DEJEPANIBHOE ATEHTCTBO
No TEXHUWHECKOMY PEIrYNMPOBAHWIO U METPONOI MK

HALMOHANDBbHBIA FTOCTP
CTAHOAPT 59026—
POCCUUACKOWN
GEOEPALMUMU 2024

UHdopmauMOHHBIE TEXHONOIMN

WHTEPHET BELLEW

NMpoTtokon 6ecnpoBogHoON nepenavm gaHHbiX NB-loT.
OcHoOBHbIE NapamMeTpbl

W3paHue ohuumancHoe

Mocksa
PoCcCHMACKMA MHCTUTYT CTaHAapPTHU3aLMK
2024



rocT P 59026—2024

Mpegucnoewe

1 PASPABOTAH MyBnudHelM akyMoHepHeiM obwecTteomM «MobuneHele TeneCuctembl» (MMAO «MTCs)
2 BHECEH TexHudeckum KoMMTETOM no ctaHgaptu3zauun TK 194 «Kubep-thuanyeckne cuctemsl»

3 YTBEPXOEH W BBEOEH B OEWCTBWE Mpukazom denepansHOro areHTCTBa No TEXHUYECKOMY
perynupoBaHdnio U MeTponorun ot 7 okTadpa 2024 r. Ne 1399-cT

4 B3AMEH rocCT P 59026—2020

lpasuna npuMeHeHUs Hacmoslle20 cmaHdapma ycmaHoeneHsbl 8 cmambe 26 ®edepanbHo20 3aKoHa
om 29 woHa 2015 2. Ne 162-@3 «0O ecmanOapmusayuu e FPocculckoli @edepauuuy. HMuhopmayus ob
U3MEHEHUSIX K HACMOosALWEeMY cmandapmy nybnukyemcs & exez00HOM (0 COCMOAHUK0 Ha 1 AHBapPA MeKylueao
2oda) uHdhopmayuoHHOM yikazamene «HayuoHanbHsle cmaddapmel», a ohuUuanbHbIg MeKcm UsMeHeHul
U 17oNpasoK — 8 eXeMecsYHOM uHgopMauyuoHHoM ykasamene «HauuonaneHbre cmaHOapmely. B cioyqae
nepecMmompa (2aMeHsl) LU ommeHb! HAacmoALWLe20 cmaHdapma coomeemcemeyioulee yeedoMieHue bydem
onybnukosano 6 bnuwaluwem ekIMyCKe eXeMEeCHYHO20 UHGOPMAaUUOHHO20 ykasamens «HauyuoHansHele
cmaddapmet». Coomeememeylowas uUHhopmalyus, yeedoMieHUe U MEeKCMbl pasMeuanmcsi Mmakxe 8
uHghopmayuoHHoU cucmeme obweso None3oeaHus — Ha oguluansHoM caume PedepansHo20 ageHmemaa
Mo MexXHUYecKoMy PecynuposaHuic u Memponoeuu 6 cemu Muemeprnem (www.rst.gov.ru)

@ Odopmnenne. ©IBY «HcTUTYT cTanpapTuaaunms, 2024

HacTtoswmia cTaHaapT He MoXeT BEITE NONHOCTEID MK YaCTHUYHO BOCNpoKW3BedeH, TMpaXnWpoBaH W pac-
NpocTpaHeH B kadecTBe oMUMaNEHOro M3gaHKe Bes pa3pelleHua @epepanbHOro areHTCTBa No TEXHUYECKO-
MYy perynupoBaHW W MeTponorm



roCT P 59026—2024

CopepxaHune

T OBNaCTE MPUMEHEHMEA . . . . et et it e ettt e e e e et e e e et e ettt aaa e e e et et 1
2 TapMUEE: B OMEIBIIBHUR o e s cpimtnn, coms o Lo e s s S, s i S e W ot - s a5t 1
JCoORpBUEHNA W ODOIHENOHME oo v sudim o o Teriiesd « 50l oo s e e e i 2
4 MNapameTtpbl paguonHTepdenca ans dyHkuronnpoBanma NB-loT . ... ............................5
4.1 OwanaacHel pabouux yactoT downlink- w uplink-kaHanoe NB-loT .. ... ... ... .. . . ... 5
4.2 KoHthurypauuu 4acToTHOIO pecypca KaHana nepegadn ganHelx NB-loT. .. ... ... .o oo L0 T
A3 PECNANOHEHAS NB T R EETTEIIT. . e T st o ook oo o o i b S i O R 8
5 Kareropun a00HeRTCRNE VETPOMCTE NBalOTR Tl %t oo is s v oo s e o s s s S e & e i 10
G, ApxA ek Pa CoRt N BTN oo IR el i m i R S R R TR S T 12
6.1 OBLAR apXMTORPYRE . C kst e o i s e S AT S SR SRR Vs e S sy 12
6.2 Apxutektypa cetu Ansa nepegaun naketoB NIDD. . ... .. .. .t e 14
6.3 ApxuTeKTypa CeTw AN Nepeaaqun BaHHBIX [P, . . .. .t i et e 15
7 Crek nporokong nepenadm BEHHBI NB-I0T . .. o v oo s e e o oe cviie s vimisie rr s e st = e mie e s 16
1.1 ETenapoToRonE HoDORaNW BEHEBLIN: - o o baim Bis S cibies i s e i, Sams e 16
7.2 B3anWMoCBA3b YPOBHEN CTEKA WU KAHANOB Nepedaydm JaHHBIX . . . ..ottt e i ae e 17
Fid Y poBRBRE PHY s i e e e i i e S e S U S R e TR A N, 18
g S o1 1= 1) 210, P USSR SOOI 0. |, o6 | S 25
B OBEEE BLIES . v s st s i s s g e o N W s e 26
BN POEEHE ERGR s sanns s s s R A ot SR B 28
T - NpoRBHE RRG o covmmnnmmmmnman cunms i e i ia & 3o e B i i e oy S0 SR & 30
& Pesaian sHeprochepemends NB-loT: o un o o aTa o Bl s el crbiwiissmdns s susai oo s 32
B.1 Pexvm sHeproChepeeHNA POM .. . .. it sttt e et e e 32
B.2 PacluMpeHHBIR pexum NpepelBUCTOrO NMpMema DRX . . ... . e i e ee s 32
8 Pacioiipeiide BoaMORHOCTEM WBAGT . ... £ Mmoo cim e v ams s s 5 s B e g s e 34
9 TR rpaER A BB M e T e e SRR S T R S S 34
9.2 MuTarpa i BRITIN® o SN i i RN Tonmiin s Evii e R R TR R 36
Mpunoxenne A (cnpasodHoe) OTpacneBoe npuMeHeHwe TexHonormn NB-laT . ... ... ... ... ... ..., 39

Mpunoxenne B (cnpasovHoe) Mpumep 3HaKa, NOATBEPKOAKLWETO KOPPEKTHOCTE MCNOMNb30BaHWA
ycTpoiicTea NB-1oT B BoIGpaHHOM CLUEHAPWM NPUMEHEHHA . . . ... oo vt v i e e e e o 42
EBRBNMOrpadiis: < B BNl i 5 it A TR AR G TR AR e e 43






roCT P 59026—2024

HAUMOHANbHBIAN CTAHOAPT POCCUMMCKOW QEOEPALWNMK

WMHdpopMaUMOHHBIE TEXHONOTMK
MHTEPHET BELLEN

MpoTtokon GecnpoBogHoit nepeaaun gaHHbix NB-loT.
OcHOBHbIE NapamMeTpbl

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

Oara Beegenna — 2024—11—01

1 O6nacTe NpUMeHeHnA

HacTtoswuin cravgapt pacnpocTpaHsercs Ha obopyaosaHue becnpoBogHon nepepaqn aaxHeix NB-loT
W YyCTaHaBMWUBAET £ro OCHOBHLIE NapameTpbl.

TpeboBaHna HACTOALLErO CTAHAAPTA CNeayeT yuuThIBaTh NpK pazpaboTke, WATOTOBNEHUK U 3KCNNyaTta-
umu obopynoesanua BecnpoeodHoN nepedadm aaHHbix NB-loT.

HacToswuit cTaHaapT, onpefenanni dyHkuvoHvpoBanve NB-loT, gonyckaeTcs ucnonkaoRatk Kak oc-
HOBY peanuaauun UMGPoBbLIX pelleHWA B pasnUYHbIX OTPACNAX 3KOHOMUKWA — CTPOUTENLCTEO, KKX, «yMHbIRA
ropog», NPOMbILUNEHHOCTEL, CEeNbCKoe X038ACTBO, TPAHCTOPT, NOTUCTUKA WU Ap.

Ons oBbecnevennn GesonacHol nepefaqy gaHHbLIX OKOHEYHOro YCTPOMCTBA MCMNOML3YIOTCA ANrOPUTMbI
wuchpoBaHWS OaHHBIX COBPEMEHHbIX CUCTEM NepeaaYy AaHHbIX U npoTakonoB. HeobxoaumocTe WWpoBaHKSA
(npyMmeHeHve cpeacTB KpunNTorpacnyYeckor 3alnThl) AaHHBIX NpY ee Nepejadye onpeaenseTca paspaboTym-
KOM/NPOW3BOAWUTENEM YCTPONCTE CAMOCTOATENLHO C yYEeTOoM AeACTBYIOWErD 3akoHoaaTenscrea Poccwitckon
degepaumn. Boibop KOHKPETHLIX anropuTMOB WK poBaHWA AaHHLIX onpejendeT pa3paboTynk OKOHEeYHOoro
YCTPOMCTBA B 3aBMCUMMOCTM OT LENeBOro Ha3HayeHWs OKOHEeYHOro YCTPOWCTBA W AedCTBYIOWMX HOpMaTHB-
HblX JOKYMEHTOB, B TOM YMCNe ANS KPUTUYeCKOR WHhopMaUUoHHOW wHbpacTpykTypel (KWK, Mcnoneayemele
B OKOHEYHOM YCTPOWCTBE anropuTmMbl WWPOBAHUS AAHHBIX [0MKHBLI ObiTh YKa3aHsl B 3KCMUyaTaALWOHHON
OOKYMEHTALMKW HA CODTBETCTBYOWEE OKOHeYHoe ycTpoicTeo. OnucaHue u BulBOp KOHKPETHLIX anropuTMoB
wwudpoBaHna gaHHLIX BEIXOGWT 3a PaMKi HacTOALLEro cTaHdapTa.

2 TepMHMHLI U onpeaeneHus

B HacTosweM cTakgapTe NnpuMeHeHbl creayolne TepMUHbl C COOTBETCTRYIOLMMI OnpeaensHusMu:

2.1 yakononocHeld uHTepHeT Bewen; NB-loT: TexHonorua paguopocTyna, BXOOALWAR B COCTaR CO-
ToBoro loT, cTaHaapTWaupoeaHHasa 3GPP ons uHTepHeTa BeLlei.

2.2 coToBblii MHTepHeT Bewen; CloT: CotoBasa ceTh, NOAAEPHUBAIOLAA YCTPORCTBA HU3KOID YPOBHS
CNOMHOCTH W HX3KOA NPONYCKHOW cNocoBHOCTH ONA CETH BeLLE.

Mpumeyanue— Cotosulid loT nogaepxueaer oba supa Tpacpuka: IP u He-IP.

2.3 atanoHHana YyBcTBWTenbHoOCTL (reference sensitivity): MuHumaneHas cpegHAs MOLWHOCTE CUrHa-
na, nofaeaemMas Ha aHTeHHLIR nopT aboHeHTcKoro yeTpoicTea (UE), npy KOTopo# nponyckHas ¢cnocoBHoCTL
UE coctaensaeT He meHee 95 % 0T MakcumManksHo| nponyckHorn cnocobHocT ganHoro UE.

2.4 uplink-kanan; UL (uplink): Kanan ceasu socxoaswmx coobweHuid oT aboHeHTCKOro YCTpoACTEA.

2.5 downlink-kaHan; DL (downlink): Kanan cBAsW HUCXoAAWMX cooblieHni Kk aBoHeHTCKOMY YCTPOR-
cTBY.

