JaHunit BUHaxig 3aranom BiQHOCMTBLCA A0 nepeaadi AaHuX, | Ginbl KOHKPETHO, A0 TEXHONOrN ANns BUKOHAHHS
perynioBaHHs LWBUAKOCTI nepeaadi gaHux no YACHEHHUX napanenbHUX KaHanax y 6aratokaHanbeHiil cuctemi 3B'ssky.

Cucrema BGaraTokaHanbHOro 3B'A3KYy BUKOPUCTOBYE YUCMEHHI «mapanencHi kaHanu» ans nepegadi gaHux. L
napanenbHi KaHanu Mo)xyTb 6yTu chOpMOBaHI y YacoBiil AiNsHUi, YacTOTHIA AinaHUi, NpocTopoBiit AinaHui abo Tx
noeAHaHHi. Hanpuknag, YMcneHHi napanensHi kaHanu MoxyTb 6yTu cchopMOBaHi Pi3HUMU YACOBUMM iHTEPBANaMu y
cucTeMax 3B'A3KY 3 MYMbTUMMAEKCHOIO Mepefadverd 3 4acoBUM po3fineHHAM abo yuwincHeHHam kaHanis (TDM),
Pi3HUMMW YaACTOTHUMMU nigaianasoHammn y CUCTEMI 3B'A3KY 3 MYNbTUMMEKCHOK Nepefaverd 3 YaCTOTHUM Po3aineHHAM
abo yuwinbHeHHAM kaHanis (FDM), pi3HUMWU HenepeTUHHUMU MHOXMHAMK Miadiana3oHiB y CUCTEMI 3B'A3KY 3
OpPTOroHanbHUM MyMbTUMNEKCYBAHHAM po3noainy Yactotu (OFDM) a6o pisHuMKA NPOCTOPOBUMU KaHaNaMmn y CUCTEMI
3B'A3KY 3 MHOXXMHOW BX0AiB | MHOMUHOW BUXodiB (MIMO). Cucremu 3 TDM, FDM, OFDM i MIMO onucaHi Huiue
OinbLL AeTanbHo.

YucneHHi napanenesHi kKaHanu MOXyTb NigaaBaTUCA PisHUM KaHanbHUM yMoBam (Hanpuknag, pisHuMm edekram
3aBMUpaHHs, 6aratonpoMeHeBOro MOLMPEHHS | B3aEMHUX MepeLLKod) i MOXYTb AO0CAraTu Pi3HUX CniBBiAHOLEHb
curHan/wym (SNR). SNR napanenbHOro kaHamy BU3Ha4yae WOro MPOMYCKHY 3AaTHICTb, AKA TWUMOBO KiNMbKiCHO
BU3HAYEHa KOHKPETHOMO LUBMAKICTIO Nepeaayi AaHuX, 3 SIKOK BOHU MOXYTb 6yTu HaAiiiHO nepeaaHi no napanenbHoMy
kaHany. Akwo SNR 3MiHIOETBCA Big, napanensHoro kaHamy A0 napanensHoOro KaHany, TO NigTPUMyBaHa LWBUAKICTL
nepegadi JaHux TakoX NOBWHHA 3MIHIOBATUCA Bif KaHany A0 KaHany. Binbl TOro, OCKinbkU KaHanksHi yMOBU TUNOBO
3MIHIOIOTLCA 3 YacoM, TO LWBUAKOCTI nepegadi gaHux, NigTPUMYBaHI YUCNEHHUMU napanensHUMWU KaHanamu Takox
3MiHIOOTbLCS 3 YacoM.

PerynioBaHHa LIBMAKOCTI € 3HA4HOW npobnemoto y 6GaratokaHanbHid CUCTEMi 3B'A3KY, sika Ge3nepepsHO
NipaaceTbCa 3MiHi KaHanbHUX YMOB. PerymnioBaHHA LWBUAKOCTI CNPUYUHAE PErynioBaHHA LWBUAKOCTI nepegadi gaHux
KOXXHOTO 3 YUCINEHHUX NapanensHUX KaHanis Ha OCHOBi CTaHy KaHamnbHUX yMOB. METOl0 perynioBaHHA LUBUAKOCTI
MOXKe ByTU MaKkcumizauis cymapHOT NponyckHOT 34aTHOCTI NO YMCNEHHUX NapanefibHMX KaHanax npu BignosiaHOCTI
BU3HAYEHUM BUMOTaM AKOCTI, AKi MOXKYTb BYTU KiNbKICHO BM3HAYEHi KOHKPETHOIO YacTOTOK MOSABU MOMUITIOK MaKeTy
(PER) a60 skuM-HeByAb iHLIMM KpUTEPIEM.

Omxe, y AaHiik ranysi TexHiku icHye HeobxigHiCTb y TexHonoriax ans egeKTMBHOrO BUKOHAHHA pPeErynioBaHHS
LBUAKOCTI YUCIIEHHUX napanenbHUX KaHanis, ki MatoTb 3MiHHI SNR.

Y paHoMmy naTeHTHOMY [OOKYMEHTI OnucaHi TEXHONOrT 3 BUKOHAHHA PErynioBaHHA LWBWAKOCTI 3aMKHEHUM
KOHTYPOM Ans nepepadi AaHWX MO YUCINEHHUX napanensHux KaHanax. KepyBaHHSA LWBMAKICTIO 3aMKHEHUM KOHTYPOM
MOXe OyTW yCnilUHO BUKOHAHE 3a AOMOMOro ogHoro ato Ginblue KOHTYpiB. BHYTPILWLHIA KOHTYP OUIHIOE KaHambHI
YMOBM Ana NiHiT 3B'A3Ky | Bubupae BignoBiaHy WBUAKICTE Nepenadi gaHUX AN KOXHOro 3 YMCMEHHUX napanenbHuUX
kKaHanie (Hanpuknag, wo6 pocaratu BUCOKOT 3aranbHOT MPONYCKHOT 34aTHOCTI). 30BHIWHIA KOHTYP (SKUA €
HeoB0B'A3KOBUM) OUIHIOE AKICTb NepecunaHb AaHuX, WO NPUAMAOTLCA MO YUCIEHHUMX napanenbHUX KaHanax, i
HACTPOKE Ail0 BHYTPILLHLOrO KOHTYPY.

Ona BHYTPIWHLOTO KOHTYPY KaHasbHi OUHKM Cno4yaTKy oAepxkaHi Ans YUCRAEeHHUMX napanensHUX KaHanis
(Hanpuknag, Ha OCHOBI KOHTPOMNbHUX CUMBOJIIB, O NPUAMAIOTLCA). OLIHKU KaHany MOXYTb BKNOYaTH B cebe OLiHKK
KoedpilieHTa NOCUNEHHA KaHany Ansd YACNEeHHWX nigaianasoHiB KOXXHOrO napanensHOro KaHany, OuiHKY MiHiManbHOro
PiBHA WYMY Ha npuiAManbHOMY NpUCTpoT i Tak aani. BianosigHuii «pexxum nepegadi» notim BUGPaAHUA ANA KOXKHOTO
napanenbHoro KaHany Ha ocHoBI (1) NOTYXXHOCTI nepeaadi, BUAINEHOT ANa napanensHoro KaHany, (2) ouiHOK KaHany
Ans napanenbHoro kadany, (3) SNR-komneHcauii, nepeabayeHo’ 30BHILLHIM KOHTYPOM ANSA napanensHoro KaHany Ta
(4) iHWoOT iHcpopmauii, nepeabayeHol 30BHILHIM KOHTYPOM. PexxuMm nepepadi Bkaslye, cepen iHLWOro, BU3HAYEHY
LWBKAKICTE Mepeaadi AaHuX ANs BAKOPUCTAHHS MO napanensHoMy kaHamny. SNR-komneHcauis CrnyXuTb O3HaKo
BENMWYMHU 3anacy Ans BUKOPUCTAHHA Yy napanennHoMy KaHani i Bnnusae Ha Bubip pexumy nepegadi ana
napanensHoro KaHany. |Hwa iHopmauia i3 30BHILUHBOrO KOHTYPY MOXKE HakasyBaTW BHYTPILWHEOMY KOHTYPY
BUOMpaTK pexxum nepepadi 3i LUBUAKICTIO nepeaadi 4aHUX, MEHLLO, HiXXK HOpManbHO BMBUpaHa ana napanennHoro
KaHany, Hanpuknaa, aKkWwo HagmipHa KineKiCTb NOMWUNOK NakeTy NpUiHATA ANA napanensHoro kaHany. MNepeanasau i
npuinMa4y 06pobnaioTe AaHi ANSA KOXHOrO napanernbHOro KaHamny BignoBigHO A0 pexumy nepegadi, BubpaHoro ans
napanensHoro kaHany. Ona 30BHILWHLOrO KOHTYPY, NpuUiAMad OUIHIOE AKICTb MepecunaHbs AaHuX, NPUUAHATUX 3a
JOMOMOTOK YMCMEHHUX NapanenbHUX KaHanis. Hanpuknag, npuiiMad MOXe BU3HAYaTU CTaTyC KOXKHOTO NPUAHATOrO
nakeTy AaHuX (Hanpuknag, sik Xopowuid aGo noraHuin, sk ONUCAHO HUXME), OAEePXKYBaTU METPUKM Aekoaepa ans
KOXHOTO NOTOKY AaHux, ouiHioBatu SNR, wWo npuiMaetbCs, AN KOXKHOMO napanenbHOro KaHany i tak aani.
30BHILLHIE KOHTYP MOTIM HACTPOE POBOTY BHYTPILLHLOTO KOHTYPY ANl KOXHOMO MapanenbHoro KaHamy Ha OCHOBI
OUIHEHOT AKOCTI, WO NPUMAMAETLCA, AN UbOro napanensLHoro kKaHany. Hanpuknag, 30BHILWHIA KOHTYP MOXe
HacTpotoBaTu SNR-KOMNEHcaUilo Ana KOXHOro napanernbHOro kadany, wob aocsaratu 3annaHoBaHOT iHTEHCUBHOCTI
nomunok nakety (PER) ana Takoro napanenbHOro kaHany. 3OBHILLHIA KOHTYP MOXeE TaKOXX HakasysaTu
BHYTPILUHBOMY KOHTYpYy BUOMpaTU pexkuM nepeadi 3 MEHLIOW LWBWUAKICTIO nepeaadi gaHux Ans napanensHoro
KaHany, sKLWo HaaMipHa KinbKiCTb NOMUIOK NakeTy BUABMEHA ANA TAKOro napanernsHOro kaHany.

PisHi acnekTu i BapiaHTU 34iNCHEHHS] BUHAXOAY TAKOXK ONUCAHi HUyKUe Binblu AeTanbHo.

OsHaku, CyTb i nepeBarn paHoro BuHaxoay OyayTb craBatu Ginbll OYEBUAHUMU 3 AOKMAZHOTO OMUCY,
BUKNAZEHOTO HUXYE, NMPU CNPUAHATTI Y NOEAHAHHI 3 KPECMEeHHAMM, Ha sIKUX NoAaibGHi HOMepu Mo3uuin BiANOBIAHO
ineHTUMIKYIOTb NO BCLOMY 06'€MY ONUCY, | HA AKUX:

dir.1 nokasye nepeaasad i npunMad y 6aratokaHanbHiil CUCTEMI 3B'A3KY 3 PErynioBaHHAM LUBUAKOCTI 3aMKHEHUM
KOHTYpoM Ans Nc naparnernbHUX KaHanis;

®ir.2 nokasye MexaHisM perynioBaHHS LWUBUAKOCTI 3aMKHEHUM KOHTYPOM;

®ir.3 nokasye 3paskoBy NOCMIAOBHICTL onepauin Ans nepegadi Nc noTokiB AaHux no Nc napanensHUX kaHanax,
BMKOPUCTOBYIOUM Nc pexxuMiB nepeaadi, BUGpaHuX perynioBaHHAM LUBUAKOCTI 3aMKHEHUM KOHTYPOM;

®ir.4 nokasye 3paskoBy NOCMNIZOBHICTb ONepauin Ans 30BHILWHLOTO KOHTYPY;

®ir.5 nokasye 3paskoBy TDD-cuctemy 3 MIMO-OFDM,;

®ir.6 nokasye CTPyKTypy Kagpy, Wo BukopuctoByeTbea y TDD-cucremi 3 MIMO-OFDM;

®ir.7 nokasye NOCNiAOBHICTL onepauiid ANa nepegadi YACNEHHUX NOTOKIB AaHUX HA YUCNEHHUX LUMPOKOCMYT OBUX



BNAcCHUX MOAax No HU3XiaHii i BUCXiQHIN niHisx 3B'A3ky y TDD-cucremi 3 MIMO-OFDM;

®ir.8 nokasye nocnigoBHICTL onepauin ana subopy Ns pexumis nepegadi ansa Ns LUMPOKOCMYrOBUX BACHWUX
Mona;

®ir.9A i 9B nokasyoTb TOYKY AOCTYNY i KOPUCTYBANbHULBLKUA KiHUEBUA npucTpiin y TDD-cucremi 3 MIMO-OFDM
Ana nepegadi no HA3XIAHIA | BUCXIAHIN NiHIAX 3B'A3KY BiANOBIAHO;

®ir.10 nokasye nepegasarnbHy NigCUCTEMY;

@ir.11 nokasye npuimManeHy nigcucremy; i

®IM12A | 12B nokasytoTb 3pasKoBi 4acoBi giarpamu Ana pPerynioBaHHA LWBUAKOCTI 3aMKHEHUM KOHTYpPOM Ans
HU3XIAHOT | BACXIAHOT NiHii 3B'A3KYy BigNOBIAHO.

CnoBo «3pa3KoBUil» BUKOPUCTAHE Y OAHOMY MATEHTHOMY AOKYMEHTI, Wo6 03HA4aTu «Takui, WO CNYXUTb SK
npuknag, okpeMuin Bunagok abo inoctpadis». Byab-akuil BapiaHT 34iNCHEHHA a60 KOHCTPYKTUBHE PilLEHHS, ONUCaHI
Yy OAHOMY MaTEHTHOMY OOKYMEHTI SIK «3pa3koBi» He 060B'A3KOBO MOBUHHI TNYyMAYUTUCA AK NepeBaykHi abo KOPUCHI y
MOPIBHAHHI 3 iHWMMK BapiaHTamMun 3aiINCHEHHSA ab0 KOHCTPYKTUBHUMM PiLLEHHAMU.

BukopuctosyBaHMid y [aHOMY MaTEHTHOMY ONUCI BUPa3 «pPerynioBaHHA LWBWAKOCTI» BU3HA4Yae nopsagok
perynioBaHHsa LWBUAKOCTI nepedadi JaHUX KOXHOMO 3 napanenbHUX KaHaniB Ha OCHOBI KaHamnbHUX yMOB. LLUBMAKICTL
nepegadvi JaHUxX AN KOXHOro napanensHoro kaHarny BU3HA4YeHa pexumoM nepegadi, BUubpaHum ans BUKOPUCTaHHS
no TakoMmy napanencHoMy KaHany. PerymoBaHHA LIBUAKOCTI, TAKUM YMHOM, MOXe OyTU YCNILHO BUKOHAHE
KEPYBAHHAM pEeXUMaMu nepeaadi, Lo BUKOPUCTOBYIOTLCS ANIA YACNIEHHUX napanenbHUX KaHanis.

®ir.1 nokasye CTpyKTypHy cxemy nepegaBada 110 i npuitmada 150 y GaraTtokaHanbHili cuctemi 100 3B'A3ky 3
PerynioBaHHAM LUBUAKOCTI 3aMKHEHUM KOHTYpOM Ana Nc napanensHux kaHanis, ae Nc > 1.Nc napanensHux kaHanis
MOXYTb 6yTU cchopmMoBaHi pisHUMKU cnocoBamu, sk ONMCaHO Huxde. Ona nepegadvi nNo HU3XIAHIA NiHIT 3B'A3Ky (Big,
6a30B0T cTaHuil oo pyxomoro 06'ekra), nepegasad 110 € Toukow goctyny, npuimad 150 € KOPUCTYBaNbHULLKUM
KiIHUEBUM MPUCTPOEM, NepLua NiHia 148 3B'A3KY € HU3XIAHOIO NiHiElo 3B'A3Ky (TOGTO, NPSAMOLO NiHieto), | Apyra nidia 152
3B'A3KY € BUCXiAHOO MiHi€l0 3B'A3Ky (TOGTO, 3BOPOTHOO MiHiel0). Ona nepenadi no BUCXigHIA NiHiT 38'A3Ky, nepegasay
110 € KOpPUCTYBaANBHULLKAM KIHLIEBWUM NPUCTPOEM, npuidmay 150 € TOUKOK AOCTyny, a nepwia i apyra niHii 38'a3ky €
BUCXIAHOI i HU3XIAHO NiHIAMK 3B'A3KY BiAMOBIAHO.

Ha nepepasaui 110, nepepasancHuin (TX) npuctpin 06pobkn 120 gaHux npuiimae Nc nOTOKIB AaHUX, OAUH MOTIK
ana koxHoro 3 Nc napanenbHUX kaHanis. KOxKHWMIA napanenbHWid kaHan acouiaTUBHO MNOB'AA3aHUA 3 TOYHO
BM3HAYEHUM PEXUMOM Mepeaadi, Wo CAy>KUTb O3HAKOK MHOXWHU napamMeTpiB nepepadi, Ans BUKOPUCTAHHA ANS
TaKoro napanensHOro kaHany. Pexxum nepegadi Moxxe CryXutiu o3Hakoto (a6o moxxke 6yTu acouiaTUBHO MOB'A3aHUN 3)
KOHKPETHOT LUBMAKOCTI nepepadi AaHUX, KOHKPETHOT Cxemu KoayBaHHA abo CTyneHs KoayBaHHs (CniBBiAHOLLEHHSA
JOBXWHU MOYATKOBOro BrOKY AAHWX A0 AOBXUHU AOTO KOAOBAHOrO NPEACTABINEHHS), KOHKPETHOT CXEMM YLLNbHEHHS i
Tak gani, siki NOBUHHI 6YTU BUKOPUCTaHI Ana nepeaadi gaHux. 3pa3koBa MHOXUHA pexumiB nepepadi HagaHa gani y
Tabnuui 2. Ona KOKHOro napanensHOro KaHany LWBUAKICTb nepedadi 4aHUX BKasaHa pPeryrioBaHHAM LUBUAKOCTI
nepegadvi AaHux, CXxeMa KOAYBaHHA BKasaHa PEryrioBaHHAM KOAYBAHHSA i CxeMa mMoAaynsuii BkazaHa perynioBaHHAM
moaynauii. Lli perynioBaHHa HagaHi koHTponepom 130 i BupoGneHi HA OCHOBI pexumy nepepadi, BubpaHoro ans
KOXKHOTO napanensHoro KaHany, BUKOPUCTOBYHOUM iH(bopMaLiio 3BOPOTHOIO 3B'A3KY, odepxaHy Big npuimada 150 i,
MOXNMUBO, iHWOT iHdpopmaUiT (Hanpuknag, ouiHOK KaHany), ogep»kaHoi nepepasadem 110,

TX-npuctpiii 120 06pobku gaHUX KOAYE, YLWINLHIOE | MOAYMNIOE KOXHUA MOTIK AaHUX BignoOBIiAHO OO pPexumy
nepegadi, BubpaHoro ans Moro napanenpHOro kaHany, wo6 HagasaTtu BignoBiAHWMIA NOTIK CMMBONIB moaynsAyil. TX-
npuctpiit 120 06pobku gaHux Hagae Nc notokis cumsonis moaynauii ana Nc noTokiB aaHux. Bnok 122 nepepaui
(TMTR) notim 06pobnsie Nc notokiB cumsonis moaynsauii cnocobom, 3agaHuM cuctemolo. Hanpuknag, 6nok 122
nepegadi moxe BukoHysatu OFDM-06pobky ana cuctemu 3 OFDM, npoctopoBy 06pobky ansa cucrtemu 3 MIMO, a6o
o6upagi npoctoposy i OFDM 06po6ku ans cuctemn 3 MMO-OFDM (saka € cucremoio 3 MIMO, wo exusae OFDM).
KOHTPONbHUIA CUrHAMN TaKOXK nepeaaHuii, wob cnpuaTtu npuiimady 150 y BUKOHAHHI yucna PyHKUIA, TakuxX K OUiHKa,
3aXOMNMeEHHs, YacTOTHA | YacoBa CUMHXPOHI3aUis, KorepeHTHa Aemoaynsauia kaHany, i Tak aani. NMepeaasansHuil 6noK
122 MyNbTUNNEKCYE CUMBOSIU KOHTPONBHOTO CUrHaMNy 3 CUMBONAMWU MOAYNALIT AN KOXHOTO napanensHoro kadany,
06pobnsie MynbTUNNEKCOBAHI CUMBONM | HAAAE MOAYNLOBAHI CUrHANMU KOXHIA AHTEHI, WO BUKOPUCTOBYETLCA ANA
nepegadi gaHux. KoxkHWA MOAYyNbOBAHWA CUrHan noTiM nepegaHuidt 3a AONOMOrow nepluol niHil 148 3B'Asky
npuidimady 150. Mepwa niHia 148 3B'A3KY CNOTBOPIOE KOXHWUWA MOAYNLOBAHWMWA CUrHam BignNoOBIAHO A0 4acTOTHOT
XapakTePUCTUKN KOHKPETHOrO KaHany i 4OAaTKOBO NCye MoAynboBaHWi curHan (1) agutuBHUM MaycCiBCbKUM LUYMOM
(wymoM 3 HOpManbHUM po3noAainom), Wwo mMae aucnepcito No i (2), MOXIMBO, B3aeMHUMU NepeLLKoaaMKn Bif iHLIUX
nepegasadis.

Ha npuitmaui 150, nepegaHuin curHan(u) NpUAHATUA OAHIE0 abo0 MHOXMHOK aHTEH, | NPUAHATUIA curHan Big
KOXHOT aHTeHU HagaHuii npuiiMansHomy (RCVR) 6noky 160. MpuiimansHuit 6nok 160 npuBoauTe y NOTPIGHMIA CTaH i
Uuhpye KOXKHUIA NPUAHATMIA curHan, wo6 HagaeaTty BignoBsigHWMIA NOTiK Bianikie. MpuiimanbHuit 610k 160 goaaTKoBO
06pobnsie Bigniku cnocobom, AKUA € KOMNMNIMEHTAPHUM MO BIAHOLLIEHHIO A0 BUKOHAHOrO nepepasanbHUM GIOKOM
122, wo6 HagaBaTu Nc NOTOKIB «BigHOBMEHUX» CUrHanis, ki € ouiHkamum Nc¢ MOTOKIB MOAYNbOBAHUX CUMBOJIIB,
HagicnaHux nepepasadvem 110.

MpuiamansHuin (RX) npuctpii 162 06pobkn gaHux notim obpobnse Nc BiAHOBREHUX NOTOKIB CUMBONIB
BianoBigHO Ao Nc pexumie nepegadi, BubpaHux ana N¢ napanensHux kaHanis, wo6 ogepxkysatu N¢ AeKkogoBaHUX
NOTOKIB AaHuX, Aki € ouiHkamu Nc NOTOKIB AaHuX, HagicnaHux nepepgasadvem 110. O6pobka RX-npuctpoem 162
06pobKkn gaHuX MoXe BKMouatu B cebe aeMoaynsauito, po3yLinibHeHHs i aekoayBaHHsa. RX-npuctpiii 162 o6pobku
JaHuX MOXe [0AATKOBO HaJaBaTU CTATYC KOXKHOTO MPUAHATOrO nakeTy AaHux i/abo MeTpuk aekopepa AN KOXHOro
JEeKOJ0BAHOr0 NOTOKY AaHMX.

