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HALUWOHANbHbBINW CTAHAOAPT POCCWUMCKOW SEALEPALUMN

TeneBuaeHve BelwaTesibHoe UNpoBoe

CUCTEMA LUN®POBOIO TEJIEBU3VOHHOIO BELWWAHVA ANA MOPTATUBHbLIX YCTPOWCTB
MOCNEAYIOLWEIO NMNOKONEHNA (DVB-NGH), CNEUN®UNKALNA PN3NYECKOIO YPOBHA

Mpodnnb MIMO

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

Jata BBegeHua — 2025—03—01

1 O6nactb NpUMeHeHus

HacTosawmii ctaHgapT pacnpocTpaHseTcss Ha cuctemy LUAPOBOro TesieBM3NMOHHOro BelaHua (DVB)
ANA nopTaTUBHbLIX YCTPONCTB (TepMuHanoB) nocnepytouiero nokoneHusa (NGH) (aanee — DVB-NGH) u ycTa-
HaBnuBaeT Habop TpeboBaHnii, oNUCbIBaLLNX BCIO HACTb (IM3NYECKOTO YPOBHA OT BXOAHbIX NOTOKOB A0 nepe-
Jasaemoro B adimMp curHana, Korga nepefava v npuem faHHbIX OCYLLEeCTBAAITCA CUCTEMAMU U3 HECKOJIbKUX
Ha3eMHbIX aHTeHH (ganee — npodunbs MIMO).

Cuctema DVB-NGH npegHa3HauyeHa 4/ 4OCTaBK/M TPAHCNOPTHbIX NOTOKOB UM NMOTOKOB AaHHbIX 0bLie-
ro Ha3HayeHUs Ha JINHEeNHble N HEeNTMHElHbIE NPUIOXEHUS, TakMe Kak TefieBueHune, paguo, CepBUChl JaHHbIX.

TepmuHansl DVB-NGH Takxe moryT o6pabatbiBaTb curHansl DVB-T2-lite.

HacTtosawwuin ctaHgapT cnegyeT NPpMMEHATb Npu pa3paboTke, U3roToBeHUn n akcnayatauun DVB-NGH,
a Takxe npu paspaboTke, NPOEKTUPOBAHUMN K 3KCNAyaTauum nporpaMmHoro obecnedeHuns ceteli DVB-NGH.

2 HopmaTtuBHbIE CCbIJIKN

B HacToAWweM cTaHAapTe MCNo/b30BaHa HOpMaTUBHAs CCblfika Ha cnepylowunii ctaHgapT:
FOCT P 52210 TeneBugeHue BewaTtesnibHoe LugpoBoe. TepMUHbI 1 onpeaeneHns

MpumedaHue — lMNpn NONb3OBAHUM HACTOSILIMM CTaHAAPTOM Lie1ecoo6pasHo NPOBEPUTHL AEWCTBME CCbINOUHbIX
CTaHAapToB B MH(POPMALMOHHOI CUCTEME OBLLETO MO/b30BaHUSI — Ha O(MLIMATIBHOM caiiTe defiepasibHOro areHTcTea no
TEXHUYECKOMY PEry/ivMpoBaHuio U METPOIOMM B CETU VIHTEPHET WK MO EXErogHOMY MHOpPMaLMOHHOMY ykasaTesto «Ha-
LIMOHasTbHbIE CTAHAAPTbI», KOTOPbI ONy6/MKOBaH MO COCTOSIHMIO Ha 1 siHBapsi TEKYLLEro rofa, 1 no BbiMyckaMm eXeMecsiy-
HOr0O MHYOPMALWIOHHOTO yKasaTens «HaunoHabHble CTaHAapTb» 3a TeKYLMA rod. Ecnv 3aMeHeH CCbINOYHBbIA CTaHaapT,
Ha KOTOpbIi lJaHa HeaaTUPOBaHHAs CCblKa, TO PEKOMEHAYETCS UCMOMb30BaTh AE/CTBYIOLLYI0 BEPCUIO 3TOTO CTaHAapTa
C Y4ETOM BCEX BHECEHHbIX B JaHHYI0 BEpPCUI0 N3MeHeHUIA. EC/iM 3aMEHeH CCbIIOUHbIA CTaHAApT, Ha KOTOpbIid AaHa Aatu-
pOBaHHas CCbi/ka, TO PEKOMEHAYEeTCsl UCMO/b30BaTh BEPCUIO TOTO CTaHAapTa C yKasaHHbIM BbILIE TOA0M YTBEPXAeHUs
(NpuHsTUA). ECAm nocne yTBEPXAEHUS HACTOALLEro CTaHaapTa B CCbIIOUHbIN CTaHAApPT, Ha KOTOpbIM AaHa JaTvpoBaHHas
CCbI/IKa, BHECEHO M3MEHEHVE, 3aTparvBaloLLee MosokKeHMe, Ha KOTOPOE [laHa CCbI/Ka, TO 3TO MOJIOKEHNE PEKOMEHYETCS
NPUMEHATL 6e3 yyeTa AaHHOr0 U3MEHEHMS. ECM CCbINOUHBIA CTaHAAPT OTMEHEH 6e3 3aMeHbl, TO MOJSIOKEHNE, B KOTOPOM
[laHa ccbl/ika Ha Hero, peKoMeHAyeTCs NMPUMEHsITb B YacTy, He 3aTparmBatoLLeli 3Ty CCbUTKy.

V3paHne opuruynanbHoe
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3 TepMuHbI, onpeAeneHunsl, cokpaweHnst 1 0603HaYeHs

3.1 TepMuHbI N onpeaeneHus

B HacToAwem ctaHgapte npuMeHeHbl TepMuHbl no FTOCT P 52210, a Takxe crnegywowme TepMUHbI C CO-
OTBETCTBYIOLWUMU ONpefesIeHNAMMU:
3.11

6a3o0Bblii npothunb (basic profile): Ha6op Tpeb6oBaHuin k cucteme DVB-NGH, onucbiBamLWmnX BCH
YyacTb (U3NYECKOro YPOBHA OT BXOAHbIX MOTOKOB A0 NepegaBaemMoro B ahup curHana, 3a UCKIYeHueM
TpeboBaHuin, cneunduniHbix ana npocgpuna MIMO, rmbpugHoro npodwuna n rubpugHoro npocpuns MIMO.
[FTOCT P 71241—2024, nyHkT 3.1.1]

3.1.2

rméepugHbin npocuns (hybrid profile): Ha6op Tpe6oBaHuii k cucteme DVB-NGH, onucbiBaloWmx BCo
yacTb (PM3MYECKOro YPOBHS OT BXOAHbIX MOTOKOB A0 NepefaBaeMoro B apup cCUrHana, korga nepegada u
npuemMm AaHHbIX OCYLWEeCcTB/IATCA COBMECTHO MO Ha3eMHOMY N CNYTHMKOBOMY KaHanam.

MpnmeyaHne — Jonyckaetrca npuMeHeHne TexHonorum MISO npu mogynsaumm OFDM.

[FOCT P 71241—2024, nyHkT 3.1.2]

3.1.3

rmbépungHbii npogunib MIMO (hybrid profile MIMO): Ha6op Tpe6oBaHuii k cucteme DVB-NGH, onu-
CblBaKLWNX BCH 4YacTb (PM3MUYECKOrO YPOBHSA OT BXOAHbIX MOTOKOB A0 MepejaBaemMoro B acup curHana,
Korga nepepadya n npmem AaHHbIX OCyLW,EeCTBNAKTCA COBMECTHO NO HaA3eMHOMY U CNYTHNKOBOMY KaHanam C
ncnosib3osaHnem metoga MIMO.

