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HAUWOHANBbBHBLW CTAHAOAPT POCCUMCKOMN SGEAQLEPALUNMN

TeneBugeHue BelllaTesibHOe LU poBOE

CNCTEMA UMN®PPOBOIo TENEBM3NMOHHOIO BEWAHNA
ONA NMOPTATUBHbIX YCTPOWCTB MOC/IEAYIOWENO NMOKONEHWSA (DVB-NGH),
CNEUNDPUKALUNA PNSNYECKOTIO YPOBHA

rmépunaHbii npodunnbe MIMO

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

Jata BBegeHus — 2025—03—01

1 O6nactb NpUMeHeHus

HacToAwwniA ctaHgapT pacnpocTpaHsAeTcs Ha cucTemMy LMGPOBOro TeneBU3MOHHOro BeuwaHus (DVB)
ANA nopTaTMBHbLIX YCTPONCTB (TepMuHanoB) nocnepytouiero nokosneHusa (NGH) (aanee — DVB-NGH) u ycTa-
HaBnnBaeT Habop TpeboBaHUii, oNUCbIBaKLWNX BCIO YacTb (DN3NYECKOTO YPOBHA OT BXOAHbIX NOTOKOB A0 nepe-
[aBaemoro B apup curHana, korga nepegava faHHblX U NpuemM AaHHbIX OCYLLECTB/IAIOTCSA COBMECTHO MO Ha-
3eMHOMY M CNYTHUMKOBOMY KaHanam € ucnosib3oBaHmem TexHonornn MIMO (ganee — rubpuaHblii npodunb
MIMO).

Cuctema DVB-NGH npegHa3HayeHa [/ fOCTaBKM TPAHCNOPTHbLIX NOTOKOB MW NOTOKOB AaHHbIX 0b6Le-
ro HasHayeHus Ha /INHeNHble N HeJIMHElHbIe NPUTOXEHUS, Takne Kak TefieBueHne, paano, CepBUCH JaHHbIX.

TepmuHansl DVB-NGH Takxe moryT o6pabatbiBaTe curHansl DVB-T2-lite.

HacToawmii ctaHgapT cnegyet NpMMeHATb nNpu paspaboTke, N3rotoBneHnn un akcnayatauymn DVB-NGH,
a TaKkke npu paspaboTke, NPOEKTUPOBAHUMN K 3KCNyaTauum nporpaMmHoro obecneyeHuns ceteli DVB-NGH.

2 HopmaTuBHbIE CCbIIKN

B HacToswem cTaHfapTe Mcnosib3oBaHa HOPMAaTMBHAS CCblJIka Ha cnegylowuin ctaHaapT:
FOCT P 52210 TeneBugeHue BellaTesnibHOe LU poBoe. TepPMUHBLI 1N onpeaeneHns

MpumeyaHune — MMpy NOMNb30BAHNN HACTOSILLMM CTaHAAPTOM Lie/iecoobpa3Ho NPOBEPUTL AeCTBME CCbLIoY-
HbIX CTAaHAAPTOB B MH(POPMALMOHHON CUCTEME OOLLEro NoMb3oBaHWs — Ha oduumanibHOM calite defepasibHOro areHT-
CTBa MO TEXHUYECKOMY PEry/IMPOBaHMI0 U METPOSIOMMN B CETU VIHTEPHET MM MO eXerogHoMy UHPOPMAaLMOHHOMY yKa3a-
Teno «HauuoHanbHble CTaHAapTbI», KOTOPbI ONy6/IMKOBaH MO COCTOSIHWIO Ha 1 siHBaps TeKyLero roga, v no BbiMyckam
eXXemMeCcsiHHOro MHhopMaLMOHHOIO ykasaTensi «HaunoHaslbHble CTaHAAPTLI» 3a TeKyLWMiA rof. Ecnv 3aMeHeH CCbI/TOYHBIN
CTaHAapT, Ha KOTOpbI faHa HeaaTVpoBaHHAs CCblka, TO PEKOMEHAYETCS MCMOMb30BaThb AENCTBYIOLLYI0 BEPCUID 3TOrO
cTaHAapTa C y4eTOM BCEX BHECEHHbIX B JaHHYH BEPCUI0 M3MEHEHW. ECM 3aMEHEH CCbITOYHBIA CTaHAAPT, Ha KOTOpbIi
JaHa JaTupoBaHHas CCblka, TO PEKOMEHAYETCS UCNOMb30BaTb BEPCUID 3TOTO CTaHAapTa C yKa3aHHbIM BbIlLe FOAoM YT-
BEPXAEHUA (NpUHATKS). ECnm nocne yTBEPXAEHUA HACTOSALWEro CTaHAapTa B CCbIIOYHbIA CTaHAAPT, Ha KOTOPbIA AaHa
JaTnpoBaHHas CCblika, BHECEHO U3MEHEHMe, 3aTparnBaroLllee nosioKeHne, Ha KOTOpoe AaHa CCbliKa, TO 3TO MOJIOXeHWe
pekoMeHayeTcs NpUMEHsITb 6e3 yyeTa AAaHHOTO M3MeHeHUs. ECnM CCbIMoYHbIA CTaHAAPT OTMEHEH 6e3 3aMeHbl, TO MOso-
XEHWE, B KOTOPOM faHa CCbl/IKa Ha Hero, PeKOMeHAYyeTCS NPUMEHSITL B YacTW, He 3aTparvBatoLLel 3Ty CCbUIKY.

M3pgaHne odmumnanbHoe
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3 TepMuHbI, onpeaeneHunsl, cokpalleHnst 1 0603HaYeHMs

3.1 TepMuUHbI N onpepeneHnd

B HacToAWweMm cTaHgapTte npumeHeHbl TepMuHbl no TOCT P 52210, a Takxke cregylouime TepMUHbI C CO-
OTBETCTBYIOLWUMN ONpeaeneHNAMN:
311

6a3oBblii Npocunb (basic profile): Habop Tpe6oBaHuii k cucteme DVB-NGH, onucbiBawwmnx BCH
YyacTb (PM3NYECcKOro ypoBHSA OT BXOAHbIX MOTOKOB AO nepegaBaemMoro B ahup curHana, 3a UckiyeHuem
TpeboBaHuii, cneyndunyHbix gnsa npoduna MIMO, rnbpugHoro npocdunsa n rmbpugHoro npocduna MIMO.
[FTOCT P 71241—2024, nyHkT 3.1.1]

3.1.2

rmbpuaHbiii npocdunb (hybrid profile): Habop Tpe6oBaHuii k cucteme DVB-NGH, onucbiBatLmMx BCHO
YyacTb PM3NYECKOro YPOBHA OT BXOAHbIX MOTOKOB A0 NepegaBaeMoro B ahup curHana, korga nepegava u
npveM faHHbIX OCYLLEeCTB/IAIOTCA COBMECTHO M0 HA3eMHOMY W CMYTHUKOBOMY KaHanaMm.

MpumeyvaHune — [lonyckaetca npumeHeHne texHonorum MISO npu mopynsauum OFDM.

[FOCT P 71241—2024, nyHKT 3.1.2]
3.1.3

mbépuaHbli npodunb MIMO (hybrid profile MIMO): Hab6op Tpe6osaHuii kK cucteme DVB-NGH, onu-
CbiBAOLWMX BCHO 4YacTb (DU3MYECKOTO YPOBHSA OT BXOZLHbIX MOTOKOB [0 nepefaBaemoro B aup curHana,
Korga nepegayda v npuemM faHHbiX OCYLECTB/IAOTCA COBMECTHO N0 HA3eMHOMY U CYTHMKOBOMY KaHasiam C
ncnosb3oBaHnem metoga MIMO.

