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Mpeancnoeue

1 PASPABOTAH ABTOHOMHOWM HEKOMMEPYECKOW opraHuM3auumen «HaydHo-TexHUYecKnin LeHTp UHop-
MaTtukuy» (AHO «HTL»)

2 BHECEH TexHun4yeckum KOMUTETOM no cTaHaaptuaauum TK 480 «Ceasb»

3 YTBEPX/EH WV BBEJEH B JEWCTBUE [pukaszom deaepanbHOro areHTcTBa Mo TEXHUYECKOMY
perynupoBaHuie U metponorum ot 14 aerycta 2025 r. Ne 890-ct

4 BBE[JEH BMNEPBbIE

MNpasuna npumeHeHUss Hacmosweao cmaHdapma ycmaHoeneHsl 8 cmamse 26 @edepanbHO20 3aKOHA
om 29 uwoHsa 2015 2. Ne 162-®3 «O cmaHdapmus3ayuu 8 Pocculickol ®edepayuu». MHpopmayus ob u3-
MeHeHUsX K HacmosuwieMy cmaHO0apmy rnybrnukyemcs e exes00HOM (M0 COCMOSAHUK Ha 1 AHeaps meKyuieao
2o0a) uHghopmayuoHHOM yKazamene «HayuoHansHble cmaHOapmbiy, a oguyuanbHbil MeKkcm usmMeHeHul
U ronpasoK — 8 eXeMecAaYyHoM UHOPMayUOHHOM ykaszamerne «HayuoHanbHbie cmaHdapmel». B cryvae
nepecmompa (3aMeHbl) unu ommMeHbl Hacmosuje2o cmaH@apma coomeemcmeyrouwee ygedomneHue bydem
onybnukogaHo 8 6ruxalwemM 6bINyCKe eXeMecsyHO20 UHGOPMAaUUOHHO20 ykaszamens «HayuoHanbHble
cmaHOapmsl». Coomeememaeyiow,as UHGhopMayus, yeedoMIeHUe U MeKCmbl pasMewalomcs makxe 8 UH-
hopmayuoHHOU cucmeme obLe2o nob3o8aHus — Ha oguluansHoM calime @edepanbHo20 azeHmemea rno
MexHUYeCcKoMy peaynupoeaHuro U Memponoauu 8 cemu MiHmepHem (www.rst.gov.ru)

© OdpopmneHue. ®IBY «MHcTUTYT cTaHgapTuaayuuy», 2025

HacToawwmin ctaHgapT He MOXeT ObITb MOMHOCTLIO MMM YACTUYHO BOCMNpPOU3BEOEH, TUPaXXMNPOBaAH U pac-
NMPpOCTpaHeH B Ka4vecTBe OCbMLI,VIElJ'IbHOFO n3gaHumsa bea pa3peleHunsa d)e,qepaanoro dreHTCcTBa no TeXxHNn4ecko-
MYy perynmpoBaHvMi 1 METPOJIOTUA
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HAULUWOHANBbHBIWA CTAHOAPT POCCUMNCKOWN PEOQOEPALULWUMK

PEKOH®UTYPUPYEMbIE UHTENNEKTYANbHbLIE MOBEPXHOCTHU

YacTtb 2

Mogenu n oueHKa KaHanoB pagnocBA3nN

Reconfigurable intelligent surfaces. Part 2. Models and evaluation of radio communication channels

Data BeepeHusa — 2026—01—01

1 O6nacTtb NpUMeHeHnA

HacToAwmi cTaHgapT pacnpoCTpaHsAeTcs Ha peKoH(UIypupyeMble WHTENNeKTyanbHble MOBEPXHOCTU
(RIS) n ycTtaHaBnNuBaeT MOZENM 1 OLEHKY KaHarnoB B BecnpoBoAHLIX ceTsx paguoceasu ¢ RIS.

B HacToslwem cTaHgapTe ycTaHOBMNEHbl MOAENW KaHAMNOB, yYuTbIBaLMe 3hdeKTbl NOTEPL HA pacnpo-
cTpaHeHue paguornyyen, NoTepu Ha MHOTOMy4YeBOe pacnpoCTPaHeHWE, a TaKke BNUAHWE UHTepdepeHLMn B
pasnu4YHbIX AManasoHax 4acToT, a Takke TpeboBaHWsA K OLEHKe KaHanos, MeToabl OLUEHKU KaHaroB W np1Be-
OeHbl pekoMeHZauumy no nocTpoeHuno BecnpoBoAHLIX paanoceTell Ha OCHOBE OLEHKWU KaHamnoB.

BapuaHThl pa3eepTbiBaHWs 1M cueHapun ucnons3osaHus RIS — B cooteetctBumM ¢ TOCT P 72111.1.

HacTosawmin ctaHgapT cnegyeT NpUMeHATh Npu pazpaboTke, M3roToBNeHUn 1 akcnnyartaumum RIS, a Tak-
e npu pazpaboTke, NPOEKTUPOBAHWK WM 3KCMNyaTauun 6ecnpoBogHbIX paguoceTen U ux nporpammMmHoro obe-
CrevyeHus.

2 HopmaTuBHbI€ CCbINKK

B HacTofwwem cTaHgapTe MCNONb30BaHbl HOPMATMBHLIE CChIMKW HA cneaylolve cTaHaapThbl:

FOCT P 52210 TeneBugeHue BelwatenbHoe UndpoBoe. TepMUHLI U onpedeneHun

FOCT P 53731 KauecTtBo ycnyr cBa3u. TepMUHbI U onpefeneHuns

FOCT P 53801 Cesasb hegepanbHasa. TepMUHbI U onpepeneHus

FMOCT P 72111.1 PekoHdurypupyemMble MHTENNeKTyanbHbIe NnoBepxHocTu. YacTte 1. BapnaHTbl passep-
ThIBAHWUA U CLEHAPUN UCNONb30BaHUA

MpumeuyaHnue — pwn NONB30BAHNM HACTOALLMM CTAHAAPTOM LENecoobpasHo NpoBepuTs AENCTBUE CCbINouy-
HbIX CTAHA4APTOB B UH(IOPMALMOHHOW cucTeme 0BLWero nonb3oBaHna — Ha oduumansHom cante denepansHoro areHT-
CTBa MO TEXHWYECKOMY PEeryrnMpoBaHUI0 U METPONOTAM B CETHU VIHTEPHET WUINK NO eXerogHoMy MHopMaLUMOHHOMY ykasa-
Temo «HaunoHaneHble cTaHOapTbI», KOTOPLIA ONYGIUKOBaH MO COCTOAHWUIO Ha 1 SHBaps TEKYLUEro roga, U no BbiNyckam
eXeMeCcsAMHOro MHoPMaLIMOHHOIO yKkazaTensa «HaluoHanbHble cTaHaapTel» 3a TeKYLWA rof. ECnn 3aMeHeH CCbINoYHBbIiA
CTaHdapT, Ha KOTOPbLIA AaHa HeQaTUPOBaHHAA CChINKa, TO PEKOMEHOYETCA UCMOMbL30BaTh OENCTBYHOLWYI0 BEPCUIO 3TOrO
cTaHdapTa ¢ YYeTOM BCEX BHECEHHLIX B AaHHYI0 BEPCUI0 U3MEHEHWUIA. Ecnu 3aMeHeH CCbINOYHbIA CTAaHOAPT, Ha KOTOpbIi
[aHa AaTWpOBaHHAas CChIMNKa, TO PEKOMEHOYEeTCA UCMONb30BaTh BEPCUID 3TOM0 CTaHdapTa C yKasaHHbIM Bbille rodoMm yT-
BepXOeHus (NpuHATUA). Ecnu nocne yTBepXOeHUs HACTOSILLEro CTaHaapTa B CCbINOYHbBIA CTAaHAAPT, HA KOTOPLIA AaHa
[OaTMPOBaHHas CChINKa, BHECEHO U3MEHeHWe, 3aTparMearllee NonoXeHne, Ha KOTOPOE JaHa CCbINKa, TO 3TO NONOXeHne
pekoMeHayeTcs NpUMeHsATL Bea ydeTa JaHHOro M3MeHeHUs. ECNK CCbINMoYHbIN cTaHaapT oTMeHeH 6e3 3amMeHbl, TO NMono-
KEHUE, B KOTOPOM [aHa CChINIKa Ha Hero, PeKOMEHOYETCA NMPUMEHATL B YACTU, HE 3aTParvBaloLLel aTy CCbINKY.

MapaHune ochbuumnansHoe
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3 TepMuHbI, onpegeneHnUa U COKpalleHus

3.1 TepMKHHbI M onpegeneHUnA

B HacTosiweM cTaHgapTe npumeHeHbl TepMuHbl no FOCT P 52210, FTOCT P 53731 n TOCT P 53801, a
TaKke crneayrolimMe TEPMUHBI C COOTBETCTBYHOLLUMK OnpedeneHusamu:
3.1.1

PeKOH(UryprpyemMas WHTennekTyanbHasA NoOBepXHOCTb; RIS: MporpaMmmupyemas NoBepxHOCTHas
CTPYKTYpa, WCMonb3yemasi Ans ynpasneHus OTpakeHWem, npenomneHvem, OKyCMpPOBKOM, KOmMmnumaum-
e, Mmogynsauuen, NormoLeHNem aNeKTPOMAarHUTHbIX BOMH MYTEM W3MEHEHWS ANEeKTPUYECKMX U MarHUTHbIX
CBOMCTB NOBEPXHOCTH.

[FOCT P 72111.1—2025, nyHkT 3.1.1]

3.1.2 aKkTuBHasA peKoHdUrypupyemas UHTenneKTyanbHas noBepxHocTb; aktueHas RIS: RIS, B ko-
TOPYH BCTPOEHbLI SHEPrOEMKMEe pagModacTOTHbIE CXEMbI U NocnegoBarternbHble 6rnoku obpaboTku curHanos.

3.1.3 naccuBHaA peKoHchUrypupyemas WMHTeNmNeKTyanbHas MOBepXHOCTb; naccueBHaa RIS: RIS,
OeUCTBYILAaa Kak NacCMBHOE MeTannMyeckoe 3epkano UMW BONHOBOW KOMMEKTOpP, KOTOPYK MOXHO 3anpo-
rpaMMuMpoBaTh Ha M3MeHeHWe NajaroLlero afekTPoOMarHMTHOro Nosis No CBOeMy YCMOTPEHUIO.

Mpumevyanune —IllocpaBHeHuWto ¢ akTMBHEIMK RIS naccuBHbie RIS, ka npaBuno, COCTOAT M3 HEAOPOMMX 1 Npak-
TWUYECKM NACCMBHLIX 3NEMEHTOB, He TPebyloLWMX BblAeNeHHbIX MCTOYHUKOB MUTaHUsA. VX CXeMbl M BCTPOEHHBIE JaT4MKN MO-
ryT NUTaTbCA OT Mogyner cGopa aHepriK, YTo NOTEHLMANLHO AEeNaeT X No-HacTOALEMY SHEPTeTUYECKM HENTPanbHbIMU.

3.1.4

nunot-curHansl (pilots): CnyxebHble Hecylwme B cocTaBe kagpa OFDM, npegHasHadeHHble Ans Ka-
LPOBOW CUMHXPOHU3aLWUM, YACTOTHOW CHHXPOHW3AUWKW, BPEMEHHOW CMHXPOHW3aLMK, OLeHWBaHWA kaHana,
naeHTUMKaLUKM pexuma nepegaqu U komneHcauuv a3oBoro wyma.

[FOCT P 55694—2013, nyHkT 3.24]

3.2 CokpalueHus

B HacToslem cTaHAapTe NPUMEHEHbI Creaylolne COKpalLeHus:

BC — BazoBas ctaHUuS,;

BY-uenb — BbICOKOYACTOTHASA Lenb;

BLER — koadduumeHT owmbok bnokoe (block error rate);

CDS — korepeHTHas cxema gemogynsumm (coherent demodulation scheme);

CS| — nHdopmauus o coctoaHumn kanana (channel status information);

DL — HanpaeneHue paguocurHana ot bC k aboHeHTy (downlink);

FR — guanasoH yacTtor (frequency range);

InF — mopgens kaHana «gabpuka B nomeLeHuu» (indoor factory);

InH — mogenb kaHana «Tovka gocTyna B nomelleHun» (indoor hotspot);

LOS — 3o0Ha npsamoi suaumocTm (line of sight);

MIMO — «MHOXeCTBEHHbI BXOL, MHOXECTBEHHbIA BbIXO4» — MEeTo[ NPOCTPaHCTBEHHO-BPEMEHHOMO
KOOVPOBaHWS C MHOXECTBOM aHTEHH Ha Nepedady M MHOXECTBOM aHTEHH Ha npuem (multiple input, multiple
output);

MU — mobuneHbIi none3oBatens (mobile user);

NCDS — HekorepeHTHasa cxema gemogynsauum (non-coherent demodulation scheme);

NLOS — nuHumsa Henpsimoi BugumMmocTi (non-line of sight);

NR — TexHonorus pagnogocTyna ceTel NATOro nokoneHns mobunsHom ceasu 5G (new radio);

OFDM — mHorovactoTHas cxeMa MoAynsuMu C OpTOrOHaNbHbLIM YaCTOTHBIM pacrnpenerneHvemM Hecy-
LMx B Nnofioce kaHana Bewaxws (orthogonal frequency-division multiplex-ing);

RIS — pekoHdurypupyemMmas nHTennektyaneHas noeepxHocts (Reconfigurable intelligent surfaces);

SINR — oTHoweHwue curHan/wym n nHtepdepenuns (signal interference and noise ratio);

SNR — oTHoweHue curHan/wym (signal to noise ratio);

TRP — Touka npuvema u nepefadqm aaHHeix (transmission and reception point);

UE — nonb3oBatensckoe (aboHeHTckoe) obopygoBaHme (user equipment);

UL — HanpaeneHue paguocurHana ot aboHeHTa k BC (uplink);
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Uma — mogens KaHana «ropofckon Makpo», B KoTopol bC pacnonoxeHbl Bbille YPOBHS KpbILL OKpyXa-
owmx 3gaHnin (urban macro);

Umi — mMopgenb KaHana «ropofckoil MUKpo», B KoTopoi BC pacnonokeHb! HUKe YPOBHS KPbILL OKpYXa-
oKX 3gaHunia (urban micro);

3GPP — napTHepckuil NpoeKT No cuctemMam TpeTbero nokoneHus (3-rd Generation Partnership Project);

5G — naToE nokoneHne 6ecnpoBOAHbLIX CUCTEM CBA3M.

