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Mpeancnoeue

1 PABPABOTAH TlybnuuyHbiM akuuoHepHsiM obwectsoM «MobunbHble TeneCuctemel» (MAO «MTC»)
2 BHECEH TexHun4yeckum komuTeTom no ctaHgaptusauun TK 194 «Knbep-tdusndeckme cuctembl»

3 YTBEPXOEH W BBEAEH B AEWCTBMUE MMpukasom ®epepanbHOro areHTCTBa Mo TEXHUYECKOMY
perynupoBaHuio u metponorun ot 7 oktabpa 2024 r. Ne 1399-ct

4 B3AMEH INOCT P 59026—2020

MNpasuna npumeHeHUsT HacmosAweao cmaHdapma ycmaHoeneHsl 8 cmamse 26 @edepanbHO20 3aKOHAa
om 29 uwHa 2015 2. Ne 162-®3 «O cmanOapmu3zauuu e Pocculickoli @edepayuuy. MHpopmauus ob
U3MEeHeHUsIX K Hacmosiwemy cmaHdapmy nybnukyemcs g exe200HOM (M0 COCMOAHUIO Ha 1 sHBaps MeKyuweao
2o0a) uHghopmayuoHHOM yKazamene «HayuoHanbHble cmaHlapmebi», a oguyuanbHbil MmeKkecm uamMeHeHul
U ronpasoK — 8 exXeMecaYyHoOM UHOPMayUOHHOM ykaszamene «HayuoHanbHbie cmaHdapmel». B cryvae
fnepecMompa (3aMeHbl) Uu OMMeHbl Hacmosuw,e2o cmaHdapma coomeemcemayroujee ysedomieHue bydem
onybnukoeaHo 8 bruxalweMm 6bINyCKe eXeMeCsyHo20 UHGOPMAaUUOHHO20 ykaszamens «HayuoHanbHble
cmaHOapmsi». Coomeemcmeyowas UHpopmayus, yeedoMieHUe U MEeKCmbl PasMewamecs makxe 8
uHghopmauuoHHOLU cucmeme 0bLea0 nonb308aHUs — Ha oghuyuansHoMm calime @edepanbHO20 azeHmemea
10 MexXHU4YeCKOMY peay/iuposaHuio U Memponozsuu 8 cemu VHmepHem (www.rst.gov.ru)

© Odopmnenue. OIBY «MHCTUTYT cTaHgapTusauum», 2024

HacToawwmin ctaHgapT He MOXeT ObITb MOMHOCTLIO UMK YACTUYHO BOCMPOU3BEOEH, TUPaXXMNPOBAH U pac-
NMPpOCTpaHeH B Ka4vecTBe OCbMLI,I/‘IElJ'IbHOFO n3naHua bes pa3pelieHunsa G)e,qepaanoro dreHTCcTBa no TeXxHNn4ecko-
MYy perynmpoBaHvMi 1 METPOJIOTUA
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HAUMWOHANBbHBIA CTAHOAPT POCCUUCKON OEOEPALUMN

MHdopmayMoOHHbIEe TEXHONOTUMU
MHTEPHET BELLEW

MpoTtokon 6ecnpoBoAHOM Nnepegayu gaHHbIX NB-loT.
OcHoOBHbIe napameTpbl

Information technology. Internet of things. NB-loT wireless data transmission protocol. Key parameters

DaTa BeegeHua — 2024—11—01

1 ObnacTtb NnpuMeHeHunA

HacTosawmi ctaHgapT pacnpocTpaHsieTca Ha obopynoBaHve becnpoBooHon nepenayu gaHHbix NB-loT
1 ycTaHaBnuBaeT ero OCHOBHbIE NapamMeTpbl.

TpeboBaHusa HACTOALEro cTaHAapTa cnefyeT yunTbiBaTh Npy paspaboTke, M3roTOBNEHWN M SKCMyaTa-
uum obopynoeaHusa BecnpoBogHOW Nepefayn gaHHbix NB-loT.

Hactoawwmin ctaHgapT, onpefenanwmin pyHkunoHpoeaHue NB-loT, gonyckaeTca Ucrnonb3oBaTh Kak oc-
HOBY peanun3auuv UWpoBbIX peLlleHnn B PasnnyHbIX OTPacnax 3KOHOMWKN — CTpoUTeNbCTBO, 2KKX, «yMHBIN
ropo4», NPOMbILLEHHOCTb, CEMbCKOE XO3ANCTBO, TPAHCMNOPT, IOMMCTUKA U 4p.

[na obecnevyeHua Ge3onacHon nepefady OaHHbIX OKOHEYHOTO YCTPOWCTBa MCMOMb3YHTCA anropuTMbl
WwncpoBaHNA AaHHbIX COBPEMEHHbIX CUCTEM Nepeaadn AaHHbIX KU NpoTokonos. HeobxogmMmocTe WudpoBaHus
(MpMeHeHWe cpeacTB KpunTorpaduyeckor 3aLluThl) JaHHLIX NPU ee Nepefade onpefensaetca pa3pabotyu-
KOM/NMpoun3BoguTENEM YCTPOWCTB CAMOCTOSITENBLHO C YY4eTOM OeNCTBYHLIEro 3akoHogaTenscrea Poccuickoi
®enepaunn. Bolbop KOHKPETHbIX anropuTMOB LN POBaHWA OaHHbIX onpedensaeT pa3paboTyMK OKOHEYHOro
YyCTPOWCTBA B 3aBUCMMOCTM OT LIENeBOro Ha3HayeHWsl OKOHEYHOro YCTPOWCTBa W AENCTBYIOWMX HOPMAaTKUB-
HbIX JOKYMEHTOB, B TOM YMUCIe ANs KPUTUYECKON MHopMaumnoHHon nHdpactpyktypsl (KMW). Mcnonsayembie
B OKOHEYHOM YCTPOWCTBE anropuTMbl LIMPOBAHUSA OaHHbIX OOMKHbI BbiTh yKasaHbl B 3KCMNyaTalUOHHON
OOKYMEHTaLMW Ha COOTBETCTBYHLLEE OKOHEYHOE YCTPOWCTBO. OnucaHne v BbiIOOp KOHKPETHLIX anropuTMOB
WndpoBaHMsa JaHHbIX BEIXOOWUT 3@ paMKN HaCcTOSLLEro ctaHgapTa.

2 TepMuHbI U onpeaeneHus

B HacToflem cTaHgapTe NpUMEHEHbI CreayoumMe TEpMUHEI C COOTBETCTBYOLWUMK ONpeaeneHUsiMn:

2.1 y3kononocHbIi uHTepHeT Bewel; NB-loT: TexHonorua paguogoctyna, BXxogsllasl B cOCTaB Co-
ToBoro loT, ctaHaapTuanposadHas 3GPP ans uHTepHeTa Bewlen.

2.2 cotoBbi uHTepHeT Bewen; CloT: CoToBas ceTb, NoAAepXMBaOLLAA YCTPONCTBA HN3KOIO YPOBHS
CINOXHOCTMW U HU3KOW NPOMYCKHOW CNOCOBHOCTU AN CETU BELLENA.

MpumedyaHune— Cortosblit loT nogaoepxusaet oba euaa Tpaduka: IP u He-IP.

2.3 aTtanoHHasa YyBCTBUTenbHOCTL (reference sensitivity): MuHMManbHas cpegHsas MOLWHOCTb CUTHa-
na, nogaBaeMas Ha aHTeHHbI nopT aboHeHTckoro yctpoictea (UE), npu koTopoi nponyckHas cnocobHocTb
UE coctaensieT He MeHee 95 % OT MakcMmanbHOW NponyckHon cnocobHocTn aaHHoro UE.

2.4 uplink-kanan; UL (uplink): KaHan cBsi3an Bocxogalwmx cooBLeHnin oT aboOHEHTCKOro YCTPOMCTBA.

2.5 downlink-kanan; DL (downlink): KaHan cBs3u Hucxogsiwmx coobleHnin K aboHEHTCKOMY YCTPOi-
CTBY.

MapaHune ochbuumnansHoe
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2.6 poBepeHHbIA AS: CepBep NpUNOXKEHUIA, PACNONOXKEHHbIA BHYTPW KOHTYpa CETH.

2.7 cnon poctyna Access Stratum: ®yHKLMOHANbHBLIA YPOBEHb MEXOY PagMOCETbi0 WU MONb30Ba-
Tenbckum obopyaoBaHWEM, OTBEYAKLLMA 32 TPAHCMOPTUPOBKY AaHHbLIX MO 6ECnpOBOAHOMY COEOUHEHUID U
ynpaeneHve paguopecypcamu.

3 CokpaleHusa n 0603Ha4YeHns

3.1 B HacTosllem cTaHaapTe NPUMEHEHbI Cneayollne CoOKpalleHns:

ACYTN  — aBTOMaTM3MpoBaHHasi cMCTeMa yNpaBneHns TEXHONOorM4eckMM npoLeccom;

KNI — KpuTudeckasa MHopMaLMoHHaa MHAPaCTPYKTYpa;

CKYy[ — cucTemMa KOHTPOns U ynpaeneHus 4oCTYNoM;

CX — CEenbCKOe XO35WCTBO;

ycng — ycTponcTBo cbopa 1 nepefayn AaHHbIX;

AF — npuknagHas dyHkumsa (Application Function);

AM — pexum nepegaqu c nogTeepxaeHmnamu (Acknowledged Mode);

AMF — dyHKUMa ynpaBneHus JocTynom v mobuneHocTbio (Access and Mobility management
Function);

API — wHTepdenc nporpaMmmupoBaHusa npunoxeHui (Application Programming Interface);

APN — wms Todkm goctyna (Access Point Name);

ARQ — aBTOMaTU4eCKWi NoBTOpHLIN 3anpoc (Automatic Repeat Request);

AS — cepeep npunoxeHuit (Application Server);

BCCH — LUMpOKOBeLLaTenbHLIN KaHan ynpaeneHus (Broadcast Control Channel);

BCH — LWMpOKoBellaTeneHblW kaHan (Broadcast Channel);

BPSK — [BowdHas dhasoBasa maHunynaums (Binary Phase-Shift Keying);

CCCH — obwwuin kaHan ynpaeneHus (Common Control Channel);

CoAP — npoToKon orpaHudeHHoro npunoxenus (Constrained Application Protocol);

CP — nnockocTk ynpaeneHus (Control Plane);

CRC — uMKnNu4Yeckuin n3bebiTouHbln ko (Cyclic Redundancy Check);

CRS — pedepeHcHuin curHan aveikn cetu (Cell-specific Reference Signal);

CSGN — y3en wnt3a obcnyknBaHMa coToBoro MHTepHeta Bewew (Cellular 10T Serving Gateway
Node);

Cu — ueHTpansHbIn Bnok (Central Unit);

DCCH — BblgeneHHbIn kaHan ynpaeneHus (Dedicated Control Channel);

DCI — ynpaenswowaa uHgopmauma downlink-kanana (Downlink Control Information);

DL-SCH — ob6wwui downlink-kanan (Downlink Shared Channel);

DMRS — pedepeHcHbI curHan gemogynauun (Demaodulation Reference Signal);

DTCH — BblAeneHHbl kaHan Tpadgwmka (Dedicated Traffic Channel);

DU — pacnpegeneHHblin 6nok (Distributed Unit);

EARFCN — Howmep yacToTHoro pagmokaHana (E-UTRA Absolute Radio Frequency Channel Number);

eDRX — paclwupeHHbIN NnpepbiBUcThIA NpueM (Extended Discontinuous Reception);

eNB — basoBag ctaHums cetu (eNodeB);

EPC — A0po nakeTHol ceTu HoBoro nokoneHusa (Evolved Packet Core);

EPS — nakeTHasi cucTemMa HoBoro nokoneHus (Evolved Packet SYstem);

FDD — vacTtoTHbeln gynnekc (Frequency Division Duplex);

GEO — reocTauMoHapHas opbuTa (Geostationary Earth Orbit);

GNSS — rmobanbHas cnyTHMKoBas HaBuraunornHas cuctema (Global Navigation Satellite System);

GSM — rnobanbHasa cuctema mobunsHown cBa3m (Global System for Mobile Communications);

GTP — rpynna npoTOKONOB coefuHeHns Ha ocHoee |P, ucnonedyemas B cetax GSM, UMTS wu
LTE (GPRS Tunneling Protocol);
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GTP-U NPOTOKON NepefaYu Nob30BaTenbCKoro Tpaduka yepes TyHHenun ctaHgapta GTP (GPRS
Tunneling Protocol For User Plane);

GuI rpadmyecknin nHtepdeic nonesosatens (Graphical User Interface);

HARQ rMbpuaHas cxema c aBToMaTU4eCcKUM 3anpocom NoBTopHoW nepegaywm (Hybrid AUtomatic
REpeat REquest);

HSS cepBep gomaluHux aboHeHToB (Home Subscriber Server);

HTTP npoTokon nepefauun runeprekcta (Hypertext Transfer Protocol);

HTTPS 3allULLEeHHBIA NPOTOKON Nepefayn runeptekcta (Hypertext Transport Protocol Secure);

IMSI MeKOyHapoaHbIA naeHTUdukatop mobunsHoro aboHeHTa (International Mobile Subscrib-
er Identity);

lloT NPOMBbILLNEHHBLIA MHTepHeT Bellel (Industrial oT);

loT nHTepHeT Bewen (Internet of Things);

IP nHTepHeT-npoTokon (Internet Protocol);

LEO HKM3Kas okonosemHasn opbuta (Low-earth Orbit);

LTE cTaHgapT BecnpoBOOHOM BEICOKOCKOPOCTHON nepenayn gaHHbix (Long Term EVolution);

LWM2ZM obneryeHHbIN NPpOTOKON ANa ynpasneHus yctporncteamu M2M unu loT (Lightweight M2M);

M2M MexmMallnHHOoe B3avMogeinctene (Machine-to-machine);

MAC ynpaBneHne gocTtynom K cpege (Media Access Control);

MEO cpenHsis okono3zemHas opbuta (Medium-earth ORDbit);

MIB onok cuctemHon nHpopmauun (Master Information Block);

MME 06BbeKT ynpasneHna mobunsHocTelo (Mobility Management Entity);

MO coobLleHWe, oTnpaeneHHoe ¢ mobuneHoro yctponctea (Mobile Originated);

MONTE MoHuTOpUHr ycTporcTe (Monitoring Events);

MQTT npoTtokon obmeHa cooblieHamu no wabnoHy n3gatens — nognucymk (Message Queuing
Telemetry Transport);

MQTT-SN npotokon MQTT ans ceHcopHbix ceter (MQTT for Sensor Networks);

MT coobLleHre, gocTaBneHHoe Ha MobunbHoe ycTponcTeo (Mobile terminated);

NAS CUrHanbHbIA NPOTOKOMN, HE TEPMUHWPYEMBIA Ha y3nax ceTu paawogocTtyna (Non-access
Stratum);

NCCE 3MeMeHT y3KoMOonocHoro KaHana ynpaeneHus (Narrowband control channel element);

NEF dyHKkuma obecnedyeHns B3aUMOOENCTBUA C BHeWHWMKU npunoxenunsmu (Network
Exposure Function);

NIDD nepenada oaHHbIx 6e3 ncnons3oBaHusa cteka npotokonoe IP (Non-IP Data Delivery);

NPBCH Y3KOMOMOCHbBIN (hM3NYecKUid LUMpokoBellatenbHbli kaHan (Narrowband PHysical BRoad-
cast CHannel);

NPDCCH y3kononocHsl cuandeckuin downlink-kavan ynpaenenusa (Narrowband Physical Down-
link Control Channel);

NPDSCH y3kononocHsell duandecknin obwmin downlink-kanan (Narrowband Physical Downlink
Shared Channel);

NPRACH y3KOMonocHsIn huamyecknin kaHan cnydanHoro goctyna (Narrowband Physical Random
Access Channel);

NPRS Y3KOMOSOCHBIN pedepeHCHbIN curHan nosuyuoHmnpoBaHusa (Narrowband Positioning Ref-
erence Signal);

NPSS cvrHan nepBUYHOR cuHxpoHmsauun (Narrowband Primary Synchronization Signal);

NPUSCH y3KOMOonocHkI guandecknini uplink-kaHan obuero nonek3oBaHua (Narrowband Physical
Uplink Shared Channel);

NRS y3KoMnonocHsIi pedepeHcHbin curHan (Narrowband Reference Signal);

NSSS curHan BTopudHon cuHxpoHusauum (Narrowband Secondary Synchronization Signal);

NTN HeHa3eMHble ceTu cBA3u (Non-terrestrial Network);
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NWUS — Y3KOMonocHbIA curHan npobyxgenuns (Narrowband wake up signal);

OFDM — MYNbTUMIEKCMPOBaHWE C OPTOroHarbHbIM 4YacToTHbIM pasgenedvem (Orthogonal Fre-
guency Division Multiplexing);

OFDMA  — opToroHanbHbIi MHOTFOCTAHLMOHHbLIA AOCTYN C 4acTOTHbIM pa3geleHueM KaHamnos
(Orthogonal Frequency Division Multiple Access);

PCCH — KaHan nochINKK NenmrnHroeblx coobwenui (Paging Control Channel);

PCF — hyHkumsa ynpasneHusa nonutukamm (Policy Control Function);

PCH — nengxXuHroBbln kaHan (Paging Channel);

PDCP — MpOTOKON ynpaeneHusi nakeTHbIMK AaHHbiMK (Packet Data Convergence Protocol);

PDU — ONokK NpoToKofbHbIX AaHHbIX (Protocol Data Unit);

PGW — nakeTHbil w3 (Packet Data Network Gateway);

PHY — huanyeckuin ypoeeHs (Physical Layer);

PSM — pexum skoHoMuu 3Heprum (Power Saving Mode);

PtP — Touka-Touka (Point-to-point);

QoS — kadecTBo obcnyxueanua (Quality of Service);

QPSK — kBagpaTtypHas drasoaa maHunynaumsa (Quadrature Phase Shift Keying);

RACH — TpaHCMNOpTHbLIA KaHan cnydaiHoro goctyna (Random Access CHannel);

RAU — KOppEeKTMpOoBKa 30HbI MapLupyTu3auum (Routing Area Update);

REST — nepepada coctosHuA npeactasneHus (Representational State Transfer);

RLC — npoToKON ynpaeneHus paguokaHanom (Radio Link Control);

RRC — npoToKon ynpaeneHus paguopecypcamu (Radio Resource Control);

S1-U — wuHTepdeliic ceasu mexay eNodeB n SGW (S1 — User Plane);

S1AP — npoToKon npuknagHoro yposHa Mexay eNodeB n MME (S1 — Application protocol);

SAP — Touka gocTyna K cnyxbam (Service Access Point);

SC-FDMA — MHOXeCTBEHHbIW JOCTYMN C YaCTOTHbIM pasfefneHneM KaHarnoB C O4HOW HecyLlel YyacTo-
Ton (Single-carrier Frequency Division Multiple Access);

SCADA  — pucnetyepckoe ynpaeneHue u cbop gaHHeix (Supervisory Control and Data Acquisition);

SCEF — y3en 3KCNOHMPOBaHWA CEPBUCHBIX BO3MOXHOCTeRN (Service Capability Exposure Function);

SCTP — NPOTOKOM NepefaYu ¢ yrnpasreHnem notoka — NpoTOKON TPaHCMOPTHOrO YpoBHSA (Stream
Control Transmission Protocol);

sSbu — Bnok cnyxebHbIX AaHHbIX (Service Data Unit);

SGi — wuHTepgenc mexay PGW n BHewHumum IP-cetamu (Service Gateway Interface);

SGSN — obcnyxuearwuin yaen nogaepxkn GPRS (Serving GPRS support node);

SGW — obcnyxusawowmin wnw3s (Serving Gateway);

SIB — Bnok cuctemHom uHdopmauun (System information block);

SMF — hyHKUMsa ynpasneHunsa ceccuamu (Session Management Function);

SMPP — o[HOpaHroBas nepegaqa kopoTkux coobweruin (Short Message Peer-to-peer);

SMS — cnyx0a KopoTkux coobwennin (Short Message Service);

SMSC — SMS-ueHTp (SMS Centre);

TA — BpeMeHHasi komneHcauusa (Timing Advance);

TAU — obHoBneHuWe 30HbI oTcnexusaHua (Tracking Area Update);

TCP — npoToKon ynpaenexus nepegadei (Transmission Control Protocol);

TDD — BpeMeHHoe pa3sgeneHue kaHanos (Time Division Duplex);

™ — npo3spadHbii pexum (Transparent Mode);

TTC — TEeXHOonorusi nepefadn «TeneMeTpus, oTcrnexuBaHue, ynpasneHue» (Telemetry, Track
and Command);

ucl — ynpasnstowas uHgopmauma uplink-kanana (Uplink Control Information);

4
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UDM — Mogynb ynpaeneHus gaHHbiMu nonb3oBartenen (Unified Data Management);

UDP — MpOTOKON nonb3oBaTtenbcknx gartarpamm (User Diagram Protocol);

UE — aboHeHTckoe ycTponcTeo (User Equipment);

UL-SCH — obwwit kaHan ona nepegadun gadHeix Beepx (Uplink Shared Channel);

UM — pexum nepegayn 6e3 nogreepxaeHunin (Unacknowledged Mode);

uprP — nonb30BaTenkbcKasa NNockocTe B ceTax ceaA3u (User Plane);

UPF — dyHKUMS nepenadv aanHbix nonb3osartenen (User Plane Function);

VPN — BupTyanbHas YacTHas ceTb (Virtual Private Network);

16QAM  — kBagpaTtypHas amnnuTyaHas Moaynauus ¢ yucnom ypoeHen 16 (16-Quadrature amplitude
Modulation);

2G — MobunbHas cBA3b BTOporo nokonenus (2-nd Generation);

3G — Mo6unbHasa cBsA3b TpeThero nokoneHus (3-rd Generation);

3GPP — NapTHEePCKUA MNPOEKT MO pasBUTUID CUCTEM TpeTbero nokonewus (3-rd Generation
Partnership Project);

4G — Mob6wunbHas cBsA3b YeTBepToro nokonexus (4-th Generation);

5G — mobunsHasa ceaA3b natoro nokonenus (5-th Generation).

