mcnone3yoT TONBLKO paBHOMEPHOE 0TOBpaXeHWe Ha CUrHanesHoe co3Besaue.

8 CoOTHOLWEeHMe MOLHOCTEeN

Mpochune MIMO cnegyeT ucnonb3oBaTe ¢ OAHUM M3 TPex (MUKCMPOBAHHBIX COOTHOLEHUA MOLLHOCTK
(CM/BM nnu BMN/IM), uyto6bl 0bnerynTs pasneneHue Bo BpeMeHu ¢ yenyramu SISO 6e3 HexenaTenbHbIX nyk-
Tyauuin ormbarolLeil MOLLHOCT CTaHL MK UK Ype3MepHon noTepu BrogxeTa kaHana SISO.

[ocTynHble 3Ha4YeHUs1 COOTHOLEeHU (aucbanaHca) mowHocTei: 0, 3 n 6 gb.

OucbanaHc MoLHOCTEN MOXET O0MOMHUTENbHO NpUMeHATbeA Ko Bcem PLP w Tunam kagpos, SISO,
MISO n MIMO. Tam, rge kogupoBaHue AnamoyTW MCNOMb3yeTcsi B KPOCCNONAPM3aUMOHHOM KOHTeKCTe, Ma-
Tpuua aucbanaHca onpenenaeTca BblpaXkeHUem

9™ | [JB 0 |[gq(Tx1) i
(2| | 0 JiF [ 9o | :
q=0..Nyp —1

roe p = 1/2, 1/3 n 1/6 npu gucbanaHce molwHocTen 0, 3 1 6 4B COOTBETCTBEHHO;
gq(Tx1 ), gq(Tx2) — napsbl sveek OFDM o BHeceHusa gucbanaHca MOLLHOCTEN;
g'q( Tx1), g'q(TXZ) — napbl A4eek OFDM nocne BHeceHunsa gncbanaHca MOLWHOCTEN;
Ngata — YMCNO AYeek AaHHbIXx B cumsone OFDM (Bkntodas BCe HEMOAYNMPOBAHHBIE AYENKU
AaHHbIX B CMMBOIE 3aKpbiTusa Kaapa).
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B cnyyae kpoccnonsipusaunoHHoi nepefadv ans kagpos SISO gea anemeHTa nepeaayv SOMKHbI reHe-
PUPOBAaTBLCHA COrMAacHO BbIPaXKEHUIO

9e(MN | | B 0 |9
9q(Tx2) 0 J1-B |9
q = ONdata —1

(2)

rne g, — avelikn OFDM pgo BHeceHusa aucbanaHca MOLWHOCTEN;
g',(Tx1), g'o(Tx2) — napbl A4eek OFDM nocne BHeceHust AucbanaHca MOLLHOCTEH;
N jata — YMCNO siY€EK AaHHbLIX B CMMBOME OFDM (Bkniouass Bce HEMOAYNUPOBAHHLIE AYENKU
OAaHHbIX B CUMBOME 3aKpbITUA Kagpa).

MpumedyaHue — Ecnn ykazaHHsble napameTpel coMKkcMpoBaHHoro aucbanaHca MOLHOCTY He UCMonb3yloTes, a
dhnykTyaumm ormbaroLein MoLWHOCTM Npuemnemsl, To kagpsl MIMO nepegatoTtea ¢ gucbanaHcom mowHocTy 0 b, a kagpel
SISO c oagHol nonapuaaumeint (beckoHedHbln grucbanaHc).

9 Mpekogunposanue MIMO

9.1 O6wuKe nonoxeHus

KoguposaHnue MIMO opueHTupoBaHo Ha cuctemy MIMO 2 x 2, 1 no kpaillHe Mepe [Be HA3eMHbIe aH-
TEHHbI JOMKHbI ObIThL pasMelLeHbl Kak Ha CTOPOHe NepefaTynka, Tak U Ha CTOpPOHe NpveMHuKa. KogupoBaHue
MIMO He [OMKHO NPUMEHSTLCA K cMMBonam npeambynsl P1, aP1 u L1-PRE, a nunot-curHans obpabaTtsia-
toTCcA Kak B bazoBom npodoune.

