CtaHpgapt paavnoaoctyna 4G LTE



2. ®u3n4yecknun ypoBeHb cTtaHpgapta LTE

2.1. TexHonorua OFDM u BblaeneHne KaHanbHOro pecypca

TexHonornto OFDM (Orthogonal Frequency Division Multiplexing) — opToroHans-
HOe YacTOTHOe pasHeceHue, UCNONb3YIT AN YCTPaHEHUS MEXCUMBOJSTbHOW UHTepde-
PEHUMN B BbICOKOCKOPOCTHbIX paauokaHanax. BmecTto Toro, 4tobbl nepegasatb N MH-
dopMaLMOHHbIX CUMMBOSIOB LUMdpPOoBOro nHgopmaumoHHoro curHana (LMC) Ha ogHon
HecyLen yactoTte (puc. 2.1a), nx nepefarT OOQHOBPEMEHHO HAa N MOAHECYLMX YacTo-
Tax, pasMeLleHHbIX B nonoce paauvokaHana (puc. 2.16). Mexay cumBonamu BBOOST
3alMTHbIE MPOMEXYTKN TakoN ANNTENbHOCTU Ty , 4TOOLI NpuxoasLime n3-3a MHOrony-
YEeBOro pacnpoCTpaHeHUs pagnoBOSIH CUMBOSbI C 3anasgblBaHMeM He “‘Hanonsanu” Ha
cnegywowue. MNMpy 3TOM AnvMHa Kaxgoro cumsona T, yBeNnnuMBaeTCs B CPABHEHMIO C
ANUTENBbHOCTLIO CMMBONA B UCXOAHON nocnepoBaTensHocTh B NTy/(Tp+Ty) pas.
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Puc. 2.1. lMNpuHyun mexHonoauu OFDM

Mepenaya MHOPMALMOHHBLIX CUMBOSIOB MO KaHasny CBA3W npeacTtaBnsieT cobown
nepegady komnnekcHbix yncen. Cossesgus curHanos 4-OM, 16-KAM n 64-KAM noka-
3aHbl Ha puc. 2.2a.
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Puc. 2.2a. Co3ee30usi cugHarnos, ucronb3yembix 6 LTE

CurHanbHoe co3sesaue npu mogynauumn 16-KAM npefcraBneHo Ha puc. 2.2.
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Puc.2.2. Cosse3due cuzHana 16-KAM

CumBon S, nepegaBaeMblvi Ha k-Ton nogHecyLwen, MOXHO NpeacTaBuUTb Kak

S, = |Sk|e’?x , roe amnnutyga cumsona

S| = ’S,fl- + Si, v dasa cuvsona

Sk
O = arctg(s—lj :

B npumepe Ha puc. 2.2,



Isk| = /1 + (§)2 - /1+§= 1,055

g = arctg _il = arctg(—3) = 1,89 pad
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B ananutnyeckom BUOe CUrHars OFDM npencrasnder cobon CyMMY rapMOHUK:
uOFDM = |Slle](p1e]2nF1t _|_ |SZ|e](p2e]2nF2t _|_ + |Sk|e](pke]2ant _|_
ot |5, |/ Pnel2Tnt (2.1)

Bce nogHecywime aBRSOTCSA rapMOHMKaMM OCHOBHOW 4actoTtbl Fi: Fx = KFq, a
yacTtoTa F; »kecTko cBsAi3aHa ¢ gnutenbHOCTbO cumBona: F; = 1/T,. CnepoBaTenbHO Ha
BpeMeHHOM oTpe3ke T, yknagbiBaetca K BOMH nogHecyuwien 4Yactotbl Fy . Kaxagpiv
CUMBON Sk MOXHO paccMmaTpuBaTb Kak AMCKPETHbIN OTCYET ChekTpa Ha nogHecylien
F«. AMnnutyaa k-To nogHecywen — |S|, a dasa — @y, . Mpn bopmupoBaHum curHana
Uorpm MCNONb3YOT nNpoueaypy obpatHoro (bbicTporo) npeobpasoBaHuna Pypee. Ha puc.
2.3 nokasaHbl nogHecyLume ¢ Yactotamum Fi 1 F, n HyneBbiMM HavanbHbIMK basamMm Ha
BpeMeHHOM uHTepBane Tp.

1 . ' - -
L '
osl
04}
02}

0

N2k

04F

06

08}

-1

N J'I |
N . ,
! ,
| 'l\ N
.-I lr
1 2

i
/ ' ; -
'.\- ..
/ o u(f1)
_/ LN e u(f2)
3 4

1} 5 [
Puc.2.3. [lee nodHecyuwue Ha uHmepsgane 0 — Ty

MaBHoOM npobnemon npn npuMmeHeHnn TexHonornm OFDM aBnsaeTtca obecneyeHue Bbl-
COKOro OTHOLWIEHUs curHan/nomexa B NnpuémMHmnke. dopmanbHO Npu NPUEME CUrHanoB n
nogHecywmnx AomkHbl pabotaTtb N HE3aBUCUMbIX NPUEMHMKOB. OOHAKO CNeKkTpbl CUrHa-
NOB Ha PacnosSIOKEHHbIX PAAOM NOOHECYLLUMX HanoXeHol Apyr Ha apyra (puc. 2.4). MNo-
aToMy npuém curHana OFDM un BblgeneHne oTAesbHbIX CUMBOJSIOB OCYLLECTBISAT C
ncnonb3oBaHMeM npoueaypbl NpsiMoro (BelcTporo) npeobpasoBaHus dypbe.



Puc.2.4. Cnekmp ¢bpazmeHma OFDM-cueHana

PaccmoTpum, kak pabotaet npuémHuk k-om nogHecywen. OH BbINONHAET Npo-
ueaypy npsimoro npeobpasoBaHus dypbe:

1 (T -
— J ® ugppme 1 AmFI e (2.2)
b
Ha vacToTe Fy = kF;
T_bfo blskle](pl(e ]Zﬂ(kpl)te]2ﬂ(kpl)tdt = |Sk|e](pl( T_bfo b dt e |Sk|e](pK (23)

Ha nto6on apyron nogHecyLuen Fy
1 Ty jPp a—j2T(pF1)t a—j2mt(KF )t 34 — jor L (Tb 2m(p-K)Fit 44 —
- Jo |sp|elPrei2mPFte"] Vidt = s, |e pﬁfo e2m(P-Fitdt = 0, (2.9)

NMOCKONbKY WHTerpan (nnowaab) cuHycouabl 3a Bpemsi ogHoro nepuoga paseH 0
(pnc.2.5), a Ha nHTepBane Ty, YNOXEHO Lenoe 4Yncro | p-k| nepuoaoB CUHYCOUAbI.

v

Puc.2.5. K onpedeneHuro nnowadu CUuHycouob!

CnepoBsaTtenbHO, NpyY TOYHOM BblIGOpEe BpeEMEHW WHTErpupoBaHuUs MOMEXU OT
CUrHanoB Apyrux nogHecywmx pasHbl 0. OgHako, Npu BbIMMCNEHUN MHTerpanos (2.2)

Heob6xoauMo 3anyckatb YHKUUN e~ izm(kF)t ¢ HyneBon Ha4yanbHou hason, T.e. obec-

NneynTb Ko2epeHmMHbIlU npuém cueHana Ugrpy- C 310N Uenbio eNB B pagnokaHane
BHM3 n UE B paguokaHane BBepX KpoMe MHGOPMaLMOHHbIX CUMBOSIOB nepeaarT
OfOpPHbIe CUMBOJIbI, T.€. 3apaHee U3BECTHble KOMMMeEKCHble Yncna C(n), npuHUMmas
KOTOpble MPUEMHUK obecneymBaeT HeobxoamMmyo (basoBY KOPPEKUMIO U MacTabu-
poBaHWe amnnuTyg NpuHATBLIX curHanoB. B kaHane BHM3 eNB—UE B kayecTtBe onop-
HbIX CMMBOJIOB UCMOSb3YHT CUMBOSIbI curHana 4-OM (puc. 2.6).
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Puc.2.6. Co3se3due cuzHana 4-OM

B 3awmtHoM nHtepsane Ty mexay cumsonamu (puc.2.1) nepeaatoT LUKIMYeCcKuia
npedukc (CP — Cyclic Prefix) — koHeL, cneaytoLiero cuMmeona AnuTenbHocTbio Ty (puc.
2.7).
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Puc. 2.7. OFDM-cume0s1 ¢ YUKIUYeCcKUM rpegbukcom

OTO fgenaroT ANa CHUWKeHUs1 BHYMpPUCUMB0JIbHbIX MoMeX (BHYTPUCUMBOSbHON
nHTepgepeHumn). Ecnn Bbl umnknuyeckoro npedukca He 66110, TO NPU BLIYUCIIEHUN UH-
Terpana (2.2) sanasgbiBaroLLme nyyu, npuwewme nocre Havyana UHTErpupoBaHus, yk-
nagpiBanu 6bl Ha BpeMeHHoM oTpeske 0—Ty,, Helenoe 4YMcno nepnoaos nogHecyLmx. B
pesynbTate nosiensnacb Obl owmnbka nNpu BblMMCNEHUM MHTErpana (2.3), a nHTerpansl
(2.4) He obpawanuck 6bl B Hynb. [pu nepegade CP npu 3anasgbiBaHuuM nyya He 60-
nee, 4eM Ha Ty, Ha UHTepBane nHterpmposaHua T, Ha MOOOMN NoaHeCyLLen oKa3biBaeT-
CS Lernoe 4ncno e€ nepnonos n uHterpansl (2.4) paBHbl HyNHo.

2.2. KaHanbHbIN pecypc U ero xapakTepucTUKU

Ha dwusmnyeckom ypoBHe (Ha paguouHTepdence) B E-UTRAN ncnonb3yloT Tex-
Hosnornto OFDM ¢ mogynsauuven 4-OoM, 16-KAM 64-KAM un 256-KAM. Tpn atom yucno
nogHecywmnx 4yactoT B paboyen nonoce 20 My coctaBnset 1200.

Ans B3aumHon cuHxpoHunsaumm E-UTRAN n UTRAN 1Cnonb3yoT TakTupoBaHue
C ONNTENbHOCTBIO BpeMEHHOM eanHnubl Ts = 1/(15000%2048)c. MNepenaya no pagnoka-
Hany naet kagpamun gnuHon 10 mc, 4to coctasnset 307200 Ts. Kagp coctout ns 20
BpeMEHHbIX crnoToB anvHon 15360xTs = 0,5mc, npoHymepoBaHHbIX oT 0 go 19. [1sa no-
cnepoBaTenbHbIX cnota coctaensaT 1 cybkagp — Bcero 10 cybkagpos, ot 0 go 9
puc.2.8. PasnnyaloT 2 CTPyKTypbl KaapoB: kaapbl Tvna 1 npu paboTte ¢ YaCcTOTHbIM Ayn-
nekcom (FDD) u kagpbl TMna 2 npu paboTte ¢ BpeMeHHbIM gynnekcom (TDD). Ha puc.
2.9. nokasaHbl CTPYKTYypbl kagpoB ¢ FDD n TDD.



Kagp T¢= 307200 Ts= 10 mc
Cnot ‘Tslot = 15360xT;= 0,5 mc
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Puc.2.8. Cmpykmypa kadpa LTE
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Puc.2.9. KoHgpuzypayus kadpa npu 4acmomHOM U epeMeHHOM dyririekce

Mpn yacTOTHOM Oynnekce B KaXOgoM cybkagpe naeT ogHOBpeMEHHas nepepada
BBepx (UL) n BHM3 (DL) B pasHbix YacTOTHbIX nonocax. Npyn BpeMeHHOM gynnekce B
HeKoTopbIX cybkaapax naet nepegada sBHu3 (D), B apyrux seepx (U). Kpome Toro, ectb
cneunanbHble (NnepexoHble) cybkagpsbl (S),cocTosiwmne n3 Tpex nonen: DWPTS — nonsa
nepefayu BHu3, UpPTS — nonsa nepepayv BBepx U 3awmtHoro nHtepsana (GP). B ce-
Tax LTE cornacHo cneungukaumam BO3MOXHbI 7 KOHUrypaumn Kagpos rnpu BpeMeH-
Hom gynnekce (puc.2.10).
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Puc.2.10. KoHgueypauyuu kadpa npu 8pemMeHHOM Oyrifiekce

Tak kak ymcno cumBonoB B none BHM3 DWPTS cneuuwanbHoro cybkagpa ropasgo
bonblle KonmyecTBa cMMBOSIOB B none Beepx UpPTS, To npu oueHke OTHOCUTESTbHOro
BpemeHu nepegayn DL:UL Ha puc. 2.10 cneymnanbHble cybkaapbl OTHOCKMM K cybkagpam
nepenayv BHU3.

B cetsax LTE ¢ BpeMeHHbIM AynnekcoM cymMmMapHas nponyckHasi CnocobHOCTb B
paboyen nonoce OennTca Mexay NOTOKamMu BHMU3 U BBEPX B COOTBETCTBUM CO CLEHa-
pusimm Ha puc. 2.10. 3To No3BonsieT onepaTopy MEHATb KOHUrypaumio kagpa B 3aBu-
CUMOCTW OT pearnibHOW KapTuHbl Tpadomka, KOTOPbIA, Kak npaBusio, acummeTpudeH. [ns
ceten LTE ¢ BpeMeHHbIM OynfiekcoM rnaBHbiM 06pa3om BblgerneHbl Nofockl YacToT B
AnanasoHe oT 1900 go 3800 MIlu, 4yTo NpeanonaraeT NUCMNONb30OBaHME 3TOr0 BapuaHTa
Aynnekca B MUKPO, MUKO U heMToCcOoTax.

Mpwn pacctosiHum mexay nogHecywmumn AF = 15 kl'y anmHa OFDM-cumBona co-
ctaBngaet 1/AF = 66,7 mkc. B kaxgon nonosuHe cybkagpa (crnote gnuHon 0,5mc) nepe-
AatT 6 unm 7 OFDM-cMmBOSIOB B 3aBUCMMOCTU OT ANUTESNIbHOCTU  LIMKINYECKOro npe-
dukca CP (cyclic prefix) — aktmBHOM Nay3bl Mexgy cumBonamu. OnnTenbHOCTb LMKIK-
yeckoro npedmkca Tcp coctaBndaeT 160Ts =5,2 mkc nepep nepBbiM CUMBOSIOM U 144Ts
=4,7MKC nepep ocTanbHbIMX cCMMBONaMn. BoaMoXeH BapuaHT MCNONb30BaHUA pacLuum-
peHHoro CP gnutenbHocTbio 512Ts =16,7mkc. B aTom cny4ae B ogHoM cybkagpe pas-
mewatot 6-OFDM cumsonos (pnc.2.11).

Becb kaHanbHbIN pecypc pas3gensioT Ha pecypcHble 6rioku (PB). PecypcHbin
6nok cocToMT 13 12 pacnosnioXeHHbIX PSAOM NOAHeCYLMX, 3aHumarowmux nonocy 180
Ky n ogHoro BpemeHHoro cnota (7 unn 6 OFDM-cumBonoB Ha uHTepBane 0,5 mc).
Kaxxgbin OFDM-cumBon siBRsieTCa pecypCcHbIM aniemMeHmom (P3); ero xapakrepusytoT
2 napameTtpa {k,I}, rae k onpegensaet Homep noagHecyuwen, a | — Homep cumBona B pe-
cypcHom 6noke. [Mpu nepenadve BHU3, oT eNB k UE, B kaxxgom 6noke n3 12x7 = 84 PO
4YaCTb PECYPCHbIX 3NeMEeHTOB MCNOoNb3yT ANS nepedayn onopHbix (reference) curHa-



noB (puc.2.12). BblgensieMbli KaHanbHbIA PECYpPC ONPeaenstT YMCIIOM PEeCypCHbIX
6r10KoB MNK rpynn pecypcHbIX 610KOB.
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Puc.2.11. Cmpykmypa crioma Ha ¢hu3u4eCcKoM yposHe

PeanbHasa ckopoCTb Nepefayn OaHHbIX YMEHbLUAETCA M3-3a nepenayn onopHbIX
CUMBOMOB 1 ynpasnswwmx kaHanos. OnopHble curHanbl (CRS — Cell-specific Refer-
ence Signals) ncnonb3yoT A4S opraHM3aumm KOrepeHTHOM AeMoaynsaunmn N OLEHKN Ka-
HanoB. NMpun paboTe HeCKONbKNX NepeaarllmnX aHTEHH KaXKaoW aHTeHHEe BblAeneHbl on-
peneneHHole PO ans nepegaym cMMBOMOB OMNOPHbIX curHanoB. PacnonoxeHne CRS B
pecypcHom 6noke npu pabote eNB ¢ 4 aHTeHHamu nokasaHo Ha puc.2.13. LTE nepe-
AalWmMM aHTEHHaM NpUCBaMBalOT HOMEpPA FIOMMYECKUX aHTEHHbIX nopToB. CMMBOMbI,
nomeyeHHble RO, nepegaet nopt 0, cumeonbl R1 — nopT 1, R2 — nopT 2, R3 — nopt 3.
CRS 06asoBble CTaHUMM nepenaroT NOCTOAHHO U C HOMUHANbHON MOLLHOCTbLI0. CHMXe-

HMe NPOMNyCKHOM cnOCOBHOCTN pecypcHoro 6noka (B NpoueHTax) n3-3a nepegaym onop-
HbIX CUrHaNoB NpueeneHo B Tabn. 2.1.

Af=15 (kly)
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Puc.2.12. Cmpykmypa pecypcHo20 bsioka npu nepedayve 6HU3
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Puc.2.13. lNo3uyuoHUposaHue cuM80s108 OrOPHbIX CU2HaNo8 8 pecypcHom brioke
rpu repedaye 8HU3

Tabnuua 2.1

HopmanbHbin CP | PacwmpeHrHbii CP
1 nepefd. aHTeHHa 4,76 5,56
2 nepepn. aHTEHHbI 9,52 11,11
4 nepep. aHTEHHbI 14,29 15,87

Mpun BblAENEHUN KaHaNbHOrO pecypca BBEpPX MCMOMb3YKT Te Xe MOHATUSA pecypc-
Horo 6nioka (12 nogHecywmx obwewn nonocon 180 kly B cnoTe), n cybkagpoB AnuTernb-
HocTbio 1 Mc ¢ 7 unn 6 OFDM-cumBonamu B Kaxxgom cnote. lNpumep pacnpeneneHuns
KaHanbHOro pecypca Mexay pasHbiMv aboHeHTamy (User) npounnocTpupoBaH
puc.2.14.
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1PB 3PB
(12 nogHecywm:) (36 NOQHECYLLMK)

Puc.2.14. PacrnipedernieHue KaHaribHO20 pecypca e8epx

Mpn nepenade BBEPX MCMNONL3YT MOAUULMPOBaAHHYIO TexHonornio OFDM,
a akTMyecKkn opraHu3yoT nepefady LUMPOKOMNOIOCHOINO CUrHana Ha OOHOW Hecy-
wen. Llenb gaHHOro metoga coCTOMT B TOM, YTOObl YMEHbLUNTL NMUK-hakTop nepe-
[aBaeMoro curHasna, nocKomnbKy BbICOKUIA NMUK-GPAKTOP ABMNSETCHA CYLLLECTBEHHbIM He-
poctatkoMm TexHonormm OFDM. C aTton uenbio Ao opmupoBaHusa curHana OFDM
OCyLLEeCTBNAT npsimoe 6bicTpoe (OucKkpeTHoe) npeobpasoBaHne dypbe nepena-
Baemoro curHana (blN®), nocne kotoporo nepexogat kK OFDM (puc. 2.15). Takas
TexHonoruss nonyyumna HassaHue bIMP-OFDM wnn SC-FDMA (Single Carrier-
Frequency Division Multiple Access). PaccmoTpum nocrnegoBaTefisHOCTbL onepawmmn
npv nepegave.
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Puc.2.15. l'eHepauyus cueHana 6MN®-OFDM

Maccus cumsonos {a,...a,, ,} NepegaBaeMoro CoobLeHNss OenAT Ha CEerMeHThbI

pasmepom Msc, rae Msc — cymmMapHOe Yncro NOAHECYLUUX BO BCEX BblAEMNEHHbIX BBEPX
aboHeHTy PB (Hanpumep, B 5 Pb Msc = 12x5 = 60). lJanee Hag KaxablM CErMEHTOM 13
Msc cumBornoB npoundsogat AMN® no dpopmyne [9]

1 Mgc-1 7j2mk

z, = ae Ms
k /—MSC ; i

[MonyyeHHble KOMMMEKCHbIE Yucna zx npeactaBnalT cobon Msc AUCKPETHbIX
aHanoroBbIX OTCYETOB CNEKTpa OLHOro CerMeHTa nepegaBaemMoro maccuea .{aop...am-1}-
Mx pasmewatoT Ha nogHecywmx cooteeTcTByowero OFDM-cumeona. lNocne Bbinos-
HeHus OBIN® Bo Bpemsa nepegayn gaHHoro OFDM-cnmBona B kaHane aktnyeckm ne-
pefalT curHan, npegcraesnsiowmun cobor nocnenoBaTenbHOCTb CUMMBOSIOB AAHHOIMO
cermeHTa. B pesynbTate nuk-paktop OFDM-curHana cooTBeTCTBYET MUK-pakTopy uc-
XOOHOM nocrefoBaTenbHOCTMU.