MpuiamansHuin 6nok 160 Hagae npuiAHATI N0 Nc napanenbHUX KaHanax KOHTPOMNbHI CUMBONU MpUCTpoto 164
ouiHKM kaHany. Mpuctpiin 164 ouiHkM kaHany o6pobnsae Ui NPUAHATI KOHTPONbHI CUMBONU, WO6 oaep)KyBaATU OLIHKK
kaHany ans Nc napanenbHux kaHanis. OuiHKU KaHany MOXyTb BKMovaTu B ceBe, Hanpuknag, ouiHku koediuieHTa
NOCUNEHHs, OUiHKY aucnepcii No wyMy, i Tak gani. Aucnepcia No wWyMmy, sika € MiHIManbHUM PiBHEM LWYMIB, LLUO
crnocTepiraeTbca Ha npuiamadi 150, Bknovae B cebe KaHanbHWIA WyM, LYM FIAHUOrB NpuiMava, B3aeMHy nepeLukoay



(To6TO, NepexpecHy NepeLLKoay) Bia iHWMX nepeaaBanbHUX CyTHOCTEN, | Tak aani.

Mpuctpiit 166 Bubopy pexxumy nepepadi (TM) npuidmae OUiHKM KaHany Big NPUCTPOIO 164 OUiHKM KaHany i,
MOXIUBO, CTATyC MNakeTy i/fabo meTpuxku gekogepa Big TX-npuctporo 162 ob6pobku gaHux. Mpuctpiii 166 BuBopy
pexumy nepepadi o6uncnioe po6ounii piseHb SNR ana koxxHoro 3 Nc napanenbHuX kaHarniB Ha OCHOBI OLHOK KaHany
i SNR-komneHcauii ana Takoro napanencHoro kaHany. Mpuctpiii 166 BuGopy pexumy nepegadi notiMm subupae
BiAMOBIAHWI pexum nepeadi Ans KOXHOro napanenbHOro kaHamy Ha OcHoBi po6ouvoro piBHAa SNR Ta iHdopmauii
30BHILLHLOrO KOHTYPY AN napanensHoro kaHany. BuGip pexxkumy nepegadi AeTanbHO ONMUCAHNIA HUAXME.

KoHTtponep 170 npuiimae Nc BuSpaHux pexxumis nepeaadi, 3 TM 1 no TM Ng, 3 npuctpoto 166 subopy pexxumy
nepepadi i craryc nakety 3 RX-npuctpoto 06pobku gaHux (He nokasaHui). KoHtponep 170 noTiM KOMMOHYyeE
iHchopMaLito 3BOPOTHOrO 3B'A3KY AN nepegasadva 110. [HopmaLis 3BOPOTHOTO 3B'A3KY MOxe Bknoyatu B cebe Nc
BMOpaHux pexumis nepepadi ana Nc napanenbHux kaHanis, nosigomneHHs (ACK) i/abo HeraTuBHiI NOBiZOMNEHHS
(NAK) anst npuiiHATUX NakeTiB AaHWX, KOHTPONLHUIA curHan i/fa6o iHwy iHdopmauio. [Hdopmauia 3BOPOTHOrO 3B'A3KY
noTiM HagicnaHa 4yepes Apyry niHilo 152 3B'asky nepepasayy 110. MNepepasay 110 Bukopucrtosye iHdopmauio
3BOPOTHOrO 3B'A3KY, W06 HacTpoloBaTtn 06pobky Nc NOTOKIB AaHUX, WO HaacunawTbea npuiimady 150. Hanpuknag,
nepegasad 110 MOXe HACTPOIOBATKM LUBMAKICTb Nepefadi AaHuX, CXEMY KOAYBAHHS, cXemy Moaynsuil abo Oyab-ski ix
noegHaHHA Ana KOxHOro 3 Ng MOTOKIB AaHuX, WO HaacunawTeca no Nc napanenbHux KaHanax npuimavy 150,
IHhbopmauiss 3BOPOTHOro 3B'A3KY BUKOPUCTAHA, WOOG 36inblwnT ePEeKTUBHICTL CUCTEMU 3a OOMOMOroH HagaHHs
MOXITUBOCTI AaHUM GYTW NnepegaHumu nNpu HanKpawmx BigoOMUX HACTPOMKax, Wo NiaTPMMYOTLCS NEPLLOIO NiHie 148
3B'A3KY.

Y BapiaHTi 3aiNCHEHHA, NnokazaHoMy Ha Dir.1, ouiHKa kaHany i BuGip pexxuMmy nepegadi BUKoHaHi npuimavem 150,
i Nc pexxumiB nepepadi, BubpaHux ana Nc napanencHUX kaHanis, BignpasneHi Hasap nepegaeadvy 110. B iHwux
BapiaHTax 34iiCHEHHS, OUiHKa kaHany i BuGip pexxumy nepepadi MOKyTb OyTu BUKOHAaHI (1) nepenaeadvem 110 Ha
OCHOBI iH(popMaUiT 3BOPOTHOrO 3B'A3KYy, oAep)aHoi Big npuimava 150 i/a6o iHwoT iHdopmauil oaepskaHoT
nepegasadvem 110, abo (2) cninsHo o6oma nepegasavem 110 i npuiimavem 150.

®ir.2 nokasye CTPYKTYPHY CXemy BapiaHTy 34IWCHEHHA MexaHismy 200 perynioBaHHA LIBUAKOCTI 3aMKHEHUM
KOHTYPOM, SIKMIA BKMOYae B cebe BHYTPILWHIA KOHTYP 210, Skuidi npayroe y NOEAHAHHI 3 iHLUMM 30BHILLHIM KOHTYPOM
220. Ona npoctotu, poBoTa BHYTPILLHLOrO KOHTYPY 210 i 30BHiWUHLOrO KOHTYpY 220 nokasaHa Tinbku Ans OOHOro
napanenwHoro kaHany x Ha dir.2. Bzarani, Ta x 06pobka mMoxe OyTM BUKOHAHA He3amnexHo Ans KoxHoro 3 Nc
napanenbHUX KaHanis.

Ona BHYTPIWHLOro KOHTYpY 210, npucTpiii 164X OUHKM KaHany OUHIOE KaHanbHi YMOBU ANs napanensHoro
KaHany x i Hagae ouiHKM KaHany (Hanpuknag, ouiHKM KoedilieHTa MOCUAEHHSA KaHamny i OUiHKY MiHiManbHOro pisHA
wymy). Mpuctpin 174 BuGopy y Mexax npuctpoo 166x Bubopy o6uucnioe SNR, wo npuiimaetsca, ans
napanensLHOro KaHamy X Ha OCHoOBI (1) OUIHOK KaHany 3 npucTpoto 164x ouiHk kaHany i (2) SNR-komneHcauii i/a6o
HaCTPOKY pexkuMy nepegadi Ans napanensHoro kaHamny x 3 npuctpoto 172 ouiHku akocti. Ona sposyminocti, SNR,
Wo MNpUrAMaeTbCca, CUMBOMIYHO NoKasaHe AK Take, Lo HafaeTbCa NPUCTPOEM 164X OUIHKW KaHany npuctpoto 174
Bubopy Ha Pir.2. Mpuctpin 174 subopy noTim BUGMPAE pexum nepepadi Ansa napanenbHOro KaHamy X Ha OCHOBI
NpurRHATOT iHhopMaUii, ik onMcaHo HwiMe. BubpaHuidi pexxum nepepadi ons napanensHoro kaHany X BKIOYEHWUid B
iHcbopmaUilo 3BOPOTHOrO 3B'A3Ky, HapicnaHy KouTponepom 170 nepepasavy. Ha nepeaasadi koHTponep 130
npuinMae BUOpaHuUii pexxkum nepesadi Ans napanensHOro kaHany X i BU3Ha4yae perynioBaHHS LUBUAKOCTI nepepadi
JaHuX, KOAyBaHHA | moaynauii aAna napanenbHoro kaHany X. Oadi notiMm o6pobneHi BiAnoBigHO A0 UbOrO
perynioBaHHa TX-npuctpoem 120x o6pobku aaHuX, A0AATKOBO MYMbTUMMEKCOBAHI 3 CUMBONAMMU KOHTPOMBLHOTO
curHany i npusegeHi y HeobxigHuii ctaH nepegasansHUM 6nokom 122x, i Hagicnani npuitmady. OuiHka kaHany i Bubip
pexuMy nepeaadi MOXyTb 6YTU BUKOHAHI NepiogMYHOMY 3annaHoBaHi MOMEHTU Yacy, KOXHOro pasy, Konu BUSBREHI
3MiHM Y NiHIT 3B'A3KY, TiNbKKM KON HeoBXigHO (Hanpuknag, Ao abo nig yac nepenadi gaHux) abo B iHLWLKIA Yac.

30BHIWHIA KOHTYP 220 OUiHIOE AKICTb nepefadi AaHUX, WO NPUAMAlOTLCA MO napanenbHOMY KaHany X, i
HacTpoloe poBOTY BHYTPIWWHLOTO KOHTYpY 210 Ans napanensHoro kaHany X. [puiAHATI cUMBONMM AaHUX aAns
napanenwHoro kaHamny x obpo6neHi RX-npuctpoem 162x o6poBKku AaHUX, | CTATYC KOXHOTO NPUAHATOrO nakeTty no
napanenLHoOMy KaHany x i/fabo meTpuku aekogepa HagaHi npuctpoto 172 ouiHku AkocTi. MeTpuku aekogepa MOXyTb
BkNtoYaTu B ceBe 3akoJoBaHy 4acTtoTy nosBu nomMunok cumsony (SER), 3akopoBaHy MeETpUKY NOTYXHOCTI,
moaudpikoBaHy MeTpuky SAMOMOTO (Ans 3ropTKOBOro Aekogepa), MiHimanbHe abo ycepedHeHe norapudmiuHe
cnisBigHoWeHHA nogibHocTti (LLR) cepen 6iTiB y gekogoBaHoMy nakeTi (ons LWBMAKOrO Aekoaepa), i Tak aani.
3akogoBaHoto SER € uactoTa nosiBM NOMUNOK cepel CUMBORIB, LLO NPUAMAalOTLCA Big npuimManbHoro 6noka 160, i
3aKOA0BAHUX CUMBONIB, SIKi OAEPXKYOTL 3a AONOMOrot o6pobku (Hanpuknaa, nepekoayBaHHs, pemoaynauii i Tak
Jani) aekoaosaHux gaHux 3 RX-npuctpoto 162 06pobku gaHux. MogudikoBaHa meTpuka SMOMOTO CRYXUTb O3HAKOO
JOBIpU AEKOAOBAHUM AAHUM | OAepXKaHa Ha OCHOBI BiAMIHHOCTI MK BUBpaHUM (HalKpawum) LMSXOM Yepes pPeLuiTky
NS 3rOPTKOBOrO A€KOAYBAHHSA | HACTYMHUM HANGIIMKIUM LWNAXOM Yepe3 pewiTky. MiHimanbHe a6o ycepeaHeHe LLR
MOXE TakoXX OyTW BUKOPUCTAHE sIK O3HAKa AOBipM A0 AekoaoBaHux gaHux. Lli MeTpuku gekopepa, siki cnyxatb
03HaKO AOBIPU AKOCTI nepeaadi 4aHUX, NPUAHATUX NO NapanensHOMY KaHany X, BiAOMi y AaHin ranysi TeXHiKu.

30BHILWHIK KOHTYp 220 Moxe nepeaBadvaTtu pisHi TUnK iHdopmauil, ska BUKOPUCTOBYETLCH, LWOG perynoBaTu
po6OTYy BHYTPIWHLOro KOHTYpY 210. Hanpuknag, 30BHilWHIA KOHTYp 220 moxe nepeabavatu SNR-komneHcauio ans
KOXXHOTO napanensHoro kaHany. SNR-koMneHcauis BukopuctaHa B obuucnenHi po6ovoro SNR ans napanensHoro
KaHany, sk onucaHo Huwxkde. Po6oue SNR notiv HagaHe Tabnuui BignosigHocTi (LUT) 176 i BukopuctaHe ans subopy
pexumy nepegadi no napanensHomMy kaHany. SNR-komneHcauist Takum YMHOM BNnuBae Ha Bubip pexumy nepepadi.
30BHILLHI KOHTYP 220 MOXe TakoX nepeabavatu HACTPONKY pexxuMy nepepadi Ans KOXKHOro napanensHoro kaHany.
Lla HacTpoiika mMO)e Haka3yBaTW BHYTPILLHbOMY KOHTYpYy 210 BubpaTtu pexxuMm nepeadi 3 HUKYO0K LUBUAKICTHO
nepegadi gaHux AN napanennHOoro kaHamny. Hactpoiika pexxumy nepepauvi 6esnocepefHb0 BnnueBae Ha Bubip
pexumy nepepadi. SNR-komneHcauis | HacTpoiika pexkuMy nepegadi - Ue ABa MexaHiamu ANna KepyBaHHA poBoToio
BHYTPIWHLOrO KOHTYpY 210. 30BHiWHIA KOHTYp 220 MOKe Takox 6yTW NpU3HAYEHUMA AN HAAaHHS iHWUX TUMIB
HaCTPONOK ANs BHYTPILWHLOTO KOHTYpy 210. Ana npocrtoTtu, Tinbku SNR-koMneHcauis i HacTpoiika pexkumy nepegadi
onucaHi Hwk4e. 30BHIWHIA KOHTYp 220 Moxe HactpotoBatu SNR-komneHcaujio i/abo pexum nepepadi pisHUMU



cnocobamu, geski 3 AKX onucaHi Huxue.

Y nepwomy BapiaHTi 3aincHeHHs, SNR-komneHcadia i/abo pexxum nepepadi Ans KOXHOTO napanenbHOro kaHany
HaCTPOEHi HA OCHOBI MOMUIOK NAKETY, BUABNEHUX AN NOTOKY AaHWUX, NPUAHATOrO NO TAKOMY napanensHoMy KaHany.
MoTik gaHux moxke OyTU nepedaHuidi naketamu, 6nokaMmu, kagpamu abo AesKUMUA iHLUMMU OAMHUUAMK AaHuX. (Ona
NPOCTOTU, NAKET BUKOPUCTAHMIA Y AAHOMY NATEHTHOMY AOKYMEHTI 3aMiCTb 0AUHULI AaHuX.) KO>KHUI nakeT Mmoxke ByTu
KOAOBAHWIA KOAOM 3 BUSIBMEHHAM MOMUIKU (HANpUKNag, KO4 KOHTPOMIO 32 AONOMOIOK LUKITIMHOTO HaaMIpHOTroO koay
(CRQC)), Akuii Hagae npuiamavy MOXKIMUBICTE BUABNATU, ByB MakeT AekoaoBaHuWi BipHO aBo 3 nOMMNKOW. KOXHUNA
napanenbHUin kKaHan Moxke 6yTu acouiaTUBHO MOB'A3aHUIA 3 KOHKPETHOLO LiNbOBO YACTOTO MOSBM NOMUMNOK NaKeTy
(PER) (Hanpuknaa, PER 1%). MpucTtpid 172 OUiHKW AKOCTi NPpUAMAE CTaTyC KOXHOTO MPUAHATOrO MakeTy i UinboBy
PER pna napanencHoro kaHany x, i Hactpoioe SNR-komneHcaujio AnA napanenbHOro kaHamy X BignoBsigHO.
Hanpuknag, SNR-komneHcauia ana napanenbHoro kaHamny x moxxe 6yTu iHiujanisoBaHa Hynem Ha no4artky nepegadi
JaHux no napanenbHomy kaHany x. SNR-komneHcauis moxe 3rogoMm 6yTu 3meHweHa Ha ADN gns KOXHOro
XOpOoLLOoro nakety i 36inbweHa Ha ALP ans koxxHoro noraHoro nakety, ae ADN i AUP moxyTe 6yTu BuGpaHi Ha 0CHOBI
uinsoBoi PER i 6axaHoT nocTiiHOT yacy (4acy Biaryky) Ans 30BHIlWHBOro KOHTYpy. SNR-komneHcauis Tunoso €
J0JaTHUM 3HAYEeHHAM aBo Hynewm, ane TakoxK Moxxe OyTu i Bia'eMHUM 3HAYEHHAM (Hanpuknag, wob 6paTtu Ao yearu
BMCOKY nmo4atkoBy ouiHky SNR, wo npuiimactbcea). Ak anbTepHaTuBa abo [oaatkoBo, MPUCTPIA 172 OLHKKM AKOCTI
MOXe nepeabayartu BKas3iBKY HA HACTPONKY PeXUMy nepepadi AnA napanensHoro KaHamy X Ha HACTYMHY HUXWy
WBWAKICTL Nepefadi AgaHux, Hanpuknag, akwo nocnigoBHICTbL MOMUNOK NakeTy BUABMNEHA Ha napanensHoOMyY KaHani X.
SNR-komneHcaujsa i/abo HaCTpoiika pexxumy nepegadi 3 npucTpor 172 OuiHKM AKOCTi BUKOPUCTaHI npuctpoem 174
BUGOPY, Wo6 BubuUpaTu pexxum nepeaadi ana napanensHoro KaHany X.

Y apyromy BapiaHTi 3ailicHeHHa SNR-komneHcauis i/a6o pexxum nepegadi AN KOXKHOTO napanensHoro kadany
HaCTPOEHI Ha OCHOBI METPUK AeKoaepa ANs TaKoro napanenbHoro kaHany. MeTpuku gekopaepa ANns KOXHOro
napanenLHoOro KaHany MoO)KyTb OYTWM BUKOPUCTAHI, W6 ouiHOBaTW AKICTb nepepadi gaHux, ski NpUAMatoTbLCA Mo
TakoMy napanenbHOMYy KaHamny. SKLIO KOHKPETHa MeTpuka Aekoaepa ANa AaHOro napanensHoro kaHamy riplia, Hik
noporosa BenuuuHa, BubpaHa ana Takoi metpuku, T0 SNR-komneHcauia i/abo pexum nepepadi Ans Takoro
napanenLHOro KaHany MoXyTb BYyTU HACTPOEHI BigMOBIAHO.

Y TpeTboMy BapiaHTi 3giiicHeHHs, SNR-komneHcauia i/abo pexum nepeaadi Ans KOXHOro napanenbHOro kaHany
HacTpoeHi Ha ocHoBi npuiHaToro SNR i HeobxigHoro SNR ana Takoro napanenbHoro kaHamy. SNR, wo
NPUAMAETLCA, AN KOXHOrO napanensHoro kaHany Moxe OyTU BU3HAYEHE HA OCHOBIi CUMBORIB, LUO NPUAMAOTLCH,
KOHTPOMBLHOTO curHany, Ans Takoro napanenbHoro kaHany. Cucrtema MOXe NiATPUMYBATU MHOXUHY PEXUMIB
nepepadi (Hanpuknag, ski nokasaHi y Tabnuui 2), i KOXHWIA NiATPUMYBAHUIA peXxXum nepegadi BUMarae pisHoro
miHivaneHoro SNR, wo6 pocdaratu uinboBoi PER. TMpuctpiii 172 OUHKM SIKOCTI MOXe BU3HA4YaTM [ONycTUME
BiaxuneHHa SNR ansa napanenbHOro kaHany X, sike € pisHuugeto Mk npuitHatum SNR i Heo6xigHum SNR ans
napanensHOro kaHany X. Akwo npunyctume BigxuneHHa SNR ans napanenbHoro kaHamny X € Bif'€éMHUM 3HAYEHHAM,
TO pexum nepepadi Mo)ke 6T HACTPOEHMIA HA HACTYMNHY HUXMY LUBUAKICTL Nepeaavi JaHuX.

TpeTiii BapiaHT 34INCHEHHA MOXe TakoXX GYTWM BUKOPUCTAHWMIA ANS1 KOHCTPYKTUBHOTO PilLIEHHS, 32 AONOMOrOH
AKOTO NakeT AeMYNbTUMMEKCYETLCA | NepesacTbCa Yepes YUCNEHHI napanenbHi KaHanu. SKWo nakeT NPUAHATUR 3
MOMUIKOI, TO MOXe OYyTU HEMOXMUBUM BU3HAUUTU (TINbKU 3 MPUAHATOrO nakety), Akun abo ki 3 napanenbHux
KaHanis € NPUYUHOIO TOro, WO NaKeT NPUAMAETLCA 3 NOMUIIKOLD. SKLIO Hidka iHWwa iHpopMauia He JOCTYMHA, TO MOXe
6yt HeobxigHum HactpowBatn Nc SNR-komneHcauiit i/abo Nc pexumiB nepepadi ans Bcix Nc napanensHux
KaHanis, Hanpuknag Tak, Lo HACTYMHa HWX4a WBMAKICTE Nepeaadi AaHuX BUKOPUCTAaHa ANsl KOXKHOTO napanensHoro
kaHany. Lle Moxke maTu pe3ynbTatoMm HagMipHY BENUYUHY SHUXKEHHS Y 3aranbHiid WBKMAKOCTI nepeaadi gaHux. OgHak,
BMKOPUCTOBYIOUM TPETI BapiaHT 34IACHEHHSA, napanensHWin KaHan 3 HaimeHwum BiaxuneHHam SNR moxe 6yTtu
JONYLEHUA AK NaKeT, WO BUABUBCA NPUYMUHOKO MOMUIIKY, | PEXUM Nepeaadi Ansd Lboro napanernbHOro kaHany mMoxe
OYTW HACTPOEHMIA HA HACTYMHY HUXMY LUBUAKICTL Nepeaadi JaHuX.

30BHILLHIE KOHTYP MOXE TaKO)X HacTpowoBaT poBOTYy BHYTPILLHLOTO KOHTYPY iHWMMM cnocoBamu, i ue
3HAXoAUTLCA Yy Mexax 06'eMy BuHaxody. B3aarani, 30BHILLHIA KOHTYP Mpayroe Ha LUBMAKOCTI, Aka moxe 6yTu Buwa
a60 HWKYA, HK LUBUAKICTE BHYTPIWHLOTO KOHTYpY. Hanpuknag, Hactpoinka SNR-komneHcauil 30BHILLHIM KOHTYPOM
MOXke OyTW 3anexxkHolo Bia 6aratboX NPUIRHATUX NakeTiB. S0BHIWHIA KOHTYP MOMXe TaKO)K HACTPOIOBATW LUBMAKICTb
nepefadvi JaHUX y Mexax perynspHo 3annaHoBaHUX 064UCNeHb BHYTPILHBOrO KOHTYPY. TakuM YUHOM, B 3aNEXHOCTI
Bil CBOTO BU3HAYEHOrO KOHCTPYKTUBHOTO PilleHHs1 i cnocoBy po6oTu, 30BHILLHIA KOHTYP TUNOBO Mae GinbLUKii BNNMUB
Ha po6OTy BHYTPILUHLOrO KOHTYPY ANS TpuBanilmMx nepegady gaHux. Ons nynbCylouux nepenad, 30BHILLHIA KOHTYpP
MOXE HEe MaTu 3Ha4HOro abo Akoro-Hebyab BMMMBY Ha POGOTY BHYTPILLHLOTO KOHTYPY.

dir.3 nokasye 6nok cxemy nocnigosHocti 300 onepauin ana nepegadi N¢ notokis gaHux no N¢ napanenbHux
KaHanis, wWo BukopuctoBye Nc pexumiB nepepadi, BUGpaHUX PEryrnioBaHHAM LUBUAKOCTI 3aMKHEHWM KOHTYPOM.
MocnigosHicTe 300 onepauin Moxke 6yTu peanizoBaHa, sk nokasaHo Ha Pir.1 i 2. Y BuxigHOMY NOMOXEHHI, npuiimay
ouiHtoe kKoedilieHTU NOCUNEHHA KaHany i MiHiManbHoro pisHs wyMy, No, Ana Nc napanencHUx kaHanis (etan 312).
MpuiiMay noTiM Bubupae pexum nepepadi Ans KoxHoro 3 Nc napanensHUx kaHarmnie Ha OCHOBI OUHOK koediuieHTa
NOCUNEHHSA, OUIHKA MiHIMansHOro PiBHA LWyMiB, Ta iHOpMaLiT 30BHILUHLOIO KOHTYPY (AKLWO Mae MicUe) AN KOXHOro
napanensHoro kaHany (etan 314). IHdopmauia 30BHILLHBOrO KOHTYPY Moxe BkntodaTu B cebe SNR-komneHcaujo
i/abo HacTpoiky pexumy nepepadi ans koxHoro 3 Nc napanensHux kaHanis. BuGip pexumy nepepadi onucaHui
Hwide. Mpuiimady Hagcunae Nc BuGpaHux pexxumis nepegadi ana Nc napanenbHuxX KaHanie, sk iHdopmauio
3BOPOTHOrO 3B'A3KY, nepegasady (etan 316).