3.2 B HacTosLlem cTaHaapTe NpUMeHeHbl cnegyolme obo3Ha4eHus:
FULrow — HuM3wasa vYacToTa uplink-kaHana,;

FUthigh — BblcLwasa YyacToTa uplink-kaHana;

FDL_Iow — Hwu3was vyactoTta downlink-kaHana;
FDL_high — Bblicwasn YactoTta downlink-kaHana;
Nofis.pL — CMelleHue onga pacyeta EARFCN downlink-kanana;

Nosis.ul — CMeulenune ana pacdera EARFCN uplink-kaHana.
4 TNMapameTpbl paguonHTepdenca ana pyHkumoHmposaHua NB-loT

4.1 OmnanasoHbl pabounx yactot downlink- n uplink-kaHanos NB-loT*

Owana3soHbl paboynx yactoTt downlink- u uplink-kaHanos NB-loT* npuBeneHsl B Tabnuue 1 [1].

Tabnuuya 1— OuanazoHel pabounx yactoT downlink- u uplink-kananoe NB-loT

[OunanasoH paboumnx yactoT uplink-kaHana, | OuanasoH pabounx yactoT downlink-kaHana,
Homep ananasoHa My MI'y Pexunm
pabouux vactor aynnekca
FUL_Iow - FUL_high FDL_\ow - FDL_high
1 1920—1980 2110—2170 FDD
2 1850—1910 1930—1990 FDD
3 1710—1785 1805—1880 FDD
4 1710—1755 2110—2155 FDD
5 824—849 869—894 FDD
7 2500—2570 2620—2690 FDD
8 880—915 925—960 FDD
11 1427,9—1447 .9 1475,9—1495,9 FDD

* Ha TEeppUTOPKA Poccunickon ¢>e,|:|,epau,mm ncnonb3oBaHWe 4YacCToT OO0MKHO OCYLLEeCTBNATLCA B COOTBETCTBMU C

pelleHnemM MocygapcTBEHHOW KOMUCCUKM MO paauvodacToTam oT 28 gekabpsa 2017 r. Ne 17-44-06.
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OkoHYaHue mabnuuysi 1

[wnana3soH paboumnx 4acToT uplink-kaHana,

[unanasox paboudnx vactor downlink-kaHana,

Homep auanasoHa My My Pexum
pabo4ynx YyactoT aynnekca
FULJow - FUthigh FDLJow “ FDthigh
12 699—716 729—746 FDD
13 T77—787 746—756 FDD
14 788—798 758—768 FDD
17 704—716 734—746 FDD
18 815—830 860—875 FDD
19 830—845 875—890 FDD
20 832—862 791—821 FDD
21 1447,9—1462,9 1495,9—1510,9 FDD
24 1626,5—1660,5 1625—15569 FDD
25 1850—1915 1930—1995 FDD
26 814—849 859—894 FDD
28 703—748 758—803 FDD
31 452,5—457,5 462,5—467,5 FDD
41 2496—2690 2496—2690 TDD
42 3400—3600 3400—3600 TDD
43 3600—3800 3600—3800 TDD
48 3550—3700 3550—3700 TDD
54 1670—1675 1670—1675 TDD
65 1920—2010 2110—2200 FDD
66 1710—1780 2110—2200 FDD
70 1695—1710 1995—2020 FDD
71 663—698 617—652 FDD
72 451—456 461—466 FDD
73 450—455 460—465 FDD
74 1427—1470 1475—1518 FDD
85 698—716 728—746 FDD
87 410—415 420—425 FDD
88 412—417 422—427 FDD
103" 787—788 757—758 FDD

* YkasaHHasa nonoca 4acTtoT npeaHasHadeHa Tonbko gnd pexuma pabotel Standalone.
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4.2 KoHdpurypaumm 4acTOoTHOIo pecypca kaHana nepegayv gaHHbix NB-loT

CyLecTByeT HeCKoNbKO KOHWIypaLumii YacTOTHOTO pecypca kaHana nepenayun gadHeix NB-loT:
- Standalone — He3aBucumas pabota kaHana NB-loT;
- Guard-band — pabota kaHana NB-IoT B 3awMTHOM MHTEpBane nonockl kaHana LTE;
- In-band — pa6ota kaHana NB-loT BHyTpu kaHana LTE.

KoHdurypauus nonockl nponyckaHwWsi KaHana npusegeHa B Tabnuue 2.

Tabnwuua 2— KoHdurypauma nonocel nponyckaHua kaHana LTE

MNonoca nponyckanus kaHana LTE BWe, - . My 1,4 3 5 10 15 20
Yucno pecypcHbix Briokos Npg 6 15 25 50 75 100
KoHdurypauuu nonockl nponyckaxus kaHanoe NB-loT ykasaxbl B Tabnuue 3.
Tabnuua 3 — KoHturypauumn nonocel nponyckaHua kaHanos NB-loT
MapameTp Standalone In-band Guard-band
lNonoca nponyckanws kanana BWe, o q KU 200 [Nonoca nponyckaxus, [Monoca nponyckaHus,
yKasaHHan B Tabnuue 2, ykasaHHas B Tabnuue 2,
B\NChannel >1,4 My BWChannel >3 My

KonuyecTeo pecypcHeix Bnokos Ny B nonoce 1 1 1
NponycKaHua nepegayn, en.
Konu4yecTBo nogHecylwmx B KOHUrypaumm no- 12 12 12
nocsl nponyckaxns nepeaain Nigne 15 ¢y €8-
Konun4yecTeo NogHecyLWMX B KOHUrypawumm no- 48 48 48
nocel nponyckaxus nepeaaqn Nygqq 3 75 ¢y €4

Ha pucyHke 1 nokasaHebl BapuaHThl pasMelleHns kaHana NB-loT B pexume Standalone.

200 WL 200 W' 200 k!

200 K200 4, 400 M 200 Ky 5 MMy

- >
PEUTN

Mexgy GSM Hecyl MMk Mexgy GSM u UMTS HecylmmH

PucyHok 1 — BapwaHTbl pa3mellenuna kaHana NB-loT B pexxume Standalone
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Ha pucyHke 2 nokasaHo pasmelteHue kaHana NB-loT B pexume In-band.

NB-loT

LTE

® o ©

3, 5,10, 15 vnu 20 MINy
=i e

PucyHok 2 — PasmelleHne 1 koHdurypauus nonockl nponyckanus kaHana NB-loT B pexxume pabotel In-band

Ha pucyHke 3 nokasaHo pasmelleHue kaHana NB-loT B pexume Guard-band.

NB-loT

LTE

o0 o

R
100 kI'y, !
| MuHnmym 200 KTy Guard-band
10, 15 mnn 20 MMy

- i

PucyHok 3 — PasmellieHne 1 KoHurypaums nonockl nponyckaHust kaHana NB-loT B pexme paboTtel Guard-band

4.3 PacnonoxeHue NB-loT kaHanoB

Hecywas yactota downlink-kaHana NB-loT obo3Hauaetcs EARFCN B guanazone ot 0 go 262 143 u
cMmelleHnem Homepa kaHana NB-loT no oTHoweHuto Kk EARFCN B gnanazone {-10; -9; -8; -7; -6; —-5; -4, -3;
-2;-1;-0,5;0;1; 2; 3; 4; 5;6; 7; 8; 9} pna FDD w B gnanazonxe {-10; -9; -8,5; -8; -7; —-6; -5; —-4,5; -4; -3;
-2;-1;-0,5;0;1; 2; 3; 3,5;4; 5;6;7;7,5; 8; 9} pna TDD.

CootHowenne mexagy EARFCN, cmeweHnem Homepa kaHana NB-loT no otHoweHuto k EARFCN w He-
cywen vyactoton B My downlink-kaHana onpenensaioT BbipaXeHnem:

FoL = FpL_jow * 0.1 (NpL = Nogs.pr) + 0,0025:(2Mp, +1),

rae Fp, — Hecywasn yactorta downlink-kaHana NB-1oT;
FDL_Iow U NqgspL YKa3aHbl B Tabnuue 4;

Np_. — EARFCN downlink-kaHana;
Mp, — cmeuwenune Homepa kaHana NB-loT no otHowexunio kK EARFCN downlink-kaHana.
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Hecywasn yactoTta uplink-kaHana NB-loT obo3sHayaetca EARFCN B guanasone ot 0 go 262 143 u cme-
lweHrem HoMmepa kaHana NB-loT no oTHoweHuo Kk EARFCN B guana3sone {—-10; -9; —-8; -7; -6; -5; -4; -3; -2;
-1;0;1; 2; 3;4;5;6; 7; 8 9} ona FDD u B gnana3scHe {-11; -10; -9,5; -9; -8,5; -8; -7,5; -7; -6,5; -6; —5,5;
=8;—4.67—4; —3,8; =3; =2,5;-2:—=1.5; —1; =0,5: 0:0,5;1; 1,5; 2: 2.5; 3::3,6: 4; 4,5:5: 5.5, 0; 6,5, 7:7,5;8; 8,5;
9; 9,5; 10; 11} pna TDD.

CooTHowenune mexgy EARFCN, cmelweHnem Homepa kaHana NB-loT no oTHoweHuo kK EARFCN 1 He-
cywen vacTtotoin B MMy uplink-kaHana onpegensAioT BblpaXeHWeMm:

roe F, — Hecyuwas yactota uplink-kaHana NB-loT,
FULJUW U Nge.y YKa3aHBI B Tabnuue 4;

Ny. — EARFCN uplink-kanana;
M — cmeuweHmne Homepa kaHana NB-loT no otHowenuio k EARFCN uplink-kanana.

Pa3HOC HeCyLLMX COCEHNX HaACTOTHBIX KaHaMoB, UMEIOLUMX MeNockl NPOMycKkaHNs kaHana BWepannel1)
M BWhannel(2): Onpenensetcs kak (BWepanngi(1) ¥ BWehannel2))/2-

FuL = FuL_iow * 0.1 (Ny = Nogsyr) + 0,0025:(2My, ),

LLar cetkn yacTtoT kaHana coctaenset 100 k4 4na Bcex guanasoHOB 4acToT, T. e. UeHTpanbHaa 4acTtoTa

HecyLlen gomkHa bbiTb LenbiM Yucrnom, kpaTtHbim 100 k.

MpumeyaHus
1 [Ons pexumos pabotel In-band nnu Guard-band sHadyenns N unm N, otnudatotcsa ot 3HaueHus EARFCN, co-

OTBeTCTBYOLWero Hecyllen yactote downlink- unu uplink-kanana.

2 [ins pexuma pabotel In-band unu Guard-band B cnyvae FDD He npumeHumo sHaveHne My = -0,5; B cnyyae

TDD He npuMeHUMb! 3HaveHna My, {-0,5; +3,5; -4,5; +7.5; —-8,5}.

3Hauenuns EARFCN gns pasanuyHbix gvana3oHoB pabounx yacTtoT aAns yHKunoHupoBaHma NB-loT npu-
BegeHbl B Tabnuue 4*.

Tabnuua 4 — 3HaveHna EARFCN ong pasnumyHbix guanasoHoB pabodnx YactoT s yHKUMoHupoBaHua NB-loT

Homep Downlink-kanan Uplink-kaHan
auanasoxa

ij;l—glx FoL jow ML . ﬂ.nanaaoJDaLHaL;eHwﬁ Fut 1w MU Bisasiil ﬂwanaaoguaLHaquuﬁ
1 2110 0 0—599 1920 18 000 18 000—18 599
2 1930 600 600—1199 1850 18 600 18 600—19 199
3 1805 1200 1200—1949 1710 19 200 19 200—19 949
4 2110 1950 1950—2399 1710 19 950 19 950—20 399
5 869 2400 2400—2649 824 20 400 20 400—20 649
7 2620 2750 2750—3449 2500 20 750 20 750—21 449
8 925 3450 3450—3799 880 21450 21 450—21 799
11 1475,9 4750 4750—4949 14279 22750 22 750—22 949
12 729 5010 5010—5179 699 23010 23010—23 179
13 746 5180 5180—5279 777 23180 23 180—23 279
14 758 5280 5280—5379 788 23280 23 280—23 379
17 734 5730 5730—5849 704 23730 23 730—23 849
18 860 5850 5850—5999 815 23 850 23 850—23 999
19 875 6000 6000—6149 830 24 000 24 000—24 149

* Ha tepputopun Poccuiickoin ®efepaumn NCnonb30BaHNe YKasaHHbIX NapamMeTpoB AOIMKHO OCYLLECTBNATLCA B
cooTBeTcTBUM C [1pukasom MUHUCTEpPCTBA CBA3M M MacCcoBbiX KoMmyHuKauuin P® ot 6 niona 2011 . Ne 128 «00 yTBepx-
aexuu MNpasun npumMeHeHUs aboHEHTCKUX TEPMUHANOB CeTel NoABUKHOK paauoTenedoHHON cBsa3u cTaHaapTa LTE».
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OkoHYaHue mabnuubi 4

Homep Downlink-kanan Uplink-kaHan
AnanasoHa

pf:gg:x FDLJDW‘ Mry T ,ﬂwanaaogDatHaqumﬁ FULJOW, My - ,uwanaaoﬁUsLHaquMﬁ
20 791 6150 6150—6449 832 24150 24 150—24 449
21 1495,9 6450 6450—6599 14479 24 450 24 450—24 599
24 1625 7700 7700—8039 1626,5 25700 25 700—26 039
25 1930 8040 8040—8689 1850 26 040 26 040—26 689
26 859 8690 8690—9039 814 26 690 26 690—27 039
28 758 9210 9210—9659 703 27 210 27 210—27 659
31 462,5 9870 9870—9919 4525 27 760 27 760—27 809
41 2496 39650 39 650—41 589 2496 39 650 39 650—41 589
42 3400 41 590 41 590—43 589 3400 41 590 41 590—43 589
43 3600 43 590 43 590—45 589 3600 43 590 43 590—45 589
48 3550 55 240 55 240—56 739 3550 55 240 55 240—56 739
54 1670 60 255 60 255—60 304 1670 60 255 60 255—60 304
65 2110 65 536 65 536—66 435 1920 131 072 131 072—131 971
66 2110 66 436 66 436—67 335 1710 131972 131 972—132 671
70 1995 68 336 68 336—68 585 1695 132 972 132 972—133 121
71 617 68 586 68 586—68 935 663 133122 133 122—133 471
72 461 68 936 68 936—68 985 451 133 472 133 472—133 521
73 460 68 986 68 986—69 035 450 133 522 133 522—133 571
74 1475 69 036 69 036—69 465 1427 133 672 133 572—134 001
85 728 70 366 70 366—70 545 698 134 002 134 002—134 181
87 420 70 546 70 546—70 595 410 134 182 134 182—134 231
88 422 70 596 70 596—70 645 412 134 232 134 232—134 281
103 757 70 646 70 646—70 655 787 134 282 134 282—134 291

5 Kareropumn aboHeHTcKkux yctponcts NB-loT

HacTtosAwwmin ctaHgapTt onpegenset ABe Kateropuu aboHeHTckux ycTponcts NB-loT. OcHoBHEle napa-
mMeTpbl kKateropui NB1 n NB2 npeactaeneHbl B Tabnuue 5 [2].

Tatnuua 5— OcHOBHble NapaMeTpbl KaTeropuit aboHeHTCKKX ycTponcTs NB-loT

KaTeropusa
Mapametp
NB1 NB2
[Nonoca nponyckaHust kaHana 200 klMy
PasHoc kaHanoB B pexume Standalone 200 klMy
PasHoc kaHanoB B pexumax In-band u Guard-band 180 'y,
LLlar ceTkn 4acToT kaHana (Bo BCeX pexumax) 100 KMy
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Mapametp

Kateropus

NB1 NB2

MakcumansHas BbixogHas molHocTs )

(23 £ 2) obm (knacc MOLWHOCTKX YCTPORCTB 3),
(20 £ 2) gbm (knacc MOLLHOCTK YCTPOUCTE 5),
(14 £ 2,5) nbm (knacc MOLLHOCTW YCTPOWCTE 6)

MuHuMansHas BbIXOOHAA MDLLIHOCsz)

—40 nbm, He Bonee

MOLLHOCTL M3MYYEHNA NPKY OTCYTCTBUK Nepeaayun?)