Mpu npueme curHana SC-FDMA Hag HUM Npou3BOaAT onepauuu, obpaTtHble
TeMm, 4Yto ObInM npu nepegade (puc. 2.16.). Ana MUHUMU3aAUUKN BAMSIHUS Ha KavyecTBO
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npyemMa MeXCUMBOJSTbHOW MHTepdepeHUMn npu nepegade Mexagy CUMBONaMu nocrne
BbinoniHeHust OBIN® BctaensaiwT CP, a B npuemHunkax SC-FDMA nocne 6noka OBIMN®
MCNONb3YyIT 3KBaNamsepobl.
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| -
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Puc.2.16. lNpuem cueHana DFTS-OFDM

B E-UTRA cneumnguumpoBaHbl 6 Monoc 4actoT Ans pasBepTbiBaeMbIX CeTen
(Tabn.2.2). B Hen Takke npuBegeHO MakCUMaribHOE YUCIIO pecypcHbIX BIOKOB B O4HOM
BPEMEHHOM WHTEepBane npu nepegaye BHWU3 M Morioca 4actoT, Bblpe3aemas npueMHu-
kom UE ans o6paboTkm NpuHATOro curHana (measurement bandwidth).

Tabnuua 2.2
Monoca vactot (MI'y) 1,4 3 5 10 15 20
Yuncno pecypcHbix 6noKoB 6 15 25 50 75 100
lMonoca B npnemHuke (MIly) | 1,08 2,7 4,5 9 13,5 18

3.2. BblaeneHHble YacToTHbIe Auana3oHa ans ceteun LTE

YacToTHble AnanasoHbl Ansi ceTen C YaCcTOTHbIM AYMNEeKCOM NpuBeAEHbl B Tabn.
3.5. lNMpun paboTe C BpeMEHHbIM OYyNSIEKCOM BblAESIEHHbIE YacTOTbl NpMBeAeHbl B Tabn.
3.6. ( Release 15.5).

Tabnuuya 3.5

Yacrorbl nepeaayu | Yacrorsl mepeaadn nl:jjcl;;cK:?{c:J:;_
Home BBepx ( 1) BHH3 (| )
nnanasfﬂa UE — eNB (MI'n) | eNB — UE (MI'u) i m(llp\l;rnu;mepx
F Tmun — F Tmakc Flmun — Flmake Fl -F7

1 1920 — 1980 2110 -2170 190

2 1850 — 1910 1930 — 1990 80

3 1710 - 1785 1805 - 1880 95

4 1710 - 1755 2110 - 2155 400

5 824 — 849 869 — 894 45

7 2500 — 2570 2620 — 2690 120

8 880 — 915 925 - 960 45

9 1749.9 -1784.9 1844.9 — 1879.9 95

10 1710-1770 2110-2170 400

11 1427,9 — 14479 1475,9 — 1495,9 48

12 699 — 716 729 — 746 30

13 777787 746 — 756 -31
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14 788 — 798 758 — 768 -30
17 704 - 716 734 — 746 30
18 815 - 830 860 — 875 45
19 830 — 845 875 -890 45
20 832 - 862 791 - 821 -41
21 14479 — 1462,9 1495,9 — 1510,9 48
22 3410 — 3490 3510 — 3590 100
24 1626,5 — 1660,5 1525 — 1559 -101,5
25 1850 - 1915 1930 — 1995 80
26 814 — 849 859 -894 45
27 807 — 824 852 — 869 45
28 703 — 748 758 — 803 55
29° 717 - 728
30 2305 - 2315 2350 — 2360— 45
31 45254575 4625 —467,5 10
32! 1452 — 1496
65 1920 - 2010 2110 - 2200 190
66 1710 - 1780 2110 - 2200 400
67" 738 - 758
68 698 — 728 753 - 783 55
69 2570 - 2620
70 1695 - 1710 1995 — 2020 300
71 663 — 698 617 — 652 -46
72 451 — 456 461 - 466 10
73 450 — 455 460 - 465 10
74 1427 - 1470 1475 - 1518 48
75 1432 - 1517
76" 1427 - 1432
85 698 - 716 728 — 746 30
[Ipumeuanue 1: TOIBKO I arperanyy 1ojaoc BHU3
Tabnuua 3.6

Homep nuanasona

YacroThl Neperayn
UE —eNB (MI'n)

FMl/lH - Fmalcc

33 1900 — 1920
34 2010 — 2025
35 1850 — 1910
36 1930 — 1990
37 1910 - 1930
38 2570 - 2620
39 1880 — 1920
40 2300 — 2400
41 2496 — 2690
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42 3400 — 3600
43 3600 — 3800
44 703 — 803

45 1447 - 1467
46 5150 — 5925
47 5855 — 5925
48 3550 — 3700
50 1432 — 1517
51 1427 — 1432
52 3300 — 3400

3.3. O6HapyxeHune ceTn abOHEeHTCKOWN CTaHLuuen

B Hauane ceaHca cBsasu UE pgomkHa obHapyxuTb ceTb. [na atoro UE gomkHa
obecneunTtb CUMHXPOHU3ALMIO C MoTeHumanbHon ©6a30BOM CTaHUMEW K ONpenenvTb
noeHtTudukatop coTbl. Nocne atoro UE YnuTaeT KaHan CUCTEMHOW MHOpMauuK, OTKYy-
Aa 6epeT HeobxoaMMble cBeeHUSA AN MOCINKM B CETb NEPBOro curHana: npeambynbi.
E-UTRAN nogaepxusaeT 504 pasnnyHbiXx MOeHTUUKATOPOB COT, pasgerieHHbIX Ha
168 rpynn. B kaxayto rpynny BXogAaT 3 pasfinyHble COTbl.

CueHapui noucka ceTn B onpeaeneHHon CTeneHn 3aMMCTBOBaH M3 cTaHaapTta
UMTS. Kak u B UMTS, ansa onpegenenna ngeHtndukatopa coTbl B HanpasfieHNN BHAU3
nepegarT 2 CUHXPOHU3NPYIOLWNX curHana: nepsuyHbin PSS (Primary Synchronization
Signal) n SSS (Secondary Synchronization Signal). lNMpuHas PSS, UE oGHapyxuBaeT
CeTb U CUHXPOHU3NPYETCHA C HEN C TOYHOCTbIO OO0 NonoBuHbl kKagpa. MNpuHas SSS, UE
CUHXPOHM3MPYETCA C TOYHOCTbLIO 4O Kagapa n onpegenseT naeHtudukatop cotel. iaek-
TUMKaTop CoThbl onpeaensieT oopmaT nepenaym OrnopHbIX CUrHanoB (CUMBOSIOB), YTO
nossonsieT UE npon3soanTb Heobxoanmblie namepenus. anee UE untaeTt coobLieHus
kaHana BCCH cuctemHon nHpopmaumm 1 no kaHamy criydarHoro Aoctyna nocbinaet
3anpoc Ha JOCTyn K ceTu — npeambyny.

CurHanbl PSS n npeambynbl NOCTPOEHbl Ha OCHOBE MocnedoBaTeNlbHOCTEN
Zadoff-Chu (ZC-nocnepoBatenbHOCTM) C UMKNUYECKUM COBUIOM. AHanorn4yHble nocne-
A0BaTENbHOCTM UCMNOMb3YOT U B KAYeCTBE OMOPHbLIX CUrHANoOB Npu nepegave Beepx. M3
Kaxxgon kopHeBon ZC-nocrnenoBaTenlbHOCTU XY, MOXHO nonyyYntb m-1 uuKNU4eckn
CABMHYTLIX MOcnenoBaTenbHOCTEN CO cABUIoM Ha Mzc/m, rae Mzc — AnvHa KopHeBow
nocnenoBaTernibHOCTU.

ZC-nocrnepoBaTenbHOCTU OTHOCATCA K Knaccy nocnepoBatenbHocten CAZAC
(Constant-Amplitude Zero-Auto-Correlation), obnagatowmmm cnegyowmmMm CBONCTBa-
MU:

- MOCTOAHCTBOM aMIIINTyAdbl CUrHana,

- HYNeBOW B3aMMHOM Koppensumen (Kpocc-koppensaunen) ogHON N TOW Xe Kop-
HEeBOW nocnefoBaTenibHOCTU NPU PasNUYHbIX LUMKINYECKUX COABUrax U HEKOTOpbIX pas-
HbIX NocnegoBaTenbHOCTEN NPU onpeaeneHHbIX U.

ZC-nocnegoBaTtenbHOCTb NpeacTtaBnseT cobon yHKUMIO

(ch)(U)(k) =e viee (3.1)
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raoe u — uHgekc ZC-nocnenoBaTenbHOCTU U3 BCEro BO3MOXHOro Habopa ans AaHHou
ANuHbl Mzc (pnc.3.10). Yucno ZC-nocnepoBatenbHOCTEN ONMHON Mzc paBHO Konuye-
CTBY NMpOCTbIX uesnbix yncen ot 0 Ao Mzc. O4eHb YacTo anuHy Mzc Toxe 6epyT paBHbIM
NpoCTOMY UenoMy Yucny. 34ecb 0gHaKo BO3HMKAKOT Npobnembl corfiacoBaHUs AMVHbI
ZC-nocnegoBaTenbHOCTU M YMcia CMMBOJSIOB B PECYpPCHbIX Ornokax, KoTopoe Kak M3-
BECTHO, kpaTHO 12. 3Ty 3agady pewatot mbo nytem ycedyeHma ZC-
nocnegoBaTenbHOCTN Ha 1 unu Gonee cMMBONOB, NGO C MOMOLLLIO LMKIINYECKOro
pacwmpeHna Ha 1 unnm HecKornbko CMMBOMOB. [1pyM 9TOM KOppenAunoHHbIE CBOWCTBA
NOJTyYEeHHbIX NocreaoBaTesibHOCTEN YXYALAKTCA HE3HAYNTESTbHO.

imag
1
¢ .
I o
0.8 -
&
. 0.6 *
0.4
»
0.2
o + real
3 0.5 ] 0.5 1
-0.2 =
L
.r‘}l.q
-0.6
L
-0.8 *
* 2

*
Puc.3.10. ZC-nocnedosamesibHOCMb

B kayectBe PSS B E-UTRA u1Cnonb3ylT TpU B3aMMHO-OPTOroHanbHble ZC-
nocrnegoBaTenbHOCTU. KaXgon M3 HUX COOTBETCTBYET MAEHTUdMKaTop (pmnanveckoro
YPOBHS Np? = 0; 1; 2. Ha npakTuke 3To yaobHO Npu NOCTPOEHUN CETU Ha OCHOBE
TPEXCEKTOPHbIX COTOBLIX CTPYKTYP: B eNB HaxogaTtcs 3 6a3oBble cTaHUuW, npuHaane-
)Kalzlél,)VIe K OOHOW MAEHTUMUKALMOHHOW Fpynne, HO Kaxaas UMeEET CBOW COOCTBEHHbLIN
N|D .

Curnan PSS coctout 13 62 cumonos (n=0...61) Bnga

_ . aun(n+1)
e 6 n=01...30
dy(n) = _jﬂu(n+1)(n+2)
63 _
e n=3132,...61 (3.2)
KopHeBble MHAEKCHI Anst 3-X pasnuyHbIX CUrHaNoB NpuBeaeHsbl B Tabn. 3.7.
Tabnuua 3.7

Nip® u

0 25

1 29
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2 34

Cumsonbl curHana PSS pasmertarot B ogHom OFDM-cumBone, pesepBupysa ans
3TOro 72 nogHecywme no obemm CTopoHamMm OT LEeHTpanbHon yacTtoTbl fo (puc. 3.11).
OTO O3HavaeT, YTO YMCNO PecypcHbIX BIOKOB, MCMOMb3YEMbIX B CETU, HE MOXET ObITb
MeHbLUe 6. PakTnyeckn nepenady BeayT Ha 62 nogHecywmx ¢ mogynsauven 4-OM. Mo 5
noaHecyLwmnx no o6omMm Kpasim nosfiocbl He UCMOSb3YHOT.

T

1 36 nogHecywmux N 36 nogHecywmux 1

E ' »
fa

Puc.3.11. leHepayusi CUHXPOHU3UPYOWUX CU2HaI08

PSS nepegatot gsaxapbl B TedeHne 10 mc kagpa. Npu paboTe ¢ YacTOTHbIM ayn-
nekcom (kagpbl TMna 1, puc.3.1) ero pasmewatroT B cybkagpax 0 u 5 B nocnegHux
OFDM-cumBonax BpemMeHHbIx cnotoB 0 n 10 cootBeTcTBEHHO. Npn paboTe ¢ BpemMeH-
HbIM gynnekcom (kagpbl Tvna 2, puc.3.3) PSS nepepatT B Tpex OFDM-cumBonax B
cybkagpax 1 un 6. MNpuHas PSS, UE okasbiBaeTcs CI/IHXpOHI/I3MpOBaHHOVI C CeTblO C TOu-
HOCTbIO 10 NOMOBMHbI Kagpa v onpeaensieT rpynny Nip.

Kak 6bIrio ckasaHo, curHan SSS nosson;leT onpeaenuTb rpynny naeHTngukato-
pa coTbl. ATy rpynny ob6o3HavatoT HOMEPOM Nip, koTopblit nexwuT B Nnpeaenax 0...167.
dakTnyeckun ngeHTudukaTop coTbl

N|D(ce”) =3 N|D(1) + N|D(2) (33)
YTO AaeT BO3MOXHOCTb ncnonb3oBaTtb 504 nageHtTndukatopa 6a3oBbiX CTaHLUUN.

CurHanbl SSS, B oTnuMume OT curHanoB PSS, NoCTpoeHbl Ha OCHOBE M-
nocnegosaTenbHocTen anuHon B 31 6ut. Nx nepepatoT B cybkagpax 0 n 5. CTpykTypa
nepegayun curHana SSS B YacTOTHOM obnacTu Takas e, kak u gns curHana PSS: ne-
pefayy BefyT Ha 31 nogHecyllen creBa U cnpaBa OT LEHTpanbHOM 4acToTbl (puc.
3.11). MNMpwu yacTtoTHOM aynnekce SSS pasmewatoT B npegnocnegHem OFDM-cumBone
0 n 10 BpeMeHHbIX CNOTOB, T.€. HENocpeacTBEHHO nepepn curHanom PSS. MNMpu BpemeH-
HOM pgynnekce Anga nepefadm SSS 3aHMMalOT nocregHue CUMBOSbI BO BPEMEHHbIX
cnotax 1 n 11. OgHako, B otnu4dmne ot PSS, kogbl SSS B cybkagpax 0 n 5 pasHble. 310
nossonsieT UE npu npueme SSS obecnevntb KaapoBYy CUHXPOHM3ALNIO.

Ona dopmmpoBaHun cumeonoB d(n) curHana SSS mcnonb3yT 3 pasHbie m-
nocnegosaTenbHocTn: s(n), c(n) n z(n) anuHon B 316umT (prc. 3.12).

Fm) I1111-111-=11-1-111-1-1-1-1
—111 =1 =11—=1=1=11-=11=1
cin) 1111 —-11—=11=1=1—-11—-1—=1111
—1-1-1-1-111-1-11-111-1
z(n) 1111 —-1—=1=111=1-=11-=1-=1-1-1-1
=111 1 —=111-=11—-11-1-1
Puc.3.12. m-nocnedosameibHOCMU, UCMO/b3yeMble 8 KaHane SSS

Mpn 3TOM OCHOBHYO M-NocnegoBaTenbHOCTL S(N) NnogBepraT ckpembnuposa-
HUIO M-nocnegoBaTenbHOCTbO C(N), @ HeYeTHble CUMBOJSbI CUrHana SSS BTOPUYHO
CKpeMOMpYT M-nocnegoBaTenbHOCTLIO Z(N).
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s(mﬂj(n)co(n) B cybkagpe 0
s(m1>(n)co n) B cybkagpe 5
J(mlj(n)cl n)z<m”)(n) B cybkagpe O
.r(m”)(n)cl (n)z(m1>(n) B cybkagpe 5

d(2n) = {

d(2n+1) = {
(3.4)

MocnepoBaTenbHOCTU Co(n) M c1(n) oTnNU4YaroTcs Mexagy cobow caBurom, onpe-
nensiembiM Nip@:

cpln) =¢ ((H — .-".-'L'li:' } mod 31 }

clim) =¢ ((n - .-"-"l'li:' - 3] mod 3I) (3.5)

B (3.4) Bce cumBonbl nocnegosartensHocten d(n), s(n), c(n) un z(n) npuHumatroT

(mo) | () ),

3HayeHusa +1 nnu -1. Pasnuune mexgy & , PaBHO Kak mexay &

(g ) y
Z ! COCTOUT B UMKIMIMYECKOM cAaBuUre CoOoTBETCTBYHOLLUX M-NnocrneanoBaTtesibHOCTEN Ha

Mo U M1 3NIEMEHTOB.

MpuHsae curHanel PSS n SSS, UE yntaeT nHdopmaumio BeLlaTenbHOro KaHana
PBCH (Physical Broadcast Channel). Mo atomy kaHany nepegatot MIB (Master Infor-
mation Block), roe ykaszaHa nonoca paboumx yacTtoT, koHdurypaumst kaHana PHICH,
nepenaH Homep kagpa SFN (System Frame Number) n onpegeneHo 4icno nepegato-
lwmx aHTeHH B eNB. MNpuHae MIB, UE MoXeT npoyecTb 6510KM CUCTEMHOM MHpOopMaLnn
SIB (System Information Block) B DL-SCH (Downlink Shared Channel). 3tu 6noku co-
aepxat nHdopmaumo, Heobxoanmyto ansa Bcex npoueayp B E-UTRAN (SIB1 — SIB5),
ANS BbINOSTHEHNSA MEXCUCTEMHbIX X3HAoBepoB (SIB6 — SIB8), naeHtudukatopbl dem-
TocoT (SIB9) wn npegynpexneHuss O 3emneTpsiceHmsx U1 uyHamm  (SIB10,
SIB11).Hanbonee BaxHbi 6510k SIB1 noBTopstoT Kaxable 80 Mc. [pUHAB cUCTEMHYHO
nHdpopmaunto, UE Bbibupaet eNB ¢ Hanbonee cunbHbIM NPUHUMAEMbIM CUrHaNIoM m
HayMHaeT npouyedypy docmyna K cemu.

3.5. OpraHusauua kaHanoB B E-UTRAN

Kak n B UMTS, B ceTax LTE cywecTBylOT KaHanbl 3-X YpPOBHEW: rnoruyeckue,
TpaHcnopTHble N duamdeckme. CoobuieHuns, koTopbiMn obmeHmBatoTca UE u ceTb,
knaccudpuumpytoT kak SDU (Service Data Unit). Nepen nepegaden no paguovHTep-
dency SDU obpabaTbiBatoT (hparMEHTUPYIOT, YNOPSAAOYMBALOT, 3alLMLLAIOT) HA NPOTO-
KonbHbIX ypoBHAX PDCP n RLC, pacnpegenssa no sioeuyeckum kaHasnam B suge PDU
(Protocol Data Unit).

Jlornyeckne kaHanbl pasnuyalroT No BuOy nepegasaemMon MHpopmMaumm Ha noru-
YecKkne KaHanbl ynpasreHusi, UCNonb3yemble AMS nepefayn pasfvyHbiX CUrHarbHbIX
KOMaHA N MH(POPMAaLMOHHBIX COOBLLEHNI, U NOrMYecKne KaHanbl Tpaduka, raoe pasme-
watoT PDU Tpadumka.

Hanee MO yposHa MAC, penctBysas nof ynpasfieHMEM MfaHUPOBLUMKA, MO
mpaHcrnopmHbIM KaHanam “cnyckaet” PDU Ha pun3an4eckuin ypoBeHb, rae ocyLiecTBns-
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0T KOOUPOBaHME, CKPeMONMPOBaHUE, MyIbTUNNIEKCUPOBAHME N MOAYNALMIO, NOCNe Ye-
ro criegyeT nepefaya NakeToB AaHHbIX MO (YU3UYECKUM KaHanam pagvuonHTepdeiica.t

Jlocuyeckue KaHanbi:

» Broadcast Control Channel (BCCH) — Bewatowmin kaHan, no KOTOpoMy nepeparot
cucTemHyro mHdpopmauunio Bcem UE B coTte. lNepen Bxogom B cUCTEMY MOOWIbHbLIN
TEpMUHAN JOfKeH cunTaTbh MHopMauuto kaHany BCCH v onpenenutb napameTpsbl
CeTun, HauYMHas ¢ Nonockl paboymx 4acTor.