4 Mopenu KaHanoB

4.1 HasHaueHue 1 ob6LWMe NPUHLUMNBI MOOENUPOBaHMUA KaHanos

Mogaenu kaHanos npegHasHauyeHbl:

- ONs OCYLEeCTBNEeHMa aHanuaa CTPYKTYpHbIX anemMeHToB RIS ona ux Mcnonb3oBaHWs B paguoceTsx U
yyeTa Nnomex;

- MCMNOMb30BaHWA MOOENW CBA3W ANA OLEHKW NPOU3BOAUTENBHOCTM paanoceT U hopMUpoBaHUA ad-
dekTnBHoM RIS.

Mpu MogenVMpoBaHK KaHanoB y4YMTLIBAOT AMana30oHbl 4acToT U WKMpUHY nonockl RIS, a Takke KoMnpo-
MUCC MeXy CMOXHOCTBIO U TOYHOCTLI. Hanpumep, ecnvu npy MoOenUpoBaHUK KaHanoB Ha OCHOBE TPaccu-
POBKM paAMOCUrHaNoB paccMaTpUBAOT TOMbKO OOMHOYHOE OTpaXeHWe, TO MOAeNb CTaHOBUTCA MNPOLLE, HO
npu 3TOM yXyalaeTca TOYHOCTb. [na pacyeta U MoaenupoBaHust 6onee TOYHOM MOZENN C oTpaxeHuem 6o-
nee BbICOKOrO nopsaaka TpebyeTtca 3Ha4yuTenbHbIA Nepuog BpeMeHw. Hactosauwuii ctaHgapT pacnpocTpaHsaeT-
CA Ha MOAENW, B KOTOPLIX YYUTLIBAIOT O4HO OTPa)eHue Mexay NpMeMHUKOM M nepeaaTymkoM oT oaHoi RIS,
M MOJEnun KackagHblX KaHanos.

4.2 Mogenw KaHanoB gns pPa3nnYHbLIX CueHapneB UCNONbL30BaHWUA pexoucbwrypupyeMblx
WHTENNeKTyanbHbIX HOBEpXHOCTEF‘I

Mogaenu KaHanoB pasfnyHbIX CLUEHAapMEB UCMNonb3oBaHWs RIS, KOTopble NPUMEHSIOT ONA MOLENMpoBa-
HWUS Kaxgoro ydacTka kaHana (T. e. BC-RIS, RIS-UE v T. 4.), npuBegeHbl B Tabnuue 1.

Tabnuya 1— Mogenu kaHanoB, NpPMMeEHsiEMblE B CLEeHapUsiX Ucnonb3osBaHns RIS

c . Mopens Mopens kaHana Mopens Mopens kaHana
SEHERAR MENGTESOERHNA B MR PRI I apeAR kaHana 6C-UE BC-RIS kaHana RIS-UE RIS-RIS
MuHMMM3aLMA noTepb Npu HaxoxaeHun UE B Uma/Umi Uma/Umi InH/InF Uma/ Umi/InH/InF
noMeLLeHUn

RIS, ynpaensiembie UE Uma/Umi Uma/Umi LOS —

RIS B HenocpeacTBeHHow 6nuzoctv ot BC Uma/Umi LOS Uma/Umi Umi
PaclwunpeHHoe nokpeITUe Uma/Umi Uma/Umi Uma/Umi Uma/Umi

B nomeweHmnn InH/InF InH/InF/LOS InH/InF/LOS InH/InF

4.3 Mogenu KaHanoB ¢ NOTepsiMU NPU pacnpocTpaHeHMN paguocurHana

4.3.1 Mopenu KkaHanoB ¢ NOTEPAMU NPU pacnpocTpaHeHUuwn

4.3.1.1 Mopgenb KackagHoro kaHana c noTepsamMM Npu pacnpocTpaHeHn paguocurHana

[MoTepn npw pacnpocTpaHeHuM pagunocurHana B CcBODOOHOM MPOCTPaHCTBE B KacKagHOM KaHarne
(BC-RIS-UE) PL BblMucnaAwT no dopMyne, JeWUCTBUTENbHON ANs ganeHero v GnvkHero momnei (npy atom
npegnonaraetcs, v¥to RIS umeetr M - N anemeHTOB)

64> 1

T 6.6.Gd.d 2 .
- xYy B L F_n,ml"n’m jzrc(r,l;;mwg!m)
22 I h

m=1n=1 n,mrn,m

PL (1)
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rae G; v G, — Ko3thUUMEHTBI YCUNEHNS Nepeaatowen n NPUeMHON aHTEHHbI COOTBETCTBEHHO;
G — Ko3thpULMEHT yCUneHus paccesHusa ogHoro anemeHTa RIS;
d, un dy — LWMpPWHA M OANUHA Kaxgoro aneMeHTa RIS cooTBETCTBEHHO;
r’n,m 7 r;,m — paccTosAHUA OT Kaxaoro anemeHdTa RIS oo nepegatymka n npueMHuka;
Fn,m — 0bbeguHeHHasn gnarpamMmma HanpasBneHHOCTM M3MYyYEeHWS MOLLHOCTY NepeaaTymka, NpUueMHUKa
n RIS;
Fn,m — KO3hMUMEHT OTpaXeHus Kaxgoro anemeHTa RIS;

A — [AnWHa BOSHbI HECYLLEWN YacTOoThl.
KoadhdmumeHT ycuneHus paccesHusi ogHoro anemedTa RIS G BeluucnsioT no opmyne

_ 4nd,d,

G Az

(2)

4.3.1.2 Mopgenb KaHana B BNuxHeM none ¢ NoTepAMK NPU pacnpocTpaHeHU pagnocurHana

B brvxHem none BnusiHMe pasnuMyHbiX anemeHToB RIS MmogenupyloT He3aBMCUMMO OT pacCToAHUIA U da-
30BbIX COBWIOB.

Onsa nepegatynka U NpUEMHKMKA, KOTOpble HaxoaaTcs B bnukHem none RIS, npu mogenupoBaHuu no-
Tepb HAa pacnpocTpaHeHWe pagvoCUrHana WUCMonb3ylT ABE pasznuuyHble auarpaMmmbl oTpaxeHus RIS. Ecnu
KoapmLmeHTel oTpaxeHusa RIS HacTpoeHbl Ha nepedadqy CUrHanoB B 3a4aHHOM HanpaBneHWu, TO NoTepw
NpW pacnpocTpaHeHW paavocurHana B Mofenu kasana s 6nkHem none PL ¢ BLIYUCNIAIT Mo opmyne

2
1 [an(d,+d,)
PL g mmr |

uf G‘tGr{ A (3)

roe A— makcumMmanbHbIA K03 uuMeHT youneHusa snementa RIS;
dt " t:J'r — paccTosiHMe Mexay nepenartyukomM v ueHTpom RIS.

Ecnu onTumanesHble koadguumneHTsl oTpaxeHunsa RIS ckoHdurypuposaHb! ons OKYCUPOBKU CUrHana B
npUeMHUKe, TO NOTEPU NPU pacnpocTpaHeHWW paguocurHana B Modenu KaHana B énwkHem none PL Bbiunc-
nsawT no dopmyne (npy atoMm npegnonaraetcs, 4yTo RIS umeetr M - N anemeHTOB)

3
Pl — 64 (4)

.
M N JF
GG,Gd,d,22A% (Y > LT

m=1n=1"nm"nm

4.3.1.3 Mogent KaHana B gansHeM none ¢ noTepsiMu NpyW pacrnpocTpaHeHnn paguocurHana
Ecnu nepepatumk HaxoouTcs B OanbHER 30He OT NPUEMHMKA, TO cpepuyeckas BOMHAa, reHepupyemas
nepenaTyvMKkoM, annpoKCUMMMUPYETCS MIOCKOW BOMHOW HA CTOPOHE NPUeMHMKA, NpU 3TOM pasnuyHble 3nemMeH-
Tbl RIS MogenwvpytoT B eavHom ob6bekTe, a dhasbl — 0TAenbHO. [paHuubl AanbHero n brnvxHero nonen onpe-
OensT Kak pacctosHue ®payHrodepa. B Mofenu kaHana B ganbHem none, Kor4a CUrHanbl, oTpaMeHHble
BceMu anemeHTamu RIS, BbipoBHeHbl No daze ANSA yBenuyeHUs MOLLHOCTW NMPUHUMaeMoro paauocurHana,
noTepu Npu pacnpocTpaHeHun paguocurHana PL BeluncnstoT no dopmMyne (Npu 3Tom Npeanonaraercsd, 4To
RIS nmeetr M - N anemeHTOB)
" 647> (dd, )° | 5)
GGG (MN)’ dyd,22F (0r.0¢ ) F (0,9, ) A%

roe F(0, Lpr) — HOpManu3oBaHHaA AvarpaMMa HanpaBneHHOCTW Kaxaoro anemeHta RIS B HanpaBnexuu
nepefaTquka, rae 0; U o, NPeACTaBMAT Yron MecTa 1 asuMyTanbHbIA Yron B HanpasneHun ot
ueHTpa RIS k nepenatyuky;

F((‘)r, (pr)— HOpMann3oBaHHaaA pOuWarpamMma HanpaBnNeHHOCTWU B HanpaBlieHWU npuemMHuKa, rae Br u o
npeacTaBnAldT yron mecta n aSMMyTaJ’IbeIF‘I yron B HanpaerneHun oT UeHTpa RIS k NPUEMHUKY.
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MNepemeHHas A ognHakoBasa onsa Bcex anemeHToB RIS.

4.4 Imnupuyeckme Mogenu KaHanoB

Mcnonb3yoT ABe aMNUPUYECKNE MOOENW KaHAMNoB pacnpocTpaHeHus paguocurdana. B nepeon mogenu
M3MepAT NapaMeTpbl KaHanos 6e3 ncnonbaosaHua RIS. Bo BTopoi mogenu RIS pa3BepThiBalOT B cpede pac-
NpOCTpaHeHnsa paguocurHana u U3MepsrT napamMeTpbl KaHanoB Mexay nprueMHUKOM 1 nepegatdymkom. [ns
CpaBHEHMS 3TUX MOZernei BelAensaT JONONHUTENbHbBIA NapaMeTp Bo3genicTeus RIS v BBOOAT pacluMpeHHyto
moZenb kaHana 3GPP, yuntbiBaowyio RIS. Mogenb kasana 3GPP 5G NR ucnonbe3yloT ans y4eta notepb Ha
pacnpocTpaHeHWe paguocurHana B Kkadectese 6azosoit mogenu 6e3 npumeHenus RIS. Ha BTopom atane RIS
pasBopayvyMBaloT BHYTPU W CHapYyXW NOMeLeHUA U yYUTLIBaT OOMOMNHUTENbHBIA KOMMOHEHT, OTHOCALMWCS K
Bo3gencTeuio RIS Ha mMogens kaHana.

Mogens kaHana Mexay nepefaTyvkom v NPUeMHWKOM npy oTcyTcTBumn RIS LT-R (f) BoluMCHAOT No dop-
Myne

7R ()= 2006515 [%] 101[1 ; n[f;_fOJ]mgm A (6)
0
roe d =b + ¢ — paccTosiHWe Mo NpPAMON MexXay nepefaTyukom U NPUeMHUKOM;
buc — paccTosHUA Mexay nepegatyvMkoM M ueHTpom RIS u uentpom RIS u npuemHukom
COOTBETCTBEHHO.

Mogenb kaHana mMmexay nepefaTinkoM 1 MpUeMHUKOM Npu Hanuimm RIS LZ;QR BLIYUCMAOT MO hopmyne

T-R _,T-R RIS
gt =l +Lref+g(f0,leq,neq,b,c), (7)

e [_I;g? — noTepu Ha oTpaxeHue RIS, koTopble A0MKHbI BbITh U3BECTHLI MPU U3MEPEHUH;

9(fy. logr Nege D C) BbIMUCAAKT No chopmyne

f—f
g(fg,leq,neq.b,c) =10lgq {1 +Meg [TUJ]Iogm (b+c). (8)

Ons oueHku BnusaHus RIS Ha napaMeTpbl paguoceTen cHadana uaMepsiioT napamMmeTpbl KaHanos npuemo-
nepenaTtynka npu otcyTcTBUM RIS. 3atem passepToiBaloT RIS 1 naMepeHns noeTopaloT. CpaBHUTENbHLIE pe-
3ynbTaThl NOTEPL MPW PAcNpOCTPaHEHUM padnoCcUrHana Ans HanpaBneHHbIX PYNOPHbIX U TMBPUAHBIX aHTEHH
Ha nepenaTyMKe WU BCeHanpaBleHHbIX aHTEHH Ha NpUeMHUKe NpueedeHbl B Tabnuuax 2 U 3 COOTBETCTBEHHO.