[FOCT P 71241—2024, nyHKT 3.1.3]

3.14

KaHan domsnyveckoro yposHsA; PLP (physical layer pipe; PLP): KaHan ¢ ycTaHOB/€HHbIMU HEWU3MEH-
HbIMW NapameTpamu nepegayn (Bknwvas BUL MOAYNALMK, KOLOBYK CKOPOCTb, MyOUHY MepemMexeHus BO
BpeEMEHU), nepepaBaeMblii B 3afaHHbIX NOACErMEHTax C UCMOb30BaHWEM MY/bTUN/IEKCMPOBAHUA C Bpe-
MEHHbIM pasfefieHnem.

MpumMmedyaHune — PLP MOXeT NepeHOCUTb OAHY WX HECKOMBLKO CITYXO.

[FOCT P 71241—2024, nyHKT 3.1.4]
3.15

npounb MIMO (profile MIMO): Ha6op Tpe6oBaHuii kK cucteme DVB-NGH, onucbiBalowmx BCO YacTb
(hM3MUYECKOro YpoBHA OT BXOAHbIX MOTOKOB A0 NepefaBaemMoro B adyup curHana, Kkorga nepegava gaHHbiX U
npueM AaHHbIX OCYLECTBAATCA CUCTEMAMU U3 HECKOJIbKUX HA3EMHbIX aHTEHH.

[FTOCT P 71241—2024, nyHkT 3.1.5]

3.1.6

curHanusauua L1-PRE (signaling L1-PRE): CurHanusauus, nepegaBaemasi cumsonamu P2, nmeto-
WMMKU (DUKCUPOBAHHLIN pasMep, KOAUMPOBaHME W MOAYNALWIO, BKKOYalolWwas OCHOBHYH WHAOpMauulo o
cucteme NGH v uHdopmauuto, Heob6xoammyo Ana gekoanmposaHua curHanumsaumm L1-POST.

[FTOCT P 71241—2024, nyHKT 3.1.6]

3.1.7

curHanusauymsa L1-POST (signaling L1-POST): CurHanusauus, nepefasaemMas B Hadyane /1orM4yecko-
ro kagpa v npegocraBnfwwas nogpobHy nHgopmaymo yposHsa L1 o cucteme NGH u PLP, cocToswas us
KOHQUTYPUPYEMOWN 1 ANHAMUYECKOW YacTeid.

[FOCT P 71241—2024, nyHkT 3.1.7]
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3.1.8

cumBon aP1l (symbol additional P1; aP1l): JonosHuTenbHbll cuMBon P1, Hecywuii curHanbHble Nons
S3 1 S4 n pacnonoxeHHblii cpa3y nocne cumsona Pl.
[FTOCT P 71241—2024, nyHkT 3.1.8]

3.1.9

cumBosnl Pl (symbol P1): CumBOA NUMAOT-CUTHaNa NOCTOSSHHOW A/IUHbI, NepeHoCAWNn nHdopmaymto
curHanusauyum B nonsax S1 n S2 n HaxoasAwwmiica B Havyane kaxgoro NGH-kagpa, nepegaBaemoro no paguo-
4YaCTOTHOMY KaHasy.

MpumedyaHune — OCHOBHOE HasHaueHve cumBona Pl — 3T0 6bICTPOE NepBoHAYa/IbHOE CKaHMpOBaHWe no-
NOChbl pagvokaHana ans o6HapyxeHust curdana NGH, ycTaHOBNEHVs] BPEMEHHON CUHXPOHM3aLMK, ONpeaeNeHnst cMe-
LLEHVs1 YacToThbl U pasmepa GbICTporo NpeobpasoBaHus dypbe.

[FTOCT P 71241—2024, nyHKT 3.1.9]
3.1.10

cumBon P2 (symbol P2): CumBon nunoTt-curHana, pacnosioXeHHblli cpady nocne cumsona Pl uwnm
aPl (ecnn OH NpUCYTCTBYET), C TEM Xe pa3mepom ObICTPOro npeobpaszoBaHusa dypbe M 3aWUTHBIM UHTEP-
Ba/IOM, KaK 'y CUMBOJ/IOB [l@HHbIX.

MpumeyaHune — Yucno cumeonos P2 3aBucuT OT pasmepa 6bICTPOro npeobpasoBaHus dypbe. CmBosbl P2
NCNOMb3YIOT A/19 TOYHOM BPEMEHHON M YaCTOTHOM CUHXPOHM3aUMK, a Takke A5 NepBoHaYasibHOW OLEeHKU KaHasa.
CvmMBO/bl P2 HecyT uHpopmaumio curHanmsaumm L1 n L2, a Takke MOryT NepeHoCUTb AaHHbIe.

[FTOCT P 71241—2024, nyHkT 3.1.10]
3.1.11

Ccy6-6/10K (sub-slice): pynna siueek u3 ogHoro PLP, KoTopble nepes YacTOTHbIM NepeMexeHnem pas-
MeutatoTcs Ha OFDM-ayeiikax gaHHbIX C NocnefoBaTe/lbHbIMU afpecaMy Ha O4HOM pajuokaHane.
[FOCT P 71241—2024, nyHkT 3.1.11]

3.2 CokpauweHus 1 0603HavYeHmns

B HacTosillemM cTaHgapTe NPUMEHEHbI cneayloline cokpalw,eHns u 0603HaYeHus:

BrMo — 6bIcTpoOe npeobpasoBaHue dypbe;

Brl — BepTuKasbHasa nonapusaums;

rm — ropu3oHTasbHaa nonspusauuns;

KIMM — KpoccnongapusaynoHHoe MynbTUMNeKCMpoBaHue,

OBNo — obpaTHOoe 6bIcTpoe npeobpasoBaHue Pypbe;

poucC — paclwupeHHaa ofHo4YacToTHaA CeTb;

Chno — CcKauykoob6pas3Has nepecTpolika asbl;

BCH — Kop boysa — Yoyaxypu — XokeBuHrema (Bose — Chaudhuri — Hocquenghem code);

BICM — KoAMpoBaHWe C nepemexeHvem 6utoB U moaynauua (bit interleaved coding and modu-
lation);

DVB — uucpoBoe TenesusnoHHoe BewaHune (digital video broadcasting);

ESC — obwwit kog Bbixoaa (general escape code);

FEC — npsamoe ynpexgjatwuiee ucnpasneHne ownbok (forward error correction);

GSE — VHKancy/MpoBaHHbIi NOTOK 06Wero HasHavyeHus (06WMIA MHKAMCYNMPOBAHHbIA MNOTOK)
(generic stream encapsulation);

L1 — nepBblil (usnyecknii) ypoeHb (layer 1);

LDPC — KOA, C Masioii NNOTHOCTbI MPOBEPOK HA YETHOCTb (HW3KOMJIOTHOCTHbIN Koa) (low-density

parity-check code);
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MIMO — «MHOXECTBEHHbI BXOf, MHOXECTBEHHbI BbIXO4» — MeTOA4 NPOCTPaHCTBEHHO-BPEMEH-
HOMo KOAUPOBAHUA C MHOXECTBOM aHTEHH Ha nepegavy M MHOXECTBOM @HTEHH Ha npuem
(multiple input, multiple output);

MISO — «MHOXECTBEHHbIA BXOA, OAWHOYHbIN BbIXOA» — METOA MPOCTPAHCTBEHHO-BPEMEHHOTO
KOAMPOBAHMA C MHOXECTBOM aHTEHH Ha nepejfavy v OAHON aHTeHHON Ha npuem (multiple
input, single output);

MIXO — MISO wunn MIMO;

MU-610k — 610K namsati (memory unit);

NGH — nopTaTMBHOE YCTPOICTBO nocneaytowero nokosneHus (next generation handheld);

OFDM — MHOro4yacToTHas cxema MOAyNAuUU C OPTOrOHas/IbHbIM YaCTOTHbIM pacnpegesieHneM He-
cywux B nosoce kaHana seuwaHus (orthogonal frequency-division multiplexing);

PAM — amMnanTygHo-nmnynbcHas mogynaums (pulse-amplitude modulation);