» Paging Control Channel (PCCH) — kaHan nocbifiku NENIKUHIOBbLIX COOOLLEHUI; UC-
NOMb3ylT AN MOBUNBHBIX TEPMUHANOB, MECTOHaXOXAEHUE KOTOPbIX He onpeaerieHo ¢
TOYHOCTbIO A0 cOTbl. CurHan nengxuHra nepegatoT OgHOBPEMEHHO B COTbl 30HbI Cre-
xeHus (cm. 5.1).

« Common Control Channel (CCCH) — kaHan gns nepegayv ynpasnsiowen nHgopma-
LN BHUS.

* Dedicated Traffic Channel (DTCH) — nHamMBMayanbHbIN KaHan Tpaduka ogHOro nosib-
3oBaTens; aboHeHT nonyyaeT oTAeNbHbIE KaHanbl ANdA nepegavy nHpopmauum BHU3 U1
BBEPX.

+ Dedicated Control Channel (DCCH) — ungusmngyarnbHble BblAeNEHHble KaHanbl ynpas-
NeHnst BHM3 1 BBEpX ANA o6MeHa komaHaHbIMU coobueHnsmmu ¢ UE.

* Multicast Control Channel (MCCH) — kaHan rpynnoBown nepegayv cnyxebHon nHgop-
Mauumn; MUCnonb3yT Ans nepegadn cnyxebHon uHdopmaumm, Heobxoammon npu
npueme kaHana MTCH.

* Multicast Traffic Channel (MTCH) — kaHan nepegauun Tpadvka ans BblAeneHHOn rpyn-
Nbl aGOHEHTOB; UCMONb3YKT ANS Nepedavn BHU3 YCryrn MynbTUMELUAHOro BelaHus
MBMS.

[Moxoxasa cTpykTypa normdecknx kaHanos cywectsyet B8 WCDMA/HSPA. OgHa-
Ko, B cpaBHeHun ¢ WCDMA/HSPA B E-UTRA 41Cno Norm4yecknx KaHanoB YMEHbLLEHO.

MHpopmaumio normyecknx kaHanoB nocne obpabotkm Ha RLC/MAC ypoBHSIX
pa3MeLLalrT B TPaAHCMOPTHLIX KaHanax Ans ganbHeuwewn nepegade no paguouvHTep-
dency B hmsnyecknx KkaHanax. TpaHCNOPTHLIN KaHan onpefensieT, Kak U ¢ KakuMn xa-
pakTepPUCTUKaMM NHOpMaLMIO NepenarT Yepes paguonHTepdenc.

Kak n npn naketHon nepepnade B cetax GSM/UMTS, MH(pOpMaLUNOHHbIE COOD-
LLIeHWSs1 Ha TPaHCMOPTHOM YpPOBHE (POPMUPYIOT B TpaHCNOPTHbIe 6riokun. B kaxgom Bpe-
MeHHOM unHTepBarne nepegaym (TTl — Transmission Time Interval) no paguounHTepden-
Cy nepepatoT xoTa Obl OAMH TpPaHCMOPTHLIM BNOK onpegeneHHoro pasmepa. pu uc-
NOSIb30BAHUN TEXHOMNOMMU MPOCTPAHCTBEHHOrO MynbTunnekcuposanms (MIMO) Bo3-
MOXHa nepegada asyx unm 4-x 6nokos B ogHom TTI.

Kaxxgomy TpaHcnopTHOMY 650Ky npu ero nepegade no paguonHTepgency onpe-
AENAT TpaHcnopTHbIM hopmaTt (TF-Transport Format). TpaHCnopTHbIN doopmaT BKIIO-
YyaeT B cebs uHdopmauuio 0 pasMmepe TpaHCNopTHoro 6noka, Buage mMoaynsaumMm u umc-
Nonb3yemMbIX aHTEHHbIX TexHornormax. Bmecte ¢ coobuieHnem 0 HasHayeHune pecypca,
cnenyet coobuieHne o napameTpax M3ObITOYHOro KoaMpoBaHusl. NMyTeM mnamMeHeHus
TpaHCNoOpTHbLIX dopmaToB ypoBeHb MAC MOXeT peann3oBbiBaTb pasfiMyHble CKOPOCTH

! CkpembupoBaHe TPHUMEHSIOT JUTSl PAHIOMU3AIMH CHIHAJIOB, IEPEIaBAEMBIX 110 PAa3THIHBIM KaHAIAM BBEPX H
BHm3. B LTE B kauectBe CkpeMOMMpyrOmux KOJOB HCHOJB3YIOT KOABI loimga B BHJE CyMMBI IBYX M-
MOCJIEI0BATENBHOCTEN.
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nepeaayv AaHHbIX, TaK YTO ynpaBrieHMe CKOPOCTAMWU CBOAMUTCS K BbIBOPY TpaHCNOPTHO-
ro coopmara.

TpaHcrnopmHbie KaHasbi:

» Broadcast Channel (BCH) — TpaHCNOpTHbIA BeLLalOWKWI KaHan; nmeeTt (pukcupoBaH-
HbI TPAHCNOPTHbLIN cbopmaT. KaHan nucnonb3yoT Ana nepegadn nHgopmaumm norundye-
ckoro kaHana BCCH.

» Paging Channel (PCH) — TpaHCNOpTHbIN NENIXUHIOBBLIA KaHan ANns nepefayv nen-
KUHIOBOW WMHQopMaumm normyeckoro kaHana PCCH. Kanan PCH nopoepxvBaeT
npyvem c npepbiBaHnem (discontinuous reception — DRX), 4To no3sonsieT MoGunbHOMY
TepMunHany [Jorblie COXpaHuUTb 3apsa baTtapeun, MOCKOMbKYy OH MpUHMMAaeT curHanbl
PCH Tonbko B onpefesieHHble MPOMEXYTKA BPEMEHM.

* Downlink Shared Channel (DL-SCH) — kaHan ¢ pasgeneHnemM nosib3oBaTesnien BHU3.
OTOT TPaHCMNOPTHbIN KaHan ucnonb3ytoT B E-UTRA ana nepegayv vHgopmaumm BHUS.
OH noppepxmnBaeT Takme ocobeHHocTn LTE, kak agantaumio U3MEHEHUA CKOPOCTU U
ancneTyepumsaumio NakeToB BO BpEMEHHON 1 YyacTtoTHon obnactn, HARQ (Hybrid Auto-
matic Repeat request) — MmoandULMPOBaHHbLIA aBTOMaTUYECKMIA 3anNpoC Ha MOBTOPHYH
nepefayy HeNPUHATLIX NAKeTOB, U NPOCTPaAHCTBEHHOE pa3feneHune kaHanoB. OH Takke
nogaepxusaet DRX, 4yTobbl coxpaHuTb 3apsg 6atapen MOOGUNBLHOrO TeEpMMUHana Kak
MOXHO gonble. [na nepefayn no 3aToMy KaHany MCnosib3yT AUHaMudeckoe unm no-
nycratnyeckoe BblgerneHne KaHanbHoro pecypca.

* Multicast Channel (MCH) — kaHan rpynnoBon nepeaa4yn, ucnonb3yeTcs Ans noaaepx-
KN yCcnyrn MmynbTumeannHoro sewannsa MBMS. OH xapaktepusyeTcs NonycTaTtu4yecknm
dopmaToM TpaHcnopTa U nonycratM4eckuMm BblaeneHnem pecypca. [pu nepegauyn
MYNbTUMEAUNHOIO BeLlaHUs B HECKOJSIbKMX COCEOHUX COTax NMPUMEHSAIT TEeXHOMNOruto
MBSFN (Multimedia Broadcast over a Single Frequency Nerwork). [pn aTom KoHwury-
pauma pacnpegeneHus n gopmarta nepegady no MCH cornacosaHa B coTax, rae ocy-
wectenarT MBSFN.

* Uplink Shared Channel (UL-SCH) - KaHan c pasgeneHuem nonb3oBaTenen BBEPX,
aHanorn4yHbl KaHany ¢ pasgeneHnem nonb3oBatenen BHu3 DL-SCH.

B3anmocBA3b NIOrmyeckmx n TpaHCNOPTHLIX KaHAnoB NnokasaHa Ha puc. 3.14.

BHU3 BHI3 U BBEPX BHU3
Nornueckne PCCH BCCH DTCH DCCH MTCH MCCH
KaHanbl T
TpaHcnopTHbIE
KaHanol PCH BCH DL-SCH MCH

UL-SCH

Puc. 3.14. Coomgemcmaeue 5102u4eCKUX U mpaHCrnopmHbIX KaHasos.

3.6. dusnyeckKune KaHasnbl B HarnpaBneHun BHU3

B HanpasneHun BHM3 eNB nepenaet cnegyrowime KaHansbl:
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e Physical Downlink Shared Channel (PDSCH) — cu3nyeckuin kaHan BHU3 C pas-
AerneHvemM nonb3oBaTenen; UCnonb3yrT Ana nepegadn kaHanos DL SCH wu
PCH (BoamoxxHa mogynauusa 4-OM, 16-KAM, 64-KAM n 256-KAM).

e Physical Downlink Control Channel (PDCCH) — ®u3nyecknin kaHan ynpasreHus
BHU3, MHopmupyeT UE O HasHayeHuMM KaHarbHOro pecypca Ans nepefayu
TpaHCNopTHbIX 6rokoB kaHanoB PCH, DL-SCH, UL-SCH, oTBeTOB Ha 3anpochl
Ha gocTtyn K cetn u o Hybrid ARQ, ucnonssyemon npu nepegade tpadgumka. Co-
obwweHna kaHana PDCCH o BblgeneHnn kaHanbHOro pecypca BBEpX cogepxar
KOMaHabl yrnpaBrneHna MoLWHOCTbIO nepegatymka UE. Nepegayvy sBeagyT, ncnonb-
3ys moaynaumo 4-OM.

e Physical Hybrid ARQ Indicator Channel (PHICH) — cdu3nyecknin mognpuumpo-
BaHHbIM KaHan MHAMKauum aBToMaTU4eCcKoro 3anpoca Ha NoBTOpeHue nepegayu;
coaepxut nHpopmaumo o Hybrid ARQ ACK/NACK B oTBET npu nepefaye BBepx
(mogynsums 4-OM).

e Physical Broadcast Channel (PBCH) — pu3andeckun kaHan nepegadv sewatenb-
HoW nHpopmauun (mogynsums 4-OM).

e Physical Multicast Channel (PMCH) — dwu3nyeckuin kaHan rpynnoBon nepenadv
nakeToB MynbTUMEANNHOTO BelaHusa (moaynsaums 4-OM, 16-KAM n 64-KAM).

e Physical Control Format Indicator Channel (PCFICH) — duaunyeckuin kaHan ne-
pegadn cdopmaTa, KOTOpbIN MCNonb3ylT Ana kaHana PDCCH (moaynsauusa 4-
dM).
B3anmocBsasb mMexay Norm4eckummn, TPaHCMOPTHBIMU U OU3NYECKMMWN KaHanamm
BHM3 nokasaHa Ha puc. 3.15.

PCCH BCCH CCCH DCCH DTCH MCCH MTCH
O JIoTHYIecKHe KaHAIEI

MAC <

N
- TPAHCTIOPTHBIE KAHANBI

el el e {'_N}C_ e DH3HMeCKHE KAHATTE]

PHY

PDCCH PB_CH PCFICH PDSCH PHICH PMCH

Puc. 3.15. Coomeemcmeaue rio2u4ecKux, mpaHCrnopmHbiX U ¢hu3uy4ecKux kaHanos eHu3 6 LTE.

Kpome paccMOTpeHHbIX hn3nyeckux kaHanoB BHU3, eNB nepegaeT 2 Tvna CwH-
XPOHU3UPYOLWNX curHanos: nepsuydHbin PSS (Primary Synchronization Signal) u BTO-
puyHbIn SSS (Secondary Synchronization Signal), a Takke onopHble curHansl. MNpu pa-
6oTe ¢ YyacToTHbIM Aynnekcom SSS n PSS pasmewyatot B cybkagpax 0 u 5 B nocnegHumx
n npegnocnegHnx OFDM-cumBonax BpeMeHHbIx cnotoB 0 n 10 cooTBeTCcTBEHHO. Pas-
MeLleHne gunandeckmx kaHanos B cybkagpe 0 nokasaHo Ha puc. 3.16. B yacTtoTHOM 06-
nactu curHansl SSS n PSS 3aHnmatot 6 PB. CoobuweHune kaHana PBCH B 0 cybkaape
pasmeLlatoT Takke B 6 Pb B nepBbix 4-x OFDM-cumBonax BpemeHHoro cnota 1. Co-
obwweHna kaHana PBCH crneaytoT B 4-x kKagpax nogpsia.
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Kananbl PCFICH, PDCCH u PHICH nepepatoT B Havane kaxgoro cybkagpa. 970
Nno3BondeT BblAeNATb KaHanbHbIN pecypc B pearilbHOM BPeEMEHW B 3aBUCUMOCTU OT OT-
HOLLUEHNA cUrHan/nomexa Ha BXof4e COOTBETCTBYHOLLEro NpUEMHMKA NO aHanormm ¢ Tex-
Honormamn HSPA B ctanHpgapte UMTS. Kanan PCFICH cnyxut ana nepepaumn CFlI
(Control Format Indicator), T.e. uncna OFDM-cMmBONOB, BblAENEHHbIX B CyOkaape ans
nepegayn nHgopmaumm kaHana PDCCH. [na aTton nHpopMauumn MoxeT ObiTb Bblae-
neHo ot 1 po 4 OFDM-cumBonoB B cybkagpe. CoBMEeCTHOE pa3MelleHne KaHanos
ynpasneHusa n nepegayvv gaHHblx B ogHom OFDM-cumBone He JgonyckaeTcs.

TunnyHbIN BapuaHT pacnpeaeneHns KaHanbHOro pecypca B cybkagpe: kaHanbl
ynpaesneHus (PDCCH) saHumatot 3 OFDM-cmumBona, nokasaH Ha puc. 3.17.

Mo kaHany PDSCH nepepaloT nonb3oBaTenbCkMe AaHHble, coobuieHns nen-
KuHra, otBeTbl eNB Ha 3anpockl UE Ha goctyn Kk ceTn u 6r1okM cucteMHon nHdopma-
uun SIB (System Information Blocks). Wx pasmeliatoT B pecypcHbix 6nokax cybkagpa
BHKU3. Mo kaHany PDCCH nepegatoT ykasatenu; Kaxabl ykasaTeflb COCTOUT U3 UAEH-
TudukaTopa n komaHgHoro coobueHma DCI (Downlink Control Information) o Bbige-
NeHHoM pecypce.
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Puc. 3.16. PasmeuweHue kaHarsnos yripaerneHusi e cybkadpe 0

B kayecTBe MOAEHTUOUNKATOPOB UCMNOSMb3YHOT:

- BpeMeHHbIN naeHTudukaTop aboHeHta C-RNTI <16 6ut> npu nepegaye nosnb-
30BaTeNbCKNX NaKeToB,

- RA-RNTI (Random Access) <16 6ut> anga coobLueHnn o 4ocTyne K ceTw,
- P-RNTI = <FFFE> npu nepegaye naketa nengpxuHra (BbI30BOB),

- SI-RNTI = <FFFF> (System Information) npu nepegaye 650ka CUCTEMHOW UH-
dopmauuu.
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Puc.3.17. PacrnipedeneHue kaHarbHO20 pecypca 8 cybkadpe 8HU3

KananbHbIN pecypc BblAeNAoT B Buae pecypcHbix 6nokos (PB) B cybkagpe. Ons
COKpaLLEeHNA pa3MepoB Kaxaoro coobuieHus B ctaHgapte LTE npuHATHI pasnuyHble,
AOCTaTOYHO OCTPOYMHbIE CMOCO6bI MHAMKAUMMK BblAeNsieMbIX pecypcHbIix 6rokoB. Npe-
xae Bcero Bce Pb pa3buTtel Ha rpynnbl pecypcHbix 6nokos (MFPB). Pasvwep MPB 3asucut
oT paboyen nonockl cetn. C yBenudeHnem paboden nonocwl pactet n pasmep Pb
(Tabn.3.9). Mpynnbl pecypcHbIX B10KOB NPOHYMEPOBaHbI MOAPSA U KaXKAY rpynny WH-
ANUMPYIOT OgHUM BUTOM. AGOHEHTY MOTYT BbIOENATb HECKONbKO rpynm, NpuyYem Ha pas-
HbIX y4acTkax paboyero amanasoHa, a Takke oTaenbHble PB, nHaMumpysa ux tak, 4yto
ANNHaA coobLLEeHNS O BblgeNnsaeMoM pecypce B 6MTax MUHUMarbHa.
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Tabnuuya 3.9

Paboyas nonoca (B Pb) Paamep I'Pb (B PB)
<10 1
11-26 2
27 — 63 3
64 — 110 4

DCI cogepxuT Takke MHpopmMaunio o6 ncnonb3yemMblx Npyu nepegade Moaynsium-
OHHO-KoaMpyoLLmMx cxemax MCS (Modulation and Coding Scheme)?, komanay ynpae-
neHust MoLWHocTbIo nepepatymka UE, naHHble o HARQ. Bcero ctaHgaptom LTE npefy-
cmotpeHo 29 MCS ¢ mogynsauuen 4-OM, 16-KAM, 64-KAM (256-KAM) 1 pasnuyHbiMu
CKOpPOCTAMU KOoAUpoBaHUSA. B pexume guHaMmn4eckoro BblgereHns kKaHanbHoro pecypca
pecypcHble 6510kn n MCS HasHa4vaT UE Ha ognH cybkagp. BoamoxeH n nonycratmye-
CKAA BapWaHT, KOrda KaHasnbHbI pecypc BblAENSAT AN KOHKPETHOW nepegayn (co-

e,El,I/IHeHI/IFI) Ha onpeaersieHHoe BpeMsa B cneunaribHbIX CUTHalrlbHbIX COOOLLEHUSAX.

AnropuT™M  B3aMMOAEWCTBUS YMNpaBnsloOWMX KaHanoB WM nepegayn no kadHany

PDSCH npeacTtasneH Ha puc. 3.18.

Puc. 3.18. Bsaumodelicmeue KkaHarsos rpu nepedade 6HU3

eNode B

1. UE no kaHanam PUCCH nnun PUSCH noctosiHHO nepenaeT Ha eNB nHaukatopbl Ka-
yecTtBa kaHanos CQI (Channel Quality Indication), Ha ocHoBe koTopbix eNB BbiGMpaeT

dopmaTt nepegaym BHUS.

2 B MHOTOAHTEHHBIX CTPYKTYpax MOYKHO HCIIOJIb30BaTh 2 pa3ubie MCS
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2. MnaHuposuwuk (scheduler) B eNB B AUHAMU4YECKOM pexuvme HasHavaeT KaHamnbHbIN
pecypc ons kaxgoro cydbkagpa. UE yutaet nHdopmauuto kaHanos PCFICH n PDCCH,
onpeaenseT BblAeNeHHbIN el KaHamnbHbIN pecypc U bopmaTt nepegayv BHUS.

3. eNB nocblinaet naket gaHHbIX no kaHany PDSCH.

4 UE pekoaumpyeT AaHHble M OTMpaBnsieT BBEPX NOATBEPXOEHUE UM HEMOATBEpPXAe-
Hne (ACK/NACK) npuema nepefaHHOro nakeTta.

3.3. TexHonornn MIMO

MIMO (Multiple Input — Multiple Output) - MHOroaHTEHHbIE TEXHOMNOIMW, UCMOrb-
3yemMble ANA peleHus AByX 3adaq:

- NOBbILIEHMSI KaYeCcTBa CBA3N 3a CYET NPOCTPAHCTBEHHOINO BPEMEHHOr0/4aCcTOTHOIO KO-
anposaHusa u (unu) dopmmposanna nyyven (beamforming),

- yBeJIn4eHUd CKOpPOCTU nepefadn npu mncnosib3o0BaHMM NPOCTPaAHCTBEHHOIO
MYJIbTUNNTEKCUNPOBaHUA.

B nobom BapumaHte MIMO peyb nget o6 ogHOBPEMEHHOW nepefaye B OAHOM
M3MYECKOM KaHamne HeCKoNbkux coobuweHun. Ona peanusaumm MIMO wmcnonbayoTt
MHOrO@HTEHHbIE CUCTEMbI: HA NepeatoLLen CToOpoHe nmeetTca M nepeaaroLmnx aHTEHH,
a Ha npmemHoun ctopoHe N npueMHbIX. ATy CTPYKTYpPY nosicHseT puc. 3.19.