Tabnuya 2 — [MapaMeTpsl NoTepb NpU pacnpocTpaHeHUK paguocKrHana Ans HanpaBneHHbIX PYNOpPHbIX U TMBpUOHBIX
aHTEeHH Ha nepegaTyuke

lMapameTp InH B nometern (NLOS) UMi BHe nometwtenusa (NLOS)
noTepsb
/ 2,15 2,20
4 6,68 06 6,81 ob
i 0,01 0,01
qu 17 1,6
Neg 0,01 0,01
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Tatnuua 3—llapaMeTpsl NOTEPL HA pacnpocTpaHeHne paguocurHana ans BceHanpaeneHHbIX aHTEHH Ha NPUEMHMKE

MapameTp InH B nometeHun (NLOS) UMi BHe nometyeHus (NLOS)
/ 2,31 2,28
o 6,79 nb 6,91 ob
Ll 0,01 0,01
qu 1,78 1,70
Neg 0,01 0,01

4.5 MHorony4yeBble MOoAenu KaHanoB

4.5.1 Mogenu KkaHanoB ANA cpef ¢ BbICOKMM paccesiHUeM B Anana3soHe cy6-6 My

B ouanasoHe cyb-6 My MHOrony4eBoe pacnpocTpaHeHe MOAENMPYoT C MCMoNb30BaHMeM CToXacTuye-
CKUX MOJenen, yunTbIBaKLWMX paccemBatoLLyo (T. €. U30TPONHYy0) cpedy. KaHan 3aMupaHuna Kaxaoro ckadka
MOLENVPYIOT C UCMONb30BAaHMEM KOPPENUPOBAaHHbLIX Modenen 3amupaHns Panes unu Paiica. B mogenu 3amu-
paHusa Panes ko3t duLneHTsl BEKTOPOB KAHAMNOB ABMAKTCA KOMMNIEKCHBIMW rayCCOBLIMU CMyYaiHbIMKU BENU-
YMHaAMU CO cpedHUM 3HadeHnem 0 U KoBapualuMoOHHOW MaTpuULen dxdpr, roe dxdy— paamep anemeHTa RIS,
a u — cpefHee 3atyxaHWe MHTEHCMBHOCTW. JnemMeHT (1, m) NpoCTPaHCTBEHHOW KOPPENsLMOHHOM MaTpuubl R
BbIYMCNAT No dopmyne

[Rlom = Si““[w} (9)

5

rae u, — mMecTononoxexue n-ro anemeHta RIS.
Mopgenu 3amupanua Paiica nogpasgensitoT Ha MynbTUNINMKATUBHBLIE U ad4UTUBHbLIE.
MynETUNNMKATUBHLEIE MOZENN YyYUTLIBAIOT B NUHUAX Mexay nepegatynkom u RIS, mexagy RIS v npruem-
HUKkoM. MynbTUNNUKATUBHYIO MOAENb CKBO3HOTO KaHana H BeluvcnsioT no copmyne

H=Hpr + Hnpir: (10)

roe Hpg — npAmoi kaHan,
H|npir — HENPSAMON KaHarn, B KOTOPOM y4uTbIBalOT BusiHue RIS v BbiuncnsawoT no popmyne

Hinpir =\lB|R?D|RH2F(9)H1' (11)

roe H1 — maTpuua KaHana oT nepegaTyuka o RIS;
H, — maTpuua kaHana ot RIS oo npueMHuka;
F — pwarpamma, mogenupytowias oTknuk RIS.

MpennonaraeTcsd, 4to oba kaHana Hy n H, cneayot pacnpegenexHnio Paica, KoTopoe BKo4YaeT B cebn
NPOCTPAHCTBEHHYIO KOPPENsALUKIO.

B agOuTUMBHLIX MOZENsaxX MHOrony4YeBoe pacnpocTpaHeHWe OT OKPYXKaLuX paccensaTenen yunTelBa-
0T NyTeM Mcnons3oBaHus RIS kak gononHUTenbHLIX paccevBatenei ¢ LMPOoBbIM ynpasneHueM, npu 3Tom
achbhekTbl paccesiHia BTOPOro Nopsiaka UrHopupylT. AQOWTUBHYO MOZenb kaHana H ¢ ncnone3oBanvem RIS
BbIYMCASKT No opmyne

ES ., yES MPC
H=Hpr +Hinpr +H" 7, (12)

roe HE|SR — MHOrony4esoe pacnpocTtpaHeHue paguocurHana B CBOGO,D,HOM NMpPOCTPaHCTBE;

FS
HINDIR — MHOromy4YyeBoe pacrnpocTpaHeHWe paauocurHana B cBOGOAHOM MPOCTPAHCTBE, OTPaXKEHHOTo
RIS;

HMPC — MHOrony4eepoe pacnpoctpaHeHne paguocurHana, KoTopoe MOXHO CMo4enrpoBaTb C NOMOLWBH
CTaHOapPTHbIX MoOenen KaHanos.
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4.5.2 KnactepHble MOOENW KaHaNoB ONA cpef ¢ BLICOKUM paccesHUWeM B gManasoHe cy6-6 My

MHoronyyeBoi kaHan RIS mogenvpyioT ¢ cnonb30BaHWeM KnacTepHoro Mmetoga. B cueHapum fansHe-
ro nons, B Kotopom kaHanbl BC-RIS 1 RIS-UE ncnonbaytoT knactepbl C (Kaxgbli KnacTep CogepxuT S nydeit),
KnacTepHy Mofernb KaHana i Bel4McnsoT no dopmMyne

s %)
%Q@C‘S“(eas@as)! (13)

rae a(8; s ¢g ) — BEKTOp oTknuka peweTkn RIS Ans yrna asumyTa ¢ ¢ 1 yrna mecta g
G, — OnarpaMma HanpasreHHOCTW aHTeHHOro anemeHTa RIS;
P, — MOLLHOCTbL Kaxaoro Kknactepa;
P, — KOMMNOHEHT NoTepb PacnpoCTPaHeHUA pPaguoCcurHana;
@ . .— cnydyariHas dasa kaxgoro paguonyda (c, s).

c,s
MyTe NepBoro Knactepa paccMatpuBaloT kak nyts LOS, u koMnoHeHT mouwHocT LOS fno6aenswoT K

P.. B cueHapum GnwxHero nonsa mogenupytoT kaHanel LOS. KaHan BC-UE mogenvpytoT aHanorMyHo kaHany
B danbHem none 6e3 ydeTa yrnoB M3nyyYeHns v npuema. KnactepHyto mogenb KaHana hBY BbiumcnsaT no

dopmyne
Cc s
’P 1 jo
hBU: c elPes 14
(;2:115;1 SYA ()

4.5.3 KnactepHble MOogenu KaHanoB ONA cpef C BbICOKMM pacCessHUEeM B BbICOKOYACTOTHLIX
OuanasoHax

Ecnu RIS pacnonoxeHa goctatodHo ganeko ot BC/UE, To knactepbl ¥ paguonyyu Ans nyTei KaHa-
nos BC-RIS, RIS-UE n BC-UE moagenupytoT otaensHo. Ecnu RIS pacnonoxeHa 6nuako k UE, To knactepbl
W paguony4m mogenupytoT ans kaHanos bC-RIS. Ecnn kaHanel BC-RIS v RIS-UE npumensitor knactepbl C
(KaKkObl KnacTep cooepxuT S paguonyyen), To Mogenb kaHana h Bel4MCNAKT no dopmyne

C S
h= YZ Zc BC,S\’GG (ec,s@c,s)"-a(ec,srq’c,s) +hLos: (15)

c=1s=1

roe y — Koadd@uUneHT HopmManuaauuu,
B s — KOMMMEKCHOE yCUMeHMe raycCoBCKOTO pacnpefeneHHoro nyTu;
L — noTepu npu pacnpocTpaHeHun paguocurHana.
KomnoHeHT kaHana LOS h| og BbIMUCIAIOT Mo hopmyre

hios = €/"\JGe (BLos PLos )L &(OLos. 9Los ): (16)

rae 1 — crnyvyauHbli a3oBbin YNeH.
TpaekTopusa kaHana BC-UE moxeT BbITb cMOgenupoBaHa aHanornyHsiM obpasom, 6es yyerta yrnos us-
nydenuns. KnactepHyio moaens kaHana hBY seiuncnsior no copmyne

G SC
BU ; BU
hY =37 Bese”"VL +hGs.
c=1s=1 (1 7)

B kavecTtBe 06U.l,el71 MOenu KrnactepHblX KaHanoB UCNnonb3yrwT MOAENDb CBHEXE-BBHEHcyaﬂbI.

4.6 Mopenu kaHanoB MHOroMOAORBLIX Nepensny4eHun

B zaBucumocTu ot KOHCbI/‘IpraLI,VIM RIS moxet nepen3ny4atb HECKOIMTBEKO pauoCUrHanos nagawuiero
ANEKTPOMArHUTHOro U3ny4dYeHus. I'Iepev:snyquHble paccesdAHHble CUrHanbl B 6ECI'IPOBO,EI,HOI7I CBA3N CHMUTAKT

7
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nomexamu (HexxenatenbHbIMW ahcpektamun). Mogens kaHana ¢ ykasaHHbIMK cBoicTBamMu (X', ') BbIMMCTIAKT
no popmyne

T(X.y)=3 Tn=RY My An, (xy")exp(Xm, (x.y')), (18)

rae m,— MOLLHOCTb CUTHAMNa PacCesHHO N-i MofbI;
Amn 7] an— KO3 (PULMEHTbI, KOTOPbIE onpeaensaioT a3oBy MOgYNALMIO AN KaXKO0W pacCcessHHOW MOAbI.
Ecnu paccesHHbie BOMHbI AABMSOTCA NMOCKUMIK BONHaAMM, TO Amn SABNAETCHA NOCTOAHHbIM YMEHOM, KOTO-
pbIf OAMHAKOB AN Ka)aoro anemeHTa RIS.
Ha ocHoBe aTo MHOromMOgOBOW MOLENM NEPEeUsnyYeHUn pacCedaHHOe 3MeKTPOMarHUTHoe ManyyeHue
E(P) BbluncnsioT no dopmyne

g e—jkf'” ~f x [T " . e_jkr” A" F 2
E,(P) :”SRm]T[r (nf-Hg (xy")) }d8+‘USRISJT[r (Ea(x'y))-Rlds,  (19)
roe
N 1-L(P ;
Ea(P)- - e () o)
n_ 1+T(P) ;
Ha (P): 2 Hir (P )' (21)
npw aTom
E;. (P")="f+(E; (P)-A), (22)
H_(P)=n-(H: (P)-n),
roe E,— 1 H; — nagaouime anekTpyyeckme U MarHnTHbIe nons.
Cxema MHOroMoJoBOro NepensnyyYyeHnss NpuBeaeHa Ha pucyHke 1.
PucyHok 1 — Cxema MHOroMOO0BOro nepeunsnyyeHus
8
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4.7 Mopenw KaHanoB UHTepdepeHLMN W HeXernaTemnbHbIX Nepeu3ny4YeHni

4.7.1 Bo3HMKHOBEHWE MHTEpP(epPEeHL NN U HeXemnaTeNbHbIX Neper3nyyeHni

4.7.1.1 Obwme nonoxeHUs

Mpw ncnons3oeannn RIS nHTepdepeHumsa (nomexa) co3gaeTcs:

- camoi RIS u3-3a ee BHYTpeHHEN CTPYKTYpbI;

- gpyrumu RIS B pagnoceTy;

- ogHow onepaTopckon RIS;

- HEecKonbKMMU 6ecrnpoBOAHBIMU CETSIMU CBSI3M pasHbIX ONepaTopoB;

- npwv npocnywwusBaHum ans obecnedeHns 6e3onacHOCTU paguMoCcBA3N.

4.7.1.2 Momexn oT BHYTPMNOMNOCHLIX NepensnyyeHuni

B B6ecnpoBoaHbix ceTsx 6e3 RIS BO3HMKAT BHYTPUMNONOCHLIE MOMEXW CNeayoLWmUx TUMOB!

- MHOronofib3oBaTernbckue NoMexu;

- MHOrOCOTOBbLIE NOMEXH.

BrenpeHue RIS B BecnpoBoaHY CETh BNUAET HA KaHamN pacnpocTpaHeHus paguMocurHana Mexay nepe-
JaTyMKOM W ero ueneeblM NpveMHUKOM. B HacToflleM noapasgene oruvcaHo pacnpocTpaHeHue rnomex B
kaHane c RIS.

Ha pucyHke 2 nokasaHa cBA3b MexXay nepefaTtymkom W LeneBbIM NPUEMHUKOM, a TAKKe UCKYCCTBEHHLIE
KaHanbl pacnpocTpaHeHusa noMmex B BecnposogHoi cetu ¢ RIS.