WNapanue ochuumnansHoe
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2.6 noeepeHHblit AS: Cepsep NPpUNOXKEHWA, pacnonoKeHHbId BHYTPU KOHTYpa CeTu.

2.7 cnon poctyna Access Stratum: @yHEUMOHaANbLHLIA YPOBEHb MEMIy PagwvoCceTbld U Nonb3oea-
TenbckuMm obopyfoBaHWeM, OTBEYAKLIWIA 38 TPAHCNOPTUPOBKY OaHHLIX No BEcnpoBOOHOMY COBOWHEHWIO W
YNpasneHue paguopecypcam.

3 CokpaweHus n 0B6o3Ha4YeHUA

3.1 B HacToslLeM CTaHJapTe NpUMEHeHs! cnefylolne coKpaLleHns:

ACYTI
K
ckva
CX
ycnp
AF
AM
AMF

API
APN
ARQ
AS
BCCH
BCH
BPSK
CCCH
CoAP
CP
CRC
CRS
CSGN

cu
DCCH
DCl
DL-SCH
DMRS
DTCH
DU
EARFCN
eDRX
eNB
EPC
EPS
FDD
GEO
GNSS
GSM
GTP

2BTOMaTU3UMPOBaHHAA CUCTEMA YNPAaBNEeHWA TEXHOMOIMHYECKUM NPOUECCOM;
KPUTUYECKAs MHPOPMALWOHHARA MHPACTPYKTYPA;

CUCTEMA KOHTPONA W yNpaeneHus AocTynom;

CenbCKoe XO3IAWCTBOD;

ycTpoicTeo cBopa U nepegaqn JaHHbLIX;

npuknagHas dyHkuma (Application Function);

pexum nepegayun ¢ nogreepxaeHuamy (Acknowledged Mode);

hYHKLMA YNpaBneHwa AocTynoMm u MobunsHocTeio (Access and Mobility management
Function);

WHTepderc nporpammuposaHia npunoxeduni (Application Programming Interface);
nmA Todku goctyna (Access Point Name);

aBTOMAaTUUYECKMA NOBTOPHBLIA 3anpoc (Automatic Repeat Request);
cepsep npunoxeHuid (Application Server);

WMpoKoBeLlaTeneHblit kadan ynpasnenuns (Broadcast Control Channel);
WMpokoBeLlaTensHbllt kadan (Broadcast Channel);

LBovyHasA thazosan maumnynsauma (Binary Phase-Shift Keying);

obBwui kaHan ynpasnedua (Common Control Channel);

npoTtokon orpanuyeHHoro npunoxenus (Constrained Application Protocol);
nnockocte ynpasneHus (Control Plane);

uuknuyecknii nabeirounblid koa (Cyclic Redundancy Check);
pechepeHcHeli curHan adenkn cetu (Cell-specific Reference Signal);

y3en wno3ia obcnyueaHusa coToBoro WHTepHeta eewen (Cellular loT Serving Gateway
Node);

ueHTpaneHelil Gnok (Central Unit);

EbleneHHbin kaHan ynpasnenun (Dedicated Control Channel);

ynpaenswwas uHgopmauns downlink-kanana (Downlink Control Information);

obwwui downlink-kanan (Downlink Shared Channel);

pechepeHcHEIA curHan gemoaynauuu (Demodulation Reference Signal);

BbifleneHHbid kaHan Tpadgvka (Dedicated Traffic Channel);

pacnpegenedHbiin 6nok (Distributed Unit);

Homep YacToTHoro paghokadana (E-UTRA Absolute Radio Frequency Channel Number);
paclypeHHbIA NpepblBUCTEIA npuem (Extended Discontinuous Reception);

baszoean ctaHums cetu (eNodeB);

AOpPO NakeTHoN ceTy HoBoro nokoneHus (Evolved Packet Core);

nakeTHas cucTema Hoeoro nokonewwns (Evolved Packet SYstem);

yacToTHeIA gynnekc (Frequency Division Duplex);

reoctauuoHapHas op6ura (Geostationary Earth Orbit);

rnofanbHas cnyTHYKOBas HaBurauuoHHas cuctema (Global Navigation Satellite System);
rnobansHas cuctema mobuneHon ceaan (Global System for Mobile Communications);

rpynna NpoTOKONOB COefuHeHus Ha ocHoee |P, ucnonbayemas B cetax GSM, UMTS u
LTE (GPRS Tunneling Protocol);



GTP-U

GUl
HARQ

HSS
HTTP
HTTPS
IMSI

lloT

loT

IP

LEO
LTE
LWmM2mM
M2M
MAC
MEO
MIB
MME
MO
MONTE
MQTT

MQTT-SN
MT
NAS

NCCE
NEF

NIDD
NPBCH

NPDCCH

NPDSCH

NPRACH

NPRS

NPSS
NPUSCH

NRS
NSSS
NTN
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— NPOTOKON Nepenaqu Nonb3oeaTenbCckoro Tpadrka Yepes TyHHenn ctadgapta GTP (GPRS

Tunneling Protocol For User Plane);
rpachu4ecknii uHTepdeinc nons3oeatens (Graphical User Interface);

rubpuaHan cxema ¢ aBTOMaTUYECKUM 3anpocoM NOBTOpPHOR nepegaun (Hybrid AUtomatic
REpeat REquest);

cepeep domawHux aboHeHdToe (Home Subscriber Server);

npoTtokon nepegayv runeptexkcta (Hypertext Transfer Protocol);

3alnLEeHHBIR NPOToKON nepeaadYu runeptekcra (Hypertext Transport Protocol Secure);
mMexayHapoaHbin uaeHTudKrkaTop MobunsHoroe aboHeHTa (International Mabile Subscrib-
er |dentity);

NpPOMEILINEHHBIR MHTepHeT Bewewn (Industrial 1oT);

uHTepHeT eewen (Internet of Things);

uwHTepHeT-npoTokon (Internet Protocol);

HW3kan okonoseMmHan opbuta (Low-earth Orbit);

craHpapt 6ecnpoBOOHON BLICOKOCKOPOCTHOW nepena4Yuy AadHelx (Long Term EVolution);
oBneryenHbld NPOTOKON ANA ynpaenexdus yetpoicteamu M2M unu loT (Lightweight M2M);
MeXMalnHHoe B3aumogercTene (Machine-to-machine);

yrnpaeneHue goctynom k cpege (Media Access Control);

cpeaHss okornosemHas opbuta (Medium-earth ORbit);

6ok cuctemuoin nHdopmauun (Master Information Block);

0BbekT ynpasneHns mobuneHocTeio (Mobility Management Entity);

cooblleHue, oTnpaeneHHoe ¢ mobunsHoro yecTpoiicTea (Mobile Originated);

MoHuTOpuHr yetpoicte (Monitoring Events);

npotokon o6mexa coobuieHnAMY No WabnoHy nanatens — nognucymk (Message Queuing
Telemetry Transport);

npotokon MQTT gns ceHcopHeix ceten (MQTT for Sensor Networks);
coobuleHune, AocTasneHHoe Ha MobunbHoe yeTpoicTeo (Mobile terminated);

CUrHansHeI NPOTOKOMN, HE TepPMWHMPYEMLIA Ha yanax ceTu paguwogoctyna (Non-access
Stratum);

anemeHT Y3KOMNonocHoro kaHana ynpasneHus (Narrowband control channel element),

dyHKUMA ofecnedeHMA BIaWMOOEWCTEMA ¢ BHEWHWMKM npunoxeHwaMmu (Network
Exposure Function),

nepegaya gaHHeix 6e3 ucnone3oeadus cteka npotokonos IP (Non-IP Data Delivery);

Y3KOMONOCHLIA thMandeckrin WIMpoKoBelaTensHbii KaHan (Narrowband PHysical BRoad-
cast CHannel);

yakononocHel cuandecknidi downlink-kaHan ynpaenernus (Narrowband Physical Down-
link Control Channel);

yakononocHeln dunanyecknia obwmin downlink-kanan (Narrowband Physical Downlink
Shared Channel);

Y3KOMONOCHKbLIN diM3nYecknin kaHan cnydairaoro goctyna (Narrowband Physical Random
Access Channel);

Y3KOMONOCHbLIWM pedepeHcHbI curHan nosuuvoHupoeanus (Narrowband Positioning Ref-
erence Signal);

CUrHan nepeuYHoI cuHxpoHusauun (Narrowband Primary Synchronization Signal);

y3KOMONocHbIM uandecknin uplink-kavan oBwero none3oeaHua (Narrowband Physical
Uplink Shared Channel});

yakononocHeld petdepeHcHbld curdan (Narrowband Reference Signal);
CcurHan BTOpUYHOM cuHxpoHusauun (Narrowband Secondary Synchronization Signal);
HeHa3zeMHble ceTi ceAau (Non-terrestrial Network);
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NWUS —
OFDM —

OFDMA —

PCCH —
PCF —
PCH —
PDCP —
PDU —
PGW —
PHY —_
PSM —
PtP —
QoS —
QPSK —
RACH —
RAU —
REST —
RLC —
RRC —
S51-U —
S1AP —
SAP —
SC-FDMA —

SCADA —
SCEF =
SCTP —

sbu —
SGi =
SGSN —
SGW —
SIB —
SMF —
SMPP —
SMS =3
SMSC i
TA —
TAU —
TCP —
TDD =
™ =
TTC —

Ucl i

Y3KOMNONOCHEIA curHan npobyxaeHua (Narrowband wake up signal);
MyMbTUNNEKCUPOBAaHWE € OPTOrOHaNbHBIM YacToTHbIM pazgeneduem (Orthogonal Fre-
guency Division Multiplexing);

OPTOrOHANbLHLIK MHOTFOCTAHLUMOHHBIA OOCTYN € YacTOTHLIM pasfeneHueM KaHanos
(Orthogonal Frequency Division Multiple Access);

KaHan nochbinkv NelquHrossix coobuleHnid (Paging Control Channel);

hyHKUMA ynpasnedus nonutukamu (Policy Control Function);

neipxuHroBblid kanan (Paging Channel);

NMPOTOKON YNpaBneHWA NakeTHeIMK faHHeiMK (Packet Data Convergence Protocol);
Brnok npoToKonkHLIX AarHbIX (Protocol Data Unit};

nakeTHbIA WNw3a (Packet Data Network Gateway);

thuanyeckuin ypoeeHs (Physical Layer);

pEXMUM 3KOHOMUKM 3HepruM (Power Saving Mode);

Toyka-Tovka (Point-to-paint);

kadyecteo obenyxmeanus (Quality of Service);

kBagpaTypHana dpazoean manunynsauns (Quadrature Phase Shift Keying);
TPAHCNOPTHLIA KaHan cny4vainoro goctyna (Random Access CHannel);
KOPPEKTUPOBKA 30HLI MapLUpyTU3auum (Routing Area Update);

nepepava cocToAHWA npeacTasneHus (Representational State Transfer);
npoTokon ynpaeneHua paguokadanom (Radie Link Control);

NpoToKon ynpasneHus paguopecypcamn (Radio Resource Control);

WHTEptheinc ceazn mexay eNodeB 1 SGW (S1 — User Plane);

npoToKon NpuknagHoro ypoeHa mexay eNodeB n MME (S1 — Application protocol);
ToYka gocTyna K cnyxBam (Service Access Point),

MHOXECTBEHHBLIA [OCTYN € YacTOTHLIM pasfeneHnem KaHanos ¢ OAHOW HECYLLEN YacTo-
Tol (Single-carrier Frequency Division Multiple Access);

pucneTdepckoe ynpaenenve U cbop gaHHeix (Supervisory Control and Data Acquisition);
Y3EM SKCMOHWPOBAHWA CEPBUCHBIX Bo3MoxHocTel (Service Capability Exposure Function);

NPOTOKON NepefaqYu ¢ ynpaeneHueM noToka — NPoTOKON TPAHCNOPTHOMD YposHA (Stream
Control Transmission Protocol);

Bnok cnyxebHblX gaHHbIX (Service Data Unit);

vwHTepdenc mexay PGW u eHewHumu |P-cetamu (Service Gateway Interface);
obcnyxueakowmia yaen nogaepxkn GPRS (Serving GPRS support node);
obcnyxusarwmin wnws (Serving Gateway);