MaTtemaTnyeckass Mopaenb, onucbiBawowasa cuctemy (puc.3.19), npeacrasnset
cobon BEKTOPHOE ypaBHEHME

r=Hxs+n (3.5)

raer n's - BeKTopa NpUHATLIX U nepegaHHbIX CUTHaroB, a N — BEKTOP NomMex Ha BXoae
NPUeMHMKOB.

h11 -
} hz1 {
Tx1q h:‘” Rx1q
12
1 o
I hnz |
Tx2q Rxzq
. °
- him .

K “Bp v
j’ ham, t
Txms Bxun

Puc.3.19. Modernb kaHana ¢ M nepedarowumu u N npueMHbIMU aHmeHHamu

KoadbdpmumeHTbl nepenad Mexay pasnuyHbiMU nepeaalowmyMn U npueMHbIMK
aHTeHHamu onpegensieT matpuua H:

hn hm
H = . . .

hﬁ."l hnw (3.6)
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3neMeHTbl KOTOpoK hjj ABNSIOTCA KOMMMEKCHbIMU KO3dhduumeHTamm nepegaydm Hanps-
XEHUs1 Mexay | NPUeMHON aHTEHHOW U | nepegatowen. [1na Toro, YTobbl NPUEMHUK MOT
pasnuyatb CUrHanbl, nepegaBaemble pasHbIMW aHTEHHaMK, KO3PULMEHTbI MaTpuULbl
H nomxHbl 6bITb MeXay cobor HEKOPPENUPOBAHHBLIMM.

Korga peyb nget o makpocoTax (CoTax Ha OTKPbITOM BO3[yXe C BbICOKO MOAHS-
TbIMWU @aHTEHHaMK), TO Ans obecneyeHns HU3KOW Koppenaumm npuxogsawmx Ha UE ny-
Yen C pasHbIX aHTeHH, TpebyeTca pas3Hoc aHTeHH Ha eNB nopsagka 10A (gnvH BonH). B
TO X€ BpeMS Ha MOOMIbHOM TepMUHaNe OBbIMHO AOCTAaTOYMHO Pa3HECTU aHTEHHbI Ha A,
4yT1o6bI NONY4YNTL CNabo KOppenMpoBaHHbIE NPUXOASLME CUrHanbl. ITO 00YyCroBnNEHO
TEM, YTO MHOXECTBO Jly4en, Bbi3biBaOLLMX BbICTPLIE 3aMUPaHNA CUTHANOB U UX AEKOp-
pensaunto, obbl4HO hopmupyeTcs B 6nukHen 3oHe okono UE. Takaa kapTvHa TunuyHa
A1 MUKPO M NUKOCOT B 34aHUsAX. TOYHO Takke aHTeHHbl eNB, yCTaHOBNEHHbIX BHYTpU
NMOMELLLEHNA UMK NOA, KpblllamMKn 34aHnn, MOryT ObiTb pasdHeceHbl Ha ropasgo MEeHbLUYH
ANCTaHUMO0, YeM B MakpocoTax. Bce ckaszaHHOe OTHOCUTCS K aHTEHHaM C OAMHAKOBOW
nonspusaumen. PasymeeTcs, 4TO NCNOMb30BaHME aHTEHH C OPTOroHanbHOM nonapusa-
umen obecrieunsaeT cnabyto koppensaumio KoaduuneHTos nepeaayu hi..

KoadbdumumeHTbl hj npreMHuk paccuntbiBaeT, MPUHMMasa CUMBOSIbI OMOPHbLIX CUT-
Hanos. ONopHble curHanbl NepeaaroLlme aHTeHHbl U3Mny4aroT Mo oYepeaun Nno yCTaHoB-
neHHomy anroputmy (puc.2.13). lNpu nepegaye ONOPHOro curHana OAHOW aHTEHHOW
BCe OCTallbHble aHTEHHbI “Monyar’.

MNpn npocmpaHCcMEeeHHOM MyJIbMUuri/IeKCUupoeaHuu 4epe3 pasHble nepe-
[allmne aHTeHHbl MAYT pasHble MOTOKM AaHHbIX. B pesynbTaTe cKOpocTb Nepenaqu
[aHHbIX B pagunokaHane ysenuunsaetcsa B M pas, rae M — 4nucno He3aBUCUMBbIX MOTOKOB
[aHHbIX.

B cetax LTE MOXHO peanu3oBaTb Kak ofHononb3oBaTenbckne MIMO (SU-
MIMO), Tak un mMHoronons3osaTensckne MIMO (MU-MIMO). lNpu SU-MIMO BHU3 Bce
pasHble MOTOKM AaHHbIX, NepefaBaemMble B OHOM HYacTOTHOM KaHare, NpUuHUMaeT OauH
UE. B HanpaBneHun BBepx oanH UE Takke MOXeT nepefaBaTtb Yepes pasHble aHTEHHbI
HECKOJSTbKO HEe3aBUCUMMbIX MOTOKOB.

Mpn MU-MIMO BHM3 pasHble NOTOKM OyayT HanpaeneHbl pasHbiM UE, npuyem
KaXkgblh MOBUNbHBIA TepMUHAN nosiydyaeT TOMNbKO OAWH MNOTOK. [Mpu ucnonb3oBaHuM
MU-MIMO BBepx B OQHOM 4YacTOTHOM KaHasrie OQHOBPEMEHHO nepenarT HEeCKOSbKO
UE. Ha puc. 3.21 nokasaHa ctpyktypa MU-MIMO BHu3 ¢ 4 UE.
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Puc.3.21. Cmpykmypa MU-MIMO eHu3 ¢ 4 UE

PaccmoTpum npocTyo 3agadvy nNpoCTPaHCTBEHHONO MyInbTUMMEKCUPOBaHUSA, KO-
roa Ha nepepatouwen ctopoHe (eNB) 2 aHTeHHbI 1 Ha npuemHon (UE) — Toxe 2 npuem-
Hble aHTeHHbI. (puc. 3.22). [1oTOK CMMBOJIOB S; MOET Yepes nepefaroLLyto aHTeHHyY Tx1,
MOTOK CMMBOJIOB S; Yepes nepefarollyto aHTeHHy Tx 2. Kaxgas npyeMHas aHTeHHa
(Rx1 n RX2) npuHMMaeT B3BELLEHHYIO CYMMY CUrHaroB S; U S,. BekTopHoe ypaBHeHue

(3.5) 6bynet cneayrowmm:
rir=hiy1s1 + hipsz +nyg

r=hz181 + he sz +n2 (3.9)

Atl h1l  h12

UE

rz

h22 h21

Puc. 3.22. [lpocmpaHcmeeHHOe MyribmuriyiekcupogaHue 2x2
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3apgaya npveMHuka aboHEHTCKOro TepMuHana cocTouT B TOM, YTODbl MONy4YnTb
N3 MPUHATBIX CUrHaNoOB Si U Sp. CurHambl ry U r; NPUHUMAaET NPUEMHUK MOBUITBLHOIO
TepMuHana. [na pelweHns cuctembl NUHENHbIX ypaBHeHUn (3.9) HeobxoaMMO 3HaTb
koadbpuumneHTbl nepenay h;. [ina atoro kKaxaas nepefarowias aHTeHHa TpaHcnupyet
creumarnbHble 3apaHee N3BECTHble OMOPHbIE CUrHanbl, MPUHUMAasi KOTopble MPUEMHUK
onpepenseT maccus KoapduLUMeHToB nepeaayu hj. B pesynbtate nonyvaem:

I _H Sy N N H = h, by,
rlls| In| TR “h. h
2 2 2 21 22

Bbluncnve obpaTtHyto maTtpuuy H™, nonyyaem

Sl :H—l rl _H—l nl

Cuctema (3.10) npeactaenset cobon anroputm padoTtbl ZF-npuemHuka. Pasge-
neHne NpMeMHUKOM CUrHANoB S; U S, BO3MOXHO, ecnn cyulecTByeT obpaTHas maTtpuua
H?, To-ecTb, koadhpULMEHTLI Nepeaaym hjj mexay cobon HekoppenupoBaHbl.

Mpn Mcnonb3oBaHUM NPOCTPAHCTBEHHOIO MYSbTUMNIIEKCMPOBAHNSA CYLLECTBEHHO
YCINOXHSAETCA NOCTPOEHME NPUEMHUKOB. Kaxabli He3aBUCUMbIN NOTOK JaHHbIX co3aaeT
nomexu ApyrMm notokam. MMo3aTomy NpocTpaHCTBEHHOE MYSbTUNIIEKCMPOBAHNE peanu-
3yl0T B “XopoLlumnx” KaHanax, ¢ BbICOKMM OTHOLLEHWEM curHan/nomexa. [Ans pasgenexHus
NOTOKOB B MpPUEMHMKE HeobxoauMMo, 4TOBbl YMCNO MPUEMHbIX aHTeHH N Obino He
MeHbLUE Yucna nepegaBaeMblX MOTOKOB [aHHbIX. ECNU NPUHATB, YTO KaXabl NOTOK
noeT Yyepes OAHy NepeaaroLlyto aHTEeHHY, TO B COOTBETCTBMM € puc.3.19 N>M. Teopus
N NpaKTMKa NOKa3blBaKOT, YTO C YBENIMYEHNEM YMCa NMPUEMHBIX aHTEHH (Hanpumep, nNpu
N=4 u M=2 B cpaBHeHUn ¢ BapnaHtom N=2 u M=2) koadpunUNEHT OWNOBOK CHMXKAETCS.

MakcumansHOEe YUCIO HE3AaBUCUMBbIX NMOTOKOB npn NpoCcTpaHCTBEHHOM MYJIbTUIM-
JIEKCMPOBaHNN MOXET OOCTUraTb 8.

3.8. OpraHusaumsa pmM3nyecKkMx KaHanoB Ans nepenayn BBepx

B3aumocBAasb Mexay NorMyeckMmun, TPaHCNOPTHbIMU U PU3MYECKMMWN KaHanamu
BBEpX MnokasaHa Ha puc.3.26.
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Puc.3 26. Coomeemcmeue rio2udecKux, mpaHcropmHbiX U buudecKux KaHamnoe eeepx

Jlocuyeckue KaHanbi:

Common Control Channel (CCCH) — kaHan gnsi yCTaHOBNEHUSI COeAMHEHNSA C CETbIO,
Korga ctaHuma Haxoautca B coctodaHum LTE _IDLE.

Dedicated Control Channel (DCCH) — kaHan gnsa nepegayv nHaumsuayanbHON CUrHa-
nusaumu.

Dedicated Traffic Channel (DTCH) — kaHan ons nepegayv nosnb3oBaTenbCcKoro Tpagu-
Ka.

Tpchnopmele KaHarbl.

Random Access Channel (RACH) — kaHan 3anpocoB Ha gocTtyn. Ero ncnonssyot ans
NOAKMIOYEHMS K CeTn, ANna nogknoyeHus kK ueneson eNB npu xaHgoBepe, Ans BoccTa-
HOBIEHNS CUHXPOHU3aLMK BBEPX.

Uplink Shared Channel (UL-SCH) — kaHan nepegadn vHAnBMAyanbHOro tpaduka u
CUrHanmsaumm.

dusuyeckue KaHasnbl.

Physical Random Access Channel (PRACH) — dpu3andeckuin kaHan nepegadv 3anpocos
Ha Cry4yamHbIn 4OCTyn.

Physical Uplink Shared Channel (PUSCH) — kaHan nepegayv nHamsuayansHoro tpa-
duka n conytcTBytowwen curHanusaumm UCI (Uplink Control Information).

Physical Uplink Control Channel (PUCCH) — kaHan nepegayv CoOnyTCTBYHOLWEN CUTHa-
nusaunn UCI B oTcyTcTBMe KaHana PUSCH.

B pononHeHne K NnpuBeaeHHbIM Ha puc.3.26 oM3NYECKMM KaHanam crnenyeT yka-
3aTb Ha BO3MOXHOCTb Mepefayun 30HAMpyoLWero onopHoro curHana SRS (Sounding
Reference Signal) ana nonyyeHus nHdopmaumm O 3aTyxaHuUsiX Ha Tpacce BBEPX Ha
pasfiMyHbIX YacToTax BblAEMNEeHHOro gManasoHa.

NHpopmaumio 0 BblAeNneHHOM KaHanbHOM pecypce B kaHanax PUSCH wvnn
PUCCH aboHeHTCkMe cTaHumm nonyyatot no kaHany PDCCH B npealwecTsytowem cyo-
Kagpe.

OcobeHHocTbo kaHanos PUCCH n PUSCH saBnseTca BO3MOXHOCTb paboTbl CO
CKaykaMu 4acToTbl Ons peanu3auuu 4acTOTHOro pasHeceHusa. Ha puc.3.27 npvBegeH
npumep pasmeleHms 4 kaHanos PUCCH B cybkagpe . [lo kaHanam PUCCH nepepatoT
WHpopMauuio O  MOATBEPXAEHUW/HENOOTBEPXKOEHUM  nNpuemMa nakeToB  BHU3
(ACK/NACK), nHankatopbl kadyectBa kaHanos CQI, ynpasnsiowasa nHopmMauusa npu
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NPOCTPaHCTBEHHOM MynbTUNNekcMposaHun PMI/RI, 3anpocbl Ha KaHanbHbIN pecypc
npu nepegade Beepx. OauH kaHan PUCCH 3aHumaeTt 1 PB B cybkagpe. [1ns kaHanos
PUCCH Bbi6bupatoT PE no kpasm paboyen nonocsl, npuyem kaHan PUCCH BHyTpu cy6-
Kagpa npbiraet no YyactoTe OT O4HOro Kpasi nonockl K gpyromy (puc. 3.27). 310 no3Bo-
ngeT ynyywuTb KayecTBO NpuemMa 3a CYEeT 4YaCTOTHOro pasHeceHus rnepegaBaemMoro
curHana.

CQI aBnsieTcs OCHOBHbLIM MapamMeTpoM, NO3BOMSALWMM MNNaHNPoBLLMKY B eNB
ANHaMUYeCKN MeHATb popmaT nepenayn BHU3 AN KOHKPETHON abOHEHTCKON CTaHUMMN.
UE, namepsia oTHOLWEHWe curHan/nomexa, onpenensieT MakcumaribHO JOMYCTUMYIO Mo
ckopoctn nepegaum MCS BHu3. [pn namepenusx yposHs curHana UE paccumnTbiBaeT
CPEAHIO MOLLHOCTb MPUHSATBLIX PECYPCHbLIX 31IEMEHTOB C OMOPHbIMK curHanamm RSRP
(Reference Signal Received Power) B 3agaHHon nonoce 4vactoT. Ona nepegaun CQI
NCNonb3yT MHAEKCHI OT 1 0015; KaXXaAoMy MHOEKCY COOTBETCTBYET onpeerieHHas Mo-
AynAUMOoHHO-Koaupytowas cxema (tabn. 3.11). B Hel ckopocTb KoanpoBaHus Ryes HOP-
mMupoBaHa Kk 1024, a apeKTMBHOCTb BbipaxkeHa B 6ut/c/l'y,.

MepepaBaembin CQl MOXeET COCTOATb M3 HECKOSNbKMX napameTpos. [lepepatoT
nuaekc wmpokononocHoro CQlywg — ycpeaHeHHbIn CQI no Bcen nonoce paboymx vac-
TOoT, n CQlsg AnNs oTaenbHbIX cybnonoc. Yucno cybnonoc onpegenerHna CQIl 3asucut
OT WMPUHLI pabo4vein Nonockl 1 NOSIHOCTLID COOTBETCTBYET pa3buBke 4acTOTHOro Ana-
nasoHa Ha rpynnel PB npn nepegaye BHu3 (tabn. 3.9).

Ecnn B paboyen nonoce meHblie 10 PB, To nepegatoT Tonbko CQlws. Mpn 60-
nee wwupokon nonoce CQIlyg B cooTBETCTBUM C Tabn. 3.8 [JOMNOMNHAKT HECKONbKUMM
CQIsg. MNpun atom gns cHmxeHus obbema nHdopmaumm Bmecto CQlsg nepepatoT pas-
HOCTb

CQIpifr.sg (i) = CQIsg(i) - CQlwe

CQIpit.s MOXeT NpuHUMaTh 3HayveHus {-2, 0, +1, +2}. O6paTum BHMMaHME Ha TO,
4YTO B CTOPOHY YBENUYEHNA BO3MOXHbI 2 NapameTpa: +1 n +2 B TO BpeMs Kak B CTOpPO-
HY YMEHbLUEHUS TOMbKO OAWH: -2. OTO NO3BOSISAET NMAHUPOBLLMKY NpU nepegade BHU3
BblAENATbL Te y4acTkm paboyero guanasoHa, raoe mHaekc CQI Boiwe u rae Tpebyetcsa
66nbLIan TOYHOCTb B onpeaeneHun dopmaTa nepegaymn.

WHpbopmaumio 0 BblAeNeHHOM KaHanbHOM pecypce B kaHanax PUSCH wunn
PUCCH aboHeHTckne ctaHuum nonyyatroT no kaHany PDCCH B npealuecTBylowmx cyo6-
kagpax. B kaHanax PUSCH nonb3oBaTtenbckmn Tpaduk MOXeT ObiTb 06beanHeH ¢
ynpasnsowmmm coobeHmnsamn ACK/NACK un CSI.
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/% coceOHux
/% cnoTax

Cy6kagp (1 mc)

Puc.3.27. PasmeuweHue kaHanoe PUCCH e cybkadpe

Tabnuua 3.11

WHpeke CQI Moaynsaumsa Rionx1024 O dekTMBHOCTL
1 4-oM 78 0,1523
2 4-oM 120 0,2344
3 4-OoM 193 0,3770
4 4-OoM 308 0,6010
5 4-OoM 449 0,8770
6 4-oM 602 1,1758
7 16-KAM 378 1,4766
8 16-KAM 490 1,9141
9 16-KAM 616 2,4063
10 64-KAM 466 2,7305
11 64-KAM 567 3,3223
12 64-KAM 666 3,9023
13 64-KAM 772 4,5234
14 64-KAM 873 5,1152
15 64-KAM 948 5,5547
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Mepepaya kaHana PUSCH moxeT natn 6e3 ckaykoB 4acTOTbl UM CO CKaykamu
yacToTbl B ABYX TammcnoTax cybkagpa (puc. 3.35). B kaHanax PUSCH onopHble
OFDM-cumBOnbl  pasMellieHbl B cepeanHe kaxgoro tanmcnota (puc.3.35) no ogHomMy
OMOPHOMY CMMBOIY Ha KaXKaown yactoTe. Ecnu onopHble curHansl BHU3 LMpoBble, TO
Ansa hopMMpPOBaHNA OMOPHBIX CUrHANOB BBEPX MCMOMb3YHOT NOCNef0oBaTENIbHOCTN KOM-
NNEKCHbIX 4ucen, cpeauM  KOTOpbIX  BaxHeunwee MecTO npuHagnexut ZC-
nocnegoBaTeNbHOCTAM, BBEAEHHbIM paHee B 3.3.
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Puc. 3.35. lNepedaya kaHana PUSCH 6e3 ckayka u co CKa4KkoM Yacmomal

Mpn oueHke nponyckHon cnocobHocTM ceTn LTE MOXHO UCXOauTb U3 crnepyto-
LLIMX COOBpPaKeHUN.

KaHanbHbIn pecypc aboHeHTaM BbiAensoT B BUAe pecypcHbix 6nokos (PB). 1Pb
— 370 12 nocnefoBaTtesbHbIX MOAHECYLLMX HA BpeMeHHOM oTpe3ke B 1TS. dakTnyeckn
pecypcHble BroKM BbigenAT Ha uenbin cybkagp (2TS wnm 1 mc). Torga B cybkagpe B
1PB npu HopmaneHom CP (7 OFDM-cumBonoB Ha nogHecyuwen B 1TS) 6yaet

7%x2x12 = 168 OFDM-cumMBOJSIOB.

3 aToro yncna Hago yganutb CUMBOSbI, B KOTOPbLIX NepefaroT OrnopHble CUrHa-
nbl. MNMpn nepegade BHM3 YMCNO OMNOPHLIX CUTHANOB BO3pacTaeT C yBefIMYEHMEM Yucna
nepepatowmx aHteHH B eNB (punc.2.13). Tak npu paboTe ¢ OAHOW nNepefaroLlen aHTeH-
Hon Yncno OFDM-cumBonoB ymeHbwntcsa Ao 160. Kpome atoro, Hago yopate OFDM-
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CUMBOIbI, UCMonb3yemble And nepefayn kaHanos ynpasnenHus PHICH, PCFICH u
PDCCH: ot ogHoro go 3 OFDM-cnMBOMOB B KaXgoM cybkaape, U CUMBOSbI, rAe B Kag-
pe pasmeLlleHbl curHanel PSS, SSS n kanan PBCH. NMpu nepenave BBepx cneayet y6-
paTb OMOPHbIE CUMBOJIbI, PACMOSIOXEHNEe KOTOPbIX NOKa3aHo Ha puc. 3.35.