Mepenasau koaye i moayntoe Nc NOTOKIB AaHUX BianosiaHo Ao Nc BuBpaHux pexxumiB nepegadi (oaepxaHux Big,
npuiimada), wo6 HagasaTu Nc noTokiB cuMBonis moaynauii (etan 322). Mepepasay notim 06pobnae i nepepae Nc
NOTOKIB CUMBORNIB MOAyNAUiT no Nc napanenbHUX kaHanax npuimady (etan 324).

Mpuiimay o6pobnsie curHanu gaHux, ki nepeaarTbes, NpuinHATi no N¢ napanenbHUX KaHanax Big nepepasava i
opep>kye Nc¢ noTtokis BigHoBRneHux cumsonis (eTan 332). Mpuiimay goaatkoBo o6pobnse Nc NOTOKIB BiAHOBNEHUX
cuMBOniB BignoBiAHO A0 Nc BMGpaHUX pexxumiB nepegadi, wob ogepxatu Nc MOTOKIB AekogoBaHMX AaHuUX (etan
334). Mpuiimay TakoXX OLHIOE AKICTb nepepadi JaHux, Wo NpUuiMalrTeCsa No KOxXHOMY 3 Nc napanefnbHuX KaHanis,



Hanpuknag, Ha OCHOBI CTaTycCy nakeTty, MeTpuk aekoaepa, SNR, wo npuiimatoteed, i Tak gani (eran 336). Mpuiimay
noTiM Hagae iHopmMaLilo 30BHILLHLOrO KOHTYPY ANA KOXHOro 3 Nc napanenbHUX KaHaniB Ha OCHOBI OLiHEHOT AKOCTI
AnAa nepejadi gaHux, WO NpUuiiMaroTbCs No TakoMy napanensHoMy kaHany (etan 338). Ha ®ir.3, etanu 3 312 no 324
BKITIOYHO MOXYTb BYTU PO3MMAHYTI K YaCTMHA BHYTPILLHBLOTO KOHTYPY, a eTanu 3 332 no 338 BKIMHOYHO MOXKYTb BYTU
PO3IMNAHYTI AK YaCTUHA 30BHILLHLOTO KOHTYPY.

dir.4 nokasye Gnok-cxemy 3paskosoi nocnigosHocTi 400 onepadiil, sika Mo)ke 6yTWM BUKOHAHA ANs 30BHILUHLOMO
KOHTYpy. CTaTyC nakeTiB AaHUX, NPUAHATUX NO KOXKHOMY 3 Nc napanenbHuX kaHanis oAep>KaHWui i BUKOPUCTAHUA,
wo6 HacTpotoBatn SNR-koMneHcauio i/abo pexum nepegadi Ana Takoro napanensHoro kadany (etan 412). Metpuku
aekogepa ansa KoxkHoro 3 N¢ napanenbHuX KaHaniB MOXXyTb TakoxX OyTu odepskaHi i BUKOPUCTaHI, wob HacTpotoBaTtu
SNR-komneHcauijto i/abo pexum nepepadi Ana Takoro napanensHoro kaHamny (etan 414). SNR, wo npuiiMaeTses,
Ans KoxHoro 3 Nc napanenbHuX KaHaniB Moxe TakoX OyTW ofepkaHe Ans KOXKHOro napanernbHOro KaHamny i
BMKOpPUCTAHE AnA obuucneHHs ponyctumoro BigxuneHHa SNR gna Ttakoro napanensHoro kadany. Honyctumi
BiaxuneHHa SNR ana Nc napanenbHux kaHanis MoXyTe 6yTU BUKOPUCTaHI, Wo6 HACTPOKOBAaTU pexxuMu nepegadi ans
napanenbHUX KaHanis, SIKWO BUSIBNEHI NOMUNKKA nakeTy (etan 416). 30BHIiWHIA KOHTYp MOXe peanizoByBaTu 6yab-
AKkuii 3 abo Byab-aKke NoeaHaHHA eTaniB, NOKa3aHux Ha Pir.4, B 3ane)KHOCTi Big MOro BU3HAYEHOTO KOHCTPYKTUBHOTO
PiLLEHHS.

TexHonoriT perynioBaHHa LWBUAKOCTI 3aMKHEHUM KOHTYPOM, ONUCaHi y AaHOMYy MaTEHTHOMY AOKYMEHTI, MOXYTb
OyTU BMKOPUCTAHI Ans pisHMX TUniB 6araTokaHanbHUX CUCTEM 3B'AI3KY, WO MalOTb YUCMEHHI napaneneHi kaHanu, aki
MOXYTb BYyTU BUKOPUCTAHI Ana nepeadi aaHux. Hanpuknag, aaHi TEXHONOrT MOXyTb 6YTU BUKOPUCTAHI Ans CUCTEM
3 TDM, cucrem 3 FDM, OFDM-opieHTOBaHUX cuctem, cuctem 3 MIMO, cuctem 3 MIMO, aki sxusatote OFDM (10670,
cuctem 3 MIMO-OFDM), i Tak gani.

Cuctema 3 TDM moke nepepaBaTu AgaHi y Kagpax, KOXHUA 3 AKUX MOXe OYyTU 3 KOHKPETHOH 4acoBOHO
Tpusanictio. KoxxHuit kagp mMoxe Bkrovatn B cebe uncnenHi (Nts) cermeHTu, ki MoxyTe 6yTW npusHadveHi pisHuMu
O3Hakamu cermeHTa. N¢ napanenbHUX KaHanis MoxyTb 6yTu ccopmoBaHi Nts CermeHTaMu y KOXHOMY Kaapi, ae
Nc<Nrts. KoxkHuit 3 Nc napanenbHux kaHanis mMoxe Bkrovatu B cebe oguH abo uucneHHi cermeHtu. Nc kaHanis
BBaXKaIOTLCSA «MapanenbHUMU» HaBITh SKLLIO BOHW HE NepefarTsC 0QHOYACHO.

Cucrema 3 FDM wmoxe nepepaBatu gaHi B (Nsg) 4acTOTHMX niguianasoHax, siki MOXyTb GyTW JOBIMbHO
postawoBaHi 3 iHTepeanamu. KoxHuid 3 Nc napanensHux kaHanis Moxe 6ytu cgopmoBaHuit 3a onoMorod Nsp
nigaianasoHis, e Nc<Nss. KoxHuit 3 Nc napanenbHux kaHanis moe BknovaTu B cebe oauH abo UYMCHEeHHI
nigaianasoHu.

Cucrema 3 OFDM Bukopuctosye OFDM, wo6 eekTuBHO CerMeHTyBaT NOBHWIA YaCTOTHUIA AianasoH CUcTeMu
Ha uucneHHi (NF) opToroHaneHi nigaianasoHun, AKki MOXyTb TakoXX OyTW BKasaHi NOCUMNAHHAM AK TOHarnbHi, 36ipHi i
4yacToTHi kaHanu. Ko)kHWI nigdianasoH acouiaTUBHO MOB'A3aHMIA 3 BIAMOBIAHOI HECYYOl, Aka MOxe OyTu
MoaynboBaHa gaHumu. Nc napanenbHUX KaHanis MOXyTb 6yTu cchopmoBaHi 3a gonomorod Nr nigaianasoHis, ge
Nc<Nr. Nc napanensHux kaHanis ccopmMoBaHi 3a Aonomorold Ng HenepeTUHHUX MHOXWUH 3 ogHoro abo 6Ginblue
nigdianasoHis. Nc MHOXWH PO34neHOoBaHi Tak, WO KOXHUIA 3 NF nigdianasoHiB NPU3HAYEHURA TiNbKA OAHIA MHOXUHI (i
TakuM YMHOM OJHOMY MapanencHoMy KaHany), AKkwo B3arani npusHadeHuin. Cucrtema 3 OFDM moxe 6yTu
PO3rNaAHyTa SK crneudianbHuid Tun cuctemun 3 FDM.

Cucrema 3 MIMO 3actocosye uucneHHi (Nt) nepeaaBanbHi aHTeHu i yucneHHi (Nr) npuiimanbHi aHTEHW AnA
nepepadi gaHux i nosHadveHa sk (N1, Nr)-cuctema. MIMO-kaHan, cchopmoBaHuid 3a gonomoroo Nt nepeaaBanbHUX i
NR NpUAMAanbHUX aHTEH, CKNageHuid 3 NPOCTOPOBUX KaHaniB, siki MOXXyTb 6yTU BUKOPUCTAHI AN nepeaadi AaHux, ae
Ns<min {N1,Ngr}. KinbkicTb NpoCTOpOBUX KaHaniB BU3HAUYEHa XapaKTEPUCTUYHOK maTpuuetd H kaHany, sika onucye
3anexHicTb Mi>xk Nt nepegasansHumMu i Nr npuiAMansHUMK aHTEHaMKU. Ns npoCTOTH, NnoganblunMii ONMC AONycKae, LWo
XapakTepucTuyHa MaTpuua H € NOBHOPAHIOBOK. Y LLOMY BUMAAKY KiNbKiCTb NPOCTOPOBUX KaHaniB BCTAHOBMNEHA SK
Ns=NTt<NRr. N¢ napanencHux kaHanie moxe 6ytu ccopMmoBaHo 3a gonomoroto Ns npoctopoux kaHanis, ae Nc<Ns.
KoxxHuid 3 Nc napanensHux kaHarnis moxe BknodaTu B cebe oguH abo YMCneHHi npocTopoBi KaHanu.

Cucrema 3 MIMO-OFDM mae Ns npoctopoBux kaHanis ans koykHoro 3 Nr nigaianasoHis. Nc napanenbHux
KaHanie MoxyTb OyTu cchopmoBaHi 3a gonomorod Ns MnpocTopoBMX KaHaniB, KoxxHUi 3 Nf niggianasoxie, ge
Nc<Nr<Ns. KoxHuin 3 Nc napanenbHuX kaHanis Moxke Bkmiodatu B cebe oauH abo YMCNEHHi NpoCcTOpoBi kaHanu 3
ogHoro abo uucneHHux nigaianasoHis (To6T1o, Byab-Aky KOMGiHaAUi0 3 NPOCTOPOBUX KaHaniB i nigaianasoHis). Ons
cuctem 3 MIMO i 3 MIMO-OFDM, N¢ napanencsHuWX kaHaniB MOXyTb Takox 6yTu ccopmoBaHi 3a gonomoroo Nt
nepepasanbHUX aHTeH, ae Nc<Nt. KoxxHuit 3 N¢ napanenbHux kaHanis Moxe 6yTu acoujaTUBHO MOB'A3aHUIA 3 OAHIEt0
a60 YuCneHHUMU NepegasansHUMU aHTEHaMKU AN nepejadi JaHux.

Onsa cuctem 3 MIMO i 3 OFDM paHi moxyTe 6yt nepeaadi no Ns NnpoCcTOPOBUX KaHanax pisHumMu cnocobamu.
Ona cucremn 3 MIMO 3 uactkoBow iHcopmauielo npo ctaH kaHany (dactkosotw CSl), gani nepegani no Ns
NpocTopoBMX KaHanax 6e3 sakoi-Hebyab npocTopoBoi 006pobkM Ha nepepasadi i 3 NPoCcTOPoOBOIO 00pPOBKOID Ha
npuiMadi. Ona cuctem 3 MIMO 3 nosHoto CSI, gaHi nepesaHi no Ns NpocTOpoBUX KaHamnax 3 MNpoOCTOPOBOLO
06pobkoto | Ha nepepasadi, i Ha npuiimadi. Ana cucrem 3 MIMO 3 nosHoto CSI, po3knagaHHsa No BMACHUX 3HAYEHHAX
abo po3knagaHHa nNo 0COBNUBUX 3HAYEHHAX MOXKYThL OYTU BUKOHAHI MO XapaKTepucTu4Hiin matpuui H kanany, wo6
opepxkatn Ns «BnacHux moa» MIMO-kaHany. HaHi nepegadi Ha Ns BRacHUX mopax, AKi € OpTOroHanbHUMU
NPOCTOPOBUMMU KaHANaMU.

TexHonoriT perynioBaHHa LWBUAKOCTI 3aMKHEHUM KOHTYPOM, ONUCaHi y AaHOMYy MaTEHTHOMY AOKYMEHTI, MOXYTb
6yT BUKOPUCTAHI ANA AYNNEKCHUX CUCTEM 3 4YacoBUM po3aineHHsam (TDD-cucTem), TakoxXK sK i AN AYNneKCHUX
CUCTEM 3 YaCTOTHUM po3gineHHsim (FDD-cuctem). Ansa TDD-cuctemu, HU3XiAHA | BUCXiAHA NiHIT 3B'A3KY pO3Aina0Th
BUKOPUCTAHHA OAQHOMO i TOrO XK YaCTOTHOIO Aiana3soHy i, AMOBIPHO, MOBUHHI CNOCTEpPIraTu CXoxi epekTn 3aBMUPaHHS i
6araTonpoMeHeBOro NOLUPEHHS. TakUM YMHOM, YaCcTOTHA XapakTepUCTUKA KaHany KOXKHOT MiHiT Moxe 6yTu ouiHeHa
Ha OCHOBI KOHTPONbLHOIO CUrHamy, NPUIAHATOro ato no ogHiik, abo no iHwiik niHil. Ons FDD-cuctemu, HU3XigHa i
BUCXiAHA NiHIT 3B'A3KY BMKOPUCTOBYKOTbL Pi3Hi YACTOTHI AianasoHun i, KMOBIPHO, MOBUHHI cnocTepiratu pisHi edpekTn
3aBMUPaHHs | 6araTtonpoMeHeBOro NOLWMPEHHS. YacToTHA XapakTepucTuka Ansa KoxHoT niHil moxe 6yTu ouiHeHa Ha



OCHOBI KOHTPONbLHOrO CUrHaNy Takoi niHii.

TexHonorii perynioBaHHa LWBUAKOCTI 3aMKHEHUM KOHTYPOM MOXYTb OYyTU BMKOpPUCTaHI ans cuctem 3 MIMO sk 3
vactkoBoto CSI, Tak i 3 nosHotw CSI. Lli TexHOnorii Tako) MOXyTb 6yTU BUKOPUCTAHI ANA HU3XIAHOT MiHIT 3B'A3KY Tak
camo, [K i Ans BUCXiAHOT.

TexHonorii  perynioBaHHA  LUBUAKOCTI 3aMKHEHUM KOHTYPOM pgani onucaHi getansHO And  3paskoBofl
BaraTokaHaneHoOiT cuctemu 3B'a3ky, Aka € TDD-cucremotro 3 MIMO-OFDM 3 nosHoiwo CSI. Ona npocrtotu, y
noaanblOMy OMUCI, TEPMIH «BMacHa moAa» i «WMPOKOCMYroBa BracHa MoAa» BUKOPUCTaHi, wo6 nosHauyatu
BUNAJOK, KONU 3pobneHa cnpoba opToroHaniayBatu NPOCTOPOBI KaHanM, HaBiTb AKWO Ue He MO)Ke ByTU MOBHICTHO
YCMILWHWM Yepes, HanpuKnaj, He3aBepLUEeHy OLIHKY KaHany.

|. TDD-cucrema 3 MIMO-OFDM

®ir.5 nokasye 3paskoy TDD-cucrtemy 500 3 MIMO-OFDM 3 pedkoto KinbkicTio Touok goctyny 500 (AP), ski
NigTPUMYIOTb 3B'A30K ANIA KiMbKOCTI KOPUCTYBaNbHULUBKUX KiHUEBUX npuctpois 520 (UT). Ana npocToTu, Tinbku ABi
Touku goctyny, 510a i 510b, nokasani Ha @ir.5. Touka gocTyny moxe Takoxk 6yTu BkasaHa nocunaHHaM sk 6asoBa
CcTaHuia, 6asoBa npuiAManbHoO-nepedaBanbHa cuctema, By3on B, abo peakol HWOW TepMIHOMOTiE.
KopucTyBanbHULULKMIA KIHUEBUIA NPUCTPIil Moxe ByTu cTauioHapHumM a6o MOBInbHUM, | TakoXX Moxe OyTu BKasaHui
NOCUNAaHHAM SIK TepMiHan goctyny, mobinsHa craHuis, obnagHaHHa kopuctysada (UE), 6esnposigHuil npucrpiii, ato
OesKO HWOW TepMiHonorietn. KOXHUIA KOPUCTYBaNbHUUbKWIA KiIHUEBUA NPUCTPIR MOXe 3B'A3yBaTuca 3 ofHieto abo,
MOXITUBO, 3 YUCNIEHHUMU TOUKAMMW JOCTYNY MO HU3XIAHIA i/a60 BUCXIQHIA NiHisAX 3B'A3KY Y OyAb-sIKWii 3a4aHUII MOMEHT.
CucremHuin koutponep 530 npuegHyeTbca Ao ToUok 510 goctyny i nepeabavae KOOPAUHYBAHHS | KepyBaHHSA AN LUMX
TOYOK JOCTYMY.

®ir.6 nokasye 3paskoBy CTpykTypy 600 kaapy, ska moxe 6ytu BukopuctaHa y TDD-cucremi 500 3 MIMO-OFDM.
Mepenaya gaHux BigbysaeTbcsa No enemeHTax TDD-kagpie, KOXHUA 3 SAKMX 3aXONMIOE KOHKPETHY TPMBAnNICTb vacy
(Hanpuknag, 2mc). KoxxkHuit TDD-kagp posaineHnin Ha dpasy HU3XigHot i dpasy BUCXIQHOT MiHIA 3B'A3KY, | KOxHA (pasa
000AaTKOBO pPO3fiNeHa Ha YUCNEHHI CErMEHTU ANs YMCNEHHUX TPaHCMOPTHUX KaHanis. Y BapiaHTi 34iACHEHHS,
nokazaHomMy Ha Pir.6, TpaHCNOPTHI KaHaNKU HU3XIAHOT NIHIT 3B'A3KY BKMOYaOTL B cebe WMpPoKOMOBHUIA kaHan (BCH),
npAmuin kaHan kepyeaHHa (FCCH) i npamuit kanan (FCH), a TpaHCNOPTHI kKaHanu BUCXigHOT NMiHIT 3B'A3KY.BKNIOYAOTL
B ce6e 3BopoTHuit kaHan (RCH) i kaHan 3 gosinsHum goctynom (RACH).

Y hasi Hu3xigHoT ninii 3B'A3ky, BCH-cermenT 610 BukopuctaHuin, wob nepegasatu BCH-moaynb 612 gaHux
npotokony (PDU), sikuit Bkniovae B cebe KOHTPONbHWIA curHan 614 BUKNUKY, KOHTponbHuiA MMO-curian 616 i BCH-
nosigoMneHHa 618. KOHTPOMbHUIA CUTHAN BUKIMKUKY € KOHTPOSbHUM CUTHANoOM, LLO NepefacTbCa Bid BCIX aHTEH, i
BUKOPUCTAHWUI ANS 4acOBOro i 4YacToTHOro saxonneHHsa. KoHtponbHuidA MIMO-curHan € KOHTPOMbHUM CUTHAanoM, Lo
nepefacTbCa Bif BCIX aHTEH, ane 3 PiSHUMU OPTOrOHanbHUMU KOAAMU ANSA KOXKHOT aHTeHu, anda Toro wob Hapatu
MOXIUBICTE KOPUCTYBANbHULUBKUM KiHLEBUM MPUCTPOAM OKPeMO iaeHTudpikyBaTu aHTeHW. KOHTPOMbHWA curHan
MIMO BukopuCTaHUiA ANA OUiHKKA KaHany. BCH-noBigoOMNeHHa Hece napaMeTpu CUCTEMU ANA KOPUCTYBANbHULbLKUX
kiHueBux npuctpois. FCCH-cerment 620 Bukopuctanuin, wo6 nepepasatu oauH PDU FCCH, sakuit Hece
NMpU3HaYeHHs Ansa pecypciB HU3XIAHOT | BUCXIAHOT NiHil 3B'A3Ky (Hanpuknaa, BuGpaHi pexxkuMn nepeaadi ons HU3XiaHot
i BUCXIAHOT NiHIA 3B'A3KY) Ta iHWY CUrHami3aujlo Ans KOPUCTYBanNbHULBKUX KiHUEBUX npuctpoiB. FCH-cermeHnT 630
BUKOPUCTaHUIA, Wo6 nepesasat oguH abo Ginbwe PDU FCH 632 no HusxigHii niHil 38'a3ky. PisHi Tunu PDU FCH
MOXyTb 6yTu BusHaueHi. Hanpuknag, PDU FCH 632a Bknouae B cebe KepoBaHWil onopHuin curHan 634a i naker
JaHux 636a, a PDU FCH 632b Bknmiouae B cebe Tinbku nakeT paHux 636b. KepoBaHuii ONOPHWMA curHam €
KOHTPOMBLHUM CUTHAMNOM, AKUA nepegaHuin no cneuianbHid WAPOKOCMYTOBid BRACHIK MOAI (AK OMUCAHO HUXME) i
BUKOPUCTaAHWI ANA OLHKA KaHany.

Y ¢pasi BucxigHoT niHiT 38'a3ky, RCH-cermeHnt 640 BukopuctaHuii, Wwob nepegasatu oauH abo Ginbwe PDU RCH
642 no BucxigHin ninii 38'asky. PisHi Tunu PDU RCH moxyTb Takox 6yTu BusHaveHi. Hanpuknag, PDU RCH 642a
BKITIOYaE B cebe Tinbku naket gaHux 646a, a PDU RCH 642b skntovae B cebe kepoBaHUil ONOPHUIA curHan 644b i
naketr paHux 646b. RACH-cermeHT 650 BMKOPUCTAHWA KOPUCTYBamNbHULLKUM KiHUEBUM MPUCTPOEM, LWOG
oaep)KyBaTu JOCTYN A0 CUCTEMU i HaacunaTu KOPOTKI NOBIAOMMNEHHA NO BMCXiAHIA niHiT 38'A3ky. PDU RACH 652
moxxe 6ytu HapicnaHuih y RACH-cermenTi 650 i Bkniovyae B ce6e KOHTPONbHUIA curHan (Hanpuknag, KepoBaHum
OnNOpPHUiA curHan) 654 i nosigomneHHs 656.

dir.6 nokasye 3pasKkoBy CTPYKTYpy kaapy ans TDD-cuctemu. [HWi CTPyKTypu Kaapy MOXyTb TaKoK OyTu
BUKOPUCTAHI, | e 3HAaX0aUTbLCA y Mexax 06'emy BUHaAXOAY.

1. MpocTtoposa 06pobka

Onsa cuctemn 3 MIMO OFDM, yacToTHa xapaKTepuCcTMKa KaHamy MK TOUKOK AOCTYNY i KOPUCTYBaNbHULLKUM
KIHLEBUM NPUCTPOEM MOXE BYTU OXapakTepu3oBaHa MHOXUHOK XapaKTEPUCTUYHUX MaTpuub kaHany H(k), ana k € K,
ae K aensie co6010 MHOXMHY BCiX UikaBnayux niggianasonis (Hanpuknag, K={1, ..., N¢}). Ana TDD-cucremu 3 MIMO-
OFDM 3i cninbHO BUKOPWCTOBYBAHUM YaCTOTHUM Jiana3oHOM, YACTOTHUM XapaKTEpUCTUKAM KaHamny HU3XIQHOT i
BUCXIQHOT NiHIA 3B'A3KY MOXe 6yTu 003BONEeHO 6yTu 06OPOTHUMM MO BiAHOLWIEHHIO O0QHA A0 OAHOI. Lle o3Hauae, wo
Aakwo H(k) asnse co60i0 XxapakTepUucTUUHy MaTpULKO KaHamny Bifi aHTEHHOro macusy A 0O aHTEHHOro macuey B ans
nigaianasoHy k, 1o oGopoTHUI kaHan nepeabauvae, WO CNONMyYeHHs Big macuBy B go macuBy A 3ajaHe 3a
aonomoroto HT(k), ae AT o3Hayae TpaHCNOHYBaHHS A.