MpekognposaHne MIMO npumeHsieTca Ha ypoBHe PLP u 3akniovaeTrcs B YMHOXEHWM nap fdeek
(frp fojq) HA nepemenHyl matpuuy npekogupoBaHus W(i). TMapbl 3aKOOMPOBaHHLIX sYeeK (gy Goiq)
[OMKHBI NepefaBaThcsl B OOHOM W TOM Xe cumeone OFDM v Ha ogHOW Hecyllel ¢ BbIXOAOB NepenaTynkoB
Tx1 w Tx2 cOOTBETCTBEHHO COIMMAacHO CrefyoLleMy BbiPaXeHWIo:

Qs s
[ 9ai }_W(i)[ 2i J P =0,1, .0, Nogye /21, 3)
92i41 fin
roe i — WHOEeKC napbl gyeek BHyTpu bnoka FEC;
N oys — 4vcno sueek, Tpebyembix ans nepegadu ogHoro Grnoka LDPC npu ucnonb3osaHuy KOAMPOBaHNSA

MIMO, » koTopoe paBHO N,de/Nbpcu.
Mpouecc npekogupoBanms MIMO cocToMT M3 NPeKkogMpOBaHUS MPOCTPAHCTBEHHOTO MYINBTUMNEKCH-
pOBaHWsl, 33 KOTOPbLIM CreayeT AOMNONHUTENbHAaA ckadkoobpa3sHas nepecTporka dasbl, Kak nokasaHo Ha pu-
cyHke 11.

R S VA S W S
| | Knepemexuensm
-5 20— Xo X+ XNcells -2 Yo 92+ INcells-2) Aueex
] > MpekoanpoBaHue > CkaukoobpasHas | >
| NPOCTPaHCTBEHHOM X Xooonr o X nepecTpoika
| fofMeels1 | mynbtunnexcipoarms |71 73 Neels-1 dhasbl 91> 93+ Incels-1]| -
| - - I -
I
I F X(#) |
| N J |
| Y I
L WAi) = X(i)-F |
___________________________________ —

PucyHok 11 — CTpyKkTypHasa cxeMa npekogmposaHua MIMO

KomOurHupoBaHHasa maTpuua npekoguposaHus W(i) aenseTca nponssegeHnemM (UKCMPOBaHHOW MaTpu-

Lkl MPEKoAUPOBAHUS MPOCTPAHCTBEHHOMO MYNLTUNNEKCUPOBAHWUS F 1 NepeMeHHoR MaTpuLbl CKaukoobpasHoM
nepecTtponku asel X(f).
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Ona asoiHbix cxem MIMO o6e setsu MIMO, T. e. npouecckl reHepauun curHana ansa obeunx nepenat-
LWKMX aHTEeHH, OOMKHbI MCNOMNb30BaTh OAMHAKOBbLIE KOHMUrypaLMM NepeMexuTens Bo BpemeHu. Tpebyemoe
yncno MU-6nokoB ana obpaTHOro NepeMeKeHnsa no BpemMeHu NWJS,PL‘D Ha BetTBb MIMO paccunTbiBaOT Tak
Xe, kak ons cxembl SISO 6asosoro npoduns, korga oguH MU-6nok Bcerga cooTBETCTBYET OOHON siHeinke Ans
nboro curHanesHoro co3eesnusa — QPSK, 16-, 64- n 256-QAM. OBuwmia Tpebyemblin 06bemMm naMaT obpaTHO-
ro nepemexeHnsa ansa obenx seteen MIMO B oBa pasza 6onblie 3T0oro 3HadyeHusn. OrpaHndyeHre namsaTn ans
npocuna MIMO cocTtasnset EZNMUE, pLp S 218 MU-6nokos, roe CyMMUpYyroTca BCce KaHansl PLP B gaHHom
knactepe kaHanoe PLP, a koacpcpmumeHT 2 obycnoeneH tem, 4to pasmep obeux seteenn MIMO B gBa pasa
6onblue, yem ogHa BeTBb MIMO.

Ecnun npekogupoeaHue MIMO He ucnonb3yeTcsl, TO UCNONbL3YeTCA TOMNbKO OOWH TPakT nepefarLlei
aHTeHHbl (Tx1), a BxogHble cumBonbl QAM OomkHbI BGbiTh CKOMMPOBAHbI HEMOCPEACTBEHHO Ha BbLIXOA, T. €.
g, =fonak=0,1,2,..., Ny,—1.