Bnok cucTemHoi nHcpopmaumu (System information block);

thyHKUKMA ynpaBneHus ceccuamu (Session Management Function);
DAHOpaHroBasn nepegada kopoTkux coobuennil (Short Message Peer-to-peer);
cnyx6a kopoTkux coobweHuid (Short Message Service);

SMS-uenTp (SMS Centre);

BpemMmerHan komneHcauus (Timing Advance);

ofHoBNEeHWe 30HbI oTcnexueaHwa (Tracking Area Update);

npoTokon ynpaeneHuna nepenaden (Transmission Control Protocol);
BpemMeHHoe pasgenenue kadHanos (Time Division Duplex);

npoapayHbii pexum (Transparent Mode);

TEXHONOTUA Nepefaqdu «TenemeTpus, oTcnexusaHue, ynpasneHues (Telemetry, Track
and Command);

ynpasnawwasa nHopMauns uplink-kanana (Uplink Control Information);
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ubm — MOAynb ynpaeneHus aaHHeIMK none3osatenen (Unified Data Management);

UDP — npoTokon nonbacsarensckux gararpamm (User Diagram Protocol);

UE — aboHeHTckoe yeTpoiicTeo (User Equipment);

UL-SCH — obwwit kaHan ana nepefadun gadHblx Beepx (Uplink Shared Channel);

Um — pexkum nepenayu Gea nogreepkaeHuin (Unacknowledged Mode);

up — nonb3oeaTenscKas NNocKocTs B ceTsx ceasu (User Plane);

UPF — hyHKUWA nepefayvn faHHeIX nonk3oeatenei (User Plane Function);

VPN — BUpTyaneHas YacTHas ceTk (Virtual Private Network);

16QAM  — kBagpaTypHas aMnnUTYQHas MOAYNALWA CYncnom yposHen 16 (16-Quadrature amplitude
Modulation);

2G — MoBunkHas ceAab BTOPOro nokonedus (2-nd Generation);

3G — MODWNBEHAA CBA3L TPeTLero nokoneuua (3-rd Generation);

3GPP — NAapTHEPCKWA NPOEKT Mo pasBuTMIO cucTem TpeTeero nokonedws (3-rd Generation
Partnership Project);

4G — mobuneHan ceR3b YeTBepToro nokonexua (4-th Generation);

5G — MoBuneHas ceA3b NATOro nokonedud (5-th Generation).

3.2 B HacToswem cTaHgapTe npMMeHeHsl cnegyowme obosHavyeHna:
FUl_"iow — HW3was YactoTa uplink-kaxana;

FUL_high — BeicWan yacTtoTa uplink-kanana;,

FDL_Iow — HM3was 4acTtoTta downlink-kaHana;

FDL_high — Bhbicwasn Yacrorta downlink-kanana;

Nofe.pL — CMellgHue ana pacueta EARFCN downlink-kaHana;
NogeuL — cMelleHine ana pacdera EARFCN uplink-kanana.

4 NapameTtpbl paguouHTepdenca ansa pyHkunodsuposanua NB-loT

4.1 OuanazoHbl pabounx yactor downlink- u uplink-kananos NB-loT*

AwanaaoHel paboyux yacTtot downlink- n uplink-kadanoe NB-loT™ npueeneHsl B Tabnuue 1 [1].

Tabnuua 1— QuanascHsl pabouux yactoT downlink- v uplink-kasanos NB-loT

AuanazoH paboumnx 4acToT uplink-kadana, | [Awanazod pabodux uacToT downlink-kaHana,
Homep avanazoua My, My Penum
pafiounx YacToT aynnexkca
FUL_Iow = Fut__n:gh FDL_low e FDL_rugh
1 1920—1480 2110—2170 FDD
2 1850—19810 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—815 925—960 FDD
" 1427 9—1447 9 1475,9—14959 FDD

* Ha TERPUTORWK Paccuitickoi tbenepauuw WCNONLE30BaHWEe 4acToT J0OMHKHO OCYLEeCTBNATLECA B COOTBETCTEBUW C
peleHrem [ocynapcTBEHHON KOMUCCKMM NO paauoyacToTam oT 28 nekabpsa 2017 r Ne 17-44-06.
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[wanaaoH pabodnx Jactar uplink-kaHana,

[wuanason pabounx YacToT downlink-kanana,

Homep auanasoxa My My Pesim
pabodux yacTor Aynnekca
Fur_ow — Fut_nign FoL_tow — FoL_rign
12 699—716 729—746 FDD
13 777—787 746—T756 FDD
14 788—T798 758—T768 FDD
17 704—716 734—746 FDD
18 815—830 860—875 FDD
18 830—845 875—890 FDD
20 832—862 791—821 FDD
21 1447 9—1462 9 1495 9—1510,9 FDD
24 1626,5—16605 1525—1559 FDD
25 1850—1915 1930—1995 FDD
26 814—849 859—894 FDD
28 703—748 758—803 FDD
3 452 5—457.5 462 5—467,5 FDD
41 2486—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—T7486 FDD
a7 410—415 420—425 FDD
88 412—417 422—427 FDD
103’ 787—788 757—758 FDD

* YraszaHHas nonoca 4acToT NpefHa3HaqYeHa Tonbko 4nsA pexmma padore Standalone.




FOCT P 59026—2024

4.2 Kondmrypauumu yactoTHoro pecypca kaHana nepefaa4m gaHHbix NB-loT

CylecTByeT HECKONBKO KOH(MIypaumi YacToTHOrO pecypca kaHana nepegadv gaHHelx NB-loT;

- Standalone — HeaaBucuman pabota kaHana NB-loT;

- Guard-band — pa6Bota kaHana NB-loT B aaliMTHOM MHTepBane nonockl kaHana LTE;
- In-band — pa6ora kaHana NB-loT eHyTpu kaHana LTE.
KoHturypauwsa nonockl NponyckaHns kaHana npueegeHa B tabnuue 2.

Tabnuua 2— Konthvrypauus nonockl Nponyckanwa KaHana LTE

Monoca nponyckanna kanana LTE BW ey e MUY 14 3 5 10 15 20
Yucno pecypcHbix BNokos Ngg 6 15 25 50 75 100
KoHburypauwm nonocel nponyckadus kaHanoe NB-loT ykazassl B Tabnvue 3.
Tabnuya 3 — Koudurypauun nonocel nponyckaHvwa kaHanos NB-loT
Mapamerp Standalone In-band Guard-band
Monoca nponyckanua kanana BWey e ¥4 200 Monoca nponyckaxus, Monoca nponyckaxua,
ykasaHHas B Tabnwue 2, yKkaslaHHanA B Tabnuue 2,
BWepanne = 1.4 MIy BWepannet > 8 ML
Konwuecteo pecypcHelx Gnokoe Ngg 8 nonoce 1 1 1
nponyckaHwa nepefa4yu, en.
Konuuecteo nogHecylWMX B KOHUrypauwm no- 12 12 12
nockl nponyckanus nepeaasn Ny . 4g ) €0-
KonwvyecTBo NoOOHECY LMY B KOHUrypauwmm no- 48 48 48
nockl NponyckaHus nepeaadn N, oo 3 75 ¢y €0

Ha pucyHke 1 noka3zaHbl BapWaHTbl paaMelleHuns kaHana NB-loT B pexume Standalone.

i :mu"u

200 U200 MY, 400 €L 200 MU 200 KW 200 Wy 200 Ky |
300 Wy
Mexay GSM recywmmm iy

B MMy

Mexay GSM u UMTS recywmmn

PucyHok 1 — BapuadTel pazmelueHus kaHana NB-loT e pexvmve Standalone
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Ha pucyHke 2 nokasaHo pasmeleHve kaHana NB-loT B pexune In-band.

NB-loT

LTE

3, 5,10, 15 wnn 20 My

e SO

s
PueyHok 2 — PaametleHue v koHdurypauusa nonockl nponyckadiusa kasana NB-loT B pexwume pabortsl In-band

Ha pucyHke 3 nokasaHo pasmeweHve kaHana NB-loT e pesume Guard-band.

NB-loT

LTE

100 kT
.

F

A
-

]
!
1 Munnmym 200 kly,
F

10, 15 wnm 20 My

Pucynok 3 — Paameldenve v koHburypauwms nonoce! nponyckadws kavana NB-loT e pexume pabotet Guard-band

4.3 PacnonoxeHue NB-loT kaHanos

Hecywas yacrota downlink-kaHana NB-loT oboanauaetca EARFCN & agwanasoHe ot 0 no 262 143 u
cMmelleHuem HoMmepa kadana NB-loT no otHoweHuio kK EARFCN e gwanasone {-10; -9; -8; -7, -6; -5; -4; -3;
=2;-1;,-0,5;0;1; 2; 3;4; 5; 6; 7; 8; 9} pna FDD u B guanascHe {-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.

CooTtHoweHne mexay EARFCN, cmeweswem Homepa kakana NB-loT no otHoweHuo k EARFCN u He-
cyuien yactotoid B MI'y downlink-kaHana onpeaensoT BeipakeHuem:

FoL = FpL_jow * 0.1(Np_ — Noge.p) + 0,0025:(2Mp +1),
rae Fp — Hecywas vactora downlink-kanana NB-1oT;
F|3.|__|c,W 1 NggspL Y¥@3anel B Tabnuue 4;

Ny — EARFCN downlink-kanana;
Mp — cMmeueHue Homepa kaHana NB-1oT no otHowexuo kK EARFCN downlink-kaHana.
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Hecywasn yactota uplink-kanana NB-loT o6oaHauaetca EARFCN B guanazore ot 0 go 262 143 1 cme-
weHuem Homepa kadHana NB-loT no otHoweHuo kK EARFCN B auanasoHe {-10; -9; -8; -7; -6; -5; —4; -3; -2;
-1;0;1;2;3;4;5,6; 7; 8 9} ana FOD u & gnanazone {-11; -10; -9,5; -9; -8,5; -8; -7,5; -7; -6,5, —6; -5,5;
=5 =4 5 =4: =35 =3: =25 -2:-158.-1:-0,5:0:056: 1,15 2:25:3:35: 4:45:5:55:6:656;7:7,5:8 85;
9; 9.5; 10; 11} gna TDD.

CooTtHoweHue mexay EARFCN, cMmewennem HoMepa kaHana NB-1oT no otHowenuo k EARFCN u He-
cywel yactotol 8 MMy uplink-kanana onpefensioT BbIpaMeHueM:

Fu = Ful_jow * 01 (Nyp — Nogsay) +0,0025:(2M, ),

rae Fy, — Hecywasn 4actoTa uplink-kaHana NB-loT;
FuL 1ow " NogsyL Yrasarsl 8 Tabnuue 4;

Ny — EARFCN uplink-kanana;
My, — cwelwenne Homepa kaHana NB-1oT no oTHoweHuo kK EARFCN uplink-kaHana.
Pa3Hoc Hecylnx COCeAHUX YAcTOTHLIX KAHANOB, UMEIoLWKUX NoMnockl NPONYyCKaHna KaHana BWChannelm
¥ BWehanneiiz): OnpeaenseTcs kak (BWepanneii1) * BWehanneii2))/2-
Lar ceTkn yacToT kaHana coctaenAeT 100 k'y ons Bcex AManasoHOB 4acToT, T. €. UeHTpankHasa YyacTora
Hecylwen fonxHa 66Te UenbiM ynucnom, kpatHeim 100 klMu.

MpumeyaHusa

1 [Ona pexumos paboTel In-band nnm Guard-band ana4enua Ny, unn Ny otnnyaioTca ot aHavenna EARFCN, co-
OTBETCTBYOLWWErD Hecywel YacTtoTe downlink- wnu uplink-kanana.

2 [ins pexnma paborel In-band nnn Guard-band e cnyyae FDD He npumenmo aHadenne My = =0.5; B cnyyae
TDD He npumeHUME! 3HauyeHna My, {=0,5; +3,5; -4,5; +7,5; -8,5}.