[TOCT P 71241—2024, nyHKT 3.1.3]

3.1.4

KaHan ¢pusmnyeckoro ypoBHs; PLP (physical layer pipe; PLP): KaHan ¢ ycTaHOBMEHHbIMW HEWU3MEH-
HbIMW MapamMeTpamu nepegauyv (Bkaw4vas BUA MOAYNAUUKN, KOLOBYI CKOPOCTb, MMYO6MHY NepemMexeHus BO
BPEMEHW), NepefaBaemblii B 3afaHHblX NOACErMeHTax C MCNO/Ib30BaHWEM MY/NbTUMEKCUPOBAHUS C Bpe-
MEHHbIM pasfaefieHnemM.

MpumeyaHune — PLP MOXeT NepeHoCUTb OAHY UM HECKOSbKO CyxXO.

[FOCT P 71241—2024, nyHKT 3.1.4]

3.1.5

npounb MIMO (profile MIMO): Ha6op Tpe6oBaHuii kK cucteme DVB-NGH, onucbiBalowmnx BC YacTb
(hM3MYECKOro YpOBHA OT BXOAHbIX MOTOKOB A0 NepefaBaemMoro B ayup curHana, Korga nepegava gaHHbix U
nNpYeM fLaHHbIX OCYLLEeCTBASAOTCA CUCTEMAMUN U3 HECKOSIbKUX HA3EMHbIX aHTEHH.

[TOCT P 71241—2024, nyHKT 3.1.5]

3.1.6

curHanmsaumsa L1-PRE (signaling L1-PRE): CurHanusauyus, nepegasaemas cumBonamum P2, nmero-
WuMn huKkcUpoBaHHbI pasmep, KOAMPOBaHWE U MOAYNALWIO, BKAKYaKLWas OCHOBHYKW WHgopmauunw o
cucteme NGH un nHdopmauuto, Heobxoaumy ana gekogmposaHusa curHanusauum L1-POST.

[FOCT P 71241—2024, nyHKT 3.1.6]

3.1.7

curHanmsaumsa L1-POST (signaling L1-POST): CurHanmnsauus, nepegaBaemasi B Hayane /I0fM4ecko-
ro Kagpa u npegocrasnfawas nogpobHy nHgopmauunto yposHsa L1 o cucteme NGH u PLP, cocTtosawasn n3
KOH(UTYpUpyeMon 1 guHamMnyecKoin yacTen.

[FOCT P 71241—2024, nyHKT 3.1.7]
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3.1.8

cumBon aPl (symbol additional P1; aP1l): [lononHuTenbHbIR cumMBon P1, Hecywuii curHasabHble Nons
S3 1 S4 n pacnonoXeHHblii cpa3y nocne cumeona Pl.
[FTOCT P 71241—2024, nyHkT 3.1.8]

3.1.9

cumBon Pl (symbol P1): CumBon nunoT-curHasa NOCTOSAHHOW AJINHbI, NepeHocAwmnii nHopmMaymio
curHanusauum B nonsx S1 n S2 v HaxogAaWwmincsa B Havane kaxgoro NGH-kagpa, nepegaBaemoro no paguo-
4aCTOTHOMY KaHasy.

MpuMeuyaHne — OCHOBHOE HasHauyeHue cuMBosia Pl — 3To GbLICTPOE NEpPBOHAYA/ILHOE CKAaHMPOBAHWE Mo-
NIocbl pagmokaHana Ans o6HapyxeHust curdana NGH, yCTaHOB/IEHWS! BPEMEHHOW CUHXPOHM3ALMK, OnNpeaeneHnst cMe-
LLIEHMs1 YacTOTbl 1 pasMepa 6bICTPOro NPeobpaszoBaHus dypbe.

[FOCT P 71241—2024, nyHkT 3.1.9]
3.1.10

cumBon P2 (symbol P2): CumBon nunot-curHana, pacnosioXeHHbIli cpady nocne cumsosia Pl wnu
aPl (ecnu oH mMpucyTCcTBYET), C TEM Xe pa3Mepom ObICTporo npeobpasoBaHua Pypbe M 3aWUTHBIM UHTEP-
Ba/IOM, KaK y CUMBOJIOB [aHHbIX.

MpumeyvaHnme — Yucno cumeonoB P2 3aBMCUT OT pa3mepa ObICTporo npeobpasoBaHns dPypbe. CUMBOSbI
P2 ncnonb3ytoT A4na TOYHOM BPEMEHHOW M YaCTOTHOW CUHXPOHM3aUMK, a Takke 418 nepBoHaYasibHOM OLEHKN KaHasa.
CumBOsIbl P2 HecyT uHdopmMaLmio curHanmsaumm L1 n L2, a Takke MOryT nepeHoCUTb AaHHble.

[TOCT P 71241—2024, nyHkT 3.1.10]

3.1.11

cy6-610K (sub-slice): pynna siueek m3 ogHoro PLP, KoTopble nepef 4acTOTHbIM NepemMexeHnem pas-
MewjatoTcs Ha OFDM-auelikax gaHHbIX C NocnefoBaTeNbHbIMU aipecaMy Ha OfHOM pajuokaHane.
[FOCT P 71241—2024, nyukT 3.1.11]

3.2 CokpauweHusa n o603HaveHuUsA

B HacToslWeM cTaHfapTe NPpUMEeHeHbl clefyolmne cokpaweHns n 0603HavYeHus:

BM® — 6bicTpoe npeobpaszoBaHue Pypbe;

Bl — BepTukanbHaa nonspusauyus,

[Tl — ropusoHTanbLHaa nonapusaumsa,

JIKIM — neBasa kpyroBas nonsapusauung;

MUC — mHorovyactoTHas CeTb;

O4YC — opgHovacToTHas ceTb;

MKMN — npaBas kpyrosas nonapusauns;

MM — npocTpaHCTBEHHOE MY/IbTUMNIEKCUPOBAHUE;

pOUYC — pacwupeHHaa ogHoO4YacTOTHasA CeTb;

pMM — paclwunpeHHoe NPOCTPaAHCTBEHHOE MY/NbTUNNEKCUPOBAHUE;

ClMNo — ckauykoobpasHasa nepecTpoiika asbl;

BICM — kogupoBaHue ¢ nepemexeHnem 6utoB un mogynauusa (bit interleaved coding and modulation);

DVB — uucpoBoe TenesusnoHHoe BelaHue (digital video broadcasting);

ESC — o6bwumin kog Bbixoga (general escape code);

FEC — npsamoe ynpexgatow,ee ncnpasnenve owmnbok (forward error correction);

GSE — uvHKancynMpoBaHHbI NOTOK 06Wero HazHayeHns (06WMiA MHKaNCyIMPOBaHHbIA NOTOK) (generic
stream encapsulation);

IU — 610k nepemexeHus (interleaving unit);

I/Q — cuHdasHbIn 1 KBagpaTypHbI KOMMNOHEHTbLI curHana (imaginary/quadrature);

L1 — nepsblit (pn3ndecknii) yposeHb (layer 1);

MIMO — «MHOXeCTBEHHbI BXOf, MHOXECTBEHHbIA BbIXOA» — METOJ NPOCTPaHCTBEHHO-BPEMEHHOIO
KOAMPOBaHUA C MHOXECTBOM aHTEHH Ha fnepejayy M MHOXECTBOM aHTeHH Ha npuem (multiple input, multiple
output);
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MISO — «MHOXECTBEHHbI BXOA, OANHOUYHbIA BbIXO4» — METOA NPOCTPAHCTBEHHO-BPEMEHHOI0 KOAMPO-
BaHMA C MHOXECTBOM aHTEHH Ha mepejavy v 04HOW aHTeHHOI Ha npuem (multiple input, single output);