PH — ckauykoobpasHaa nepecTpoiika da3bl (phase hopping);

PLP — kaHan dusnyeckoro yposHsa (physical layer pipe);

SISO — «OAWHOYHbIV BXOA, OAUHOYHbI BbIXOA4» — CUCTEMA C OAHOWN nepepatouieit u ogHOW nNpu-
eMHOW aHTeHHol (single input, single output);

SM-610Kk — nNpOCTPaHCTBEHHO-MY/bTUNNEKCMPOBaHHLIA 610K (spatial-multiplexing);

TS — TpaHCNOpPTHbI NOTOK (transport stream);

QAM — KBagpaTtypHas amnantygHas mogynsaumsa (quadrature amplitude modulation);

QB — KBa3uumkanyecknin 6nok (quasi-cyclic blocks);

QPSK — KBajgpaTypHas oTHOocuTenbHas dasoBas mogynsauusa (quadrature phase shift keying);

VMIMO — BuptyansHoe MIMO (virtual MIMO);

F — (puKcupoBaHHas mMatpuua NPpekofupoBaHns NMPOCTPAHCTBEHHOIO MYJ/IbTUN/IEKCUPOBAHUS;

f2j, 2+  — napa avyeek cumBona OFDM po npekogmpoBaHus MIMO, rge / — wHAEKC napbl;

02}, g2j+1 — napa flueek, NosyvyeHHass B pe3ynbTarte npekoguposaHus MIMO, nepegaBaemas napow
nepegartymkoB Tx1 m 7X2 cOOTBETCTBEHHO B ogHOM cumBone OFDM, rge / — uHAekc
napbil;

Nyata 4YnCcno AYeek faHHbIX B cumeosie OFDM (Bk/oyas Bce HEMOAY/IMPOBAHHbIE AYEliKN faH-

HbIX B CMMBOJIE 3aKpblTusa kagpa) (number of data cells);

Neelis 4ncno syeek, Tpebyembix 4NA nepegadmn ogHoro 61oka LDPC npu ncnonb3oBaHUM Koau-
poBaHusi MIMO u koTopoe pasBHo Njgpl/N bpcu (number of cells per LDPC block);
bpcu 4ncno ncnosb3lyembix 6UTOB Ha kKaHan (number of bits per channel use);
Idpc yucno 6utoB B LDPC-kognposaHHom 6n10ke (number of bits of LDPC-coded block);
MUSs yucno MU-6nokoB (number of memory units);
MUs, PLP yncno MU-6nokoB gns otgensHoro PLP (number of memory units for one PLP);
TN naeHTudukatop nepepatunka Homep N, paboTtatwowero no metogy MIXO;
W(i) KOMOWHUPOBaHHaA MaTpula NPeKoaupoBaHuS;
X(i) nepemMeHHas maTpuua ckaykoo6pasHON nepecTpoikn ghassbl;
N2> x 2 +1 napa siyeek, nojslyyeHHas B pesysibTare NPeKofUPOBAHUA MPOCTPAHCTBEHHOIO MY/bTU-

nnekcupoBaHus u3 napbl sueek cumpona OFDM f2), f2/+1, rpe / — nHAekc napbl.

4 OnpepgeneHvie n apxmutektypa cmcteMmbl DVB-NGH npodumnsa MIMO

4.1 O6uwme NonoXeHus

Onuun nepegaun MIMO BkAOYEHbI B AONOAHUTENbHbIA Npoduab MIMO ¢ uenbl MCcnonb3oBaHUA npe-
UMyLLEeCTBa pa3HEeCEeHHbIX NpuemMa ¥ nepefayvv v BbICOKOW MPOMYCKHON CNOCOGHOCTW, MOMTYYEHHbIX B pe3y/b-
Tate UCMo/sib30BaHUA HECKO/IbKUX aHTeHH B nepegaTtyumke v npuemHuke. OueHka kaHana, nogxofswas ans

4
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MIMO, o6ecneunBaeTcs COOTBETCTBYIOLWEW CTPYKTYpPO/ NWUAOT-CUTHANOB, MAEHTUYHOW 6a30BOMYy npodusio
DVB-NGH pna kagpos MISO. TepmuH «kagpbl MIXO» oxBaTblBaeT BCe Kagpbl, coAepxaline Ttakme nuioT-
curHansl. Moatomy MIMO MOXeT ABNATLCA 4YacTblo NepepaBaemMoro curHana, sknwyaa MISO PLP, a Tak-
Xe kagpbl SISO cornacHo 6asosomy npodunto. B kagpax MIXO k coctasnsawwum PLP mMoryT npyumeHaTbCs
pasHble CXeMbl B COOTBETCTBUM C XeslaeMbiMU Xapakrepuctukamu nepepayu, Hanpumep, MISO moxet npu-
MeHATbCA Ana curHanmsaumm L1 wnnm no6oii Apyroil HU3KOCKOPOCTHOW BbICOKOHaAexHol nepepgaun. bonee
BbICOKOCKOpPOCTHasa nepegavya MIMO, B KOTOpOI yBeNMYeHUEe CKOPOCTU MY/IbTUN/IEKCMPOBAHUA OaHHbIX 4,0-
cTuraeTca 6narogaps OoTnpaBke OTAEeNIbHOW MHGOPMauUM OT KaxAOro aHTEHHOro 3fieMeHTa, MCNnosib3yeTcs
Tam, rae nponyckHas Cnoco6HOCTb ABNAETCHA [NMaBHOW Lenblo.

BbicOKkOoypoBHeEBass CTpPyKTypHas cxema usmyeckoro yposHs NGH gnsa npodpuna MIMO npusegeHa
Ha pucyHke 1. Mo cpaBHeHuto ¢ 6a3oBbIM npodunem B npodune MIMO Tonbko 6noku BICM, KOHCTpyKTOpa
Kagpa n OFDM reHepauuun cogepxaT QyHKUMOHabHbIE OTINYNA (MOKa3aHbl CepbiM LiBETOM).

CvirHan

B achvpe
Bxogbl TS
wm GSE

PucyHok 1— BbICOKOypOBHEBasi CTPYKTypHas cxema humandeckoro ypoHss NGH ans npocmna MIMO

4.2 BbuToBOE NepemMexeHue, KoguposaHue, moaynauusa, MISO- u MIMO-npekogunpoBaHue

CTpykTypHasa cxema BICM gns npocuna MIMO npuBefeHa Ha puUcyHke 2, 6/10kM € oTnM4namm ot 6aso-
BOro npouna nokasaHbl CepPbIM LIBETOM.

PLPO
K KOHCTpYyk-
Topy
JIOTNYECKMX
PLP1 Kapos

PucyHok 2 — CTtpykTypHasa cxema BICM gnsa npoduna MIMO

CTpykTypHasa cxema BICM co cmewaHHbiMu MIMO 1 MISO PLP npuBegeHa Ha pucyHke 3, 6110ku € OT-
nnyunamm ot 6a30BOro Npoduas nokasaHbl CEPbIM LBETOM.
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K KOHCTpyKTOpY
JIOTNYECKNX
Kaapos

PLPn K KOHCTpyKTOpY
nornyecknx

Kagpos

PucyHok 3 — CtpykTypHasa cxema BICM co cmewwaHHbiMi MIMO n MISO PLP

4.3 KogupoBaHune FEC n nepemexeHne BHyTpu 6510ka FEC

MIMO PLP B npocune MIMO fo/mkHbl NCNO/b30BaTb M3MEHEHHbIN GUTOBbLIN NMepeMexunTens Ass ynpo-
LeHna utepaunmoHHoro gekogumposaHusa MIMO B npuemHuke. [lemynbTUnnekcmposaHue 6a30Boro npodunsa
6MTOB Ha AYelikn B ABHOM BuAe NPMMEHATb He JonyckaeTcs.