—50 gbm, He bonee

nOFpeLIJHOCTb YCTaHOBKW HacTOThl

Mpu vacToTe Hecywe < 1 IMu: £0,2 ppm
Mpw vyactoTe Hecywen > 1 [MTu: 20,1 ppm

3TanoHHas YyBCTBUTENLHOCTLS)

-108,2 nbm

MakcnmansHbIn YPOBEeHb CUrHana Ha Bxoae npuemMHuKa

3)

—25 nbm, He Bornee

Yncno HARQ npoueccos

1 vnn 2

MakcumansHoe yncno nepegad HARQ

Yucno Briokos Koga

Konu4yecteo 6uT B nogkagpe

320 320 nnvn 640

CKOpOCTb KaHamnbHOro KogupoBaHus

1/3

1/2, 1/3 wnn 3/4

Cxema kogmpoBaHua DL

OFDMA

Cxema koanpoBaHua UL

SC-FDMA

Mogynauusa

QPSK, BPSK, 16QAM

KoadhdunumneHT ycuneHnsi aHTEHHbI

He 6onee 0 obu

) Ains pasHoca nogHecylmx 3,75 kI MOLLIHOGTL ONpeaenseTcs Kak CpeaHAs MOLLHOCTL W3MepeHIs, Neprof, KOTo-
poW cocTaBnaeT Kak MUHUMYM 0guH cnoT (2 mc), ucknodas uHtepsan 2304 Ts, koraa aboHeHTCKOe YCTPOWCTBO HE OCy-
wecTBnseT nepeayy. [ins pasHoca nogHecywmnx 15 klMy MOWHOCTE ONpedenseTcs Kak CpedHAs MOLHOCTE U3MEPEHWS,
nepvon KOTOPOW COCTaBnsaeT Kak MUMHUMYM OOuH nogkagp (1 mc).

2) [nsa pasHoca nogHecywmux 3,75 k'Y MOLWHOCTL ONpedenseTcs Kak cpedHsis MOLWHOCTbL B OHOM crioTe (2 Mc) 3a
vcknodeHvem uHTepeana 2304Ts, korga aboHeHTCKoe YCTPOWCTBO He ocyllecTBAAeT nepedady. [na pasHoca nogHe-
cywmx 15 kl'y molHOCTL ONpegensaeTca Kak cpeaHsas MOLHOCTE B ogHOM nogkaape (1 mc).

3) MponyckHasa cnocobHocTe 0GopyaoBaHMa JOMKHA cocTaBnaTh 295 % OT MakcUMarbHO| MPOnyCKHOW cnocob-
HOCTW 3TanOHHOIo M3MEPUTENBLHOTO KaHana [2].

JonycTvMble YpPOBHM BHEMOMOCHLIX M3Ny4YeHnin aboHeHTCkux ycTporcTB kateropuin NB1 unu NB2 yka-
3aHbl B Tabnuue 6. 3Ha4yeHns JONYCTUMbIX YPOBHEN BHEMOMOCHbLIX M3NyYeHnid Ans 3HadeHnin YacTtoT Afqqg
MeXay yKasaHHbIMW B Tabnuue NUHENHO MHTepnonupyotca. [Ana sHaveHnin vyactoT Afyqg, Bonbliue ykasaH-
Hblx B Tabnuue, npumeHalTca TpeboBaHMA K ypOBHAM NOBOYHbLIX U3MTyYeHUN.

Tabnuya 6— JonycTuMmble YPOBHW BHEMNOMOCHLIX U3Ny4YeHWA aboHeHTCkMxX yecTponcTB kateropuin NB1 u NB2

YactoTa BHEMNONOCHOrO M3Ny4YeHus [onycTUMbli YPOBEHL BHEMNONOCHBLIX LLInprHa NoNoCkl U3MepPUTENLHOI
Afgpg. KU nany4eHunin, nbm dhunetpa, KMy
10 26 30
+100 -5 30
+150 -8 30
+300 =29 30
+500—1700 -35 30
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JonycTumble ypoBHM NOBOYHBLIX U3Ny4YeHMA aboHEeHTCKMX ycTponcTe kateropuin NB1 unu NB2 ykazaHbl
B Tabnuue 7.

Ta6nuua 7 — JonycTUMble ypOBHU NOBOYHLIX M3Ny4YeHUA aBOHEeHTCKMX YCTPoUCTB KaTeropuid NB1 n NB2

[onycTuMbIA YpoBeHb MOBOYHBIX LUnpuHa nonockl
AnanasoH 4actot nany4eHuni, abm W3MepUTENBHOIO hunsTpa
9—150 kly, -36 1klMy
150 kMu—30 MI'y, -36 10 kly
30 MMuy—1 My -36 100 klMy
1—12,751TL, -30 1 My
12,75 [Ty — 5-1 rapmMoOHMKa BepXHEro 4acToTHOro -30 1My
kpan paboyen nonockl UL

MuHuManbHbIn Habop pekomeHayemblX PYHKUMA Ans aboHeHTCKMX yCcTponcTB kateropuin NB1 n NB2,
onpegeneH B Tabnuue 8.

Tabnuua 8 — MuHumaneHbI Habop pekoMeHoyeMbIX PyHKUMIA ana aboHeHTCkuxX ycTponcTs kateropuin NB1 n NB2

HaumeHoBaHue hyHKL1K OnucaHune
PSM configurations KoHdurypupoBaHue pexuma rnybokoro aHeprocbepexxeHuns PSM
eDRX configurations KoHturypupoBaHue pacluvpeHHoro uHtepeana pabotel 6e3 obazaTtenbHbIX

curHaneHbix coobweHun eDRX

Data Transport in Control Plane CloT | WMicnonb3oraHne nporpaMMMpOBaHHOMO PEXUMa COTOBOIO MHTEPHETa BeLlein
EPS optimization CloT n EPS

Deployment mode Mopoepxka Bcex pexumos paboTsl (Standalone, In-band, Guard-band)
Support for NIDD NIDD nepega4a nonb30BaTenbCKUX AaHHbIX 6e3 |P

SMS for NB-loT only UEs Ynpaenenve UE yepes SMS

Cell Reselection BeiBop coTbl

Coverage Extension PacwupeHue 30HbI NOKPLITUA

Rate Control KoHTpork ckopocTv oBmMmeHa gaHHBIMU

6 Apxutektypa cetu NB-loT

6.1 O6wasn apxutekTypa

Obwasn apxutekTypa cetn NB-loT npencraBneHa Ha pucyHke 4 [3].

OCHOBHbIE KaHanbl KOMMYHMKauui BknoyarwT Control Plane (CP) n User Plane (UP). Control Plane
npegHasHadeH Ans obmeHa cnyebHbiMK cOOBLUEHUSIMU MEXOY Pa3NUYHBLIMKU 3MEMEHTAMU CETU U CIYXUT
ansa obecneyeHns MoBUNbHOCTY abOHEHTCKMX YCTPOMCTB M YCTaHOBMNEHMA/MoAOepXaHUs Ceccun nepegadu
OaHHbIX. User Plane — 370 KaHan nepegayu Nonb3oBaTeNnbCKNUX JaHHbIX.

MexaHuamel ontumuzauuu CP u UP (CloT EPS optimization) gns NB-loT peanusoaHbl Ha yanax MME,
SGW u PGW, koTopble obbeauHaTca B eauHbiid anemeHT CSGN. HecmoTtpsa Ha To, 4to CP npegHasHayeH
Onsa nepefadyv curHansHon uHdopmauum, B NB-loT oH agantupoBaH gnsa nepegadyn nonb30BaTenbCKUX gaH-
HbIX (kaK IP, Tak 1 non-IP) n SMS B coobuennax NAS. B NB-loT nepegaya SMS obecneunBaeTtcs bes peru-
CTpauun yCTPOWCTBA B FONIOCOBOM JOMEHE.

[na aboHeHTckux ycTporcTe NB-loT nogaepxka CP CloT ontuMmumzauun sensetcs obasarensHoi. Mo-
ckonbKy CP ucnonb3yeT NnockocTk yNpaBneHWus ANs Nepeckisiki NakeToB AaHHbIX, Nepegaqa uin npuem co-
ob6LeHnin oTnpaenseTcs, kak coobueHns curHanuaaumm NAS, mexagy UE w MME. lNo cpaBHeHuw ¢ npo-
ueanypoi Service Request, UE n3beraeT yctaHoBku BesonacHocTv Access Stratum mn yCTaHOBMEHUs! CKBO3HbIX
kaHanoe (default bearer), HeoBxoauMbIX NpW KaXJ0W Nepefade OaHHbIX.
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BHyTpennnid | Brewmue
8Gi KOHTYP CHACTEMB

@ . rpow EEES

-Control Plane/Data

@ AL — — — Ussr Plans/Data
| seesesveees API/Rost

: — + — - Tpadyx MONTE
ABTOHOMHOB CraumoHapHos
ycTpoiieTao yeTpolcTBo

PucyHok 4 — OBwaa cxema cetn NB-loT

CP CloT ontummnzauns obecnedymBaeT nogaepkky 3ddeKTMBHON TPAHCMOPTUPOBKU NONb30BATENLCKUX
JaHHbIX unu SMS-coobleHnin yepea CP uepez MME 6e3 3anycka ycTaHOBNEHWSA paguoKaHana.

OnemeHT SCEF npenctaensiet co6oi y3en aKCMNOHWPOBAHUS CEPBUCHLIX BO3MOXHOCTEN U SAIBNAETCS No-
CPeOHUKOM MeXay ceTblo U cepsepom npunoxeruin AS. SCEF BkntovaeTt B cebst doyHKUMKM naeHTudukaumm/
ayTeHTuduKkaumm aboHeHTCKMX YCTPOWUCTB 1 ONpeaeneHnss npaeun obMeHa gaHHbIMU MeXay YCTPOWCTBOM U
AS, npegocTtaBnas BO3MOXHOCTb CEpBepaM NMpUOXeHWA Nony4yaTb AaHHble WU YNpaBnsaTb YCTPOUCTBAMK Ye-
pe3 equHbin APl-uHTepdenc. SCEF Takke siBnaeTcs eguHbLIM OKHOM AOCTyna k Habopy cepBUCOB onepatopa
no ynpaeneHWIo M KOHTPOIO 32 abOHEHTCKMMUW YCTPONCTBaMM.

Mpw ncnonb3osaHnn SCEF naoentudmkatopom aboHeHTCKOro yctponcTea sensaertcs «external ID», ko-
TopbIn onpeaensetcs B popmaTte «<Local Identifier>@<Domain Identifier>».

KnoueBkle dyHKuuu u cepeuckl SCEF BkMoyatoT:

- NpuBA3Ka ngeHTudumkatopa cum-kapTsl (IMSI) k external 1D;

- NIDD nepegaua;

- TPYNMNoBbLIE onepauun, ¢ ncnons3osaHnem external group ID;

- NOAJepKKa pexuma nepefadyv gaHHbIX C NOATBEPKAEHUEM;

- bydhepuzauusa MT gaHHbIX;

- ayTeHTUdMKauns 1 aBTopn3aLmsa yCTPOWCTB U CEPBEPOB MPUINOXKEHWUN;

- OQHOBPEMEHHOE UCMONMb30BaHWe AaHHbIX OAHOrO abOHEHTCKOMO YCTPOMCTBA HecKonbkummn AS;

- nopaep:KKa cneumanbHbiX PYHKUKMIA KOHTPOMSA cocTosiHMsA aboHeHTcKoro ycTpoictBa (MONTE);

- TPUITEPUWHT YCTPOWCTB (Mepedada gaHHbix B SMS);

- obecnevyeHne poyMuHra non-1P gaHHbIX.

B coctae cetn NB-loT MmoxeT 6biTh BkNtoveH loT-wnwz — loT-nnardgopma, obecneymsatolias UHTe-
rpauunio ¢ yCTpoWcTBamu, MOMyYeHWe OT HWMX AaHHbIX C UCMOMb30BaHWEM psfa CTaHOAPTHbIX MPOTOKOMOB,
KOHBepTaLuui, XxpaHeHue, 0b6paboTky, BU3yanusaumio 1 nepefady AaHHbIX BO BHELLIHWE CepBepa NpUnoXeHun
¢ ncnono3osaHnem REST APIL.

B cetn NB-IoT pekomeHayeTca NpuMeHATb criegyloLlmMe cnocodbl nepefayu gaHHbIX B nopsake yobiBa-
HWUA MPeanoYTEHWS:

- pexxum nepegadn NIDD;

- npoTokon nepegaqun gaHHbix CoAP (ctek IP/UDP);

- npotokonsl MQTT-SN n LWM2M (ctek IP/UDP);

- nponpueTapHble BuHapHble NpoTokonsl Ha ocHoee UDP.
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6.2 ApxuTekTypa cetu anA nepegauyu nakeroe NIDD

6.2.1 MNMepepaya NIDD 6ez SCEF 4epe3 uHtepdenc SGi

B cnyuae otcytcTtBua SCEF, non-IP gaHHble moryT nepegaBatbes k AS yepes Point-to-Point (PtP) Ton-
Henb oT PGW, B TakoMm crniydae MHKancynsiumsa B IP nponssoautcs Ha Hem. CepBep NpuUioXeHuin MoxeT ObiTh
noakn4yeH HenocpencTeeHHo kK PGW. Aopec cepBepa NpUnoxeHWn onpeaensetcs Ha atane cosganms APN.
B cnyyae ecnu TpebyeTcs KOHBEPCKUS MPOTOKOMOB, UHTErpauns MOoXeT OCYLLeCcTBNATbLCA Yepes loT-wnios.

Mepenada gaHHbBIX NPUMEHUMMA KO BCeM npoTokonam Ha ocHoee UDP: CoAP, LWM2M, nponpuetapHbie
npoTokonsl. MHTerpauuma MoxeT ObiTb MPOBEAEHa KakK ANs BHELLUHWX CEPBEPOB NPUNOXEHUN, Tak U ANs [oBe-
pPEHHBIX CEPBEPOB MPUMNOXEHWUA, PACMNONOXKEHHbBIX BHYTPU KOHTYpa CETU.

ApxuTtektypa cetn ansa nepegadn NIDD 6ez SCEF npefcTtaBneHa Ha pucyHke 5 [3].

b a0 i )
»e, I . Control Plane/Data
[ — = == = User Plane/Data
erwessves=s AP|/Rogt

ABTOHOMHOB CreusoHapoe
YCTpORCTEO YCTPOUCTBO

e B HTTPMHTTPS
eNB IR vt -
® ) |
| CSGN s 4 NosepeHHsii AS i Gul
| / ! | e
H . SGI/UDP . — | TCP, UDP =
PRGN - / T S > As
- > ==== PP TR - ) T
w ~ 3 /i uIJ:Tog E=EE=EE=E - i AS KNMeHTa
ST R RN ; | |
\ A e =B / 7 > s |
P - sewoP . —— T T L
' —— } AS KnusHTA
= . ====| - ‘
POW =E=== ;i SGIADP
m m ] J . BHYTPBHHMA BHeWHue
I ,_L . 4 KOHTYP CHOTaMBE
|

PucyHok 5 — lMepepayva NIDD 6ez SCEF yepes untepdenc SGi

[ns paHHoro BUAa nepenayu CyLecTBYOT CrneayLlmne orpaHuyYeHns:

- Tpebyetcs nognepxka UDP API co ctopoHel AS;

- TpebyeTcsa peanu3auns MOAEHTUDUKALMM U aYyTEHTUMUKALNKN YCTPONCTB HA YPOBHE MPUIMOXEHUS KaK
CO CTOPOHLI AS, TaK U CO CTOPOHbI YCTPOMCTBA. JTO MPUBOAMT K YBENMYEHWUIO nepefaBaeMoro obbema cny-
#ebHon MHopMaLun 1 yBenu4MBaeT Harpysky Ha cetb NB-loT;

- obpatHbI KaHan (ynpaBrneHus YCTPONCTBOM) AOCTYMNEH HE B MPOM3BONbHLIE MOMEHTbI BPEMEHM, a
TOMBKO B KOPOTKME MPOMEXKYTKU BPEMEHU Mocne nepenadn JaHHbIX OT ycTpoilcTBa. CHATME gaHHOoro orpa-
HWYEHNS BO3MOXHO NyTEM UCMOMNbL30BaHWUSA cTaTudeckux |P-agpecoB v BelAeNeHHOro kopnopatueHoro APN;

- OCTaBKa JaHHbIX He rapaHTUpYeTCcs Ha YpoBHe TpaHcnopTHoro npoTtokona UDP npu nepenave mexay
CSGN/PGW un AS, Heobxoguma peann3auusi rapaHTMpPOBaHHOM JOCTAaBKM HA YPOBHE MPUIOXEHUs (NPOTOKO-
nbl CoAP, LWM2M v agp.);

- B3aMMOJeNncTBMe BO3MOXKHO TOMbKO ¢ ogHum AS PtP.

6.2.2 Mepepaya NIDD yepe3 SCEF

Ana vHTerpauumn c OBEPEHHBIMU CEPBEPAMW NPUNOKEHWIA, PACMONOXEHHBIMW B KOHTYpe CETU, U C Npu-
TNIOXEHWAMU, NOAKMHYEHHbIMKY Yeped YacTHble VPN, MoXeT BbITe MCcnonb3oBaHa npamagsa uHterpauns ¢ SCEF.

Apxutektypa cetu ansa nepenadn NIDD yepe3 SCEF npegcraeneHa Ha pucyHke 6 [3].

Bsaumopencteume cepsepa npunoxeHuin ¢ SCEF ocywecTensietca no NIDD REST API. MHdopmauwns o
OOCTYNHOCTW ycTponcTB nepenaetcs no MONTE REST APL.

TexHonorus ontTumusauuun nepegaym gadHbix NIDD NB-loT He ucnonb3yet ctek npoTtokonos IP v no-
3BONSET COKPaTUTb BPEMSI HaxXOXOEHWUs YCTPOWCTB B aKTMBHOM COCTOSHWKM, oDecnednBaeT obcnyxuBaHue
Bonbluero Konu4ecTsa YCTPOMCTB B OOHOM MOKauuK, ynydlwaeT aHeproaddekTMBHoCcTb M obecne4nBaeT Oes-
0ONacHOCTbL YCTPONWCTB Mpu OOCTYNe U3BHE, TaK Kak B3auMOOENCTBUE C YCTPOMCTBOM OCYLLECTBMSETCS Yepes
y3en SCEF 6e3 npsmoro gocTtyna ycTponcTea B ceTb MHTEepHeT.
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NIDD <. NosepenHbii
eNB RESTARI " e
® .7 MONTE
e + 7 RESTAPI
CSGN Y
“WE ZEEEE < . " sceF SESE|
T stAR = — .
o i NIDD
| ® sow g E E E -~ "-.._.‘ REST API|
1 -~ ‘-..._
- MONTE * o ™o -
' pow E===| REST API S P,
! PAEQ " e
fre g — Contral Plans/Data AS kueHT
‘L ----------- API/Rest BuyTpeHHWA | BHewhwe
— : = * = * Tpaguk MONTE KOHTYP CHCTAMEI

ABToOHOMHO®E CraumoHapHoe
ycTpoiicTeo YCTPOWCTBO

Pucyrok 6 — lNepegayda NIDD yepes SCEF

6.3 ApxuTekTypa ceTu AnA nepega4vmn gaHHbix IP

Cepeep npunoxeHuin MoxXeT BbiTe NnogknwyeH HenocpeacTeeHHo kK PGW. [laHHble nepepatotcs yepes
nHtepdenc PGW SGi. Agpec cepeepa NpunoXeHWin onpeaenseTcs npuM yCTaHOBMEHWU yCcTpolcTBoM |P-
coeaunHeHus. B cnyuyae ecnu TpebyeTcs KOHBEPCUSA NPOTOKOMOB, MHTETpaLUa MOXET OCYLLeCTBNATLCH Yyepes
loT-wnko3.

Mepegaya AaHHbIX NTPUMEHKMMA KO BceM npoTokonam, 6asupyrowmmes Ha IP: TCP, UDP, CoAP, LWM2M,
HTTP, MQTT 1 1. 4. MIHTerpauusa moxeT ObITe NPpOBEAEHA KaK ONA BHELWHMX CePBEepPOB NPUMOXEeHWA, Tak 1 4ns
OOBEPEHHbIX CEPBEPOB NPUMNOXEHWUA, PACMONOXEHHbBIX BHYTPU KOHTYpa CeTH.