MIXO — MISO nnn MIMO;

MU-6n0k — 610K namat (memory unit);

NGH — nopTtaTuMBHOE YCTPOMCTBO nocnepytouiero nokosnenus (next generation handheld);

NUM_ADD_IUS_PER_LATE_FRAME — uncno gononHuTenbHbiXx IU Ha nornyecknini kagp B MNo3gHei
yacTu Kagpa BPEMEHHOro NepemMexeHus;

OFDM — MHoOro4actoTHas cxema MOAynsuMuM C OPTOroHasbHbIM YacTOTHbIM pacrnpefenieHneM Hecy-
wmx B mosioce kaHana sewaHusn (orthogonal frequency-division multiplexing);

PLP — kaHan dusunueckoro yposHa (physical layer pipe);

PP1...PP9 — wabs0HblI NMNAOT-CUTHA/OB;

RBM — mogenb 6ychepa npuemHuka (receiver buffer model);

SC-OFDM — ogHo4YacTOTHOE MYNbTUM/IEKCMPOBAHNE C OPTOrOHas/IbHbIM YaCTOTHbIM pa3feneHnemM Ka-
Hanos (single carrier orthogonal frequency-division multiplexing);

SISO — «OAMHOYHbIV BXO4, O4MHOYHbIA BbIXOA4» — CUCTEMA C OAHOW nepeparouiein n ogHON NPUEMHOIA
aHTeHHoO (single input, single output);

TS — TpaHCnopTHbIA NOTOK (transport stream);

QAM — kBagpatypHasa amnnutygHas moaynsaumsa (quadrature amplitude modulation);

QPSK — kBafpaTtypHas oTHocuTenbHasa paszoBas moaynauua (quadrature phase shift keying);

VMIMO — BuptyanbHoe MIMO (virtual MIMO);

2j, f2+\ — napa sueek, nepegaBaemasi napoii nepegatynkoB 7x1 n 7x2 COOTBETCTBEHHO B OHOM CUM-
Bone OFDM wnn SC-OFDM, rge /'— vHAeKkc napbl;

Nbpcu— yncno ncnonblyembix 6UTOB Ha kaHan (number of bits per channel use);

Nceiis— uncno saueek gaHHbix B 6510ke FEC (number of data cells per FEC block);

N/dpc— uucno 6utos B LDPC-kogmpoBaHHoMm 610ke (number of bits of LDPC-coded block);

NMus— uucno MU-6nokoB (number of memory units);

Nmus plp— uncno MU-6nokoB ansa otaenbHoro PLP (number of memory units for one PLP);

Nmus pl1plframe— uncno MU-6nokoB gnsa otgenbHoro PLP B npegenax oaHoro NHG-kagpa (number of
memory units for one PLP, 1 frame);

Pt— gnvHa BpeMeHHOro nepemexuTens;

P/ate — pnuHa nosgHeli yacTu nepemMexeHusi No BPeMeHW, BbipaXeHHasi B KO/IMYeCcTBe yucne noruye-
CKMX KafpoOB Ha ANIMHY MOJIHOTO BPEMEHHOro nepemexutensa Pt (gonycTumblii gmana3oH 3HaveHuit ot 0 go 7);

TXxN— upeHTU(ukaTop nepepartymka Homep A, paboTatuwero no metoay MIXO.

4 OnpepgeneHne n apxmtektypa cuctembl DVB-NGH rnépugHoro npodouns
MIMO

4.1 O6wme NoNoxeHus

mépugHbin npocunse MIMO npegctasnsieT co60i AONOMHUTENbHbIA npochunb, obecneynBarownii
ynpoLleHHoe nucnosb3oBaHne MIMO Ha Ha3eMHbIX UW/UAN CMYTHUKOBbIX KOMMNOHEHTax B rTM6pMAHOM CLeHapuu
nepegauu.

B rn6pugHom npocune MIMO meToa CHMUXeHUA nuk-chakTopa nyTeM akTMBHOTO pacllMpPeHus curHanb-
HOro co3Be3fnsa He J0NyckaeTca NPUMEHATb K kagpam ¢ dopmaTtom npeambysibl «<NGH-MIMO».

B rubpugHom npocune MIMO goCTynHblI ABa peXuma, ONMCaHHble B CEAYLWMNX MYHKTaXx.

4.2 O4YC rmnbpugHoro npodpuna MIMO

OUYC rubpugHoro npocpuna MIMO npegcTtaBnseT cob6oii BapuaHT, Korga CnyTHUKOBas M Ha3zeMHas 4a-
CTW nepefaynv WUCMOMb3YKT OA4HY U TY >X€ HEeCyLLyl 4acToTy U W3y4yarT CUHXPOHU3MPOBAHHbLIE CUTHanbI,
npefHasHavyeHHble Ans co3gaHusa acpgektnBHoit OUC. B OUC SISO, oxBaTblBaeMoOit rmbpuaHbIM npodunem,
CUTHaNbl HOMWHaNbHO UAEHTUYHbI (3a UCK/IIOYEHUEM BO3MOXHOro npumeHeHnsa pOYC). B OUC rubpugHoro
npochuna MIMO npepBaputTenbHoe koguposaHne MIMO MOXeT OCyW,ecTBAATbLCA B coYeTaHMM € npegBapu-
TeNbHOIN o06paboTkoii pOUC. Pexnumom OYC rubpugHoro npoduns MIMO onpepeneHbl crnyyaum, Korga npeg-
BapuTesibHoe KoaupoBaHue MIXO NpUMeEHSAETCA BHYTPU WU MeXAY CMYTHUKOBbLIM M HAa3eMHbIM KOMMOHEHTAa-
Mu nepegaun. MNMpu cmewaHHoi nepegade SISO/MIXO npegBaputensHoe koguposaHne MIXO npumeHsieTcs
TONbKO Npu nepegadve kagpos MIXO; npu nepepaye rmé6puaHbiX Kagpos SISO MoxeT npumeHATbes pOYUC.

4
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4.3 MYC rubpugHoro npocpuns MIMO

MUC rnbpungHoro npocpunna MIMO npeactaBnsieT cob6oli BapuaHT, Korga CnyTHMKOBas M HazemHas 4yacTtu
nepegayn MCNoNb3ylT pasHble HecyliMe 4acToTbl U He 06sA3aTesIbHO COBMECTHO MCMOJb3YHT Kakyk-nmbo
06LLYH CMHXPOHU3ALUID KaAPOB WM CMMBOJIOB HA (M3MYECKOM YPOBHE; NPU 3TOM OHU MOTYT MMETb 06Lunii
KOHTEHT AaHHbIX MONe3HON Harpysku. Mo kpaiHel mMepe ogMH U3 KOMMNOHEHTOB nepegayn, HaseMHbIi unm
CNYTHWUKOBbIN, AO/MKEH ObITb CKOH(UTYPUPOBAH ANA MCNOSb30BaHUA HECKOSIbKUX aHTEHH. B NpoTMBHOM cny-
yae chopma nepegaum OTHOCUTCA K rMbpugHOMy npodunto, a He rnbpugHomy npodunw MIMO, TpeboBaHKS K
KOTOPOMY YCTaHOB/IEHbl B HACTOALWEM cTaHzapTe.