CkopocTb nepegaym B MHPOPMALMOHHOM Grioke onpeaenseTcsa Mcrnonb3yemMomn
Mpn mogynauum 4-®M B kaxgom OFDM-
cumBorne nepegatot 2 6uta, npu 16-KAM — 4 6uta n npu 64-KAM — 6 6ut. OgHako B
paguokaHan curHan noctynaeTt nocne n3bbITOYHOro KoanpoBaHus, PeanbHasi cKopocTb
nepegaym CHWXaeTcs NponopLmMoHarbHO CKOPOCTU KOANPOBaHUSA Ry < 1.

MOOYNALMOHHO-KOANPYIOLLEN CXEMOMN.

B tabn. 3.12 npuBeaeHbl CKBO3HbIE CKOPOCTU Nepenayn BHU3 B peXMME 4acToT-
HOro Aynnekca, Korga kaHanbl ynpasneHus B cybkagpe 3aHumatot 2 OFDM-cumBona u
paboTatoT 2 aHTeHHbl. B Tabn. 3.12 B paboyen nonoce 600 nogHecywwmx (50 PB), n
1200 nogHecywmx (100 PB).

Tabnuuya 3.12

Rkoa Kon-Bo CkBO3Has CKo-
WMhgekc CQl | Mogynsumsa | (ckopocTb | 6UT Ha pocTb, M6ut/c
Koaa) CUMBOJ
50 P6 | 100 PB
1 4-OM 0,08 2 0,99 2,00
2 4-OM 0,12 2 1,53 3,08
3 4-dM 0,19 2 2,46 4,95
4 4-OM 0,30 2 3,93 7,90
5 4-dM 0,44 2 5,73 11,5
6 4-dM 0,59 2 7,69 15,4
7 16-KAM 0,37 4 9,66 19,4
8 16-KAM 0,48 4 12,5 251
9 16-KAM 0,6 4 15,7 31,6
10 64-KAM 0,46 6 17,8 35,8
11 64-KAM 0,55 6 21,7 43,6
12 64-KAM 0,65 6 25,5 51,2
13 64-KAM 0,75 6 29,6 59,4
14 64-KAM 0,85 6 33,4 67,2
15 64-KAM 0,93 6 36,3 73,0

B 1abn.3.13 npuBeaeHbl pacyeTbl CKBO3HbIX CKOpOCTeN BBEPX. [1pn aTOM y4TEHO,
4YTO OONBLLUMHCTBO OEWCTBYHOLLMX B HACTOsILEe BPEMS CTaHUUN HEe MNoaaepXuBaroT
BBEpX Moaynaumto 64-KAM.
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Tabnuuya 3.13

Rkoz Kon-so | CKBO3Hasa CKOpPOCTb,
M'-(':’:("geIKC Moaynsuus | (CkopocTb | 6UT Ha M6wu/c
Koaa) CUMBOI
50 Pb 100 Pb
1 4-O6M 0,08 2 1,03 2,06
2 4-O6M 0,12 2 1,59 3,18
3 4-O6M 0,19 2 2,56 5,12
4 4-oM 0,3 2 4,09 8,18
5 4-oM 0,44 2 5,96 11,9
6 4-OoM 0,59 2 7,99 15,9
7 16-KAM 0,37 4 10,0 20,0
8 16-KAM 0,48 4 13,0 26,0
9 16-KAM 0,6 4 16,3 32,6

3.9. AGoHeHTCKasa annapaTypa M CKOpoCTH nepegaym

HaunHasa ¢ Rel.12, ans noblweHus CKOpPOCTH nepegayn AaHHbIX BHU3 BBEOEHbI

MOAYNSALUMOHHO-KOANPYOLLME CXeMbl ¢ Moaynsumen 256-KAM (tabnuua 3.14).
Tabnuua 3.14

COlungexc | MOBYNA- | o onx 1024 ELOREEITTIES
una HOCTb
0 He ncnonbayor
1 4-OM 78 0,1523
2 4-OM 193 0.3770
3 4-OM 449 0.8770
4 16-KAM 378 1,4766
5 16-KAM 490 1,141
6 16-KAM 616 2,4063
7 64-KAM 466 27305
8 64-KAM 567 3.3223
9 64-KAM 666 3,9023
10 64-KAM 772 45234
11 64-KAM 873 51152
7 256-KAM 711 55547
13 256-KAM 797 6,2266
14 256-KAM 885 6.9141
15 256-KAM 948 7.4063

XapakTepucTukm aboHeHTCKoW annapaTtypbl, cooTBeTcTBylowme Rel.13, npea-

cTasneHbl B Tabn. 3.15 - 3.17.
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Tabnuuya 3.15

MapameTpbl ou- Mapa-
I'Iapalvleprl CbVI3VI‘-IeCKOF0 YPOBHA BHU3 3N4EeCKOro ypoBHs MeTpbI
Kate- BBEPX L2
ropus Makc. Makc. uncno 6ut Makc. Makc.
UE yucno 6ut B | B 6Grioke DL-SCH B yucno 6wut, Makc. yucro 6uT B Moayns- O6bem
kaHane DL- cy6|<a,1:|,pe2 obpabaTbiB. | uncno cnoeB | kaHane UL- umns 64- 6ydepa B
SCH B npu HARQ npu MIMO SCHB KAM BBepx K6anT
cybkanpe’ cybkanpe
1 10296 10296 250368 1 5160 HeT 150
2 51024 51024 1237248 2 25456 HEeT 700
3 102048 75376 1237248 2 51024 HEeT 1400
4 150752 75376 1827072 2 51024 HEeT 1900
5 299552 149776 3667200 4 75376 eCTb 3500
149776 (4
cnos)
6 301504 75376 (2 3654144 2vnn 4 51024 HEeT 3300
cnos)
149776 (4
cnos)
7 301504 75376 (2 3654144 2vnn 4 102048 HeT 3800
cnos)
8 2998560 299856 3598272 8 1497760 |  ecTb 42 200
149776 (4
cnos)
9 452256 75376 (2 5481216 2vnn 4 51024 HeT 4 800
cnos)
149776 (4
cnos)
10 452256 75376 (2 5481216 2vnn 4 102048 HeT 5200
cnos)
149776 (4
cnos — 64-KAM)
195816(4
cnosi — 256-
11 603008 KAM) 7308288 2vnn 4 51024 HeT 6 200
75376 (2
cnos-64-KAM)
97896 (2 cnos
— 256-KAM)
149776 (4
cnos — 64-KAM)
195816(4
cnosi — 256-
12 603008 KAM) 7308288 2vnn 4 102048 HeT 6 700
75376 (2
cnos-64-KAM)
97896 (2 cnos
— 256-KAM)

B T1abn. 3.15 0603HayveHbI:

1) MakcumanbHoe 4mcno 6uT, kotopoe UE MOXeT nonyyuntb BO BCEX MPUHATBLIX Gnokax
no kaHany DL-SCH B ogHoMm cybkagpe.

2) MakcnmanbHoe 4ncrio 6uT B O4HOM TpaHCNOPTHOM Oroke, nepefaHHOM Mo KaHany
DL-SCH B cybkagpe.

HaunHaga c Rel.12, kpome Tabnuubl 3.15, cneunduumnpytowen kateropun Mobunb-
HbIX TepMmuHanoB LTE BHM3 1 BBepx, BBeAeHa anbTtepHaTnBHaga kateropusauma UE oT-
AEeNbHO MO HanpasneHusam BHU3 M BBepX. B 1abn. 3.16 npeacrtaBneHbl kateropun UE
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BHM3, a B Tabn. 3.17 — BBepx. Kateropum 0 1 M1UE BBeaeHbl AN NCnonb3oBaHus B ce-
TX M2M C HU3KOCKOPOCTHBLIM Tpadmkom®.

Tabmuma 3.16

Kateropusa UE

Makc. uncno

Makc. uucno 6uT B

Makc. uucno

Makc. yucno

BHU3 (DL) ouT B KaHane 6noke DL-SCH B 6uT, o6paba- | cnoeB npu MIMO
DL-SCH B cy6KaJ:|pe2 TbIB. NpKn
cy6kaape’ HARQ
DL Kateropus 1000 1000 25344 1
M1*
DL KaTteropus 0 1000 1000 25344 1
DL Kateropus 6 301504 149776 (4 cnos) 3654144 2unn 4
75376 (2 cnos)
DL Kateropus 7 301504 149776 (4 cnos) 3654144 2unnn4
75376 (2 cnos)
DL Kateropus 9 452256 149776 (4 cnos) 5481216 2unn 4
75376 (2 cnos)
DL Kateropus 10 452256 149776 (4 cnos) 5481216 2unmn 4
75376 (2 cnos)
DL Karteropusi 11 603008 149776 (4 cnos, 64-KAM) 7308288 2vnn 4
195816 (4 cnos, 256-KAM)
75376 (2 cnosi, 64-KAM)
97896 (2 cnosi, 256-KAM)
DL Karteropus 12 603008 149776 (4 cnos, 64-KAM) 7308288 2vnm 4
195816 (4 crnosi, 256-KAM)
75376 (2 cnos, 64-KAM)
97896 (2 cnosi, 256-KAM)
DL Kateropusa 13 391632 195816 (4 cnos) 3654144 2unn4
97896 (2 cnos)
DL Kateropus 14 3916560 391656 47431680 8
DL Karteropus 15 749856- 149776 (4 cnos, 64-KAM) 9744384 2vnn 4
798800 195816 (4 cnos, 256-KAM)
75376 (2 cnos, 64-KAM)
97896 (2 cnosi, 256-KAM)
DL Kateropusa 16 978960 - 149776 (4 cnog, 64-KAM) 12789504 2vunn4
1051360 195816 (4 cios, 256-
KAM)
75376 (2 cnosi, 64-KAM)
97896 (2 cnosi, 256-KAM)
DL Kateropusa 17 25065984 391656 (8 cnoés, 256- 303562752 8
KAM)
DL Kateropusa 18 | 1174752- 299856 (8 cnoes., 64-KAM) | 14616576 2 unu 4 [unu 8]
1206016 391656 (8 cnoés, 256-
KAM)]
149776 (4 cnos, 64-KAM)
195816 (4 cnos, 256-KAM)
75376 (2 cnos, 64-KAM)
97896 (2 cnog, 256-KAM)
DL Kateropusa 19 | 1566336 - 299856 (8 cnoes., 64-KAM) | 19488768 2 unu 4 [unu 8]
1658272 391656 (8 cnoés, 256-

KAM)]
149776 (4 cnos, 64-KAM)
195816 (4 cnos, 256-KAM)
75376 (2 cnos, 64-KAM)

97896 (2 cnos, 256-KAM)

* CraHumu kateropun M1 npegHasHayeHbl aAns paboTtsl B ceTsax M2M B y3kononocHom pexvmMe ¢ nonocow 1,4

My

% Ta6aunup! coctasnena Ha ocHose TS 36.306, Rel. 15.0.
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Kateropusa UE Makc. umucno Makc. uucno 6ut B Makc. yucno Makc. uucno
BHU3 (DL) 6uT B KaHane 6noke DL-SCH B 6uT, o6paba- | cnoes npu MIMO
DL-SCH B cy6|<a,qpe2 TbIB. NpKn
cy6kaape’ HARQ
DL KaTeropus 20 | 1948064 - 299856 (8 crioes, 64-KAM) | 24360960 2 unu 4 [unu 8]
2019360 391656 (8 cnoés, 256-
KAM)]
149776 (4 cnos, 64-KAM)
195816 (4 cnos, 256-KAM)
201936 (4 crios, 256-KAM)
75376 (2 cnos, 64-KAM)
07896 (2 cros, 256-KAM)
100752(2 cros, 256-KAM)
DL Karteropusi 21 | 1348960- 149776 (4 cnos, 64-KAM) 17052672 2umm 4
1413120 195816 (4 cnos, 256-KAM)
201936 (4 crios, 256-KAM)
75376 (2 cnos, 64-KAM)
97896 (2 cnos, 256-KAM)
100752(2 cnos,, 256-KAM)

B Rel.15.3 pobaeneHbl DL kaTeropumn 23 — 26, rae B kayecTBe BO3MOXHOM anbTepHaTMBbI yKa3aHa

moaynsauma 1024-KAM.

Taomuma 3.17

Makc. yucno o6uT Make. uncno Mopynsauus
Kateropusa UE & kanane UL-SCH B ouT B 6noke UL- Moaynsums 256-KAM
BBepx (UL) cvBKanpe SCHB 64-KAM BBepx BEEDX
yokaap cy6kaape’ P

UL Kareropusa M1 1000 1000 HeT HeT
UL Kareropusa 0 1000 1000 HeT HeT
UL KaTteropus 3 51024 51024 HeT HeT
UL Kateropus 5 75376 75376 ecTb HeT
UL Kateropusa 7 102048 51024 HeTt HeT
UL Kateropus 8 1497760 149776 eCTb HeT
UL Kateropusa 13 150752 75376 eCcTb HeT
UL Kateropus 14 9585664 149776 ecTb HeT
UL Kateropus 15 226128 75376 na HeT
UL Karteropus 16 105528 105528 aa aa

UL Kateropusa 17 2119360 211936 aa aa

UL Kateropus 18 211056 105528 na na

UL Kateropus 19 13563904 211936 na na

UL Kateropus 20 316584 105528 na na

UL Kateropus 21 301504 75376 aa HeT

4. LTE paano npoToKosn

st mepenaun Tpaduka B paguokanaie B eENB u UE npoucxonut o6paboTtka
JedTarpaMM Ha IPOTOKOJIBHOM ypoBHE L2, B pe3ynbrare KOTopoil GopMUPYIOT
0s10KkHU, IepenaBaemeble o paguonntepdeiicy. Ctpykrypa yposHs L2 B eNB npu
nepeaaye BHU3 MoKa3aHa Ha puc. 4.X; ctpykrypa ypoBHs L2 B UE npu nepenaue
BBepX — Ha puc. 4.XX.
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B nnockoctn ynpaesneHna Ha ypoBHe L3 Haxoautca RRC (Radio Resource Control)
NPOTOKON. YpOBeHb L2 pacuienneH Ha 3 NoAypOBHSA:

- PDCP — Packet Data Convergence Protocol, npoTOKon KOHBEPreHunn nakeTos
AaHHbIX;

- RLC — Radio Link Control Protocol, npoTokon ynpasneHus paguocoeguHeHu-
ewm;

- MAC - Medium Access Control Protocol, npoTtokon ynpaBneHus JOCTYNnoMm K
cpege.

MpoTtokon RRC npeactaenseT cobon cuctemy anroputMoB M KOMaHA, UCMosb-
3yembix Ans obenyxusanua UE Ha paguounHTepdenice.

MNnockocTb MNonb3oBaTENBCKAA
YNnpaeneHMA NNOCKOCTE
.o-"'*\"\_

| RRC

CKBO3HbIE KaHanbl
| PDCP |

2| | ic |

NorvyeckMe KaHane
| MAC |

TpaHCNopTHBIE KaHanbl

| DHUIMYECKHA YPOBEHDb |

Puc.4.1. Cmpykmypa paduo ripomokorsnos LTE

PaccmoTpnm pyHKUMK, BbINOMHAEMbIE pas3nnYHbIMK NOAYPOBHAMM L2 pagnounH-
Teptenca. Ha npomokonbHom yposHe PDCP obpabaTbiBaloT AaHHble 6oree BbICO-
knx ypoBHen: SDU (Service Data Units) — gentarpammbl Tpadumka n curHanbHble co00-
weHus. Npun 3TOM OCyLLLECTBNAIOT:

- cxaTtue (1, COOTBETCTBEHHO, BOCCTAHOBMEHUE) IP-3aronoBkoB, UCNOSb3ysi NPOTOKOI
ROHC (Robust Header Compression), paspaboTaHHbin IETF 1 NnpuMeHsieMbIn C ceTsax
UMTS,

- wundppaumio n gewmngpaumto SDU Tpadumka u curHanmsaumm (8 UMTS aT0 genatoT Ha
ypoBHsX RLC unu MAC),

- 3aWmTy (NPOBEPKY) LENOCTHOCTN CUrHanbHbIX coobweHun (B UMTS aTo ocyuiecTs-
nawT Ha ypoBHe RLC).

MocnepoBaTenbHOCTb NPOU3BOAUMBIX OnepaLuii nokasaHa Ha puc. 4.4.

39



Mpw Nnepegade — Mpw Nnpyueme
nocneloEaTensHanR CMeHa
HyMepaumA nocnedoeaTensHOCTH
/\ I
Jawmta Cwarne Mpoeepka BoccTaHoeneHwe
LEenoCTHOCTH 3aronoeka LUENOCTHOCTK 3aronoeka
l l & Y
lHudpauna Jewndpauma
l Y
3aronoeok Data Field
FDCP 3aronoeok | Data Field
FOCP
r
.-""_-!-_""\
2 O
RLC RLC

Puc.4.4. Onepauuu, ebinosiHgemble Ha yposHe PDCP

Kpome ykasaHHbIX dyHKLMIA, ypoBeHb PDCP obGecneunBaeT nepenayvy AaHHbIX
6e3 noTepb Npu xaHAoBepax u obpbiBax CBA3MN.

Ha ypoeHe RLC ocyLLeCTBSAIOT:

- cermeHTaumo SDU Ha PDU (Protocol Data Unit) ans nepegayun n obbegmHeHne nake-
TOB Npw Npueme B Tpebyemown nocrnefoBaTenbHOCTH,

- KOPPEKLMIO OLLIMOOK Npu nepeaaye, NCnonb3ysi NOBTOPHY nepeagavy (ARQ),
- yCTpaHeHune owmnbok B Nnepeaayve NakeToB, Bbl3BaHHbIX OLIMOKaMy CUrHann3auum.

BoamoxHbI 3 pexxuma 06paboTkm naketoB Ha ypoBHe RLC B 3aBMCMMOCTH OT Xa-
pakTepa nepegasaemon MHpopmaumm:

- Npo3payHbin (transparent mode) — nakeTbl He obpabaTbiBatoT Ha ypoBHe RLC,
- nepegaya 6e3 noareepxaeHus (unacknowledged mode),
- nepegava c noaresepxaeHmem (acknowledged mode).

Ha ypoeHe MAC npoucxoguT pasMmelleHne u MyJrbTUNIIEKCUpOBaHUE NakeToB
NOrMYecKnX KaHasnoB B TPAHCMOPTHbLIX C NocneayoLwen nepegadyen nx no ousnyecknm
kaHanam. YposeHb MAC ocyLLecTBnSAOT:

- ynpaBreHue BbiAeNeHNeM KaHanbHOro pecypca ¢ y4eToM nNpuopuTeToB Tpaduka, T.€.
BbIMOSHSAOT 3a[a4M NnaHMpoBaHnsa nepeaau,

- BbIOOpP TpaHCnopTHbLIX hopMaToB nepeaau,
- ynpaBneHve NoBTOPHbIMU Nepeaadyamm HEMPUHATLIX NaKeToB,

- opraHmnsaumio npouenyp goctyna UE K ceTn n nepnoamnyeckon cuHxpoHmsaumm UE,
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- namepeHus: obbema nepegaBaemoro Tpadumka, 3arpysku kaHana, coctosHus Gyde-
poB nepenaym UE, oTHOCKMTENbHOM MOLWHOCTY Nepeaayn UE v pag opyrux,

- OpraHu3aumio pexxmma cHa/npepbiBuctoro npuema (DRX) aBOHEHTCKMX CTaHUUA.

MpoTokonbHble ypoBH MAC n RLC TecHo cBdA3aHbl Mexay cobon. B 3aBucmmo-
CTM OT XapaKTEepUCTMK KaHana cBa3n un 3arpyskn cetmn MAC BblGupaeT onTuManbHbIv
dopmaT nepefaym (MoOAynsUM, CKOPOCTb U3BLITOYHOrO KOAMPOBAHUSA, 06bEM nepe-
Aayu), Ha ocHoBe KoToporo RLC yctaHasnueaeT pasmep PDU. MAC ysegomnseT RLC
O Ha4arne nepegayum rno KOHKpeTHoMy coeauHeHuto n o ymcne PDU, kotopble RLC gon-
XEH BbICTaBUTb B AaHHbI MOMeHT. [Npu Henpueme PDU MAC coobuwaet RLC o Heob-
XOOUMOCTUM MOBTOPHOW nepeaayu.

PaboTon ypoBHs MAC HenocpeaCTBEHHO pPyKOBOAUT NnaHMpoBLUMK (scheduler),
anroputMmbl paboTtbl koToporo u MO asnatTca know-how nponssoguTensa annapaTtypbl.