9.2 KO,D,HPOBEHME NPOCTPAHCTBEHHOINo MynbTUNNEKCHpoBaHUA

lMpouecc KogMpoBaHWs NPOCTPAHCTBEHHOIO MYMNbTUMNEKCUPOBAHWA BLIMOMHAETCA HA Napax HopManu-
30BaHHbIX cumBonoe QAM [f,(Tx1), f5;,4(Tx2)], nocTynawowmx or 6roka OoToOpaXeHWs Ha CUrHanbHoe co-
3Besave. FYenkn C NMornesHow Harpy3kon 40 MPpUMEeHeHUs ckaykoobpasHoin nepecTponku dasbl X,(T7x1), ans
nepeawllen aHTeHHbl 1 1 x2f-+1(Tx2), AN nepefarwllerd aHTeHHbl 2 OOMKHbI TeHEpPUPOBAaTbLCH U3 BXOOHbIX
CUMBOJIOB B COOTBETCTBUW CO CredyLWNM BbipaXeHnem:

X9;(Tx1) 7\/5\/[? 0 {0059 sin® HJE 0 1 £, (Tx1)
xa(Tx2)] |0 i=pLsind —cosOll 0 iz |[fy4(Tx2)
F=0,...(Nggys /2) -1

' (4)

roe N — uucro syeek, Tpebyembix ANa nepefayun ogHoro 6noka LDPC npu Mcnonb30BaHWW KOOUPOBa-

Hus MIMO, n koTopoe paBHO N,de/Nbpcu.

O6paboTtka MIMO MOXeT NnpUMeHATbCA NpKU Ucrnonb3oBaHuK 6, 8 unu 10 BUT Ha kaHan (Nbpcu) W npu
cooTHoweHun mowHoctern 0,3 mnu 6,0 ob mexay ABymMs mepefarolMMu aHTeHHamu. [1pu KogupoBaHuu
MIMO pgomkHbl MCNONbL30BaThLCA ONpefeneHHbIe 3Ha4YeHs NapamMeTpoB ONs KaXK40ro cnyvasi B COOTBETCTBUK
c Tabnuuein 5.

cells

Ta6bnuua 5— MNapamMeTpbl KOOUPOBAHWA NPOCTPAHCTBEHHOIO MYMBTUNIIEKCUPOBAHUSA

COOTHOLLEHWE MOLLHOCTEN MexXay 0B 316 6 0B
ABYMSA nepefarolymmu aHTeHHamMm
N‘bpcu Mopgynsuus B | 0 | o B | 0 | v i) | 0 | o

£,(Tx1) | QPSK
6 0,50 45° 044 | 173 | oo | 050 | 020 | 0° | 050
fpieq(Tx2) | 16-QAM

0,50 1/3 25° 0,50 | 0,20 0° 0,50

£,{Tx1) | 16-QAM \/§+4]

8 0,50 | arct
g{ Jf +2
foirq(Tx2) | 16-QAM

f,(Tx1) | 16-QAM
10 0,50 22° 050 | 13 | 15° | 050 | 0,20 | ©0° | 0,50
feg(TX2) | 64-QAM

Mpumevanune ——n/2 <arctg < w/2.

Mpouecc koonpoBaHWa AOMKEH NooYepelHO NOBTOPATLCS AN Kax oM napbl cumeonos QAM.

9.3 Cka4ykoobpaszHana nepecTpoiika ¢asbl

3a mnckntoueHmem rmbpugHoro npocgpuna MIMO, B koTopom ucnonssyetca VMIMO, ckavykoobpasHasa ne-
pecTporKa a3kl JO/MKHA NPUMEHSITLCA Ha Beixoae Onoka NnpekogupoBaHnst MPOCTPaAHCTBEHHOIO MyMbTUMNNEeK-
CUPOBaHWA 1 NpeacTaBnaTe coboi yeennyeHne dassl KOMMMNEKCHbIX AYeek, nepegaBaeMblx No KaHany Tx2.
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WNameHeHne dasbl BLINOMHAIOT NYTEM YMHOXEHWUS KaXA0N Napbl AHEEeK (Xy;, Xpjyq) HA NEPEMEHHYI0 MaTpuLy
X(i), B pesynsTaTe yero nonyvaerca napa f4eek (g, Jgojq). T. €. KOAMPOBAHHAA MOMNe3Has Harpyaka adeek
cumeona OFDM npeacTaBneHa criegyowuM BelpadKeHUEeM:

= x 3
[ 73 ]_X(i)[ d J =01, Nygys 121, (5)
92i11 X2i+1
rae X(i) BblumcnaAwT no dpopmMyne
. 1 0 .
X(’): 0 ejq)F’H(f) i f:D,1,...,Ncef,r5f2—1. (6)