Ha pucyHke 1 npepctaBsieHa CTPYKTypHas cxema (pusmyeckoro ypoBHsA rubpugHoro npodwunsa MIMO
NGH. Bnoku, nmewuime yHKLMOHaNbHble OTINYMSA OT 6a30BOro npodnas, nokasaHbl cepbiM LBEeTOM. [aH-
Has CTPYKTypHasi cxema siBnsetcsa obwen ans OUC m MYC rmbpugHoro npogunsa MIMO. OauH 13 KaHanos,
Ha3eMHbI UM CNYTHUKOBLIA, NCMNOMb3yeT ABE Nepefalline aHTEHHbI.

HazemHbIin kaHan Curnan
B achmpe

CurHan
B achmpe

PucyHok 1— CTpykTypHasa cxema on3nyeckoro ypoBHs ruébpugHoro npodpuns MIMO NGH

4.4 T[lepemexeHne BO BpeMeHU

Ons cxem rnbpugHoro npoguna MIMO c yaBOEHHOW ckopocTbi nepegadn obe setsun MIMO, T. e. cur-
Hanbl, opMupyemblie 415 ABYX Nepefarwlmnx aHTeHH, AO/DKHbI UCMOb30BaTbh OfHY W Ty Xe KOHdurypauuto
BPEMEHHOro nepemexurtensa. Tpebyemble o6beMbl NnaMATU obpaTHoro speMeHHoro nepemexutens NMUSPLP
n NMUsPLP-\ frame Ha BeTBb MIMO paccunTbiBaloT Tak Xe, Kak Ans cxembl SISO ru6pugHoro npocuns, korga
oAnH MU-6/10K COOTBETCTBYET OAHONM siveiike. O6WMin Tpebyembli 06beM NaMsATU 06paTHOro NepemexeHus
ana obeux setseli MIMO ponxeH 6biTb B gBa pasa 6onble 3Toro o6bema. OrpaHnyeHve namaTu Ansa ru-
6puaHoro npochunss MIMO coctaBnsietr 12NMUs PLP< 221 n Z2NMUs p/ pl frame < 218, rge cymmMy nosy4aroT no
BceMm PLP B Tekyuwem knactepe PLP, a koachdhmymeHT 2 BBEAEH NOTOMY, YTO pasmep A5 obenx setseli MIMO
BABOe 6onblle, 4eM pas3mep ogHol BeTeBu MIMO.

Ecnu nepegatoTca ABa curHana, KoTopble AO0/MKHbl ObiTb TMO6PUAHO 06beAMHEHbI B NMPUEMHMKE, TO CyM-
Ma TpebyeMbiXx pa3mMepoB NamsaTh o6paTHbIX BPEMEHHbIX nepemexuteneii (B egnuHmyax MU-6s10koB) ans o60-
X CUTHa/IOB He [0/KHA NpeBbIWaTh BbllleyKa3aHHbIX NpeAesnos.

RBM, wcnonb3yemas ana ruépugHoro npodumna MIMO, pomkHa cooTBeTcTBoBaTb RBM rubpugHoro
npocwuns.

5 OpgHo4yacToTHasa ceTb rmépugHoro npodpunsa MIMO
5.1 CoBMecTMMOCTb CUCTeMbI npuemal/nepenauun

Uto6bl ncnonb3zosatb OYC rubpugHoro npoguna MIMO, nepegatouiee obopynoBaHue AOMKHO BK/KO-
yaTb Ha3eMHbIE U CNYTHUKOBbIE NepeaaTynku C COOTBETCTBYHOLWMMM aHTEHHaMuK ANsa nepegaymn curdana OFDM
B Ha3eMHbIli N CNYTHUKOBLIV KaHanbl. [TpUMMEHS0T BapuaHTbl C O4HOW nAv ABYMS (KPOCCMONSAPU3aLnOHHbIMU
C NMHelHON nonsipu3auuneil) Ha3eMHbIMY aHTEHHAMU B KOMOUHaLWUW C 0AHONM Wan aByms (Kpoccnonspusauyu-
OHHbIMUW C KPYroBoi nonsipusayuein) cnyTHUKOBbIMU aHTeHHamu. Mpu nepegavye MIMO c yaBOEHHOW CKO-

5
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pocTbio (Hanpumep, npu plM) co cnyTHUKa MM HAa3eMHOro 060pyA0BaHNs NPUEMHUK AO/DKEH BbITb 060pyAo0-
BaH ABYMSI aHTEHHAMW C ABOWHON nonsipmusaunen (NMHEenHon mnn Kpyrosoi). [na nepepayn co cTaHAAPTHOM
CKOpPOCTbI0 (Hanpumep, Npu KogupoBaHum AnamoyTtu uam pOYC) ocTaTOYHO MCNONb30BaTh O4HY MPUEMHYHO
aHTeHHy. [Ana aTux uenei Takke gonyckaeTcs NPUMEHATb KPOCCNOMSAPU3ALNOHHYI0 NMPUEMHYK aHTEHHY.

Ons Bcex OYC cnyTHUKOBas nepepaya BbIMSAUT «NPO3payHoli» ANs NpueMHuKa, KOTopbliA BOCMPUHU-
MaeT 3KBUBAJIEHTHYIO nepejadvy Ha3eMHOro curHana no paclwmupeHHoOMY KaHany, 4acTU4YHO obecnevynBaeMomy
CNyTHWKOBOI nepepadvein. lWabnoHbl nuaoT-curHanos gnasa SISO/MIXO npuMeHWMbl Kak Npu Ha3eMHOW, Tak n
npu CNyTHMKOBOW nepegavax (CM. npuaoxeHune A).

SC-OFDM He npumeHsatoT gnsa OUC rnbpugHoro npodumna MIMO.

5.2 Pabouune pexumbl OUC

Kom6uHaummn paboumnx pexummor OUC gna ctaH4apTHOM M yABOEHHOW CKOpPOCTEN nepegayv npuBegeHsbl
B Tabnmuyax 1 1 2 COOTBETCTBEHHO.

MpumeyvaHusda

1 Ecnmn mogynaumsa npeactaBneHa kak A+b, To «A» OTHOCUTCSI K HA3eMHO YacTh, «B» — K CMyTHUKOBOW YacTu.

2 Pexum pOUC MOXeT OnuMOHaNbHO MPUMEHATHCA K /II060MY KOMMOHEHTY nepefayv, B KOTOPOM OH €eLle He
npucyTCTBYeT.

3 WNpeHTudmkatop nepepatyvka TX, ykasaHHbI B Tabnvue 1, 4O/MDKEH NMPUMEHATLCA B COOTBETCTBUM C 6a30BbIM
npodounem.

Tab6nunya 1— Cxembl CO CTAaHAAPTHOW CKOPOCTbIO nepedayn OUC rmbpuaHoro npocuna MIMO

HasemHasi nepepava

OpyHouHas nonspusaums
(BM vnm M)

[BoiHas
(BM wnw 1)

nonsipusaums

OfmHoYHas nonapusaums
(BM wnm IT1)

[BoiiHas
(BM wnm M)

nonapunsayma

[BoiiHas
(BM wnm M)

nonapunsayma

CnyTHVKOBas nepefaya

OfvHouYHas  monsApusaums
(MKM v 1K)

OauHoyHass  monsapusaums
(MK nm NKM)

[JBoliHasn nonspusauma
(MK nm NK)

[JBoiHasn nonapunsaums
(MKM v 1K)

[JBoiHasn nonapunsaums
(MK nm NK)

Cxema(bl) MIXO

pOUC: Ha3eMHbIi N CMYTHUKOBbIA KOMMOHEHTbI C ABYMS
pasnuuHbiMn naeHTudmKaTopamu TX (B kagpax SISO)