CueHanbHbIl npomokon RRC obecneunBaeTt cneaywowme yHKLMM N npoue-
Aypbl:
- Nepefavy cuctemMHomn nHdopmarmm nNo paguonHTepdency,
- NENIKUHT,

- yCTaHOBIeHne, NoAAEePXKY U pa3pbiB coeanHeHus no npotokony RRC mexay UE u e-
UTRAN,

- BbINOMHEeHWe 3aga4y 6e30nacHOCTU, B TOM YUCHE yrpaBreHne Knyamu,
- OpraHmMsaumio 4YacTn CKBO3HOIo KaHana Ha pagvouHtepdgence,

- X3HO0BEPHI,

- cenekumo cot npu nepemelrteHmn UE,

- nepepadvy curHanusauuu NAS mexagy UE 1 agpom ceTu,

- UCnpaBfeHne CUCTEMHbIX owmnbok mexay UE n agpom cetu,

- NoAOEPXKKY CaMOKOH(*)I/IpraLI,I/II/I n caMmoonTmMmn3auunm ceTn.

41



4.3. bBezomacuocthb B cetax LTE

besomachnocth B cersix E-UTRA (LTE) ocHoBaHa Ha TeX ke MPUHIUIIAX,
yro u B ceTix UTRA (UMTYS):

- B3aUMHas ayTeHTU(HUKAIU aOOHCHTA U CETH,

- mudparys cooOIEeHU B paJuoKaHae,

- 3aIlIMTa EeJIOCTHOCTH MepeaaBaeMbIX COOOIICHUH,
- 3a1[uTa AOOHEHTOB.

3amra abOHEHTa COCTOUT B TOM, YTO €ro B Ipoliecce 0OCIyXHBaHUS 3a-
KPBIBAIOT BpeMEHHbIMU HoMepamu (uaentugukaropamu) M-TMSI, S-RNTI u C-
RNTI.

B nononnenue k 3toMy B cerax LTE npusHATBI Mepbsl 0 0€30MaCHOCTH
BHYTPHUCETEBBIX COCIMHEHUMN (OHU MPEACTABISAIOT coO0i TyHHenu). Ha untepdeii-
cax S1 u X2 nepenaBaemble MakeTbl MOKHO IMK(poBath, ucnoasdys [Psec ESP.
[TonBepraroT mudpanuu U COOOIIEHUS B CUTHAJIBHBIX IUIOCKOCTSIX 3THUX HHTEp-
dbeticos.

[Ipu xaxknom moakimtoueHun win aktuBu3anuu UE B ceTu cerhb 3amyckaet
nporeaypy ayreHTudukanuu u corjamenus o kimrodax AKA (Authentication and
Key Agreement). Llenb nporeaypsl COCTOUT BO B3aUMHOM ayTeHTU(UKAIIUK abo-
HEHTA ¥ CETH U BHIPAGOTKH IPOMEKYTOUHOTO Kitioua Kasme -

[Tponenypy ayrentudukaiuu 3amnyckaet MME, noceutas B HSS cooTBerct-

Bytomuid 3amnpoc. B orBer HSS Hnampaiaser B MME BekTop ayreHTHPUKaUUU
(puc.4.8):

MME HSS

Authentication data request
IMSI, SN identity, Network .

»

Authentication data response
EPS-Authentication Vector (s)

P
<

Puc.4.8. Hauano nponenypst AKA

Ha puc.4.8 SN (Serving Network) identity — unenTudukarop oOCITy)HU-
Baroniei cetu (24 oura), cocrosimuit u13 MCC u MNC (koaa cTpaHbl M Kojia Ore-
patopa). Tun cetu (Network Type) — E-UTRA. U3 HSS o6cayxuBaromias cetb
(MME) nonyuaer Bexktop ayreHtudukauuu EPS (Evolved Packet System). Bek-
top ayreHTudukanuu B HSS renepupyrot B ABa 3Tana. Ha mepBoM 3Tamne UCHoJib-
3YIOT alnroputm, npuHaTeiii B UMTS (puc.4.9).

* ASME — Access Security Management Entity.
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Puc.4.9. VicxomHblil anropuT™ reHepaiiy BEKTOpa ayTeHTU(DUKAITIH

Kpunrorpaduueckuit anroputm (puc.3.9) peaqnzoBaH ¢ IOMOIIbIO OJHOHA-
npaBieHHBIX (YHKIUNA. DTO 3HAYUT, YTO MPSAMOU PE3yJbTAT MOJY4alOT MyTeM
IPOCTBIX BBIUYMCIECHUH, HO HE CYIIECTBYET 3(PPEKTUBHOTO aNrOpUTMa JJIs MOTYyYe-
HUsL oOpaTHOro pesyinbTaTa. B caMoM aliropuTMe MCIOJIb30BaHbl 5 OJAHOHAIPAB-
nennbix Gyukuui: fl, 2, 3, f4 u 5. UcxogubiMu mapameTpamu SIBASIOTCS CITy-
yaitHoe yuciao RAND <1286ut>, Master Key K abonenra <1280ut> u nopsiako-
BbII HOMep mpouenypsbl Sequence Number SQN. Cuetunk SQN mMeHsieT cBoe 3Ha-
YEHUE MPHU KAXKJI0M reHepalii BEKTOpa ayTeHTU(PUKALUHA. AHATOTUYHBIA CUETYUK
SQN pabotaer B USIM. DT0 103BOJSET BCAKUI pa3 MOJTydaTh HOBBIM BEKTOp ay-
TEHTU(PUKALUU U JI€TaCT HEBO3MOXHBIM MTOBTOPEHHUE YK€ MCIIOJIb30BAHHOIO BEK-
TOpA.

Kpome Tpex ncxomnanix BeauuuH: SQN, RAND u K, B anropurme f1 ygact-
ByeT Tojie ympaBieHus ayteHtudukamnueit Authentication Management Field
AMEF, B anroputmax f2 — 5 ucxonnsie napamerpsl — RAND u K. Ha Bbixonax co-
oTBeTCTBYIOIMX GyHKIUN noimydaroT Message Authentication Code (MAC) <64
outa>, XRES — eXpected Response, pe3ynbrar paboThl aJiropuT™Ma ayTeHTU(]PHKA-
mun <32 — 128 out>, xmou mmdparnuu CK, xmroa nenoctaoctu 1K n mpomexy-
TouHbIM KIItou Anonymity Key AK <64 Ourta>.

BTtopoii sTan renepanuu BeKTOpa ayTeHTU(PUKAIIMKM 3aBUCUT OT THUIMA CETH
obciyxuBanus. [Tone AMF coaepxut cnenuanbHblii OUT (separation bit), onpene-
JSouMiA TiI ceTu: ecau oH paBeH 0, To 3to cetb GERAN/UMTS. B atom cnyuae
BekTOop ayTeHTHuKamuu coctouT u3 uncen RAND, XRES, xmoueit CK, IK u
gucia AUTN mpeacraBisironiero co0oil 3amuchk B CTPOKY Tpex mapameTpoB: SQN
® AK, AMF u MAC.

[Tpu ob6cnyxxkuBanum abonenrta cetbto E-UTRA ximtoun CK u IK B oTKpbI-
TOM BHJZI€ B si7ipo cetu He nepenaroT. HSS renepupyer Kasye ¢ mOMOIIBIO anro-
putma KDF (Key Derivation Function), ajis KOTOpOro UCXOAHBIMHU MapaMeTpaMu
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spisitorea CK u IK, a taxke uaentudukatop odciayxusaromieii cetn u SQNOAK.
Bekrop ayrentudukaruu coaepxut RAND, XRES, AUTN u Kasve, Ha OCHOBE
KOTOPOTO MPOMCXOIUT TeHepalus KiIoded mudpanuu 1 eJT0CTHOCTH, UCIOJNb-
3yEMBIX B COOTBETCTBYIOUIUX AJITOPUTMAX.

MoOwunibHass cTaHIMS TOJy4YaeT W3 sjapa ceTu Tpu mapamerpa: RAND,
AUTN u KSIasme (puc.4.10). KSI — Key Set Identifier, naaukaTop ycraHOBICHHO-
Io KJIF04Ya, OJHO3HAYHO CBSI3aHHBIA ¢ Kagye B MOOMIIBHOM CTaHIIUH.

ME/USIM MME

User authentication request (RAND, AUTN, KSlasue)

A

User authentication response (RES)

User authentication reject (CAUSE)

Puc.4.10. 3aBepuienne mpoueaypsl ayTeHTU(DUKALINH

Ucnons3zys RAND u AUTN, USIM Ha ocHOBE aaropuTMOB O€30I1aCHOCTH,
TOXIeCTBeHHBIX XpaHsamumcs B HSS, mpousBogut Beruncinenne MAC, XRES, CK
u IK (puc.4.12).

B otere Res (puc.4.10) UE nepenaer B8 MME Brruncnennoe RES, xotopoe
nokHo coBrnacTh ¢ XRES, monmyuennsiM u3 HSS. Tak cerp ayrenTuduiupyer
abonenta. Berunciiue XMAC, UE cpaBuuBaer ero ¢ MAC, nojiydeHHBbIM €10 B
AUTN. Ilpu ycnemrnoit ayrentudukauu adonentom cetu (MAC = XMAC) UE
coobmraet 00 3ToM B oTBeTe Res. Ecnu ayrentudukanus cetu ve yaanac (MAC #
XMAC), to UE nanpasnser B MME otBer CAUSE, rae yka3siBaeT MpUYUHYy He-
ylauu ayTeHTU(UKAIIIH.
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Puc.4.12. IIpouenypa ayrentudukanuu B USIM

Hanee MME, eNB u UE npous3sBoIST reHepaluo KIUYen, UCIIOIb3yEMbIX
JUIs md@paluu U TPOBEPKU IEJIOCTHOCTH TOJy4aeMbIX cooOmeHuil. Mepapxus
kimoueit B E-UTRA npuBenena Ha puc.4.13.

USIM / AuC K
oK, K
UE / HSS
Kasme
UE/MME___—=
Knasenc Knasint
Keng / NH _
UE / eNB
AW
KUPenc KRRCint KRRCenc

Puc.4.13. Uepapxus xmoueit B E-UTRA

HcxomHbIM KITFOUOM TSl BCel 1enovKH ABiseTcst Kagve <256 6ut>. 3amury
pu Tepeaade B paauokanaie o0ecrneuynBaroT sl curainbHoro Tpaduka (Control
Plane) u s monb3oBatenbekux nakeToB (User Plane). [1pu aTom Bce cooOrenus

CUTHAJIU3AIMU Pa3AC/ISIIOT HAa CKBO3HbIE CUTHalbHBIE coobOmieHus mexnay UE u
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MME npotokonos MM u SM (NAS — Non Access Stratum) u curHajgbHbIe CO00-
nienus Mexay eNB mporokona RRC (AS — Access Stratum). Jlna mudpanun u
3aIUTHI IIEJIOCTHOCTH MOXHO HUCTIOJIb30BaTh pa3Hble 0a30BbIC aJITOPUTMBI:

- UEA2 (UMTS Encryption Algorithm 2) u UIA2 (UMTS Integrity
Algorithm 2), pazpaborannbie g crangaptos 3G,

- AES (Advanced Encryption Standard).

Jlns curHanpHBIX cooOmieHnid NAS kmroun mudpanun Kyasene ¥ 11€70CTHO-
ctu Kpnasint TostyyaroT no cxeme puc.4.14. BxogHeiMu mapameTpamMu SIBISIOTCS
Kasve, Tam anroputMa (B 1anHoM ciydae NAS-enc-alg mmm NAS-int-alg) u nnen-
tu¢ukaropsl 6a3oBbix anroputMoB (UEA2, UIA2) unu AES. Ha Beixonax renepa-
topoB kmoueir KDF (Key Derivation Function) cooTBeTcTBYIOIIHNE KIIOYH UMEIOT
TUTHHY 256 0uT. Y Kakmoro kimroua ycekaroT 128 crapmmx 6ut (Trunc); B pe3ynb-
TaTe MONYy4aroT paboure KIo4yd IIMHON 128 O6ut. OTH mpoueaypsl BBHIIOIHSIIOT
napayuensHo B UE 1 MME.

NAS-enc-alg NAS-int-alg
Alg-1D I Alg-ID
AZ LA/
KDF KDF
256 256
2o [ Knsene | [ Kansin
256 | 256
Trunc Trunc
128 128

128-6ut
KJIIOYH

KNASenc KNASint

Puc.4.14. I'enepupoBanue kitouei mmdparuu u nenoctHoctu it NAS curnanuzanuu

Curnanbabie coobuienust mporokosia RRC (AS) taxxe mudpyrot u odecrie-
YUBAIOT MX UEIOCTHOCTh. llakersl Tpaduka ToibkOo mUGPYIOT. DTH onepauuu
npousBoaaT B oOciyxuBaronielt eNB u UE. Cxema nonyuenus kirodeit mudpa-
uun 1 uenoctHoctu (puc.4.15) nns AS u UP Tpaduka oTimMyaercs OT CXeMbl
puc.3.14 TeM, 9YTO MCXOIHBIM MAPaMETPOM 37ECh CIYKUT BTOPUUIHBIA MPOMEKY-
TOUHBbIN K04 Keng <256 OUT>. DTOT KIIOY T€HEPUPYIOT, Takke ucnoiib3ysa KDF,
IJle BXOJIHBIMH NapaMeTpaMu sIBISIIOTCS: Kasme, CHETUMK CUTHAJIBHBIX COOOIICHUN
NAS BBepx, npexHee 3HaueHue Keng, HACHTU(HUKATOP COTHI U HOMEP YaCTOTHOTO
KaHaJla B HalpaBJICHUU BBEpX. TakuM o0pa3oM, MpU KaKIO0N MepUOANIECKON JI0-
kanu3zanuu UE nporcxoaut namenenue Keng.
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256
—» Keng ;
UP-enc-alg
Alg-1D
RRC-int-alg
Alg-1D
RRC-enc-alg
Alg-ID
I v
\_EJ\KDF/ \KDF7
256 256 256
L 4 A 4
256-6uT e Konc ,
KJIIOYH CRRCene RRCinl Kupenc
’256 256 256
Trunc Trunc Trunc
128 128 128
128-6
K,q(()i;y:: KRRCene KRRCint Kupene

Puc.4.15. 'enepupoBanue Kiroueii it AS curHau3aluuy U nakeToB Tpaduka UP

Keng MEHSIETCA U TIPU X3HIOBEPE; MIPU 3TOM B AJITOPUTME F'€HEpAI[My HOBOT'O
Keng MOKHO HCTIONIB30BaTh gonojHuTeNbHbI napamerp NH (Next Hop), daktu-
YECKH CYETUMK YKCIIa 0a30BbIX CTAHIIMM, MO IIEMOYKE O0OCITYKMBAIOIINUX A0OOHEHTA.
Bce peanuzyembie npouenypsl 6ezonacHoctu B cetd E-UTRAN npownmuttoctpupo-
BaHbI puc. 4.16.

Anroput™m mmppanuu ¥ aemudpanul coOOIEHU TPEeICTaBIeH Ha pUC.
4.17. VcxonHBIMU TIapaMeTpaMy B HEM ABJISIOTCS: mudpyromuii kimou KEY <128
out>, cuetunk nakeToB (6;10k0B) COUNT <32 Ourta>, naeHTUPUKATOp CKBOZHOTO
kanaia BEARER <5 6ut>, yka3zarens Hampasienus nepegauun DIRECTION <1
out> n mmHa mmdpyromero kiaodya LENGTH. B cooTBercTBUYM ¢ BRIOpaHHBIM all-
roputmoM muppanuu EEA (EPS Encryption Algorithm) BeipabaThiBaeTcs mud-
pytomiee uncio KEYSTREAM BLOCK, xotopoe mpu mepenaye CKIaAbIBAIOT IO
MOAYJIIO JBa ¢ U pyeMbiM ncxoaHbIM TekcToM Otoka PLAINTEXT BLOCK. Tlpu
nemudpany Ha MPUEMHOM KOHIIE TTOBTOPHO COBEPIIAIOT TY K€ OTIEPAIIHIO.
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/ RRCyenocmHocme/Wwugpayua 51-AP yenocmHocme/Wugpayus N
MAocHocTb
yrpaenexms _ NASyenocmHocme/wugpayus -

X2-CP yenocmuocme/Wugpayus

. J/
IS ~

Liughpayua daHHbIX Wiughpayua daHHbIX
MNone3oBaTeneCcKan * - * -

NAOCKOCTE X2-UP wugppayus
. * > J
eNB
Puc.4.16. Peanusyembie mporenypsl 6e3omacHocTH B cetd E-UTRAN
COUNT DIRECTION ' COUNT DIRECTION
1
BEARER LENGTH i BEARER LENGTH
l | | !
i
KEY —w EEA E KEY —» EEA
| 5 |
KEYSTREAM E KEYSTREAM
BLOCK ! BLOCK
PLAINTEXT l CIPHERTEXT l PLAINTEXT
BLOCK > $ > BLOCK > $ *  BLOCK
Mepepaya Mpuem

Puc.4.17. Anroput™m nmppanuu B E-UTRA

[Ipouenypa 3amuThl LEIOCTHOCTH COOOILEHHUSI COCTOUT B F€HEpaluu “XBO-
cra®“ MAC (Message Authentication Code) <32 6uta>, npuCcOeIUHAEMOr0 K mepe-
naBaeMomy nakery. AnroputMm resepaund MAC u npoBepKH LENOCTHOCTH TOJY-
yeHHOro nakera nmyteM cpaBHeHUus1 XMAC ¢ MAC (oHU JOJKHBI COBIACTD) MOKA-
3aH Ha puc. 4.18.

B anroputme ElA (EPS Integrity Algorithm) ucmonb30BaH Kit04 1EJI0CTHO-
ctu KEY <128 6ut>, cuetunk coobmennii COUNT <32 O6ura>, uneHTuduKaTop

ckBo3Horo kaHaima BEARER <5 06ut>, yka3zatenb HampaBieHUsS Tepenadu
DIRECTION <1 6ut> u camo coobmenne MESSAGE.
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COUNT DIRECTION COUNT DIRECTION

MESSAGE BEARER MESSAGE BEARER

vy vy

KEY —b—l EIA | —»I EIA

¢ KEY J.
MAC-I/N AS-MAC XMAC-I/XN AS-MAC
Mepena4a Mpuem

Puc.4.18. Anroputm npoBepku neinoctaoctu B E-UTRA

5. Mpoueaypa noctyna UE k ceTtn

Mpouenypa agoctyna UE Kk ceTu npounntoctpupoBaHa puc. 5.4. OHa HaunHaeTcsa
C nocbiNkn npeambynbl no kaHany PRACH. B otnuune ot cetenn UMTS, roe npeam-
Byna He aBnsieTcs coobLLEeHeEM OPTOroHannbHbIM MO OTHOLLEHMIO K NOSIb30BaTEbCKOMY
Tpaduky, B E-UTRA NpuHATBI cneuuanbHble Mepbl ANd opToroHanuMsauuu nepegayv
npeambynbl. Mo kaHany cucteMHoW MHOpMauMn ceTb nepepaeT coobuieHne BCeEM
nosib30BaTesibCKUM TepMUHanamMm O BblAefIeHHOM KaHanbHOM pecypce ansa nepenayuv
npeambyn. OTOT pecypc cocTaBnsdeT 6 pecypCHbIX OfIOKOB M onpegeneHHoe 4ucro
BpeMeHHbIX cnoTtoB. Ha puc. 5.5 nokasaH BapuaHT anga nepegadv npeamodynsl popma-
Ta 0 gnutenbHocTbio B 1 cybkagp (1 mc).

Puc.5.4. lNpouyedypa docmyna UE k cemu
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pecypc BBepX

npeambyn| ST

kaap 10 (Mmc)

K==

Puc.5.5. BeideneHue KaHaibHO20 pecypca Orisi nepedaqu rnpeambyribi

Mpn aTOM BO3HMKaET npobrnema yCcTpaHEHUS MEXCUMBOSbHON UHTEpepeHLmH,
nockonbky UE nepepnaet npeambyny ¢ 3anasgbiBaHueM, 0OyCriOBfiEHHbIM ee yaaneHu-
eMm oT eNB. Ee pewatot cnegytowmm obpasom. [AnuHa npeambynbl cocTtaenseT npu-
mepHo 80% BblgensieMoro BpeMEHHOro pecypca, a B Hayarne npeambynbl nepepatot
CP, zaHnmaowmin10% BblaeneHHoOro BpemeHun (puc. 5.6, cootBeTcTBYOWMIA hopMmaTy
0). B pesynbtate obpasyeTca 3aWwmMTHbIN MHTepBan nopsaka 10% BblaeneHHoro Bpe-
MeHU, 4YTO nossondeT obcnyxmeate UE npu nx yganeHum go 15 km ot eNB (cymmap-
HbI npoBer no Tpacce 30 kM, Y4To Npum ckopocTu ceeTa 3x108m/c coanaeT 3aaepxky B
0,1 mc).

3alnNTHBIN NHTepBan

CP ZC - nocnegoBaTeribHOCTb o
0,1 MC 0,8 MC 0,1 Mc
-t >t o>

Puc.5.6. BpemeHHble coomHoweHus npu nepedade npeambyribi

NMpeambyna npegctasnseT cobon ZC-nocnegoBaTenbHOCTb; ee AnvHa U AnnHa
CP 3aBucaT ot BblibpaHHOro B cetn dopmarta npeambynbl. Cneundukaumm [14] ycra-
HaBNMBalT 5 BO3MOXHbIX popmaToB npeambyn (Tabn. 5.1).