_— ((LA’)) Mepenarumk

- -
- -

="
/ "\ ' Pacceusarens
RIS oS
3 =~
1 -
] . -
I Sso
] Sa o
1 Sva
= MpuemMHUK NOMeX

-'-_—-———---———————--’

PacceuBatent

Lleneeoi npueMHUK

Wbl NyTeil pacnpoCTPaHEHNS: EcTecTBeHHbIA MckycoTBeHHbINA

HenarenbHbli:

HexenarteneHblil: e -

PucyHok 2 — CBAasb Mexay nepeaaTynkom W LeneBbiM NPUEMHWKOM, a Takke UCKYCCTBEHHbIE KaHanbl pacnpoCcTpaHeHus
nomex B 6ecnposogHon cetn ¢ RIS

Ha pucyHke 2 nokasaH NnpueMHUK NoMex, pacnonoXeHHbld Mexay nepesaryukomM 1 LeneBbiM NpuemMHu-
koM. [laHHbIA CLieHapuid onMcbiBAaEeT MHOTONONb30BATENLCKY nepefadvy B 6ecnpoBogHON CETW CBA3W, KOraa
nepenaTynuk ogHOBPEMEHHO OBCnyXuBaeT ABa NPUEMHKMKA (B MHOrONoNb30BaTENbCKOW KOHMUrypauum), npu
aTom RIS HacTpoeHa Ha UeneBol NpUeMHWK ANs 3allMThl OT NOMb30BATENbCKUX NOMEX. Takon e CLeHapuii
MOKET NPOU30OATU B MHOTOCOTOBOW KOH(pUrypauun BecnpoBogHON CETU CBA3M, KOrQa paccMaTpyuBaeMblin ne-
pefartuuk obecnyxXuBaeT LeneBoi NPUEMHUK, a8 MPUEMHUK C NoMexamu obcnyxuBaeTcs gpyruM nepenartymkom
(He NnpedcTaBNeHHOM Ha pUCYHKe 2), KOTOPbLIA HAXOOMTCS B 30He NOKPbLITUSA (Kak NpaBuiio, Ha rpaHuue) Nepeo-
ro nepegaryuka. B 3Tux cueHapusax paccMOTpeHbl TONBKO HexenaTenbHele nepensnyyerHuns, obpasyemele oT
RIS BHYTpu ee nonockl 4acToT.
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PucyHok 2 unnoocTpupyeTt cueHapuin, B koTopom RIS HacTpoeHa Ha obcnyxuBaHue LeneBoro npuem-
HUKa U CO34aeT HECKOIbKO AOMONMHUTENbHbLIX BPEMEHHbLIX MCKYCCTBEHHbIX KaHanoB pacnpocTpaHeHWs paguo-
curHana Mexay nepefatyvkoM M NMPUEMHUKOM C MOMeXamu. 3TU KaHanbl NoTEHLManbHO MOMYT BbI3bIBATb
BHYTPUMNOMNOCHLIE NEPEen3nydYeHnsl paguocurHana, KoTopble NpegHasHavyeHbl TONbKO ANS LeneBoro npueMHu-
Ka, a He ANs NnpueMHuKa ¢ nomexamu. RIS gobasnseT B 06Uy NOMeXy, NPUHATYI0 NPUEMHUKOM C NOMeXamu,
rnoMexm oT GOKOBbLIX MEenecTkoB OTpaxeHHoro pagwonyya RIS. B saBucumocTu ot ctenenn yqactusa RIS B
paguoceTtn BnusiHue RIS moxeT nmveTb HexenartenoHoe BosgencTeue, ecnu RIS gobasnsieT nomexy k obLien
NMoMexe M3-3a eCTeCTBEHHbIX KaHanoB pacrnpoCTpaHeHUsl paanuoCUrHaNoB Mexay nepenaryvMkoM U NpuemMHu-
KOM C MOMeXamu, Unu xenaemoe Bo3fencTeune, korga RIS ymeHbllaeT obuiyo noMexy Mexay nepenartynkom
W MPUEMHUKOM C NOMEXaMW, T. €. HaKNaabIBAETCA OrpaHWYeHne Ha HexenaTenbHblA NyTh pacnpoCcTpaHeHus
paguocurHana. Ha npakTuke 370 MoXeT ObiTb OAHOCKAYKOBLIM KaHan (0T nepepaTyuMka K NpUeMHUKY Yepes
oauH anemeHT RIS) unu mHorocka4koBbIi kKaHan (T. . NPOXOAALWNIA Yepe3 oguH aneMeHT RIS 1 oguH unu He-
CKOMNbKO pacceuBatenein).

4.7.1.3 HexenaTtencHble nepensnyYyeHus (Heoxupoaemble/HeperynsipHble/NMpepbiBUCTLIE BO BPEMEHMW
BHEMOMNOCHbBIE NMEepen3nyveHust)

Ha pucyHke 3 nokasaHbl MCKYCCTBEHHbIE KaHarkl pacnpocTpaHeHus NoMex B 6ecnpoBOaHbIX CETAX CBA-
31, B KOTOPbIX Ucnonb3oBaHa RIS arpeccopa.

MepagaTivK KepTebl
((( ))) CnexTp ‘
RIS »epTBRp _ = KaHana
% s W, D HepTBEI ‘
\ ; A N B
7" . N
” \ BHenonocHoe
" WanyusHHe
\ \ Ris
N A arpaceapd Monoca BoageicTeus RIS
Y 4 N arpeccopa
' &, T Llenesoi
. v
cnekrp RIS
arpeccopa
MpueMHUK XepTBbI REEER
Yactota i
@) KaHan pacnpocTpaHeHWuA 6) HexxenaTensHoe BHEMOMOCHOS Nepenanny4eHne
@ EcTecTReHHLIA HekyceTBeHHBIR
Tun NyTM pacnpocTpaHeHus: enaTtensHuiiA
HexenatensHbiii ————

PrcyHok 3 — McKyccTBeHHble KaHank! pacnpocTpaHeHus noMex B BecnpoBOAHbIX CETAX CBA3M, B KOTOPbIX
ucnone3osaHa RIS arpeccopa

Ha pucyHke 3 a) npuBeneH npumep 6ecrpoBOAHON CeTU CBA3KM ((KePTBbI), B KOTOPOW NPUEMHUK W nepe-
0aTyYWK XXepTBbl NOABEPrakTCA aTtake Co CTOPOHLI 3MOYMbILLMEHHUKA (arpeccopa), MCNonb3yowero ans aTux
uenen RIS, He KOHTPONUPYEMYIO KEPTBOW.

Ha pucyHke 3 6) nokazaHa cxema HeXenaTerneHOro BHEMOMOCHOro MepeunanyyeHus, Ha KOTOpoM npu-
Be[eHbl TONBKO HeXenaTensHble nepensnyyeHus BHe nonockl RIS arpeccopa.

Ha pucyHke 3 nokasaH cueHapui, B koTopoM RIS xepTBbl HAcTpoeHa Ha 0bcnyKMBaHUe LeneBoro npu-
eMHUKa W C030aeT HEeCKOmNMbKO AOMOMHUTENbHbIX BPEMEHHBLIX WCKYCCTBEHHbLIX KaHanoB pacnpocTpaHeHus
paguocurHanoB Mexay nepegarymkom U NpUueMHUKOM, Ha KOTOPbIM BO3OeNCTBYIOT nomexu. B 3aeucumoctu
oT uHdopmaumm o KoHdurypaumm RIS arpeccopa, koTopyto umeeT obopyaoBaHue XepTBbl, 3TW KaHamnbl MO-
ryT NOTEHUMANBHO BhLI3bIBATh HEMNPELCKA3YEMbIE NPEPLIBUCTLIE BPEMEHHLIE U3MEHEHUWSA PAAMOCUTHAMNOB Npu
WX pacnpocTpaHeHUn Mexay nepegartydnkoM M NMpUEMHUKOM XepTBbl, korga RIS nepeHacTpanBaetcsa B coOT-
BETCTBUM C TpeBORaHMAMN LLENEBOro NpueMHuKa. B oTnnume oT BHYTPUNONOCHLIX MEPEW3NYYEHU onepaTop
DecnpoBoJHOM CeTK CBA3M (3KepTBa) M ero NpMeMHKK He MOTyT NpefckasaTbk nepeHacTpoiky RIS arpeccopa.
YxyaweHue npeickasyeMoCcTu KaHana pacnpocTpaHeHuss pagnocurHanos yxyqlaeT MexaHu3Mbl aganTtauum
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K N3AMEHAKLWMMCA yCrnoBuam B GECHDOBO,ELHOPI CeTn CBA3N. EECHDOBOﬂHaH CeTb CBA3N arpeccopa noTteHuun-
dalibHO CO34aeT HeXXenaTelibHble nepeunanyy4eHnA. ﬂ]’iﬂ OrpaHM4YeHnsd Takmx nepeuanyquMﬁ cnegyet CDODMM-
poBaTtk KaHanbl C OQHUM CKa4KOM (OT nepegaryuMka K npueMHUKY 4epes3 OuH IaNeMeHT R'S) NI C HECKOITbKKN-
MW CKa4vyKaMu (T. e. npoxogawne 4yepei oauH aNnemMeHT RIS n OOWH UM HECKOJTBKO pacceMBaTeneﬁ).

4.7.2 XapaKTepucTUKK MHTepdepeHUUN U HeXenaTenbHbIX NepensnyyeHni

4.7.2.1 Obwme nonoxeHus
MowHOCTb curHana n noMmex B 6ecnpoBOOHbLIX CETSX CBA3W C Ucrnonb3oBaHvem RIS mogenupytoT no
cLieHapuio, MoKasaHHOMY Ha pUCyHKe 4.

RIS1 @,

-

RIS2 @,

O 1 &, — KoachpuumeHTsl oTpaxenna RIS1 u RIS2 cooTBeTCTBEHHO; N4y, f145, hyy, hoy — KaHansl mexay kaxaoi napod BC n RIS; g4,
942, Goq. oo — KaHansel mexay RIS u UE; 1y, /15, L4, by — kanans mexay 6C n UE 6es RIS

PucyHok 4 — CueHapuin Mcnonb30BaHWs AByX KaHanoe cBa3u ¢ AByma RIS

Ha pucyHke 4 npuBegeHbl aBa kaHana BC1-UE1 n BC2-UE2, opraHmsoBaHHble ¢ nomowbio RIS, Od-
ekTbl popmupoaHus nyda bC n UE nHTerpupoBaxbl B kKaHanbl ANs yNpoLeHs 3anmcu.

OcHOBbIBasiCb Ha MOAENM y3KOMOMOCHOTO KaHara, MOLWHOCTb npuHumaemoro paguocurdana UE1 S,
BLIYUCTIAOT Mo opmMmyne

Sy = Pyl @4Gqq + hig®a0pq + Iyl (24)

rae Py — MOLWHOCTL nepegaqu BEA.
OcHoBbIBasiCb Ha MOAENY Y3KOMOMOCHOrO KaHara, MOLWHOCTb NpuHuMaemoro paguocurHana UE2 S,
BLIYUCTIAKOT No opmMmyne

S5 = Polhy @495 + hyy®yg0; + lol?, (25)

roe P2 — MOLWHOCTbL nepepa4yn bC2.
Obwme nomexu 1y n 1, ana kaxgoro UE BbluncnawT no hopmynam:

= 2
[1= Palhg®4Gqq + hya®agnq + lp4]%, (26)
1"
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Iy = Pylhy1®1g1p *+ hyp®a0p0 + Iyl (27)

Ons kaxporo UE nomexm cozgatoT RIS, HAacTpoeHHON Ha TekyLMiA KaHan, nocTopoHHuMK RIS unu 6es
RIS.

4.7.2.2 Tomexu, reHepupyemble RIS

CurHanel nomex, reHepupyembie RIS1 B UE1 (cm. pucyHok 4), NnpencTaensaioT Kak ﬁhm @, gqq; CHT-
Hanbl nomex, reHepupyemble RIS2 B UE2, — Jﬁhm D, gys. Nomexn Takke MOryT reHepupoBaTbes, Koraa
CWrHanel nepegaTyMka 0TpaXakTCs HA HECKONBKO NPUEMHUKOB B PEXMMe MHOTOMOOOBOMO NepeunsnyyeHus.

4.7.2.3 TMomexu, reHepupyemMble NOocTOpoHHUMHU RIS

CurHanbl nomex, reHepupyemble RIS2 B UE1 (cM. pucyHok 4), npeacTaensoT Kak ﬁhzz @, gyq; CHT-
Hankl Nnomex, reHepupyemele RIS1 8 UE2, — ﬁhﬂ ®; g4,- SNR anst UE1 u UE2 npefcraensior kak SNR, =
= S54/N;n SNR, = S,/N,. SINR gns UE1 n UE2 npeactaensiioT kak SINR = S;/(N; + 1) n SINR, = So/(N, + 15).

CkopocTb aByx kaHanos 6C-UE ¢ RIS C; u C, BbI4MCNSOT M0 hopmynam:

C, = Blog,(1 + SINR,), (28)

C, = Blog,(1 + SINR,). (29)

4.7.2.4 MogenupoBaHWe CUTHANoOB W NMOMEX B cLUeHapusax ucnonb3oBaHua RIS B becnpoBogHbIX ceTax
04HOro onepartopa W HeCKONbKUX onepaTtopoB

MopenupoBaH/ue CUrHanoeB U NMOMeX B CUeHapusax ncnonb3oBaHusa RIS B becnpoBooHELIX CETAX OOHOMO
onepaTtopa U HeCcKOMNbKWX OonepaTopoB OTNMYaeTcs M3-3a pa3HoW koopauHauuu. Ecnv aBa kaHana ynpasns-
I0TCS OfHMM onepaTtopom, To paboTta nepegatynkoB M RIS gomkHa ObiTe ONTUMU3MPOBAHA ANA CHUMKEHUS
noTeHUnanbHbIX MOMeX U ONTUMK3aLKMM obLein nponyckHon cnocobHocTu. KoadbduumneHTtsl oTpaxeHua RIS
@4 1 D, BEIYMCIAT MO popmyne

@4, D5 =arg max Cq + C,.
{@1,05} G Gt B (30)

Ecnu kaHan He 3annaHMpoBaH B KaKOM-TO Kaape, a RIS He HacTpoeHbl, To RIS gomxHbl BbITh BpeMEHHO
OTKMOYEHbI N8 yMeHbLUeHns nomex. [ina ontumusauum pabotel nepegatyukos n RIS Tpebyetcs coBMecTHO
WCMOMNb30BaHWe KaHamnoe u uHpopmaumm RIS mexay adyenkamu.

B cueHapum ncnons3oBanusa RIS B 6ecnpoBogHbIX ceTax Heckonbkux onepaTtopoB RIS gomkHa BbiTh
ONTUMU3UPOBaHa OTAENbHO OT KaHana. B atom cnyvae koauuneHTbl oTpaxeruns RIS @4 n @, BblYMcnsAT
no oopmynam:

2
(I)1 = argm(ba)( P1 |h11(1)1g11 + J'11| i (31)
1

2
O, =argmax P, [y, @ +1 :
2 g b, 2122 2922 + 122 (32)

Mpu onTuMmuzauum @4 He yYuTLIBaOT curHansl kaHana 5C1-UE1 v oTpaxeHHoro RIS2 curHana, Tak kak
OHW MOryT OKasaTb AECTPYKTMBHOE BIMSIHWE Ha MOLHOCTb MpUHUMaemoro paguocurHana. Cnegyer yuywThl-
BaTb, 4YTO B cLeHapuu ucnonb3oBaHus RIS B 6ecnpoBogHbIX CETAX HECKONbLKMX ONepaTopoB NOMEXW HE MOTYT
BbITb MUHUMM3MPOBAaHbI MNYTEM HAaCTPOMKM KoHUrypauum RIS.