ApxuTekTypa ceTu Ans nepegadyv gaHHbix |P npegcraeneHa Ha pucyHke 7 [3].

{

aNB ;g J B . L) J ﬂ&--.,--;
e DoBepeHHbIi aul
CSGN 4" as ; )

AS kuanTa

BHyTpeHHUWHA BHrewHwe
KOHTYP CUCTEME

01 - - Gontrol Plane/Data

-— === = = |lgor Plane/Data
B APURest
ABTOHOMHOE CraumoHapHos
YeTpoicTES YCTpORCTED

PucyHok 7 — lNepenaya gaHHbIX IP

[na nepefayn AaHHbLIX YCTPOWUCTBO AOMKHO OTKPbITh IP-ceccuio, nocne Yero faHHble nepefakTcs He-
nocpencTeeHHO Ha IP-agpec cepeepa NpUnoxeHun.
[aHHbI MeTod MHTerpaLum OTHOCUMTCS K HeLleneBbiM U He peKOMeHOyeTcs ANA MaccoBOro NpuMeHeHus.

PekomeHgyeTcsa wHTerpaumsa ¢ ucnons3oBadHuem NIDD. [JonyckaeTcs uUHTerpaumsa ¢ UCMNoNb3oBaHWeM npo-
Tokona UDP [4].
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7 Ctek npoTokorna nepeagayv gaHHbix NB-loT

7.1 Ctek npoToKona nepepayv gaHHbIX

CTtekn npoTtokona nepegayn gaHHbix NB-loT ¢ ncnons3oeanvem CP n UP npegcraBneHbl Ha pUCyH-
Kax 8 n 9.

B cnyvae nepepavuu ganHHbix NB-1oT ¢ ncnonssoeanvem CP ons aboHeHTCKMX YCTPOMCTB, KOTOpLIE NOA-
nepxueatoT Tonbko CP CloT ontumusaumio, PDCP He ncnoneayetcd. [1na aboHeHTCKUX YyCTPONCTB, KOTopble
nogaepxusatot CP CIT ontumuzaumio n nepegady ganubix S1-U unu UP CloT ontumumsauuio, PDCP He wc-
nonb3yeTca 0o TeX Nop, noka He BygeT akTuBMpoBaHa besonacHocTe Access Stratum.

Uu §1-C

UE / eNodeB \ / Evolved Packet Core \

MME SCEF
NIDDH -IP Data : N
NAS+APF = NAS+APP Sxtanabin

non-P Data

S1AP HTTPS

PDCP CP* TCP § cP

RLC

EthernstMPLS|

]
0

[

Ethernet Ethernet Ethernet

[EEER

* OnuuoHansHo.

PucyHok 8 — Ctek npotokona nepefayv ganHsix NB-loT ¢ ucnonssoeannem CP

Private/Public
Uu 81-C Networks

= | é =
UE ! eNodeB : / Evolved Packet Core \ { APP

S-GwW P-GW

$- -

APP

TCPIP

Ethernet ' TCP

UDP/IP

=
m Ethernet/MPLS

/
1:

Ethernet [mtetbatead® £y, ot ? Ethernst

P

* OnunoHanksHo.
PucyHok 9 — Ctek npotokona nepegayv ganHbix NB-loT ¢ ucnonssoeannem UP
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7.2 B3anmocBA3b ypOBHEﬁ CTeKa U KaHanoB nepega4yuv gaHHbIX

Baanmocesasb ypoBHen n kaHanoe NB-loT npegctaesneHa Ha pucyHke 10 [5].

YpoBeHb 3 | RRC
=
=
3
3 Noru4eckne
= KaHanbl
=
YposeHs 2 E MAC
8
';.o‘; _‘___A_ [ 1T 1 ] TpaHcnopTHeIe
w T T T | KaHanbl
ypOBBHb 1 PHY
1T 1T 1T 1 ®usnyeckue
KaHanbl

PucyHok 10 — B3anMoCBS3b YPOBHEWN CTeKa W KaHanoB nepefayn gaHHbIX

Oeanbl MeXay pasnuyHbIMK YPOBHSAMWU/MOAYPOBHAMM Ha pucyHke 10 oBo3HaualT ToukM JocTyna K
cnyx6am (SAP). YpoeeHb PHY npepnycmatpuBaeT TpaHcnopTHel kaHan k MAC. YposeHe MAC npegycmatpu-
BaeT norndeckme kaHanbl kK RLC ypoBHs 2.

CxeMa huaMyeckmx, TpaHCNOPTHLIX U NorMvyeckMx kaHanoe B downlink-kaHane npegctaeneHa Ha pu-
cyHke 11.

BCCH PCCH CCCH DTCH DCCH

Norndeckmne
KaHanb!

MAC

TpaHcnopTHbIE
KaHanNbI

Duanueckme
-- O ““““ KaHarb
NPBCH NPDSCH NPDCCH

PucyHok 11 — Cxema kaHanoe B downlink-kaHane

Cxema cwuanyeckux, TPaHCNOPTHbIX WM NoruMyeckux kaHanoB B uplink-kaHane npeacTaBneHa Ha
pucyHke 12.

17

GostExpert.ru
https://GostExpert.ru/gost/gost-59026-2024



https://gostexpert.ru?utm_source=pdf&utm_medium=69313
https://gostexpert.ru/gost/gost-59026-2024?utm_source=pdf&utm_medium=69313&utm_term=page

FOCT P 59026—2024

CGCH DCCH DTCH

Nomueckue
KaHanbi

MAC

TpaHCNOPTHBIS
KaHano!

PHY

Pusnyeckre
== > Eapitey

NPRACH NPUSCH

PucyHok 12 — Cxema kaHanos B uplink-kaHane

7.3 YpoBeHb PHY

7.3.1 ®yHKUUM

YpoBeHb PHY obecneunsaert [6]:

- NOMEexXoycToMYMBOE KaHanbHOe KogupoBaHwe, MYNbTUMMEKCUpOoBaHWe W AeMyNbTUNNeKcuposaHue
OaHHbIX, MOCTYNalLWKUX C BEPXHUX YPOBHEN;

- cornacoBaHue cKkopocTel MHMOPMAaLMOHHbLIX NMOTOKOB, NOCTYNAKLWKUX MO TPAHCMOPTHLIM KaHanam ¢
CETKOW cKopocTel, npefocTaBnsieMblx GU3NYecKMMi KaHanamu,

- conocTaeneHne (Mapping) TPaHCMOPTHEIX KaHANOB PU3NYECKMM KaHanam;

- MOAYNALKIO, paclUMpeHne K cxaTue cnekTpa pusnveckmx KaHamnos;

- YaCTOTHYH W BPEMEHHYH CUHXPOHWU3aLUIO;

- U3MepeHne napamMeTpoB KaHarna v yrnpasneHne MOLLHOCTBIO U3MTyYeHUs No 3aMKHYTOW neTne;

- B3BELUMBAHWNE W KOMBUHMPOBaHWE OU3NYECKMX KaHAMNOB;

- paguo4acToTHY 06paboTKy CMrHanos.

7.3.2 Downlink-kaHan

7.3.2.1 Pu3n4ecKkne KaHanbl 1 CUrHan.l

Ona NB-loT onpepenexsl cnegyowuve gusndeckme downlink-kaHanbl:

- NPBCH (Narrowband Physical Broadcast Channel) — y3kononocHbIii chu3n4ecknia LUIMPOKOBeLaTenb-
HbIA KaHarn;

- NPDSCH (Narrowband Physical Downlink Shared Channel) — y3kononocHbelid puandeckiin obLini
downlink-kanan;

- NPDCCH (Narrowband Physical Downlink Control Channel) — y3kononocHbsld cuaudeckuin down-
link-kanan ynpasneHus.

Anga NB-loT onpegenexbl duanveckue curHarel, UCNonb3yemble AN Lenen CUHXpPoHM3aumnm n nsmepe-
HUWIA:

- NRS (Narrowband Reference Signal) — y3kononocHbI pedepeHCHbIA curHan;

- NPSS/NSSS (Narrowband Primary/Secondary Synchronization Signals) — curHanel nepsBMyHoi U BTO-
PUYHOW CUHXPOHU3AUNK;

- NPRS (Narrowband Positioning Reference Signal) — y3kononocHbeiil peepeHCHbIA CurHan no3anuymo-
HWpOBaHWS,

- NWUS (Narrowband Wake Up Signal) — y3kononocHbIi curHan npobyxaeHus.

dopmupoBaHue curHana pusndeckoro downlink-kaHana Bkro4aeT crnegytolne atansl (CM. pucyHok 13):

- BcTaBka CRC;

- KOAMpOBaHWe KaHana;

- COrnacoBaHMe CKOpPOCTew;
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- ckpembriMpoBaHue KOOMPOBaHHbIX GUTOB B KaX4OM M3 KOLOBbIX CIOB, NepegaBaeMbIX Mo M3NYeCcKo-
My KaHany;

- COMOCTaBMeHne CKpeMBrMpoBaHHbIX BUTOB KOMMMEKCHBIM CUMBONAM MOLYISALUN;

- COMOCTABMEHNEe KOMMMEKCHBIX CUMBOMOB MOAYNALMU PECYPCHBIM 3NIEMEHTaM aHTEHHLIX MOPTOE;

- reHepaums koMmnnekcHoro curiana OFDM gna kaxzgoro aHTeHHOro nopra.

, , Kopvposanue , ,
Beraska CRC KA CornacoeaHue CipemGnn-
—» P Wmmeoyoeiace B oppocren W posanme  [——
—) —’ ca exopocTbio 1/3) —) —» F——
“ <
OMOCTABNEHE KOMMNEKCHLIM
o ] CUMMBOMaM MOLYNALMKA
e i —
MeHepauua ConoctaeneHne
CurHana < PECYPCHBIM leHepaumn — NPSS
OFDM SNeMeHTaM n NoCNeneBaTeNbHOCTH
- ] Toonepomaremsoos || ey [ NS
- — - — leHepaLus NOCNeAOBATENEHOCTH «{— NRSs

PucyHok 13 — OB6paboTtka dmandeckoro downlink-kaHana

Moaynsiumio OU3N4ecknx KaHamnoB MPOBOAST C MWCMOMb30BaHMEM CXEM MOOYMAUMKM, YKa3aHHbIX B
Tabnuue 9.

Tabnuuya 9— Cxembl Mmogynsumm NPDSCH

Kanan Cxembl Mogynaumm
NPBCH QPSK
NPDSCH QPSK, 16QAM
NPDCCH QPSK

7.3.2.2 Y3kononocHbl husndeckui obwmin kaHan NPDSCH

ABOHEHTCKOe YCTPOMCTBO AOMKHO NpeanonaraTe, YTO ANs nepeiaqu y3KononocHoro hamyeckoro Wwi-
POKOBEeLLaTeNbHOrO KaHana UCMnonbayTest aHTeHHble nopTel 2000 1 2001.

Kaxpoe kogoeoe cnoeo NPDSCH moxeT BbiTh pacnpegeneHo B 04MH UMM HECKONbKO NOAKAApPOB, Kax-
ObIA U3 KOTOPLIX A0MKeH BbiTk NepegaH 3agaHHoe YMCcno pas.

[nsa kawgoro M3 aHTeHHbIX MOPTOB, UCMOMb3yeMblX Ans nepefavv usnyeckoro kaHana, 6rnok kom-
MMAEKCHBIX CMMBOMOB AOMKeH ObiTb pacnpegeneH Ha pecypcHble 3MeMeHThI, KOTOPble COOTBETCTBYHOT creay-
OLLMM KPUTEPUAM:

- Nnogkagp He ncnoneayetca ang nepegaym NPBCH, NPSS unn NSSS;

- npegnonaraeTcs, 4To aboHEeHTCKOe YCTPOWCTBO He ByAeT UCNOoNb30BaTh AaHHbIe PECYPCHbIE ANeMeH-
Tbl Ana NRS, 3a ucknoyeHnem cneyumansHOro Nnoakanpa;

- HE MPOMCXOOUT NEPEKPLITUSA C PECYPCHBIMU 3NeMeHTamu, ucnonbayemsiMu ana CRS.

7.3.2.3 Y3KONonocHbIA hU3NYeCcKUi LLMpoKoBeLwaTenbHbiin kaHan NPBCH

ADOHeHTCKOe YCTPOMCTBO AOMKHO nNpegnonarate, 4To Ansa nepegadn NPBCH mncnonb3yoTca aHTeHHble
nopTel 2000 1 2001. [ns uenei pacnpegenenns aboHeHTCKOe YCTPOMCTBO AOMMKHO Npegnonaratb, 4T Hesa-
BUCUMO OT (haKTUYECKON KOHUrypaL MM NpUCYTCTBYOT cnelMduyHble Ans CoThl pehepeHcHble CUrHanbl ans
aHTeHHbIX nopToB 0—3 W y3KONONOCHbLIE pedepeHCHbIe CUrHanel Ans aHteHHblx noptos 2000 1 2001.
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7.3.2.4 Y3akononocHbiin husandeckuin downlink-kanan ynpasnenns NPDCCH

NPDCCH nepepnaet ynpaenswoLyto nHdopmauuio (DCI) B BUAE COBOKYNHOCTM OAHOrO UMW ABYX Nocrne-
JoBaTenbHbIX 3NeMeHToR kaHana ynpaenenusa (NCCE). SnemeHT kaHana ynpaeneHnsa NCCE cooTBeTcTBYeT
6 nocnepoBartenbHbIM NogHecywum B nogkagape, NCCE 0 saHumaet nogHecywme ¢ 0 no 5, a NCCE 1 — nog-
Hecywme ¢ 6 no 11. PaanuyHbie hopmatel NPDCCH ykasaHnbl B Tabnuue 10. [Ina coopmatra NPDCCH 1 gBa
NCCE npuHagnexart ogHOMY U TOMY e Noakaapy.

B nogkagpe moryT 6bITh NepefaHbl oguH unu aea NPDCCH.

Tabnuua 10— dopmarelt NPDCCH

®opmatr NPDCCH Yucno NCCE
0 1
1 2

PacnpeneneHne no pecypcHbIM 3NeMeHTaM Ha aHTEeHHbI NOpT P AOMKHO OCYLLECTBMNATLCA B Nopsgke
BO3pacTaHWs cHa4ana MHAekca k, a 3aTem MHAekca [, Ha4dMHas ¢ NepBOro cnoTa M 3akaHyuMBeasi BTOPbIM Cro-
TOM B nogkafpe.

7.3.2.5 Y3kononocHbi pedepeHcHbin curdan NRS

PedepeHcHble curHarnbsl nepealoTca Ha OAWH WK [Ba aHTEHHbIX NopTa.

- cell
Ecnu Ha Bonee BbICOKMX YPOBHSAX yKa3aHO, 4TO aBOHeHTCKkoe YCTPOMCTBO MOXET CHMTaTh N ID PaBHbIM

N :\[])09”, To aboHEeHTCKOEe YCTPOMCTBO MOXKET NpeanonoXuThb:

- KONMMYEeCTBO aHTEHHbIX NOPTOB ANA CneunguYHbIX Ans COTbl pehepeHCHbIX CUrHaN0B TaKoe e, Kak 1
ONS y3KONOMNOCHbBIX pedyepeHCHbIX CUTHAaMNoB;

- aHTEeHHble NOPTbl ANA cneuuduyHbIX ANs COTbl pedepeHCHbIx curHanos {0, 1} akBMBaneHTHbl aHTeH-
HbIM MOpTaM Ans Y3KONonocHbIX pedepeHcHbIX curHanoe {2000, 2001};

- crneumdunyHble 4na coTbl peepeHcHble curHansl 4OCTYNHbLI BO BCEX NoAKaapax, rae AOCTYMNHbI Y3KO-

MOMOCHbIE pedepeHCHbIe CUTHanbI.

2 cell
Ecnu Ha Bonee BbICOKUX YPOBHAX HE YKa3aHOo, 4TO aboHeHTCcKoe YCTPOUCTBO MOXEeT CHUTaTb N ID pPaB-

Ncell o
Hbim N D » TO aboHeHTCKOEe YCTPOUCTBO MOXET NpeanonoXnTb:

- KOMWYECTBO aHTEHHLIX MOPTOR ANSA cneun@UUHBIX AN8 COThl pedhepeHCHbIX CUrHanoB onpeaensercs
13 napametpa bonee Bbicokoro ypoBHA eutra-NumCRS-Ports;

- cneyudnyHble Ans coTbl pedepeHcHbIe CUrHanbl OCTYMHbI BO BCeX nogKaapax, rae AOCTYMHbI Y3Ko-
MOMocCHbIe pedhepeHCHbIe CUrHanbl.

PecypcHble anemeHThl (k, [), ucnonbayemsle 4ns nepefayun y3KononocHbIX peepeHCHbIX CUrHamnoB Ha
N0BOM M3 aHTEHHbIX MOPTOB B CMNOTE, HE JOMKHbLI ObITh MCNOMB30BaHbLl ANA Nepefady Ha OAPYroM aHTEHHOM
nopTe B TOM e CNoTe UMK yCTaHOBMEHbI HA HOIMb.

He ponyckaetcs nepegaya y3kononocHbIX pedepeHCHbIX CMrHanoB B nogkagpax, cogepkawumx NPSS
mnn NSSS.

He ponyckaetcsa nepegada y3kononocHbIX peepeHCcHbIX CUrHanoe B cneyuanbHOM nogKaape Ans KoH-
durypauui 0 n 5 B cnyyae CTpyKTyphbl Kagpa tvna 2.

Ha pucyHke 14 nokasaHbl pecypcHble 3MEMEHThI, UCNOSb3yeMble AN nepegadvu pedepeHcHoro curHa-
na. O6osHaveHne Rp ucnonb3yetcsa Ana obo3Ha4yeHnss pecypcHOro aneMeHTa, UCNonb3yeMoro ANg nepenaydn
pedepeHCHOro cMrHana Ha aHTeHHbIA NopT p.

7.3.2.6 Y3kononocHbI pedepeHcHbld curdan nosuumornposanna NPRS

Mepegady NPRS npoBoasaT TonbKo B pecypcHbix Briokax Hecywmnx NB-loT, HacTpoeHHbIX OAns nepe-
nadu NPRS. B nogkagpe onsa nepegadvn NPRS HauvanbHble noauumm cumeonos OFDM ansa nepegavm NPRS
OOMKHbI ObITb MOEHTWYHBI NO3ULKMAM B NOAKaApPe, B KOTOpoM Bce cumBonibl OFDM nMeloT Ty e camyro onu-
HY UMKNmM4Yeckoro npedukca, 4to u cumeonsl OFDM ans nepenayn NPRS. NPRS onpegenstwT TonbKo Ans
Af = 15kHz 1 HopMankHoOro yuknuyeckoro npedukca.

Mepenady NPRS ocywecTenaoT yepes aHTeHHbIA nopT 2006.