MameHeHune dasbl gnsa napbl A4eex / (DPH(f) paBHO 27i/9, T. 8. OHO MHMUMannaupyeTcs paBHbiM 0 B Ha-
yane kaxgoro bnoka FEC u yBenuumeaetcd Ha 2n/9 Ans Kaxgow nocnegylolwen napsl Aveek. Pesynestupyio-
Wui wabnoH ckavykoobpa3Hoii NnepecTponkn dasbl ABNAETCS NepUognyHecknm ¢ nepMogom 9 nap syeex, T. e.
X(i+9) = X(i). MockonbKy YvMcno nap syeek B bnoke FEC kpaTHO 9 ons Bcex BUAOB MOAYNALWIA, BCErfa cylue-
CTBYET LeNnoe YUCIo Nepruofoe ckavykoobpasHon nepecTtpoikn pasbl B kaxgom brioke FEC.

Matpuua ckadkoobpazHon nepectpoiku dasel X(/) He 3aBMCUT OT BUAA MOZYNALUN U COOTHOLUEHMWS
MOLLHOCTEMN.

10 O6pabotka pO4YC ana MIXO

MaBHoe HasHa4eHne pOYC B npochune MIMO 3aknodyaetcs B nepegade kagpos SISO kak yactu nepe-
haun, cogepxallen kak kagpbl SISO, Tak n kagpsl MIXO. MowHocTs curHana pOYC genuTcs Tak e, Kak
MoLHocTb MIXO yepes pasnuyHbie KOMNOHEHTLI Nepegaqyun (Hanpumep, Yactu [T1/Bl1 B cny4ae kpoccnonapu-
3aLMOHHOM Nepeaayn), YTobbl 4OCTUYL COOTBETCTBYHLLEro COOTHOLIEHUS MOLLHOCTEN TakuM 0Bpas3omM, 4YTobkl
cpeaHss MOLWHOCTL Dbina OAMHAKOBOW Ha Ka)K4oM KOMMOHEeHTe nepega4yn Bo BpeMs nepegaym SISO n MIXO.
O6paboTtka pOYC npumensetcs B npocmune MIMO Ha ypoBHe kagpa gna mogynauuu cumeonoe OFDM, ny-
TEM YMHOXEHWUA KaXKA0W Hecyllen kK Ha Ko3(MUUNEHT NpeabiCKaXKeHus d>k, kak B 6basoBomM npodune.

Ecnwn Tpebyetca obecne4nTb HENPEPLIBHOCTL CBONCTB MAeHTUdMKauuu nepegatyunka B pO4YC Bo Bpems
nepenaqun kak kagpos MIMO, Tak u kagpos SISO, To pOYC MOXKeT HENPEPbLIBHO NPUMEHATLCA KO BCEM TUMAaM
KagpoB.

11 Onuwum SISO/MIXO ansa cumBonosB P1, aP1 n P2

B Tabnuue 6 npuBeneHbl BapuaHTbl koaupoaHus SISO/MIXO, npumeHumMble K cumeonam P1, aP1 n P2.

Tabnuua 6— BapuaHtbl koguposaHusa SISO/MIXO, npumeHumele K cumBonam P1, aP1 u P2

Tun cumeona

Tun PLP P2 P2 P2
P1/aP1 CumBOonbl AaHHBLIX
L1-PRE L1-POST HaHHble
SISO HekogupoBaHHbI HekognpoBaHHLIN HekognpoBaHHbIN HekogupoBaHHbI HexkogupoBaHHbIN

SISO unmn pO4C SISO wnn pO4C SISO unu pOYC SISO nnu pO4C SISO wnu pOYC

MISO HekoovpoBaHHbI AnamoyTtu AnamoyTin AnamoyTiu AnamoyTin
SISO nnmn pO4C

MIMO HekogvpoBaHHbI AnamoyTtu AnamoyTn AnamoyTn AnamoyTin
SISO unn pOYC nnu Krm/Creo unu KrNmM/Crne unu KMNM/Cnao

MMpumedaHnuna

1 Crtpoka c SISO npuBegeHa Tonbko An8 UHopMaL M.

2 Ecnu npumensitoT koguposaHue AnamoyTti unu KNM/CMN®, tTo B pOYC gomkeH NpUcyTCTBOBaThL YHUKAlbHBINA Kof
AMNS Ka4oro nepegaryvka Unv aHTeHHbI.
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12 OcobeHHOCTU AaHHbIX curHanusauum L1 ana npodwuna MIMO

12.1 OaHHble curHanu3sauuu P1 u aP1

Mpodhune MIMO gomkeH curHanuavpoBaTecsi B npeambyne P1 sHaveHusmu S1 = 111 (kog ESC) n S2
none 1 = 000 (curHan MIMO NGH).