OfHakK, 4acCTOTHI XapaKkTepUCTUKKU nepedaBanbHuX i NpUAManbHUX aHOK Y ToYUi AOCTYNY TUMOBO BiAPISHAIOTLCA
Bifl YACTOTHUX XapaKTEPUCTUK NepeaaBansHUX i NpUAManbHUX NMAaHOK Ha KOPUCTYBaNbHULLKOMY KiHLLEBOMY NPUCTPOT.
Mosxke 6yTu BUKOHAHE KanibpyBaHHSA, WOG oaepkaTu NOMPAaBKOBI MATPULi, WO BUKOPUCTOBYIOTLCS ANS ypaxyBaHHS
BiAMIHHOCTEA Yy YaCTOTHUX XapakTepucTukax. 3a [JOMOMOrol UMX MONpPaBKOBUX MaTpuub «KanibposaHa»
XapaKkTepucTuka KaHany HusxiaHoi niHiT 3B'A3Ky, Hcan(K), AKOT A0AEPXKYETLCA KOPUCTYBASIbHULLKUA KiHLEBUIA
NPUCTPiiA, € TPAHCMNOHYBaHHAM «KanibpoBaHOTY XapakTEPUCTUKM KaHamy BUCXiAHOT MiHiT 3B'A3ky, Hcup(k), akof
LOJEPXKYETLCA ToUKa gocTyny, To6TO Hean(K)=HTcup(k), ans k € K. Ong npocroTu, noganbluMii onuc Aonyckae, Wwo
YaCTOTHI XapaKTepPUCTUKM KaHamny HU3XigHoT i BUCXiAHOT MNiHilk 3B'A3Ky kaniGpoBaHi i 060POTHI NO BiAHOLWEHHIO 0gHA A0
OO HOT.

Mo HU3XigHIA NiHIT 3B'A3KY, KOHTponbHUA MIMO-curHan moxke 6yTu nepeaaHuMin TOYKOW AOCTyny (Hanpuknag, y



BCH-cermeHnti 610) i BMKOPUCTAHWIA KOPUCTYBASbHULbLKUM KiHUEBMM NPUCTPOEM, LWOG oaep)KyBaTU OLHKY

KanibpoBaHOT YaCTOTHOT XapaKTEPUCTUKN KaHamy HU3XIQHOT NiHiT 3B'A3Ky, Hean(k) , ana k € K. KopuctyBansHAUbKUA
KiIHUEBUIA MPUCTPIR MOXXe oOUuiHIOBaTU KanibpoBaHy 4acTOTHY XapakTepUCTUKY KaHanmy BUCXIQHOT MiHIT 3B'A3Ky sk

Alouplk)_Flogn(k) T
== . KopucTyBanbHUUBKAA KIHUEBMA NPUCTPIA MOXEe BUMKOHYBATWU PO3KIagaHHA Mo OoCOGNUBUX

He oK)

3HAYEHHAX MaTpuLi ANA KOXHOTO nigaianasony K, K BUKNAAEHO HUKYE:

Bcup(k) = Uap(k)i(k)ﬂ(k), anak eK (1)
e U (k) = (N xNyp)

S(k) _

. . . k)
- YHITapHa MaTpuua NiBUX BIIACHWUX BEKTOPIB MaTpuL ;

(k)

(NapxNut) - AiaroHansHa MaTpuus 0CoBNUBUX 3HAYEHD MATPUL Heup :

Vi (k) - : - Hoyplk)
-(NutxNut) - yHiTapHa maTpuua npaBUX BNACHWUX BEKTOPIB MaTpULi ;

AH - cnpsikeHe TPaHCMOHYBAHHSA A;

Nap - KINbKICTb aHTEH Yy TOULi AOCTYynY; i

Nut - KINbKICTb aHTEH Ha KOPUCTYBAamNbHULLKOMY KiHLIEBOMY MPUCTPOT.

(k)

. . H
MoaiBHUM YUHOM, PO3KNAAAHHA NO 0COBNMBUX 3HAYEHHAX MATPUL —C9M’ mModke ByTW BUpaKeHe AK:

k) = Vi (WK, (k). Ak e K @

U

K . Uo(k)

- .

Vi -  SATOBIANO Nisux | - o)

ae i - YHITApHi mMaTpuui BiANOBIAHO NIBMX i NpaBUX BMACHUX BEKTOPIB MaTpuui i «*»

03HA4Yae KOMMMEKCHE CMpPshKEeHHA. Po3knagaHHa no ocobnuBux 3HadveHHAX onucaHe linbeptom CtpaHrom (Gilbert

Strang) y kHusi, osarnaeneHiin «Linear Algebra and Its Applications», Second Edition, Academic Press, 1980
(«INiHiiHa anre6pa Ta Tl gogaTkny, Apyre BUAAHHA, HaykoBe BUAABHUUTBO, 1980).

Sk nokasaHo y piBHAHHAX (1) i (2), maTpuyi 3 NiBUX | NpaBUX BMACHUX BEKTOPIB ANA OZHIeT NiHIT € KOMNAEKCHUM

CMIPSHKEHHAM MaTpULb BIANOBIAHO 3 Npasux i niBux BRacHux sekTopis Ana iHwoT ninil. MaTtpuui Usp(k) i Yialk)
MOXYTb OYyTU BUKOPUCTAHI TOUKOK AOCTYNMY i KOPUCTYBAanbHULBKAM KiHLEBUM MPUCTPOEM, BIignoBiaHO, AnA
npocTopoBOT 06po6KKU | MO3HAYEHi sIK Taki CBOTMUM HWXHIMU iHaekcamu. MaTpuus (k) BKMoYae B cebe OLjHKM
OCOBNMBOrO 3HAYEHHSA, AKi NPeacTaBnsAioTb KoedilieHTU MOCUMEHHS NPOCTOPOBUX KaHanis (abo BnacHUx momn)
XapaKkTepucTu4HOT MaTpuui kaHany H(k) Ansa koxxHoro nigaiana3soHy K.

PosknagaHHA no oco6nuBMX 3HAYEHHAX MOXe OyTU BUKOHAHE HE3anexHO ANA XapaKTePUCTUYHOT MaTpuuj

A

—cadn

He (k) - o .
—cup ONs KOXXHOro nigadianasony k, wo6 suaHauut Ns BRACHUX MOA Takoro nigaianasoHy. OuiHku ocobnusoro

3HAYEHHS ANs KOXHOT AiaroHanbHOT MaTpuuj (k) MOXYTb 6YTU BNOPAAKOBAHI, TaK LLO {G1 (k)zc2 (K)=... ONs (k), oe

G o . G . .
(k) - Haibinblua ouiHKAa OCOBMUBOrO 3HAYEHHA, a N (K) - HalMeHLA OLiHKa OCOGMMBOTO 3HAYEHHA AnNA
niagianasony k. Konu ouiHku 0CoBnUBOro 3Ha4yeHHs ANs KOXHOT AiaroHanbHOT maTpuui (k)
. . . - - V(k) . . .
BekTopn (abo croBnui) acouiaTuBHO nos'asaHux matpuub UK) i — TakoX BIiANOBIAHO BNOPAAKOBAHI.
«LLupokocmyrosa BnacHa mogay mMoxe 6yTW BU3HAYEHA AK MHOXMHA TOTOXHO BNOPAAKOBAHWX BMACHUX MOJ BCiX
nigaianasoHiB Nicnst ynopsiakOBYBaHHA. TakuM YMHOM, T-Ta LLUMPOKOCMYroBa BfacHa Moaa Bkniovyae B cebe m-Ti
BnacHi mMoau BCiX nigaianasoHis. «lONOBHa» LIMPOKOCMYroBa BracHa moja € acouiaTUBHO MOB'A3aHOK 3
HanbinbLLUOK OUHKOI OCOBNMMBOIO 3HAYEHHA y MaTpuui (k) , 4NA KOXHOro 3 niagianasoHis. Ns napanensHux
KaHanis MoxyTb 6yTi ccpopmoBaHi 3a 4onomoroto Ns LUIMPOKOCMYTrOBMX BIACHUX MOZ,.
KopuctyBansHULUbKWA KiIHUEBUIA NPUCTPIA MOXe nepenaBaTy KepoBaHWW ONOPHUIA cuUrHan no BUCXIOHIA NiHIT
3B'A3ky (Hanpuknag, y RCH-cermenTi 640 a6o RACH-cermenTi 650 3a ®ir.6). KeposaHuii onopHuii curHan BucxigHot
NiHIT 3B'A3KY AN LWAPOKOCMYTOBOT BMACHOT MOAU MOXe BYTU BUPAXKEHUI SIK:

Yitm(K)
Xepsrm(K)= ~U™ o(k), ans k € K ©)
ae Xupsr,m(K) - BekTop 3 Nyt CUMBOSIIB, WO HaacunawTbes Bia Nyt aHTEH KOPUCTYBASbHULBKUX KiIHLIEBUX NPUCTPOIB
Ana nigdianasoHy K LWMPOKOCMYroBoi BNacHOT MOAM M AN KEPOBAHOIO OMOPHOro CUrHany;

Vim(®) (k)

BMOPAAKOBAaHI, BNacHi

- .V o
- m-Tuit ctoBneus matpuui —41"’ ana nigaianasony K, ae

V) Bung ) D) T, (0,

p(K) - KOHTPONLHUIA CUMBONR, LLO HAACUNAETLCA MO nigaianasoHy K.

KepoBaHuit OnmopHWiA curHan ans BCiX Ns LUMPOKOCMYTOBUX BIlacHMX moa moxe 6ytu nepepaHuin B Ns
cumonbHux OFDM-nepiogax, ab6o wmeHw Hixk B Ns cumonbHux OFDM-nepiogax, BUKOPUCTOBYHOYU
MYNbTUNMEKCYBAHHA NigdianasoHis. KepoBaHWn ONOPHUIA CUrHaN AN KOXHOT LUMPOKOCMYrOBOT BFIACHOT MOAU MOXKe
Takox 6yTu nepegaHuii no yucneHHux cumeonsHux OFDM-nepiopax.

OnopHKIA curHan, Wwo NPpMAMaeTbCs, BUCXIAHOT NiHIT 3B'A3KY Y TOUL AOCTYNY MOXe BYTU BUPAXKEHUN SIK:

chp(k) Yirm(K) p(K)+nup(K) @

Tup,sr,m(K)=



zgap,m(k) Sm (K)p(K)+nup(k), ana k e K

ae rupsrm(K) - BEKTOP 3 Nap cuMBORIB, WO NpUAMalOTbCa N0 Nap aHTEHax TOYOK AOCTYNy ANA nigaianasoHy K
LUIMPOKOCMYTOBOT BNACHOT MOAU M ASIA KEPOBAHOIO OMOPHOrO CUrHAINY;

u k N
‘ap'm( ) - m-Tuii ctoBneub maTpuli Uap(K) Ans nigaianasony k, ae
- _ [gapj(k) gap,Z(k) gaD,Nap (k)]

Uap(k)
S . o . . .
=M (k) - ouiHka 0cO6nMBOrO 3HaJYEeHHs Ansa niagianasoHy K wWMpoKOCMyroBoi BnacHoi moau m, To6TO m-TUi
: . CE(k)
JiaroHanbHWi enemeHT martpudi = ; i

Nup(K) - aguTuBHMii MaycciBebknin Ginuii wym (AWGN) ana nigaianasony k Ha BUCXIgHINA NiHIT 38'A3ky.

£k NOKasaHo y PiBHAHHI (4), y TOYLi AOCTYNY KEpPOBaHWA OMOPHUI CUrHan, Wwo NpuruMacTeCa (3a BiACYTHOCTI

U, (k) & 0. (k
LyMy), NPUBAU3HO A0PIBHIOE Ugpm (k) &y (K)p(K). Touka AOCTYNY MOXKE TAKUM YUHOM OEPXKYBATU OLIIHKY | Uapm(K) ,

. O . . . - . .
i —M (k) ana KoxHOro niadianasoHy K Ha OCHOBi MPUAHATOrO KEPOBAHOrO OMOPHOro CUrHamy Ana niggianasoHy.

Oujuka M (k) Anst nigaianasoy K LWAPOKOCMYrOBOT BACHOT Moau M, M (), MOXe GyTH BUpaKEHa sk:
2 Ne 2
ém ( ||[up,sr,m(k)|| = i;lrw'sr'm'i(k)| )

= 3

anakeK

a
ae |—| 03Hayae KBaapaTUUHy HOPMY a;

- r k) .
- i-TWit enemeHT BekTopa ~UPSEMY

M sBnse co60t0 UikaBnavy MHOXWHY LUMPOKOCMYTOBUX BriacHUX Mo, Hanpuknag, M={1,...,Ns}.

|rup,sr,m,i (k)|

g m(K) o . . U m(K)
Oujnka —2P Ana nigaianasoxy K LWMPOKocMyrosoT BRacHoT moau m, — 2P , MOXXe BYTU BUpaXkeHa AK:
k) (6)

i K) r 5
_ap’m( ) _ _up,sr,m( /gm (k), anakeK

. UapmK) & . . .
MoasiiHa KpuLKka Ana ' i =M (k) Bkasye, WO BOHW € OUiHKAMW OLIHOK, TOBTO OUiHKamMu, oaepXKaHUMm

: UppmK) = & ,
TOYKOIO JOCTyny ana oujHok —2Pm i —M(k), opepaHUX KOPUCTYBANbHULUBLKAM KiHUEBUM MPUCTPOEM. HKLLO
KEPOBAHUIA OMOPHUIA CUTHAN ANIA KOXHOT LWMPOKOCMYTroBoT BnacHoi Moaun nepegaruin no yucnedHux OFDM-nepiogax
CUMBORMY, TO TOYKa AOCTYNYy MOXE YyCepeaHioBaTu MNPUAHATUA KEepoBaHWA OMOPHWUIA CUrHAM NO  KOXHIl

- L . o gyn(k) G
LLIMPOKOCMYTOBIA BRACHI MO, LLIOG ogepkaTu BinbLU TOUYHY OLLHKY — 2P i =M (K).

Tabnuusa 1 pestoMye nNpocTopoBy 06pobKy y Touli AOCTYNY i KOPUCTYBaNbHULLKOMY KiHLEBOMY NPUCTPOT aAns
nepegadi i NPUAOMY AaHUX HA YUCTEHHUX LUIMPOKOCMYTOBUX BFIACHUX MOAAaX.

Taifimsma
Hixiana miuis 38°gaxy Buexizma asia sn' sy
Toula joeryay Tlopenasa: Tipsficat:
2t Sk
Tull» By iRigalt) ) ™ ST I 0
Kopserysansusnprrd | Dpadow b Flepanwga:
R Eé(;ﬁ:(k, pi | Bt Kalbisgi

Y tabnuui 1, s(k) - BEKTOp «daHnX» 3 MOAYMNbLOBAHWMX CUMBONIB (0AEPXKAHUIA i3 CUMBOMBHOTO NEPETBOPEHHSA Y
nepeaasauyi), X(K) «BekTop, WO MepesaeTbCs» i3 CUMBOMIB, WO NepenarTbes (0Aep)KaHui nicnsi NPOCTOpPoBOT
06po6ku), r(k) «BekTOp, WO NPUAMAETLCA» i3 CUMBOMIB, WO NpuiAMatoTeca (oaemkaHuid nicnd OFDM-06po6ku Ha
npuiimadi), i_(k) - ouiHka BekTopa s(k) (ogepkaHa nicna npoctopoBol 06pobku Ha npuiAMadi), ae BCi BEKTOPU ANs
nipdianasoHy K. Miapsaakosi iHAeken «dny» i «up» ANa UUX BEKTOPIB O3HA4YalOTb HU3XIAHY i BUCXIQHY RMiHIT 3B'A3Ky

~-1
. . o2 (k)
BignosigHo. ¥ Tabnuui 1, = - piaroHanbHa MaTpuus, BU3HAYEHa SAK

|

z K =diag(1/c1(k) 1/c2(K) ... 1/ons(K)).

KepoBaHuii ONOpHMA curHan wmoxe OyTU nepegaHuid Aana  opHiel LIMPOKOCMYrosoi mogu 3a pas
KOPUCTYBaNbHULBLKUM KIHUEBUM MpUCTpoem abo moxe 6yTu nepedaHuii Ans YUCMEHHUX LWMPOKOCMYTOBUX BNACHWX
MOJ, OQHOYACHO, BUKOPUCTOBYIOUU OPTOroHanbHUi 6a3uc (Hanpuknag, kogu Yonwa). KepoBaHuidi onopHWUA curHan

u k
A5 KOXKHOT LUMPOKOCMYTOBOT MOAM MOXKE BYTU BUKOPUCTAHUIA TOYKOI AOCTYNY, WOo6 oaepKyBaTu ‘ap'm( ) anak e K,

1]
JANA Takoi LMPOKOCMYroBoi BnacHoi moaun. Skwo Ns sektopis —2Pm oaepxaHi okpemo (i-no cMMBORax PisHUX
OFDM-nepioais) ana Ns BnacHMX mMoA KOXHOTO niggianasoHy, TO, 4epe3 WyM Ta iHWi mkepena gerpagauii y



[ [=$31
| s>

k k
6e3npoBigHin niHil, Ns BekTopis ap'm( ) MaTpuui ap( ) AN KOXKHOro nigaianasoHy k mMoxnmuso He 6yayTb

OPTOroHanbHUMU O4HA OAHIN. Y uboMy BUNaaKy, Ns BeKTOpiB MaTpuui Qap(k) ANa KOXHOro nigaianasoHy K MOXyTb
6yTu NpMBEAEHi O OPTOrOHANLHOIO BUINAAY, BUKopuctoBytoun QR-akropusauiio, nonspHe posknagaHHa abo aeski
iHWIi cnoco6u.
Y touui goctyny, ouiHka SNR, Wwo npuiiMacTsea, aAna niggianasoHy k WKMpokocmMyroBoi BMAcHOT Moau m, yap,m(K),
MOXKe ByTU BUpaXKeHa siK:
Puom(K)Sm(k)
N )
Yap,m(K)= 0.ap ,anakekK
ae Puom(K) - NOTY)XHICTb, WO NepefaeTbesl, Aka BUKOPUCTOBYETLCSA KOPUCTYBANbHULBKUM KiHLUEBUM NPUCTPOEM
Ana nigdianasoHy K LWMPOKOCMYroBoOT BNACHOT MOAKM M MO BUCXIAHIA NiHIT 3B'A3KY; i
No,ap - MiHiMarbHWIA PiBEHb LLUYMY Y TOYLi AOCTYnNy.
Ha KopucTyBanbHMUBKOMY KiHUEBOMY npucTpol, ouiHka SNR, wo npuiimaetscd, ana nigaianasoHy k
LUIMPOKOCMYTOBOT BMACHOT MOAM M, yutm(K), MOXe BYTU BUPaAXKEHA AK:

Pynm(K)52 (K)

Nout ,ansk e K

Ae Pdanm(K) - NOTYXHICTb, WO nNepefaeTbCcA, sika BUKOPUCTOBYETLCA TOUKOK AOCTYNy Ans nigaianasoHy K
LUIMPOKOCMYTOBOT BAACHOT MOAM M NO HU3XIAHINA NiHIT 3B'A3KY; i

No,ut - MiHiMarNbHWUIA PiBEHb LLUYMY HA KOPUCTYBaNbHULBKOMY KiHLLEBOMY NPUCTPOT.

Ak nokasaHo y piBHAHHAX (7) i (8), SNR, WO NpMiAMacTbCa, AN KOXHOTO NiafianasoHy KOXKHOT LUMPOKOCMYTOBOT

8)

Moau, ym(K), 3anexuTb BiA KoedilieHTa NOCUNEHHA KaHany (AKUM € Zm (k) abo Zm (K) MiHiManbHOro piBHA LUYyMiB
npuiiMada No i NOTyXHOCTi, wo nepepaeTbcd, Pm(k). SNR, wWwo npuiimaeTteca, mMoxe OyTu pisHUM ANs PisHUX
nigaianasoHiB i BMACHUX MOJA,.

dir.7 nokasye 6nok-cxemy nocnigosHocti 700 onepadiii gna nepeaadi YUUCNEHHMX NOTOKIB AaHUX MO YUCIEHHUX
LUMPOKOCMYFOBMX BMACHAX MOAAX NO HU3XIAHIA | BMCXIAHIA niHiAx 3B'asky y TDD-cuctemi 3 MIMO-OFDM.
MocnigosHicTe 700 onepauin gonyckae, WO KanibpysBaHHA Be Oyno BUKOHAHe | WO KaHanbHi 4YacTOTHI

o . ) Floak) ALy

XapakTePUCTUKU HU3XIAHOT i BUCXIAHOT MiHiA 3B'A3KY € TpaHCnosuuisMu ogHa ofHoT, To6To Pt x —cdn . Ona
nocnigosHocTi 700 onepadiii ouiHka kaHany BMKOHaHa Ha etani 710, Bubip pexxumy nepepadi BUKOHAHUA Ha eTani
730 i nepegava/npuinom gaHuX BUKOHaHI Ha etani 760.

Ona ouiHKKM KaHany, To4ka AOCTyny nepenae KOHTponsHui MMO-curHan no HU3XigHiin niHii 38'a3ky (Hanpuknag,
no BCH) (etan 712). KopucTyBanbHUUBLKUIA KiHUEBUIA NPUCTpiil npuiimae i o6pobnsie koHTponbHMiA MIMO-curHan,

wob oaepkaTi OUiHKY KanibpoBaHOT YACTOTHOT XapaKTEPUCTUKA KaHany HU3XiAHOT MiHIT 3B'A3Ky, Hoan ), anak e K
(etan 714). KopucTyBanbHULbLKAA KIHUEBUIA MPUCTRIA NOTIM OUHIOE KanibpoBaHy YacTOTHY XapakTepUCTUKY KaHamny
T ~

Houpk) g (k Heuplk
BUCXiAHOT NiHIT 3B'A3KY AK Houol )z—Cd”( ) | BUKOHYE PO3KNadaHHs Mo 0COGMNMBUX 3HAYEHHAX (SVD) Houolk) , o6

oaepkartu maTpuui (k) i Vi k) , ana k € K, Ak nokasaHo y piBHsHHI (1) (eTan 716). KopucTyBansHULbKUIA KIHUEBUIA
NpUCTpiii NOTIM nepefae KepoBaHUA ONOPHWA CUTHaN BUCXIZHOT MiHIT 3B'A3Kky (Hanpuknag, no RACH a6o RCH),

(k)

BUKOPUCTOBYOUU MaTPUL Y , Ana k e K, gk nokasaHo y piBHaHHI (3) (eTan 718). Touka goctyny npuiamae i

06pobnsic KepoBaHUIl OMOPHUIA CUrHAN BUCXIAHOT NMiHIT 3B'A3Ky, W06 ogep»atu MaTpuui (k) i Qap(k)
onucaHo suLe (etan 720).

Ons nepegavi gaHuMX NO HU3XIQHIA NiHIT 3B'A3KY, KOPUCTYBANbHULBKAA KiHUEBUIA MPUCTPIA BUBUPAE peXuM
nepegadi (3 HaMBULLO NIATPUMYBAHOIO LIBWMAKICTIO Nepeaadi AaHUX) ANa KOXKHOT LWMPOKOCMYroBOT BNAacHOT Moau no
HU3XIOHIA MiHIT  3B'A3KY Ha OCHOBI AiaroHanebHOT marpuui (k) MiHiMansHOro piBHA wWymiB Nout Ha
KOPUCTYBaNbHULLKOMY KiHLEBOMY NPUCTPOT Ta iHpopmMauiT 30BHILLUHEOrO KOHTYPY HU3XIZHOT MiHIT 3B'A3Ky (Hanpuknag,
SNR-komneHcauji i/abo HacTpoiikax pexumy nepepadi ans Hu3xigHoT niHil 3B'Aasky) (etan 740). Bubip pexumy
nepegadi onucaHuin Huxde. KopuctyBanbHULbLKAWA KIHUEBUIA MPUCTPIR NOTIM Haacunae iHgopmauio 3BOPOTHOrO
3B'A3KYy, AKa Bknwovae B cebe Ns pexumis nepepadi, BUGpaHUX KOPUCTYBANbHULLKUM KiHUEBUM MPUCTPOEM ANA
HU3XIAHOT niHiT 3B'A3KY, | MOXe p[omatkoBo Bknwovyatu B cebe MiHiManbHMA piBeHb wyMiB  Nout Ha
KOPUCTYBanNbHULLKOMY KiHUEBOMY NpuUCTpOT (eTan 742). (KepoBaHWW OMOPHUI curHan, nepegaHuin Ha etani 718,
MOXE TakoXX OyTU pO3rMaAHYTUA aK iHopMauis 3BOPOTHOro 3B'A3KY, WO HAACUMAETLCA KOPUCTYBANbHULBKAM
KiHUEBUM NPUCTPOEM.)