Ecnu napameTp Gonee BbICOKOrO ypoBHA nprsBitmap He onpeneneH, ona nepegadyn NPRS He gomkHbI
ObITb UCMOMb30BaHblI pecypcHble aneMeHTbl B cumBonax OFDM 5 n 6. Ecnu nepuognyHocts NPRS tuna 1
paBHa nepuogudHocT NPRS Tuna 2, npegnonaraercs, 4To aboHEHTCKOE YyCTPOWNCTBO HE HACTpPauBaeTCs C
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nepekpbiTuemM pecypcHbix anemeHToB mexay NPRS Tuna 1 u NPRS Ttuna 2. B obpaTtHoM cnyyae pecypcHbIii
aneMeHT, HacTpoeHHbln ona NPRS Ttuna 1, He gomkeH ObITh Mcnone3oBaH ana NPRS tuna 2.
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I=0 I=6 I1=0 1=6 1=0 I=6 [=0 =6
YoTHele CROTH HeveTHele ¢noTel HaTHeIe CNOTE HeMeTHhIe CRoTh
AHTEHHBIA nopT 2000 AHTeHHEIA NopT 2001

PucyHok 14 — PacnpeneneHue y3kononocHeix pedepeHcHblx curHanos downlink-kanana
(HopManbHbIN LIMKNMYECKWIA NpedimKc)

Ha pucyHkax 15 n 16 nokazaHbl pacnpegeneHus npy nepefade curdana NPRS ons pasnuyHeix pexum-
moB paboTel NB-loT.
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YaTHele cnoTel HeveTHblE cRoTh YeTHole cnoTsl HeueTHbie cnoTbl
AHTeHHbIFA nopT 2006 AHTeHHWA nopT 2008

PucyHok 15 — Pacnpegenerve NPRS (operationModelnfoNPRS yctaHoBneH Ha pexum In-band, nprsBitmap

CKOHbUrypupoBaH)
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YeTHbie cnoTs HeueTHbie cnotsl
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PucyHok 16 — Pacnpegenenne NPRS (operationModelnfoNPRS ycTaHoBneH Ha pexum paboTtel Standalone
unu Guard-band, nprsBitmap ckoHgurypmposaH)

7.3.2.7 Y3kononocHbln curHan npobyxaeHna NWUS

IOnsa Bcex cumBonos NWUS B nogkaape AonxeH BbiTb NCNONb30BaH OAWMH W TOT e aHTeHHbIn nopT. ABo-
HEHTCKOe YCTPOMWCTBO He AOMKHO NpeanonaraTe, 4To NWUS nepenaetcs yepes TOT e aHTEHHbIN MOPT, YTo U
nobon n3 pedepeHcHbix curHanoe downlink-kaHana unu curHanoB CMHXpoHM3auMK. Ecnun ckoHdurypuposaH
Tonbko oavH nopT NRS, aboHeHTCKoe YCTPOMCTBO MOXET NPeanonoXunTb, YTO ANd nepefayy Bcex NoaKaapos
NWUS ucnonbayetcsa oguH U TOT e aHTEHHbIA NopT; B NPOTUBHOM CMy4ae — 4TO OOWH U TOT e aHTeHHbIR
nopT ucnonb3yetcsa Ans nepegadn NWUS B nogkagpax w0 + 2nu w0 + 2n + 1, rge w0 — nepBbii nogkagp
nepenadn NWUS, n=0,1, ....

Ons Hecywen NB-loT, gna kotopolr aboHEHTCKOe YCTPOWCTBO Mony4vaeT napameTp ©oree BbICOKOrO
ypoBHA OperationModelnfo, ykasbiBaowmnin pexxum pabotsl Standalone unu Guard-band, a takke onsa Hecy-
wewn NB-loT, gns kotopon npucytcteyeT DL-CarrierConfigCommon-NB w otcyTcTBYeT inbandCarrierinfo, pac-
npegeneHne pecypcoB Ansa Tpex nepsbix cumeonos OFDM B nogkagpe BuIMONHAKT cregyowum obpasom:

- pecypcHbli anemMeHT (k,7) pacnpegenseTtcs B pecypcHbli anemeHT (k,0) kaxpgoro nHaekca k no 12 Ha-
3Ha4YeHHbIM NOAHECYLUUM;

- pecypcHbI aneMeHT (k,8) pacnpegenseTcsa B pecypcHbIl anemeHT (k,1) kaxgoro nHaekca k no 12 Ha-
3Ha4YeHHbIM MOAHECYLUUM;

- pecypcHbIi anemeHT (k,9) pacnpegensieTcs B pecypcHbl anemMeHT (k,2) kaxgoro nHaekca k no 12 Ha-
3Ha4Y€HHbIM MOAHECYLUUM.

PecypcHbiin anemeHT (k, [), NnepekpbiBaOLWLMACA C PECYPCHBIMW 3NEMEHTaMU, B KOTOPbIX NepenarTcs
crneunduryHble AnA coTbl pedepeHcHble curHansl unu nepegatTtcs NRS, He gomkeH ucnonb3oBathbes AnNA
nepegaym NWUS, HO yunTbIBaETCS B MPOLECCe pacnpeaeneHuns.

7.3.2.8 Y3KOMOMNOCHbIA NEPBUYHbIA CUrHAMN CUMHXPOHM3aunn NPSS

[ns Bcex CMMBOMOB Y3KOMOMOCHOrO NEPBUYHOIO CUMrHana CMHXpOHW3auuu B nogkagpe HeobxogumMo vc-
Nnorb3oBaTbh OAWH W TOT XKe aHTEHHbIN NOopT.

ADOHEHTCKOe YCTPOMCTBO He AOMKHO Npeagnonarath, YTO Y3KOMOMOCHbIW NepPBUYHbBIA CUTHaNm CUHXPOHU-
3aUMn NepenaeTcs Yepes TOT XKe aHTEeHHbIA nopT, 4To noboi n3 pedepeHcHblix curHanos downlink-kaHana.
ABDOHEeHTCKOe YCTPOMCTBO He AOMKHO NpeanonaraTe, 4TO Y3KOMOMOCHbIA NePBUYHBIA CUTHaM CUHXPOHM3aLUK
B JaHHOM NnofKkagpe UCNONb3YeT TOT Me aHTEHHbIV NOPT UMK NOPThbl, YTO U Y3KOMOMOCHbLIN NEPBUYHLIN CUTHAnN
CYHXPOHM3aLUN B NOBOM Apyrom noakagpe.

7.3.2.9 Y3KOMNonoCHbIA BTOPWUYHbINA CUTHaN CUHXpOHM3aLumn NSSS

CywecTteyeT 504 yHUKanbHbIX MOEHTUUKATOPa AYeeK Ha (PM3MYECKOM YPOBHE, YKa3biBaeMble Y3KOMo-
TNIOCHBIM BTOPUYHBIM CUTHaNoM CUHXPOHU3aLUNn.
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[na Bcex cMMBOMOB Y3KOMOMOCHOTO BTOPMYHOMO CUMrHana cMHXpoHW3auun B nogkagpe Heobxoanmo uc-
nonb30BaTh OAWH U TOT e aHTEHHbIA NOPT.

ABOHEHTCKOE YCTPOWCTBO He OOMKHO npeanonaraTb, YTO Y3KOMOMOCHbBIA BTOPWUYHBIA CUrHam CUHXpO-
HU3aLMKM NepenaeTcs Yepes TOT e aHTeHHbIN nopT, YTo Nboi u3s pedepecHbix curHanos downlink-kaHana.
ABOHEHTCKOE YCTPOWMCTBO HE JOIMKHO Nnpegnonarath, YTO Y3KOMOMNOCHbIA BTOPWUYHbBIA CUTHAIN CUHXPOHM3aLUMm
B JaHHOM NogKagpe UCNoMb3yeT TOT Xe aHTEeHHbIA NOPT UMK MOPThl, YTO W Y3KOMNONOCHbLIN BTOPUYHbLIA CUrHAanM
CUHXpOHU3auuKn B Ntobom apyrom nogxkagpe.

Ecnu aTo ykasaHo Ha Gonee BLICOKOM YpPOBHe, abOHEHTCKOe YCTPOWCTBO MOXET NpeanonoXuTb, YTO
ansa nepenadn NSSS B psge nocnegoBaTensHbix cobbitnin NSSS, Ha koTopele ykasbiBaeT Bonee BbICOKMA
YPOBEHb, MPUMEHSIOTCA pasHble npekogepbl.

[ns pecypcHbIX 3NeMeHTOR, NepeKpbiBaOWNXCH C PecypCHbIMW aneMeHTamu, rae nepegaroTcs cne-
UMduyHbIe ANS coTbl pedepecHble CUrHarnbl, COOTBETCTBYIOLLWA 3fieMeHT nocrnegoBaTenbHOCTU He UCMoMb-
syetca ons NPSS, Ho yuMThIBaeTCcA B Npolecce pacnpeneneHus.

7.3.2.10 Ynpaensiowas nHdopmaumsa downlink-kaHana (DCI)

Tabnuua 11 onpegensiet conoctaeneHne DCI husmyeckomy kanany [7].

Tabnuuya 11— ConocraeneHne DCI huamyeckomy KaHany

Ynpaensawwas uHhpopmaumns | durznyecknia kaHan

DCI | NPDCCH

Ona DCI npumMeHs0TCS CXeMa M CKOPOCTbE KOAVMPOBAaHWSA, YKasaHHble B Tabnvue 12.

Tabnuya 12— Cxema u ckopocTb KoguposaHust DCI

Ynpaenswowas nddopmanms Cxema KogumpoBaHus CKOpOCTb KOAUPOBaHKUA

DCI Linknuyeckn ycevyeHHoe cBEPTOMHOE KOQUPOBaHUE 1/3
(tail biting convolutional coding)

7.3.3 Uplink-kaHan

7.3.3.1 ®unanyeckne KaHansl U curHansl

Onsa NB-loT onpegeneHsl cnegyowme pnsnyHeckme KaHanbi:

- NPUSCH (Narrowband Physical Uplink Shared Channel) — yakononocHbi ¢ouanyeckuin obLLmMia kaHarm;

- NPRACH (Narrowband Physical Random Access Channel) — y3kononocHklin hu3nyeckuiai kKaHan cny-
YanHoro gocTyna.

Ona NB-loT onpegeneH oguH dmanyeckuin curHan uplink-kaHana:

- DMRS (Demodulation Reference Signal) — pedepeHcHbIM curHan gemMogynsiunn.

®opmMupoBaHue curHana cusudeckoro uplink-kaHana Bknio4aeT cnegykoLlue atansl (CM. pUcyHok 17):

- Bctaeka CRC;

- KOAMPOBaHUWe KaHana;

- cornacoBaHWe CKOpPOCTeH;

KoguposaHue
Bcraeka CRC KaHana CornacopaHue
> P cnsouosan [P cxopocroh [ | Kauanwioe || Crpembr-
NapaMeXeHua popaHue
KogmposaHue
KeHana
{& NoBTOReHWAM) ) _>
o o ConocTapneHme
KOMMMeKCHBIM
Mpeobpasyowae CUMBONAM
MeHepauua | Conocraenenve o rpemeapurensice [ MORYRALIM T
curHana pecypcHbIM KOAMPCBAHWS
OFDM anemeHTamM
<— (— leHepaywsa nocneqoBaTensHoOCTA (— DMRS

PucyHok 17 — O6paboTtka dmandeckoro uplink-kaHana
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- KaHanbHoe nepemexeHune (channel interleaving);

- ckpeMbrpoBaHWe KOOMPOBaHHbIX OUTOB B KaXJOM W3 KOAOBbLIX CIOB, NepeaaBaeMblx nNo puamnyecko-
My KaHany;

- COMOCTaBMneHue CKpeMBnMpoBaHHbIX BUTOB KOMMMEKCHBIM CUMBONaM MOOYNSLIUN;

- npeobpasyiollee npegBapuTenbHOe KOOUPOBaHUE;

- COMOCTaBMneHne KOMMIMEKCHbIX CUMBOMNOB MOOYMSALMW PECYPCHLIM 3NeMeHTam;

- reHepauus koMmnnekcHoro curHana OFDM ansa kaxaoro aHTeHHOro nopra.

7.3.3.2 Y3kononocHbI hunandeckuin obwnin kaHan NPUSCH

NPUSCH nopnep»xusaet asa copmara:

- bopmat NPUSCH 1, ncnonbayemsiin gns nepegadm UL-SCH;

- hopmat NPUSCH 2, ncnonesyemeii gns nepegayv ynpasnsioLlei mnHpopmaumm no uplink-kanany (UCH).

B cnyyae noetopeHuin NPUSCH nocrnenoBaTensHOCTL CKpeMOMMpytoLLero koga AomkHa ObiTk MOBTOP-

. NPUSCH
HO MHUUManuaupoBaHa nocne kaxaoh M identical Nepe;aqv Ko4oBOro crnoBa, M 4N NepBOro CrnoTa U Kagpa,
UCMOomnb3yeMmblX ANA nepegaqn NnoBTopa, AOMKHbI ObiTb YCTAHOBMEHbI fg U Ny COOTBETCTBEHHO.
Moaynsauuto NPUSCH npoBogaT ¢ ucnonb3oBaHWeM CXem MOoZynauun, ykasaHHbix B Tabnuue 13.

Tabnuua 13 — Cxembl Mogynsauum

dopmar NPUSCH NRY Cxema Moaynsumum
1 1 BPSK, QPSK
>1 QPSK, 16QAM
2 1 BPSK

Kaxpoe kogoeoe cnoeo NPUSCH moxeT ObITh pacnpefdeneHo Ha ogHy unu 6onee pecypcHyto efuHuLy,

NPUSCH
Kaaas U3 KOTOpbIX JOIKHa BbITh NepeaaHa M g paa.

Ona dpopmata NPUSCH 1 1 2 B cTpykType Kagpa tvuna 2 npu Af = 3,75 kHz:

- nepenada NPUSCH BbinonHaeTca B nepeoM Habope CNnoToB, OXBaTbiBakLLEM ABa NocnegoBaTenbHbIX
nogkagpa uplink-kaHana, He NepekpbIBaOWMXCHA HU C OOHUM nogkadpom uplink-kaHana, ckoHMUrypupoBaH-
HbIM KaK HeeCTBUTENbHbLIN;

- onsa koHdurypauum TDD 1 u 4, ecnu HadanbHas nosuuns ansg NPUSCH ykasaHna kak BTOpow U3 ABYX
nocnegoeatenbHbIx nogkagpos uplink-kaHana, nepegada NPUSCH oTknagbiBaeTcs 4o Ha4vana gByx nocne-
JoBatenbHbIX Nnogkaapos uplink-kaHana.

7.3.3.3 YakononocHbIn huandecknii kaHan cnydamnHoro goctyna NPRACH

Kondourypauus NPRACH, npegoctaBnsiemasi Gonee BbLICOKMMU YPOBHAMM, BKIIOYAET:

- nepuogun4HocTe pecypca NPRACH (nprach-Periodicity);

- NONOXeHWe YacToThl NepPBON nogHecyllen, BelgenenHon ona NPRACH (nprach-SubcarrierOffset);

- KONUYeCTBO nogHecyLlmx, BoigeneHHbix ang NPRACH (nprach-NumSubcarriers);

- KONMUYECTBO Ha4YanbHbIX NOAHECYLNX, BbIAEMNEHHbLIX ONs cNy4YalHoro 4ocTyna, MHULMMPOBaHHOro abo-
HeHTCKUM ycTpoicTBOM (nprach-NumCBRA-StartSubcarriers);

- KonnyecTBo noeTopeHnin NPRACH 3a ogHy noneiTky (numRepetitionsPerPreambleAttempt);

- Bpems Hayana NPRACH (nprach-StartTime),

- oonsa Ons pacyeTa HadvanbHOro WHAEeKca nofHecyllen anga auanasoHa nogHecywnx NPRACH, zape-
3epBUPOBaHHbLIX 419 MHAMKaLWUK NOAAEePKKM abOHeHTCKOro ycTpoicTBa MHOTOTOHaNbLHOW Nepedaqn (nprach-
SubcarrierMSG3-RangeStart).

7.3.3.4 PedhepeHcHbln curHan gemogynaumm DMRS

Habop nogHecywunx, ucnonb3yemMbiX B NpoLecce pacnpefeneHusi, 4OMMKeH BbiTb OEHTUYEH COOTBET-
cteytowen nepegade NPUSCH.

7.3.3.5 Ynpaensawouwas nHgpopmaumsa uplink-kanana (UCI)

Tabnuua 14 onpepensiet conoctasneHue UCI comsnyeckomy kaHany [7].

Ta6nuua 14 — ConoctaBneHue UCI husmyeckomy kaHany

Ynpaensiouwas nHdopmauns | DU3NYHECcKUi KaHan
ucCl NPUSCH (dopmar 2)
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Ona UCI npumeHs0TCa cXema M CKOpOCTb KOAMPOBaHWA, YKasaHHble B Tabnvue 15.

Tabnuya 15— Cxema u ckopocTb Koguposanust UCI

Ynpagensawuwas uHgopmayns | Cxema kogupoBaHuns | CKopocTb KogupoBaHus

UCI | BroyHbIf Kop, | 116

7.4 YpoBeHb MAC

7.4.1 OyHKUMW KU CTPYKTYpa

YpoeeHb MAC obecneuneaer:

- BbinonHeHne HARQ-onepauwia;

- conocTaeneHne (mapping) NOrM4ecKMX KaHanoB TPaHCNOPTHLIM KaHanaw;

- MYNETUMMEKCUPOBAaHWE/0eMynsTUNNEeKCMpPOBaHUE NOTMYECKNX KAHAMNOB B TPAHCMOPTHbIE BNOKY;

- NPUOPUTU3ALMNID NOTMYECKMX KaHamMoB;

- paboTy NnaHUpoBLLMKa PECYPCOB;

- UICMONHEHWE NpOoLledyp Cry4YyalHoro AocTyna u npepsiBUcToro npuemMa (DRX);

- B3aMMOZENCTBME (CEpPBUCHI) C BEPXHUMU YPOBHAMM (Nepefaya OaHHbIX, BblAeneHue paguopecypcoB);
- B3aMMOJENCTBME (CEPBUCHI) C HUKHUMW YPOBHAMMW (Nepefada OaHHbIX, CUTHaNU3auns, namMmepeHnst).
BoamoxHas cTpykTypa ypoBHsa MAC npegctaBneHa Ha pucyHke 18 [8].

BepxHve ypoBHM
PCCH BCCH CCCH DCCH DTCH YnpaeneHue MAC
— o - o - _3—-:_:—:;—

MpUopHUTH3ALIMA NOrMYBcKMX KaHamNoB
(Toneko ans uplink-kaHana)

MynsTunnekcupoBaHue/

OEMYILTUNNEKCMPOBEHUE Ynpaanenue
I ‘I'.".'.ﬂ.'l.".‘.“.“l“.“..""!.‘l‘.‘.".‘l
1! 1
L)
! KoHTpone
HARQ npouaBonebHoro goctyna |~ |
- - S =
PCH BCH DL-SCH UL-SCH RACH

HwkHue ypoeHU

PucyHok 18 — CTtpykTypa ypoBHsa MAC

MAC PDU — 310 BuTOBas CTpoKa, BbipaBHEHHas no banTam, T. €. KONMMYECTBO paspsaaoB KOTOPOW KpaT-

HO 8. MAC PDU cocTtouT 13 3aronoeka MAC, Hyna unun 6onee 6nokoB cnyxebHbix gaHHeix MAC (MAC SDU),

HYIS UM HECKONbKUX 3rneMeHToB ynpaeneHuss MAC M, OnunoHanbHO, JOMOMTHEHWS, COrMacHo pUCYHKY 19.

Mopsiook cnegoBanua BanToB Kaxaoro nons napametpa B MAC PDU apnsgeTtcsl NpsiMbIM, T. €. OT cTapluero
paspsida K Mnaglemy.
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- MonesHan Harpyska MAC

. L

PucyHok 19 — Ctpyktypa MAC PDU [8]

3aronosok MAC u MAC SDU uMellT nepeMeHHble pa3Mepsbl.

3aronosok MAC cocTtouT M3 04HOro Unu Heckonbkux nogsaronoskos MAC. Mopgzaronoskn MAC cooTt-
BeTcTBytoT MAC SDU, anemeHnTam ynpaeneHust MAC unu QONONHEHWIO U UMEKOT TOT e NOpPsAoK, YTO U COOT-
BeTcTBytowmne MAC SDU, anemeHTol ynpasneHns MAC n gononHeHue.