4.7.2.5 lMpocnywmneaHne ansa obecneveHna 6e30NacHOCTU paguMocBA3n

Kak nokasaHo Ha pucyHke 5, mpu npocnywwmsaHuy gns obecneveHuns BeszonacHocTu paavoceasv RIS
MCNonb3yT ANS NONyYeHUs CUrHanoB, oTnpaeneHHbix ueneeomy UE 6e3 npamoit ceasm ¢ BC.

12
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BC @ fs =2 UE

KaHan curHana

9e UE pns

l-l.----------Iéa-;;;l-:l};ﬂ----------> npocnym“BaH“ﬂ

NPOCAYLMBAHWA
RIS @

hS — kanan ot bC k RIS, b — KoadhchuumeH Tl oTpaxeHus RIS; gg W gg — KaHansl ot RIS k UE ana npocnywwmeaHus 1 uenesomy UE
COOTBETCTBEHHO; /g — kanan o1 BC po UE

PucyHok 5 — lMNMpocnywmeanue curHana ot RIS

Wcnonb3ys Mogent y3KOMOMOCHOrO KaHara, CKopocTb B KaHane, obecnevvBaemom RIS mexgy BC u
yenesbiM UE, C BBIMMCNAOT MO hopmyne

Ps [hs®sgs +"3|2 (33)

C. =8l 1
S 00y | 1+ Ng

roe B — wunpuHa nonockl CUCTEMbI;
P — MOLHOCTL Nepeaasn;

Ng — MouHocTs Wwyma uenesoro UE.
CxkopocTb B kaHane ot RIS k UE ansa npocnywmearus Cg BbIMUCTIAKOT Mo hopmyne

2
P, |h @ QE|
C- =Blo o0 10 ZBHE] :
£ 9 Ng (34)

rae Ng — mowHocTe wyma UE ana npocnywwvsaxms.

4.7.3 OecTpykTuBHOe (hopMMpOBaHue paguorny4a

RIS MoXeT CHWXaTb MOLLHOCTb NOME3HOro curHana. [aHHbli adhpekT sirnaeTcs 4eCTPYKTUBHOM CNOCob-
HocTbio RIS kK dhopmupoBaHuio paguonyya. JecTpyKTUBHbIA ahdhekT opMUpOBaHMA pagmonyya BO3HUKaeT
B pesynbraTte:

- HenpasWnbHOW KoHpuUrypauun RIS;

- ynpaeneHusa RIS 3noymMblLLNEHHUKOM;

- nogasneHus, Nnpu HeobxoaMMoCTK, pagnocurHana ¢ nomoLbo RIS.

MoTeHunan OecTpyKTMBHOrO GOpMUPOBaHUA paduornyva OUeHUBAKT MO 3HAYEHUIO BEPXHEN rpaHuLb
Ansa 6ecnpoBOOHbLIX CETEN C OAHOAHTEHHLIM NepefaTYMKoM TX, OOHOAHTEHHLIM NpUeMHUKOM Rx 1u RIS, cocTo-
Aawein n3 N oTpaxalrwmx aneMeHTos. [NoTeHUunan ecTPYKTUBHOIO hopMUpOBaHUA paguornyya onpeaensoT
ans kaHanoe UL 1 DL ¢ eguHbiM NOpPTOM aHTeHHbl kak ansa Tx, Tak n anga Rx. HexxenatenbHoe BO3gencTene
OLleHMBaETCs B 3asABNAeMOM nogauanasoHe. Ecnv kaHan aABnsieTca 4acTOTHO-CENMEKTUBHbBIM, TO OECTPYKTHB-
Hblil 3hhEKT CHUMNAETCA Y BEPXHEN YacTOTHOM rpaHnLbl.

B gnaHHOM nogavanasoHe ypoBeHb CUrHana y Bbl4MCAsIOT No hopmyne

Y =| hg + 2 h®ygy |s+n, (35)
k

roe h,— KOMMOHeHT KaHana Tx-Rx, nayuwmnin mumMo ynpasnsaemon RIS;
k — Homep oTpaatulero anemeHTa RIS;

13
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hf( — KOMMOHEHT KaHana oT Tx o k-ro anemeHTa RIS;

@, — koahULMEHT caBuUra dasbl k-ro anemeHTa RIS;
g) — KOMIMOHEHT KaHana oT k-ro anemeHTa RIS no Rx;
S — ypoBeHb curHana Tx;
n — Ko3a(pUUMEHT Wwyma.
YcuneHve curHana B kaHane P(Q) BelMUCHISAOT No hopmyne

2

k

MpW BLINOMHEHUW yKa3aHHBIX YCNOBUA OeCTPYKTUBHbIA acdhdpekT hopMmupoBaHua paguonyda RIS MuHu-
MU3NPYETCS COrMAacHO BbIPaXEHMWIO

2

hy + MOkg,| — min. (37)
K

BepxHsia rpaHula guanasoHa siBNsSeTcs NpakTUY4eckn HedOCTUXUMOWM, MOCKONbKY AN aToro TpebyeTcs
YYMTbIBaTh B NONHOM 0O0beme napameTpol kaHanoB Rx—RIS n Tx—RIS. MNpwu oTcyTcTBUKM aganTuBHOIO op-
MWpOBaHUA paguony4da u bnuskoro pacnonokenus RIS 1 npMeMHMUKa BbINONHAETCA COOTHOLLEHWe

P(Omn) , | _ 2NA

T T, RIS’ (38)
Paoris rd X
roe P ris — KoadduumMeHT ycuneHus kaHana, ngyuiero mumo RIS;

N — uyucno anemeHToB RIS;
A — adiddekTuBHasa nnowanbs eaMHUYHOro koadduumeHTa oTpaxeHunsa RIS;

A — [OnWHa BOMHbIL;

d_. Tx-RIS

min — MWHMManbHaA OnnMHa Nyt pacnpocTtpaHeHnd paguony4da ot Tx no Rx.

4.7.4 Mopgenb KaHana npu HECOOTBETCTBMM MHpOpMaL MM O COCTOAHWUM KaHana npuv nHTepcepeH-
LMK U HexenaTernbHbIX Nepen3ny4yeHnAX

B HacToslleM cTaHOapTe yCTaHOBMEH METOA MOAENUPOBaHUA BO3NEWCTBUS HeXenaTenbHbIX nepens-
nyvyeHun (HeoxXuaaHHble/HeperynspHble/MpepbiBUCTEIE BO BPEMEHW BHEMNOMOCHbIE Nepeusny4veHus) Ha agan-
Tauunio 3aMKHYTOMO KOHTYpa CBA3W.

AganTtaums 3aMKHYTOro KoHTypa ceasu 3aBucuT oT CSl, agantuBHoro copmupoBaHvs paguonyda,
afnanTUBHOWM MOAYNALUMKW, KOAMPOBAHUA U T. 4.

Ha pucyHke 6 npuBegeHa Mogenb KaHana npu HecooTBeTcTBUMM CS| BCrneacTBue U3MEHSHOLLMXCA BO
BPEMEHUW HexenaTenbHbIX NepenanydyeHui

Ha pucyHke 6 npuBegeHa mMofenb, Y4UTBIBAKOLWAA BPEMEHHBIE M3MEHEHWS KaHana pacrnpocTpaHeHus
paguocurHana B KaHane XepTBbl, KOTOPLIA NoABEepraeTcd BO3AENCTBUIO HeXenaTenbHbIX NepensnyyeHun,
afanTypyeMoro 3aMKHYTBIM KOHTYPOM CBA3W. BpeMeHHoe n3MeHeHve HexenaTenbHoro kaHana, T. €. KaHana,
nepenanyyaemoro ¢ nomolwbio RIS u paccensatensiMmu, 3aBUCUT OT HEMPEPbLIBHOMO M3MEHEHUS pacceuBare-
nen u QUCKPeTHOro MameHeHus coctoaHua RIS. CnegoeatentbHoO, BpEMEHHOe M3MeHeHWe HexenaTenbHOro
KaHana oTnuM4yaeTcd 0T BPEMEHHOro M3MeHEeHUs HOpMalnbHOro KaHana pacnpocTpaHeHWs paguocurHana m
HapylLaeT HeNpPepbIBHOCTL BPEMEHHOIO M3MeHeHUs obLero kaHana.

Ha pucyHke 6 a) npuBeaeHo cnegyoLlee:

- B MOMEHT BpeMeHu t npuemHuk olleHmBaeT Tekywnin CSI CSI(t), roe CSI(t) — Tekywnii kaHan iH(t), Ha
KOTOPbIA OKa3blBaOT BO3AEMNCTBUA HeXenaTtenbHble nepensnyyeHus;

- iH(t) yuuTbiBaET HEXeEnaTenbHble KaHanbl pacnpocTpaHeHus paguocurdanos U(t) mexagy nepegartyu-
KOM U npuemHukom bes RIS;

- U(t) aengaetca dyHkumen C(f), T. e. koHdUrypaumen HexenaTtensHon RIS.

14
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C{fy: Kondburypauua 3) Nepepamink nepenaeT gaHHeIE ¢ C(t + a):
RIS afanTau4ei cessM Ha Gase CSI(f) KoHurypauus RIS

m*_.

' {A{f}: HexenaTensHLIA NyTE Ut + df): HexxenaTenkHLIA
- pacnpocTpaHeHns . e [ NyTh pacnpocTpaHeHuA

-

2) CSI{f) nepenaetca
1) CSI{t) namepreTca Ha Gaze kanana iH(f)

4) MpueMHUK NPHHUMAET BaHHBIe OT KaHana iF(t + df)

a) nonyyenne CS| go Bpema ¢ 6) npuem DaHHbIX BO Bpems |+ dif
OTHoleHue C/LL KosthduumeHT oumbok
Ha bnok
SNR(t) [aHHEIe NPUHATE HeKOPPeKTHO
A BLER(t + d8)

PacxoxgeHue
SNR(t + df) PacxoxpeHne

BLER(f)

Liens |
|
4 t+dt > Bpems i
H t+df Bpems
B} pacxoxgaeHuwe CSI| r) BLER
KaHan XepTBbl: RIS
KaHan
pacnpocTpaHeHus,
nopBepraemMbiii
BO3HEACTBHID
Mepegatmk MpMeMHUK Paccevsarent KonTponnep iH

PucyHok 6 — Mogents kaHana npu HecooTBeTcTBuUM CS| BeneAcTBYE U3MEHSAIOLLMXCA BO BPEMEHW HEXENATENBHBIX
nepenanyyeHui

MnaHMpoBLUMK M cCXema agjanTauuy kaHana Ha CTOpoHe nepeaartduka BbibupatoT opMupoBaHue pa-
AMOoNny4a, cxembl MOAYNALWM U KOOWPOBaHWA U Tak fanee Ha ocHoBe CSI(f). MepenaTynk NpOrHO3MpyeT 0Xu-
AaeMyto Mpou3BoAUTENbHOCTb, HanpuMmep ¢ ydetom SNR u BLER. SNR(t) o3HavaeT oxupaemblin SNR, a
BLER(f) — oupaembii BLER Ha ocHoee CSI(f) u agantauum kaHana SNR(f) u BLER(t), kak nokasaHo Ha
PUCYHKax 6 B) U r).

Ha pucyHke 6 6) npuBeaeHo cneayroLLee:

- B MOMEHT BpeMeHu f + df NpUeMHUK Nony4aeT AaHHble afanTUPOBAHHOIO KaHana (aganTtupoBaHHoe
dopmMupoBaHWe paguonyya, aganTUpoBaHHbIE CXeMbl MOAYNSALWA U KOOUPOBaHUA U T. 4.) Ha ocHose CSI({)
Yyepes HOBbIM BO3AencTByoWMIA kaHan iH(f + dt), roe:

- iH(t + dt) — HexxenaTenbHbIA KaHan pacnpocTpaHeHus paguocurHana U(t + df) mexay nepegaTymkom
n npuemHukom 6es RIS,

- U(t + dt) aensetca dyHkumen C(t + df),

- C(t + df) aBnsieTca koHdurypauuen HexenartensHoi RIS, npu atom koHdurypauus C(t + df) otnnua-
etca ot C(f).

MpuemMHUK nony4vaeT gaHHble ¢ akTudeckum SNR-SNR(t + df), koTopein 3aBucut oT CSI(f), oT iH(t + di)
n chakTnyeckoro BLER-BLER(f + df), nokasaHHbIX Ha pUcyHKax 6 B) U T).
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Kak nokasaHo Ha pucyHkax 6 a) n 6), U(t + dt) 3HauymTenbHO oTnu4aetca ot U({), a iH(f + dt) 3HaunTenbHo
otnu4yaeTtcs oT iH(t). 3To moxeT npuBecTn [cM. pucyHok 6 B)] k yxyaweHutio SNR ot SNR(f) go SNR(t + df), T. e.
K CUNIbHOMY OTpuuaTensHoMy HecooTeeTcTBUO CSl, a BLER(t + dt) MOXeT ObiTb HAMHOIO XyKe OXWUOAEeMOro
3HaueHua BLER(f), kak nokazaHo Ha pUCYHKe 6 ).

4.7.5 MNob6ou4HbIe nepenzny4yeHUs

HexenartenbHble nepeunsnydvenus RIS cknagbiBatoTcs M3 NOOOYHBLIX NEPEU3NYYEHWA M BHEMOMOCHBIX
nepensny4eHunin, Kak NokasaHo Ha PUCyHKe 7.