3HaveHua EARFCN ans paznuyHeix gnanaszoHoe pabounx 4actoT ana oyHkumoHmpoeadma NB-loT npu-
BeneHel 8 Tabnuue 4*,

Tabnuuya 4 — 3Hadenns EARFCN gna pasnuyHelx guanasoHos paboyuy Yactor Ans gyHruMoHuposarua NE-loT

Homep Downlink-kanan Uplink-xanan
nuanasoHa

pfaﬁgglx FoL towe MU ) ﬂnanaaoaiHaqum FUL low MM M ﬂmanaan;u:inauemﬁ
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
< 2110 1950 1950—2399 1710 19 950 19 950—20 399
5 869 2400 2400—2649 824 20 400 20 400—20 649
i 2620 2750 2750—3449 2500 20750 20 750—21 449
8 925 3450 3450—3799 880 21450 21 450—21 799
11 14759 4750 4750—4949 1427.9 22 750 22 750—22 949
12 729 5010 5010—5179 699 23010 23010—23179
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 5860—5999 815 23 850 23 850—23 999
19 875 6000 B000—6149 830 24 000 24 000—24 149

* Ha teppuTopun Poccuiickon ®epepaluy WCNONb30OBAHME YKAZaHHLIX NapaMeTpoB OOMKHCO OCYLeCTENATLCH B
cooTBETCTEMM ¢ Mpukazom MUHWCTERCTEA CBA3W U MACCOBEIX KOMMYHUKaUWKH PO ot 6 mioHa 2011 . Ne 128 «0B6 yTeepm-
neHun MNMpasun npuMeHeHKWA aBoHeHTCKWX TEpMIMHANOB CeTel NoaBWKHOM pagwoTenedoHHon cea3n cTaHoapTa LTE».

9
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Homep Downlink-xaHan Uplink-kanan
Ananazoxa

pj:;qop;x FDL_JW‘ ML Noe.or ,Eluanasc;inaueuuﬁ Fuuowr ML ok i ﬂhanasn;uaLHauaHnﬁ
20 791 6150 6150—6449 832 24150 24 150—24 449
21 14959 6450 6450—6599 1447.9 24 450 24 450—24 599
24 1525 7700 7700—8039 1626,5 25700 25 700—26 039
25 1930 8040 8040—8689 1850 26 040 26 040—26 689
26 559 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 39 650 39 650—41 589 2496 39 650 39 650—41 589
42 3400 41 590 41 580—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 35650 55 240 55 240—56 739 3550 55 240 65 240—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 131072 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 132972 132 972—133121
71 617 68 586 68 586—68 935 663 133 122 133 122—133 471
72 461 68 936 68 936—68 985 451 133472 133 472—133 521
73 460 68 986 68 886—69 035 450 133 622 133 522—133 571
74 1475 69 036 69 036—69 465 1427 133572 133 572—134 001
85 728 70 366 70 366—T70 545 698 134 002 134 002—134 181
87 420 70 546 70 546—70 595 410 134 182 134 182—134 231
as 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 Kareropumu aboHeHTCKMX ycTtponcte NB-loT

Hacrosawwi cTtaHpapT onpegenseT ABe Kateropul aboHeHTckux ycTtpolcte NB-loT. OcHoeHble napa-
mMeTpel kaTeropuia NB1 v NB2 npeactasneHsl B Tabnvue 5 [2].

Tabnuua 5— OcHoBHble NapameTpsl kateropwin aboHeHToknx yetpoincte NB-loT

Kareropua
[Napametp
NB1 NBZ
Monoca nponyckaHus KaHana 200 My
PasHoc kaHanos B pexxume Standalone 200 My
Paaxoc kaHanoe e pexumax In-band u Guard-band 180 klMy,
LLiar ceTki YyacToT kKaHana (Bo BCeX pexumax) 100 «lMy

10
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Mapametp

Karteropus

NB1 NBZ2

MakcumarnsHas BeixoaHas MolLHocTs )

(23 £ 2) gbm (Knacc MOLWHOCTK YCTPOWCTE 3),
(20 £ 2) gbm (Knacc MOLHOCTH YCTRONCTE 5),
(14 £ 2,5) abm (knacc MOWHOCTW YCTPORCTB 6)

MHHMMAanNEHaA BLIXOOHAA MOLLHOCTL?)

—40 pbwm, He Bonee

MOLLHOCTE MaNYyUYeHrs NpY OTCYTCTBIK Nepegaqns)

—50 npbm, He Bonee

MorpelwHocT YCTaHOBKW 4acToTh

Mpw vacTore Hecywel = 1 My, 20,2 ppm
[Npw 4acToTe Hecywewn > 1 [Tu: +0,1 ppm

3ranoHHas YyBCTBUTENLHOCTLS)

-108.2 abm

MakcumMansHeIi yposeHs CUrHanNa Ha exofe I'IDMEMHHKaa'}'

—-25 pbm, He Bonee

Yucno HARQ npoueccos

1 wnm 2

MakeumansHoe yueno nepefad HARQ

Yucno Bnokos koga

Konuyecteo 6UT B Nnogkaape

320

320 unw 640

CHKOpOCTL KaHankHoro KoaMpoBaHus

1/3

112, 1/3 unu 3/4

Cxema koguposanns DL

OFDMA

CxemMa koaupoeadina UL

SC-FDMA

Mogynsaums

QPSK, BPSK, 16QAM

KoatpuuMeHT yeuneHWa aHTeHHEl

He Bonee 0 gBu

nepwos KOTOPOR COCTABNAET Kak MUHUMYM 0OWH nogkanp (1 mc).

HOCTW 3TaNOHHOIO W3MEpPUTENLHOro kaHana [2].

1) Nns pasHoca nopHecylwwx 3,75 kL MOLLHOGTL ONpeAenseTcs Kak cpeaHsst MOLLHOCTb M3MepeHus, Mepuog KoTo-
PO COCTARMSAET KaK MUHUMYM OAWH CNOT (2 MC), nCKNovan HTepean 2304 Ts, korda aboHeHTCKOe YCTPORCTRO He ocy-
WecTBNAET nepenady. [AnA pasHoca nogHecywnx 15 kU MOWHOCTE ONPENENAETCA KaK CPEAHAR MOLUHOCTL MBMEDPEHNA,

2) Ons pastoca nogHecyLmx 3,75 KMy MOWHOCTE ONPEQEenAeTcA KaKk CPEeAHAR MOWHOCTE B O4HOM cnoTe (2 Mc) aa
WCKMIoYeHem uHTepeana 2304 7Ts, korga aboHeHTCKOe YCTPOWCTBO He OCyWecTBNAET nepedady. [ns pasHoca nogHe-
cywwmx 15 k' MowHOCTs ONpenenseTc Kak CpefHAs MOWHOCTL B ogHom nogkagpe (1 mc).

3) NponyckHas cnocoBHOCTE 0BOPYAOBAHMS [AOMKHA COCTABNATL =95 Y% OT MaKCUMASbHOM NPONYCKHOR cnocob-

HonycTvmMbie YPOBHU BHENOMNOCHLIX Manyyennin abonedTcknx ycTponcTte kareropuint NB1 nnu NB2Z yka-
3aHbl B Tabnuue 6. 3Ha4eHUA OONYCTUMbIX YPOBHEN BHENOMOCHLIX U3NyYeHU Ana s3HadeHuid yacToT Afgqag
MEKAOY yKazaHHbLIMKM B Tabnuue nuHenHo WHTepnonvpyioTea. [na sHadeduni yactot Afqg, Gonklie ykasaH-

HbIX B Tabnuue, NpUMeHATCA TpeBoBaHUA K YPOBHAM NOGOYHLIX M3NyYeHMiA.

TaGnuua 6 — JonycTMMble YPOBHW BHENONOCHBIX MaNydYeHui aboHeHTCEnY yCTpoRCTE kaTeropuid NB1 u NB2

YacToTa BHENONoCHOMD U3NyYyeHs MonycTumeli ypoBseHb BHENONOCHBIX [WwpuHa nonocsl aMepUTenLHOND
Agog kML manyueHni, abm thunsTpa, KMy
10 26 30
+100 -5 30
+150 -8 30
%300 =29 30
+500—1700 -35 30

"
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[onycTuMble ypoBHW NOBOYHbLIX U3NyYeHWIt aBOHEHTCKUX yeTpolCcTR kateropuii NB1 unw NB2 ykasadbl
B Tabnuue 7.

Tabnuua 7— JonycTHMele YROBHK NOBOYHBIX M3ANYHEHW aBOHEHTCKMX YCTROMCTE KaTeropuid NB1 u NB2

HonycTiMeli YpoBeHs NoGoYHbIX WupKrHa nonocsi
APBAEOH SHGTOT wanyueHu, nbm WAMEPUTENEHOMD PUNETPa
9—150 Iy —-36 1kly

150 klM'y—30 My, =36 10 kM

30 MMu—11TTy -36 100 klMy

1—12,751TYH -30 1 MMy

12,75 MU — 5-7 rapMOHUKa BEPXHErD YacTOTHOro -30 1 MMy

kpas paboyei nonocel UL

MuHUManbHbIA HaBop pekomeHayemblx yHKUUMA ANs aBoHEeHTCKUX YCTPOWCTB kaTteropuidi NB1 1 NB2,
onpeaeneH B Tabnuue 8,

Tabnuvua 8— MuHMMaNsHEIA HABop pekomMeHayemblx hyHKUWA ANA abOHEHTCKMK yeTponcTe Kateropwidi NB1 v NB2

HaumeHoBaHKE dyHKLMK ‘ OnwcaHue
PSM configurations KoHdpurypuposarue pexxumva rybokoro aneprocbepexerna PSM
eDRX configurations KoHdhurypuposaHue paciivpeHHoro uHTepaana pabortel Be3 obasatensHex

CUrHanNbHLX coobleHuin eDRX

Data Transport in Control Plane CloT | WMcnone3oBaHyve nporpammypoBaHHONC PeEXMa COTOBOMD MHTEPHETa BELLER
EPS optimization CloT n EPS

Deployment mode Noopnepkka ecex pexmmos paboTel (Standalone, In-band, Guard-band)
Support for NIDD NIDD nepefada nonb3cBaTenbekux JaHHbix bea [P

SMS for NB-loT only UEs ¥npaenexuwe UE yepes SMS

Cell Reselection Bribop coThl

Coverage Extension PaclwupeHune 30HsI NOKPLITHUSA

Rate Control KoHTponk ckopocT oBmMeHa gaHHeINMK

6 Apxutektypa cetu NB-loT

6.1 Obwan apxuTekTypa

Obuwasn apxutektypa ceTh NB-loT npeacraeneHa Ha pucyHke 4 [3].

QOcHoBHbIE KaHanbl komMmyHukauud exkmodawt Control Plane (CP) n User Plane (UP). Control Plane
npeaHasHadeH ang obmeHa cnyxebHeiMy coobuleHnamy Mexay pasnuYyHeIMK 3NeMeHTaMu CeTH WU CNYHuT
ans obecneyeHua MoBMNBEHOCTY aboHEHTCKUX YCTPOWCTE W YCTAHOBMNEHWS/MOAAEPXaHNA CRCCHW NMepeaaqv
aanHelx. User Plane — 3To kaHan nepegaudn nonb3oBaTenbekux JaHHbIX.

Mexanuambl ontvmusaumun CP 1 UP (CloT EPS optimization) gna NB-loT peanusosansl Ha yanax MME,
SGW u PGW, kotopble 06beguHATeA B eauHbii anemedt CSGN. HecmoTtps Ha 1o, 4yto CP npegHasHayeH
ans nepeaadn curHansHon nHbopmaunwm, 8 NB-loT oH apantupoBad ans nepenayy nonb3acearensbCcknx aaH-
HeIX (Kak IP, Tak u non-IP) u SMS B coobuennax NAS. B NB-loT nepega4a SMS obecneqnsaeTca 6e3 peru-
cTpauuK yCTPOKCTEA B rONOCOEOM OOMEHE.