Ha kagbl TpaHcnopTHbIA Bnok obbekTa MAC moxeT ObiTh NepedaH makcumym ogud MAC PDU.

7.4.2 Downlink-kaHan

Ona downlink-kaHana onpegeneHbl Tpy TPAHCMNOPTHbLIX KaHana:

- BCH (Broadcast Channel) — BewiatencHblii kaHan,

- PCH (Paging Channel) — neigx1HroBbli KaHar,

- DL-SCH (Downlink Shared Channel) — o6wwuit downlink-kaHan.

[Ona downlink-kaHana onpegeneHbl NATE NOMMYECKNX KAHAMORB:

- BCCH (Broadcast Control Channel) — wwvpokoBeLLaTenbHbIA KaHan ynpasrneHus, NepeHoCcALWniA cu-
cTemHyto uHdopmaumio (MIB) Bcem aboHEHTCKUM yCTpOMCTBaM B COTE;

- PCCH (Paging Control Channel) — kaHan nockinku NengxuWHIoBbix cooblleHnin ans aboHeHTCKUX
YCTPOICTB, MECTOHAXOXAEHUE KOTOPbIX HE ONPEAEneHo C TOYHOCTLH A0 COThI;

- CCCH (Common Control Channel) — obwmid kaHan ynpaenenus 4ns nepegadv ynpaenstoLenR WH-
dopmaumnm aboHeHTCKOMY YCTPOMCTBY 0O HAa3Ha4YeHUs eMy BblOeNneHHoro kaHana ynpaenenus (DCCH);

- DTCH (Dedicated Traffic Channel) — BblgeneHHbIn KaHan Tpaduka aboHEHTCKOrO YyCTPOWCTRA;

- DCCH (Dedicated Control Channel) — BblgeneHHbIA KaHan ynpasneHus ons nepegaqn ynpasnsiowen
MHpopmMaLmn aboOHEHTCKOMY YCTPOMCTBY.

7.4.3 Uplink-kaHan

Ona uplink-kaHana onpegenexsl ABa TPAHCMOPTHLIX KaHana:

- RACH (Random Access Channel) — TpaHCNOpPTHLIA KaHan cny4YanHoro JocTyna;

- UL-SCH (Uplink Shared Channel) — TpaHcnopTHbIi 06wnia uplink-kaHarn.

Onsa uplink-kaHana onpegeneHsl TPU NOrMYECKUX KaHana:

- CCCH (Common Control Channel) — obwuii kaHan ans nepefadyn ynpaensawllen uHgopmauum ot
aboHEHTCKOro YCTPONCTBA 40 HAa3Ha4YeHMs eMy BblgeneHHoro kaHana ynpasneHus (DCCH);

- DTCH (Dedicated Traffic Channel) — BblgeneHHblin kaHan Tpaduka abOHEHTCKOro yCTpoNCTBa;

- DCCH (Dedicated Control Channel) — BblgeneHHbld kKaHan gng nepegavv ynpaenstowein uHgopma-
U1K oT aBOHEHTCKOMO YCTPOWCTRA.

7.5 YpoBeHb RLC

7.5.1 @YHKUMM K CTPYKTYpa

®yHkumm RLC ypoeHa BeinonHawTca RLC-o06bekTamu. RLC-06beKT yHKLUMOHUPYET B OAHOM M3 TpeX
pexxumoB nepegaun: TM (npo3paunbiii pexum), UM (pexum nepepaum 6e3 nogreepxaeHusa) u AM (pexum
nepegadyv c NnogTeepxgeHvem). Takum obpasom, B 3aBMCMMOCTK OT pexuma nepegadqn gaHHbix 06bekt RLC
knaccuduumnpyetcs kak 06bekt TM RLC, o6vekt UM RLC unu o6bekt AM RLC.

YpoBeHb RLC obecneuueaet [9]:

- nepegavy PDU Ha BepxHWe YpOBHWY;
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- ncnpaeneHune ownbok yepes ARQ (4na nepedaymn AaHHbIX B pexume AM);

- KOHKaTeHauulo, cermeHTauunio 1 nostopHyto cbopky RLC SDU (ona nepegaqn AaHHbIX B pexuMmax
UM 1 AM);

- noBTOpHyto cermeHTauuio PDU ganHeix RLC (gna nepegayun gaHHbeix B pexume AM);

- nsmeHeHwue nopsgka PDU gaHHbix RLC (gna nepegaym gaHHelx B pexmumax UM un AM);

- obHapy»xeHue NoBTOPHbIX NaKeToB (ANs nepedaqn gaHHbIxX B pexumax UM n AM);

- cbpoc RLC SDU (onst nepegayv aaHHeix B pexumax UM u AM);

- BoccTaHoeneHue RLC:

- obHapyxeHue oMboK NpoTokona (4na nepefadyu AaHHbIX B pexume AM);

- B3aUMOOENCTBME (CEPBUCHI) C BEPXHUMU YPOBHSAMMU (Nepegada gaHHelx TM, UM 1 AM);

- B3aMMOJENCTBME (CEPBUCHI) C HUKHUMW YPOBHSAMW (06MEH AaHHBIMMW, NONYYEHUE YBEAOMIIEHUIA O BO3-
MOXHOCTH Nepeaaym AaHHbIX).

Ona ob6bekta RLC, ckoHdurypmposaHHoro B eNB, cyulecTByeT paBHonpaBHbii 06bekT RLC, ckoHdwury-
puvpoBaHHbi B UE, n HaoBopoT. Mogens ypoeHa RLC npegcTtaeneHa Ha pucyHke 20.

HHHHHHHHHH — s B SAP MeXy |
= - 3 BOPXHAMM
Yp
TMepapaiowpia MpUHHMAIOLMA Mepapaiowmi MpMHAMEIOLLIMA O6sekT AM RLC
obbakT TM RLC wbtekT TM RLC wbbext UM RLC oEbarr UM RLC eNB/UE
. Y —— o e — e L _ TNorwieckwe _ |
KaHane
I | I I | I
| | | HwkHue ypoeHu | | I
I 1 1 I | I
I | | S | | |
I | | Paguovntepdeiic I | I
L] I 1 ] I L)
! | ! Hiwme ! | !
YPOBHM
| | 1 I | I
| _ —_ _ _ _ o o s TNorvyeciue
KaHarb!
MpHHMMAIOLMA MNepeaawwmii MprHMMEICLLARA Nepaagwmi
obwexr TM RLC obtexr TM RLC obrext UM RLC obwext UM RLC R AN BLC UE

PucyHok 20 — Mogenb yposHa RLC [9]

Mo oTHoweHuo Ko BceM Tunam obbektoB RLC npuMeHsTCA CneayoLmne NonoXeHns:

- nogaepxueatotca RLC SDU nepeMeHHbIX pa3MepoB, BelpaBHEHHbIe No 6aiTam, T. e. KoNM4YecTBO pas-
PSIAOB KOTOPbIX KpaTHO §;

- RLC PDU copmupytoTCcsa TONbKO TOr4a, Koraa BO3MOXKHOCTL Nepefayu NnoaTBepXkaeHa HUKHUM YpOoB-
HeMm (T. e. MAC), nocne 3T0ro NpoMCXOAWT JOCTaBKa Ha HWXXHWIA YPOBEHb.

RLC PDU moxeT 6biTe RLC PDU gaHHbix unv RLC PDU ynpasnenus. RLC PDU gaHHbIX Cnonb3ytoTes
obvektamn TM RLC, UM RLC n AM RLC gnsa nepegayn PDU Ha BepxHue ypoBHu. RLC PDU ynpaeneHus nc-
noneaytoTcs obbektamn AM RLC aona BeinonHeHusa npouenyp ARQ.

RLC PDU — ato 6uToBasa cTpoka, BelpaBHeHHad no bartam, T. e. KonM4ecTBO paspsagoB KOTOPOW KparT-
Ho 8. MNopsgok cnegoBaHua GaWToB Kaxgoro nons napametpa B PDU MAC aBnsetca npsiMeiM, T. €. OT cTap-
Wwero paspsifa K MnagLiemy.

RLC PDU pgnsa obbekta TM RLC coctouT TONbKO M3 NONs JaHHbIX U He BkMtovaeT 3aronoskoB RLC
(cm. pucyHok 21).
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Dannsie I OkreT 1

I Oxrer N

Puecyrok 21 — RLC PDU gns obvekta TM RLC

RLC PDU ansa obbekta UM RLC coctoMT M3 nons gaHHbix KU 3aronoska UMD PDU. 3aronoesok UMD
PDU BkntovaeT MKCUPOBaHHYHO ¥ paclUMpeHHyto YacTu. [invHa hMKCMpOoBaHHOW YacTu paBHa ogHoMYy BanTy.
Mpumep UMD PDU c hrKcMpOBaHHOW YacTbio 3arofioBKa npefcTasleH Ha pucyHke 22,

A | E | SN Oxrer 1
[aHHbIe Oxrer 2

OxreT N

PucyHnok 22 — RLC PDU gnsa obwekta UM RLC ¢ dukcrpoBaHHOW YacTbio
saronoska UMD PDU

RLC PDU gna o6bekta AM RLC coctomT 13 nons gaHHbix 1 3aronoska AMD PDU. 3aronosok AMD PDU
BKITOYaeT (PUKCUPOBAHHYIO U paclimpeHHyto Yactu. MNMpumep AMD PDU ¢ dpnKcMpoBaHHOM YacTbio 3aronoska
npefcTaBned Ha pucyHke 23.

pe [rRE | P | m [ E | N Oxrer 1
SN OxreT 2

NaHHwie OxreT 3

| OkteT N

PucyHok 23 — RLC PDU ans o6bekta AM RLC ¢ domKcrMpoBaHHOM 4acTblo
3aronoska AMD PDU

7.6 YpoeeHb PDCP

PDCP ypoeeHb obecneumBaet [10]:

- nepegavy gaHHbix UP;

- nepegavy gaHHbix CP;

- CKaTue 3aronoBka;

- CXaTue OaHHbIX uplink-kaHana;

- KOHTPOb LEeNnoCTHOCTH;

- B3aMMoJencTene (CepBuUChl) C BEPXHUMMK YPOBHAMM (nepepada gavHeix UP, CP, cxarve 3aronoBka u
OaHHbIX, KOHTPOIMb LIENOCTHOCTH);

- B3aumogencTBuMe (CepBMChl) C HUKHUMK YPOBHSAMK (CEPBUCHI YCMELLHOW/HeNoATBEPXKAEeHHOW nepena-
4M OaHHbIX, MOCrnefoBaTenbHasa gocTaBka, oTbpackiBaHve gybnvkatos).

Mpw ncnone3osaHuu CP CloT EPS ontumuaauum 0o MOMeHTa akTuBauuM MexaHu3MoB De30nacHOCTH
ypoeeHb PDCP nckniovaeTcsa ua cteka NnpoTOKONoB.

BoamoxHasa cTpykTypa ypoeHst PDCP npencraBneHa Ha puUcyHKe 24.
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Pagnorxanansi
PDCP - SAP PDCP — SAP
Fa {
C-SAP i - was
YposeHb
OBeKr OGnexr PFDCP
PDCP PDCP
‘ I PDCP - PDU *
RLC - SDU
| O ] O\) @ YpoBeHb
RLC
RLC UM - SAP RLC AM — SAP

PucyHok 24 — C1pykTypa ypoHa PDCP

PDCP PDU n PDCP SDU — 310 GMTOBbIE CTPOKM, BeipaBHEHHbIe No GawWTtam, T. e. KOMM4ecTBo pas-
PSIAOB KOTOPLIX KpaTHO 8. MNopsadok cneforaHWa DalToB KaX4oro nons napamMeTpa siIBNAeTcH NpaMbIM, T. €.
OT cTapwero paspaga k Mmnagwemy. MakcumaneHbld nogaepxuesaemsln pasmep PDCP PDU n PDCP SDU
cocrtasnset 1600 okTeToB.

Ha pucyHke 25 npencrasneH doopmat PDCP PDU paHHbIX.

DiC PDCP SN

' LaHHbie

PucyHok 256 — PDCP PDU

OnucaHne obbekta PDCP npenctaBneHo Ha pucyHke 26.
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Hymepauua ofHapyxeHWs Ay6NUKATOB
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{roneko ana CF} E E
3 MpoBepka g
8 LeNocTHOCTI =
WndppoeaHue Y E‘Uu {Toneko gna CP) 3
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— —i I —

| PapuounTepteric (UWYPCSWLAN |

PucyHok 26 — O6bekt PDCP

7.7 YpoBeHb RRC

RRC-yposeHb obecnequnBaert [11]:

- TPAHCMAUMIO CUCTEMHOM MHOPMaL MK, OTHoCsLWEencsa K ypoBHO NAS;

- TPAHCMALUMIO CUCTEMHOM MHOPMAaLMK, OTHOCSLLENCA K YPOBHKO AS;

- NENAXKWHT;

- ycTaHoBneHwe, nogaepxaHue u ocsoboxaeHne RRC-coeanHeHus:;

- thyHKUMK Be3onacHOCTK, BKMYasa ynpaBneHue Knivamu;

- thyHKUuK ynpaenexnus QoS;

- npaMyto nepegady coobweHnin NAS B/u3 NAS una/e UE;

- B3auMofencTBMe (CepBM1Chl) C BEPXHUMU YPOBHAMM (TpaHCNALKUS yNpaensoLwen MHchopMaunmy U gaH-
HbIX NO3ULWNOHUPOBAHWA, NONyYeHWe YBEAOMITEHWI, Nepeaayva BuIAENEHHON YyNpaBnsoLLen nHopmawlmm);

- B3aMMOJEeNCTBUE (CEPBUCHI) C HUKHUMU YPOBHAMM (MPOBEpPKa LENoCTHOCTU, Nepejaya AaHHbIX ¢ nog-
LEPXKKON CermeHTaumMm 1 KoHKaTeHauum).

Mogenb coctosiHui ypoBHa RRC npuBegeHa Ha pucyHke 27 [11].

CoctosHus RRC BkntouaroT B cebs cnenyroLlme coCTOAHUS:

- RRC_IDLE (oxupaHue);

- RRC_CONNECTED (coeauHeHue).

B coctosHum RRC-IDLE aboHeHTCKoe yCTpONCTBO:

- MOHUTOPUT NENOKUHIOBLIM KaHan,

- CYMTBIBAET CUCTEMHYH UHOPMALMIO;

- BbIMOMHAET M3MEPEHUA Ha CoceaHUX coTax K (MpM HeoBXoOMMOCTK) OCyLLLecTBNsAeT nepeBwlbop CoThl.

B coctosiHum RRC-CONNECTED aboHeHTCcKOe YCTPOWCTBO:

- MOHUTOPUT NEMAKMHIOBLIA KaHan Ana nony4eHus yeegomneHus o6 M3MeHeHWM CUCTEMHOM MHMop-
MaLuum;
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[ RRC_IDLE J

|

Connection establishment/
Connection release

[ RRC_CONNECTED J

PucyHok 27 — Mopene coctosHuni ypoeHs RRC

- MOHWUTOPUT KaHan ynpasneHnss NPDCCH,;

- BLINOMHAET npremM/nepenady AaHHbIX.

Ha ypoeHe RRC npumeHsitoTcs npouegypbl, OTHOCALLMECA K CUCTEMHOW MHOPMaLMK, yrpaBneHnto co-
eguHeHneM, namepeHusam, obuen obpabotke ownbok n SC-PTM. NoMnMO ykasaHHbIX, MPUMEHSIOTCA Takxke
clegyowe npoueaypebl:

a) DL information transfer;

6) UL information transfer;

B) UE Capability transfer;

r) UE information (He npumeHumo ans UE, nopaoepxusawwmnx Toneko CP CloT EPS optimization);

) PUR Configuration Request;

e) Neighbour Relation Reporting for SON ANR in NB-IoT.

CuctemHas nHdopmauunsa pazgeneda Ha 6nokm MIB v SIB, Bkntodas MasterinformationBlock-NB, Mas-
terinformationBlock-TDD-NB v SysteminformationBlock TypeX-NB.

MasterinformationBlock-NB (MIB-NB) w MasterinformationBlock-TDD-NB (MIB-TDD-NB) wucnonb-
3yl0T PUKCUMPOBAHHOE pacnucaHve ¢ nepuoamdHocTeio 640 Mc M noBTopeHuamMu B npedenax 640 mc. lMe-
pefada [aHHbIX OpraHu3yeTcsl B BOCbMM He3aBWCMMO LeKoaupyeMbix Onokax anutensHocTeto 80 Mc.
SysteminformationBlock Type1-NB (SIB1-NB) ncnonb3syer ¢ukcMpoBaHHOE pacnucaHue ¢ NepuogudHOCTBIO
2560 mc.

Mpouenypel ynpaeneHus RRC coeguHeHWem BKIIOYAI0T:

a) paging;

6) RRC connection establishment;

B) RRC connection resume (He npumeHumo ana UE, nopgoepxwmBatowmx tonsko CP CloT EPS
optimisation);

r) Initial security activation (He npumeHumo gns UE, nogmepxumeatowmx Toneko CP CloT EPS
optimisation);

4) RRC connection reconfiguration (He npumeHmnmo ans UE, noggepxumBaiowmx Tonsko CP CloT EPS
optimisation);

e) RRC connection re-establishment,

*) RRC connection release,

n) RRC connection release requested by upper layers;
K) Radio resource configuration;,

n) Radio link failure related actions;

M) UE actions upon leaving RRC_CONNECTED,;

H) Action upon receiving PUR release request,

n) Unified Access Control.
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8 Pexumbl aHeprocbepexeHus NB-loT

8.1 Pexum aHeproc6epexeHua PSM

Pexxum sHeprocbepexenns PSM nossonsieT aGoOHEHTCKOMY YCTPOWCTBY MEPEXOAWTb B PEXMM CHa C
MWHUManeHLIM 3HepronoTpebneHnem, Npyu 3TOM YCTPOWCTBO OCTaeTCcH 3aperncTpMpoBaHHbBIM B CETU, U B MO-
MEHTbI NpoByxaeHUs1 HeT HeoBXO0AMMOCTM 3aHOBO NPOXOAUTL Npouenypy peructpaumn Attach.

ABOHEHTCKOE YCTPOWCTBO akTUBMpYET pexum PSM nyTem 3anpoca 3Ha4yeHusi BpeMeHW akTUBHOCTH BO
Bpems npouenypbl pernctpauum Attach n TAU/RAU ¢ nepenayen 3HaveHni AByx TanmepoB T3412-Extended
n T3324. Ecnv ceTb nogdepxusaeT pexum PSM n npuHumaet, yTo aboHeHTCKoe YCTPOWCTBO WMCMOMb3yeT
pexum PSM, To ceTb NoAaTBepKAaeT UCMonb3oBaHme pexvma PSM nyTem HasHavyeHWs 3Ha4YeHWsi BpEMEHM
aKTUMBHOCTW. [Mpu onpefeneHun s3Ha4yeHUsa BpeMeH akTUBHOCTU CETb YUYUTLIBAET 3Ha4YeHWe, 3anpalimsaemoe
aboHeHTCKUM YCTPOWCTBOM, MakcMManbHOe BpeMs OTBETA, a TakKe nokanbHy koHdgurypaumo MME/SGSN.
[Mpy HeoBXOOMMOCTM U3MEHWUTL 3HAYEHME BPEMEHM aKTMBHOCTM, HANpumep npu W3MeHeHUW ycroBui, abo-
HEHTCKOE YCTPOWCTBO AenaeT 3anpoc xenaemoro 3HadeHus B npouenype TAU/RAU.