3a npeambyrnoi P1 gomkeH crnenoBath A0NONHWTENbHbIA cumBon P1 (aP1). CumBon aP1 gorxeH co-
aepxaTb 7 BUT AN curHanuaauum cornacHo Tabnuue 7.

Tabnuua 7— dopmar cumeona aP1 e npocune MIMO

Mone OnuHa nong, 6ut | HasHauyeHune
S3 3 PaamepHocTb BINd/3auTHLIA MHTepBarn
S4 4 3apesepBupoBaHo

Mone S3 (3 6uTa) ykasbiaeT paamepHocTs BIMN® u gaeT yacTuyHy MHOPMAaLWIO O 3aLLUTHOM UHTEpP-
Bane Ansa octaelwuxca cumeonos B kagpe NGH npodung MIMO cornacHo tabnuue 8.

Tabnuua 8 —one S3 npeambynsl NGH MIMO

Butel nons

33 PaamepHocTb BM®/3almMTHBLIA MHTEpBan Onwvcaxue
000 PaamepHocTb BlMN®: 1k, ntobbie OCTYMNHbIE 3HAaYEeHUA 3aLlLUMTHOTO MHTepBana | YkasbiBaeT pasMepHOCTb
- BlM® u 3HavyeHue 3awut-
001 PaamepHocTb BMN®: 2k, ntobble 4OCTYNHbIE 3HAYEHUA 3aLLMTHOIO MHTepBana HOTO WMHTEpBANa CHMBO-
010 PaamepHocTs BIMN®: 4k, nobbie AOCTYMHbIE 3HAYEHUS 3aLMTHOO MHTepBana | NoB B kaape NGH npodw-
nsa MIMO
011 PaameprocTts BlNd: 8k, 3awmTtHeI nHTepean 1/32; 1/16; 1/8; 1/4

100 PaamepHocTtb BIN®: 8k, 3awmTHLIA MHTepean 1/128; 19/256; 19/128

101 PaamepHocTb BIP: 16k, 3awmnTHbIA MHTepBan 1/128; 19/256; 19/128

110 PaamepHocTtb BINd: 16k, 3alimMTHBIA MHTepBan 1/32; 1/16; 1/8; 1/4

111 3apesepBupoBaHo

Mone S4 (4 buta) 3ape3epBUpoBaHO AN OyayLLMX MTPUMEHEHUNA.
Mogynsauus u coctae cumBona aP1 gomxHel cooTBeTCTBOBaTL Ha3oBOMY MPOuUIio.

12.2 [aHHble curHanu3saumum L1-PRE

B tabnuue 9 npuseneHa curHanusauma L1-PRE, cneunduyHaa ans npocdoung MIMO.

Tabnuua 9 — CurHanusaumsa L1-PRE, cneundunyHas ana npodpunsa MIMO

Mone OnuHa
L1_POST_MIMO 4 6uta
L1_POST_NUM_BITS_PER_CHANNEL_USE 3 buta

Mone L1-POST_MIMO (4 6uta) ykaswiBaeT cxemy MIMO 6noka gaHHbix curHanuzagum L1-POST. Cxema
MIMO pomkHa curHanuMampoBaTthes cornacHo Tabnuue 10.

Tabnuua 10— ®opmar curHanusauuu cxemsl MIMO 6noka gaHHbeix curHanusauum L1-POST

3HaveHne CurHansHoe cossesaune
0000 AnamoyTu
0001 KMM/Cne
0010 ... 1111 3apeszepBMpoBaHO
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Mone L1_POST_NUM_BITS PER_CHANNEL_USE (3 6wuta) ykasbiBaeT ynucno 6MTOB Ha KaHan ans
cxembl MIMO, ncnone3yemon curHanuaauyuen L1-POST. 3HavyeHme aToro nons onpegeneHo B tabnuvue 13.

12.3 [OaHHble curHanu3aumm L1-POST

12.3.1 KoHdurypupyembie gaHHble curHanusauyum L1-POST

B Tabnuue 11 npuBegeHa cemaHTUKa KOHUIypupyeMbix nonen curHanuaauum L1-POST, xapakTepHbix
ana npocduna MIMO.