Onsa aBoHeHTckmx yeTpoiticTe NB-1oT nogaepxka CP CloT ontumusauun asnaetca obasarensHoi. Mo-
ckonbky CP vcnonb3yeT NNockocTe YNpaBneHWs 0N Nepechinku NakeTos AaHHbIX, Nepejadya unu npuem co-
obweHunit oTnpaenaeTca, kak cooblenns curHanusaunn NAS, mexgy UE u MME. Mo cpaexeHuo ¢ npo-
ueaypown Service Request, UE wzberaert yctanoskn BezonacHocty Access Stratum U yCTaHOBNEHWA CKBO3HbIX
kananos (default bearer), HeoBxoauMmeIx Npy KaxA0W Nepegayve OaHHbLIX.

12
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PuecyHok 4 — OBwan cxema cetu NB-loT

CP CloT ontummnasauusa obecnednsaeT nognepxyy adpeKTMBHON TPDAHCNOPTUPOBKA NOMNb30BaTENLCKUX
JaHHbIxX M SMS-coobweHnuin yepea CP yepea MME 6e3 aanycka yctaHoBneHus paguokaHana.

3nemenT SCEF npepctasnser coboi y3en skcnoHWPOBaHUS CEPBUCHLIX BOZMOKHOCTEW U SBNSETCS no-
CPEOHWKOM MEXOY CETb W CepBepomM npunoxeHuid AS. SCEF skmoyaeT B ce6a yHKUMKM MOSHTHUhUKaLMK/
ayTeHTUuKauuy aboHeHTCKUX YCTPOWCTB U ONpefeneHis npasun obMeHa AaHHeIMK Mexay YCTPOWCTBOM W
AS, npefocTaBnsaa BO3AMOKHOCTE CEPBEPaM MPUIIOKEHWN NOMNyYaTe AaHHLIE W YPaBNATE YCTPOWCTBAMM Ye-
pea eauHbld API-uHTepdeiic. SCEF Takke asnneTcs eduHbIM OKHOM AOCTyna k Habopy cepBUCcOB onepaTopa
no ynpasneHuio U KOHTPOMNO 3a abOHEeHTCKUMU YCTPOUCTBaMM.

Mpu Wcnonsaosadun SCEF naeHTudmkatopom aboHeHTCKoro yeTpoictea aasnsietca aexternal 1D», Ko-
Topelv onpegensercd B popmMate «<Local Identifier=@<Domain ldentifier=».

Knrouessle hyHkumu 1 cepeuckl SCEF BknwoualoT:

- NpuBA3Kka ngeHTndukaTopa cum-kapTel (IM3I) k external ID;

- NIDD nepenaua;

- FpYMnNoBbIe onepauunu, ¢ ucnonbsosaHuem external group 1D;

- NOAAEPXKA peXMMa NepefaYn aHHbIX C NOATEEPHKAEHUENM;

- bydbepuzauns MT gaHHbIX;

- ayTEHTUUKALMA 1 ABTOPWU3aLMsA YCTPOWCTE U CEPBEPOB NPUNOMEHWIA;

- OQHOBPEMEHHOE MCMNOMb30BaHWe gaHHbIX OOHOro abOHEHTCKOro yCTPOMCTBA HeckonbkimMK AS;

- nogaepxka cneyuansHbiX PYHKLWIA KOHTpoNs cocTosHUs aboHeHTcKoro yeTpoicTea (MONTE);

- TPUITEPWHT YCTPOMUCTE (Nepenaya JaHHbix B SMS);

- oBecnevyeHue poymuHra non-1P gaHHbIX.

B coctas cetu NB-loT momxeT BuiTh BkNoueH loT-wnio3s — loT-nnatdgopma, obecneyvsaoan MHTe-
rpauWid c YCTPOWCTBAMKW, MOMYyYEHWE OT HMX AaHHBIX C WCNONb30BAHMEM pROA CTAHOAPTHLIX NPOTOKOMNOB,
KoHBEpTauuio, xpaHenwne, obpaboTky, Buayanuaauuio v Nnepeaadvy AaHHBIX BO BHEWHWE CepBepa NPUNoKeHUN
¢ ucnonb3oeaHuem REST AP

B cetn NB-loT pekomeHayeTcs npumeHsaTs cnefdyrowme cnocobel nepegayn faHHbIX B nopsake ybbisa-
HWA NPeanoYTEHNA;

- pexum nepefayun NIDD;

- npoTtokon nepega4u gaHHelx CoAP (ctek IP/UDP);

- npotokonel MQTT-SN n LWM2ZM (cTek IP/IUDP);

- npornpuveTapHsble BuHapHbIe NpoTokons Ha ocHose UDP.

13
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6.2 ApxuTekTypa ceTu ans nepegayu naketrose NIDD

6.2.1 MNMepenava NIDD Bea SCEF yepes nHTepdenc SGi

B cnyuae oteytcteua SCEF, non-IP paHHble moryT nepegaeatses kK AS yepes Point-to-Point (PtP) Ton-
Henb oT PGW, B Takom crnyyae wHkancynsuus B IP npousBogutes Ha Hem. CepBep NpUnoXxeHnid MoXeT DbiTb
NoaknoYeH HenocpeacTeeHHo kK PGW. Aapec cepeepa nNpunoXeHWia onpefenaeTcs Ha 3Tane coananua APN.
B cnyyae ecnu TpebyeTca KOHBEPCKHA NPOTOKONOB, MHTErPauua MOMKET OCYLWeCcTBNATLCA Yepes loT-wnwoa.

MNepepaqa gaHHbIX NPMMEHKMMA KO BCeM NpoTokonam Ha ocHoee UDP: CoAP, LWMZ2ZM, nponpuetapHule
npoToKonsl. MHTerpayma MoxeT BbiThb NPOBEAEHa Kak ANA BHELWHWX CEPBEPOR NPWUNCKEHWI, Tak W AnA goBe-
PEHHLIX CEPBEPOB NPUNOMKEHWIA, PACNONOXKEHHbLIX BHYTPKH KOHTYpPA CeTu.

Apxutextypa cetu ons nepenayun NIDD 6ea SCEF npeactasneHa Ha pucyHke 5 [3].
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. Z ___..-—"""' !

/.—\ . PGW BGiuoP

| . Conire] Plana/Data
— e g PlanefData
= s ~oC Pl

ABTOHOMHOS Crauson=pHoe
yoTpORACTEo yerpoicTso

PucyHok 5 — MNepepaya NIDD Ges SCEF vepes nHtepdeic SGI

Ans paHHoro BMaa nepegadn cywecTByoT cnedyloline orpaHuyYeHms:

- TpebyeTtca nogaepxka UDP API co ctopoHsl AS;

- Tpebyercs peanuaauns MOeHTUGUKAUMA 1 AyTEHTUWKALK YCTPOINCTE Ha YDOBHE NPUNOKEHUs Kak
CO CTOPOHb! AS, TAK U CO CTOPOHBL! YCTPOWCTEBA. 3TO NPUBOAMUT K YBENUUEHWIO nepefaeaemaro obbema cny-
webHol MHQopMaUuMKU W YBENUHMMBAET Harpyaky Ha ceTb NB-loT;

- obpaTHeIn KaHan (ynpasBneHws ycTPOWCTBOM) OOCTYNEH HE B MPOWM3BOMNbHLIE MOMEHTLI BPEMEHW, a
TONLKO B KOPOTKME MPOMEXYTKW BPEMEHW nocne nepefa4v AaHHbX oT ycTpoicTea. CHATWME gaHHoro orpa-
HWUYEHWA BO3MOXHO NYyTEM MCNONL30BAHWUA CTATUYECKUX IP-aapecor u BbILENEHHOMO KOpnopaTtueHoro APN;

- AOCTaBKa AaHHbBIX He rapaHTUpyeTca Ha YpoBHe TpaHcnopTHoro npotokona UDP npr nepenade mexay
CSGN/PGW 1 AS, Heobxoavnma peanuaauns rapaHTMpOEAHHON [OCTABKM HA YPOBHE NPUNOMKEHUA (NPOTOKO-
nbl CoAP, LWM2M v ap.);

- B3aMMOJENCTBME BO3MOMKHO TONLKO ¢ ogHMm AS PtP.

6.2.2 MNepepava NIDD yepes SCEF

Ana uHTerpaumMm ¢ AoBEepEeHHbIMKM CepBepamMm NPUICKEHWA, pacnonNOXeHHbIMW B KOHTYPE CETH, U C NpM-
NOMEHWUAMM, MNOOKNHYEHHEIMW Yepesd YacTHeie VPN, MoxeT BbiTe enonk30BaHa npaMas uHTerpaums ¢ SCEF,

ApxuTtexTypa ceTu ang nepega4un NIDD vyepea SCEF npeacraesneHa Ha pucyHke 6 [3].

Baanmopencrtene cepeepa npunokennin ¢ SCEF ocywectenaetca no NIDD REST API. Uudopmauun o
AOCTYNHOCTW yeTpoleTe nepenaetca no MONTE REST APL.

TexHonorma onTMmMM3aumnKu nepegadu gadHelx NIDD NB-loT He ucnonesyet crek npotokonce IP w no-
3BponAeT COKpaTWTL BPEMs HaxowOeHws YCTPOWCTB B akTVBHOM COcTosHWM, obecneuyuBaer obonymvBaHue
Bonbwero kKoNWYEcTBa YCTPOWCTB B OAHOR Nokauuw, ynyywaer aHeproapdekTmBHoCTs U obecneynsaeT bes-
ONacHOCTE YCTPOWCTE NPW AOCTYNE M3BHE, TaK KaK B3aMMOOEACTEWE C YCTPOWCTBOM OCYLUECTBINRETCH YEpes
yaen SCEF 6es npamoro Aoctyna ycTpoAcTea B GeTk MHTepHeT.
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PucyHox 6 — lNepenga4a NIDD 4epes SCEF

6.3 ApxuTekTypa ceTu AnNA nepefaYu AaHHbix [P

Cepeep npunoxeHuid moxeT BeiTk NoAknoYeH HenocpeacTBeHHo kK PGW. [laHHble nepefaTcs Yepes
wHTepdtheic PGW SGi. Agpec cepeepa NpUNOXeHWA onpedenaercs Npv YyCTaHOBMEHWW ycTpoicTeom IP-
coeanHeHua. B cnydae ecnw Tpebyetcs KOHBEPCUA NPOTOKONOB, MHTEMPaLWA MOMET OCYLLECTBNATLCH Yepes
laT-wnwa.

Mepegava gaHHbIX NpUMEHKMa KO BCEM NpoTokonam, Basupylowrmcs Ha IP: TCP, UDP, CoAFR, LWMZM,
HTTP, MQTT u 7. o. MHTerpauma moxet GblTe NPOBEAEHA KaK [1NA BHELUHUX CEPBEPOR NPUNOKEHWA, TaK 1 Ans
AOBEPEHHEIX CEPBEPOR NPUMIOKEHWA, PACNONOKEHHBIX BHYTPW KOHTYPAa CeTU.

ApxuTeKTypa ceTh ans nepefadun gaHHbix [P npegcraeneda Ha pucyHke 7 [3].
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PucyHok 7 — Mepena4a fAanHbix IP

[nsa nepegadu gaHHLIX YCTPOWCTBO JONMKHO OTKPLITL IP-cecouig, nocne 4ero AaHHble NepeaatwTca He-
nocpeacTseHHo Ha |P-aapec cepsepa NpUnokKeHun.

JaHHbIl METOA MHTErPaLMK OTHOCKUTCA K HELENEBLIM U HE PEKOMEHOYETCA ANA MacCOBOro NMPUMEHEHKUS.
PekomeHgyetcs nHTErpaunsa ¢ uenoneaosaduem NIDD. Jonyckaercs wHTerpaums ¢ MCNofb3oBaHUEM Npo-
Tokona UDP [4].
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7 Crek npoTtokona nepega4ym gaHHbix NB-loT

7.1 CteKk npoToKona nepegavM OgaHHLIX

Ctexw npoTokona nepefayn AaHHbix NB-1oT ¢ ucnonsaosanmem CP n UP npegctaBneHs! Ha pUCyH-
kax 8w 9,

B cnyyae nepegauu gaHHbix NB-1oT ¢ ucnonk3oeaHuem CP ans aGoHeHTCKMUX YCTPOWCTE, KOTOpLIe Nofd-
nepxusait Tansko CP CloT ontumuzauuw, PDCP He ucnonbayeTtca. [Ina aBoHEHTCKUX YCTROWCTR, KOTORbIE
noggepxueator CP CIT onTumuaaymio v nepegady aarvHeix S1-U wnu UP CloT ontumusaywio, PDCP He uc-
nonbL3yeTcs A0 Tex nop, noka He Byaet aktmeuposaHa GesonacHocTe Access Stratum.