Ons nepepadvi gaHux no BUCXIAHIA nNiHIT 3B'A3Ky, Touka poctyny Bubupae Ns pexumie nepegadi ana Ns
L - . - 2(k) - .
LLIMPOKOCMYTOBMX BMACHUX MOA MO BUCXIAHIN MiHIT 3B'A3Ky Ha OCHOBI giaroHanbHOT MaTpuui ="'’ , MiHIManbHOro PiBHA
wymiB Noap ¥ TOUL AOCTyny Ta iHdopmauiT 30BHILLHLOrO 3aMKHEHOTO KOHTYPY (Hanpuknag, SNR-komneHcauii i/a6o
HacTpoMKax pexumy nepepadi ana BMCXIAHOT MiHIT 3B'A3ky) (etan 750). Touka gocTyny AoaaTtkoBo BubBupae Ns
pexxumis nepepgadi ana Ns LIMPOKOCMYrOBMX BRACHUX MOA MO HU3XIAHIA RiHIT 3B'A3KY Ha OCHOBI iHdopmauil
3BOPOTHOTO 3B'A3KY, LLO NPUAMAETLCA Bif, KOPUCTYBANBHULLKOMO KiHLEBOrO MPUCTPOIO (eTtan 752). Touka goctyny

,anak e K, sk



noTiMm Hagcunae subpaHi pexxumu nepepadi i And HA3XIAHOT, | ANa BUMCXiAHOT NiHil 3B'A3Kky (Hanpuknag, no FCCH)
(eTan 754). KopuctyBanbHUUbKUIA KiHUEBUIA MPUCTPIA npuiimae BubpaHi pexxumu nepegadi ans o60Xx NiHiA 3B'A3KY
(eTan 756).

Ona nepegadvi gaHuxX no HWU3XigHIA niHIT 3B'A3ky, Todka poctyny (1) kogye i mMoayne paHi ana KOXKHOT
LUMPOKOCMYToBOT BRACHOT MOAM HU3XIAHOT MiHIT 3B'A3KY BIiAMOBIAHO A0 peXXumMy nepedadi, subpaHoro ana Ttakol

. . 84n(K) U ()
LUMPOKOCMYroBoT BNacHoT moau, (2) npoctoposo 06pobnsie BekTop gaHux —9n MaTpuueto , IK NoKasaHo y
Tabnuui 1, Wob ogepxyBaTu BEKTOP, WO nepeaacTsbes, Xan(k), i (3) nepesae BeKTOP Xdn(K) NO HWU3XIAHIA MiHIT 3B'A3KY
(eTan 1-62). KopuctyBanbHUUbLKAWA KiHLEBUIA NPUCTPii (1) npuidmae nepegadvy no HU3XgHIA NiHIT 3B'A3Ky, (2) BUKOHYE

A ~T
y3rofpkeHy pinbTpauiio npuiAHATOro BekTopa ran(K) MaTpuueto Z (k) Yyl , K nokasaHo y Tabmuui 1, wob
oaep>katun BeKTop sdn(K)) ana k € K, i (3) aemoaynioe i Aekoaye NPUAHATI CUMBOSIM BIANOBIAHO A0 pexuMy nepeaadi,
BUOPAHOro Ans KOXHOT BNACHOT MOAM HU3XIAHOT NiHIT 3B'A3Ky (eTan 764).
Ona nepegadi gaHux no BUCXIAHIA NiHIT 3B'A3KY, KOPUCTYBaNbHULULKAWA KiHUEBUA NPUCTPIX (1) Koaye i moaynoe
JaHi Ansa KOXHOT LUMPOKOCMYroBoT BNACHOT MOAM BMCXIAHOT NiHIT 3B'A3Ky BiANOBIAHO A0 pexxuMy nepepadi, BuGpaHoro

) ) ) Viu(k)
ANs Takol LWMPOKOCMYroBOT BNacHoi Moau, (2) npocTtopoBo o6pobnse BekTop aaHux sup(K) marpuueto —Y , o6
oAepykaTu BEeKTOp, Wo nepepaetbea, Xuwl(K) Ansa Kk € K, i (3) nepenae Bektop xup(K) MO BUCXiAHIA MiHIiT 3B'A3KY (eTan
772). Touka goctyny (1) npuiimae nepegavy no BUCXIAHIA NiHIT 3B'A3Ky, (2) BUKOHYE (PinbTpauito NPUAHATOro BeKTopa

21 aH
5 (k) Upp®) Suplk) . . .
Lup(K) maTtpuueto = , o6 opepxatn BEKTOp 1 (3) aemopynioe i gekoaye BiAHOBMEHI CUMBOMKU

BiANOBIAHO A0 pexumy nepepadi, BUGpaHOro Ans KOXKHOT LUMPOKOCMYTOBOT BNAacHOT MOAM BUCXIAHOT MiHIT 3B'A3KY
(etan 774). Ona npoctotu, po6oTa 3aMKHEHOTO KOHTYPY i HACTpOiika pexkuMy nepepadi 30BHILUHIM KOHTYPOM He
nokasaHa Ha Pir.7.

dir.7 nokasye cneujanbHUiA BapiaHT 34iCHEHHA NOCMIAOBHOCTI onepauii, sika Moxe OyTu BUKOpUCTaAHA Ans
nepegadvi gaHux no HWU3XiAHIA i BUCXigHIA niHisAx 3B'A3ky y 3paskosiii TDD-cuctemi 3 MIMO-OFDM. Takox MOXyTb
OyTu peani3oBaHi iHWi NOCMRIAOBHOCTI onepauii, 3a AOMNOMOrOK SIKUX MOXYTb OYTU BUKOHAHI ouiHKa kaHany, Bubip
pexxumy nepegadi ifabo nepegava/npuiioM gaHux esaKUMU iHWMMU cnocoBamu.

2. Bubip pexxumy nepepadi

dir.8 nokasye 6nok-cxemy nocnigosHocti 800 onepauin ana subopy Ns pexumis nepepgadi ans Ns
LUMPOKOCMYTOBUX BRacHux mod. MocnigoBHicTb 800 onepauin moxke 6yTu BUKOpUCTaHa Ansa etanie 740 i 750 3a
@ir.7. Y BUXIOHOMY MOMNOXEHHI MOBHA MNOTYXHICTb nepepadvi, Puota, WO € Yy pO3NOpPAOKEHHI HA nepepasadi ans
nepegadi gaHux, posnoaineHa no Ns LWMPOKOCMYTOBMX BMACHUX MOAAX HA OCHOBI CXEMU PO3NOAINY NOTY>XHOCTI (KPOK
812). MOTYXHICTb, WO nepenacteca, Pm, BUAINEHa KOXHIA LUMPOKOCMYTOBIN BRACHIA MOAI, NOTiM posnoaineHa no Nr
nigaianasoHax uiel WMPOKOCMYroBOT BMACHOT MOAU HA OCHOBI Ti€T Xk camol abo iHWOT CXeMuU po3noainy NOTYXKHOCTI
(eTan 814). Po3nogin noTykHOCTi napanensHO no Ns LUMPOKOCMYroBUX BAACHUX MoAax i po3noAin NOTY>XHOCTI
napanensHo no Nr niagianasoHax KOXKHOT LUIMPOKOCMYTOBOT BNACHOT MOAN MOXe BYTU BUKOHAHUIA SIK ONMUCAHO HUKUE.

Po6oye SNR Ans KOXHOT LUMPOKOCMYrOBOT BMACHOT MOAW, Yopm(k), oBumcneHe Ha ocHOBI (1) BuAINEHMX
NOTYXHOCTE, WO nepegawnTbesa, Pm(K) | KoediuieHTIB nocuneHHs kaHany om(K) Ana nigaianasoHis  Takol
LLIMPOKOCMYTrOBOT BIIACHOT Moau, (2) MiHiManeHoro pisHs wymis No Ha npuimadi, i (3) SNR-komneHcauii ana koxHoT
LUMPOKOCMYroBoT BriacHoi mogu (etan 816). OBuucneHHs pobodvoro SNR onucaHe Hwkde. BianosigHuin pexum
nepegadvi gm noTiM BUGPAHMIA ANA KOXHOT LLUMPOKOCMYroBoi BnacHoi moau Ha ocHoBi po6o4yoro SNR ans Ttakoi
LMpoKkocMyrosoi BRacHoi moau i Ttabnuui BignosigHocTi (eTan 818). HaamipHa MOTYXHICTb ANA  KOXHOT
LLUMPOKOCMYrOBOT BrACHOT MOAM BU3HAYEHA, i 3aranbHa HaAMIPHA MOTYXHICTb ANA BCIX LUMPOKOCMYTOBUX BRACHUX
MoA nepeposnoaineHa no oaHin aéo Ginblle LWUMPOKOCMYTOBMX BIIACHMX Moaax, Wo6 niaBULMTU eeKTUBHICTL (eTan
820). Pexxum nepenadi ans KOXHOT LLMPOKOCMYroBoT BMACHOT MOAU MO3Ke BYTU HACTPOEHUI (HANpuUKnaa, Ha HACTYMNHY
H>KYY LIBUAKICTE Nepejadi JaHuX), SKWO Ue NPU3HaAYeHo 30BHIWHIM KOHTYPOM iHdopmauieto (eTan 822). KoxXHWI 3
eTanis 3a ®ir.8 onucaHun AeTanbHO HUKYE.

A. Po3nogin noTy>XHOCTi N0 LWMPOKOCMYrOBUX BNacHMX mogax Ansa etany 812 3a ®ir.8, saranbHa NOTYXHICTb, WO
nepenaeTbes, Piota, MOXe 6yTuU posnoaineHa no Ns LMPOKOCMYTOBUX BMACHAX MOAAX, BUKOPUCTOBYHOUM Pi3HI CXEMU.
Jeski 3 UMx cxeMm po3noainy NoTY>KHOCTI ONUCaHI HUXME.

Y piBHOMIpHIA cXemi po3noginy NOTYXKHOCTI, MOBHA NOTYXKHICTb, WO nepenactbcs, Piotal PIBHOMIPHO po3nogineHa
no Ns LWMPOKOCMYroBUX BAACHUX MOAaX, Tak WO M BCIM BUAINEHA piBHA NOTYXHICTb. [MOTYXKHICTb, L0 NepeaacTbes,
Pm, BUAINEHa KOXHIN LUIMPOKOCMYTOBIA BMACHIA MOAI T MOXKe BYTU BUpaXeHa sK:

P, = —P’t\j’ta' ,anameM 9)
S

Y cxeMmi po3nodiny noTykHOCTi 3 po3BaBneHHAM, NOBHA NMOTYXKHICTb, WO nepenactucs, Pioa po3nogineHa no Ns
LUMPOKOCMYrOBMX BMACHUX MOAax Ha OCHOBI npoueaypu «posbaBneHHs» abo «3anoBHeHHs». [lpoueaypa
po36aBneHHsa po3noAinsde MOBHY MOTYXHICTb, WO nepenaetbea, Piota, N0 Ns LWMPOKOCMYrOBUX BNAaCHUX Modax Tak,
LLO 3aranbHa cnekTpanbHa WifbHICTL AoBeAeHa A0 Makcumymy. PosbasneHHs onucaHe Pobeptom k. Manarepom y
kHusi [«Information Theory and Reliable Communication», John Wiley and Sons, 1968 («Teopia iHdopmauii i
HapiiHui 3B'A30Ky, 1968p.)]. PosbaeneHHsa ans Ns LUMPOKOCMYroBMX BRACHUX MOA MOXe GyTU BUKOHAHE Pi3HUMMU
cnocobamu, geski 3 AKX onucaHi Huxue.

Y nepwomy BapiaHTi 34IACHEHHA, NOBHA MOTYXHICTb, WO NepesaeTbCs, Piota, CNOYaTKy posnogineHa no NsNr
niagianasoHax/BnacHMX Moaax, BUKOPUCTOBYIOUM pO3BaBNEHHSA i Ha OCHOBI MPUAHATUX cniBBigHOWEHb SNR, ym(k),
ana k € K, m € M. SNR, wo npuiimatotecs, ym(k) MoxyTe 6yTu obuucneHi dk nokasaHo y pie. (7) a6o (8), 3
NPUNYLLEHHAM, WO Prota € piBHOMiPHO po3noaineHoto no NsNe niggianasonax/snacHux mopax. Pe3ynstaTtom Lb0ro
po3noainy NoTYKHOCTi € NoYaTKoBa NOTYXHICTb, WO nepeaaeTbes, P'm(K), ANa koxHoro nigaianasoHy/sBnacHoi Moau.



MOTYKHICTb, WO nepeaaeTbes, Pm, BUAINEHA KOXHIA BRACHIA MOAi niagianasoHny, NoTiM ogep»kaHa niacymMoByBaHHAM
noYaTKOBUX NOTYXKHOCTEN, WO nepedatTbest, P'm(K), BuaineHux Ne nigaianasoHam Takoi BriacHoi Moau nigaianasoHy,
K BUKNAAEHO HIDKYE:

Ne
P =Y. Pnk), angameM (10)
k=1

Y ppyromy BapiaHTi 34iACHEHHS, MOBHA MOTYXHICTb, WO nepedacTbes, Prota posnogineHa no Ns LWMPOKOCMYTroBUX
BNAacHUX MoJax Ha OCHoBi ycepeaHeHux SNR, obuucneHux ans uUux LUMPOKOCMYrOBUX BRACHUX Mod. Cnouartky,
ycepeaHeHe SNR, yavgm, 0BYMCNEHE AN KOXKHOT LUMPOKOCMYroBoT BNacHOT MOAM m Ha OCHOBI npuitHATUX SNR ans
Nf nigaianasoHis TakoT LUMPOKOCMYTOBOT BAIACHOT MOAU, AK BUKNAZEHO HUXKYE:

1 Ne
— 2 ¥m(K) (11)

NE =
Yavgm= F k=T

J€ Yavgm OBUUCNEHE AK ONUCAHO BULLE ANA NEPLUOTo BapiaHTy 34iicHeHHs. [0TiM BUKOHaHe posbasneHHs, wob
po3NoAINMTU MOBHY MOTYXHICTb, WO nepeaaetbcsl, Piota, N0 Ns LUMPOKOCMYrOBUX BFIACHUX MOAAX Ha OCHOBI iX
ycepeaHeHux SNR, yavgm, 809 m € M. Y TpeTbOoMy BapiaHTi 34iACHEHHS, NOBHA NOTYXXHICTL, WO nepenaetscs, Prota
posnoaineHa no Ns LUMPOKOCMYTOBUX BMACHUX MOAAX HA OCHOBI ycepeaHeHux SNR ans uux LUMPOKOCMYTrOBUX
BNacHUX MoA, Micnsa Toro sk iHBepCia KaHany 3actocoBaHa Ans KOXHOT WMPOKOCMYroBoT Moaun. Onsa uboro BapiaHty
30iACHEHHS, NMOBHA NOTYXHICTb, WO nNepeaacTbcsl, Piotal CNOYATKY po3nodineHa piBHOMIPHO No Ns LUMPOKOCMYTOBUX
BRnacHuMx mogax. |HBepcia kaHany noTiM BMKOHAHA (AK OMUCAHO HUXKYE) HE3amnexHO ANA KOXHOT LUMPOKOCMYroBoOT
BMAacHOT moau, Wwo6 BU3HAYMTK MNPU3HAYEHHSA MOYATKOBOT MOTYXKHOCTI, P"m(K), ANsS KOXHOro nigaianasoHy Takof
LUMPOKOCMYroBoT BriacHoi mopu. MMicna iHeBepcii kaHany, SNR, wWo npuiAMacTsca, € Takum e K Mo BCiX
nigaianasoHax KOXHOT LWMPOKOCMYroBoT Moau. YcepeaHeHe SNR ans KOXHOT LUIMPOKOCMYToBOT BNACHOT MOAMW MOTIM
npupiBHoeTbCA A0 SNR, Wo npuiimaeteca, ansa 6yab-Koro 0gHOro 3 nigdianasoHis Takol WMPOKOCMYTroBOT BNacHoOT
moaun. SNR, Wwo npuiAmaceTsbes, y'm(K), Na 0OQHOTO NiaAianasoHy KOXHOT LWMPOKOCMYroBOT BNACHOT Moan Moxe 6yTu
BU3HAY€HE Ha OCHOBI NPU3HAYEHHS NOYATKOBOT MOTYXHOCTI, P'm(K), Ak nokasaHo y piBHAHHAX (7) i (8). MoBHa
MOTYXXHICTb, WO nepenaeTbes, Piotal, NOTIM po3nogineHa no Ns LWMPOKOCMYrOBUX BMACHAX MOAAX, BUKOPUCTOBYIOUN
po3BaBneHHs i Ha ocHOBI Tx ycepegHeHux SNR, v'm(k), ana te M.

[HWIi CXeMu TaKoX MOXyTb OYTU BUKOPUCTAHI, WOG po3noainATM NOBHY MNOTYXKHICTb, WO nepeaaetbcs, no Ns
LLIMPOKOCMYTOBMX BMACHUX MOAAX, i e 3HAaX0AUTLCA Y Mexax 06'emy BUHaxony.

B. PosnogineHHsa noTy»kHOCTI NO nigaianasoHax y KOXHI LWMPOKOCMYTOBI BNacHi mogai

Ona etany 814 Ha ®ir.8, NOTYXHICTb, WO nNepefacTbCcs, BUAINEHA KOXHIN LUMPOKOCMYTOBI BRACHIn MOAi, Pm,
mMoxke 6yTn posnoaineHa no N niggianaszoHax Takol LUMPOKOCMYTOBOT BMACHOT MOAU, BUKOPUCTOBYIOUMU Pi3Hi CXEMMU.
Jeski 3 UMx cxeMm po3noainy NoTY>KHOCTI ONUCaHI HUXME.

Y cxemi PIiBHOMIPHOrO PoO3NOAiny NOTYXHOCTI, MOTYXHICTb, WO NEepesacTbCs, ANA KOXHOT LUMPOKOCMYroBOT
BnacHoi mMoau, Pm, posnogineHa piBHOMiIpHO napanensHo no Nf niggianasoHax, Tak wWo M BCiM BuAineHa pisHa
NOTYXXHICTb. MOTYXHICTb, WO nepepaeTses, Pm(K), BuaineHa KoxxHoMy nigaianasoHy Moxe 6yTu BUpaXKeHa sik:

P
e (12)
Pnk)= "~ anakeKimeM

Onsa piBHOMIPHOT cxemu po3noginy noTykHOCTi, npuiHATi SNR ana Nr niagianasoHiB KOXHOT LLIMPOKOCMYroBof
BNAacHoOT MOAW WMOBIPHO MOBUHHI BigPisHATUCSA MO nigdianasoHax.

Y cxemi 3 iHBepciel KaHany, NOTYXHICTb, WO NepenacTbCa, ANA KOXHOT LUMPOKOCMYroBoi BRnacHoi moau, Pm,
po3noaineHa HepisHOMipHO no Nf nmigdianaszoHax, Tak WO BOHU CTalOTb NogdiGHumu go SNR, wo npuiiMaoTbes, Ha
npuiMadi. ¥ noaansLIoMy Onuci, om(K) o3Havae oUiHeHUA KoedilieHT NOCUMEHHN KaHany, aKuid JOPiBHIOE Sm(k)
HU3XIAHOT MiHIT 3B'A3KY i Sm(k) Ana BUCXIZHOT niHiT 3B'A3Ky. Ona cxemu 3 iHBepcCieldo KaHany, Hopmanisauia bm
crnovarky obuucneHa ans KOXKHOT LUMPOKOCMYTOBOT BMACHOT MOAM, SIK HABEAEHO HUMME:

1

ans

NF
S0/ 5 (k)] (13)
bm= k=1 ,anameM
MOTYXHiCTb, WO nepeaaeTscs, Pm(K), BUAINEHa Ana KOXHOro nigaianasoHy KOXHOT LLUMPOKOCMYroBOi BracHOi
MOoaU MOXKe noTiMm ByTn obuucneHa sk:
_ bm 'Pm

P (k) 2 ) _

,anakeKimeM

Mutoma Bara nepepadi, Wm(k), moxe 6yTu ofuucrneHa Ans KOXHOrO nianianasoHy KOXHOT LWMPOKOCMYrOBOT
MOAMU, IK HABEA,EHO HUXME!

Wn(k) = yPm(k)

(14)

,anakeKimeM (15)

Mutomi Baru nepepadi BuKopucTaHi, wWob macwrabyBatu CUMBONKM MOAYnAUil HA nepedasadi. Ana cxemu 3
iHBepcietlo kaHany, Bci NF nigaianas3oHiB BUKOPUCTAHI AN KOXHOT LWMpOKOocMyrosoi BnacHol moau, i SNR, wo
NpUAMaTLCA, AN NiggianasoHis NpUGNU3HO OOPIBHIOWTD.

Y cxemi 3 CENEeKTUBHOK iHBEPCIED KaHany, NOTYXHICTb, L0 nepeaaeTbes, AN KOXHOT LUMPOKOCMYTroBoT MOAH,
Pm, po3nogineHa HepisHOMipHO no BubpaHux aeskux 3 Nf nigaianasodis, Tak wo BubpaHi niggianasoHu crawTb
nogi6Humn go SNR, wo npuiiMaloTbea, Ha npuiimadi. Bubpani nigaianasonn - ue nigaianasoHn 3 koediuieHTamu
NMOCUMNEHHS KaHaniB, WO AOPiBHIOWTL abo GinbLui, Hi>k NOpPoroBuid koedilieHT nocuneHHsa. Onsa uiel cxemu, 3aranbHui
KOEMILIEHT MOCUMEHHA MOTYXKHOCTI, gm, CMOYATKY OBUMCNEHUIA ANA KOXKHOT LUMPOKOCMYroBOT BMACHOT MoAau, fK



OMNUCaHO HKYE!

1 Ne
m :N—Zcﬁq(k) (16)

F k=1 ,anameM

Hopmanisauia bm notim o64ncneHa ansa KoXHOT LUMPOKOCMYroBOT BACHOT MOAU, SIK HABEAEHO HUMME:
~ 1
By = T~ 2
21/ om (k)] (17)
o (K)>BrGm .ansmeM

Ae Bmgm - MOPOroBe 3HaA4YeHHA KoedilieHTa NocuneHHs i Pm - macwTabyounin koedilieHT, akuii Moxe 6yTu
BubpaHuii, Wo6 AOBECTU A0 MAKCUMANbLHOMO 3HAYEHHS NOBHY MPOXiAHY MOTYXHICTb a60 HA OCHOBI AESAKOrO iHLLIOTO
KpuUTepito. TTOTYXHICTE, WO NepefacTbes, BUAINEHA KOXKHOMY niggianasoHy KOXKHOT LUMPOKOCMYroBOi BRacHoOT Moau,
Pm(K), MOxxe ByTU BUpaXeHa aK:

bm R

SmITmgrino o2 (k) >

: (18)
0 B iHUDMY BuMagky

anakeKimeM

Ona cxemu 3 cenekTuBHOW iHBepcielo kaHany, NrF a6o meHwe nigaianasoHis MoxyTe 6yTu BuUGpaHi Ans
BUKOPUCTAHHSA ANS KOXHOT LUMPOKOCMYroBoi BriacHoT moaun i SNR, wo npuimatoTbes, ans subpaHux nigaianasoHie
NPUGMNM3HO AOPIBHIOOTD.