4.4 Mopynauua v nepemexeHne KOMNOHEHTOB

CurHanbHbIMK co3Be3ANAMU AOMKHbI 6bITb QPSK, 16-QAM 1 64-QAM, 6e3 nosopoTa. Ha BbIxofe ABYX
MIMO-NOTOKOB CUTHasIbHble CO3BE3AUSA MOTYT OblTb O4WHAKOBbLIMU WM pPa3HbIMU, B 3aBUCUMOCTUN OT BblGpaH-
HOro pexuma pabdoThbl.

4.5 TepemexeHne BO BpeMeHU (BHYTPUKaLpPOBOE CBEPTOYHOE NepeMeXeHne N BHeLLHee
6/104HOE NepemMexeHune)

MepemeXxeHne BO BPEMEHU BbINOJIHAT Moc/ne reHepauun aAsyx MIMO-NOTOKOB, MO3TOMY UCMO/b3YOT
napannencHo Ba NepemMexuTens Bo BpeMeHu. NepemMexeHue BO BpeMeHU B 060mx MIMO-noTokax A0/MKHO
ObITb UAEHTUYHBLIM. [JNA coxpaHeHus o6uieil NoTPe6HOCTU B NaMATU Kaxablil U3 aTux MIMO-NOTOKOB A0/KEH
MMeTb B[BOE MEeHblUyl0 MaKkCUManbHyl rny6uHy, yem B 6a30BOM npoduse.

4.6 KOHCTPYKTOpP Kagpa, YaCTOTHOE nepemexeHue

CTpyKTypHas cxema KOHCTpykTopa Kagpos MIMO npuBefeHa Ha pucyHke 4. CTpyKTypa COOTBETCTBYeT
6a30BOMYy Npohuo 3a UCKIIOYEHMEM BblAeNeHns MecTa Ana cumeosa aPl. YacTOTHbIA nepemMexuTesnb Cco-
OTBETCTBYET NOMNapHOMY MepeMexuTento 6a3oBoro npoduns.
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______ > i . KoHCTpyKTOP
----- » [ C6opka sueex | normueckmx KaapoB
pLpp | OOuweroPLP (cobvipaeT Mopym-

pOBaHHble sueliku
PLP v curHanusaupm

""" > L .J L1-POST B noruueckue KOHCTpYKTOp
Kagpbl.
Pa60Ta2$'pcomaCHO kappos NGH
PLP1 | C6ooka sueek ! > (cobupaet
| panHbix PLP 1 AMHAMIHECKOM MOZy/IMpOBaHHbIe
1 VHcpopmaLym AYEVKM IorMuHecknx
M3 pacnmcanqna, KaipoB 1 CUrHa/Vi3aLym
| npefocTaB/AeMOro L1-PRE B MaccyiBbl,
LI — M/TaHNPOBLLVIKOM) COOTBETCTBYHOLLYE
cvmvBosiam OFDM. Ha reHepa-
—_— | |'|po|_|'eccop ‘1 JNlornyeckne PabotaeT corniacHo UacToTHLIN ] upo
| cy66/10KoB Kagpbl MHAMUYECKOVA . gce(:nemm- OFDM
PLPN I i nHchopmaLn pTe.I'Ib
| U3 pacnmcaHusi,
1 J npesocTaB/IseMoro .
= : M/1IAHVPOBLLYIKOM.
Bbl,ﬂ,el'IHET MecTO
aona cumsona aP1l)
~ Cé6opka M
Ayeek L1-POST L1-PRE
------ > I } el
|
| J

PucyHok 4 — CTpyKTypHasi cxema KOHCTpykTopa kagpos MIMO

4.7 TeHepauyua OFDM

TexXHO/IOrMA CHUXEHUS NuK-thakTopa nyTeM akTMBHOIO pPaclUMPEeHUs CUTHa/IbHOro CO3Be3funsa K Kagpam
c chopmaTtom npeambysibl «<NGH-MIMO».
CTpyKkTypHasa cxema reHepauun OFDM npuBegeHa Ha pucyHke 5.

K nepepgatunkam

PucyHok 5 — CtpykTypHas cxema reHepauumn OFDM

5 COBMECTMMOCTb CUCTEMbI Npuema/nepenaqun

[Ona uncnonb3oBaHna npocuna MIMO, cornacHo HacToslwemy cTaHfapTy, annapatHoe ob6ecneyeHue
nepegarumnka A0/HKHO BKIOYaTb KPOCCNONMSAPU3ALMOHHbIE @aHTEHHbI C pa3AesibHON nogadveli CUrHanNo0B Ha ane-
MeHTbl Tl n BI. Ana npuema u gekogupoBaHus curHanos MIMO Ha npMeMHOM TepMuHasie Takke Heobxoau-
MO HanmMyme ABYX KPOCCMONAPU3ALUNOHHbIX aHTEHH.

B otgenbHom PLP mMoOXeT Mcnonb3oBaTbCA TONLKO OA4HO U3 KogupoBaHuin MISO nan MIMO, T. e. OHU He
ABMIAOTCA KackagupyembIMu.

Ons npogpuna MIMO Heo6xoA4MMO MCNOMb30BaTh GUTOBLI NEpPEMEXUTENb, ONUCAHHbIN B pa3gene 6.
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6 BuToBbLIN NepemMexuTesnb

BUTOBbLIN NepemexuTens, ucnonbdyemslii ana MIMO PLP, oTnuyaeTcs oT 6UTOBOro nepemexurens ba-
30B0ro npodunsa. CTpykTypHas cxema 6UTOBOro nepemexutens npoguna MIMO npuBegeHa Ha puUcyHke 6.

K oTobpakeHuo
Aveek
Ha co3sesaye

PucyHok 6 — CTpykTypHasi cxema 6UTOBOro nepemexuTenst npocgpuns MIMO

Ona 6onee sadhpekTUBHON peanusauynm npuemHuka OGUTOBLIN nepemexuTtens npodwuna MIMO pon-
XeH ObiTb afanTUpoBaH K KBa3ULWUKANYECKON cTpykType koga LDPC. BuToBbii nepemMexutens npocuns
MIMO pgosmkeH BKoYaTb B Ce6S ABa KOMMNOHEHTA: NepemMexunTesib YeTHOCTU U NapannienbHblli 6UTOBLIN nepe-
MeXuTtesnb.

ButoBbli nepemexutens npoduna MIMO naeHTM4eH GUTOBOMY NepemMexuTtento 6a3oBoro npoduns.
ButoBbIi nepemexutens npocdunna MIMO npegHasHavyeH A9 npeobpa3oBaHusa CTyneH4yaTol CTPYKTypbl YeT-
HOM YacTu MaTpuubl NpoBepkn YeTHOCTUM LDPC B KBaA3MULUKANYECKYH CTPYKTYpY, aHanorMyHyl nHdopmaum-
OHHOI YacTu maTpuubl. Ha Bbixoge nepemexutens 4eTHOCTUM Kogosoe cnioBo LDPC copepxut 45 cMeXxHbIX
QB. Kaxpbiii QB coctont ns 360 6ut. KogoBoe cnoBo € NepemMexeHnemM Mo 4YeTHOCTU ob6pabaTbiBaeTcs na-
pannenbHbiM GUTOBBIM MEPEMEXUTENIEM, a 3aTeM OTo6paxaeTcs Ha nocnegoBaTenbHOCTb SM-6/10KOB MO
N'opi 6UT Kaxablii. Ha pucyHke 7 npuBefeHa CTPYKTypHas cxema napanfefsibHoro 6MToBOro nepemMexurens

a™ Nbpcu = 8-

QB 1 QB2 QB3 QB 45
) I~ r "
B30 0 8 0
-0 0 0 O Q
WM Ww n* Wu uvuuy
0000 0000 6666 6666
..... AV
SM-6n0K SM-6r0K SM-6n0oK SM-6n10K
1 2 3 4050

PucyHok 7 — CTpyKTypHasi cxema napasiienibHoro 6utosoro nepemexutens ans Nbopou = 8

MapannenbHblil GUTOBLIN NEpeMexunTesib COCTOUT U3 ABYX YacTel: KBa3nUMKIn4eckoro 6/104HOro nepe-
MEeXMUTena n nepemMmexuTens cekuui.