Uu B1-C

’/‘T\ //_ sNodeB \ /_ Evolved Packet Core \ APP

PucyHok B — Ctek npoTokona nepegaqm ganHbix NB-loT ¢ ucnonsaoeaqmem CP

Private/Public
Uu 810 Networks

eNodeB /" Evolved Packst Core ™\ [ A )

S-GW

P-GW
S coret |

— TN ey

TCP

r—————a=

. 4 \ /;\_/

* OnuWoHansHo.
PucyHok 9 — Crek npotokona nepenaqm aandsix NB-1oT ¢ ucnoneaoeanuvem UP
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7.2 BzaumocBA3b YPOBHE CTEKa U KAHaNOB nepefayu AaHHbIX

Baaumocease ypoeHen u kaHanoe NB-loT npegctaenena Ha pucyHke 10 [5].

YpoeeHb 3 _ RRC
Noruyeckwe
KaHarbi
YposeHs 2 g MAC
g [ T T 17 TpaHcnopTHEe
[ T T 1 ERR
YpoeeHs 1 PHY
T T T 1 DGuanyeckve
KaHarnsl

PucyHor 10 — BaaumocBask ypoBHEH cTeka v KaHanos nepeaaqy AaHHbIX

Oganbl mexay pasnu4HbIMW YPOoBHAMW/NoOypoBHAMU Ha pwcyHke 10 obosHavaroT To4kM AocTyna K
cny*Gam (SAP). YpoeeHs PHY npeaycmaTtpuBaeT TpaHcnopTHeIR kadan k MAC. Ypoeenbs MAC npegycmaTpm-

BaeT norudeckue kaHans! Kk RLC ypoBHA 2.
Cxema huanyecknx, TPaHCNOPTHLIX M NorMyeckux kaHanos B downlink-kaHane npepcrasneHa Ha pu-

cyHke 11.

TNoruyeckre
KaHark

TpaHcnopTHbe
KaHasnb!

Puanyeckme
KaHaus!

NPBCH NPDSCH NPDCCH

PucyHok 11 — Cxema kananos B downlink-kaHane

Cxema CIJHSMHGCKUIX, TPaEHCNOPTHBIX W NOrMYeckux KaHanoe B uplink-kanane npencrtaeneHa Ha

pucyHke 12.

17



rocT P 59026—2024

Nomuecine
KaHane

MAC

TpaHenopTHbIE
KaHan.!

D i e R s ¢um

NPRACH NPUSCH

PucyHok 12 — Cxema kaHanoB B uplink-kaHane

7.3 Yposeub PHY

7.3.1 OYHKLMUHK

YpoeeHs PHY obecneuveaert [6]:

- NOMEXOYCTOMYUBOE KaHanbHOE KOAWMPOBaHWE, MYNbTURNEKCMPOBaHWE W AEeMYNbLTUNNEKCUpoBaHue
AaHHBIX, NOCTYNAWMWX C BEPXHHUX YPOBHEN;

- corfacoBaHMe CKOpPOoCTen MHGPOPMAUWOHHBLIX NMOTOKOB, MOCTYNAWMWX Mo TPAHCTIOPTHLIM KaHanaw ¢
CETKOWM CKOpPOCTEN, NpefocTaBnAeMelX PU3nYeckMMn KaHanamm;

- conocTasneHne (mapping) TPAHCNOPTHbIX KAHANO0B (PU3NYECKUM KaHanam;

- MOAYNALWI, PACIUWPEHUE W CXaTWe CnekTpa (huanyeckux KaHanoe;

- YACTOTHYIO U BPEMEHHYIO CUHXPOHWU3ALUMIO;

- M3MEPEHUE NAPAMETPOB KaHANA W YyNPaBNeHUe MOLLHOCTHI0 MANYUYEHWA MO 3aMKHYTON NeTne;

- B3BelWMBaHWE N KOMOUHMPOBaHWE DU3IMHECKWX KAHAMNOB;

- paguoyYacToTHY 00paboTKy CUrHanoB.

7.3.2 Downlink-kanan

7.3.2.1 ®u3andeckne KaHanbl M CUrHanb!

[Ona NB-loT onpegeneHel cnegywowme uavdeckve downlink-kaHans:

- NPBCH (Narrowband Physical Broadcast Channel) — y2kononocHslit hM3nYeckui WMPOKOBeLWaTen.-
Hbli KaHan:

- NPDSCH (Marrowband Physical Downlink Shared Channel) — y3kononocHsiil dMavyecknin obui
downlink-kanan;,

-NPDCCH (Narrowband Physical Downlink Control Channel) — yakononocHslid cuandeckuiti down-
link-kaHan ynpaeneHus.

Ansa NB-loT onpegeneHsl hManyeckie CUrHansl, UCNoNb3yemele 48 Lened CUHXpoHU3auumn 1 namepe-
HWA:

- NRS (Narrowband Reference Signal) — yakononocHbeli pethepeHCHbIN CUrHan,

- NPSS/NSSS (Narrowband Primary/Secondary Synchronization Signals) — curHans! nepsnyHown U BTO-
PUUHONR CUHXPOHWU3ALMM,

- NPRS (Narrowband Positioning Reference Signal) — yakononocHul# petdepeHcHbIH CUrHan no3numno-
HUPOBaHWS;

- NWUS (Narrowband Wake Up Signal) — yzkononocHeld curHan npoGyxaeHus.

®opmuposaHie curHana pwanyeckoro downlink-kanana skn4aeT cneayowmne atans (M. pucyHok 13):

- BecTaska CRC;

- KOAWPOBAHWE KaHana;

- COrnacoBaHue CKOpPOCTEeNn;

18
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- ckpembnupoBaHue KoOWPOBaHHbIX BUTOB B KaXOOM W3 KOAOBLIX CNOB, NepefasaeMbix No GuU3nYecko-
My KaHany;

- CONOCTABNEHWe ckpemBnupoBaHHeIX BUTOB KOMMNNEKCHEIM CUMBOMAM MOAYNALMK;

- CONOCTABNEHUE KOMNIMEKCHLIX CUMBONOB MOAYNALUWK PECYPCHBIM 3NeMeHTaM aHTeHHLIX NOPTOEB;

- reHepauua KkoMmnnekcHoro curHana OFDM ansa kaxgoro aHTeHHoOro nopra.

— P _} Kopwposamue + _’
—p Beraska CRC - M m;'ﬂ;: L P Comammajaue Ly Cmﬁ::—
—P P cocopecrmie 1) [P - -
- e
< < con:ucrn:onau M:[:wnﬂquu =
<« bl «—
TeHepauns < Conoctasnexune
o peerpoas ST 14 s
Ed | ORTenOCTe (g{ (Bmnomaty) (€ NSSS
— L FaHepaUMA NOCNeACEaTENEHOCTH — NRSs

PucyHok 13 — ObBpaboTka dmanyeckoro downlink-kanana

Moaynauuio $uan4ecknx KaHanoB NPOBOAAT C WMCNONbL3OBAHWEM CXEM MOAYMALWM, YKa3aHHLIX B
Tabnuue 9.

Tabnwua 9 — Cxemsl mogynaumwn NPDSCH

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

7.3.2.2 Y3KononocHsin huandecknid obwuin kanan NPDSCH

AGOHEHTCKOE YCTPOWCTBO SOMKHO NPEAnonarats, 4T0 4N8 nepenadqyv y3KononocHoro thMsmyeckoro Wwm-
poKOBeLLaTeNbHOTO KaHana NCnonke3ylTca aHTeHHele nopTel 2000 v 2001.

Kaxpoe kogoeoe cnoeo NPDSCH moxeT BbITh pacnpefeneHo B 0AMH MNKW HECKONLKO Nogkanpos, Kam-
OblA M3 KOTOpbIX AomKkeH BbITe NepeaaH 3afaHHoe Yicno pas.

Ons Kawporo M3 aHTeHHBLIX NOPTOB, UCNOMNL3YEMBbIX ANS nepefadn uanyeckoro kaHana, Gnok Kom-
NNeKcHbIX CUMBOMNOB JOMKeH ObITk pacnpegeneH Ha pecypcHble ANeMeHTEl, KOTOPEIE COOTBETCTBYIOT Creny-
WLWWUM KpUTEPUSM:

- nogkagp He ucnoneayetcsa anda nepegadn NPBCH, NPSS unu NSSS;

- npegnonaraeTcs, YTo aboHEeHTCKOE YCTPOMCTBO He ByAeT UCNONb3oBaTh AaHHBIE PECYPCHLIE 3NEMEH-
Tel gna NRS, 3a ucknioyeHveM cneuwanbHOro nogkanpas;

- HE NPOUCXOOUT NEPEKPBLITHA C PECYPCHBIMU 3NeMeHTamMu, McnonkayemeiMmu ana CRS.

7.3.2.3 Y3KononocHsIA PHU3NMYECKWIA WpoKoBeLwaTensHelil kaHan NPBCH

ABOHeEHTCKOE YCTPOWCTBO QOMKHO Npegnonarare, 4To ana nepeaaqn NPBCH wenone3aylotcs aHTeHHEle
noptel 2000 1 2001. Onsa uenei pacnpegenedus aboHEHTCKOR YCTPOWCTEBO QOMKHO Npeanonarartk, 4To Hesa-
BMCUMO OT (PAKTHUYECKON KOHUrypaL W NpUCYTCTBYIOT cneyudinyHble ANA COThl pedepeHCHBIe cUrHans! ons
aHTeHHLIX nopToB 0—3 1 y3kononocHele pediepeHcHble cUrHans! Ansa adTeHHsx noptos 2000 u 2001.
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7.3.2.4 YakononocHsell thuandeckuin downlink-kaHan ynpaenedus NPDCCH

NPDCCH nepegaet ynpaensawowywo uHidgopmauuio (DCl) B BAe COBOKYNHOCT OAHOMO WKW ABYX nocne-
paoBaTensHelX anemeHToB kaHana ynpasneHns (NCCE). 3nemeHT kavana ynpaenerdua NCCE cooTBeTcTBYET
6 nocnegosaTeneHbIM NnogHecywum B nogrkaape, NCCE 0 saHnmaeT nogHecywue ¢ 0 no 5, a NCCE 1 — noa-
Hecywwue ¢ 6 no 11. Pasnnyneie hopmatel NFDCCH ykasarel B Tabnvue 10. Ansa dopmata NPDCCH 1 gea
NCCE npyHagnexat ogHOMY W TOMY Ke nogkagapy.

B nogkagpe moryT BbiTh nepegadsl oqud unin osa NPDCCH.

Tabnuua 10— dopmarsl NPDCCH

®opmatr NPDCCH Yucno NCCE
0 1
1 2

PacnpegeneHuwe no pecypcHeiM 3NeMeHTaMm Ha aHTeHHLI NopT P ACMMHO OCYLWEeCTBNATLCA B NOpAgke
BO3pacTaHWa cHayana uHaekca k, a 3aatem uHAekca {, Ha4uWHanA ¢ NepBoro CNOTa W 3aKaHulBasn BTOPbIM Cho-
TOM B nogkagpe.

7.3.2.5 YakononocHel pedepeHcHelid curHan NRS

PedyepeHcHble curHansl nepegaroTcs Ha OOMH MNW OBa aHTeHHbIX NopTa.