TakoxX MOXyTb OyTW BUKOPUCTAHI iHWI CXeMW ANs pO3nOAiny NOTY)KHOCTI, wWo nepepaetbcsd, Pm, no Nr
niguianaszoHax KoXHoT LULMPOKOCMYroBoT BnacHoi Moau, i ue nonagae y mexi 06'emy BuHaxoay.

C. Bubip pexxumy nepepaui 4nsa KOXHOT LLMPOKOCMYroBoT BIIACHOT MOAU

Ona etany 816 Ha ®ir.8, poboue SNR obuncneHe ansa KOXHOT LIMPOKOCMYroBoi BnacHoi moaun. Po6oue SNR
noKasye nponyckHy 34aTHICTb KaHany LWMPOKOCMYroBoT BnacHoT Moau. Pi3Hi cnocoBu MoxyTb 6yTu BUKOPUCTaHi ans
etany 816, B 3anekHocTi Big Toro noaiGHi ado pis3Hi SNR, Wwo npuimatotecs, nNo gianasoHax KOXHOT LUMPOKOCMYroBoT
BMAcCHOT Moau. ¥ noganbLuomMy onuci, cniesigHoweHHAa SNR HaBoaaTeca B oauHuuAx aeuunben (dB).

Akwo iHBepcia kaHany abo cenekTuBHa iHBepcia kaHanmy BukOHaHa, TO SNR, wWo npuimaloTeca, Ans
niagianasoHiB KOXHOT LUMPOKOCMYroBoi BracHoi moau, ym(k), ana k € K, nogibHi. SNR, wo npuiimaerbcs, ans
niagianasony K LWMPOKOCMYroBoT BMAacHOT moau m, ym(k), Moxe 6yTu obuucneHe sx:

2
10'0910 Pm(k)Gm(k)
No (19)
ym(K)= ;
anakeKimeM

Po6oye SNR ans KOXHOT LUIMPOKOCMYTOBOT BIIACHOT MOAM, yopm, AOPIBHIOE SNR, wo npuitmaeTsca, ansa 6yab-
SIKOrO 0AHOro 3 nigaianasoHis Takol LMPOKOCMYroBoT BNacHoT moaun 3a BupaxyBaHHAM SNR-komneHcauil ansa takof
LLUIMPOKOCMYTOBOT BNACHOT MOAU, SAK HABEAEHO HUXME:!

Yop,m=Ym(K)-vos,m, ANs1 ByAb-AKOro (20)
ke K, meM, (dB)

e ym(K), Yop,m i Yos,m BCi HaBeAeHi B oauHuuax dB y piBHAHHAX (19) i (20).

AKLWO NOTYXKHICTb, WO NepefaeTbesi, Pm, ANA KOXHOT LUMPOKOCMYrOBOT BMACHOT MOAW PIBHOMIPHO posnodineHa
no niguianaszoHax, To SNR, WO NpuiAMalTbLCA, ANA Nigaiana3oHiB KOXHOT LUMPOKOCMYTOBOT BMACHOT MOAU WMOBIPHO
6yayTe BigpisHATUACA. Y uboMy Bunaaky, pobouye SNR AN KOXHOT LUIMPOKOCMYTroBOT BNAacHOT MOAU, Yopm, MOXE ByTU
obuyucneHe sk:

Yop,m=Yavg,m-Ybo,m-Yos,m, (dB) (21)

A€ vavg,m — ycepeaHeHHsa SNR, wo npuimatoteca, and N nig gianasoHis LUIMPOKOCMYroBOT BMACHOT Moau m; i

Yoo,m - KOEMILIEHT 3BOPOTHOTO 3B'A3KY, kU BpaxoBye SNR, WO NpMAMAalOTECA, AKUA MOXe 6yTu yHKUIE 3MiHK
SNR, Wwo npuimaioTbes.

Ons etany 818 3a &ir.8, BignosiaHuit pexxumM nepegadi BUGPaHMn ANs KOXHOT LUMPOKOCMYroBOT BACHOT MOAMN Ha
ocHoBi po6oyoro SNR ansa TakoT lwMpokocMyroeoi BnacHoi Mmoau. Cuctema moxe 6yTu npusHaveHa Ans nigTpuMKi
MHOXWHW pPexUMiB nepepadi. Pexkum nepegadi, wo mae iHgekc 0, npusHayveHnin Ana HynLOBOT LWBMAKOCTI nepeaadi
JaHux (To6To, KON Hemae nepegadi gaHux). KoxxHUiA niaTpuMyBaHU pexxuM nepepadvi acouiaTUBHO NOB'A3aHMIA 3
KOHKPETHUM MiHiManbHUM SNR, HeoOxiaAHUM Ana AOCArHEeHHs Ba)KaHOro PIiBHS MPONYCKHOT 3aaTHOCTI (Hanpuknag,
PER BenuuuHo 1%). Tabnuua 2 nepepaxoBye 3paskoBY MHOXUHY 3 14 pexumis nepepadi, Wwo niaTpuMyoTbea
CUCTEMOIO, AKi iaeHTUpikoBaHI iHaekcamun pexkumy nepegadi sig 0 4o 13. KoxkHUMA pexum nepepadi acouiaTUBHO
NOB'A3aHUA 3 KOHKPETHO CMEKTPAaSbHOK LUMNLHICTIO, KOHKPETHUM KOEeIiLiEHTOM KOAYBaHHA, KOHKPETHOK CXEMOLO
moaynauii Ta miHimansHum SNR, HeobxiaHUM ansa gocardeHHss PER BenuunHoo 1% ana kaHany, Wo He 3aBmupae, 3
AWGN. CnekTpanbHa LiMbHICTb CTOCYETLCA WBMAKOCTI nepepadi aaHux (Tob1o iHdopmauiiiHOT LIBUAKOCTI nepeaadi
y 6iTax), HOpMOBAHOT CMYrol0 MPONyCKaHHA CUCTEMU, | HaBedeHa B oauMHuUAX BiT 3a cekyHay Ha lepu (6iT 3a
cek/lepy). CnekTpansbHa LWIMLHICTE ANA KOXHOMO pexumy nepepadi BU3HA4YEHa CXEMOK KOOYBAHHA i CXeMOI
MOAYNALIT AN Takoro pexxumy nepegadi. CTyniHb KoAYBaHHA i cxema mMoaynauil Ana KOXHOro pexkumy nepegadi 3a
Tabnuueto 2 xapaKkTepHi ANs NPOEKTHOrO PiLLeHHS 3pa3koBoT CUCTEMU.

Tabnuusa 2

IHaeKC pexxumy | CnekTpansHa WinbHICT
nepepaudi (6iT 3a cek/TepL)

CTyniHb KOAYBaHHS Cxema moaynsuii | Heo6xigHe SNR (dB)




0 0,0 - - -

1 0,25 1/4 BPSK -1,8
2 0,5 1/2 BPSK 1,2
3 1,0 1/2 QPSK 4.2
4 1,5 3/4 QPSK 6,8
5 2,0 1/2 16QAM 10,1
6 2,5 5/8 16QAM 11,7
7 3.0 3/4 16QAM 13,2
8 3,5 712 64QAM 16,2
9 4,0 2/3 64QAM 17,4
10 45 3/4 64QAM 18,8
11 5,0 5/6 64QAM 20,0
12 6,0 3/4 256 QAM 24,2
13 7,0 7/8 256 OAM 26,3

Onsi KOXXHOro MigTPUMYBAHOTO pexXMMy nepegadi 3 HeHynbOBOK LUBUAKICTIO nepepadi gaHux, HeobxinHe SNR
ofep)KaHe Ha OCHOBI BM3HAYEHOTO KOHCTPYKTUBHOTO pilUEHHS cucTemu (TOOTO KOHKPETHOrO CTYNEeHsl KOAYBAaHHS,
CXEMU YLLIMBHEHHA, CXeMWU MOAYNALIT, | Tak gani, Wo BUKOPUCTOBYHOTLCA CUCTEMOKD AN TaKOro pexkumy nepeaadi) i
ansa kaHany 3 AWGN. Heo6xigHe SNR moxe 6yTu ogepskaHe 3a AOMOMOrol MAaLUMHHOTO MOAEIIOBAHHSA, EMMIPUYHUX
BUMipIOBaHb, | Tak Aani, sk BiAOMO y AaHiin rany3i TexHiku. Tabnuusa BignoBiaHOCTI Moxe 6yTu BUKOpPUCTaHa, LWo6
36epiraT MHOXXMHY NiATPUMYBAHUX PEXUMIB Nepeaadi Ta ix HeobxigHux SNR.

Po6oue SNR Ans KOXHOT LUMPOKOCMYrOBOT BIIACHOT MOAM, Yop,m, MOXE ByTU HagaHe Tabnuui BiANOBIgHOCTI, Aka
noTiM Hagae pexum nepejadi gm TaKi LUMPOKOCMYrOBIA BriacHid Mopi. Lleid pexum nepegadi gm niaTpumMaHui
peXxMMoM nepeaadi 3 HaBULLIOK LUBUAKICTIO nepepadi aaHux i HeoBxiaHuM SNR, yregm, AK€ MeHLIE HiXK a6o AOpIBHIOE
po6ouomy SNR (TO6TO, Yregm<yop.m). TABNUUA BiANOBIAHOCTI TAKUM YMHOM BUBUPAE HANBULLY MOXKIUBY LUBUAKICTb
nepegadvi aHux Anst KOXKHOT LWMPOKOCMYroBoT BNacHo! Moau Ha ocHoBi po6ovoro SNR ans Takoi wupoKocmyrosofi
BNAcHOT MOAMU.

D. Mepepo3nogineHHa NOTY)XHOCTI, WO nepefacTsca

Ona etany 820 3a ®ir.8, HagmipHa NOTYXXHICTb, LLO NepeaacThes, ANA KOXHOT LWMPOKOCMYrOBOT BMacHOT Moaun
BU3Ha4YeHa i nepeposnoaineHa, wo6 MONINWWUTA NPONYCKHY 3A4aTHICTb. HacTynHi TepmiHM BUKOpUCTaHi Ana
noAanbLIOro Onucy:

- AKTMBHA LLMPOKOCMYroBa BfiacHa MoAa - LUMPOKOCMYroBa BnacHa mMoja 3 HEHyNbOBOH LUBUAKICTIO nepeaadi
AaHux (To6To, pexxuMoM nepepadi, Wo Mae iHaekc Bia 1 o 13 Bkno4HO 3a Tabnuueto 2);

- Hacudyena wmpokocmyrosa BnacHa moja - LMPOKOCMYroBa BnacHa MoAa 3 MaKCUMAarnbHOW LUBUAKICTIO
nepepadi gaHux (To6To, pexkuM nepegadi, Wo mMae iHaekc 13); i

- HeHacuueHa LWMpOKOCMYroBa BfacHa MoAa - akTUBHA LUMPOKOCMYroBa BRacHa MoJa 3 HEHYJbOBO LUBUAKICTIO
nepegavi JaHuMx, MEHLUOIO HiXXK MakCUManbHa WBUAKICTL Nepegadi AaHux (To6To, pexxuM nepegadi, Wwo mae iHgekc Big,
1 40 12 BKIIOYHO).

Po6oue SNR ans wupokocmyrooi BRacHOT moau Mo)e OyTU MeHLUUM, HiX HalimeHwe HeoOxiaHe SNR y
Tabnuui BignosigHocTi (TO6TO, yopm<-1,8 dB Ans pexumiB nepepadi, nokasaHux y tabnuui 2). Y ubomy BuUNagky
LUMPOKOCMYroBa BracHa moga Mmoxke 6yTu BUMKHeHa (TO6TO, He BUKOPUCTOBYBATUCS), | NOTYKHICTb, O NepeaacTbes,
AN diel WwnpoKocMyroBoT BacHoT Moau moxe 6yTu nepepo3snogineHa no iHWmux WUMpPOKOCMYroBUX BNACHUX Moaax.

BubpaHuii pexum nepepadi gm ANA KOXKHOT AKTUBHOT LUMPOKOCMYroBOT MOAM acouiaTUBHO MOB'A3aHUN 3
HeobxiaHUM SNR, Yreg,m, ke AOPIBHIOE a60 MeHLwe, Hixk poboue SNR, TOOTO Yregm<yop,m. MiHiMaNbHa MOTYXHICTb, WO
nepenaeTbcs, HeobxigHa ANs KOXHOT aKTUBHOT LUMPOKOCMYTroBOT BNACHOT MOAN Preqm, MOXe ByTH oBuncneHa sk:

Pmyreg,m
(22)

Preq,m= Yop,m ,andame M
HeobxiaHa NOTYXHICTb, WO NepesacTLes, AOPIBHIOE HYMIO (Preq,m=0) ANA KOXKHOT LUIMPOKOCMYTOBOT BNACHOT MOAMU,
sKa BUMKHeHa (To6To, 3 peXxuMoM nepegadi, wo mae ingekc 0 y tabnuui 2).
HagmipHa NOTYKHICTb ANA KOXHOT LLMPOKOCMYrOBOT BMACHOT MOAU, Pexcess,m, € BENUYUHOO BUAINEHOT NOTY>KHOCTI,
AKa NMEepeBULLYE MiHIMANbHY MOTYXXKHICTL, HEOBXiAHY AnA AocArHeHHs noTpibHoro SNR (TO6T0, Pexcess,m=Pm-Preq,m).
3aranbHa HagMipHa NOTYXKHICTb ANs BCIX LUIMPOKOCMYTOBUX BIIACHUX MO, Pexcess, MOXe ByTu oBuncneHa sk:
Ng

2 (Pn —Pregm) (23)
Pexcess= k=1

3aranbHa HagMmipHa MOTYXHICTb, Pexcess MOXe O6yTU nepeposnoaineHa pisHumu cnocobamu. Hanpuknag,
3aranbHa HagMipHa MOTYXKHICTb, Pexcess, MOXe OyTu nepeposnogineHa no oaHiin a6o 6Ginblue LIMPOKOCMYTroBUX
BNacHMX mojax, Tak WO AO0CArHyTa BULLA CymMapHa nponyckHa 34aTHiCTb. B oaHOMY 3 BapiaHTIB 3AiCHEHHS,
3aranbHa HaaMmipHa MOTYXKHICTb, Pexcess, PO3N04iNEeHa MO OAHIM HEHACUYEHIA LWMPOKOCMYTOBIA BRACHIA mMoai 3a pas,
MOYUHAIOYM 3 HANKpaLOT, sIka Mae HaWBULLY LUBMAKICTL nepeaadi AaHux, Wob nepemMiCTUTU LUMPOKOCMYTrOBY BRAaCHY
MOAY Ha HacCTynHy BULY LWBUAKICTE nepedadvi gaHux. B iHWOMY BapiaHTi 3A4IACHEHHs, 3aranbHa HaamipHa
NOTYXXHICTb, Pexcess N€PEPO3NOAINEHA NO LWMPOKOCMYTOBIA BRNACHIA MOAI, Aka MOXe AOCAraTu HanBULLOTO 36iNbLUEHHS
LWBWAKOCTI nepeaadi AaHUX 3 HAMMEHLLO BENUUYUHOKW MNOTYKHOCTI, LLIO NepesaeThes.

AKLWO BCi LLMPOKOCMYrOBI BNAcHi MOAM 3adisiHi Ha HaWBMLLIA WBMAKOCTI nepeaadi gaHux, abo AKWO 3anuLIKkoBa
HagMipHa NOTYXXHICTb HE MOKe 36iNMbLUMTU LWBUAKICTE Nepeaadi AaHUX KOAHOT LLUMPOKOCMYroBoT BNacHol moau, 1o
3anvIKOBA HaagMipHA MOTYXHICTL MOxe OyTu nepepos3nodineHa no oOfAHin, 4ucreHHux abo BCiX aKTUBHUX
LLUMPOKOCMYFOBMX BMAcHUX Moaax, Wwo6 noninwmtu gonyctumi mexi SNR ans umx WUpoKOCMYroBuMx BMaCHUX MOA,



E. HacTpoiika pexkumy nepegadi

Ons etany 822 Ha Pir.8, pexxum nepegadi Ana KOXHOT LUMPOKOCMYrOBOT BMACHOT MOAU MOKe GYTU HACTPOEHUI
Ha OCHOBI iHcopmMauil i3 30BHILUHLOrO KOHTYPY. BuGpaHi pexkumu nepepadvi Ans LWMPOKOCMYTOBUX BACHUX MO,
HU3XIAHOT | BUCXiAHOT NiHIA 3B'A3KY MOXyTb 6YTU HACTPOEH|, BUKOPUCTOBYHOUM TEXHOMOTIT, onucaHi Bulle 3a Pir.2.
Hanpuknag, aKkwWo HaaMmipHi NOMUAKW MaKeTy MPUAHATI NO 3adaHii LUMPOKOCMYTOBI BRAcHid MOAI, TO 30BHiLLHIA
KOHTYP MOXE HagaBaTW HACTPOWKY pexumy nepegadi Takid LUMPOKOCMYIOBIA BRAcCHiA mModi. Sk we oauH npuknag,
koB3He cepegHe SNR, wo npuiamalTbea, Moxe ByTu nigTpuMaHe y pobo4omy CTaHi AN KOXHOT LUMPOKOCMYTOBOT
BMAacCHOT Moau i Bukopucrane, wob obuucnioBatu rpaHudHe BigxuneHHa SNR ana takol WUpoKocMyrosoi BnacHoi
Moau. SAKWO rpaHu4vHe BigxuneHHa SNR ans gaHol WMpoKocMyroBoi BMacHOT MOAM Bio'€éMHE, TO pexxum nepegadi
ANS LWMPOKOCMYroBoT BNAacHOT MOAM MOXe OYTU HACTPOEHUIA Ha HACTYMHY HUXYY LUBUAKICTL nepeadi gaHux. SAkwo
nakeT nepefaHuidA Ha YMCNEHHUX LUMPOKOCMYrOBUX BMACHUX MOAax, TO PEXUM nepeadi Ans LWUpPOKOCMYrosofi
BMACHOT moau 3 ripwmm BiaxuneHHsaM SNR moxxe 6yTu HACTPOEHWIA Ha HACTYMHY HUXYY LWUBUAKICTL nepegadi gaHux
KOXXHOTO pasy, KONM BUSBMEHI NOMUNKWM nakety. Y Oyab-sikOMy BUNAaAKy, HACTpoWKa pexumMy nepegadi Moxe
HakasyBaTu BUGIp iHLLIOTO pexxumMy nepeaadi 3 HUKYOH LUBUAKICTIO nepeaadi AaHux, HiXX TOR, Akuil BuGpaHuid Ha eTani
818.

II. Cucrema 3 MIMO-OFDM

®ir.9A nokasye CTPYKTYPHY CXeMy BapiaHTy 34iMCHEHHA TOUYKM A0CTYny 510X i KOPUCTYBaNbHULLKOrO KiHLUEBOro
npuctpoto 520x y TDD-cuctemi 3 MIMO-OFDM. Touka poctyny 510x € ogHielo 3 Tovok gocrtyny 510 3a &ir.5, a
KOPUCTYBaNbHULLKUA KiHUEBWIA NPUCTPin 520X € OgHUM 3 KOPUCTYBaNbHWUUBKUX KiHUEBWMX NpucTpoiB 520. Pir.9A
nokasye o6pobky aAnsa nepepadi no HU3XiAHIA NiHIT 3B'A3Ky. Y UbOMy BUNaaKy, Touka goctyny 51 Ox € nepegaBayem
110 3a @ir.1, a KOpucTyBanNbHULBLKUA KiHUEBUIA NPUCTpii 520X € npuiamavem 150.

Ona nepenadi no HU3XIZHIA NiHIT 3B'A3ky, y Touui goctyny 510x, aaHi notoky obmiHy iHpopmauieo HaaaHi Big
Dxepena 912 paHux y TX-npuctpiii 920 06pobkn gaHuxX, AKMin AemMynbTUMNNEKCYE AaHi NOTOoKy o6miHy iHdopmauieto B
Nc¢ notokis aaHux, ae N¢>1. OaHi noToky 0O6MiHy iHpopMaUietd MOXYTb HAAXOAUTU Bif YUCIIEHHUX IXKEPEn AaHuX
(Hanpuknag, oaHe AXKeperno AaHWX AN KOXKHOTO BUCOKOPIBHEBOTO A0AATKY), | AEMYNbTUNNEKCYBAHHS MOXe He ByTu
HeoGxiaHUM. [N NpocToTH, TiMbKM 0aHe mxepeno 912 aaHux nokasaHe Ha Oir.9A. TX-npuctpiit 920 06pobkn gaHux
dopmatye, Koaye, YWNbHIOE, MOoAayntoe i macwrabye KOKHMIA MOTIK AaHMX BiANOBIAHO OO0 pexumy nepeaadi,
BUOpAHOro Ans Takoro noToKy AaHux, wo6 Hagaeatu NOTIK BignoBigHUX macwTaboBaHMX CUMMBORNIB Moaynsujl.
LBnakictb nepegadi gaHuX, KOAYBAHHA | MOAYNAUA AN KOXHOTMO MOTOKY AaHUMX MOXyTb OyTU BU3HAueEHi
perynioBaHHAM LWBWAKOCTI nepegadi gaHux, PerynioBaHHAM KOAYBaHHA | perynioBaHHAM MOAyNAuil, BianNoOBIgHO,
HagaHux KoHTponepom 940. TX-npucrtpiit 920 o6pobku paHux Hagae Nc noTokiB macwTaboBaHUX CUMBONIB
moaynauii TX-npuctpoto 928 npoctoposoi 06po6ku.

TX-npuctpiit 928 npocropoBoi 06pobkn 06pobnse Nc noTokis MacwraboBaHUx CUMBOMIB MOAYNAUIT HA OCHOBI
BUOpPAHOT cxeMun nepeadi, MynbTUNNEKCYE Y KOHTPOMbHI CUMBONM | Hagae Nap NOTOKIB CUMBOJIIB, LLO NepeaaroThes,
Nap nepepaBansHum (TMTR) 6nokam Big 930a po 930ap. BubpaHa cxema nepepadi moxe 6yTu ANA PO3HECEHHS
nepegadi, NpoCTOPOBOro MynbTUMMNEKCYBaHHA abo KepyBaHHSA AiarpaMolo CnpsaMOBAHOCTI. Po3HeceHHs nepepadi
CMPUYUHSAE nepeaadvy AaHUX HAAMIPHO Bif YMCNEHHUX aHTeH i/abo no YucneHHUX nigdianasoHax, Wob oaep)kyBaTu
PO3HECEHHS | MONINWEHHS HagiHocTi. MpocTopoBo-yacoBe po3HeceHHa nepegadi (STTD) moxe 6yTu BUKOpUCTAHE
ANa po3HeCeHHs nepegadi. KepyBaHHA diarpamolo CNpAMOBAHOCTI CNPUYMHAE nepepadvy daHuxX no O4UHOYHOMY
(Halikpawomy) NPOCTOPOBOMY KaHasny Ha MOBHI NOTY>XHOCTI, BUKOPUCTOBYIOUU iHpopMaLiio KepyBaHHa ¢hasoto ansa
ronoBHOT BMacHoi moau. MNpocTopoBe MynbTUMNMNEKCYBAHHA CNPUYMHAE nepeaadvy AaHuX No YUCMEHHUX NPOCTOPOBUX
KaHanax, wo6 pocaratM HaWBUWIOT cnekTpanbHO! wWinbHOCTi. [MpoctopoBa 06pobka Aansa NpoCTOPOBOrO
MYNbTUNMEKCYBAHHA nokasaHa y Tabnuui 1. KoxHuii nepepasanbHuin 6nok 930 BukoHye OFDM-06po6ky Hap
BNAacHUM MOTOKOM CUMBONIB, WO nepenarTbes, Wwob HagasaTtu BignosiaHuii notik OFDM-cumBonis, Akuii 40AaTKOBO
06pobneHuin gna BupoBnNeHHsa MOaynbOBAHOrO curHamny. Nap MOAYNbOBAHUX CUrHAnMIB BiAd nepeaaBanbHUX GMNOKiB 3
930a no 930ap noTimM nepeaadi 3a gonomoroto Nap aHTeH 3 932a no 932ap, BignosigHo.