HexenartensHele uany4vyeHua

BHenonocHble nany4eHus

MoGo4Hble MoBoYHEIe
U3My4eHUA PaGouas M3ny4eHus

“acToTa

v

YacroTta

PucyHok 7 — Mo6o4yHble n BHENOMNOCHBIE U3NYYeHWUs

MoBoyHbIe NEpenanyyeHna — 3TO U3NYYEeHWA Ha YacToTax, KOTOpble HaXoAATCs 3a Nnpedenamu Heobxo-
OVUMOIA NMonockl paguocurHana v ypoBeHb KOTOpbIXx MOXET BbiTb CHbKeH 6e3 yuwepba ana nepenaqm gaHHbIX.
CBsA3b Mexay NoB0oYHbIM 1 BHEMNOMOCHLIM NEepensnyyeHnamMmmn nokasaHa Ha pucyHke 16. MNoboyHble nepeuns-
NydeHWUs BKIOYaoT B cebs:

- rapMoHW4YecKue nepeuanyyeHus;

- MapasuTHble NepensnyyYeHus;

NpOAYKTEl UHTEPMOAYNALNNK,
npoaykKTbl NpeobpaszoBaHns 4acTOThbI.

MoboyHble nepeunanyyeHnsa (3a WCKMKYEHMeM MHOTOMOZOBOrO Mepev3nyvyeHus) ans naccuBHon RIS
ABMNSAKTCS HE3HAYUTENBHBIMU U UMW MOXHO NMpeHebpeyb. MNpu 3ToM akTuBHaa RIS uany4vaeT Gonblie, Yem
naccueHasa RIS. 3To ceaA3aHo ¢ TeMm, 4YTo akTuBHas RIS ocHalleHa TakKMMU aKTUBHBIMU KOMMOHEHTHI, KaK yCu-
nUTenb UMM MOAYNATOP, KOTOpbIe CNOCOBCTRYIOT YBENMUYEHNIO NOBOUYHBIX NEPENINYUEHNIA.

Ecnu RIS paboTtaeT B okpyxeHun apyroro o6opyaosaHunsi, To NO60YHbIE NEPEen3nyvYeHns yxXyawatoT ux
NpPOM3BOAMTENBbHOCTE. YTO6LI OrpaHnyYnTe NOBOYHbIE NMEPen3nyyYeHs, HeobXxoaMMo NPOBECTU PpagnMo4acToT-
Hble UCMBITAHWSA Ha 3NMEKTPOMAarHMTHY COBMecTMMOCTb. LnpuHa obnactu TecTupoBaHua 3aBucUT oT pabo-
yen yacTtoTbl RIS. OgHUM M3 NPUMEpPOoB ABNAETCA OManaszoH TecTMpoBaHMs ana FR1, KoTopbii cocTaBnseT oT
30 My pgo 5-i rapMoOHMKKM BEpPXHE YacTOTHOM rpaHuubl pabodero guanasoHa. [Ana FR2 guanasoH TecTupo-
BaHusa coctaenaeT oT 30 My 4o 2-i rapMOHUKKN BEPXHER YaCTOTHOM rpaHuubl pabodero guanasoHa.

4.8 Mogenb NONAPU30BaHHOIO 3NeMeHTa PeKOH(UIYPUPYEeMOl MHTeNNeKTyanbHOM
NOBEpPXHOCTHU

OnemeHThl RIS nogoepxuBatoT ABOMHYKO nonapusauui, roe dasoBble cABWrM, obecneymMBaemele ane-
MeHTOM RIS, KOHTponupyrTCA NyTeM WM3MEHEHWS BepTUKANbHOW M rOpU3oHTaneHoW nonapusauuid. RIS ¢
OBOWHOM nonspuaauein MoxeT KOHTPONUpOBaTL aMNanTygy Unu pasoBsle CABUIKM OTPaXeHHbIX anekTpomar-
HUTHbIX BOMH B ABYX OPTOrOHarbHbIX NONAPU3aLMsaX, Kak NnokasaHo Ha pUCcyHke 8.

Monapusaumsa anemeHToB RIS moxeT BbITh paclumpeHa 4o Mynstunonapuaauun. [Ina 4oCTYKeHUA Hau-
TNYYLLMX XapaKTepuUCTMK CBA3M NMPWU NPOEKTUPOBaHMU Modenen kaHanos B BecnpoBogHbIX ceTsx cBA3n ¢ RIS
HeobxoOouMO yYUThIBATE BNUAHWE Nonsipu3auny Ha aneMeHTax RIS B fononHeHWe K nonsipu3aumMy Ha aHTeH-
Hax nepegaryuka v npuemMHuKa.
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SnemMeHT ¢ OBOHHOR
nonspusauuen

Koutponnep RIS
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A

PucyHok 8 — RIS ¢ gBoiHOK nonspusauuen

Ecnu RIS nopgaepxuBaeT OBOMHYK Monapusauuni (HanpuMmep, AByxnonsapuioBaHHasa RIS), To mogens
curHana y B anemeHTe RIS BbluMcnAT no popmyne

y=Hx, (39)

r0e XUy — BXOAHbIE U BbIXOAHbIE NMOSPM30BaHHbIE cMrHanbl B anemeHTe RIS;
Hp — martpuua KaHana nonsipMsaunm, BolHUcreHHas no opmyne
VY . HV
H BVVe_,"p BHVe_j‘p
P . VH - HH | 40
gVHeio"™  gHH -Jo (40)

roe ¢P-9 € [0, 2x] n BP9 € [0, 1] oBo3HavaT dasy ¥ amnnMTyay OTPAXKEHUS, BbI3BAHHLIX aneMeHTom RIS
OT Nnonspu3aunm p K nonapusaunm q;

p — MNonspusauus BO30elCTBYOWEN BOMHbI;
q — nonsApu3aumsa OTPaXeHHOW BOJHbI;
p, g € {V, H}, rae V n H — BepTukanbHas v ropM3oHTanbHas nonspu3auuy COOTBETCTBEHHO.
Ecnu RIS MoxeT HacTpaneaTh hasy M amnninTyny OTPaXKeHUsl B KaX40M KOMMNOHEHTE MaTpuLbl KaHana

nonAapu3sayunn Hp’ TO NagaroLMn FIOJ'IﬂpVIlBOBaHHbIﬁ CUrdHamn MoxXxet HDEOBDESOBbIBaTbCH B HEOGXOﬂ,MMbIﬁ no-
J'IFlpM.'BOBaHHbIFI CWrHan.

5 OueHka kaHanoB

5.1 Knaccu4eckue CueHapvu OUeHKMN KaHanoBe

5.1.1 O6Lwm1e nonoxeHns

B HacTosAwem nogpasgene npueeaeHbl TpW CLUEHAPKWA OLEHKW KaHanos ¢ npuMeHeHnem RIS, B koTopbix:
- RIS He BbINONHSET BCTPOEHHYH OLEHKY KaHana,;

- RIS BbIMOMHAEGT BCTPOEHHYIO OLEHKY KaHana;

- RIS obecneuneaet npamy cea3be mexay bC n UE.
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51.2 Pexoncburypupyemaﬂ UHTEeNnneKTyanbHaAda nNOBepXHOCTb He BbINOJNIHAET BCTPOEHHYH
OUeHKY KaHana

B atom cueHapunn R|S, ncnone3yemas B 6ECI'IpOBO,EI,HO[71 CETH CBA3N, HE MOXET BbINMOJTHUTL OLIEHKY Ka-
Hana. RIS OCHalleHa nacCUBHbIMKW 3NeMeHTaMu, KOTOpble MOryT HacTpauBaTb qDa3OBbIe casurn nagakowmx
CUrHanoB 1 obecneuynTb OFIpe,EIEJ'IEHHbII:’I YPOBEHb YCUITEHUA, KaK NOKa3aHO Ha PUCYHKe 9.

MaccuBHbIE aNEMEHTHI
RIS

KoHutponnep
RIS T -

EC-RIS RIS-UE
RIS

BC-UE D

UE

BC

PucyHok 9 — CueHapuin ncnonb3osaHus RIS, B kotopom RIS He BbINOMHAET BCTPOEHHYH OLUEHKY KaHana

RIS He cogepxut BY-uenei n He MOXET BLINOMNHATL Kaky-nubo nokarnsHyto 06paboTky OCHOBHOW Mo-
Nockl ANA BbINONHEHUS OUEeHKM kaHana. OueHka kaHana MoxeT ObiTh BbinonHeHa Tonsko Ha BC/UE ¢ ucnone-
3oBaHMeM RIS.

5.1.3 PekoHdurypupyemas MHTennekTyanbHas NMOBepPXHOCTb BbLIMONHAET BCTPOEHHYH OLIeHKY
KaHana

B atom cueHapuu RIS ocHalleHa akTUBHBIMU U MACCUBHBLIMUW 3rieMeHTaMu (cM. pucyHok 10), koTopble
OCYLLECTBMSOT aKTUBHLIN Npuem/nepeaavy v nokansHyt 06paboTky OCHOBHOM NONOCH! 4acToT.

Pa3amelLeHne akTuBHbIX aneMeHToB B RIS MoxeT BbiTe OMKCMPOBAHHLIM UMW TMOKUM C OTAEMBHLIMU
BY-uenamu, cBA3aHHBIMK C KaXKObIM aKTUBHBLIM 3NIeMEeHTOM, MK ogHoi BY-uenbio, obLei ansg HecKonbkux
aKTWMBHbIX 3MeMeHTOB. Mcnonk3ysa akTuBHbIe anemMeHTbl, RIS BeiNonHAeT 3agadvy BCTPOEHHOW OLEeHKM KaHa-
na. MowHocTte, notpebnaemas RIS, BcnegcTeue HanvMymMst akTUBHbBIX 3/IEMEHTOB YBeIMYMBAETCS, NPU 3TOM
NnoTepu Ha Tpacce YMEeHbLUAKTCH M MOLHOCTL paguocurHana B KaHane yBenuuuBaeTCH Mo CPaBHEHUHD CO
cTaHgapTHeiM kaHanom bC-RIS-UE. MeTtogbl oueHkn kaHana, KoTopble OCHOBaHbI HA JaHHOW CTPYKType, pe-
KOMEHLYETCH MCMOMbL30BaTh ANA NPOBEAEHMS OTAENbHLIX OLeHOoK B kaHanax bC-RIS u RIS-UE.
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Koutponnep .

RIS

RIS-UE
BC-RIS RIS

BC-UE D

UE

BC
D — naccueHble anemedTsl RIS;

. — aKTUBHbIe anemeHTsl RIS

PucyHok 10 — CueHapuin ucnonb3oeaHusa RIS, B koTopom RIS BbINONHAET BCTPOEHHYHO OLEHKY KaHana

5.1.4 PekoHcurypupyemas UHTennekTyanbHasi MOBEpPXHOCTbL obecne4yMBaeT MNpAMYK CBA3b
Mexpay 6a30BoON cTaHUWEN 1 Norb30BaTeNnbCKUM (aboHeHTCKUM) obopyaoBaHuem

MeTogbl oueHkM KaHana ¢ RIS moryT pasnuyatbcs B 3aBUCMMOCTW OT OOCTYMHOCTWM MPSMOTO KaHana
mexay bC n UE. B HacTosilem cTaHdapTe yCTaHOBMeHbI ABa cleHapus ucnonb3oBaHusa RIS [cm. pucyHok 11,
a)u 6)].
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KoHTponnep
RIS

BC-RIS — ' S RIS-US
RIS

BC-UC D

BC

a) npsamow kaHan mexay 6C n UE noctyneH

KoHTponnep
RE [—=—=—=—=

2 RIS-US
BC-RIS RIS

x i

Kanan BC-UC
BnokupoeaH/HeqocTyneH

BC

©) npamoii kaHan mexay BC u UE 6nokvposax/HegocTyneH

PucyHok 11 — Cuenapuu ucnone3oBaHua RIS, B kotopeix RIS obecneunBaeT npamyio ceass mexay 5C n UE

B nepsom cueHapuum [cMm. pucyHOK 11, a)] nokazaHa npamMas ceasb Mexgy BC-UE BmecTe ¢ oTpaeHHoW
cBaA3bio Yepes RIS, 1. e. ceBsazb BC-RIS-UE. B atom cueHapuw oueHka kaHana Ha UE (npw nepegade no HACXO-
OdLen nuHMn cBsasu) unu Ha bC (Npv nepegave No BOCXOASLEN MMHWMMW CBS3KU) CNONb3yeT METOAbI, KOTOPbIE
yunTbiBaoT 0be goctynHble nuHuM cesa3m bC-UE u BC-RIS-UE. Bo BTopom cueHapuu [cMm. pucyHok 11, 6)]
npsMas ceasb mexgy 6C-UE HegocTynHa, T. e. MpsiMas CBS3b MOMIHOCTLI0 3abNokMpoBaHa, Tak Kak sBMseTcs
cnabbiM KaHanoM CBSA3M U3-3a 3aTyXaHus paavocurHana B cpefe pacnpoctpaHeHus. MeToasl oueHkM kaHana
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B 9TOM cCleHapuu paspabaTbiBaloT TOMbKO NpW HanuymMm oTpaxeHHoro nytu mexgy BC n UE, 1. e. kaHana
BC-RIS-UE.

5.2 OLI,EHKa CKBO3HOro KaCKkagHoro u pa3geneHHoro KaHanoe

5.2.1 O6LwWMe NonoxeHns

B HacTosawem nogpasgene nNpyMBeAeHbl METOAbl OLIEHKM:

- CKBO3HOrO KacKagHOro KkaHana;

- OTAEenLHOro KaHana.

5.2.2 MeToabl OLUEHKW CKBO3HOro KackagHoro KaHana

B kaHanax becnpoBogHbix ceTeil paguoceasv ¢ RIS, noMmumo npamoro kaHana, MCNonb3yT Oonon-
HUTENbHbIA (CKBO3HOW KackagHblin) kaHan mexay BC/TRP u UE, koTopblit ocylwecTenaeTcs yepes RIS. 3d-
eKTMBHOCTb CKBO3HOIMO KackKagHOro KaHana OueHuBalT Mo YCUNEeHWI0 paguocurHana u ¢asoBbiM CABUMaMm,
Nony4eHHbIM 3a cYeT npumeHeHnsa RIS.