KBasnumknunyecknini 6/104HbI nepemexunTens nameHseT nopsagok 45 QB kogosoro cnosa LDPC. Mepe-
CTaHOBKM QB onTUMM3MpOBaHbl ANSi pa3nuuYHbIX KoM6uHauuii Nbpcu, cKOpocTM Koga M COOTHOLIEHWUS MOLL-
HocTeil. MepecTtaHoBkn QB ana Nbpcu = 6, 8 n 10 npuBefeHbl B Tabnuuax 1—3 cOOTBETCTBEHHO, Kaxaan Ta-
611ua coaepXnT nepectaHoBkM QB Ans pas3nnyHbiX BApMaHTOB CKOPOCTM KOA4A M COOTHOLLUEHUS MOLLHOCTEN.
MHpekebl QB Bapbupytotca ot 1 go 45.
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Mocne kBasnyumkanyeckoro 6/104HOrO0 NepemexnTens kogosoe cioso LDPC genutcsa Ha napannesnbHble
cekumm, kaxgasa cekuns cogepxnt Nbpcl2 cmexHbix QB. Kaxpas cekuma obpabaTbiBaeTcs HeE3aBUCMMO C MO-
MOLLbIO NepemMexuTens cekyuii. Yncno cekymuii Ha kogoeoe crnoso LDPC ansa Nbpcu =6, 8 n 10 go/kHO 6bITb
paBHo 15, 11 n 9 cooTBeTcTBeHHO. Mpu Nbpcu = 8, nockonbky 45 He genutcs Ha 4 6e3 octaTtka, nocnegHuin QB
HE MPUHAANEXNT HUKAKOW CeKuMM 1 He A0/KEH obGpabaTbiBaTbCsl NepemMexunTenem Cekuui.

MepemexeHne CeKUNl 3aKkoyaeTcsa B 3anMcu 6UTOB KaXAol cekumm NoCTPOYHO B maTpuuy ¢ 360 cTon6-
uamu 1 Nbpcl2 ctpokamu u ganbHellwem 4YTeHUU UX NocsefoBaTeNbHO CTO6el 3a cToN6LoM. MNMpuMeHeHne
Takol cTpaTerum uyepenoBaHWs rapaHTUMPYeT, YTO KaxXAbll SM-6/10K COAEPXUT 2 CMEXHbIX 6MTa U3 Kaxaoro
QB B COOTBETCTBYHLLEN CeKLUM, Kak MokaszaHO Ha pucyHke 8 ans Nbpcu = 8. 3aTem 6uUTbI M3 BCeEX pa3fesioB
o6beanHaTCA B chopmmpoBaHHoOe KofoBoe cnoso LDPC.

1 2 180

PucyHok 8 — lNepemexuTens CEKLI.VIVI, nocnenoBsartesibHOCTU 3anncn n YTeHna

7 'eHepauns KOMMIEKCHbIX CMMBOJIOB

N'bpey 6uToB Kaxaoro SM-6n10ka Moy NMPYHOT ABa KOMMNAEKCHbIX cMMBOna S1u S2, KoTopble npocTpaH-
CTBEHHO-MY/bTUM/IEKCUPYIOTCA Ha ABe aHTeHHbl. OTobpaxeHne 6UTOB Ha aelicTBuTenbHble (Real) U MHUMbIE
(Imag) yacT KOMNJEKCHbIX CUMBOJIOB NMOKa3zaHo Ha pucyHke 9 ana Nbpcu = 6, 8 n 10. but blBcerga sBnseTcs

MAagLWUM,

Abpen = 6 Abpeut 8 Nopant 10

/1o ? bn 2-PAM A o>
4-PAM

20 > pj Y2 0— > b2

4-PAM

y30_ > I:Q y3 O'---> b\
Y4 0o— > b0 4-PAM

YAO > bl 2-PAM Yo 0— > 3

¥B5Oo— > bi Yo o— > bi
4-PAM 4-PAM

V60- A b2 Y7 O— > b2

Y8 0— > HL
¥s 0o— > by 4PAM

Y8o— > Yioo— > p3

PucyHok 9 — OTo6paxeHne SM-6/10KOB Ha napbl KOMMAEKCHbLIX CUMBOJIOB

CooTBeTCcTBYylOWME O6MTOBOE KOAMPOBaHMWE U MapKMPOBKA peasibHbIX CMMBOJIOB PAM nokasaHbl Ha pu-
cyHke 10. but bl Bcerga sBnsgeTca MaafWwunMm.
15
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Mopsapok 6utos: bl
1 0

-1 1
2-PAM-kogmpoBaHue

Mopapok 6utos: b2bl

10 1 01 00
X X | X
T T | T
-3 -1 1 3

4-PAM-kogupoBaHue

Mopsigok 6uToB: b3b2bl

100 101 1 110 010 011 001 000
X X X | X X X
T T T | T T T
-7 -5 -3 -1 1 3 5 7
8-PAM-kogunpoBaHue
PucyHok 10 — ButoBoe KoaupoBaHve 1 MapkMpoBKa peasibHbIX cCMMBOI0B PAM
Pe3ynbTupyiolwmne curHasibHble co3Bes3ansa AnA cMMBO0B S1u S2npusefeHbl B Tabnuue 4.
Tabnuya 4 — CurHasbHble co3Be3aus 419 CMMBO/IOB S1un S2
CurHasibHoe co3eesayie
Cumeon opon ® opon ® Nopcu @
Si QPSK 16-QAM 16-QAM
s2 16-QAM 16-QAM 64-QAM

MpumevaHne — Ana 64-QAM UCNOMb3YHOT TO/IbKO PABHOMEPHOE OTOOBPAXKEHMNE Ha CUTHasIbHOE CO3Be3aue.

8 COOTHOLWEHNE MOLLHOCTEW

Mpocdune MIMO cnegyeT ncnonb3oBatb C O4HUM M3 Tpex (PUKCMPOBAHHbLIX COOTHOLIEHUA MOLLHOCTM
(rn/BN wnu BN/TM), yTo6bl 06N1€runTb pasgesieHne BO BpeMeHu ¢ ycayramu SISO 6e3 HexenaTenbHbIX yK-
Tyauuii ornbarlein MoWHOCTM CTaHUUN NN Yype3MepHol noTepu 6oaxeta kaHana SISO.

JocTynHble 3Ha4YeHus cOOTHoWeHW (aucbanaHca) mowHocTeir: 0, 3 n 6 gb.

[dvc6anaHc MouwHOCTeli MOXeT AONOSIHUTENbHO NMPUMEHATbLCSA ko BceM PLP un tnnam kagpos, SISO,
MISO n MIMO. Tawm, rge KoguposaHue AnamMoyTu UCNOMb3YeTCA B KPOCCNONAPU3ALMOHHOM KOHTEKCTe, Ma-
Tpuua gucbanaHca onpefenseTcsa BblpaXeHuem

~9'qWy 0 QqiTxV
9'q(Tx2) 0 9q(Tx2)
g — O .-.N~rgfg 1

roe p = 1/2, 1/3 n 1/6 npn gucbanaHce mowHocten 0, 3 n 6 4B COOTBETCTBEHHO;
g (7x1), gq(Tx2) — napbl A4eek OFDM po BHeceHus gucbanaHca MOLLHOCTEN;
9'q7x1), g'q{Tx2) — napbl A4ueek OFDM nocne BHeceHus ancbanaHca MOLLHOCTEN;
Ndata — uncno ayeek gaHHbix B cumBone OFDM (Bknouass Bce HEMOAYUPOBAHHbIE SYeiiku
[aHHbIX B CUMBOJIE 3aKpbITUA Kagpa).