Ecnv Ha Gonee BLICOKMX YPOBHAX YKa3aHo, 4To aboHeHTCKoe YCTpoicTBo MoxkeT cuntate N FDE I paBHbIM
N {Bcai. To aboHEHTCKOe YCTPOMCTBO MOXKET NPeanonoKuTh:

- KONMMYECTBO AaHTEHHLIX NOPTOB ANA CrneyMuYHbIX ONS COThl PeEepEeHCHbLIX CUTHANOB TAKOE Ke, Kak 1
Ons y3KononocHbIX pedepeHcHbIX CUIHanoe;

- @HTeHHLIe NoPThl ANA cneludHUYHLIX 4NA coThl pedepeHcHblX ciurHanos {0, 1} akBMBaNeHTHb! aHTeH-
HeIM NMOpTam ANSA Y3KONONocHeIX pedepeHcHelx curHanos {2000, 2001},

- cneundMyHbIE ONA COThl peIEPEHCHBIE CMTHaNbI JOCTYNHLI BO BCEX Nogkaapax, rae AOCTYNHbl Y3Ko-
NonocHsle peepeHCHbIE CUTHANI.

i cell
Ecnu Ha Bonee BbICOKMX YPOBHAX HE YKa3aHOo, 4To aboHeHTCKoE YCTPOMCTBO MOXET CYMTaThL N 0D Pae-

Hbim N ﬂf,‘.’e", T0 aB0HEHTCKOE YCTPOHCTEO MOXKET NPEANONOKUTE:

- KONWYECTBO aHTEHHbIX NOPTOB ANS cneunduyHbiX ANA cOThl pehepeHCcHbIX CUTHANOB ONPeaenaeTcs
13 napameTtpa Donee BeICOKOro ypoBHa eutra-NumCRS-Ports,

- cneuntuyHbIe AnA CoTbl pehepPEHCHbIe CUIHaNbl ACCTYMNHbI BO BCEX NOAKaapax, rae AOCTYNHb! Y3KO-
nonocHsble pedepeHCHBIE CUTHANLL.

PecypcHele anemenTsl (k, /), ucnonbayemble AnNsA nepeaadqy y3KononocHbX pefiepeHCHBIX CUIHaNnoe Ha
noBoM W3 aHTEHHLIX NMOPTOR B CNOTE, HE AONHHK DbITE MCNONLA0BAHLI AN Nepefaydyy Ha OPYToM aHTeHHOM
nopTe B TOM Xe CNoTe UMW YCTAHOBNEHL! HA HOMb.

He ponyckaeTtca nepefaya y3KoONONOCHsIX pedepeHcHblX CUrHANoB B noakanpax, cogepxawux NPSS
unn NSSS.

He ponyckaeTcs nepegada y3akononocHbIX pediepeHcHbIX CUrHAMNOB B cneynansHoM Noakaape ans KoH-
tmrypauni O v 5 B cny4ae cTpyKTypb! Kagpa Tuna 2.

Ha pwcyHke 14 nokasanbl pecypcHbie aNeMeHThl, UCNoNb3yeMble 4nA nepedaqy pedeperHcHoro curHa-
na. ObosHavenve Rp ncnoneayetcs AnA obo3HavYeHna pecypcHOro anemMeHTa, Cnofk3yemMoro anAa nepeaaqm
pedepeHCHONC cUrHana Ha aHTeHHbIA nopT p.

7.3.2.6 ¥Y3KononocHuIA pedepeHCHeld cUrHan noavunoHnpoeadna NPRS

Mepenady NPRS npoBopaT Tonkko B pecypcHbix Brnokax Hecywmx NB-loT, HacTpoeHHLIX Ana nepe-
paun NPRS. B nogkagpe gns nepegdadn NPRS HavaneHele nosvumm cumeonoe OFDM ansa nepegadn NPRS
AomkHbl ObIT MAEHTUYHBI NO3VLMAM B NogKkagpe, B KoTopoM Boe cumBonsl OFDM umetot Ty we camylo gnu-
HY uuknuyeckoro npedukca, uto U cumeonsl OFDM ans nepenaun NPRS. NPRS onpenenswoT Tonbko aons
Af= 15kHz w HopmansHoro UuKNudeckoro npedukca.

Mepepady NPRS ocyllecTENAKT Yepes aHTeHHbId nopT 2006.

Ecnv napamerp Gonee BEICOKOrO YpoOBHA nprsBitmap He onpeaenen, ana nepegaqn NPRS He gonmHbi
6bITb UCMNONBb30BAHBLI PeCcYpPCHble sneMeHTl B cumeonax OFDM 5 n 6. Ecnu nepuoguyHocts NPRS tuna 1
pasHa nepuoguuHocTu NPRS Tuna 2, npeanonaraerca, 4To aboHeHTCKOe YCTPOMCTRO He HacTpaueaeTcs C
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nepekpbITHEM pecypcHbix anemeHToR mexay NPRS Tuna 1 1 NPRS tuna 2. B o6paTtHom cnydae pecypcHbii
3NeMeHT, HacTpoeHHbli Ana NPRS Tuna 1, He gomkeH BelTe ucnone3osad gna NPRS tuna 2.

|
| :
5 IR @l
-
E s R
; |Re &
i 1R |
i=n =6 1=0 f=8
PecypcHLIA 2MeMEHT
| / (LA)]
|
o R s Ri [
3 Ry Ral" R A, He MEnone3yeTca anm nepenaymn
E Ha [EHHBIA SHTEHHBIN NOpT
& Rl RaPod [
R 5 R R
1=0 I=6 =0 {=6 1=0 =6 f=0 1=6
YeTHule CRoTh HeMeTHuI® CRoTe UeTHaie cnoTel  HedeTHule cnoTsl
AnTeHHw# nopr 2000 AHTeHHBIA nopT 2001

Puecynok 14 — PacnpeneneHye y3KononocHbiX pedepeHcHbix curianoe downlink-kanana
(HOpMaNLHLIA LMKNUHecKkWid npeduke)

Ha pucyHkax 15 u 16 nokasaHel pacnpefeneHns npw nepenade curdana NPRS ana paznuyHbix pexu-
moe paboTtel NB-loT.

T

% ] : ]

g ]

z e a®

E :

g E]

: ] H ]

g n Pt HH
1=0 1=8 =0 =5 1=0 I=8 =0 1=6
e YarHwie cnoTel i HeuaTHLIB cnaTh = _ YeTHule cnoTel - HeveTHele cnoTsi =

AHTEHHBIRA NopT 2008 AHTEHHERA nopT 2006

PucyHok 15 — Pacnpegenenve NPRS (operationModelnfoNFPRS yctaHoBneHd Ha pexwm In-band, nprsBitmap
CHOHpUIYpUpOBaH)
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=0 i=6 =0 i=6

HeTHule cnoTw HeveTHsie cnoTi

Pucynok 16 — Pacnpegenenue NPRS (operationModelnfoNPRS yctanoeneH Ha pexim pabotsl Standalone
wnu Guard-band, nprsBitmap crondmrypuposaH)

7.3.2.7 YakononocHbld curdan npobyxaeduna NWUS

[Ona scex cumeonos NWUS B nogxagpe aonmkeH BuITb MCNONL30BaH OAWH M TOT XKe aHTeHHbIA NopT. Abo-
HEHTCKOE YCTPOWCTBO He AOIPKHO npeanonarate, 410 NWUS nepenaetcd yepes TOT e aHTEHHbIA MOPT, HTO U
nobon na pedepeHcHeIX cMrHanoe downlink-kadHana unu CUrHanos CUMHXpoOHWAaLWK. Ecnin CKOHUIypuposax
Tonkko ofvH nopt NRS, aBoHeHTCcKoe yeTPONCTBO MOKET NPeanonoKuTe, 4TC ANA Nepeaayw scex nogkagpoe
NWUS ucnonb3ayetcs ofMH U TOT e aHTEeHHLI NOPT; B NPOTHMBHOM CRy4ae — 4TO OAWH WU TOT e aHTeHHbII
nopT ucnoneayetca AnAa nepegadyn NWUS B nogrkagpax w0 + 2n 1 wl + 2n + 1, roe wD — nepewlid nogkagp
nepepaud NWUS, n=0, 1, ....

Ons Hecyweln NB-loT, ana kotopoit aboHeHTCKoe YCTPOWCTBO Mony4aeT napameTp Gonee BbICOKOrO
ypoeHa OperationModelnfo, ykaasisalowmin pexum paboTel Standalone unu Guard-band, a Tawke ana Hecy-
wer NB-loT, ana kotopon npucytcteyeT DL-CarrierConfigCommon-NB w otcyTcTeyeT inbandCarrierlnfo, pac-
npegenedne pecypcos ans Tpex nepebix cumeonos OFDM B nogkagpe BeinonusioT cnegyowum obpasom:

- pecypcHblil aneMeHT (k,7) pacnpefenaeTca B pecypcHblid anemenT (k,0) kamaoro uHgekca k no 12 Ha-
3HAYEHHbIM NOAHECYLLIWM;

- pecypcHbIA anemMeHT (k,8) pacnpegenaeTca B pecypCHbIi anemeHT (k,1) kaxagoro nHaekca k no 12 Ha-
3FHAYEHHLIM NOAHECYLLWM;

- pecypcHbIA anemeHT (k,9) pacnpegenAeTca B pecypCHbIi anemeHT (k,2) Kamaoro nHaekca k no 12 Ha-
3HaYEHHbBIM NOJHECYLLMM.

PecypcHulil anemeHT (k, [), NnepeKpeiBaloWMACA C PECYPCHEIMW 3MIEMEHTaMW, B KOTOPLIX NepegaloTcs
crneuundnyHble AnA coThl pediepeHcHbie curHansl unu nepegawTtca NRS, He OorpkeH vononbsoBaTLes NS
nepenadn NWUS, Ho y4nTeIBAETCA B NpOUECCe pacnpeieneHns,

7.3.2.8 Y3KONONOCHbLIA NEPBUYHbBIA CUIHAN CMHXPOoHW3auun NPSS

[nA Bcex CMMBONOB y3KOMONOCHOrC NEPBMYHOIC CUrHana CUHXpoHW3auuK B noakagpe Heobxogumo uc-
NMONB30BATE OOWH U TOT ¥ aHTeHHBIW NOpPT.

ABOHEHTCKOE YCTPOWCTBO HE AOMKHO NPEANON&raTh, YTO Y3KONONOCHBIA NEPBUYHBIA CUrHAN CUHXPOHK-
3auuu nepefaeTca Yepes TOT Xe aHTeHHbIM nopt, 4yTo nwboi 1z pedepeHcHbix curHanoe downlink-kaHana.
ABOHeHTCKOE YCTPONCTBO HE JOMKHO Npeanonarats, YTo Y3KONonocHsIN NepBMUYHbBIA CUTHAN CUHXPOHU3ALWK
B AaHHOM NModKaApe WCNonk3yeT TOT e aHTeHHLIA NOPT UMK MOPThI, YTO W Y3KONONOCHLIA NepPBRUYHBIA CUrHarn
CHMHXPOHW3AUWMK B NoBom apyrom nogkanpe.

7.3.2.9 Y3KkononocHblA BTOPUYHBIA CUTHaAN CUHXpoHW3aumun NSSS

CywecteyeT 504 yHUKaNbHLIX MABHTUUKATOPA AYEEK Ha (DU3NYECKOM YPOBHE, YKa3biBAEMbIE Y3KOMNOo-
NOCHBIM BTOPUYHbIM CUTHAMOM CUHXPOHM3aLMK.
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0nsa BCex CUMBOMNOB Y3KOMONOCHOMG BTOPUUHOMO CHIHANA CUHXPOHU3ALWMA B noakaape HeoBXoanmo uc-
NoNb30BaTh OAWH W TOT e aHTEeHHbLIA NopT.

AGOHEHTCKOE YCTPOWCTBO He OOMKHO NpeananaraTh, YTO Y3KOMNOMNOCHBIA BTOPUYHBIA CUIHAN CMHXPO-
HHAAUMM NepeaaeTea Yepea TOT e aHTEeHHbIW NopT, 4To Nbok U3 pedepecHelX curHanoe downlink-kaHana.
ADOHeHTCKOE YCTPOMCTBO He QOJKHO NpefnonaraTe, 4TO Y3KOMNOMNOCHLIA BTOPMHHBIA CUITHAN CMHXPOHW3aUWK
B A3HHOM NOAKaApe UCNONL3YeT TOT e aHTEHHLIN NOPT MNKW NOPTEL, UTO W YAKONOMNOCHLIA BTOPUYHLIA CUrHAN
CUHXPOHUW3aUMK B NOBOM Apyram nogkagpe.