OueHKy CKBO3HOTO KacKagHOro KaHana oCyLLecTBNAIT MeTogaMu:

- MO3NeMeHTHOW oueHKKM kaHarnos ¢ RIS;

- OLEeHKW KaHamnoB Ha ocHoBe 0bLel koHgurypauum RIS;

- OLeHKK KaHamnoe ¢ RIS npu ucnonb3oBaHuy ogHoin BY-uenu.

5.2.2.1 MNosnemeHTHas oueHka kaHanos ¢ RIS

MeTon NoanemMeHTHON OUeHKN kaHanoB ¢ RIS npuMeHsaT K MoAenn CUCTEMb!, BKMOYaLWER OAWNH ane-
meHT RIS, UE c ogHoW aHTeHHOW 1 nogHecywyto cuctembl OFDM. [aHHbI MeTo4 AOMycKaeTcsa NpUMEeHATb
K MOZENWN CUCTEMBI C MHOMOaHTeHHbIM UE, KoTOpbIR 00beauHAeT HECKONbKO NMPUHATLIX CUTHANoB B OQMH CUr-
Han, ucnonbayst 06paboTKy NpUeMHKKa, T. €. LM poBLIE UNK rMbpuaHsle MeToabl (hOPMUPOBAHUSA paguony4da
unu ux KombuHauuw. MeToq No3NeMeHTHON OLLEHKM MPUMEHSIIOT K KaHanam, Nnpu 3TOM AaHHbLIN MeToq Oomny-
cKaeTcsa NpUMeHATb K KaHanam UL.

OKBMBANEHTHBIM KOMMMEKCHO3HAYHbIA CKansapHbIn curHarn, npuHaTelid UE, y,, BBIYMCNAT No hopmyne

Ym = (bma'm(pm + d’)PS+ z= (c"mgom + d‘)PS + 2z, (41)

roe b, — KOMMMEKCHO3HA4YHbIW CKanfApHbIA KaHan Mexay anemMeHToM RIS n UE;

a',, — KOMMMEKCHO3HaYHbIK BEKTOPHbIA KaHan mexay TRP n anementom RIS pasmepHocTbio
Ny x1;
¢, — KOMMNEKCHO3HAYHbIW CKanapHbii daktop anementa m RIS, rae m =1, ..., M;
d =[dy ... d\pq] — KOMNNekcHo3HauHbIl kaHan mexay TRP 1 UE, 3a ucknioueHvem nyTeil pacnpoctpaHe-

Hus yepes RIS, pasmepHocTbio Ny x 1;

P — KOMNNEKCHO3HauHbll BEKTOP NpeABapyTenbHOro KoaupoBaHus pasmepHoctn Ny x 1,
roe Ny — 4ucno nepefarliux aHTeHH MMM aHTEHHbIX NMOPTOB Ha CeTeBOW CTOpOHe
TRP;

S — KOMMEKCHO3Ha4HbIN CKaanHblﬁ CUMBOI, T. €. yCTaHOBHEHHbIﬁ OI'IODHbIﬁ CUTHan vnn
MUNOTHLIN CUMBOJT;

Z — agAWTUBHBIA WYM 1 MOMEXHU;

¢’ = b_a, — KackagHbl KOMMNIEeKCHO3HaYHbIN BEKTOPHbIA KaHan Mexay TRP, anementom m RIS n
UE paamepHocTbio N x 1.
NoanemeHTHas oueHka kaHanoB ¢ RIS B Mmogenu cuctemsbl, BKNoYawwen oguH anemeHT RIS, nokasana
Ha pucyHke 12.
B naccuBHoln RIS daktop MOXeT MMeTb (OMKCMPOBAHHYK aMNIuTyay, T. €. eQUHUYHYI0 aMnnuTyay
(lpl = 1). B aktusHoW unm rubpuaron RIS amnnutyaa MoxeT GbiTb NEpeMeHHOU M KOHTponupyemoi. B He-
KOTOpbIX criy4asx, B TOM 4ucne Ans naccusHoro RIS, anemeHT RIS MOXeT GbITb BbIKIIOUEH, T. €. ¢, = 0 unu
¢y = 0. AnemeHT RIS MOXET Hax04UTLCA B COCTOSAHUMN ¢, B ONPEAENeHHbI MOMEHT BPEMEHU U MPUMEHUM KO
BCEM MOAHEecyLlMM B Npedenax ycTaHOBNeHHOW Nonockl cUrHana.
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RIS na M
3nNeMeHToB

y d.
Sy 0,

UE

TRP

PucyHok 12 — lNMoanemeHTHas oueHka KaHanos ¢ RIS B Mofenu cucteMsl, BKoYaloLwen oauH anemeHT RIS

OueHky kaHanos ¢ RIS B mogenu cucTembl AonycKaeTcs ynpolaTth NyTeM BKMOYEHU NpeaBaputens-
Horo kogupoBaHust TRP P B kaHan TRP-RIS. B aTom cny4ae skBMBaneHTHbIA KOMMIEKCHO3HAaYHbIA cKansp-
HbI curHan, npunsATelin UE, y,, BoldvcnsioT no gyopmyne

Ym=bpanon+td)s+z=(c,e,*+ds+z (42)

roe d = d' P — KOMNMEKCHO3HaYHbIA CcKanspHbli  3dekTuBHbIN npsamoin kaHan TRP=RIS (Bknodas
npeasapuTensHoe koguposaHne TRP);

8= a;nP — KOMIMMEKCHO3HaYHbIN cKansapHbli kaHan Mmexay TRP u anemenTom RIS;

Cm = @by, — KackaOHbl KOMMNIIEKCHO3HauYHbIA ckanapHein kaHan TRP k anemenTy m RIS v ganee k UE.
MpumMepHyo Mofenb, BKNYarLLyo Bce anemeHTsl RIS, BeiamcnsioT, 4o6aensas curHassl, COOTBETCTBY-
owme scem M anementam RIS (¢, ¢,,5), no hopmyne

y = ((a@b)®d + d)s + z = (c® + d)s + z, (43)

roe a — KOMMMEeKCHO3HAYHbIN BEKTOPHLIA kaHan mexay TRP u RIS, pasmepHocTsio 1 x M, rge
M — yucno anemeHTOB RIS;

b — KOMMMNEeKCHO3Ha4YHbIM BEKTOPHBIN kaHan Mmexay anemeHToMm RIS n UE, pasmepHocThio
1 x M;

c=a®b = b®a — NO3ANEMEHTHOE BEKTOPHOE NPOU3BELEHME & U b;

{ — KOMMNNEeKCHO3HAa4YHbIM BEKTOP paamepHocTeio M X 1, copepxawmin M dakTopoB aneMeHTa
RIS ¢,,, npn aTom @ cooTBeTCTBYET cCocToAHUIO RIS.

B RIS npsamoyronbHoi popmbl M, obosHavaeT yucno snemeHtoB RIS B ropusoHTansHom Hanpasne-
HUK, a My — yucno aneMeHToB RIS B BepTukanbHOM HanpaesneHuun, Takum obpasom M = Mx*My. Mcnoneaysa
MeTo[ MO3NeMeHTHON oueHky KaHanoB RIS, koarUMeHTEl yCUNEHUS KacKadHbIX KaHaMoB OLEHUBAIOT Ha
UE nytem nHOMBMAyansHoro 3axeata 3dgdekrta pas3oBbiX CABUIOB, BHOCUMEIX KaxablM anemeHTom RIS. B
kaHanax BecnpoBonHbIx ceTen cea3u, rae bC/TRP B3anmogencteyet ¢ UE ¢ noMowbio RIS, coctosawen ns M
anemeHToB (cM. pucyHok 13), obwyto oueHky kackagHoro kaHana (BC-RIS-UE) npoeogaTt nyTem BblYMCNEHUA

3hhEeKTMBHOIO KO3 PULIMEHTA YCUIEHWSA, NoNyYeHHoro BceMn M anemeHTtamn RIS.
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1 RISus M
3NeMeHToB
AT M
@,
X A 9m

-
—A BCARP J : E)ym

PucyHok 13 — MNoanemeHTHan oueHka kaHanos ¢ RIS B mogenu cucTteMel, BKNOYaroLwen Bce anemeHTsl RIS

MeToq NOsnemMeHTHOM OLEHKM KaHana aensercs Haubonee adh(heKTUBHBLIM 3a CYeT y4yeTa (pasoBbIX
COBWIOB OT Kaxaoro anemeHTta RIS. Mpw atom npumeHeHne RIS Gonblunx pasMepoB U CO 3HAYUTENbHbIM YNUG-
NOM 3MEMEHTOB MOXET MPUBECTU K HEXEenaTenbHbIM 3a4epKkaM npu nepegadve daHHbIX M MOTEPE MOLLHOCTM
OMOPHbIX CUTHAMNOB W NUMOT-CMTHAMNOB, OTPaXKaeMblX KaxabiM anemeHTom RIS,

OaHMM M3 MeTOO0B MO3NEMEHTHOW OLEHKWU KaHarnoB ABNAeTcA MeTod oueHKW kaHanos RIS Ha ocHose
cyBnoBepxHOCTH.

Ona yyeTa 3agepxku U (pMHAHCOBLIX 3aTpaT MpU WCMOMb30BaHUWM MWUMOT-CUIHANoOB B MeToae Mnoane-
MEHTHOW OLIeHKM KaHamnoe nonHyt nosepxHocTe RIS 3 M anemeHToB OenaT Ha S cyBnoBepxHOCTeN, kaxaas
M3 KOTOPbIX COCTABNSAET rPpynny anemeHTos RIS. B 3ToM crny4yae oLUeHKY KaX4oro KaHarna BbINOMHSAKT Ha ypoB-
He cyBnoBepxHOCTH, Kak NoKka3aHo Ha pucyHke 14.

RISua 8
CcyBnNOBOPXHOCTAMMK

__}L Ys

UE

— BC/TRP

Ll

PucyHok 14 — lNoanemeHTHas oleHKka kaHanos ¢ RIS B Moaenu cuctemMsl Ha OCHOBE CyONoBepXHOCTEN
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Pesynstatom obuyel oueHkmn kaHana B UE ByneT kaHan, oTpaxeHHbIA Kaxaon ua cybnoBepxHocTen, co-
CTaBNSALWMWX KacKaaHblA KaHan, oTpaxeHHbln RIS.

5.2.2.2 OueHKa kaHanoB Ha ocHoBe 0bLen KoHpurypauum RIS

[Ons yMeHbLUEHNA 3a0epXXKU U NOTEPU HA MUIMOT-CUTHamNbLl B METOAE OLIEHKU KaHarnoB Ha OCHOBe cybno-
BEPXHOCTEN peKoMeHOyeTca MCMOoNb30BaTh MeTo4 C NpMMeHeHWeM 3ajaHHoi obwein koHdurypauum RIS, B
KOTOPOM MCMOMb3YIOT HECKOMbKO paguonyven B pa3HbiX HanpasneHnax, Kak nokasaHo Ha pucyHke 15.

RIS

MepegaTdiuvk

1, 2, 3, ... N— npegonpegeneHHsie ny4un RIS; h — kaHan ot nepegatyuka Ao RIS; d — npamoi kaHan ot nepegatyvka 4o NpUEMHNKA;
g, — kanan ot RIS ao npuemnuka, obpasyemeiid N-m nydom RIS

PucyHok 15 — OueHka kaHanoB Ha ocHoBe obLen koHdurypauuu RIS

OueHky kaHana Ha ypoBHe RIS BbINONHSOT nocnefoBaTenbHO A5 KaKA0W U3 NpefonpeaeneHHbiX KOH-
durypaumin. 70T MeTog sABnAeTca ahPeKTMBHBIM B AWana3oHe YacToT MmeHee 6 [TU, rge YMcno anemMeHToB
RIS HezHaunTenbHO, a JocTUraemas HanpasreHHOCTbL paguonyya orpaHudeHa. CnegoBatenbHo, 3aaHHas
30Ha NoKpbITUA ByneT oxeadeHa HeboMbLIMM YACITOM NPEABAPUTENBHO YCTAHOBIEHHLIX PAANONYYeEN.

5.2.2.3 OueHka kaHanoB RIS ¢ ucnonb3oBaHvem ogHon BY-uenu

B ©ecnpoBogHoi ceTy cBa3n ¢ naccueHoi RIS TpebytoTca gnuTenbHbie Nepuoabl NS OLEHKW KaHana.
YUT00Obl COKpaTUTL BpPeMs OLEHKM, K Beixogy RIS MoxHO nogkniounTe ogHy akTuBHyo BY-uenb ans npvema B
OCHOBHO MOMOCE YacToT, Kak NoKasaHo Ha pucyHke 16.