Ha kopucTyBanbHULBLKOMY KiHUEBOMY NpUCTPOT 520X, Nap NnepeaaHux curHanis NPUAHATI KOXKHOIO 3 Nut aHTeH 3
952a no 952ut, i NPUIAHATKUIA CUTHAN BiA KOXHOT aHTEHW, HagaHWA acouiaTUBHO NOB'A3AHOMY NpPUAMAansHOMY Groky
954 (RCVR). KoxxHuii npuiiMansHuid 6rok 954 nprBoauTL Y BUSHAYEHUA CTaH i uudpye CBild NPUAHATWIA curHan, wo6
HagaBaTW nNOTIK BiAnikiB, skuiA goaatkoBo o6pobneHui, wob nepenbaynTu BIANOBIAHUIA NOTIK CUMBOSIB, LIO
npuimaloTbes. MpuiamansHi 6nokn 3 954a no 954ut HagawTb Nut NOTOKIB CUMBONIB, LLO NpUiiMaoTbea, RX-npuctpoto
962 npocTopoBoi 06po6KU, AKUI BUKOHYE NPOCTOPOBY 06p06KY Ha OCHOBI BUOpPAHOT cxemu nepedadi (Hanpuknag, sik
nokasaHo y tabnuui 1 ans npocTtopoBoro MynbTUNNeKcyBaHHs). RX-npuctpin 962 npoctoposoi 06pobku nepeabavae
Nc BigHOBNEHUX NOTOKIB CUMBOSIB, AKi € ouiHKamu Nc NOTOKIB CUMBOSIB MOAYNAUiT, nepeaaHux TOUYKOW AOCTyny
510x. RX-npuctpiit 964 o6pobku gaHUX NOTIM AEMOAYIIOE, PO3YLMbLHIOE | AEKOAYE KOXXHWUA BiAHOBNEHUN MOTIK
CUMBONIB BiANOBIAHO A0 BUBPAHOro pexxuMmy nepepadi, WwWo6 HagasaTu BignoBiAHI AeKOAOBAHI MOTOKU AAHUX, AKi €
OUiHKaMM MOTOKIB AAaHUX, NepeaaHux ToUkolo goctyny 510x. O6pobka RX-npuctpoem 962 npoctoposol oGpobku i
RX-npuctpoem 964 06pobku gaHUX € KOMNIIIMEHTAPHUMU MO BiAHOLIEHHIO A0 BUKOHAHUX Yy TouLi goctyny 510x TX-
npuctpoem 928 npocrtoposoi 06pobku | TX-npuctpoem 920 06pobku gaHUX BiANOBIAHO.

MpucTpiit 974 OUHKA KaHamny oAep’Kye OUiHKM OAHiel abo 6inbloT KiNbKOCTI XapakTepUCTUK KaHamy HuaxigHot
NiHIT 3B'A3KY | Hagae ouiHKKM kaHany koHTponepy 970. OuiHkM KaHamny MOXyTb OyTu Ans koediuieHTiB NOCUMNEeHHs
KaHany, miHimansHoro piBHa wymiB Nout | Tak gani. RX-npuctpiii 964 06pobkn gaHux Mmoxe nepepbadaTtu cratyc
KOXKHOTO MPUAHATOrO NakeTy AaHuX. Ha OCHOBI pPisHUX TUNIB iHpOopMaLii, WO NpuiMacTsLCa Big NPUCTPO0 974 OUiIHKK
kaHany i RX-npuctpoto 964 o6pobku gaHux, kKoHTponep 970 BU3HAYAE pexxUM nepepadi Ans KOXHOTO0 3 YUCNEHHUX
napanenbHUX KaHaniB Nno HU3XigHIA NiHIT 3B'A3KY, BUKOPUCTOBYIOYU TEXHONOTIT, onucaHi Huxkde. KoxxHWUIA napanensHuii
KaHan MO)e BignoBigaTu LUMPOKOCMYrOBI BRMAcCHiii Moai (AK onucaHo Buwe) abo AesAKOMY HWOMY NOEQHAHHIO
nigaianasoHis i BnacHux mod. Kontponep 970 nepenbavae iHhopmauilo 3BOPOTHOIO 3B'A3KY, kA MOXe BKMOYaTU B
cebe Nc BubBpaHuMX pexuMiB nepefadi Ans HU3XIAHOT NiHIT 3B'A3Ky, OUIHOK KaHamy, MiHIManeHOro piBHA LIyMiB
KiHLUEeBOro npucTpoto, nosigomneHb ACK i/abo NAK ansi nakeTiB gaHux, Wo npuitmatotbes, i Tak gani, abo 6yab-ake ix
noeaHaHHs. |HpopMalia 3BOPOTHOro 3B'sA3Ky 06pobneHa TX-npucrtpoem 978 06pobku gaHux i TX-npucrtpoem 980



npocTopoBoi 06po6ku, MyNbTUNNEKCOBAHA 3 KEPOBaHWM OMOPHUM CUrHamom, MpuBeAEeHa Y BW3HAYEHWUW CTaH
nepegasanbHumu G6nokamu 3 954a no 954ut i nepegana 3a gonomorol aHTeH 3 952a no 952ut y Touky pocryny
510x.

Y Touui goctyny 510x, Ny curHanis, WO nepenarwTbesi, Bid KOPUCTYBANbHULBKOMO KiHLUEBOro MpuCTporo 520x
NPURHATI aHTeHamu 3 932a no 932ap, npuBeaeHi A0 BU3HAYEHOrO BUMNAAY nNpuimanbHuMu Gnokamu 3 930a no
930ap i 06pobneni RX-npuctpoem 934 npoctopoBoi 06pobku i RX-npucrtpoem 936 06pobku gaHux, Wwob BigHOBUTK
iHcbopmaUilo 3BOPOTHOrO 3B'A3KY, HadicnaHy KOPUCTYBamnbHWULUBLKWUM KiHUEBUM npuctpoem 520x. [Hdopmauia
3BOPOTHOrO 3B'A3KYy NOTIM HagaHa koHTponepy 940 i BukopuctaHa, wob kepyeatu 06pobkoto Nc NOTOKIB AaHUX,
BigNpaBneHnX Ha KOPUCTYyBanNbHULUBLKUIA KiIHUEBUIA NpUCTpin 520x. Hanpuknag, WBWAKICTb nepeaadi AaHux, KoaysaHHSA
i MOAYMALIA KOXHOr0 NOTOKY AaHWMX HU3XIAHOT MiHIT 3B'A3KY MOXyTb OYyTU BU3HAUEHi HA OCHOBI pexxuMy nepegaui,
BMOPAHOro KOpUCTYBansHULULKUM KiHueBuM npuctpoem 520x. ACK/NAK, wwo npuimaetbcd, Moxe 6yTu BUKOPUCTAHE,
wob iHiyitoBaTu abo nNoBHy nepepady, abo NOKPOKOBY Mepeaady KOXHOro nakeTy AaHux, NPUAHATOrO 3 MNOMUIIKO
KOPUCTYBanNbHULLKUM KiHUEBUM npucTpoem 520x. Ona MNOKPOKOBOT nepepadi HeBenuka nopuia nakety AaHux,
NPUAHATA 3 MOMUIIKON, nepegaHa, Wob HagaTu KOpPUCTYBanbHUUBKOMY KiHUEBOMY MPUCTPO0 520X MOXIUBICTb
BiHOBUTU MAaKeT.

MpucTpin 944 OUHKK KaHany OAep»Kye OUIHKM KoedilieHTa NOCUMNEHHS KaHany Ha OCHOBI KEPOBAHOrO OMOPHOro
curHany, wo npuinmaetbca. OUiHKKA koeddilieHTa NOCUNEHHSA KaHany HadaHi KoHTponepy 940 i BUKopuUcTaHi (MOXKnNuso
pa3oM 3 OLHKOIO MiHIMaNEHOro piBHA LWyMiB No,ut KOPUCTYBANbHULLKOTO KIHLUEBOTO MPUCTPOID), WO6 BUBOAUTM Barosi
KoedilyieHT nepenadi onsa HU3XIAHOT NiHIT 3B'A3Ky. KoHTponep 940 Hagae perynioBaHHA WBWMAKOCTI nepeaadi gaHux
ana mpkepena 912 paHux i TX-npuctpoto 920 obpobku gaHux. KoHtponep 940 oopaTkoBO Hagae perynioBaHHs
KogyBaHHA | moaynauil, i Barosi koedidieHTH nepenadi TX-npuctpoto 920 06pobku gaHux. OuiHKa KaHany i pexxum
nepepadi ans nepeaadi N0 HU3XiAHIA NiHIT 3B'A3KY MOXXYTb 6YTU BUKOHAHI SIK ONMUCAHO BULLE.

KoHTtponepu 940 i 970 kepytoTb po6oToH0 y ToUui gocTtyny 510X i HAa KOPUCTYBANbHULUEKOMY KiHLEBOMY NPUCTPOT
520x BignosigHo. Bnokn 942 i 972 nam'aTi HaaawTe CXOBULLE ANA NPOrpaMHUX KOAIB i AaHMX, WO BUKOPUCTOBYHOTLCSA
kKoHTponepamu 940 i 970 BignosigHo.

®ir.9B nokasye Touky aoctyny 510x i kopuctyBanbHULUBKAW KiHUEBUA NPUCTpiA 520X Ana nepegadi no BUCXiAHIA
NiHIT 3B'A3KY. Y UbOMY BMNAAKy KOPUCTYBaANbHULBLKUIA KiHUEBWIA NpUcTpiin 520x € nepegasayvem 110 3a @dir.1, a Touka
goctyny 510x € npuitmadem 150. OujiHka kaHany i Bubip pexumy nepeaadi ana nepegadi no BUCXiAHIA NiHIT 3B'A3Ky
MOXYTb ByTW BUKOHAHI Ak onucaHo Buwe. O6pobka gaHux y Touui poctyny 510X i KOPUCTYBANBHULLKWA KiHUEBUWIA
npuctpiit 520x ana nepepadi N0 BUCXiAHIA NiHIT 3B'A3KY MOXYTb 6YTU BUKOHAHI cnocoGom, nodibHUm Ao onucaHoro
BULIE AnA nepegadi no  HU3XigHin  niHii  3B'Asky. MpoctopoBa o6pobka y Toudi goctyny 510x i Ha
KOPUCTYBANbHULBLKOMY KiHUEBOMY npuctpol 520x ansa BUCXigHOT NiHIT 3B'A3Ky Moxke OYyTU BUKOHAHA K MOKA3aHO y
Tabnuui 1.

A. MNepepaBancHa i npMiMansHa nigcucTemMu

Onsa 3posyminocti, 06po6ka y Touui goctyny 510x i Ha KOPUCTYBaNLHULILKOMY KiHLIEBOMY NPUCTPOT AN nepeadi
Mo HU3XIAHIA NiHiT 3B'A3Ky onucaHa 6inbl AeTanbHO HUXME.

@ir.10 nokasye CTPyKTypHy cxemy nigcuctemun 1000 nepenasauva, aka € BapiaHTOM peanisauii nepegasanbHOT
YacTUHU ToYKM aoctyny 510x. Ans uboro BapiaHTy 3giiicHeHHs, TX-npuctpin 920 06pobkn gaHux Bkrovae B cebe
aemynbetunnekcop 1010 (Demux), Nc npucTpoiB, WO KoAYOTb, 3 1012a no 1012s, Nc npucTpoiB ywinsHeHHa 3 1014a
no 1014s kanany, Nc 6Gnokis 3 1016a no 1016s nepetBopeHHA cumBony i Nc 6nokie 3 1018a no 1018s
macwTabyBaHHa curHany (To6To, 0HA MHOXKMHA 3 KOAYBANbLHOrO MPUCTPOIO, MPUCTPOIO YLiNMbHEHHSA KaHany, 6noky
nepeTBOPEHHA CUMBOMY | BroKy._mMaclTabyBaHHs curHany Aans KoxHoro 3 N¢ noTokiB gaHux). OemynbTunnekcop
1010 aeMynbTUNNEKCYe AaHi NOTOKY nepeaadi iHpopmauii (tobto, 6itn iHdhopmadil) B Nc NOTOKIB AaHMX, A€ KOXHUNA
noTiK AaHMX HadaHWA Ha LWBWUAKOCTI nepedadi AaHuX, BKasaHUX PErynioBaHHAM LWBWAKOCTI nepegadvi gaHux.
OemynbTunnekcop 1010 moxke 6yTu He BKMIOYEHWUIA OO CKNady, AKWO AaHi NOoTOKy 0OMiHY Bxe HagaHi sk N¢ noTokis
AaHux.

KoxxHuii koayBanbHUiA npuctpin 1012 npuiimae i koaye BigMOBIAHWIA MOTIK AAHWUX HA OCHOBI BUBPAHOT CXEeMM
KOOYBAHHA (SIK BKA3aHO pPerymioBaHHAM KOAyBaHHS), Wo6 nepeabaunTtu kogosi 6itu. KOXHUIA MNOTIK AaHUX MOKe
nepeHocUuTu oauH ado Ginblue nakeTiB 4aHUX, a KOXHUI MaKeT AaHMX TUMOBO KOAOBAHWA OKpemo, wob oagepxatu
KogoBaHWMA nakeT gaHux. KoayBaHHA 36inbluye HaAidHICTL nepepadvi gaHux. BubpaHa cxema KOAYBaHHA MOXe
BKIlovaTun B cebe Byab-ske noeaHaHHa CRC-koayBaHHS, 3ropTKOBOr0 KOAYBAHHS, LUBUAKOTO KOAYBAHHSA, OMOKOBOTO
KogyBaHHA i Tak gani. Kogosi 6iTu Big KOXHOro kogyBanoHoro npuctpoto 1012 HagaHi BianosigHomMy npuctpoto 1014
YWINbHEHHA KaHany, siKMA YWinbHIOE KoAoBi GiTM Ha OCHOBI KOHKPETHOT CXeMU YLLiNbHEHHA. SAKWO YLiNbHEeHHS
3anexuTs Big pexkumy nepegadi, To KoHTponep 940 Hapgae perynioBaHHA YWINbHEHHA (K BKa3aHO MYHKTUPHOKO
niHieto) npuctpoto 1014 ywinbHEeHHA KaHany. YulinobHeHHa nepeabavae 4dacoBe, 4acToTHe i/abo npoctopose
PO3HECEHHs Ansa KogoBux BiTis.

YulinbHeHi 6iTn 3 KoxHOro npuctpoto 1014 yuwlinbHEHHA KaHany HagaHi sianosigHomy 6noky 1016 nepeTBOpeHHs
CUMBONY, SIKUIl MEepeTBOPIOE yulinbHeHi 6iTM Ha OCHOBI BMOpPaHOT cxeMu moaynauil (K BKA3aHO peErynoBaHHAM
moaynauii), wo6 HagasaTu cumeonu moaynsauil. Bnok 1016 rpynye KOXHy MHOXUHY B yuwinsHeHux 6itiB y hopmi B-
GITHOro ABIAKOBOro 3Ha4YeHHs, ae B>1, i nogaTkoBO NepeTBOPIOE KOXHE B-GiTHe 3HA4YeHHs y cneujanbHUd CUMBOS
mMoaynsuii Ha ocHOBi BuGpaHoi cxemu moaynsauii (Hanpuknag, QPSK - ¢asosoi maHinynsAuii 3 4eTBepTUHHUMU
curianamn, M-PSK-chaszosoi M-madinynsyi, a6o M-QAM - ksagpatypHoi M-moaynsuii, B sikux M=28). KoxHuit
CMMBON MOAYNAUIT € KOMNNEKCHAM 3HAYEHHAM Y PO3KNagaHHi curHany, BUsHa4eHoMy BUBPAHOK CXEMOK0 MOAynALT.
Cumsonu MaHinynauii 3 koxxHoro 6noky 1016 nepeTBopeHHs CUMBONY MOTIM HagatTbLCA y BianosigHui 6nok 1018
macwtabyBaHHA curHany, skuii macwrabye cuMBonu MoaynsAuii Barosumu koedidieHtamu nepeaadi, Wm(k) ana k e
K, wo6 ycnilHO BUKOHYBATK iHBEPCIiO KaHany i po3noAin noTyxHocTi. Bnoku 3 1018a no 1018s Hagatote Nc noTokis
MacwTaboBaHUX CUMBOIIIB.

Ko>xHUIA NOTiK AaHuMX nepeaaHuin no BignoBiAHOMY napanenbHOMY KaHamny, skuil moxke Bkntouyatu B cebe Oyab-
AKY KiNbKiCTb | Byab-sIKe NoeaHAaHHA Nigaiana3oHis, nepeaasanbHUX aHTEH | NPOCTOPOBUX KaHanis. Hanpuknag, oauH
NOTiK AaHuX Moxe ByTuW nepedaHuin Mo BCIX MOXMUBUX AN BUKOPUCTAHHA nigaianazoHax KOXKHOT LUMPOKOCMYroBoT



BNAacHol Moau, sk onucaHo suwe. TX-npuctpiit 928 npoctoposoi 06pobkn BUKOHYE HEOOXiaHY npocTopoBy 06pobky,
SIKLLIO BOHA Mae micue, no Nc notokax macwraboBaHux cMMBOSIB Moaynsuii i nepeabavae Nap NOTOKIB CUMBONIB, WO
nepepatTbes. MpocTopoBa 06pobka Moxe 6yTU BUKOHAHA, SIK MokasaHo y Tabnuui 1.

Ona cxemu nepegadi, 3a JAONOMOrol HAKOT OAMH MNOTIK AaHUX nepedaHuid no BCIX nigdianasoHax KOXKHOT
wmpokocMyrosoi moau (ana cuctemn 3 MIMO 3 nosHoto CSI, ak onucaHo Buwe), Ns MHOXWH 3 KOAYBanbHOrO
npuctpoto 1012, npuctpoto 1014 yuwinbHeHHA kaHany, 6noky 1016 nepeTBopeHHsa cumBony i 6noky 1018
MacTabyBaHHs CUrHany MoxyTb 6yTu BUKopUCTaHi, Wob o6pobnartu Ns notokiB gaHux (ae Nc=Ns=Nap<Nu), Wwob
HapgasaTu Nap noTokiB MacwTaboBaHux cumBonis moaynaAuil. TX-npuctpiii 928 npoctoposoi 06pobkn NOTiM BUKOHYE
npocropoBy 06pobky Hag Nz noTokamu macwraGoBaHUX CUMBOMIB MOAynAUil, Ak nokasaHo y Tabnuuyi 1, wob
HagasaTu Nap NOTOKIB CUMBONIB, WO NepeaatTLCs.

Ona KOXKHOT cxXemu, 3a [ONOMOrol AKOT OAMH NOTIK AaHUX nepejaHuMi no BCiX NigdianasoHax KOXHOT
nepegasanbHoi aHTeHu (ana cuctemu 3 MIMO 3 yactkoBol CSl), Nap MHOXWH 3 KOAYBanbHOro npucrtpoto 1012,
npuctpoto 1014 yulinbHeHHa kaHany, 6rnoky 1016 nepetBopeHHsa cumBony i 6noky 1018 macwrabyBaHHS curHany
MOXYTb ByTu BUKOpUCTaHi ana 06pobku Nap noTokiB gaHux (ae Nc=Nap), W06 HagasaT Nap NOTOKIB MacUTaboBaHUX
cumBonie  moaynauil. TX-npuctpin 928 npocTopoBoi 06poBKM NOTIM  MPOCTO Nepecunac  KOXHWUA  MOTIK
MacwTaboBaHUX CUMBOSIB MOAYNALIT Ik MOTIK CUMBOJIIB, WO nepeaatoTbea. Konu npoctopoBa 06pobka He BUKOHAHA
Ana uiel cxemun nepegadi, KOXXHUA CUMBOR, WO NEPefaeTbCa, € CUMBOMIOM MOAYNAL,T.

Baarani, TX-npuctpiii 928 npoctopoBoi 06po6kM BUKOHYE HanexxHe AeMYNbTUMNEKCYBaHHA i/abo npocTopoBy
06pobky macwrtaboBaHUX CUMBONiB Moaynsauil, wo6 oaepxyBaTu CUMBONU, LIO NMepefarnTbCa, AN napanensHoro
KaHany, O BMKOPUCTOBYETLCA AN KOXHOTO MOTOKY AaHux. TX-npuctpii 928 npoctoposBoi 06poGku 00AaTKOBO
MYNbTUNMEKCYE KOHTPOMbHI CUMBONM 3 CUMBONAMU, LLO NEPEAAIOTLCA, HAMPUKIAZ, BUKOPUCTOBYIOYU MYNbTUMIEKCHY
nepejavy 3 4vacosum posgineHHam (TDM) a6o MynbTUNNEKCHY nepejady 3 KoaoBuM pospineHHam (CDM).
KOHTpOnbHI cuMBONM MOXYTb OYyTM HagicnaHi Ha Bcix abo niamMHOXMHI nigaianasoHis/BnacHux wmoa, ski
BMKOPUCTOBYIOTLCA, WO6 nepesaBartyn AaHi NoToKy

06miHy. TX-npuctpiin 928 npocropoBoi 06pobku Hapae Nz MOTOKIB cumBsonis, WO nepepaoTbed, Nap
nepepasansHUM 6nokam 3 930a no 930ap.

KoxxHuit nepepasanbHuil 6nok 930 BukoHye OFDM-06pobky Hag BiANOBIAHMM MOTOKOM CUMBOMIB, LLO
nepepalwTbecs, | Hagae BignoBiaHWI mMoaynboBaHui curdHan. OFDM-o6pobka Tunoso Bkno4yae B cebe (1)
NEPETBOPEHHS KOXHOT MHOXWUHM 3 NF CUMBOMIB, WO NepenalwTbes, Y 4acoBUA iHTepBan, BUKOpucToByrouU NF -
auckpeTHe obepHeHe nepeTBOpeHHs dypbe, WO6 oaepKyBaTU «NepeTBOPEHi» CUMBOMMU, K MiCTATb y co6i Nf
BignikiB, i (2) MOBTOPEHHA MOPLUIT KOXHOTO nepeTBopeHoro cumsony, wob oaepxysatn OFDM-cuMBON, AKUA MICTUTL
NF+Ncp, Bignikis. MoBTOpEeHa NOPLUiA BKA3YETLCA MOCUNAHHAM AK LMKAIYHUA npediike, a Nep BKasye KinbKiCTb Bignikis,
wo € nostoptoBaHumu. OFDM-cumBonu pgoaatkoBo o6pobneHi (Hanpuknaa, KoHBepToBaHi B oauH a6o Ginblie
aHanoroBuUx CUrHanis, NOCUNEHUX, BiaQINbTPOBAHMX | YACTOTHO nepebyaoBaHux) nepeaasansHUm 6rnokomM 930, WwWob
BUPOGNATU MOAYNbOBAHUA CUTHAM. |HWi KOHCTPYKTUBHI pileHHA ansa nigcuctemun 1000 nepegaBava Takox MOXYTb
OyTu peanizoBaHi i BOHM 3HAX0AATLCSA Y Mexax 06'eMy BUHaxXoay.