Haxopsce B pexume PSM, ycTpoWCTBO Nepuoguyvecky UHULMUPYeT npouenypy aktyanusauum TAU
(Tracking Area Update) ansa Toro, 4Tobbl COOBLWUUTE CETU O CBOEN AOCTYMHOCTH U OOHOBWUTL MECTOMNONOXEHUE.
OBHOBMEHWE MEeCTOMNONOXEHNA MOXET ObiTb BaXHO ANSA NOABWMXKHBIX YCTPOWCTB. YactoTta npouenypsl TAU
3apjaetca Tanmepom T3412-Extended, makcumanbHoe 3HadveHue koTtoporo coctaensieT 35 712 000 ¢ (npwu-
BnuautensHo 413 gHen).

Btopoi taimep T3324 onpepgenseT nepvos BPeMeHW, B TEYEHWEe KOTOpPoro aboHeHTCKoe YCTPOWCTBO
HaxoguTcs B cocToAHUK idle nocne npobyxaeHus. B 310 BpemMa ycTPOACTBO MOXET NPUHUMATL JaHHble. Mak-
cvMansHoe 3HadeHue Tarmepa T3324 coctaensaeT 186 MUHYT.

B cnyuae, korga aboHeHTCKOe YCTPOWCTBO MOXET NMPUHUMAThL OaHHble U MpyW 3TOM pacrnonaraeTcs B
YCMOBMAX HU3KOrO YpPOBHS CUrHana (Hanpumep, B rnogeane Wnu Konogue), peKomeHayeTca ycTaHaBnMBaTh
anutensHocTb TanmMepa 13324 He meHee 10 cekyHA.

BpemeHHas gnarpamma pexuma aHeprocbepexeHus PSM npencrasneHa Ha pucyHke 28.

MNepexoq B idle mode

F

Paawomoaynb akTupeH

— ESiD
Teaz4 - Trseae “Tasee
E T3412 i

PucyHok 28 — BpemeHHas ouarpamma pexuma aHeprocbepexeHna PSM

B pexxume PSM aboHeHTCKoe yCTPOWCTBO HEQOCTYMHO TOMBKO ANS BXoAALWMX coodLweHni. MNpu Heobxo-
OUMOCTY NepegaTbh MHdopmMmauunto aboHEHTCKOE YCTPONCTBO MOXET B NM0OON MOMEHT BbINTU U3 pexuma PSM
M OTNPaBUTb JaHHblE, OCTABLUMUCL MOCMe 3TOM0 akTUBHLIM B TedeHne BpemeHn 13324 ona npuema MHgopma-
LIMOHHBIX COOBLLEHUA.

ADOHEHTCKOe YCTPOMCTBO Haxogutcs B pexume PSM o cobbiTusi, MHULKMKMpYyeMoro aboHeHTCKMM
ycTponcTeom (Hanpumep, RAU/TAU, ncxogsuwmve gaHHble MOBUNIBHON CTaHLMKM UK OTKITIOYEHUE).

Ecnu aboHeHTCKoe yCTPOWMCTBO BHIMOSHAET Kaky-nvbo nepruoganyeckyro nepedady daHHbix no uplink-
KaHarny c nepMoouYHOCTbI0, aHanorMyHon 3HavyeHuto Tanmepa TAU/RAU, pekomeHOyeTca YyBENUYMTL 3HAYEHUE
Tarmepa TAU/RAU, 4ToBbl nabexartb yBenudeHne sHepronoTpebnenus.

8.2 PacliMpeHHbIW pexXum npepbiBUcTOro npuema eDRX

B pacwvpeHHoOM pexume npepbiBucToro npvema DRX aboHeHTCKoe YCTPOMCTBO NpUHUMAaET cooblle-
HWA He MOCTOAHHO, a MepuoanYeckn — B Npefenax onpeneneHHoro BpemMeHu. B NpunoxeHUsx ¢ UCnonb3oBa-
Huem pexuma eDRX HeoBXoOMMO yuMTLIBATE OOMYCK HA 3a0EPKKY AaHHbIX.
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[na cornacoBaHusa ncnonb3oBaHua pexxuma eDRX aboHeHTCKOe YyCTPOMCTBO 3anpallnsaeT napaMeTpbl
eDRX Bo Bpemsa npouenypbl peructpauunn u npouenypbl RAU/TAU. SGSN/MME MOXeT OTKNOHUTbL UIK Mpu-
HATE 3anpoc aboHEeHTCKOro ycTponcTea Ha BkntoveHe eDRX. Mpu npunatun eDRX, SGSN/MME Ha ocHoge
NONMUTMKXA onepartopa W 3HavYeHun onuHbl yukna eDRX B gaHHbix HSS (npu Hanu4uw) MoXeT npegocTaBuTb
3Ha4eHWs napameTpoB eDRX, oTnu4Hble OT 3anpawmnBaemMbix abOHEHTCKMM yCcTponcTBoMm. B aToM cnyvae
aboHeHTCKoe YCTPOMCTBO OOMKHO ucnonb3oBaTe eDRX ¢ npuHATEIMKM napameTpamu eDRX. Ecnu aboHeHT-
CKOe YCTPOMWCTBO He nony4uno napametpsl eDRX B npuHATOM coobLueHUW B pesynsrate Toro, 4to SGSN/
MME otknoHun 3anpoc unn SGSN/MME He nogaepxusaeT eDRX, To aboHeHTCkoe yCTPOWCTBO AOIKHO Npu-
MEHUTb 0ObIYHBIV peXXUM NpepbiBucToro npuema DRX.

Ecnn aboHeHTCKOe YCTPOWCTBO 3anpallvBaeT OAHOBpeMeHHOe BKMYeHne pexumor PSM u eDRX, To
SGSN/MME moxeT:

a) BkmounTb TONbKO pexum PSM, T. e. He npuHMMaTh 3anpoc Ha eDRX.

6) Bknwounte Tonbko pexum eDRX, 1. €. He npMHUMMaTh 3anpoc Ha PSM.

B) BkntounTthb Kak pexum PSM (1. e. ykasaTb BpeMs akTUBHOCTH), Tak 1 pexum eDRX (T. e. ykazatb na-
pameTpbl eDRX).

PelweHve no 3anpocy OQHOBPEMEHHOro BKMoYeHus pexumos PSM n eDRX 3aBucuT oT peanusa-
LUK, NoKanbHOR KOHMMrypauum n gpyroi nHdopmaumm, goctynHoin 8 SGSN/MME. [ns ogHOBpeMeHHOoro
BKMNtoYeHUsA pexumoB PSM 1 eDRX Bpemsa akTUBHOCTM pexumMa PSM gomkHO npeBbillaTh 3Ha4YeHue UMkna
eDRX (cMm. 7.1). BeibpaHHbIA MeToq McNonb3yeTca 40 cneayloLllei npouedypsl pernctpayum unv npouegypsi
RAU/TAU, nocne yero pelieHue MOXeT ObiTb 0OHOBMNEHO.

Mpnmeuvyanue — [na cHwkeHWs sHepronoTpebneHus Tanmep nosTopeHus npouenypbl TAU gomkeH BbiTh
nonble, Yyem unkn eDRX.

Tanmep T pry 3anyckaeTcd B CETW U Ha abOHEHTCKOM YCTPOWCTBE Mpu COOTBETCTBEHHO nepeaade u
npueme coobweHnsa Attach Accept unu RAU Accept, B KoTopoM npefocTtaeneHbl napamerpsl eDRX. Takum
obpasom, T, B CETM COOTBETCTBYET MOMEHTY, KOra oTnpasnsercs coobuenue Accept RAU, a Ha aboHeHT-
CKOM YCTPOWCTBE — MOMEHTY, Korga NpuMHUMMaeTcs COOTBeTCTBYoLLee coobuleHne Accept.

Tanmep T pry MOOAEPKUBAETCH U MCMOMb3yeTCs TONLKO TOrAa, Koraa npoueaypa peructpauumn Attach
unu RAU ycnelwHo BeINOMHEHA, U HE 3aBUCUT OT cocTosaHua PMM aboHeHTCcKoro ycTponCcTBa, T. . Nepexoibl
mexay coctoaHuem idle u coctosHueM connected He BNUSIOT Ha Tanmep T ey

[ns noBbIWeHWs HaOeXHOCTU NemKMHIa, Hanpumep, Bo M3bexaHne NponyckoB COOBLLeHWIA M3-3a Mo-
BTOPHOrO BbIGOpa COThI UMM WM3-3a HECOBEPLUEHHOW CMHXPOHWU3auuu napameTtpa T, Mexay aboHEeHTCKUM
ycTtpoictBom n SGSN, ucnonb3yercs Bpemsi okHa nepefavn nenmkuHra Tppyy. [locne okoHuyaHus umkna
eDRX aboHeHTCKOe YyCTPONCTBO CNyLUAET CeTh B TEYEHNE BPEMEHU OKHA Nepenadn nengxudra PTW (cMm. pu-
cyHok 29). Bo Bpemsa PTW aboHeHTCKOe YCTPOWCTBO CyllaeT CeTb C MCMOoNb30BaHMeM napaMeTpoB 0Dbiu-
Horo pexuma DRX (Thry), Takum obpasom 3a ykazaHHOe BpemMs NpedoCTaBNsAeTCs HECKOMbKO BO3MOXHOCTEN
ans nengpxuHra. MHdgopmauma ang npumenenuns PTW npepocrtaensietcs aBoHEHTCKOMY YCTPOWCTBY Npu Co-
rmacoBaHuu eDRX.

Tnngg TugTug TD!gTD_Pﬁ
i Tew  TPW ,‘Tp'nu, g
e _Teomx _ _______ e _TeRx _________ e Teomx >
To=Trer + N Tonnx Trer=Trer+{N +1}+ Toppx Tner=Trer +(N +2) Toprx Thia=Trer+{N +3) Teprx
PucyHok 29 — Linknbl paclumpeHHoro pexnMa npepbsiBuctoro npuema eDRX
JonycTuMble 3Ha4YeHWs AnuTensHocTy LMkna eDRX npeactaenexsl B Tabnuue 16 [12].
Tabnuua 16 — 3Ha4venuns gnutenbHocTU Umkna eDRX
ONUTensHocTL, ¢
20,48
40,96
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OkoHYaHue mabnuubsi 16

OnutensHocTk, C

81,92
163,84
327,68

655,36
1310,72

2621,44

5242,88
10 485,76

LonycTuMble 3Ha4YeHUs ANUTENbHOCTWM OKHAa nepedadn nenmxuHra PTW npegctaenedsl B Tabnu-
ue 17 [12].

Tabnuua 17 — 3HavyeHWs ONUTENLHOCTU OKHA nepedaqun nenmxudra PTW

OnuTensHOCTL, C

2,56
512
7,68

10,24
12,8

15,36

17,92
20,48
23,04
25,6
28,16
30,72
33,28

35,84
38,4

40,96

9 PacwupeHune Bo3moxHocTen NB-loT

9.1 WHTerpaumsa B 5G

O6wwne TpeboBaHMs k TexHonorun 5G 3aTparMBaloT TPKM OCHOBHbLIX BapuaHTa ucnons3oBaHms [13]—[15]
n 3GPP [16]:
- MmobunbHbIR loT/maccoeblin [0T/LPWA: ynydYlweHHOe MOKpbITME CeTW, ANWTENbHbIA CPOK CryXObl

YCTPOWCTB W BbICOKas NNOTHOCTb COEAUHEHWIA;
- KPUTUYECKN BaXKHble KOMMYHUKALMW: BbICOKONPOU3BOOUTENbHEIN, cBepxHadexHbln lloT ¢ HM3kon 3a-
OEPXKON U KPUTUYECKN BaxkHble npunoxeHus (kputudeckun loT, URLLC);
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- ynyyleHHas MobunbHas LMPOKONONocHasa CBA3b: NOBbILLEHHAA Npon3BoauTenbHOCTL U Bonee yaob-
Hbl JOCTYN Nonb3oBaTenen K MynsTUMeaUAHOMY KOHTEHTY ANS KOMMYHUKaLMU, OpUEeHTUPOBaHHOW Ha Yeno-
BeKa.

3GPP Bkntouun texHonoruio NB-loT B yacTe cemencTea ctaHaaptos 5G, 1. e. passutne 5G npoBoauT-
CHl B TOM yucne nytem ucnons3oeaHusa NB-loT kak yactu cneuudpukauyuin 5G. Paamellenne kaHana NB-loT
npesycMOTPEeHO HeNoCcpeACTBEHHO B nornoce 4YactoT 5G aHanornyHo TexHonorun LTE (cm. pucyHok 30) [17].

NB-loT

Monoca wactor LTE

L 4

F N

NB-loT

Monoca 4actot 5G

'Y
' 4

Pucyrok 30 — PasmeweHune kaHana NB-loT B nonoce yactot LTE n 5G

BHyTpunonocHasa patota NB-loT B npegenax nonockl nponyckanus Hecywen 5G NR gocturaetca ny-

TeM NPUMEHEHUS:

- MOAYNALMK N CTPYKTYPbI Kagpa TexHonorum 5G, coBmectumoit ¢ NB-1oT [17];

- OyNMeKCcHOW 4acToTHOW koHdurypauum 5G, no3eonswllel BbipaBHMBATL CeTKM nogHecywnx 5G un
NB-loT [18];

- NOOOEPMKN KOHoUrypauum «npsmMmon comectumocTtu» [19].

Apxutektypa NB-loT B cetu 5G npegcraeneHa Ha pucyHke 31 [20].

®
56 | gNB I 4 uPF ) CaTh nepagaym
N3 N8 AEHHBIX

D | N2 N1 —_—
e AMF ! SMF — —— PCF

[&e N1 S w7 N2 N30
E= o
uom 21 NEF w,
|

AF

PucyHok 31 — Apxutektypa NB-loT B cetn 5G

Ha pucyHke 31 ykasaHbl crieytoLlne 0CHOBHbIE MPOrpaMmMHble MOAYMW U ceTeBbIe (DYHKLMK:
- 6bazoas ctaHuua gNB;
- (hyHKUMS yrpaBneHusa JocTynoM u mobunsHocTeto AMF (Access and Mobility Management Function);
- thyHKuMs ynpaBneHus ceccuammn SMF (Session Management Function);
- (byHKUMS Nepenayvu fgaHHeix nons3osartenen UPF (User Plane Function);
35
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- MOAYNb ynpasneHusa gaHHbiMK nonb3osatenen UDM (Unified Data Management);

- thyHKkumA ynpaeneHnus nonutukamm PCF (Policy Control Function);

- thyHKUMA obecneyeHNa B3auMMOLEWCTBUA C BHelwHumMu npunoxeHusmu NEF (Network Exposure
Function);

- npuknagHasa gyHkuna AF (Application Function).

9.2 UHTerpaumnsa B NTN

MHTerpaums NB-loT B NTN nossonsiet obecnednTb Gonbliee NoKpbITUE Mo CPaBHEHWKD C HA3EMHbIMU
CETAMM, BKMNOYAA M30NNPOBaHHbIE pernoHbl (ApKTUKA, MYCTbIHW, OKeaHbl, [pKYHIMW, Neca, ropbl WM oTaaneH-
Hble N MajloHacereHHble parioHbl) U NPOCTPaHCTBa C HEAOCTAaTOYHO pa3BMTOW Ha3eMHOW MHAPAaCTPYKTYPOK
(BO3AYLWHaAsA ¥ MOPCKan NOTUCTHKA).

WuTerpauma NB-loT B NTN nossonsiet peanusoBath DecluoBHbIi nepexoq casv mexay NTN-ceTbio n
Ha3eMHOWN CeTbI0.

Cxema NTN-cBsi3u npefcraBsneHa Ha pucyHke 32 [21].

Monestasn varpysa NTN L

2

Mpynnupoaka CyTHAKOS
“ﬁ,f"ﬂ
& ‘._-f'i 171° CaTb nepeaauu
T — FAEHHBLX
TG = a
Lnioa NTN cUunDuU
HasemHan cTaHUMA EPC
L
S ! Fueina NTH ¢
 Sowa noxpurun | : CONOCTABIISHHEM
e I

| MasHTHGMKATOPOM e

PucyHok 32 — Cxema NTN-ceasu

AwnanasoHel paboymx vyactotr NTN downlink- u uplink-kaHanos ans dyHkumoHnposaHua NB-loT npuse-
OeHbl B Tabnuue 18 [21].

Tabnuua 18 — Ouanasonel paboumx yactoT NTN downlink- u uplink-kaHanoe gna NB-loT

[nanazoH paboumnx Yactot uplink-kaHana, | Owuana3oH paboynx yactoT downlink-kaHana,
Homep guanasoHa My My Pesxum
pabounx YactoT aynnekca
FuL_iow—FuL_nigh FoL iow—FoL_high

256 1980—2010 2170—2200 FDD

255 1626,5—1660,5 1525—1559 FDD

254 1610—1626,5 2483,5—2500 FDD

253 1668—1675 1518—1525 FDD
MpnmeyvyaHue — Hymepauus CnyTHUKOBLIX OMaNa3oHOB OCYLECTBASETCH C HoMepa 256 B yb6biBatoLiem

nopsiake.
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3GPP pazgenseTt cnyTHUKK NO TUNy opbuT [22]:

- LEO (Low-Earth Orbit) — cnyTHuUkK Ha HU3Kon opbuTe ¢ BbicoTow oT 300 km go 2000 kwm;

- MEO (Medium-Earth Orbit) — cnyTHukn Ha cpegHein opbute ¢ BbicoTon oT 8000 km go 20 000 km;

- GEO (Geostationary Earth Orbit) — cnyTHMKM Ha reocTayuoHapHon opbute ¢ BbicoTo 35 786 Km.

PaccTosaHne oT aboOHEHTCKOro YyCTPOWCTBa A0 CNyTHMKA ABnsieTca ropasgo GonblimvM Mo CpaBHEeHWHo
CO CLeHapuem HaseMHbIX ceTel, YTo obycnaBnveaeT 3aAepXKM pacnpocTpaHeHus curHana. B tabnuue 19
NMPUMBEAEHbLI MakCcMManbHble 3aAepXKK1 PacnpoCTpaHeHns curHana no paguonnHnm «TenedoH—cCnyTHUK—Ha-
3eMHbIA LWNH3» ANS pasHbix opbuT cnyTHUKA [22].

Tabnuya 19 — MakcuManbHble 3a0epXKN pacnpocTpaHeHWa CurHana ans pasHblX opbuT crnyTHUKA

Yron mecta 90° Yron mecta 10° MakcrumansHas
Tun OAHOCTOPOHHSAS
opBUTA PaccTtoaHune oo 3apepxka curHana ot PaccTonHue 4o 3apepxka curHana ot 3agepxkka ot
cryTHUKa (BbicOTa TenedoHa/wniosa Ao prSh— TenedoHa/Wwno3a ao TenedoHa 4o Wn3a,

opbuTel), KM CryTHUKA, MC y . CNYTHWKA, MC Mmc
LEO 600 2 1932 6 12
MEO 8000 27 11 826 39 79
GEO 35786 119 40 586 135 271

[ns KoMmneHcauuw 3agepXek pacnpoCTpaHeHWs curHana npegHasHayeH MexaHu3Mm CMHXPOHM3aLMu
Timing Advance (TA).
MonHana 3agepka pacnpocTpaHeHWs curHana ot wWn3a Ao TenedoHa TA; paBHa Cymme 3aepkex,

BBOOUMBIX cepBUCHON (TA jg) 1 uagepHoi (TA ,mmon) TUHUAMM (CM. pUCYHOK 33):

TAu = TAYe + TA

common-®

CNyTHHK-PATPEHCNATOP

=
-‘—'/'
AR

Tenagon ¢ nmmwmﬁ
5G NTN I
WA TOPMMHARN i HaseMHWA Wricd 5G NTN

(UE, Tormlnul)__ son® {Gatowsy)

PucyHok 33 — 3agepkka pacnpocTpaHeHusa curHana B NTN-ceTu

[Ons pacyeta TAcmmcm 7] TAUE Ha3eMHbIN L3 M aDOHEeHTCKOE YCTPOMCTBO, COOTBETCTBEHHO, AOMKHbI
3HaTb CBOE MECTOMNOMOKeHWe 1 MoNoXeHWe CNyTHMKA Ha opbuTe B KOHKPETHbLIA MOMEHT BpeMeHH.