BY-uenb, obecneynBatoan oLeHKy KaHana OCHOBHOW MOMOChl YACTOT Yepes3 NUMNoT-CUrHanbel, COCTOUT
M3 ManoLwyMALLEro YCUNUTensi, cMecuTens, npeobpasykLLero curHan M3 BbICOKOYacTOTHOro B 6a3oByto no-
nocy YacToT u aHanoro-uudposoro npeobpasosaTtens. Takum o6pasom, TOYHY OLEHKY KaHana NpoBoAsAT Ha
RIS, npu 3TOM BpeMs OLEHKM COKpaLLatT ¢ MOMOLLBK cneunanbHo pa3paboTaHHoro anroputMa.
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PucyHok 16 — OueHka kaHanoB RIS ¢ ucnons3oBaHueM ogHoi BY-uenu

5.2.3 MeToabl oUeHKU pa3geneHHbIX/MHAWBUAYaNbHbLIX KaHanoB pPeKoH(UrypupyeMmom WMHTenN-
neKkTyanbHOW NOBEPXHOCTLIO

Kackagneiin kaHan (BC-RIS-UE), B koTopom Mcnons3oBaHa RIS, cocTouT 13 OBYX OTAENLHbLIX pa3aeneH-
Hbix kaHanoe BC-RIS u RIS-UE. OueHky pasgeneHHbix kaHanoB RIS ocyllecTBASOT NyTeM CyMMUPOBAHUS
OBYX KaHanog, T. e. kaHanoB BC-RIS n RIS-UE, oueHka kKOTopbIX BbINMONHEHA MO OTAeNbHOCTU. [py ncnons3o-
BaHUK RIS oToenbHble pasgeneHHble KaHanbl RIS MoryT uMeTs Bomnee BbICOKUIA paHr Mo CPaBHEHUHD CO CKBO3-
HbIMW KackafHbIMW KaHanamu. BcriecTBME BbICOKOIO paspelleHrs YCUIeHns MOLLHOCTM KaHana oLueHKa oT-
JernbHblX pasgeneHHblx kaHanoe RIS obecneynBaeT yny4YlleHHY0 NPOM3BOAUTENbHOCTL ODECNPOBOLHON CeTH
cBA3KM 3a cyeT bonee BhicokMx SNR, nponyckHon cnocobHocTH, ymeHbleHns BLER, yBenuyeHna ckopocTu
nepenaqu gaHHolx U T. 4. B cueHapusax, roe RIS wnun BC/UE sBnstoTcs HENOABMXKHBIMKW, a NepeMeL,alTcs
Tonbko kaHanel UE/BC, oueHKa oTAenbHbIX pa3geneHHblX KaHanoB UMEET peluarwllee 3HavYeHne aAns aHanmsa
BNUAHWA OTOEMNbHbLIX KAHANoB. MeToabl OLEHKM pa3aeneHHblx KaHanoBs 3aBucAT oT Tunos RIS. Mpu ncnonb3o-
BaHUM naccuBHoi RIS oueHKy kaHana Ha y3ne RIS He BbINOMHAOT, OLEeHKY NpoBoaaT Tonbko Ha BC munu UE.
B aTOoM cnyyae oueHKY OTAENbHbIX pasfeneHHblX KaHanoB BbINOMHAKT C UCNONb30BaHUEM:

- MeTofda pa3sfeneHnsa KackafHblX KaHanoB Ha KOHUAax NMyTem OLEeHKW pasferneHHbIX OTAeMbHbIX KaHa-
MOB C UCNOMNb30BAHUEM MHCTPYMEHTOB 06paboTk CUrHanoB, Taknx Kak pasnoxeHne cobCTBEHHBLIX BEKTOPOR,
NMOWCK COOTBETCTBUA C NpumMeHeHneM obpaboTkn paspexeHHbIX CUrHarnoB, BbIMOMHEHHbIN Ha yane UE (npwu
nepegaye No HUCXOOALLEA NUHKUK CBA3KM) unun Ha BC (npwu nepegaqe No BOCXOASLEWN NMUHUN CBSA3K);

- mMeToda pasBepTbiBaHMs y3noB ceTblo BC nyTem oLeHKM KaHanoB, KOTOpble pacnonoxeHbl Bnunsko K
noeepxHocTam RIS. Takve yanbl CNOMb3YOT 4N OLEHKM KaHanoB ¢ nomolbio RIS. MNpu npuMeHeHnn nony-
aKTMBHOW Unu akTuBHOM RIS akTuBHble aneMeHTbl RIS gomkHbl 6biTh HACTPOEHbL! 4NSA BbIMNOMHEHWS OLEHKK
KaHana.

5.3 MeToabl oueHKUN HEeCTPYKTYPUPOBAHHbLIX MO,D,EHEﬁ KaHanoeB

HecTpyKTypupoBaHHbIe MOLENW KaHanos — 3TO MOJEnNK, KOTopble He COOTBETCTBYIOT 3apaHee onpefe-
NEeHHOW CTPYKTYpe KaHarnos.

[na HeCTPYKTYpUPOBAHHLIX MOLENEN KaHAMN0B MPUMEHSIOT:

- MEeTOA HauMeHbLUMX KBaapaToB;

- METO[ OMCcKpeTHoro npeobpasoBaHusa Pypbe;

- MeTObl, OCHOBaHHbIE HAa MaTpuue Afjamapa Ansa cnydasi ¢ O4HUM Nofb3oBaTenem;

- MeTOoq NPAMON OLIeHKM KaHana,

- MeTo[ Mcnonb3oBaHna KaHana RIS-BC onsa HeckonbKUX Nonb3oBaTenei;

- NMHEelHble MeTodbl MMHMManNbHOW cpefHeKBaapaTUYeckon owmnbKn.

[na HeCTpyKTYpUpPOBaHHLIX MOAENEeN KaHanoB AOMYCKaeTcs NPUMEHSTb APYTMe MeTodbl, BK4aKLmne
B cebs:
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- AudhdepeHunansHoe npeactaBneHne paguonyya, OCHOBaHHOE Ha nepefade HeKoTOPbIX OMOPHbIX
CUrHanoB 4Ns NpOBepKU pa3nuyHbix dha3oBbIX KOHUrypaLuum;

- OLIeHKY CKBO3HOrO KacKkaJHOro KaHana ¢ HU3KMMK NoTepsiMn Ans MOBWUMNbHbBIX NONb30BaTENen C y4eToM
CSl kaHana RIS.

B meTtoge audhdepeHumnansHoro NpeactaBneHust paguonyda, BbINOMHAS nepefadvy v npueM AaHHbIX,
Ha ocHoBe NCDS, obecneunBatoT nepegadvy paguonyya Ha RIS ¢ HyneBbIMW noTepaAMU. 3TOT METO4 COCTOUT
M3 OBYX 3TanoB. Ha nepBOM 3Tane HeKOrepeHTHYH nepefadvy BbIMOMHAKT No npsaMomy kaHany BC-UE. Ha
BTOPOM 3Tane Hauny4dwas asoBas KoH(Urypaumnsa 1 HEKOrepeHTHbIE CUMBOMbI AaHHbIX Yeped RIS nepepgatoT
Mo yCOBEpPLUEHCTBOBAHHOMY OoTpaxatwemy kaHany BC-UE. MNonyuyeHHble auddepeHunansHele aaHHble BC
Mcnonb3ytT Ans Beibopa Haunyywero paguonyya ans RIS. Takum oBpasoM, 3HaYUTENBHO NOBbLILLAETCH 3d-
dekTuBHocTb paboTel BecnpoBogHol paguocetu. CrnegyeT yuuTbiBaTh, 4To NCDS no cpaBHeHUMIO ¢ Knaccuye-
ckoi CDS Bonblie noaxoouT ANA NpYMeHeHUs Npu nepefaye AaHHbIX B CLLeHapUsIX BbICOKOW MOBUNBLHOCTHK.

B MeToage OLeHKM CKBO3HOrO KaHarna ¢ HU3KUMMW NoTepsiMi ONns MOBWMbHbLIX NONb30BaTener ¢ y4eToM
CSl kanana RIS npoucxoaat HekoTopble NOTepPW MOLWHOCTK paguocurHanos. Mpu ontuMmusauuu RIS ans 3a-
OAHHOW 30HbI MOKPBLITUA BOKPYr KOHKpeTHoro MU cHuxalTcsa ceTeBble NMoTepu MOLLHOCTU PaguoCUrHarosB.
CHavana oueHuBawT nonoxeHne MU, szatem — dchasosbin casur RIS, HeobxooMmbid ANs 3a0aHHONM 30HbI
nokpbiTua Bokpyr MU. OueHKy CKBO3HOrO KackagHOro KaHana npoBOAAT C MCNOMb30BaHWEM CTaHOAPTHbIX
MEeTO[OB OLIEHKU KaHana (HanpMmMmep, MeTo4a HaMMeHbLUNX KBaapaToB).

5.4 MeTogbl OLEeHKU CTPYKTYPUPOBaHHLIX Mogernei KaHanos

CTpyKTypupOBaHHble MOAENW KaHaroB — 3TO MOAENNU, OCYLLECTBIIAIOLWMNE OLEHKY CTPYKTYPUPOBaHHbIX
ceTell U CUCTeM, MOCTPOEHHLIX HA KOMBOWHALWMK CBA3AHHbIX M 3aBUCHMMbIX COCTaBHLIX YacTel BecnpoBoAHbIX
paguoceTen.

[na cTpyKTYpUpPOBaHHLIX MOZENer KaHanoB UCNoNb3yHT METOABl UX OLEHKU:

- C O4HVM Nonb3oBaTeneM, NpYMeHsas 04HO3TanHbIe U AByX3TanHble MeTodbl OLEHKU KaHanoB 1 pagvo-
nyyen;

- € HECKONbKMMMW MOnNb30BaTensaMu, BbIMOMHAS OLIEHKY KaHanoB Ha OCHOBE OBOVHOW pa3peKeHHOCTU U
oueHky kaHanos RIS-BC.

5.5 MeToabl oUeHKU KaHaNoOB, OCHOBaHHbIe Ha MHqJOPMaIJ,VIVI O COCTOAHWU KaHana

O dhekTMBHOCTL NpoeKkTupoBaHua BecnpoBogHbIx ceTen cesasu ¢ RIS 3aBucut ot goctynHoctu CSI, ¢
NOMOLLLIO KOTOPOKW BLINOMHSAT OLEHKY KaHana, U (hMHaHCOBbLIX 3aTpaT Ha NpoBedeHne oueHKU KaHana. MNpu
poctynHocTu CSI npoekTupoBaHue BecnpoBoaHLIX ceTel cBA3n ¢ RIS BbINONHAKT Ha OCHOBE:

- MrHoBeHHon CSI;

- CSI| ¢ ABOMHOI BpEMEHHOW LLIKaNo;

- MonHocTbo gonrocpo4vHon CSI.

Mpwn npoekTMpoBaHuKM HecnpoBOAHON PaguoCeTH, OCHOBAHHON Ha MrHOBeHHOW CS| Heobxognmo, 4TobhI
ob6wasn CSI| paguocetu buina goctynHa bC. Kananel, ceszaHHble ¢ RIS, MoryT BbiTe CKBO3HLIMY KacKagHbIMU
KaHanamu Wnv OTAenbHbIMW KaHanamu B 3aBUCHMMOCTKU OT MCMOMb3yeMoro Metoda OueHKW kaHana. OueHKy
KaHanoB HeobxoguMOo OCYLLEeCTBNATL B KaXaom Oroke KorepeHTHOro KaHana. Yncno BpeMeHHbIX MHTepBa-
NOoB, HEOBXOOMMBIX ANS OLEHKW KaHana, JOMKHO BbITh NPONOPUNOHANBHLIM YNCTY OTPaXatLWmnX 3NeMEHTOB.

Ons MUHUMW3UMPOBaHUA NOTEPb MOLLHOCTM pafMOCUrHanoB B MeTo4ax OLEHKN KaHamnoB, OCHOBaHHbIX
Ha mrHoBeHHoW CSIl, pekoMeHayeTCcs MCNOMNb30BaThL ANropuTM QOPMUPOBAHUA paguonyya B ABYX BPEMEH-
HbIX MaclwTabax. AKTUBHbIE BEKTOpbI (POpMMPOBaHus paguonyya B BC npoekTupyloT Ha OCHOBE MIHOBEHHbIX
adhdheKTUBHLIX/arpermpoBaHHbix kaHanos UE-BC, koTopble ABNAIOTCA Cynepno3numMein NPsiMbIX U OTPaXXeHHbIX
RIS kananog, npu stom caBuru a3 B RIS npoekTupyoT Ha ocHoBe gonrocpodHon CSl, Hanpumep napame-
TpoB pacnpegenenus BC, Bkodas maTpyubl cpedHero kaHana 1 KoBapvaluu KaHana.

B kaxpgom Brnoke KOrepeHTHOCTM HeOBXOAMMO OLIEHMBAThL TOMBKO MrHOBEHHbIM 3dekT KaHana Kax-
noro UE. MNoTepn MOWHOCTW pafMOCUrHanoB Ha OUEHKY kaHamna 3asBucaTt oT yucria UE, 4To cooTBeTCTBYET
nokazartenam cucteMm 6e3 RIS. JonrocpoyHas CSI, kak npaBuno, sIBNAETCA WHBApWaHTHOW Ans GonbLluoro
yucna GrioKOB KOrepeHTHOCTM KaHana, noatoMy caBuru a3 RIS moryT obHOBNATLCA C ropa3go MeHbLUen
CKOPOCTBH, YeM ObicTphie 3aTyxalowme onyKTyauum, YTo 3HaYMTENbHO CHUXKAET BbIYUCIIUTENbHYIO Harpysky
W NOTEPW MOLLHOCTU Ha obpaTHY CBA3b.

B oByxmacwtabHOM npoekTe MrHOBEHHYH 3 dekTuBHyo CS| HeobxogMmo oueHUThL B Kaxkgom Drioke
KorepeHTHoCTK. [1nsi AanbHeNLLEero CHUXEHWS MOTEPb MOLLHOCTY paAMOCUTHAINOR HA OLIEHKY KaHana peKoMeH-
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AYyeTcs NPUMEHATb MoAXod, OCHOBaHHbLIA Ha Takol nepeaaqe AaHHbIX, ANS KOTOPOW B Lenax OLEeHKW KaHana
Tpebyetca gonrocpoyHasa CSl. Hanpumep, B Havyane nepegayv EC oueHnBaeT unu namepsaeT AONTOCPOYHYHO
CSl, Ha ocHoBe koTopol BC BbluMCnAET BeKTOp hopMUpOBaHUS paguonyda 1 asosble cOBUMMU, UCMONb3ye-
Mble BO BCEX NOCneayoLwmnx Brnokax KorepeHTHOCTU [0 Tex nop, noka gonrocpodHaa CSl He uameHuTcs. 3ToT
NoAXo[ 3HaYUTENbLHO YMEHbLUAET NOTepU MOLLHOCTH PaguoCUMIHanoB Ha OLeHKY KaHana 3a cyeT HeBonbloro
CHDKEHNA NPOM3BOAMTENBHOCTH, KOTOPAs 3aBUCUT OT XapakTepucTUK KaHana.
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