16
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B cnyyae KkpoccrnonsipusaluoHHOl nepegaun ana kagpos SISO gBa anemeHTa nepefauyun AO/KHbI reHe-
pYpoBaTbLCS COrTaCHO BblPaXXEHUID

~9 'q(Tx1)" "" o v
ga(™2) | o & .8 .4 ()

[B=Y

g- O..Ndata 1

raoe gq — sdveiikm OFDM po BHeceHus gucbanaHca MOLWHOCTENR;
9'q7x1), g'q{Tx2) — napbl A4eek OFDM nocne BHeceHuss gncbanaHca MOLLHOCTEN;

Ndata — umcno ayeek gaHHbix B cumBosie OFDM (Bknouyass Bce HEMOAY/MPOBAHHbIE SAYEiiku
LaHHbIX B CUMBOJIE 3aKpbITUA Kagpa).

MpumeyaHune — ECnn ykasaHHble napameTpbl (OMKCMPOBAHHOMO Anc6aniaHca MOLLHOCTM He UCMO/b3YHOTCS, a
dhnyKTyauum ormbatoLein MoLHOCT npruemaeMsl, To kagpbl MIMO nepegatotcs ¢ gucbanaHcoMm MouwHocTy O ab, a kagpbl
SISO ¢ ogHoli nonspusaumeii (beckoHeuHbIi aucbanaHc).

9 TpekoguposaHne MIMO

9.1 O6uwwme NONOXKeHNs

KognposaHue MIMO opueHTMpOBaHO Ha cuctemy MIMO 2 * 2, n no kpaiiHeli mepe gBe Ha3eMHble aH-
TEHHbl A0/DKHbI 6bITb pas3MelleHbl Kak Ha CTOPOHe nepejaTyuka, Tak U HA CTOPOHe npuemHuka. KoguposaHue
MIMO He AO/MHKHO NPUMEHATLCA K cMmBOaam npeambynsl P1, aPl n L1-PRE, a nunoT-curHansl obpabartbiBa-
I0TCS Kak B 6a30BoM npodoune.

MpekognposaHne MIMO npumeHaeTcAa Ha ypoBHe PLP wn 3akniwyaetcd B YMHOXEHWUM nap d4veek
(f2j, f2/+i) Ha nepemeHHyl maTpuyy npekogupoBanua W(). Mapbl 3aKkogMpoOBaHHbIX sveek (g2, A2/+1)
[O/DKHbI NnepefaBaTtbCA B O4HOM U TOM Xe cumBone OFDM v Ha ofHOl Hecyliei ¢ BbIXOA4OB nepenaTtymMkoB
TX1 1 7X2 COOTBETCTBEHHO COr/1aCcHO C/iefyloLeMy BblpaXeHUo:

(9 \ N2
= W(i) .1=0,1..... Acells/ 2 - 1, (3)
N 2+1>
roe /| — wnHAekc napbl svyeek BHyTpu 6noka FEC;
Ncells — uucno Auveek, Tpebyembix ANs nepedayn ogHoro 6s0ka LDPC npu Mcnonb3oBaHUM KOAUPOBAHUS
MIMO, u koTopoe paBHo Nidp(JNbpcu.

Mpouecc npekoguposaHua MIMO cocTOUT M3 NMPeKoAUPOBaHUA MNPOCTPAHCTBEHHOIO MYJ/IbTUMJ/IEKCH-
poBaHus, 3a KOTOpPbIM cneayeT AOMOMIHUTENbHAA ckadkoobpa3Has nepecTpoiika dasbl, Kak NokazaHO Ha pu-
CyHke 11.

K nepevexuitensam

b h....fNcells-2 XQR2,... xNoers 2 %> 92.....QNcells-2 Aueek
MpexogypoBaHue = -------------------- > CkaukoobpasHan 0 - >
MPOCTPaHCTBEHHOrO Nodffe rnepecTpoiika i .
fV*3>">Aoeffe1 My/IbTUM/IEKCUPOBaHMS xlx3>< __________ >1 chazbl gv g3..- g\Weeffed
X (i)
J
_________ \VZ—
W (i) = X (i)F

PucyHok 11 — CTpyKTypHasa cxema npekoguposaHus MIMO

Komb6uHupoBaHHaa maTtpuua npekoguposaHus W() senseTtca nponssegeHnem (OUKCUPOBAHHOW MaTpu-
Lbl MPeKoAMPOBaHMA NPOCTPAHCTBEHHOIO MY/IbTUNNEKCUPOBaHMSA P1 nepeMeHHON maTpuubl ckaukoobpasHoli
nepecTpolikn chasbl X(i).

17
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[ns aBoliHbIx cxem MIMO o6e BetBu MIMO, T. e. npouUecchl reHepauun curHana gns obenx nepepao-
LWKNX aHTEHH, AO/DKHbl UCNOMb30BaTb OAMHAKOBblE KOHMIypauunm nepemexuTtens BOo BpeMeHu. Tpebyemoe
yucno MU-6nokoB a1 obpatHoro nepemexerHus no spemeHn NMUSPLP Ha BeTBb MIMO paccuuTbiBalT Tak
Xe, Kak gnsa cxembl SISO 6a3oBoro npoguns, korga oguH MU-6/10K BCcerga cOOTBETCTBYET OAHON Auelike Ans
n6oro curHanbHoro cospes3gnsa — QPSK, 16-, 64- n 256-QAM. O6wuii Tpebyembin 06beM NamMsAT 06paTHO-
ro nepemexenus ana obeux setseil MIMO B aBa pasa 60nblue 3TOro 3HavyeHus. OrpaHnvyeHue namaTn ans
npochuna MIMO coctaBnsetT 12NMUs PLP < 218 MU-6110Kk0B, rge cymMMupyrTcs Bce kaHanbl PLP B gaHHOM
Kknactepe kaHanos PLP, a koachdnymeHT 2 obycnosneH Tem, 4to pasmep obeux Beteli MIMO B gBa pasa
6onblle, yem ogHa BeTBb MIMO.

Ecnn npekogupoBaHue MIMO He ucnonb3yeTtcs, TO UCMNOAb3yeTcsa TO/IbKO OAWMH TpakT nepepawoiei
aHTeHHbl (7x1), a BxoAHble cuMBOAbl QAM AOMKHbI ObITb CKOMMPOBaHbl HEMOCPEACTBEHHO Ha BbIXOA, T. €.

=ficAns lc= 0. 1,2.....Ndata- 1.

9.2 KogupoBaHue NPOCTPAHCTBEHHOro My/IbTUM/IEKCUPOBAHUS

Mpouecc koaMpoBaHUA NPOCTPAHCTBEHHOrO MY/bTUMIEKCUPOBAHUSA BbINOSIHAETCHA Ha nNapax Hopmanu-
30BaHHbIX cMMBONOB QAM [R2/(7x1), f2j+1(Tx2)], nocTynatowmx oT 6/10Kka O0TO6GpaXeHMa Ha cCUrHanbHOe Cco-
3Be3ane. A4Yeilkn ¢ NOME3HON Harpys3koil A0 NMPUMEHEHUSA ckauykoobpasHoil nepecTpoiikm dasbl x2/(7x1), ansa
nepepatwwein aHTeHHol 1 n x2/+1(7x2), Ansa nepepawleil aHTEHHbl 2 AO/KHbI TEHEPMPOBATBLCA M3 BXOLHbIX
CMMBOJIOB B COOTBETCTBUWN CO C/IEAYIOLNM BblpaKeHNeM:

x2/ (7x1) O COS0 sin0 >a 0 " fiTx1) "

x2/+i (7x2) o V1-P_ sin0 -COS0 ¢ (‘v’j"DT_U/Vl(TXZ)\]
/= 0.... (Ncellsl2)-"\

roe Ncgis — uuncno siveek, Tpebyembix Ans nepegaynm ogHoro 6n1oka LDPC npu mMcnonb3oBaHMKM KoaupoBa-
H1s MIMO, un koTopoe pasHo Nido(/N bpeu.