[MonoxeHne cnyTHWUKA B NPOM3BONbHbLIA MOMEHT BPEMEHU paccuMThiBaeTca u3 ero achemepua. 3deme-
puabl — 310 Habop NapameTpoB OpOUTEI CMYTHUKA Ha CTPOro onpeAeneHHblil MoMeHT BpeMeHW. CeTb nepe-
gaet uHpopMaunk ob achemepuagax n obwmue napametpel TA B kaxay coTy NTN.

ADOHeHTCKOe yCTPOMCTBO MonyYaeT CBOW KOOpAMHAaThl M3 curHanoB GNSS, a nonoxeHue cnyTHWKa pac-
CUYMTLIBAET Ha OCHOBaHUW 3adhemepuni, KOTopble NEPUOAUYECKN MOMy4YaeT OT HA3EeMHOro LWNn3a. YKaszaHHyH
MHopMaunio aboHeHTCKOe YCTPONCTBO AOMKHO NOMyYnThL Nnepes nogkntodeHmem K cote NTN.

[Mony4yeHHble 3aJepXKM YYUTLIBAKOTCA MexaHuamom komneHcauuu TA. [Ons cuHxpoHwusauwm uplink-
KaHana nepeg BbIMONHEHWEM MPOWU3BOMBHOIO AocTyna aboHeHTCKoe YCTPOWCTBO ACIMKHO aBTOHOMHO
npegBapuTenbHO KOMNEHCMPOBAaTL BPEMEHHOW CABWUM M OONMNEPOBCKUIA COBUM YacTOThl, NMPUHMMARA B pacyeT
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o6wure napameTpbl TA, no3uumi abOHEHTCKOro YCTPOWCTBA WM NO3WLKMID CNyTHUKA Yepe3 uHpopmauyui ob
achemepugax. B pexmme nogknodeHnss aboHeHTCKoe YCTPOWCTBO AOMKHO HENPepbiBHO 0OHOBNATE BPEMEHHON
COBWT U MpefBapuUTENbHYK KOMMEHCAUMo 4YacToThl. [Mpu 3ToM aboHEHTCKOe YCTPOWCTBO He MpOBOAUT
onpegeneHne GNSS 1 He BbINONHAET Nepenayn AaHHbIX U3-3a yCcTapeBLlei nHdopMauum 0b achemepuaax,
06wmx napameTtpax TA unu GNSS Ha ocHoBe TaliMepoB. B pexume coefMHEHMWS, MPU HanW4um ycTapeBLUei
WHpopmaumn o6 adpemepmugax m obwux napametpax TA, aGoHeHTCKoe YCTPOWCTBO NMOBTOPHO MonyyaeT
nepegaBaemMble napaMeTpbl, Npu yctapeewem nonoxkeHun GNSS aboHeHTCKoe yCTPOWCTBO NepexoguT B
peXxum oxmaaHms. ADOHEHTCKME YCTPOWCTBa MOryT coobliaTe O BPEMEHHOM CABWIe npy nepBoHaYansHOM
JOCTyne wnu B pexuMme coeduHeHUsi. B pexume nogknoyeHus nofdepxuBaeTcs TpurrepHasl nepefada
napameTtpos TA.

Mpu nHTerpaunn NB-loT B8 NTN gomkHa ObiTe NpoBefeHa oLeHKa aHepreTudeckoro bromxketa aboHeHT-
CKOW pagvonuHuMK C y4eTOM MOLLHOCTW NMepeaaBaeMoro curHana, yCureHws v notepb B aHTeHHax, notepu
curHarna us-3a pacnpocTpaHeHus, a TaKke YyBCTBUTENbHOCTY NPUEeMHUKA.
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MpunoxeHune A
(cnpaBo4Hoe)

OTtpacneBoe npuMeHeHUe TexHonoruu NB-loT

A.1 Kputepuu BoiGopa TexHonorun NB-loT

OpnHum u3 Hanbonee BaxHbIX cBONCTB TexHonorun NB-loT saenaeTca BO3aMOXKHOCTE paboTbl aDOHEHTCKMX YCTPONCTB
npu Bornee HU3KNX YPOBHAX CUrHana v npu BLICOKOM YPOBHE LLYMOB, a Taikeke akoHomua Batapen. CeTb NB-loT npegHaszHa-
YeHa Ana nepegaqy KopoTkux cooblweHnid. He pekomeHayeTca nepegada ayavo- U BUOEOKOHTeHTa 1 6onbLumnx darinos.
[Mpn paspaboTke abOHEHTCKMX YCTPOWACTB Heobxoaumo obpalwaTe ocoboe BHUMaHWE Ha peXnMbl 3KOHOMHOIO aHEProno-
TpebneHna 1 oNTUMU3aLMI0 MHPOPMALIMOHHOIO NOTOKA.

Cetb NB-loT umeert cyuecTBeHHOE NPeMMYLLECTBO NO OTHOWEHWIO K ceTaMm 2G/3G/4G B 4acTu 30HbI MOKPLITUA U
NMPOHWKHOBEHWA CUrHana B TPYAHOOOCTYMHbIE MecTa (Hanpumep, Nogeansl U NOMeLEeHUs C KOMMYHUKaUMAMK B 30aHUSX).
MpenmyLiecTBo obecneynBaeTcs Bonee NOMEXOYCTOWYMBLIMK Y3KOMOMOCHBIMIK CUrHanamu, a Takke BCTPOEHHbIM Mexa-
HW3MOM NEePENOBTOPa NEpeaaBaeMblX NAaKETOB AaHHbIX.

OcHoBHble kputepuu Belbopa TexHonorun NB-loT:

- Hanu4Me ceTu OocTyna Ha Tepputopumn Poccuickon denepaumu;

- OTCYTCTBME BHYTPWUCETEBOMO POYMWHIA;

- 9HeproathdeKTMBHOCTL abOHEHTCKOro YCTponcTBa: paboTa YCTpOWUCTBA OT OAHOro KoMmnnekrta Gatapei — Anu-
TenbHbIN cpok (go 10 neT);

- HAAEXHOCTb Nepefadn AaHHbIX;

- nogxnodeHme BonbLIOro YACHa yCTPOWCTB B OZQHOW nokauum,

- HU3Kas CTOMMOCTb YCTPOWCTRA;

- pacluMpeHHas 30Ha MOKPbITUA 1 rMyBokoe NPOHWKHOBEHWE CUrHana B TPYAHOO4OCTYNHbIE MecTa (Hanpumep, nod-
Baskbl, KONoAUbl, TEXHUYECKUE NMOMELLEHNA);

- AOMNYCTUMOCTE HU3KWX CKOPOCTEN W 3afepXek nepenayu SaHHbIX.

A.2 OTpacnu npMMeHEeHUA TEXHONOTUK
Mpumepsbl ucnone3oeaHusa cuctem NB-loT B paznuyHbixX oTpacnax 3KOHOMUWKW npedcTaBneHsl B Tabnuue A.1.

Tabnuuya A.1— OTpacnu npumeHeHns TexHonormm NB-loT

OTpacnes Mpumepbl cuctem
CenbcKkoe X03aNCTRO MoHWTOpUHT arpogaT4MKOB.
MoHUTOPKUHT None.
MeTeocTaHumu.

TPEKUHT 1 MOHWUTOPUHT COCTOSHUSA (hepMEpPCKOro ckoTa

S,qpaaooxpaHeHme EVIOMeTpM‘-IECKME.‘ n MeJnuMHCKKue O0aTtymkn

I'opo,qcme X035MACTBO MHTEJ’!J’IEKTyaﬂbHaH CncTtemMa y4eTa KOMMyHanbHbIX PECYPCOB.

YMHOe OCBELlIEHWE.

YMHasa cuctema ynpaeneHna MMKpPOKINMUMaToMm.

YMHas cuctema ynpaeneHua u gncnetyepun3aumm MHXeHepHoro 060py,D,OBaHI/IF|.
TPEKMHF OOMalLUHUX XXMBOTHbIX.

BeHauHroBkle MallmWHbI.

MeTeocTaHuum, B TOM yncne paGDTarou.uAe B CYpPOBbIX YCNOBUAX

OHepreTuyeckas MHppacTpykTypa | MHTennekTyanbHas cucTema y4eTa aHepropecypcos.
leHepaTopbl anekTpudecTea

TpaHcnopTHas uHdpacTpykTypa CwcTema KOHTpONs TpaHcnopTa, rpy30B, MOOUIMBHBIX aKTUBOB.
CpepncTea HOMBUAYANEHON MOBUINBEHOCTK.
CucTtema KOHTPONS NapKoBOK

npOMblLIJJ'IEHHOCTb MDHVITOpI/IHF COCTOAHMA NPOMbILWNEHHOIO O60pyJJ,OBaHVI$|.
Cwuctema BezonacHocTH nepcoHana Ha npeanpuaTtumn

Mpumepkl obopypoBaHus ¢ peanu3auyunen TexHonorun NB-loT npegctaeneHs! B Tabnuue A.2.
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Tadtnuua A.2— lNpumepbl obopyaoBaHus ¢ peanuaaumei texHonorun NB-loT

Kateropus

ObopynosaHune

KX, yMHbIA ropog: npubopbl y4eTta

CyeTunKkK aneKTpuyecTBa.

CyeTuynkn Boabl.

CyueTyuKu raza.

CyeTumkn Tenna.

Pacxogomepel.

Yanel yyeTa.

CYeTYMKN UMNYBCOoB.

JaTymnkn npoTeyku.

[atunkm Ha ntok (MycopHbI Bak, kaHanuaaums).
[aTtumkn oTKpLITUA OKOH, ABEPEN

O6opynoBaHWe MOHUTOPWHTa aKTUBOB

Tpekepbl.
Maskw.
JaTtumkn napKoBku

O6opynoeaHue cuctem 6e3onacHoCTU

[aTymkmn BCKpPLITWA, OTKPBITUA, MPOHUKHOBEHUS.
[atymkn OBUKEHWA, NPUCYTCTBUA.

NB-loT kHOMKK.

[aTymkn KOHLEHTpaLUW YIMEKMUCIONo, YrapHoro rasa.
MoxapHble ObIMOBLIE U3BELLATENN

O6opyaoBaHMe MOHWTOPWHIA OKpYKak-
el cpeqpbl

KomnneKkcHble U3MepUTENn-perMcTpaTopsl.
Jatymkm TemnepaTtypbl, BNaXKHOCTH, OABIEHWSA.
Hatumkn Wwyma, ocBELLEHHOCTH.

[atymkmn 3KOMOHUTOPUHIa.

CTaHuUMK 3KOMOHMTOPWHrA.

[aTunkn KOHUEHTpaUUK YacTuL.
MeTeocTaHUMK.

lazcaHanuaaTtophbl.

Meinemepsl

ObopynoeaHue ana CX 1 KMBOTHOBOACTBA

Oatymkm CX 1 KUBOTHOBOACTBA

O6opy,qc>BaH|ne CHNcTemM aBTOMAaTUKK

(SCADA)

JaTt4mkn.

WamepuTtenn.
MpeobpasosaTtenu.

Pene.

VMcnonHuTeneHbIE YCTPOWCTBA

O6opynoBaHne LUMdPOBU3aLUN 30aHUA

CKyQ.
3aMKn 1 3aLlenku.
NB-loT kHomnkK

O6opynoBaHWe CUCTEM OCBELLEHMSA

ycnp.
KoHTponnepsl ocBeLleHmns.
KoHTponnepkl ceeta

O6opynoeaHue ACYTII

Torrepbl ANs aBTOMaTM3auuKM ynpaeneHUs TEXHONOrMYEeCKUMI npoLec-
camu (06beguHAET OAaTYMKM U CHETHMKM B ceTb |loT)

O6opynoeanve cBasu ana nwoboro otpac-
NeBoro NpUMeHeHua *

NB-loT mogynu ceaam

CeteBoe obopynosaHue |oT npoekTos™

KommyTatopel.

MapLupyTuzaropbl.

MynsTunnekcopsl.

MeawakoHBepTOPEI.

Xabbl.

MocTbl.

Yeunutenu n npeobpa3osateny curHana

* B T. 4. ¢ ucnone3osaHunem NTN-cBazu.
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A.3 XapaKkrepucTWUKM nepegaym gaHHbIX B ceTy NB-loT

MakcumansHas CKOpPOCTb Nepenadyn OaHHbIX B CETU NB-loT, goctimkmnman npu ngeanbHbIX YCNOBUAX paguonpuema,
NP1 MOHOMOMNbHOM MCNONbB30BaHWUN aboHeHTOM BCcex pecypcoB COThI, C y4€TOM peann3aunn BCeX MexaHM3MoOB ONTUMK3a-

uuu, ykasaHa B Tabnuue A.3.

Tabnuuya A3 — MakcMmanbHble CKOPOCTY Nepeaayy AaHHbIX

rOCT P 59026—2024

MakcumansHas CKopocTb nepefaqn AaHHsix, Kout/c

Kateropusi aboHeHTCKOro ycTporcTea

B HanpaeneHun kK aboHeHTy

B HanpaeneHun ot aboHeHTa

NB1

26

60

NB2

126

160

PexomeHgyeMble mogenuy nepenayuv coobllennin ana aboHeHTckoro obopygoBaHua npueeaeHsl B Tabnuue A4 [23].

Tabnuya A4 — PekomeHgyemble mogenu nepegaqn coobleHunin ana aboHeHTckoro obopygosaHus B cet NB-loT

Hearaerme yoTpoficrea BRI | cluseyEakr | ‘e Baly | mpatre,Seli

Hocumble ycTpoicTea 10 B oeHb 20 200 6000
TPEKUHT 3KMBOTHbLIX 2 ByYac 50 2400 72 000
TpekuHr caMoKaToB, BENOCMNeaoB 8 Byac 50 9600 288 000
BuomeTtpuyeckve v MegUUVHCKUE OaTYMKA 8 B oeHb 100 800 24 000
[eHepaTopbl anekTpu4ecTBa 2 B OeHb 100 200 6000
[MNoxapHana curHanuzaums 2 B AeHb 20 40 1200
TpexkuHr choepmepckoro ckota 100 B peHb 50 5000 150 000
[aTtunku MUKpoknumara 5B OeHb 50 250 7500
TpeKkuHr npoMblwneHHoro obopynoBaHms 100 B geHb 50 5000 150 000
[MpoMbIWNEHHBI MOHUTOPWHT Be3onacHoCTH 2 B OeHb 100 200 6000
[Mprnbopkl y4eTa aneKkTpoaHeprm 1 paz e yvac 100 2400 (4800) 72 000

(1 pa3 B 30 MUHYT) (144 000)
CyeTynkn Boadpb! 1 rasa 8 B oeHb 200 1600 48 000
[aTtynkn napkoBku 60 B neHb 50 3000 90 000
ABTOMATU3aUWS 30aHNIA 5B AeHb 50 250 7500
ABTOMaTU3aUKMsa goma 5B OeHb 50 250 7500
[MpoMBbIWNEeHHbI KOHTPOMNEL NPOU3BOACTERA 100 B OeHb 50 5000 150 000
YMHbIE CETU 10 B geHb 20 200 6000
MOHUTOPUHT NPONAaHOBLIX LUCTEPH 2 B AeHb 100 200 6000
MOHMTOPMHT arpogaTyMKoB 4 B geHb 100 400 12 000
MoHUTOPKHT Mycopa 1Buac 10 240 7200
MOHUTOPUWHT OKpyatoLlen cpeabl 1 Buyac 200 4800 144 000
[opoackoe oceelleHWe 5B OeHb 100 500 15000
BbiTOBas TexHuka 3 B JeHb 20 60 1800

1B OeHb 1024 1024
BeHguHroeble MallWHBbI 330720
100 B AeHb 100 10 000
Pekomernpgaumm ons pa3paboTkm yCTPOWCTB W peanuaaumMn npunoxeHuin npeacraeneHsl B [24].
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Mpunoxenune b
(cnpaBo4Hoe)

Mpumep 3HaKa, NOATBePXKOAKLWEro KOPPEKTHOCTL UCMONbL30BaHUA ycTporcTea NB-loT
B BbIGpPaHHOM CLEeHapUN NPUMEHEHUs

NMPOBEPEHO
MTC

PucyHok B.1 — lNpumMep 3Haka, NOATBEPKOAKLLEro KOPPEKTHOCTL UCNonb30BaHusa ycTponctea NB-loT
B BbIBpaHHOM cLeHapui NpUuMeHeHUs
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KntoueBkble cnoBa: MHMOOPMAaUMOHHbLIE TEXHOMOrMKM, NPOTOKON nepedauvu gaHHblx, NB-loT, LTE, NTN, 5G,
OCHOBHble NapamMeTpsl

44

Pa3zpaboTka anekTpoHHOWN Bepcun - nopTan GostExpert.ru 48 / 50
Crpanuua ookymeHTa - https://GostExpert.ru/gost/gost-59026-2024



https://gostexpert.ru?utm_source=pdf&utm_medium=69313
https://gostexpert.ru/gost/gost-59026-2024?utm_source=pdf&utm_medium=69313&utm_term=page

TexHunueckuin pegaktop B.H. [Npycakosa
Koppektop M.U. MNepuwiuxHa
KoMmneloTepHasn Bepctka f1L.A. Kpyeoeol

CpaHo B Habop 15.10.2024. [ognucaHo B nedatb 29.10.2024. dopmar 60%84%. [apHuTypa Apuan.
Yen. ney. n. 5,58. Y4.-u3g. n. 4,64.

MoAroToBMNEHO Ha OCHOBE 3MEKTPOHHOWM BEPCUM, MPEeAoCcTaBNeHHon paspaboTynkom ctaHgapTa

CoszpgaHo B eguMHM4HOM ucnonHeHun B IBY «MHCTUTYT cTaHgapTraaumu»
ansa koMnnektToBaHua PegepanbHoro MHopMauuoHHoro hoHaa cTaHaapTos,
117418 Mockea, Haxumosckuii np-1, 4. 31, k. 2.
www.gostinfo.ru info@gostinfo.ru

Pa3zpaboTka anekTpoHHON Bepcun - nopTan GostExpert.ru 49 /50
Crpanuua ookymeHTa - https://GostExpert.ru/gost/gost-59026-2024



https://gostexpert.ru?utm_source=pdf&utm_medium=69313
https://gostexpert.ru/gost/gost-59026-2024?utm_source=pdf&utm_medium=69313&utm_term=page

Pa3spaboTka anekTpoHHOW Bepcumn - nopTan GostExpert.ru 50/50
CTpaHuua OoKkyMeHTa - https: tExpert.r t t- 26-2024


http://www.tcpdf.org
https://gostexpert.ru?utm_source=pdf&utm_medium=69313
https://gostexpert.ru/gost/gost-59026-2024?utm_source=pdf&utm_medium=69313&utm_term=page