Kog AnamoyTn (B Kagpax MIXO)

pOUYC: aBa Ha3eMHbIX KOMMNOHEHTa M OAUH CMYyTHUKOBbIN
C Tpems pas/inyHbIMKM ngeHtudukaTopamm TX (B Kagpax
SISO)

Kog Anamoytn + QAM (B kagpax MIXO)

pOYC: 0ANH Ha3eMHbIi 1 ABa CMYTHUKOBBLIX KOMMOHEHTa
C TPEMSI pa3/MuHbIMU nAeHTUdkaTopamMu TX (B kagpax
SISO)

Kog Anamoytn + QAM (B kagpax MIXO)

pOUYC: aBa Ha3eMHbIX 1 Ba CMYTHUKOBLIX KOMMOHEHTA C
UETbIPbMS Pa3/INYHLIMK UAEHTUMKaTOpamn 7X(B kagpax
SISO)

Kog AnamoyTtu + Kog AnamoyTu (B kagpax MIXO)

Tab6nunya 2— CxeMmbl CYABOEHHON CKOpoCTbio nNepegaun OUC rmbpuaHoro npocpunsg MIMO

HazemHasi nepegava

[BoiiHaa nonapwsauus (BN nm

)

CnyTHUKOBas nepefava

JIKTT)

5.3 BapuaHTbl COOTHOLWEHUSA MOLULHOCTEN

[BoiiHas nonapwuzauus (MNKM nm

Cxema(-bl) MIXO

plMM + ClN® Ha3emMHOro KOMMoHeHTa
+ plfM + ClN® + pOYC cnyTHUMKOBOrO KOMIMO-
HeHTa (B kagpax MIMO)

Mpu guc6anaHce MOLLHOCTEN HAa3eMHbIX KOMNOHEHTOB CNYyTHUKOBbIE KOMMOHEHTLI MoaaepXxusaeT quk-
CMpOBaHHbIN auc6anaHc 0 4B, HO NPYHMMAIOT Te Xe 3HauYeHus napaMmeTpoB O W a, YTO My HA3eMHOI nepegauun
Ana BbIGpaHHOTO Auc6anaHca. B Tabnuue 3 npuBefeH Ha6op napamMeTpoB plM CNyTHUKOBOrO KOMMOHEHTA B
o4cC.

6
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Tabnuya 33— MapameTpbl pfM cnyTHUKOBOro koMnoHeHTa B OYC

COoOTHOLLEHVE MOLLHOCTEN Mexay

[OBYMsi HA3eMHbIMX NepeaaoLLyMm 0ab 3486 606
aHTEeHHamu
A bpen Moaynsiums P 0 a ) 0 a P 0 a
YTx1 QPSK
6 0,50 So 0,44 0,50 0° 0,50 0,50 0° 0,50

Y-(7x2)  16-QAM

YTx1)  16-QAM
8 0,50 arc tfjH + %] 0,50 0,50 25° 0,50 0,50 0° 0,50
W Tx2) 16-QAM aliz +

f2(Tx1)  16-QAM
10 0,50 22° 0,50 0,50 15° 0,50 0,50 0° 0,50
f2M(Tx2)  64-QAM

6 MHoro4yactoTHas ceTb rmépmnaHoro npoduna MIMO

6.1 CoBMeCTMMOCTb CUCTeMbI nNpuemal/nepenadmn

Uto6bl ncnonbszosate MUC rubpugHoro npocpuna MIMO, nepepatouiee obopyaoBaHue AO/HKHO BK/IIO-
yaTb Has3eMHble U CNYTHUKOBble nepefaTynky C COOTBETCTBYHL MMM aHTEHHaMu, nepejarnlwnuMn HaseMHbli
curdan OFDM un cnyTtHukoBbin curHan OFDM unnm SC-OFDM. MNpumMeHsAT BapuaHTbl C OAHOW WM ABYMS
(kpoccnonapusaynoHHbIMU C NIMHENHOW Nonspusaynein) Ha3eMHbIMU aHTEHHaMMW B KOMOWHaLWUKU C OLHOW Wn
ABYMsi (Kpoccnonsipn3auMoHHbIMU C KPYroBOi nonsipusayueii) CNyTHUKOBbIMWM aHTeHHamu. [pu nepegade
MIMO c yaBOEHHOI1 cKOpocTbio (Hanpumep, npu prM) co cnyTHMKa W/MnuM HalemMHOro obopypoBaHus npu-
€MHUWK JOMXeH ObiTb 060pYyA0OBaH ABYMS aHTEHHaMW C ABONHOW nonspusaunein (TMHERnHOW unu KpyroBoi) c
cooTBeTCTBYyOLWeN(MmMn) nosocoin(amn) YacToT. [na nepepaynm co cTaHAapTHOW CKOpPOCTbi (Hanpumep, npu
KogmpoBaHum AnamoyTtn unm pOUC) foCTaTOYHO MCNOMAb30BaTb OL4HY MPUEMHYI0 aHTEHHY ANA COOTBETCTBY-
IOLLEN CMYTHUKOBOWM MM HA3eMHOW NOJIOChI YacToT. s 3Tux uenei Takke AONyCcKaeTcs MPUMEHATb KPOCCNo-
NAPN3aLNOHHYI0 NPUEMHYIO aHTEHHY.

6.2 Paboune pexmmbl MUC

Nio60oli HazeMHblli pexum SISO uam MIMO (u3 6asoBoro npodunsa unm npocpuna MIMO cooTBEeTCTBEH-
HO) AONycKaeTCcs UCNO/b30BaTb B COYETAHMU C IIOObLIM CNYTHUKOBbLIM pexumom SISO (M3 rmbpuaHoro npodu-
na) nau pexumamum MIMO, onpefeneHHbIMU B Tabnuuax 1 1 2, ¢ y4eToM TOro, 4To pexumsl MIMO c yABOeH-
HOW CKOPOCTbIO Nepegaym MoryT Ucnosb3oBaTb napy moaynaumini QPSK (2 « QPSK), npu aToM He gonyckaeTcs
nboe ncnonb3oBaHne moaynauun 64-QAM.

PesynbTupyowme napametpbl pfIM ana cnyTHUKOBOTO KOMMOHeHTa ¢ moaynsauueii OFDM npuBefeHsl
B Tabnuue 4.

Ta6nuua 4 — MapameTpbl plIM cnyTHMKOBOrO KOMMOHEHTa ¢ moaynsuveii OFDM B MUC

opcu Mogaynaunsa P 0 a
Y 7x1) QPSK
4 0,50 arctg(y"2+1) 0,50
f2M(Tx2) QPSK
Y 7x1) QPSK
6 0,50 45° 0,44
Y un (7x2) 16-QAM
Y 7x1) 16-QAM g
8 0,50 arctg 9% 2! 0,50
Yu(7x2) 16-QAM '

MpumeuvaHusa

1 Tpn NpUMeHeHWn 418 CNYTHUKOBOTO KOMMOHeHTa mogynsumm SC-OFDM ¢ yABOEHHOW CKOpOCTbIO nepenauu
BMecTo plM ucnonb3ytoT npocTtoe MM cornacHo npodmno MIMO.

2 Bce napameTpbl npuBefeHbl AnA AucbanaHca MowHocTein 0 ab mexay nepejaroluvMn  CryTHUKOBLIMU
aHTeHHamW.
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[nsa Toro, 4to6bl Npoduab Gbi KBANULUPOBAH Kak rmbpuaHbin MIMO, no kpaiiHeil mepe OAuH KOM-
MOHEHT AOJIXEeH nepefasaTtbCca B pexume MIXO, nHave npodusnb ABASETCA TMOPULHBIM.