Tabnuua 5.1
dopmaT npeambyrnbl Tcp TzC-nocnenoear.
0 3168-T, 24576:T,
1 21024-T, 24576-T,
2 6240-T, 2:24576-T,
3 21024-T, 2:24576T,
4 448-T, 4096 T,

N3 tabn.5.1 cnepyert, uto B cbopmate 0 anga nepegaym npeambyrnbl BbigensoT 1
cybkagp (HanomHum, 4To ero anuHa coctaendet 30720 Ts). MNepepaya npeamOynbl B
dopmaTax 2 n 3 3aHnmaeT 2 cybkagpa, a B popmarte 3 — 3 cybkagpa. B cdopmaTte 4
npeambyny nepegatoT B none UpPTS nogkagpa S (puc.3.3). ns dopmmnpoBaHna npe-
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ambyn cdopmatoB 0-3 mcnonb3yoT ZC-nocnegoBatenbHOCTM aAnnHon 839 CUMBOSOB,
ans npeambyn ¢gopmarta 4 gnvHa ZC-nocnegoBaTenbHOCTU coctaBndet 139 cumBo-
noB. Bcero B kaxgown cote UE cny4yanHbiM 06pa3om BblGnpaeT oauH 13 64 BO3MOXHbIX
BapuaHTOB B3auUMHO-OpTOroHanbHbIX npeambyn. 3a oguH kagp (10 mc) UE moxeT oT-
NpaBuUTb TONbKO OAHY Npeambyny.

eNB obGHapyxnBaeT aboHeHTa, 3anpallnBarollero AOCTyn, OeTeKTUpysa npeam-
6yny. B otBeTHOM coobueHmn RAR (Random Access Response) eNB noarsepxaaet
nony4eHve npeambynbl, NpucBamMBaeT aboOHEHTY BPEMEHHbIM naeHTudmkaTop 1 nepe-
AaeT MHPOPMaUMo O BPEMEHWN YNPEXAEeHUs, YTO HEOBX0AMMO AN CUHXPOHHOW pabo-
Tbl B CETSAX C YAaCTOTHO-BPEMEHHbIM pa3feneHMeM KaHanos.

NHdopmaumio o noctynneHum oteeta ot eNB UE nonyyaet no kaHany PDCCH.
Ero ngeHtndpmumnpytot kak RA-RNTI. ObpaTtHoe coobuieHne RAR oT eNB k UE, nepe-
Aasaemoe no kaHany PDSCH, coctount n3 3aronoska (MAC header) n nHgopmaumon-
HOW YacTu. 3arofiloBOK 3aHMMaET OAWH OKTET U coaepXunt Homep npeambynbl (0...63),
BblOpaHHon UE anga 3anpoca Ha nogcoeanHeHue k cetn. Ctpyktypa MAC RAR npuBe-
AeHa Ha puc. 5.7.

R Timing Advance Command OkTeT 1
ﬁ”:fﬂ:iu:;m UL Grant ClkreT 2
UL Grant OkTeT 3

UL Grant OkTeT 4

Temparary C-RNT OkTeT 5
Temparary C-RNTI o

Puc.5.7. Cmpykmypa MAC RAR

CoobuweHne MAC RAR cogepxuT nHdopmaumio O BblAenseMom abOHEHTCKOM
cTaHuun kaHanbHom pecypce (UL Grant), BpeMeHHbIn maeHTudukaTtop aboHeHTa
(Temporary C-RNTI) 1 KOmaH4y Ha yCTaHOBKY TarMepa BpeMeHu ynpexaeHus (Timing
Advance Command). BennumHy Timing Advance nepegatot B Buge 11-6utoBoro uncna
Ta B gnanasoHe 0...1282. [insa BblumcneHns Timing Advance B cekyHOax Hago nepe-
AaHHoe 4ncno Ta YMHOXUTb Ha 16Ts. CnegoBaTtenbHO, Anana3oH BO3MOXHbBIX YCTaHO-
BOK Timing Advance HaxoguTcs B npegenax 0< Nta < 20512 Ts, yto npn Tg =
1/(15000%2048)c coctasnset 0...0,668mc (aTo cooTBeTcTBYET coTe pagnycom 100 km).
Hanee, B npouecce obcnyxunsanusa npu nepemeweHmmn UE ceTb koppekTupyeT Timing
Advance, otTnpaBnss coobiieHms Ta ans BbluncreHns Nta new NO hopmyrne

Ntanew = Ntaod + (Ta— 37)x16

TouHocTb ycTaHoBkM Timing Advance B cooTBeTCcTBUM C [17] cocTtaBndaeT 16 Ts,
4YTO BO BPEMEHW O3HA4YaeT norpeLHocTb B 0,52 MKC.

7. KayuecTBeHHbIe NoKa3aTesnv U nx oobecnevyeHue B ceTax LTE

Kak u B UMTS, B ceTax LTE gocTaBkKy ycryr OCYLLECTBIISOT N0 CKBO3HbIM KaHa-
nam (bearer) ¢ Heob6xoANMbIMUN Ka4yeCTBEHHbIMUK XapakTepuctnkammn (QoS — Quality of
Service). BaxHenwmnmm n3 HUX ABNAIOTCS:
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- Knaccol Tpaduka,

- IpUOPUTETHI,

- HAOEXHOCTb,

- 3a[EPXKKH,

- CKOPOCTU nepeaayu.

B 3aBucumocTtn ot TpeboBaHnin QO0S Bce BMAblI NPpeAoCTaBnsieMbIX yCnyr noge-
NeHbl Ha Kaccbl N Kaxaomy Kraccy npucBoeH naeHtudgukatop QCI (QoS Class Identi-
fier). B cBol ovepenb opraHusyemble Ans nepegayvn tpaduka CKBO3HblE KaHarbl Mo-
AeneHbl Ha 2 rpynnbl B 3aBUCMMOCTH OT TUMa BblAENSAEMOro pecypca:

- C rapaHTMpoBaHHoOM ckopocTbto nepenadn GBR (Guaranteed Bit Rate),
- He C rapaHTUpOBaHHOW CKOpocCTbio nepeaadn Non-GBR.

Ha ocHoBe paspaboTaHHon knaccudpukaumm B cneumndukaumnax E-UTRA npuse-
AeHa Tabnuua TpeboBaHMIN K Ka4eCTBEHHbIM Moka3aTensam nepegay ansa tpadvka pas-
HbIX pa3HbIX knaccoB (Tabn.7.1). K ocHoBHbIM ycnyram knaccoB QCI = 1...9 B Rel.14
cTaHgapTa fobasrneHbl HOBble Kracchl yenyr ¢ ABy3HadHbiMu QCI (65...79).

lMepegaya ¢ rapaHTMPOBaHHOW CKOPOCTbIO TpebyeT oT eNB ynpaBneHns B uHa-
MuyeckoMm pexume. Ycenyrm knacco QCI 1,2, 3, 7, 65, 66, 75 — 310 ycnyru, peanuaye-
Mble B peanbHOM BpeMeHW. [N HNX OCHOBHbLIM OrpaHuyMBaloLwmMMm akTopoM sABMseTCs
AonycTumas 3ajepxka B goctaBke naketoB. B Tabn.7.1 npuBegeHa ycpeaHeHHas Be-
NWYMHA 3a8epXXKn Mexay Toukon gocTyna® B wro3e P-GW u UE. MNpu 3TOM BO3MOXHO
yBenuyeHne 3agepxkum go 50 mc npu poymuHre, Hanpumep, mexagy Amepukon n Espo-
rMow.

Tabnuua 7.1
QCI T:;pf::- MpuopurteTr 33":(";2;'“(3 PERL Mpumepsbl yenyr
1 2 100 102 TenedoHus B peanbHOM BpeEMEHMN
2 4 150 107 BuaeotenedoHus, Bnaeo B peanbHOM Bpeme-
HY
3 3 50 107 Urpbl B peanbHOM BpeMeHU
300 10° Buaeo ¢ 6ydepusaumeit
GBR 2 MpuopuTeTHas cBA3b B CETAX OOLLECTBEHHON
65 0.7 75 10 6esonacHoctn (MCPTT)
-2 HenpwvopuTeTHas cBa3b B NpodeCccrMoHansHowm
66 2 100 10 MOBWITLHOW CBA3M
75 2,5 50 10° CoobLueHns V2X
5 1 100 107 CurHanusaums (IMS)
Buneo c 6ycdepusaumen, TPC/IP ycnyrn ans
6 6 300 10'6 NPUOPUTETHLIX NONb3oBaTenemn
Ayavo, Buaeo B peanbHOM BPEMEHU, MHTEPaK-
7 Non-GBR 7 100 107 TUBHbIE UrpPbl
300 10° Buaeo ¢ Gydepusauven, TPC/IP ycnyru
69 0,5 60 10° Cwrnanusaums MCPTT
70 5,5 200 10° MCPTT paHHble
79 6,5 50 10” CoobLueHns V2X

> 910 3axepixka Mexay PCEF i UE. TIporpaMMHOe obecriedenn e, BEIIONHSOmee (QYHKIMH MOIIEPKKH, Tapud -
karu 1 yuera ycayr (PCEF — Policy and Charging Enforcement Function) o0bdHO HaX0UTCs B IITFO3€ C TOUKOM
noctyna K BHemrHuM IP-ceTsiM.
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HagexHocTb nepegayn oueHUBaKT MO OTHOCUTESNBbHOW BENUYMHE HEMPUHATBLIX
naketoB PERL (Packet Error Loss Rate). O6ecneyeHne BennumHbl PERL < 10 Bos-
MOXHO NpwW gocTaBke nakeToB no npoTtokony TCP/IP. OTMeTuM, Y4TO HaMBbICLUUM NpK-
opuTeToM obnagaeT cBA3b B cuctemax obliecTBeHHOM 6e30MacHOCTU U CUrHanbHbIN
Tpaduk. Mo ymonyanuio goctaska TCP/IP Tpadmka (4TeHne cannos ns NHtepHeta, E-
mail, Bnaeo) HenpuBUIerMpoBaHHbIM NOSib30BaTENAM MOET Mo Knaccy 9.

[na nepegayn CepBUCHOrO MOTOKA [AHHbIX KOHKPETHOW YCRYrn OpraHuayloT
CKkBO3HOM KaHan (bearer) cootBeTtcTBytowero knacca QCl. CKBO3HOW kaHan xapakTte-
pU3yl0T cneayoLmne napameTpsl:

- YCTa@HOBJEHHbIN N COXpPaHAEMbIN NPUOPUTET,

- ans GBR knaccoB nepegayun rapaHTUpoBaHHas U MakcumaribHasi CKOpOoCTb Me-
pefayu, KoTopasi He MOXeT ObITb NPEBbILLEHA,

[1nsi CKBO3HbIX KaHaNoB C HErapaHTUPOBAHHOW CKOPOCTLIO Nepeaayn ycTtaHaBnu-
BalOT CyMMapHY CKOPOCTb Nnepefayy MoTOKOB MO BCEM kaHanaM. CKBO3Hble kKaHarnbl
GBR knaccoB sIBNAOTCS BblAENEHHbIMU.

AnHamnyeckum BblAENeHMEM KaHanbHOrO pecypca ynpasnsieT MAaHMPOBLUUK
(scheduler) B eNB. B anroputme paboTbl NAaHNPOBLLMKA YYNTLIBAIOT :

- COCTOSHME paguoKaHasroB C KOHKpeTHbIMu UE,
- aTpuBbyTbl CKBO3HbIX KaHasoB,

- XapaKTepuCTMKM nepefad no CKBO3HbIM KaHanam, BKM4as coCcTosiHne byde-
poe UE npu nepenaye BBepX,

- NOMeXoBble CUTyaLunn B coceaHNX coTax N BO3MOXHOCTU MEXCOTOBbLIX X3HOO-
BEepOB C LUeNblo yny4dlleHnd yCJ'IOBVIIZ pa6OTbI UE, Haxogawmxcs Bonuaun rpaHuud coTt.

PaboTa nnaHuMpoBLUMKa Takke CBsidaHa C MporpaMMamMu yrnpaBreHus goctyna K
ceTu 1 ynpaBneHusl cUuTyaunsiMm neperpysku Ha pagmonHtepdeice.

OtpenbHO cTOMT BOMpOC nepepayn tenedgoHHoro Tpaduka B cetax LTE. [Mo-
CKonbKy cTaHgapT LTE paspaboTaH ans nepegadm nakeTHOro Tpadguka, OH He MOXeT
HanpsiMylo NOAAEPXKNBaTb yCnyry TenedoHMm ¢ KommyTaumen kaHanos. OgHako NMeH-
HO rosiocoBOn Tpaduk NPUHOCUT onepaTopamM MOBUIBbHOW CBSA3M HaMOONbLUNMKA OOXOA.
MoaTomMy cenyac paccmaTpmBaloT HECKOSIbKO BapuaHTOB nepenaym tenedoHun no ce-
Tam LTE.

Cenvac 6onbluMHCTBO onepatopoB ceTer LTE npu 3anpoce aboOHEHTOM ycnyr
TenedoHun ncnonb3yoT TexHosnormo CS Fallback, To-ecTb, nepeknovyeHne aboHEHTOB
Ha Bpems ceaHca TenedoHum Ha cetmn UMTS mnn GSM. OgHako NofHbIM X040M naet
BHeapeHue ycnyrn VOLTE (Voice over LTE), rae nog ynpaeneHnem cuctemol IMS BO3-
MOXHa nepenaya He TOSMbKO PevYeBOoro curHasna ¢ pasHou LWMPUHOW NOJSIOChI, HO U My3bl-
kn. Oinsa atoro B Rel.12 paspaboTtaH HoBbI Enhanced Voice Services (EVS) kogek co
CKOpPOCTAMM Nnepegayn gaHHbIX B paguokaHane 5,9; 7.2; 8; 9,6; 13,2; 16,4; 24,4 k6ut/c
B Y3KOMOJSIOCHOM BapuaHte n 5,9; 7.2; 8; 9,6; 13,2; 16,4; 24,4; 32, 48, 64, 96, 128 kbut/c
B LUMPOKOMOMOCHOM BapuaHTte. JTy ycnyry B Hadane 2019r. npegoctasnsatot 180 one-
patopa B 87 cTpaHax.
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8. MporpeccuBHbIe TexHonorMm B LTE
8.1. Arperaumsa 4aCTOTHbIX NOJSIOC

Arperauusa (npycoeanHeHne) YaCTOTHbIX NOJSIOC SABMASETCA Hapsay C NpocTpaH-
CTBEHHbIM MYJbTUMIIEKCMPOBAHMEM OCHOBHbLIM CMOCOOOM yBENMYEHMSI CKOPOCTU ne-
pegayn gaHHbiX. B LTE Rel. 8/9 makcnmanbHas WMprHa YactoTHOro kaHana 20 Miru,
[anbHenwee pacluMpeHne KaHana TEXHOSOrMYecKn 3aTpygHEHO, TaK Kak CIOXHO
obecneunTb HEOHXOOMMYIO TOYHOCTb CUHXPOHM3aLUMK NPU KOFEPEHTHOM NpUEME CUT-
HanoB Ha NOAHECYLUMX C BoNbLUINMKN HOMEPaMU.

Penusbl ctangapta E-UTRA, HaumHas ¢ 10 penusa, No3BoONgAT YBENMYUTL CKO-
pOCTb nepefayvv AaHHbIX B pasbl, UCNONb3ya MpocmpaHCcmMeeHHoe MyJsibmurisieKcu-
poeaHue (00 8 He3aBUCUMMBbIX MOTOKOB [aHHbIX) N agpe2ayuro 4YaCmMoOMmMHbIX MOJ10C.
Mpw arperaummn nonoc NpuemMHUK aboHEHTCKOM unyn 6a3oBOW CTaHUMA NPUHUMAET oa-
HOBPEMEHHO HECKOSIbKO HEe3aBUCUMbIX CUrHaroB B pas3HbIX YaCTOTHbLIX Morocax, KoTo-
pble MOryT pacnonaraTbCa B OQHOM [uana3oHe unu B pasHblx AnanasoHax (puc. 8.1).
TeopeTnyeckn YNcno arpermpyemMblx Nosioc MoXeT gocturate 8 n 6onee. Ecnv npuewm-
HUK UE 6ygeTt npuHumatb 4 nonocbkl no 20 My (t.e. cymmapHyto nonocy B 80 MI'y), To
npn MIMO 4x4 n ckopocTu nepegayv B ogHon nosioce 75 Mout/c, nonyymm cymmap-
HYl0 CKOpoCcTb cbpoca uHgopmaumm 1200 M6uTt/c, yTo cooTBeTCTBYeT TpeboBaHusM,
npegbsaBnsemMbiM K ceTaMm paguogoctyna 4 nokoneHua: 1 [6uUt/c BHU3 Ons MeaneHHo
nepemeLLaroLmxca aboHeHToB. Mpu arperaumm 4acToTHbIX NOSIOC BO3MOXHa O4HOBpe-
MeHHas nepefada JaHHbIX C YaCTOTHbIM OYyNfIeKCOM B OOHOM Morioce U C BPpeMEHHbIM
aynnekcom B apyron. Cenyac B NULEH3MPOBAHHbIX AuanasoHax, BblAeneHHbIX A1
LTE, MmoXxHO arpernpoBaTtb A0 4 (5) 4aCTOTHbIX NOJioC.

Ioaoca # Iloxoca #2

3

Juanazon A >
(a) BuyTpunnarnazoHHad CMeXHad

IMoaoca #1 ITomoca #2

i

Auanazon A
(6) BuyTpumnariazoHHad HeCMeXHaa
ITonoca #1 Ioxoca #2
‘ -_f.
Juanaszon A Jduanazosn B ————»

(&) Me}xjnuanasox—maa

Puc. 8.1. Budbi agpezayuu rosnoc

B cneundmkaumsx LTE npu arperaumm nonoc Mcnonb3ytT NOHATUS NEPBUYHbLIX U
BTOpPMYHbIX coT. Kaxxgomy UE BbigenstoT nepsuyHyto coty (Primary Cell nnun PCell),
paboTatoLLyto B oOCHOBHOWM norioce. Bce gob6aBneHHble YacTOTHbIE MONockl obecneyun-
BalOT COTbI, Ha3biBaeMble BTopuyHbiMU (Secondary Cells unu SCells). B nepu4yHomn co-
Te nepeaaroT BCHO CUCTEMHYIO MHPOPMALMIO: CUHXPOHU3NPYHOLME CUTHANbI, NENOXKMHT,
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otBeTbl eNB Ha 3anpocbkl Ha JOCTYN K CeTU, MOCKOIbKY 3TOT KaHan ncnonb3ytot Bce UE,
obcnyxusaemble gaHHbiM eNB. UE, ncnonbayowme arperauumio nosioc, nosydawT B
NepBMYHON COTE MHAMBMAYaNbHbIE COOOLIEHNA KaHanoB ynpasneHus. B aton nonoce
UE npon3BoAAT 3anpocbl HA AOCTYMN K CETU W BbIMNOSIHAIT U3MEPEHUs, CBA3aHHbIE C
xaHgoBepoM. lNMpoueaypa xaHAOBEpa Takke OpUeHTUpoBaHa Ha paboTy C NEPBUYHBIMA
cotamu. lNocne 3aBepLUeHUa npouenypbl X3aHAoBepa BTOPUYHbIE COTbl BblAeNnseT HOo-
BbI eNB.

BTOpWYHbIE COTbI MCNONBL3YHOT TOMBLKO AN Nepeaaym Tpaduka.

Ocobo cnefnyet ckasaTb O guManasoHax 46 u 48, BeeageHHblx B Rel.13 — 15. B
ananasoHe 46 pabotatoT cetn Wi-Fi ctaHgaptoB IEEE 802.11a, n, ac. B atom gunana-
30He BblAeNieHo 26 4YacTOTHbIX KaHanoB wupuHon 20 MIMu, 4TO NO3BONSET YBENUYUTL
NPONyCcKHyt0 cnocobHocTb ceTen LTE B pasbl. Peub nget o texHonormn eLAA (En-
hanced Licensed Assisted Access), rae ansa yBenuyeHusi npornyckHonM cnocobHocTn B
KadecTBe 8MOpPUYHbLIX cOM UCNONb3YKT coThl nonocon B 20 MMy, no yactotam cosna-
Aarolme ¢ kaHanamu, BolaeneHHoiMy ans Wi- Fi. [py aToM BO3MOXHa COBMeCTHas pa-
6oTa B 04HOM 4acTOTHOM KaHane aByx ceten: LTE n Wi-Fi. YTobbl He 4onyCTUTbL O4HO-
BPEMEHHOro 3aHATUA 4YaCTOTHOro KaHana CcTaHuuaMu OBYX CTaHOapToB B cneuudurka-
unax LTE npegycmoTpeHa npoueaypa LBT (Listen Before Talk) no aHanoruun ¢ npoue-
Aypou npocnylwmBaHns kaHana B cetax Wi-Fi.