O6pa6oTka MIMO MOXeT MpUMeHATLCS NpU ncnosb3oBaHun 6, 8 uam 10 6mMT Ha kaHan (Nbpcu) u npu
COOTHOWeEHUM mouwHocTel 0,3 unu 6,0 4B mexay ABYyMSA nepefjawlwyumun aHTeHHamu. [pu KogMpoBaHUM
MIMO [0/1KHbI UCMOJIb30BATLCA ONpPefesieHHble 3HaYeHNa napameTpoB A8 KaXA0oro cnyvyass B COOTBETCTBUN
c Tabnuueii 5.

Tabnuya 5— MNapameTpbl KOAMPOBAHUSA NPOCTPAHCTBEHHOIO MY/IbTUMNIEKCUPOBAHUS

COOTHOLLIEHVE MOLLHOCTE Mexly
[BYMS MepefatolLyIM/ aHTEHHaMM 0Ap 3ap 646
A bpen Mogayrnsuys =] 0 a =] 0 a ] 0 a

y 7x1) QPSK
6 0,50 45° 044 13 0 050 020 0° 050

Y un(7x2) 16-QAM

y 7x1) 16-QAM

0,50 ar(:{g | I@=+-2 . 050 1/3 25° 0,50 0,20 0° 0,50
]

Yu(7*2) 16-QAM

y 7X1)  16-QAM
10 0,50 22° 050 13 15> 050 020 0° 050

y+1(7x2)  64-QAM

MpumeyvaHne —- n/2 < arctg < 1¢/2.

Mpouecc KOAUPOBAHMA [0/KEH NOoYepeaHO NOBTOPATHLCA ANS KaxAolh napbl cvMMBooB QAM.

9.3 CkaukoobpasHasa nepecTpoiika dasbl

3a uncknw4veHmem rmbpugHoro npocpuns MIMO, B koTopom ucnonb3lyetca VMIMO, ckaukoobpa3Hasa ne-
pecTpoiika asbl 4O/KHA NPUMEHATLCA Ha Bbixoge 6/10ka NpekoaMpoBaHMA NPOCTPAHCTBEHHOMO My bTUN/IEK-
CMpOBaHVa ¥ npefcTaBNATb co60l yBennyeHre dasbl KOMMAEKCHbIX SYeek, nepefaBaemMbiX N0 KaHany 7x2.

18
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N3meHeHue asbl BbINOMHAIT NYTEM YMHOXEHUA KaxAol napbl ayeek (x2/, x2/+1) Ha nepeMeHHyl MaTpuuy
X(i), B pesynbTate 4yero nonydyaeTrca napa sdeek (g2, a2/+1), T- e- KoAgMpPOBaHHaA MoJsie3Han Harpyska sveek
cumsosia OFDM npepacTas/ieHa criefyloWmMM BblpaXeHnem:

( \ r \
B @) 2 0t Nil2- 1 ®)

,92i+1Y X 21+1

rae X(i) BblumcasAwT no gpopmyne
"1 o ' 5
* - /=0 ,1 , Ncellsl2 -1.

(= propHo) ®
Mi3MeHeHune asbl ona napbl aveek / paBHO 21/79, T. . OHO MHULMaNU3npyeTca paBHbIM O B Ha-

yane kaxgoro 6noka FEC u yBenuunaetcs Ha 2k19 ona kaxgoin nocnegyrouwiein napbl ayeek. PesynbTupyio-
WM wabnoH ckaykoobpas3Holi nepecTpoikyu hasbl ABASETCA NEPUOLMYECKMM C nepuodom 9 nap syeek, T. e.
X(/+9) = X(i). MockonbKy uncno nap sueek B 671oke FEC kpaTHO 9 s BCex BUAOB MoAynsuuii, Bcerga cylle-
CTBYET Lesioe 4Yncno nepuoaoB ckauykoobpasHoli nepecTpolikn dasbl B Kaxaom 6510ke FEC.

MaTpuua ckauykoobpasHoli nepectpoliku dasbl X(i) He 3aBUCMT OT BuAa MOAYNAUUM U COOTHOLLUEHMUSA
MOLLLHOCTEM.

10 O6paboTka pOYC gna MIXO

FnaBHOe Ha3HayeHue pOYC B npodune MIMO 3aknwyaeTcsa B nepegade kagpos SISO kak yacTu nepe-
Jauun, cogepxauwel kak kagpbl SISO, Tak n kagpbl MIXO. MowHocTb curHana pOYC genutca Tak Xe, Kak
MOLWHOCTbL MIXO yepes passiMyHbie KOMNOHEHTLI nepegaun (Hanpumep, vyactu 'M/BIM B cnyyvae kpoccnonsapu-
3auMOHHOI Nepepgayn), YTobbl 4OCTMYb COOTBETCTBYHOLWEINO COOTHOLEHNSA MOLWHOCTEN TakKum 06pa3omM, 4YTo6bI
cpefHAa MOLWHOCTb 6bl/1a OAMHAKOBON Ha KaXA0M KOMNOHEHTe nepejayv Bo BpeMs nepepayun SISO mn MIXO.
O6paboTka pOUC npumeHseTtca B npoune MIMO Ha ypoBHe kagpa gna moaynsauum cumsosnos OFDM, ny-
TEM YMHOXEHWS KaxXAoli Hecywei K Ha KoadhruneHT npedbickaxeHua &7, kak B 6a30BoM npoduse.

Ecnu TpebyeTcs o6ecneynTb HENPEPbLIBHOCTb CBOWCTB naeHTudmnkaunun nepegatynka B pOUYC Bo Bpems
nepegaun kak kagpos MIMO, Ttak 1 kagpos SISO, To pOUC MOXeT HENPEepPbLIBHO NPUMEHATLCA KO BCEM TUMNam
Kagpos.

11 Onumm SISO/MIXO ans cumeosios PL, aP1 n P2

B Tabnuue 6 npuseaeHbl BapuaHTbl kKoguposaHusa SISO/MIXO, npumeHumblie K cumBonam P1, aP1l n P2.
Tabnuya 6— BapuaHTbl kogupoBaHus SISO/MIXO, npumeHuMble K cumBosniam P1, aP1 u P2

Tun cumBona

Tun PLP P2 P2 P2
Pl/aP1 CuVMBO/IbI flaHHbIX
L1-PRE L1-POST JaHHble
SISO HekoaupoBaHHbIiA HekoavpoBaHHbIi HekoavpoBaHHbIi HekogupoBaHHbIiA HekoaupoBaHHbIiA
SISO mn poO4YC SISO nnm pO4yC SISO nnm pOUC SISO nnm pOYC SISO nnm pO4yC
MISO HekoanpoBaHHbIii AnamoyTtu AnamoyTu AnamoyTu AnamoyTu
SISO mnn pO4YC
MIMO HekoanpoBaHHbIii AnamoyTtu AnamoyTu AnamoyTu AnamoyTu
SISO wnn pOYC nm KNM/Cro nnn KNM/Cne nnn KNM/Cre

MpnmevyaHnsa

1 Crtpoka ¢ SISO npuBegeHa ToNbKO 418 MHgopMaumm.

2 Ecnu npumeHsoT koguposaHue Anamoytu i KIMM/CIMN®, 1o B pOYC A0/mMKEH NPUCYTCTBOBATbL YHUKASIbHBIA KOZ,
ONA KaK4O0ro nepefarymka Ui aHTEHHBI.
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12 OCO06eHHOCTU faHHbIX curHasmsaummn L1 gna npodguns MIMO
12.1 [aHHble curHanmsauum P1 n aP1l

Mpochunb MIMO pgoskeH curHanusmpoBaTbcs B npeambyne Pl 3HauyeHnamum S1 = 111 (kog ESC) n S2
none 1 =000 (curHan MIMO NGH).