6.3 KogmpoBaHue MNPOCTPAHCTBEHHOIO MYJ/IbTUM/IEKCUPOBAHUA CNYTHUKOBOro curHasa MIMO
c moaynsuyunein SC-OFDM npu yaoBOEHHOW CKOpPOCTW nepepayu

KogupoBaHne NPOCTPAHCTBEHHOrO MY/NbTUMNEKCMPOBAHWUS CMYTHUKOBOIO CUrHana ¢ mogynsaumein SC-
OFDM aHanorn4yHo HasemHoli cxeme MIMO c yaABOEHHOI CKOPOCTbI Mepefayn 3a UCKIKYEHNEM TOr0, YTO HU
npekogmposaHue MIMO (pMNM), Hu CM® He NpUMEHSIOT.

[Ons HazemHOro curHasna obpa6otky MIMO He NpuMeEHAT K cumBonam npeambynsl P1, aP1 un P2.

O6pa6oTka MIMO go/mkHa NPUMEHATbLCA Ha ypoBHe PLP, koTopasi cocTouT B nepepgade nap suveek (2],
f2j+\) B ogHOM 1 TOM e cumBone SC-OFDM, Ha ofHOl Hecyllein ¢ AByX nepegatynkoB 7x1 n 7x2 cooTBeT-
CTBEHHO ¥ npefcTaB/ieHa BblpaXeHnem

—
‘921 '
= £ /=201 rceiis® 1 (1)
J72/+1, V2/+1,
roe / — WHAEeKC napbl svyeek B 6510ke FEC;
Nceiis — Yyucno auyeek B 6710ke FEC;

(82 [2/+1) — napbl 3aKO4MPOBAHHBIX SUEEK.

LLla6oHbl NMAOT-cUrHaRa A5 ABYX Nepefarwlinx aHTeHH Moay4valT M3 ogHoro n3 curHanos SC-OFDM
SISO:

- 7x1 nepepgaet TOT Xe WabAoH NUAoT-curHana, 4to u curHan SC-OFDM SISO rnépuagHoro npoduns;

- 7X2 nepepaeT TOT Xe WabnoH nuaoT-curHana, 4to u 7x1, npu aTom dpasa ONOPHOI nocnepoBaTtesb-
HOCTW UHBEPTUPYETCA B NWOT-CUTHANE ANS KaXA0l BTOPOWA Hecyllei.

Ona nepepatumkoB 7x1 n 7x2 ponyckaeTcd NpuUMeHATb napbl Moaynsuuii QPSK (2 « QPSK) u napsl
Moaynsauuii 16-QAM (2 ¢ 16-QAM).

7 Ocob6eHHOCTN AaHHbIX curHanusaumu L1 ana rmépunagHoro npoduna MIMO

7.1 JaHHble curHanusauyunm P1 n aPl

M6puaHbli npocuns MIMO fonXeH curHanuavpoBaTtbcsa B npeambyne Pl 3HavyeHusamu nonsg S1 = 111
(kog ESC) n nona 1 nona S2 (nepsble Tpn 6uTa nona S2) = 011, yTo ykasbiBaeT Ha rubpuaHein MIMO curHan.

3a npeambynoit P1 gonxeH cnefoBaTb [ONOMHUTENbHbIA cumBon Pl (aPl). Cumson aPl pgomxeH co-
aepxatb 7 6UT ANa curHanmsauum cornacHo taénuue 5.

Ta6nunya 5— dopmar cumeona aPl B rubpuagHom npocgmne MIMO

Mone [nvHa nongs, 6yt HaszHaueHue
S3 3 Mogaynsauus
S4, none 1 4 Pa3mepHocTb BM®/3awnTHbIN MHTepBan
S4, none 2 1 3apesepsrpoBaHo

Mone S3 (3 6mTa) ykasbiBaeT BUL MOAYASALMK COrNnacHO Tabnuuye 6.

Tabnunya 6— 3HavyeHne nonsa S3

3HauyeHne

nons S3 Mogynsaums Onucanvie
000 OFDM CumBon P2 1 cumBosbl AaHHbIX B Kagpe NGH ncnons3yoT mogynsaumio OFDM
001 SC-OFDM Cumson P2 n cumBosbl aHHbiX B kagpe NGH mncnonbsyoT mogynaunio SC-OFDM

010—111  3ape3epBMpOBaHO  3ape3epBUMPOBaHO

Kom6uHaumm S1 = 111, S2 = 011x n S3 = 001 He NPUMEHSIOT.
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Mone 1 nmonsa S4 (3 6uTa) ykasbiBaeT pa3mMepHocTb BIM® u 3HayeHuMe 3awUTHOrO MHTepBasa. AnA
oCTasibHbIX CMMBOJIOB B kagpe NGH pasmepHocTb — no Tabnuuam 7 u 8 gnsa moaynsauymii OFDM n SC-OFDM

COOTBETCTBEHHO.

Tab6nuya 7— 3HayeHne nons 1 nons S4 (mopynsauma OFDM, S3 = 000)

4, none 1 PasmepHocTb BM®/3alumTHbIN MHTEpBaN OnucaHvie
000 PasmepHocTb BMd: 1k 3awuTHbIA MHTepBan 1/32 YKka3blBaeT pasmepHocTb BId un
001 PasmepHocTb BIMN®: 1k 3awmTHbIli nHTEepBau1 1/16 z:‘;‘;%%'; SESQTSOKFSAD;IHQEFE&M
010 PasmepHocTb BMd: 2k, 3awnTHbIli MHTepBan 1/32
011 PasmepHocTb BMd: 2k, 3awuTHbI MHTepBan 1/16
IXX 3apesepsBupoBaHo

Tab6nuuya 8— 3HauyeHne nons 1 nons S4 (mogynsauuss SC-OFDM, S3 = 001)

S4,none 1 PasmepHocTb Brd/3almTHbI MHTEpBan OnvcaHvie
000 Pa3smepHocTb BMN®: 0,5k, 3awuTHbIA uHTEpBan 1/32 Yka3biBaeT pasmepHocTs Brd un
001 PasmepHocTb BM®: 0,5k, 3awuTHbIN MHTepBan 1/16 z:?n:eoﬂ/;)es SSSI-J(J')MFTI;(I:/TOB ngTpeep?\la(];ﬁ
010 Pa3mepHocTb BIMN®: 1k, 3aWunTHbIA MHTEpBan 1/32
011 PasmepHocTb BM®: 1k, 3awmTHbIA nHTEpBan 1/16
100 Pa3mepHocTb BIM®: 2k, 3awmTHbIN MHTEpBan 1/32
101 Pa3mepHocTb BMN®: 2k, 3aWmTHbIA MHTEpBan 1/16

110—111 3apesepsnpoBaHo

MocnepHunii 1 6uT nonsa S4 (HasbiBalT nosfem 2 nosns S4) 3ape3epBUpoBaH ANA GyAyLNX MPUMEHEHWIA.
Mogynsaums u coctas cumeona aPl rmépuaHoro npodunsa fo/HKHbI COOTBETCTBOBATH MOAYNAUUN U CO-

cTaBy cumBona aPl 6a3oBoro npoguns.
7.2 [OaHHble curHanusauuun L1-PRE
B Tabnunuye 9 npueBegeHa curHanmsaums L1-PRE, cneunduyHasa gnsa rmbpugHoro npocpuna MIMO.