KoHTponep 940 mMoxe BUKOHYBATKM Pi3Hi (PYHKLUIT, LLO CTOCYIOTLCA PETYOBAHHSA LUBUAKOCTI 3aMKHEHUM KOHTYPOM
AN HU3XigHOT | BMCXIAHOT nNiHIA 3B'A3ky (Hanpuknag, BuGIp pexumy nepegadi gna BUCXiAHOT MNiHIT 3B'A3KY i
oBunucneHHsa BaroBux koedpilieHTiB nepegadi Ana HU3XiAHOT NiHIT 3B'A3Ky). [na nepeaadi no BUCXiaHIA NiHIT 3B'A3Ky,
KoHTponep 940 MoxKe BUKOHYBATK NOCNIAOBHICTE onepauin 800 3a Pir.8 i BubupaTu pexxum nepepadi Anst KOXHOro 3
YUCIIEHHUX napanenbHUX KaHanis no BUCXIAHIA MiHIT 3B'A3Ky. Y Mexax koHTponepa 940 6nok 1042 npu3aHadeHHs
MOTY>XHOCTI PO3NOAINSAE 3aranbHy MOTYXKHICTb, WO nepenaeTscs, Prota,up, MO YUCMEHHUX NapanenbHUX KaHanax

(Hanpuknag, Ha OCHOBI OUIHOK koedilieHTa MOCUNEHHA KaHany,Gm(k) , | OUiHKW MiHiManbHOro piBHA WyMiB, No,ap,
Ana To4ku goctyny). bnok 1044 iHBepcil KaHany BUKOHYE iHBEPCilO KaHany AN KOXHOro napanensHOro KaHany.
Mpuctpiit 1046 Bubopy pexxumy nepegadi (TM) Bubupae BiANOBIAHMA pexxuM nepepadi AN KOXHOTO napanensHoro
kaHany. Bnok 942 nam'arti moxxe 36epiratu Tabnuuo BianosigHocTi 1048 ana niaTpuMyBaHUX peXUMMIB nepeadadi Ta ix
HeobxigHnx SNR (Hanpuknag, gk nokasaHo y tabnuui 2). Ansa nepegadi no HU3XigHIA NiHiT 3B'A3Ky, KOHTponep 940
MO>XKE TAKOX BUKOHYBATU NOCNIAOBHICTL onepauin 800 3a ©ir.8, WwWob Bu3HAYaTU NOTYKHICTb, WO nepefaeTbes, ans
KOXXHOTO nigaiana3oHy KOXKHOT LLUMPOKOCMYroBoi BRACHOT moau, i obuucnioe Barosi koedpilieHTU nepegadi, wo
BUKOPUCTOBYIOTLCA AN MacluTabyBaHHA CUMBONIB MOAYNALT nepea nepeaadeto no HU3XigHIA NiHiT 38'a3ky.

®ir.11 nokasye CTPYKTypHy cxemy nigcucremu 1100 npuimava, dka € BapiaHTOM 34IMCHEHHA NpUAMAanbHOT
YaCTUHU KOPUCTYBANbHULBKOMO KiHUEBOro npuctporo 520x. Nap nepegaHux curHanis 3 TOUKM AocTyny 510X NPUAHATI
aHTeHamu 3 952a no 952ut, | NPUAHATUIA CUrHAN Big KOXXHOT aHTEHU HagaHui y BiANOBIAHWA npuiiMansHuii 6nok 954,
KoxxHUit npuitmanbHuin 6nok 954 npuBoAUTb ¥ HEOOXIAHMIA CTaH i uudpye CBI NPUAHATUIA curHan, wob ogepxatu
noTik signikis, i gogaTtkoBo BukoHye OFDM-06po6ky Haa signikamu. OFDM-06po6ka Ha npuiimadi TMNOBO BKIMOYAE B
cebe (1) BupaneHHs UMKiYHOro npedpikca y koxHomy npuitHatomy OFDM-cumBoni, wo6 oaep>kyBatu NpUAHATUIRA
NepeTBOPEHUn CUMBOS, | (2) NEPETBOPEHHA KOXHOIO MPUAHATOrO MEPETBOPEHOrO CUMBOMY Y YaCTOTHY AINSAHKY,
BMKOPUCTOBYIOUM LUBUAKE nepeTsopeHHa dypbe (FFT - LUM®), wob oaepxyBatn MHOXUHY 3 NF MPUAHATUX CUMBOIIB
ana Nr nigaianasoHis. MPUAHATI CUMBOSIM € OUHKAMWU CUMBOMIB, LLO NepeaarTbes, HagicrnaHux TOYKOK A0CTyny
510x. Bnoku 3 954a no 954ut HagatoTe Nut MOTOKIB NPUIHATUX cuMBoniB RX-npuctpoto 962 npoctopooi 06pobku.

RX-npuctpiin 962 npoctopoBoi 06pobKkM BUKOHYE NPOCTOpOoBY aBo npocTopoBo-yacoBy 06po6ky Hag Nut
noToKamMu NPUAHATUX cUMBONIB, WO6 HagaBaTu N¢ MOTOKIB BigHOBNEHMX cumBoniB. RX-npuctpiin 962 npocroposoi
06pobkn MOXKe peanizoByBaTu NiHIAHUA HYNb-KOPEKTOP (ZF-KOPEKTOP - KOPEKTOpP, WO 06epTac y Hymnb He 3Ha4YuMmi
CMeKTpanbHi CKNagoBi YaCTOTHOMO CUrHany) (KM TakoXK BKA3aHMA NOCUNAHHAM SIK KOPEKTOP MaTPUYHOrO o6epTaHHsA
kopenaAuinHoT dyHkuii kaHany (CCMI)), kopekTop MiHiManbHOT cepepgHbokBaapaTudHol noxubku (MMSI), niHiAHUA
MMSE-kopektop (MMSE-LE), kopekTop 3 BUpiLIanbHUM 3BOPOTHUM 3B'A3koM (DFE) abo iHwumii KopekTop.

RX-npucTpiit 964 06po6kn gaHux npuiiMae Nc NOTOKIB BigHOBNEHMX cumBoniB 3 RX-npucrpoto 962 npocTopoBol
06pobkun. KoXHUA MNOTIK BIAHOBREHUX CUMBOJIB HagaHuil BianosigHoMy 6roky 1132 0GepHEeHOro nepeTBOPEeHHs
CUMBORY, AKUIA 4EMOAYIIOE BIAHOBIEHI CUMBOSIM BiAMOBIAHO A0 CXEMUWU MOAYNAUIT, WO BUKOPUCTOBYETLCA ANA TaKOro



MOTOKY, SIK BKa3aHO HACTPOIkoto aemoaynauil, nepeabaveHoto koHTponepomM 970. MoTik AeMoaynbOBAHUX AAHUX 3
KOXHOro 6roky 1132 o6epHEeHOro nepeTrBOPEHHs CUMBOMY PO3YLUiNbHEHWA acouiaTUBHO MNOB'A3aHUM MNPUCTPOEM
1134 po3yLWiNbHEHHA KaHany cnocoboM, KOMNIMIMEHTAPHUM BMKOHAHOMY Y Touui goctyny 510x Ans Takoro noToky
JaHUX. FKLWO YLWINbHEHHA 3anexuTb Big pexkumy nepepadi, To KoHTponep 970 Hagae HACTPOWKY PO3YLUiSIbHEHHSA
npUCTPOK 1134 pOo3yLUINbLHEHHA KaHany, 9K BKa3aHO NYHKTUPHOK FiHiEl0. PO3yLinbHEHI daHi 3 KOXHOMO MpPUCTPOLO
1134 po3yLWinNbHEHHA KaHany AeKOAOBaHi acouiaTUBHO MOB'A3aHMM AeKoayBanbHUM npuctpoem 1136 cnocobom,
KOMMMiMEHTapHUM BWUKOHAHOMY Yy Toudui aoctyny 510X, AK BkasaHO HACTPOWKOI [AeKOoAyBaHHs, HajaHow
KoHTponepom 970. Hanpuknaz, npucTpiii WBMAKOTO AeKoayBaHHsA abo npucTpiii AekoaoyBaHHSA 3a anropuTtMoMm
Bitepbi MOoXXyTb GYTM BUKOPUCTAHI ANs AeKoAyBanbHOro npuctpoto 1136, Akwo weuake abo 3ropTKOBE KOAYBaHHS,
BiANOBIAHO, BUKOHAHI y Touui gocTyny 510x. [lekoayBarnbHUA NpUCTPin 1136 MOXKe TakoK HajaBsaTU CTaTyC KOXKHOro
MPUAHATOTO MakeTy AaHuUX (Hanpuknag Takoro, WO BKasye, 6yB MakeT NMPUAHATUIA NpaBunbHO abo 3 MOMUNKOW).
OekoayBanbHuii npuctpin 1136 moxe aopatkoBo 3bepirat AemoAynbOBaHi AaHi ANg NakeTiB, AeKO4OBaHUX 3
MOMUMKOI, TaK WO Ui AaHi MOXyTb O6yTU KOMGIHOBaHi 3 4OAATKOBUMU AAHUMU 3 HACTYMHOT 4YacTKkoBOl nepepadi i
JeKogoBaHi.

Y BapiaHTi 34iNCHEHHA, nokasaHOMY Ha Pir.11, NnpUCTpiii 974 OUIHKA KaHamny OUiIHIOE YaCTOTHY XapakTepucTuKy
KaHany i MiHiManbHWi piBEHb LIYMIB HA KOPUCTYBasbHULULKOMY KiHUEeBOMY npuctpoi 520x (Hanpuknag, Ha OCHOBI
NPUAHATUX KOHTPONMBHUX CUMBONIB), | Hagae OUiHKU KaHany KoHTponepy 970. KoHTponep 970 BUKOHYE pPisHi oyHKUT,
WO CTOCYHOTLCA PErynioBaHHA LUBUAKOCTI 3aMKHEHUM KOHTYPOM i ANA HU3XIgHOT, i Ana BUCXIZHOT MiHIA 3B'A3KY
(Hanpuknag, subip pexkuMy nepeaadi Ans HU3XiZHOT NiHIT 3B'A3Ky | o6uMcneHHa Barosux koedilieHTiB nepenayi ans
BUCXIAHOT MiHIT 3B'A3KY). OnA nepeaayi No HU3XIAHIA NiHIT 3B'A3KY, KOHTponep 970 MOXe BUKOHYBAaTW MOCRIAOBHICTL
800 onepauiii 3a @ir.8. Y mexax koHTponepa 970, 6nok 1172 po3noaineHHs NOTY)KHOCTI pPO3NOAINnsAe MOBHY

MOTYXHICTb, WO nepefaeTbes, Piotal,dn, MO YUCAEHHUX NapanensHUX KaHanax (Hanpuknag, Ha OCHOBI OLHOK Sm(k)
KoedilieHTa nepepadi i OUiHKM MiHiMansHOro piBHA WyMiB Nout AN KOPUCTYBANBbHULILKOTO KiHLIEBOTO NPUCTPOIO).
Bnok 1174 iHBepcCil KaHany BUKOHYE iHBEPCIKO ANSA KOXHOMO 3 YUCAEHHUX napanenbHux kaHanis. Mpuctpin 1176
BUOOPY pexxumMmy nepedadi Bubupae BiaNoOBIAHWMA pexxuM nepepadi ANs KOXKHOTO napanensHoro kaHany. Bnok 972
nam'ati moxe 36epiratu Tabnuuto 1178 BiANOBIAHOCTI ANS NIATPUMYBAHUX PEXUMIB nepepadi Ta ix HeobxiaHux SNR
(Hanpuknag, sk nokasaHo y tabnuui 2). KoHtponep 970 nepeabavae Nc BuGpaHux pexumis nepegadi ana Nc
napanenbHuX KaHaniB Mo HU3XigHiA niHiT 3B'A3Ky, AKki MOXyTb OyTU 4acTMHOW iHpopMauil 3BOPOTHOTO 3B'A3KY,
HagicnaHoT y Touky goctyny 510x. Ona nepepadi no BUCXiAHIA NiHIT 3B'A3Ky, KoHTponep 970 MoOxe BUKOHyBaTuU
nocnigosHicTe 800 onepadiii 3a @ir.8, WoO6 BM3HAYATM NOTYXKHICTb, WO NepefacTbCs, ANs KOXHOro niagianasony
KOXHOT LUMPOKOCMYroBoT BrnacHoi Moau, i obuucnioBati Barosi koedilieHT nepepavi, WO BUKOPUCTOBYIOTLCA ANA
mMacwTabyBaHHA CUMBORIB MOAYNAUIT nepea nepeaadveto no BUCXiAHIN NiHIT 3B'A3Ky.

Ons 3posyminocti, niacucrema 1000 nepepasada 6yna onucaHa ana Todku goctyny 510x i niacuctema 1100
npuiMada 6yna onucaHa Ans KOPUCTYBANbHULULKOTO KiHuesoro npuctpoto 520x. Migcucrema 1000 nepepasava
TakoX Moxe 6yTu BUKOpUCTaHa AN nepejaBanbHOT YacTUHA KOPUCTYBAaNbHULLKOTO KiHUEBOro npuctpoto 520x, a
niacucrema 1100 npuiimada TakoxX Moxe 6yTu BUKOPUCTaHA ANA NPUAMAaNsLHOT YacTuHU TOYKKU goctyny 510x.

B. PerynioBaHHA WBUAKOCTI BUCXiAHOT i HU3XIAHOT NiHilA 3B'A3KY

®ir.12A nokasye nNoCnigoBHICTbL onepaui AN perynioBaHHA LWBUAKOCTI 3aMKHEHUM KOHTYPOM ANS HU3XIAHOro
3B'A3KY Ha OCHOBi CTPYKTYpU Kaapy, nokasaHoi Ha ®ir.6. PDU BCH nepegaHuii y nepioMy cerMmeHTi koxkHoro TDD-
kagpy (ame. @ir.8) i Bkmovyae B cebe KOHTponbHUMA MIMO-curHan, skuin moxe OyTu  BUKOPUCTAHUN
KOPUCTYBANbHULBKUM KiIHUEBUM NPUCTPOEM, LWOO OUiHIOBaTU | BiACTEXYBATWM HU3XIAHY NiHil0 3B'A3ky. KeposaHuii
OMOPHUWIA cUrHamn moxe Takox 6yTu HagicnaHuin y nodartkosiin yactuHi PDU FCH, HagicnaHiin kopucTyBansHULLKOMY
KiHUueBOMY nNpuCTPOoto. KopucTyBanbHUULKAA KIHUEBUA MPUCTPIA  OUHIOE HU3XIQHY RiHiIl0O 3B'A3KY HA OCHOBI
KoHTponbHoro MIMO-curHany ifabo kepoBaHOro OMOPHOro curHany, i Bubupae BiaNOBIAHWIA pexum nepepadi (3
HaWBULLOO NIATPMMYBAHOI LUBUAKICTIO Nepeaadi gaHux) Ang KOXHOT LUMPOKOCMYFOBOT BAACHOT MOAUN HU3XIAHOT RiHiT
3B'A3Ky (TOOTO, KOXHOrO napanenbHoro kaHany). KopuctyBanbHUUBKAA KiHLUEBMIA MPUCTPIA MOTiM Haacunae uj
PEXUMU SIK «3anpoNoOHOBaHI» pexxMMu nepeaadi ans Hu3xigHoT niHiT 3B'asky 8 PDU RCH, HagicnaHomy y TOYKy
aocrtyny.

Touyka JOCTyny NpuiMace 3anponoHOBaHI pexxumu nepepadi Bif KOPUCTYBaNbHULLKOTO KiHUEBOrO MPUCTPOIO i
nnadHye nepegadvy AaHUX no HU3XiQHIA niHiT 3B'A3Ky y HacTynHomy TOO-kagpi(ax). Touka goctyny BUbUpae pexxumu
nepegadi Ansa HU3XiAHOT NIHIT 3B'A3KY, AKi MOXYTb 6YTU NPUAHATUMU Bil KOPUCTYBANbHULLKOTO KiHLUEBOrO NpUCTpOO
ab0 AessKUMU HIMMU pexxuMami nepeaadi (3 HKYOH LUBUAKICTIO nepeaadi AaHuX), B 3aNEXHOCTI Bif 3aBaHTaXKEHHSA
CUCTEMM Ta iHWKUX pakTopiB. Touka AOCTyny Hagcunae iHdopmaLito 3asaaHHAa ANga KOPUCTYBaNbHULBLKOTO KiHLUEBOro
NPUCTPOIO (SIKa BKMoUae B cebe pexxumu nepeaadi, BUbpaHi TOUKO AOCTYNy ANs nepeaadi no HU3XigHin niHiT 38'A3Ky)
no FCCH. Touka poctyny notim nepegae pgaHi no FCCH kopuCTyBanmbHUUBKOMY KiHUEBOMY MPUCTPOIO,
BUKOPUCTOBYIOUM BUOpPaHi pexumu nepegadi. KopuctyBanbHUUBKUA KiHUEBUIA NPUCTPii npuimMae iHdopmauio
3aBAAHHA | ofepKye pexxuMu nepegadi, subpadi Toukoro goctyny. KopuctyBanbHUUbLKUIA KiHLEBWIA NPUCTPIA NOTim
06pobnsie nepepgady no HU3XIAHIA NiHIT 3B'A3ky BigNOBIAHO A0 BMOGpPaHOro pexumy nepegadi. Ona BapiaHTy
30iiCHEHHsA, nokasaHoro Ha &ir12A, 3atpumka MDK  OUIHKOW  KkaHamy, BUOOpPOM pexumy nepepadi
KOPUCTYBaNbHULLKUM KIHUEBUM NPUCTPOEM | BUKOPUCTAHHAM UMX PEXUMIB nepegadi gnsa HU3XigHOT NiHiT 3B'A3Ky
TUNOBO € TpuBanicTio ogHoro TDD-kaapy, ane mox)ke 6yTu Pi3HOIO B 3aNEXHOCTI Bia AoaaTkiB, KOHpirypadih cucremu
Ta iHWKX (pakTopi..

®ir.12B nokasye nNocnigoBHICTL onepauiid Ana perynioBaHHA WBUAKOCTI 3aMKHEHUM KOHTYPOM ANA BUCXIAHOT RiHIT
3B'A3KY Ha OCHOBI CTPYKTYpW Kagpy, nokasaHoi Ha @ir.6. KopuctyBanbHUUBKMA KiHUEBUIA NPUCTPiA nepepae
kepoBaHuii onopHuid curHan no RACH nig 4ac gocryny ao cuctemu i no RCH npu npusHaveHux FCH/RCH-pecypcax
(auB. @ir.6). To4ka AOCTYNY OLIHIOE BUCXiAHY NiHIIO 3B'A3KY Ha OCHOBI NPUAHATOrO KEPOBAHOrO OMNOPHOrO CUrHany i
BUOMpae BiaNOBIAHUIA PeXXUM nepeadi AN KOXKHOT LUMPOKOCMYroBOT BNacHOT mMoau BUCXigHOT MiHIT 3B'A3ky. Touka
JocTtyny Haacunae iHopMauilo 3aBaaHHS ANsl KOPUCTYBANbHULBLKOTO KiHUEBOro npuctpoto (aka eknovae B cebe
pexumu nepegadi, BubpaHi aona nepegadi no BUCXigHIA miHii 3B'Aasky) no FCCH. KopuctyBansHWUbLKWIA KiHUEBWIA



npuctpiii nepepae aaHi no RCH y Touky AOCTyny, BUKOPUCTOBYHOUM BuUGpaHi pexumu nepepadi. Touka Aocryny
06pobnsie nepeaady no BUCXIAHINA NiHIT 3B'A3Ky BiANOBIAHO A0 BUGPAHMX PEXUMIB Nepeaadi.

TexHonorii perynioBaHHa LWBUAKOCTI 3aMKHEHUM KOHTYPOM, OMUCaHi Y AaHOMY MaTEHTHOMY AOKYMEHTI, MOXYTb
6yTu peanizoBaHi pisHumu cnoco6amu. Hanpuknag, ui TexHonorii MoxyTb 6yTU peanizoBaHi B anapaTHux 3acobax,
nporpamHoMy 3a6e3nedeHHi abo x noegHaHHi. lns anapaTHoT peanisauii, enemMeHTH, BUKOPUCTaHI AN perynoBaHHs
LWBUAKOCTI 3aMKHEHUM KOHTYpOM Yy nepegasadi i npuiimadi (Hanpuknag, koHtponepu 940 i 970), moxyTb 6yTu
peanisoBaHi B Mexax ofHiel abo 6inbwe cneuianizoBaHux iHTerpanbHux cxem (ASIC), umdpoBux CUrHanbHUX
npouecopis (DSP - LCIM), npuctpoiB yudposoi o6pobku curHanis (DSPD), npuctpoiB noriuHux cxem (PLD),
NporpamMoBaHUX BEHTUIIbHUX MaTpulb, MNPUCTPOTB 0OpPOOKM [AaHUX, KOHTPONEpPIiB, MIKPOKOHTPOMEPIB, iHLWMX
€NEeKTPOHHUX KOMMOHEHTIB, CNPOEeKTOBaHUX, WO6 BUKOHYBATW hyHKUiT, onucaHi y gaHOMy MaTEHTHOMY AOKYMEHTI,
abo TxX noegHaHHAM.

Ons nporpamHo’ peanisauil, YaCTUHU PerynioBaHHA LWUBUAKOCTI 3aMKHEHUM KOHTYPOM MOXYTb OyTW peani3oBaHi
MOAynAMW (Hanpuknag, npoueaypamu, QyHKUiAMU | Tak Aani), Aki BUKOHYHOTb (PYHKUT, onucaHi y gaHomy
naTeHTHOMY AOKYMeHTi. Koau nporpamHoro 3abesnevyeHHss MOxyTb O6yTu 36epexxeHi y Gnoui namM'ati (Hanpuknag,
6roui 942 abo 972 nam'ati 3a Pir.9A i 9B) i npuBeaeHi y BUKOHAHHA 32 AOMNOMOrO NPUCTporo o6pobku aaHux
(Hanpuknag, koHTponepom 940 abo 970). Brnok nam'ati Mmoxxe ByTu peanisoBaHU y Mexax NnpucTpoto o6podku gaHux
a6o 6yTu 30BHILHIM NO BiAHOWIEHHIO A0 NPUCTPOLO0 0BpPOGKU AaHUX, Y BUNAAKY SIKOTO, BiH MO)e OyTu Mo 3B'A3KY
3'eAHaHUIt 3 NpUcTpoem 06pobKiM AaHMX 3a AONOMOTOI0 Pi3HUX 3acobiB, AKi BiAOMI y AaHilil ranysi TEXHIKK.

3aronoBKu BKIIOYEHI Y AaHWUA NATEHTHUIA OOKYMEHT ANS MOCUMAHHA i Wo6 CnpuaTU 3HAXOOXKEHHIO BU3HAYEHUX
posainis. L|i 3aronoBkM He npusHaveHi ana obmekeHHA 06'eéMy KOHUenuiid, onucaHux y OAaHOMYy MaTEeHTHOMY
OOKYMEHTI, i Ui KoHUenuiT MOXKyTb BOSIOAITA 3aCTOCOBHICTIO B iHLUUX po3Ainax npoTAromM BCbOro NaTteHTHOro onucy.

MonepeaHiii onuC PO3KPUTMX BapiaHTiB 34iNCHEHHA nepeabadveHuit, wWo6 HagaTU MOXKMUBICTE Oyab-sIKOMY
daxiBUeBi y OaHIA ranysi TexHiku BUrOTOBMTU abo BUKOpUCTATM AaHUMA BUHaxia. PisHi 3MiHM Uux BapiaHTiB
30iiCHEeHHA, O6yayTb 6e3 BEnMUKUX 3YCUNb O4veBMAHI haxiBuaM y AaHiIA ranysi TexHiku, i BU3HAYEHi O3HaKamu
MPUHUUNK, ONUCAHI Y AAHOMY MaTEHTHOMY AOKYMEHTI, MOXyTb BYTU 3aCTOCOBAHI ANS iHWXX BapiaHTiB 34iNCHEHHS, He
BUXOAAYM 3a Mexi cyTi abo 06'eMmy BUHaxoay. TakuMm YMHOM, AAHUIA BUHAXIA He nepeabadvaectbes Byt 0O6MEKEeHUM
BapiaHTamu 34IRCHEHHA, NOKAa3aHMMM Yy OaHOMY NATEHTHOMY AOKYMEHTi, a nepeabaudaerbca OyTW HagaHum y
HaGinbLW WKUpokomy o6'eMi, WO HE CynepeuyuTb MPUHUUNAM | HOBUM O3HAKaMm, OMUCAHUM Yy OAHOMY MaTEHTHOMY
JOKYMEHTI.
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