3a npeambynoii P1 go/mkeH cnepoBartb A0N0AHUTENbHbIA cumBon Pl (aP1l). Cumon aPl gonxeH co-
Aepxatb 7 6UT ANA cUrHanmMsauum cornacHo Taénuue 7.

Tabnuya 7— dopmar cumsona aP1l B npocune MIMO

Mone JvHa nons, 6ut HazHaueHvie
S3 3 Pa3smepHocTb BMd/3almTHbIA NHTEpBa
4 4 3apesepBrpoBaHo

Mone S3 (3 6uta) ykasbiBaeT pa3MepHocTb BM®P 1 gaet yacTuyHy nMHoOpmMaLmio O 3alUTHOM UHTEp-
Bane Ass octaBwmxca cumeonoB B kagpe NGH npoduna MIMO cornacHo tabnuue 8.

Tabnuya 8— MNone S3 npeambynbl NGH MIMO

E|/rrb8|3nor|ﬂ PazmvepHocTb BINd/3aummHbii HTepBarn OnvicaHve

000 Pa3mepHocTb Brd: 1k, fito6ble 4OCTYNHbIE 3HAYEHWUS 3aLUMTHOrO MHTepBana  YkasblBaeT pa3MepHOCTb
) BMN® n 3HavyeHne 3awumr-

001 PasmepHocTb BIN®: 2k, Ntobble AOCTYMHbIE 3HAYEHNS 3aLUTHOTO MHTepBana HOfO WHTEpBana CHMBO-

010 PasmepHocTb BIN®: 4k, Niobble 4OCTYNHbIE 3HAUEHNS 3ALLMTHOTO MHTepsana  /10B B kagpe NGH npodu-

na MIMO

011 PasmepHocTb BMN®: 8k, 3awmTHbIn nHTepsan 1/32; 1/16; 1/8; 1/4

100 PasmepHocTb BIM®: 8k, 3awmTHbIA nHTepBant 1/128; 19/256; 19/128

101 Pa3svepHocTb Br®: 16k, 3awmTHbIi nHTepBan 1/128; 19/256; 19/128

110 PasmepHocTb BIN®: 16k, 3awuTHbIn HTepBan 1/32; 1/16; 1/8; 1/4

m 3apesepBrpoBaHo

Mone S4 (4 6uTa) 3ape3epBUpoBaHO A1 OyAyWMX NPUMEHEHWIA.
Moaynsums u coctaB cumBosia aP1l Ao0/KHbl COOTBETCTBOBATbL 6A30BOMY MPOGIUIILO.

12.2 [aHHble curHanmsaumm L1-PRE
B tabnunue 9 npuBepeHa curHanusauyma L1-PRE, cneyndunyHasa gna npoduna MIMO.

Tabnuya 9— CurHanmsaumsa L1-PRE, cneundmyHas ans npocpunsg MIMO

MNone OmHa
L1 POST_MIMO 4 6uta
L1 POST_NUM_BITS_PER_CHANNEL_USE 3 buta

Mone L1-POST_MIMO (4 6uTta) ykasbiBaeT cxemy MIMO 6510Ka gaHHbIX curHanmsauum L1-POST. Cxema
MIMO ponxHa curHannsmpoBatbcsa cornacHo taénuue 10.

Ta6nnya 10— dopmat curHamsauum cxembl MIMO 6510ka AaHHbIX curHanmn3aumm L1-POST

3HayeHvie CurHasibHoe co3sesye
0000 AnamoyTu
0001 KrM/Crio
0010 ... 1111 3ape3epBMpoBaHO
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Mone L1_POST_NUM_BITS_PER_CHANNEL_USE (3 6uTa) yka3blBaeT 4uc/io 6UTOB Ha KaHan nns
cxembl MIMO, ncnonbayemoli curHanmnsaumein L1-POST. 3HayeHne 3Toro nonas onpegesieHo B Tabnuue 13.

12.3 [aHHble curHanmsauymm L1-POST

12.3.1 KoHdurypupyemble gaHHble curHanmsaymm L1-POST
B Tabnnuye 11 npuBegeHa cemMaHTUKa KOHurypupyembix nosen curdanndaymmn L1-POST, xapaKkTepHbIX
ansa npoguna MIMO.

Ta6nnya 11 — CeMaHTUKa KOHpUrypupyeMbix nonei curHanmsauum L1-POST, xapaktepHbix ana npocpuns MIMO

Mone OnvHa
IF S1 =“111" and S2 ="“000x" or “011x" {
PLP_MIMO_TYPE 4 6uTa
IF PLP_MIMO_TYPE = “0001" {
PLP_NUM_BITS_PER_CHANNEL_USE 3 6uta
}
ELSE {
PLP_MOD 3 6uta
}
}
ELSE {
PLPJVIOD 3 buta
}

Mone PLP_MIMO_TYPE (4 6uTta) ykasbiBaeT cxemy MIMO, ncnosnbsyemyto Tekywum PLP. Cxema MIMO
[O/MKHa UMeTb dhopmaTt curHanusaumm cornacHo tabnuue 12.

Tabnuuya 12— dopmar curHanmsauum cxembl MIMO B none PLP_MIMO_TYPE

3HaueHue Cxema MIMO tekywero PLP
0000 AnamoyTtu
0001 KrnM/Crie
0010 ... 1111 3ape3epBrpoBaHo

Cnegytouiee none npucytcteyeT, Tonibko ecnu PLP_MIMO_TYPE = 0001 (KMM/CMo).

Mone PLP_NUM_BITS_PER_CHANNEL_USE (3 6uTa) ykasbiBaeT uncno 6utoB Ha kaHan Nbpcu gns
cxembl MIMO, ncnonb3yemoii Tekywum PLP. 3HauyeHue 3Toro nons onpepenseTcsd B COOTBETCTBUU C Tabnu-
uen 13.

Tabnuuya 13— dopmat curHasmsauymm nons PLP_NUM_BITS_PER_CHANNEL_USE

3HauyeHue Abpcu Mopynsauua
000 6 f2i(Tx1) QPSK
f2+H(Tx2) 16-QAM
001 8 f2/(Tx1) 16-QAM
W 7*2) 16-QAM
010 10 f2i(Tx1) 16-QAM
f2a T x 2) 64-QAM
011—m 3apesepsBrpoBaHo 3ape3epBrpoBaHo
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Cnepylowee none npucyTcreyeT, Tonbko ecim PLP_MIMO_TYPE pasHo 0000 n He paBHo 0001 u 0010
(cxema AnamoyTn).

Mone PLP_MOD (3 6uTa) ykasbiBaeT MOAYNSUUIO, UCNOMb3yeMyo Tekywum PLP. Mogynsaumsa gomkHa
CUrHanusnpoBaTbCs cornacHo Tabnuue 14.

Tabnuya 14— Mogynaumsa, ucnonb3yemasi Tekywmm PLP

3HayeHne nons PLP_MOD

Mopynauusa
000 QPSK
001 16-QAM
010 64-QAM
011 256-QAM
100 HepasHomepHasn 64-QAM
101 HepaBHomepHasa 256-QAM
110— 111 3apesepBrnpoBaHo

12.3.2 AnHamuyeckue gaHHble curHanmsaymm L1-POST

B npogpune MIMO pguHamunyeckas curHanusauus L1-POST pgos/mxkHa COOTBETCTBOBaTb CUrHanmMsauuu
6a3oBoro npodguns.

12.3.3 BHyTpunosiocHaa curHanmsauusa tuna A

B npogpune MIMO BHyTpunosiocHas curHanusayumsa tuna A AO/XKHA COOTBETCTBOBaTb CUrHanusauuu
6a3oBoro npodguns.
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