Ta6nunya 9— CurHanmsaumsa L1-PRE, cneundmuHasa ana rmbpugHoro npocpunsg MIMO

Mone OnvHa

HYBRID MIMO PH FLAG 16ut
4 6uta

L1 POST MIMO 3 buta

L1_POST_NUM_BITS_PER_CHANNEL_USE

Mone FIYBRID_MIMO_PH_FLAG (1 6uT) yka3blBaeT, 4To ucnosnb3yetcsa onuma CMNd. Ecnm none pas-
HO O, To CMN® He npumeHseTtca. Ecnn none pasHo 1, To CM® npumeHsetca. MNpu ncnonb3osaHun VMIMO
(cMm. npunoxeHne B) aTo none yctaHaBnneaeTcs B «0», nockonbky CMeo HecoBmecTuma ¢ VMIMO.

Mone L1-POST_MIMO (4 6uta) ykasbiBaeT cxemy MIMO 6n0ka gaHHbIX curHanusauymm L1-POST.

Cxema MIMO ponxHa curHanunsmpoBatbcs cornacHo tabnuue 10.

Tab6nunya 10— dopmat curHasmsaymm cxembl MIMO 6510Ka AaHHbIX curHanm3aumm L1-POST

3HaueHve CurHanibHoe co3sesue
0000 AnamoyTu
0001 prM/CM®
0010 MV
0011— 1111 3apesepsBupoBaHo
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Mone L1_POST_NUM_BITS_PER_CHANNEL_USE (3 6uta) ycTaHaBAuBaeT 4Mucno OGUTOB Ha KaHan
aona cxembl MIMO, ncnonb3yemoit curHanusauuein L1-POST. 3HavyeHne 3TOro nons onpegeneHo B Tab-
nvue 13.

7.3 [daHHble curHanunsaumm L1-POST

7.3.1 KoHdurypupyemble gaHHble curHanunsauumn L1-POST
B Tabnuuye 11 npuBegeHa cemMaHTuKa KOH(Uryprupyemsbix nonei curHanmnsauum L1-POST, xapakTepHbIX
Ans rmépugHoro npoduna MIMO.

Tabnunya 11 — CemaHTMKa KOHMIrypupyembix nonein curHanmsaumm L1-POST, xapakTepHbIX A8 rmépuaHoro npo-
dmna MIMO

Mone AnvHa
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 6uta
}
ELSE {
PLP MOD 3 buta
}
}
ELSE {
PLP MOD 3 buta
}
IF S1 =“111" and S2 = “001x” or “OxOx’ {
TIME IL LATE LENGTH 3 6uta
NUM ADD IUS PER LATE FRAME 4 6uta

}

Mone PLP_MIMO_TYPE (4 6uTta) ykasbiBaeT cxemy MIMO, ncnonb3syemyto Tekywum PLP. Cxema MIMO
[OJKHa CUMTHA/IN3NPOBAaTLCA cornacHo tabnuue 12.

Ta6bnunya 12— dopmar curHanmsauumn cxembl MIMO B none PLP_MIMO_TYPE

3HaueHve Cxema MIMO TekyLero PLP
0000 AnamoyTun
0001 prM/Cre®
0010 v
0011—1111 3apesepBMpoBaHO

Cnepylouiee nose npucytcTeyet, Tonbko ecnn PLP_MIMO_TYPE = 0001 wnu 0010 (pnM/Cne
nnun MM).

Mone PLP_NUM_BITS_PER_CHANNEL_USE (3 6uTa) ykasbiBaeT uncno 6utoB Ha kaHan Nbpcu gns
cxembl MIMO, ucnonb3yemoit Tekywum PLP. 3HayeHue 3TOro nonsi onpepensercs B COOTBETCTBMM C Tab-

nuuein 13.

Tab6nuuya 13— dopmar curHanmsauun nons PLP_NUM_BITS_PER_CHANNEL_USE

3HaueHve Abpei Moaynsu
Y 1) QPSK
000 4
W7-X2) QPSK
Y 7x1) QPSK
001 6
Y 1(7x2) 16-QAM

10
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OkKoHuaHne Tabnmupl 13

3HaveHve N Moaynsauma
Y 7x1) 16-QAM
010 8
W T*2) 16-QAM
011 — 1 3apesepsrpoBaHo 3apesepBrpoBaHo

Cnepytouiee none npucytcteyeT, Tonbko ecan PLP_IVIIMO_TYPE He paBHO 0001 u He paBHOo 0010
(T. e. paBHO 0000, cxema AnamoyTn).

Mone PLP_MOD (3 6uTa) ykasbiBaeT MOAYNSUUIO, MCNONb3yemyl Tekywum PLP Moagynsaums gomxHa
CUrHanuanpoBaTbCs cornacHo Tabnuue 14.

Tabnuya 14— Moaynaumsa, ucrnonb3yemas Tekywmm PLP

3HaueHue nons PLP_MOD

Mopaynaupa
000 QPSK
001 16-QAM
010 — 111 3apesepBrpoBaHo

Mone TIME_IL_LATE_LENGTH (3 6uta) npeactaBnsietr anvHy Pjate nosgHeit yacTu, BbIpaXEHHY B
nornyecknx kagpax. Mo3gHsAs yacTb — 3TO NOCAEAHSS YacTb MOJIHON ANIMHBI BPEMEHHOTO NMEPeMexuTens,
KoTopasa curHanunsuvpyetca B TIMEJL_LENGTH.

Mone NUM_ADD_IUS_PER_LATE_FRAME (4 6uTta) ykasbiBaeT uncno NADD /u PER LATE 6510koB ne-
pemexeHns IU B nosgHeil yacTu, B AOMNOSIHEHWE K OAHOMY IU, MpUCYTCTBYHOLEMY B~KaXAOM /10TMYECKOM
Kagpe.

7.3.2 AnHamunyeckune gaHHble curHanmsaumm L1-POST

B rm6pugHom npocpune MIMO gnmHamunyeckas curHanusauma L1-POST gos/mxkHa cOOTBETCTBOBaTb CUT-
Hanusauyum 6a3oBoro npoguns.

7.3.3 BHyTpunosnocHasa curHanusauma tuna A

B ru6pugHom npodune MIMO BHyTpunosocHasa curHanmsaumsa tuna A go/KHa COOTBETCTBOBaTb CUMHa-
nusaunm 6a3oBoro npoguns.
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MpunoxeHve A
(cnpaBo4HOe)

LLla6n1oH paccpefgoTOYEHHOTro NunoT-curHana gna mogynsauynm SC-OFDM

B HacTosiLeM MpuioXeHnM Ha pucyHke A.l nokasaH WabsoH paccpefoTovYeHHOro nuaoT-curHana PP9 gnst mo-
aynaumm SC-OFDM, koTopblii MCNonb3yeTcs A5t CNyTHUKOBOrO TpakTa rmbpuaHoro npoduns MIMO. MunoT-curHasnbl B
pexumax SISO 1 MIMO nepegatoTcs Ha OAHMX N TEX XKe NO3NLUSX.

Mpy ncnonb3oBaHun rmbpugHoro npocuns MIMO ¢ nepBoii aHTeHHbI 7X1 nepefaeTcs NUAOT-CUMIHaUT TOro Xe La-

6/10Ha, Kak Mpu 1cnosib3oBaHun rmbpugHoro npodmnsa SISO. Co BTOPO aHTEHHbI 7X2 NWIOT-CUrHaN NepefaeTcs Ha Tex
Xe no3uumsix, Yto n 7x1, Ho ¢ Apyrumn dhasamu, Kak onucaHo B nyHkTe 6.3.

HenpepbIBHblE NUIOT-CUTHA/BI B JAHHOM NPOCHUIE OTCYTCTBYHOT.