Tabnuua 11 — CemaHTuka KoHUrypupyemMbix nonen curHanuaaumm L1-POST, xapaktepHbix ansa npocgpunsa MIMO

Mone OnuHa
IF S1="111"and S2 = “000x" or “011x" {
PLP_MIMO_TYPE 4 Buta
IF PLP_MIMO_TYPE =“0001" {
PLP_NUM_BITS_PER_CHANNEL_USE 3 buta
}
ELSE {
PLP_MOD 3 buta
}
}
ELSE {
PLP_MOD 3 buta
}

Mone PLP_MIMO_TYPE (4 6uta) ykasbiBaeT cxemy MIMO, ncnonssyemyto tekywmum PLP. Cxema MIMO
[OIMKHa UMeTb hopmMaT curHanuaaumm cornacHo tabnuue 12.

Tabnuua 12— dopmar curHanusauum cxemsl MIMO B none PLP_MIMO_TYPE

3HayeHne Cxema MIMO Tekywero PLP
0000 AnamoyTu
0001 KMM/Cne
0010 ... 1111 3apes3epBMpoOBaHO

Cnepywulee none npucytcTeyeT, Tonbko ecnv PLP_MIMO_TYPE = 0001 (KMM/CI1®).
Morne PLP_NUM_BITS_PER_CHANNEL_USE (3 ©uTa) ykasbiBaeT 4vic/io OUTOB Ha KaHan NbpCu ans

cxembl MIMO, ucnoneayemoin Tekywmum PLP. 3HadeHue 3Toro nons onpegensieTcs B COOTBETCTBUM C Tabnu-
uen 13.

Tabnuua 13 — dopmar curHanuzauuu nona PLP_NUM_BITS_PER_CHANNEL_USE

3HavyeHue Nbpcu Mopgynsuuns
000 6 foi(Tx1) QPSK
foie1(TX2) 16-QAM
001 8 foi(Tx1) 16-QAM
foie4(TX2) 16-QAM
010 10 for(Tx1) 16-QAM
foir1(Tx2) 64-QAM
011—111 3ape3epBMpoBaHO 3apesepBupoBaHo

21

GostExpert.ru
https://GostExpert.ru/gost/gost-71243-2024



https://gostexpert.ru?utm_source=pdf&utm_medium=69046
https://gostexpert.ru/gost/gost-71243-2024?utm_source=pdf&utm_medium=69046&utm_term=page

FOCT P 71243—2024

Cnepytwouwee none npucytcreyeT, Tonbko ecnv PLP_MIMO_TYPE pasHo 0000 v He pasHo 0001 1 0010
(cxema AnamoyTn).

Mone PLP_MOD (3 6uTta) ykaseiBaeT MOAynsLuMio, ncnonb3yemyro Tekywinm PLP. Mogynsauma gonxHa
cUrHanuaupoBaTtbcs cornacHo Tabnuue 14.

Tabnuua 14 — Moaynsaums, ucnonedyemas tekywum PLP

3HauveHune nons PLP_MOD Mopaynsuus
000 QPSK
001 16-QAM
010 64-QAM
011 256-QAM
100 HepaBHomepHasa 64-QAM
101 HepaBHomepHasn 256-QAM
110 — 111 3apesepBMpoBaHO

12.3.2 OuHaMmunyeckue gaHHble curHanusaumm L1-POST

B npodune MIMO auHamudeckas curHanuaaumsa L1-POST pgomkHa COOTBETCTBOBATbH CUrHanM3aLum
Hazoeoro npoduns.

12.3.3 BHyTpunonocHas curHanusauyusa tuna A

B npocdmne MIMO BHyTpunonocHasi curHanuaaumsi Tuna A [ofmkHa COOTBETCTBOBATb CUMrHanM3aumu
BazoBoro npoduns.
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YOK 621.397.132.129:006.354 OKC 33.170

KnioveBble cnoBa: uudposoe BelwaTensHoe TeneesngeHne, cMcteMa UMgpoBOro TeENEBU3NOHHOIO BELLAaHUA
ONS NOPTaTMBHbIX YCTPOWCTB MOCNEeAyoLWero nokonexus, cneumdunkauma pusmyeckoro ypoeHs, DVB-NGH,

npocdouns MIMO, MISO, MIXO, SISO, curHanusauusa, Kpoccnonspusauws, MyNIsTUNIEKCUPOBaHMe,
KOOUpOBaHue
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