MpucoeanHeHne BGONbLLOIO YMCia BTOPUYHBIX COT HENMULEH3UPOBAHHbLIX Anana-
30HOB MO3BOMSIET CKOPOCTEN Nepeaayn AaHHbIX B rMrabutbl B cekyHay, 4To u Tpebyetca
B TexHonorun LTE-A-Pro.

8.2. HeogHopoAaHble ceTn. PeMTOCOTbI

B pencrBytowmx cTtpyktypax LTE MOXHO BbliAENUTL Crieaylowme Tunbl coT (puc.
8.2).

Macrocell
Microcell AN
) N
Plcocell\ \ N
Femto cell N \ AN
AN

N
\
\ \I \\ |
20-50m /100—300M /300-500m /5001500 m /

/
/ / / /
% / / /
CDeMTOCOTbl/ / / /
7 /
M1KocoTbI Y.

MUKpPOCOTbI /

/
MakpocoThl

Puc. 8.2. Tunbl com

- MakpocoTtbl (Macrocell). Pagnyc obcnyxnsaemon tepputopum ot 500 — 1500m un 6o0-
nee. £BNAKOTCA OCHOBOW MOCTPOEHMSI CETU COTOBOrO Onepartopa, UCMOoMb3yTCa Ans
obecneyeHns CnIOLHOro NOKPbITUS BOMbLIOW TEPPUTOPUMN.
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- MukpocoTtbi (Microcell). Pagnyc o6enyxnsaemon tepputopum 300 — 500M. cnonbay-
toTca ona obcnyxumBaHus abOHEHTOB BHE MOMELLEHUA NyTEM MOKPbITUS OTAENbHbIX
ynuu n obecnevmBaroT JOMNOMHUTENbHYIO €MKOCTb COTOBOW ceTu. [1o CTpyKType NoKpbil-
TUSE MUKPOCOTbI 0B6CNYXXMBAIOT floKanbHble obnactu (rpynnbl TeppuTopransHoO obbeaun-
HEHHbIX 30aHWU - BU3HEC-LEHTPbI, BbICTABOYHbIE LIEHTPbI, YHUBEPCUTETbI, a9pONopThl 1
T.4.).

MukocoTbl (Picocell). Paguyc obecnyxusaemon tepputopun 100 — 300m. MNMpegHasHa-
YeHbl, Npexae Bcero, Ans obecneyvyeHns NOKPbITUS BHYTPU NOMELLEHWUA U B TeX 30aHU-
AX, rAe OTMeYaeTCs MOBbILWEHHbIN CPOC Ha YCNyrn BbICOKOCKOPOCTHOW nepeaayn gaH-
HbIX (BMOEOKOHEPEHLMN, MynbTUMEeana u T. 4.).

®emtocoTbl (Femtocell). Paguyc obcnyxmnBaemon tepputopumn nopsigka 20 — 50m.
daKkTn4eckn 3TO MNOSMHOUEHHbIE MarnomolHble 6Ga3oBble CTaHUMK, NpedHasHayYeHHble
ansa obecnyxuneaHms HebonbLoW TeppuTopun (odurca, KBapTUpsbl).

[na ceten LTE xapakTepHO MUCMNOSb30BaHNME HEOQHOPOAHbLIX CTPYKTYp. HeoaHo-
POOHOCTb COCTOUT B TOM, YTO Hapsay C perynsipHbIM NOKPbITUEM TEPPUTOPUIA MAKPO U
MUKpOCOTaMM B “ropsiumx Toukax” (npexae Bcero, Ha paboumx MecTax, B XUMbIX JOMaX,
Kamnycax), rge HabnwogalTca BCNMecku 3anpaluvBaemMoro Tpaduka, pasmeldaroT
Bonblwoe 4ncno manomoLHbix eNB, dusmyeckn npubnmxkasa ux K nosrib3oBaTenbCKUM
TepMmnHanam. 3TO MNO3BONSIET OpPraHM30BbIBaTb BbICOKOKAYECTBEHHbIE KaHamnbl CBA3N
ANS NONyYeHUs1 BbICOKOW MPOMYCKHOM CnocoBHOCTU ceTu. o cyuwecTBy peyvb MaeTt o
cO34aHumM nokasnbHbiX 6eCcnpoBOAHbLIX NOACETEN, CBA3AHHBLIX C rnobdanbHon ceTbto one-
paTtopa. [1pn 9TOM MOryT BO3HUKATb CIOXHble coeanHeHna UE ¢ Heckonbkumu eNB of-
HOBPEMEHHO, B 4YaCTHOCTW, B pamMkax TexHonorum CoMP. ®emTtocoTta (femtocell) — aTo
coTa HebonblWOoro pasmMepa, ycraHaBnvMBaemMasi B KBapTupe unu oduce n obecnyxu-
BaemMasi MasioMOLLHON 6a30BOM CTaHLUMEN COTOBOW CBA3M (MOLLHOCTbL nepegaryuvka o
20 mBT). Takyi cTaHuuMiO HasbiBalOT AomallHen 6Gasosoun ctaHumen Home eNodeB
(HeNB).

Apxutektypa cetn E-UTRAN c pemTOCOTamMu npusegeHa Ha puc. 8.3.

I
MME / S-GW MME / S-GW
| =N \ !
i \ / o) i
(c Voo S ) o |
@ g “ ¢
\ / | HeNB GW ‘
: X2 ‘ N f
NB / eNB i E-UTRAN
4 !
\ /* @w
U é () (@)
eNB N
1o
HeNB \é—XZ—
HeNB HeNB -

Puc.8.3. Apxumekmypa E-UTRAN ¢ gpemmocomamu
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Tak kak gomaluHsass 6asoBasi cTaHUMs pacnonaraeTtcs 6rnmM3ko OT MOOGWUITBLHOrO
TepMunHana, nocnegHun paboTtaeT C NOHWXKEHHOW MOLLHOCTbLIO nepedatynka u 3Hayum-
TenbHO MeanieHHee pacxoayeT 3apsa 6atapeun. Kak npaBuno, B npegenax KOMHaTbl Ha
npuemMHnkn UE n HeNB npuxoasTt paguocurHasnbl C HU3KUMM 3aTyxaHuem, 4to obecne-
YMBaET BbICOKME OTHOLUEHUSI curHan/momexa Ha Bxodax NPMEMHUKOB. OTO AaeT BO3-
MOXHOCTb UCMONb30BaTb B pajuokaHane BbICOKO3(MMEKTUBHbIE MOAYNALNOHHO-
KOAMpYIOLWNE CXEMbl M TEXHONOMMM NPOCTPAHCTBEHHOrO MYIbTUMIEKCUPOBAHUS, YTO
NO3BOMSAIOT YBENMYNTDL YNCIIO NOAMUCYMKOB Ha BbICOKOCKOPOCTHbIE ycnyrn 4G. demTo-
COTbl TaKKe NPUMEHSIOT ANSA NOKAaNbHOIO paclUMpeHust 30Hbl AENCTBUSA CETU B 30HaX
CUMBbHOMO 3aTyxaHWs cuUrHana unu gaxe 3a npegenamu paguvyca AercTBUS OCHOBHOW
ceTn.

®eMTOCOThl OTNNYAKTCHA OT Makpo — NMUKOCOT pasgeneHnemMm aboHeHTOB Ha rpyn-
Mbl U KaTeropum B 3aBUCMMOCTW OT MUX NpaB Ha nogkntoveHme Kk HeNB. EcTb hemTOCO-
Thbl, OCTYMHbIE ANA BCEX KaTeropmin aboOHEHTOB, a eCTb (PEMTOCOTbI, AOCTYMHbIE TOSMb-
KO Ans 3akpbITbix rpynn nons3osatenen CSG (Closed Subscriber Group). Takue dem-
TOCOTbI MOAKMNIYAKT TONbKO TeX abOHEHTOB, KOTOpble nNponucaHbl B ux HeNB. Kaxxgon
CSG onepaTtop npucBanBaeT cneumanbHbii naeHtudgumkatop CSG ID. HakoHel, ecTb
demTocoTbl ¢ rmbpuaHbim goctynom (Hybrid Access). Takue coTbl OOCTYMHbI BCEM
nonb3oBaTensaM, HO aboHeHTaM, KOTopble B HUX MponucaHbl (T.e. BXOAALMM B COOT-
BeTcTBYloWmMe CSG), npeaoCTaBnsaoT NPMOPUTETHOE 06CNYyXMBaAHME.

CywecTBYylOT 2 pasHbIX criocoba nogknovyeHnss eMTocoT K ceTu. B nepsom Ba-
pnaHTe demtocoTbl (HeENB) coeanHeHbl ¢ agpom cetn MME/S-GW (EPC) yepes cne-
unaneHbIn pemTowno3d HeNB GW nocpencrtsom uHtepdericos S1 (puc. 8.3, 8.4).
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Puc.8.4. lNodcoeduHeHue HeNB k s0py cemu 4Yepe3 cheMmouurio3

Mpn atom demTownto3 obpabaTbiBaeT TONLKO COOBLLEHUA CUrHanuMsaumm, cne-
AyrLume no curHanbHom Yactu nHtepdenca S1-MME (S1-C), a ana tpadumka (no S1-U)
demTOLLNIO3 Npo3padveH. Ha yposHe npoTtokosioB co ctopoHsl MME wnto3 BocnpuHu-
mMaeTcs kak eNB, a co ctopoHbl HENB kak MME. [ina obecneyenus 3awmtbl Tpaduka u
CUrHanbHbIX coobweHnin Ha S1 mexay UE n emMToLwwntio3oM opraHm3yoT TYHHENb Ha
ocHoBe npotokona IPSEC, a HenocpeaCTBEHHO B peMTOLUMO3E U Nepes HUM pas-
mMewaT w3 6esonacHoctn SeGW.(Security Gateway). OgvH peMTOLL03 MOXeT
obcnyxumBaTb aecaTtkm n cotHn HeNB. lNMpoueaypbl NnpeaocTaBneHne ycnyr npu Takom
crnocobe nNogkmoyeHns PemMToCoT K 94pY CETU HUYEM He OTNNYalTCS OT aHaNoOrMYHbIX
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npouenyp B MakpocoTax, 3a UCKndeHneM ocobeHHocTen obcnyxuBaHus aboHEHTOB
3aKpbITbIX Nonb3oBaTenbckmx rpynn (CSG).

BTopown cnocob nogkniodeHnss pemMToCcoT COCTOUT B UCMONb30BaHUN NIOKANbHOMO
poctyna Kk IP-cetn LIPA (Local IP Access) ana nepefaydn Tpaduka HenocpeacTBEHHO
n3 HeNB. lNpu atom ¢ sapom cetn HeNB cBsizaHa nocpeacTBoM uHTepdenca S5 (puc.
1.7), a oObmeH nakeTamu Tpaduka C CETbIO MAET Yeped cneunanbHbi NoKanbHbIN W3
LIPA L-GW (Local Gateway) (puc. 8.5). OgHoBpemeHHO ¢ LIPA HeNB nogaepxusaet
CBSA3b C 94POM ceTu yepes nHtepdenc S1 ans Tex aboHEHTOB U COegMHEHUI, ANs KO-
TOpbIX JOCTyn K ceTn VIHTepHeT ocywectBnaT Yepe3 PDN GW. Cneuudumkaumm LTE
NO3BOMSAIT peann3oBbiBaTh pasHble CLueHapuu, Hanpumep, koraa aboHeHT ckaynBaet
Ha KOMMbIOTEP MHTEPAKTUBHBLIN Tpaduk (bannsl us NHTepHeta) yepe3 PDN GW, a ve-
pe3 LIPA npuHumaeT BMaeo m3 niokansHoun IP-ceTtn.
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Puc.8.5. Ucnonb3oesaHue e gpemmocemu LIPA

Wnwo3 LIPA L-GW B GonbluMHCTBE BapuaHTOB BCTPoeH B HeNB, HO moxer
npencraBnATb cOb60N OTAENbHOE YCTPOMCTBO M Jaxe NpuHaanexaTtb Apyromy onepa-
Topy. HTepdhenc S5 — aTo nHTepdenc, paspaboTaHHbii ANA TYHHENbHOrO coeanHe-
Husa mexgy S-GW PDN GW (puc. 1.1). B ctpyktypax ¢ LIPA ero ncnosnb3ytoT B OCHOB-
HOM Ans curHanbHoro odbmeHa. Ecnu L-GW BcTtpoeH B HeENB, To HeENB n L-GW moryt
nmeTb oauH IP-agpec. [na 3awmtbl MHGOpMaunn Ha S5 npnumeHsaT npoTokon IPSec.

8.3. TexHonorum CoMP u gBOoMHOro coeguHeHUs

Ncnonbayss CoMP (Coordinated Multi-Point Operation) — TexHonornto cornaco-
BaHHOM MHOrOTOYEYHOW nepefayn u npuema, aboHEHTCKMA TepMuHan nony4vaeTt o6-
crnyxuBaHue He oT ogHoro eNB, a oT rpynnbl y3n0B, KOTOPbIE K TOMY e MOryT npuHag-
nexarb K pasHbIM CETAM: Makpo 1 MUKPO, NMKO, PeMTO U T.4.

OcHoBHas ngesa texHonormm CoMP 3aknto4aeTcs B CrieayrLwem: B 3aBUCUMOCTH
OT mecTtononoxeHma UE moxeT ogHOBPEMEHHO MPUHUMAaTb CUrHanbl OT MHOXECTBa
nepearoLLmnx TOYEK, pacnosfioXeHHbIX B pasHbIX coTax UM cektopax. B To xe Bpewms,
npu nepegadve ot UE nonb3oBaTtenbckne gaHHble MoryT 6biTb NoslyvYeHbl HA MHOXECTBE
TOYeK npuema B 3aBMCUMOCTU OT Harpy3ku Ha CUCTEMY.
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B Rel.12 texHonorns CoMP nony4vuna passuTve B BUAE TEXHOMOIMN OBOWNHOIO
coenHeHus. B atom cnyyae UE nonyyaet Tpaduk ogHOBpeMeHHO oT AByx eNB, oauH
N3 KOTOPbIX ABMSETCA MacTepoMm (rfaBHbIM), a APYron — BTOPUYHbIM.

[1BOMHOE coegmHeHnEe MOXHO paccMaTpuBaTb Kak passutne TexHonornn CoMP B
HeoQHOPOAHbIX ceTdax. basoBas CTpykTypa HeOOHOPOAHOW ceTu MNpeacTaBrieHa Ha
puc.8.6. Ha yactote F1 paboTaloT MakpocoTbl, Ha YacToTe F2—MNNKOCOTbI.

I — F1
e — [

Puc. 8.6. CtpykTypa HEOAHOPOTHOM CETH

Mpwn OBOMHOM COeOUHEHMM BCE COTbl NoAdenieHbl Ha rnaeBHble (master MeNB) u
BTOpuYHble (secondary SeNB). VIHTepdericbl B Nonb3oBaTenbCKOW NITOCKOCTU MoKasa-
Hbl Ha puc.8.7.

S-GW
S1-U S1-U
((9) (t9)
X2-U
MeNB SeNB
F1 F2
UE

Puc. 8.7. MHTepderic B MOIH30BATENBCKOM MIIOCKOCTH

8.4. TexHonormu, BBeaeHHblIe B penusax 13 n 14
TexHonornsa NpssMoro coeguHeHnsa aboHeHTCkMx TepmuHanos (Sidelink).

TexHonorna mMawuHHbIX coeamHennn LTE-M (M2M — Machine-to-Machine) ¢ no-
nocon paguokaHana 1,4 Mlu.
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TexHonorusa yskornonocHoun ceA3n B ceTax MHTepHeTta Bewen (NB IoT — Narrow
Band Internet of Things) ¢ nonocon pagunokaHana 200 kIu.

TexHonorns eLAA n texHonorms LWA (LTE - WLAN Aggregation), no3sonsito-
was o6beanHatb paboty ceten LTE n Wi-Fi. Mpn aTom cetn LTE moryT ncnonb3oBaTb
yacToTHble kaHanbl ceTen Wi-Fi B agnanasoHe 5 T,

Mission-critical push-to-talk (MCPTT) — TexHONorna npMopuTeTHON AncneTyep-
CKOW CBA3WN.

V2X (Vehicle to Everything) — cBs3b 4na aBTomobunen, Bkntovas 6ecnmnoTHbIe.

9. AnropuTMbl paboTbl NNaHUPOBLUMKA

Kak 6bino ckasaHo B rn.4, Boibop 6110kOB Ha nepeaavy, BbIGop MOAYNALMOHHO-
KOOUPYIOLLEN CXeMbl U BblgeneHne pecypcHbix ©nokoB ocywectensaeTr MO ypoBHSA
MAC. Becb 3TOT npouecc NnponucxoguT B peanbHOM BpeMeHW noj pyKOBOACTBOM risia-
Hupoesuwuka (scheduler). NnaHnpoBLUMK npeacTaBnseT cobon NporpaMMHbIA NPOLYKT,
paspabaTtbiBaemMbll 1M MOCTaBnseMbi Mpou3BoauTenemMm annapaTypbl. HasHaueHue
NNaHMpOBLUMKA COCTOMT B MaKCMMMU3aLMWN NPOMNYCKHOM CMOCOBHOCTU OTAENbHbIX COT U
cetn B uernom. CKopocTu, ¢ KoTopbiMn naet obmeH aaHHbiMKM Mexay eNB n aboHeHT-
CKMMW TEPMUHaNamu, 3aBUCAT OT OTHOLLUEHMSI CUrHan/momexa Ha BXO4ax COOTBETCT-
BYHOLUMX NPUEMHUKOB. [MnaHMpoBLUMK coOMpaeT daHHble O CKOPOCTSX nepegayu, 3a-
npawmBaembix pasnuyHbiMm UE, 1 peluaeT, kakne TepMunHansl 0yayT obcnyxmBatbcs B
KaXX[,OM KOHKPETHOM cybKaZpe N C KaKUMU CKOPOCTSIMM.

B kaxgom cybkagpe nnaHMpoBLUMK HA3Ha4YaeT NPpUMOPUTETbI PA3NIUYHBLIM MOMb30-
BaTeNbCKMM KaHanam Tpaduka, Ha OCHOBE KOTOPbIX WAET BblaeneHne (unu Heeblge-
NeHne) KaHanbHOro pecypca KOHKpeTHbIM aboHeHTam. OCHOBHbIM anroputMom pabo-
Thbl NSIAHNPOBLLMKA ABNSETCA MPOMNOPUUOHalIbHO-CcripasediuebIl asli2opumm.

[MproputeT M-ro NONL30BATENLCKOrO KaHana Anda Nn-ro cybkagpa paccyuTbiBatoT Mo
dopmyne
_Ru(m
mn ’
T, (n)

(9.1)

rae Rm(n) — ckopocTb Mepenayn OaHHbIX, onpeaensiemMas BbIGopom MoaynsiLMOHHO-
KOOVPYIOLLEA CXeMbl B 3aBUCUMOCTM OT OTHOLLEHUSI CUrHan/moMexa Ha BXode COOTBeT-
CTBYIOLLLEIrO NPUEMHMUKA,

Tm(n) — B3BELLUEHHBIN 06bEM paHee nepeaaHHoOn MHGOpMaLMM No AaHHOMY coeanHe-
HUto. 3HaveHne Ty(n+1) ansa (n+1)-ro cybkagpa onpeaensioT Kak

T,(n+1) = (1—t1)Tm (n)+ (tl) R, (n), ecnu B cybkagpe n 6bina nepepava,

C c

T,(n+1) = (1—%)Tm(n) , ecnu B cybkagpe n He 6bino nepegayu.

C

BenuuuHy t; Ha3biBalOT OKHOM Mepefayn: 3To ANUTENbHOCTb Nepedadn, Bblipa-
XEHHas 4Yncrnom cybkagpoB. YMeHbLada t;, MOXHO MOBbIWATL NPUOPUTET COEANHEHUN,
nepefaBaeMbiX B KBasupearibHOM BpeMeHWn (MOTOKOBbIM Tpaduk). [Ana coeanHeHun,
KOTOpble HE KPUTUYHBI K 3agepxkam (tc Benvko), NiaHMpOoBLUMK BbibUpaeT anga nepena-
4Yn Te cybkaapbl, B KOTOPbIX MOXET ObITb 06ecneveHa MakcumarnbHasi CKOpocTb Rpy(n).

Ecnun ansa Bcex coeanHeHun yctaHoBneH 6onbLion t; (B npegene «), To nponop-
LMOHarnbHO-CNpaBeaIMBbLIN anropuTM MakCUMMU3NPYET YHKLMIO.
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M
Uln)="Y log [Ty (m)]

=]

(9.2)
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