YacToTa (Homep HecyLeid) >
MepBbiii cuvBon P2 — »
Bropoii cuveon P2 — »
MocnepHuii
cumBson P2
0]
©
('é#
MocnepHuii
cUMBON Kagpa- — » 7%}
TMOPUAHBIA CUMBO/T
paccpefoToUeHHbIN I'IVII'IOT-CI/IrHanO Aivelika AaHHbIX

PucyHok A1 — LLlabnoH paccpefoToveHHoro nunoT-curHana PP9 gna mogynsumm SC-OFDM
(rnbpuaHbIi npodnns MIMO)
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MpunoxeHve b
(cnpaBo4Hoe)

YABOeHHass CKOPOCTb nepegayn Npu o4HON nepefaroliein aHTEHHe

B.1 O6wue nonoxeHns

BapuaHTbl nepegaun MIMO BK/IHOUEHBI B OMOSHUTENBHBIA Npodnib MIMO, 4Tobbl MCNoNb30BaTh NPEMMYLLECTBA
pa3HeceHHO nepefayn M NpPOMyCKHOW CMOCOGHOCTU, MOJyYeHHble Griarofaps MPUMEHEHWH HECKOIbKUX NepeaarLmx
3/1EMEHTOB B nepefatyunke u npmemHuke. B OUC HekoTopble Ha3eMHble nepefatymku MOryT ObiTb OCHALLEHbI TOSIBKO
O[HOW MepejatoLleil aHTEHHOI, B TO BPeMs Kak Apyrne HasemHble nepeaaryvkyn 1 CNyTHUKOBbLIA nepeAaTyvk OCHaLeHbI
ABYMs NepefarlyiMm aHTEHHaMK. B Takoi cuTyauumn nepeaaTyukiy ¢ OA4HONM aHTEHHOWM NPOCTO NepeaaroT CUrHasl, nepena-
BaeMbIi OAHOWN 13 aHTEHH NepeaaTynkoB C ABYMS aHTeHHaMu. C Lesbio obecneyeHns onTuMmu3anum Npou3BoaUTENbHOCTY
pekoMeHayeTCsi HacTpouTb cxemy BupTyasibHoro MIMO (VMIMO), TO ecTb SMyMpoBaTh Ha CTOPOHE nepejarynka onTu-
MU3MPOBaHHbIN KaHan 2x1. 3TO NO3BOMSET NepefaBaTtb €uHbIA CUrHas1, KOTOPbIA NpeacTaBnseT coboi gBa HopMaslb-
HbIX CUrHas1a C YABOEHHOW CKOpPOCTbi0 nepegayn. Mpu 3TOM ONTUMM3UPYETCS NPOU3BOAUTE/bHOCTb. [ONONHMUTE NbHLIM
NPENMYLLLECTBOM SIB/ISIETCA TO, YUTO HUKAKNX U3MEHEHMIA B KOHCTPYKLUUM MPUEMHMKA He TpebyeTcs.

B.2 CTpykTypHasa cxema

CrpyktypHasa cxema VMIMO npuBegeHa Ha pucyHke b.1

T

PucyHok b.1 — CtpykTypHas cxema VMIMO

B.3 O6paboTka VMIMO

Cxema VMIMO coctout 13 06paboTku oNnTMMU3MPOBAHHOIO BUPTYa/lbHOTO kaHana 2 X 1 MISO nepep, nepefauveii.
OTOT BUPTYaSIbHbIA KaHasl MOXeT obpabaTbiBaTbCs [/ BCEX BXOAHbIX MOTOKOB. Tawke ero orpaHuumsatoT o MISO u
MIMO uacTeli MynbTUNAEKCa U He NPUMEHSIIOT 06paboTKy K CMMBO/IaM CUHXpOHM3auun P1, aP1l n P2.

KaHan 2 x 1VMIMO xapaktepusyetcs AByMs koadpdmumeHTamm: alu a2. Mpouecc o6paboTkm VMIMO npusBeneH B
Tabnuue b.1, rae pn— NUNoOT-CUrHaN, n3nyvyaeMblii aHTEHHOW /1, dn— faHHble, K3nyvyaemble aHTeHHOl N, Sig— curHasbl
CMHXPOHM3aLWK, 3arooBkK, CUTHa/IM3auUmMs Ha HOPMasTbHOM CKOPOCTU nepeayn.

Ta6nunya b1 — lMNpouyecc obpaboTkn VMIMO

AHTEHHA AHTEHHA CvirHan nepeparuvika
nepegaruvka ¢ nepejaryvka ¢ C OfiHOIN aHTEHHOW
[OBYMS1 aHTEHHaMn 1 ABYMSI aHTEHHaMK 2 (VMIMO)
Munot-curHan PL [57) alPi + a2P2
[aHHble d2 al™ +a2d2
CurHanbl CUHXPOHM3aLMK, 3arofioBKW, CUrHanusa- Sig Sig Sig

LUMs HA HOPMaUsTbHO CKOPOCTU nepeaaumn

B.4 YctaHoBKa napameTpoB

JonyckaeTtca He onpefensaTb 4719 NPUEMHVKOB napameTpbl alu a2. MNMpoueccop OueHkM KaHauia GyaeT oueHnBaTb
06LLMIA KaHau, cocToAWwMi N3 KOMBMHauUMK kaHana VMIMO 1 peanibHOrO MHOFO/Ty4eBOro kaHana. Moatomy napameTpbl al
1 a2 He HopmupytoT. B Tabnuue B.2 npvBefeHbl ONTUMU3MPOBaHHbIE 3HAYEHNS AN18 Pas/IMYHbIX CUTHa/IbHbIX CO3BEe3aui U
B 3aBMICMMOCTU OT NpumMmeHeHus plM npu ancbanaHce mouwHocTeli 0 ab (1. e. g a = p=0,5).
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Ta6nunya B.2— MapameTpbl VMIMO npu gucbanaHce moluHocTeld 0 b

MapameTtpbl VMIMO

Mogaynauys 6e3 plM c plfiM
al a2 e al
2 x QPSK 1 2 tg(>/2 + 1)=67,5° 0,99748
q e arctg( )= 67, ,
2 x 16-QAM ! 4 arctg ff +4] 0,95
V17 w17 SgU 12+ 2] '
Bb.5 Cho

CMNa® HecosmecTuma ¢ VMIMO, NoaToMy ee He NMPUMEHSIIOT.

5.6 [lononHuTenbHble cBeeHUA

0,0708

-0,312

[na obecneyeHns HawydLllein NpoM3BOAMTENBLHOCTY NP paboTe C OJHON NepejaroLlein aHTeHHol aekogep MIMO
[OSKEH BbITb ONTUMasIbHBLIM (MaKCYMasIbHOTO NPaBAoMNoAo6Ms) UM KBa3MoNTUMa/lbHbIM, HE3aBUCMMO OT KO3dhdhuLmMeH-

TOoB alu a2.

Bbibop al= 11 a2 = 0 COOTBETCTBYET C/lyyal0, Koraa nepefarynk, OCHaLLEHHbI OOHOW aHTEHHON, nepefaeT OauH

U3 curHanos cxembl MIMO ¢ yABOEHHOI CKOpPOCTLIO nepeaayn.
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YAK 621.397.132.129:006.354 OKC 33.170

Knioyesble cnosa: UupoBOe BellaTesibHOe TefieBUAeHne, cuctemMa LMdpoBOro Te/1IeBU3MOHHOIO BellaHus
ONA NopTaTMBHbLIX YCTPOWCTB Mocnefylowero NokoneHus, cneundukauma dusndeckoro yposHsa, DVB-NGH,
rmépungHblii npocuns MIMO, SISO, SC-OFDM, VMIMO, curHanusauus, Kpoccrnonspusayus, MyabTUNEKCU-
poBaHue, KoAMpoBaHue
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