Ecnu 210 ykazaHO Ha Bonee BbLICOKOM ypoBHe, abOHEHTCKOe YCTPOWCTBO MOMET NpeanonoxuTh, YTO
ana nepefadn NSSS B page nocnegoBatensHeiX cobbituil NSSS, Ha koTopkle ykasbiBaeT Gonee BbICOKWA
YpOBEHL, MPUMEHRIOTCA pasHble Npekoaepbl.

ONs pecypCHbIX 3NeMEHTOB, NEePEeKpLIBaWMXCA C PecypcHeIMK SnemMeHTaMu, rae nepeaarwTcsa cne-
UubudHbIe ANs coThl pedepecHbIe CUrHanL!, COOTBETCTBYIOWWA 3NEeMEHT NOCNen0BaTENLHOCTM HE UCNOMb-
ayeTca gna NPSS, Ho yunTeIBAETCA B MpoLIecce pacnpeaeneHus.

7.3.2.10 Ynpaenawuwas nipopmauus downlink-kasana (DCI)

Tabnuua 11 onpepenser conocrasneHne DCI hnandeckomy kanany [7].

Tadnuya 11 — Conocrasnenune DCI dmanyeckomy kaHany

Ynpaenawwas uHpopmauns DUIM4ECKUA KaHaN

BCl NPDCCH

Ons DCI npUMEHATCA CXeMa W CKOPOCTb KOAWPOBAHWA, YKasaHHble B Tabnuue 12,

Tabnwya 12— Cxema u cropocTe kogwpoeanua DCI

Ynpaenaowasn MHQopmaumua Cxema KonvMpoBaHWA CHKOPOCTE KOAMPOBAHWA

DCl Luknuyecku ycedeHHoe caepToMHOe KogupoBaHue 1/3
(tail biting convolutional coding)

7.3.3 Uplink-kaHan

7.3.3.1 ®usnyeckne KaHankl u CUrHanb!

Ons NB-loT onpegenerel cnegylowme dusnyeckne KaHans!:

- NPUSCH (Narrowband Physical Uplink Shared Channel) — y3xononocHsi# pusnyeckui oBlumin kavarn,

- NPRACH (Narrowband Physical Random Access Channel) — y3kononocHelid doM3NYeckMid KaHan cny-
yallHoro AocTyna.

Ona NB-loT onpeneneH oavH hruan4ecknin curian uplink-kanana:

- DMRS (Demodulation Reference Signal) — pedhepeHcHbeI cUrHan AeMogynauyun.

®opmupoBaHue curHana chuanveckoro uplink-kanana sknoyaeT cnegywwme atansl (GM. pucyHok 17);

- gcTtaska CRC:

- KOgWpoBaHKe KaHana;

- COrMAcoBaHWe CKOpOCTeNn;

Kenwposanne
Cornacogaiue
—J»| Beraeka CRC e cule
+(:pﬁnwn¢?;¢ Eg cropecTei Ef Kanansioe o Cipembnu-
—— nepeMaNaHiIE popaHme
KogmposaHwe
’ (& rosTopernam) ) +
a— >t Conoctapneve
KOMINEKCHbIM
leHepalins | Conocranneive  ef— oisisinclupadll - 2 :"'mm <—
curHana PECYPCHDIM NOIMPOBEHHS onyns
OFDM ANEeMEHTaM
< o TeHepaLms N0CTIBLOBETENLHOGTH <€— DMRS

PucyHor 17 — ObpaboTtka cusuyeckoro uplink-kaHana
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- KaHanbHoe nepemexeHune (channel interleaving);

- ckpembnupoBaHve KoaMpoBaHHbIX BUMTOB B KaXO0OM M3 KOOOBbIX CNOB, NepefaBaemblix Mo hu3nyecko-
MY KaHany,

- conocraeneHne ckpeMbnupoBaHHbIX BUTOB KOMMMNEKCHLIM CUMBONAM MOLYNALUK,

- npeoBpasyiolliee NpegsapuTenbHoe KOOUpoBaHue,;

- CONOCTAaBMNEeHUE KOMMMEKCHBIX CUMBONOR MOAYNALWK pecypCHLIM 3NeMeHTam;

- reHepauma KoMnnexcHoro curHana OFDM ana kawaoro aHTeHHOro nopra.

7.3.3.2 YakanonocHell thuanyeckuin obumin kaHan NPUSCH

NPUSCH nopaepxuBaet gea chopmara:

- cpopmat NPUSCH 1, ucnonsayemslid ong nepenayn UL-SCH;

- thopmat NPUSCH 2, ucnoneayemblil 4ns nepegaqu ynpasnsawoLen nidopmauum no uplink-kanany (UCH).

B cny4ae noetopeHuin NPUSCH nocneposaTtensHOCTE ckpemMBnupyiowero koqa gomkHa BeiTe NoeTOp-

. NPUSCH
HO MHMUMANW3UpoBaHa nocne kaxaoi Midentical Nepefauu KOOOBOrO CrioBa, U ANA NEPBOTO CNOTA W KAAPA,
ncnonb3yemelx N8 Nepeaayn NosTopa, AoMmkHel 6biTs YCTAHOBNEHBI Mg U Ny COOTBETCTBEHHO.
Monynsuuio NPUSCH nposofsaT ¢ Menonk3osBaHuemM cXem mMoaynsunMm, ykasadHbix 8 Tabnuue 13.

TaGnuuya 13 — Cxemel MoaynsLyvm

dopmar NPUSCH nNBY Cxema MOLYNSLMK
1 1 BPSK, QPSK
=1 QPSK, 160AM
2 1 BPSK

Kaxpgoe kogosoe cnoeo NPUSCH mokeT BbiTe pacnpegeneHo Ha oaHy unv Bonee pecypcHy eauHuLy,

KaKAaA U3 KOTOPLIX AOMKHA BbiTh Nnepegana M ﬁﬁUSCH pas.

Ana hopmata NPUSCH 1 um 2 B cTpykType kagpa tuna 2 npu Af= 3,75 kHz:

- nepenada NPUSCH swinonHseTcs 8 nepsoM Habope cnotos, oxeatskiBaklLemM ABa NOCNeA0BaTeNbHbIX
nonkanpa uplink-kaHana, He NepekpbIBAKWKWXCA HW C 0OHUM nogkanpom uplink-kadana, ckoHhurypupoBax-
HbIM Kak HeAeHCTBUTENbHLIN,

- ana koHgpurypauuu TDD 1 1 4, ecnu HavyaneHas nosvuyus ans NPUSCH ykasaHa kak BTOpoRA u3 gByx
nocnefoBaTtenkHeX Noakagpoe uplink-kanana, nepenada NPUSCH oTknageiBaeTcs A0 HA4Yana aByx nocne-
AoBaTensHbIX nofxaapos uplink-kaxana.

7.3.3.3 YakononocHold hmrandeckui kadan cny4arHoro gocryna NPRACH

Kondmrypaums NPRACH, npeaocraensemas bBonee BbICOKMMK YDOBHAMK, BKNKOYAET:

- nepuodnyHocTb pecypca NPRACH (nprach-Periodicity),

- NONo¥eHWe YacToTel NepBoi NogHecyllen, eelgenedHor ona NPRACH (nprach-SubcarrierOffset);

- KONWHeCTBO NoAHecy LW KX, BaiaeneHHsix ana NPRACH (nprach-NumSubcarriers);

- KONWYECTBO HadarbHblX NOAHeCYLUWX, BbIABNEHHbIX A58 ChyYailHoro 4ocTyna, HWUMMpoBaHHoro abo-
HeHTCKKMM ycTpoincTeom (nprach-NumCBRA-StarlSubcarriers);

- konudecTea noetopenuin NPRACH sa ogHy noneitky (numRepetitionsPerPreambleAttempt);

- Bpema Hadyana NPRACH (nprach-StartTime),

- Aons ANA pacyeTa HavaneHoro WHOekca nogHecylen Ana avanasoda nogHecyux NFRACH, sape-
3EpPBUPOBaHHLIX ANA WHAWKAUWK Noaaepxku aboHeHTCKoro yCTpoicTBa MHOTOTOHaNLHOW nepegaun (nprach-
SubcarrierMSG3-RangeStart).

7.3.3.4 PedpepeHcHblil curnan gemogynsauun DMRS

Habop nopgHecywmx, Mcnons3yemelx B NpOLEcce pacnpeneneHus, AoMmKeH BeiTe WOEHTUYEH COOTBET-
cTeylowei nepenaye NFUSCH.

7.3.3.5 Ynpaensawuwas nHgopmaums uplink-kanana (UCI)

Tabnuua 14 onpepenset conoctaenenve UCI dmnanyeckomy kanany [7).

Tabnuua 14 — Conocraenenuwe UC| cvanyeckomy kanany

Ynpaenawwan MHopMauma DUBNYBCKMIA KaHaN

el NPUSCH (chopmar 2)
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Ans UCI nprmeHaoTes cxemMa U CKOpOCTb KOAMPOBaHWUA, ykasaHHble B Tabnuue 15.

Tabnuwua 15— Cxema w ckopocTb koguposanua UCI

Ynpaensowan MHpopmayma Cxema xoanposaHuna CKOpPOGTE KOAMPOBaHUSA

uci Bro4xLin kog 116

7.4 YposeHs MAC

7.4.1 @yHKUMK U CTPYKTYpa

Yposenb MAC obecnednsaert:

- BeiNonHeHre HARQ-onepaunia;

- conocTaeneHne (Mmapping) NOrM4ecKUX KaHanoB TPaHCNOPTHLIM KaHanam,;

- MYNETUNNEKCMPOBAaHWE/DeMyNLTUNIIEKCUPOBAHWE NOMMYECKMX KAHANOB B TpaHCNopTHbIe Bnoku,;

- NPUOPUTU3ALMI0 NOTUHECKWX KAHAMNOR;

- paboTy NnNaHupoBLWKa PeCYpPCOE;

- UCNoNHeHWe Npoueayp cny4aiHoro goctyna n npepbisuctoro npuema (DRX);

- B3aUMOAENCTBHE (CEPBHCHI) C BEPXHUMUW YPOBHSMK (Nepeaaya AaHHsIX, BeIAENeHne paguopecypcos);
- B3aWMOOENUCTBHE (CEPBUCHI) C HIKHUMMW YPOBHAMM (Nepefadva SaHHbIX, CUTHanM3auusa, naMepeHuns).
BozmoxkHas cTpykTypa ypoeHa MAC npegctaeneHa Ha pucyHke 18 [8].

Bepxuue ypoeHu

PCCH BCCH CGCH  DCCH DTCH Ynpaanerme MAC

MpHOPHATHIELWA NOTMYBCKMX KSHAMNOB A
{ronbke ana uplink-kaHana) [
MyneTvnnexcupoepaHme/

ABMYNbTUNIBKCHPOBaHHE
PCH BCH  DLSCH UL-SCH RACH
HiniHne yposHm

KoHTpone
NpoWaBONEHOD gocTyna

PucyHok 18 — CrpykTypa ypoeHs MAC

MAC PDU — 310 GUTOBaA CTpOKA, BbipaBHEeHHaaA no BanTam, T. 8. KONUMYecTBO pa3spsaoB KOTOPOW KparT-

Ho 8. MAC PDU coctouT 13 aaronoska MAC, Hyna unu Gonee 6nokos cnyxebHbix AanHbix MAC (MAC SDU),

HYMNA WIW HECKOMNbKMX aneMeHToB ynpasnenna MAC w, onunoHanbHo, AONOMNHEHWS, COrNAacHo pycyHky 19.

Mopsnok cneposanua BaiTor kaxgoro nons napametpa 8 MAC PDU sBnsietcs npsMbiM, T. €. OT cTapliero
paspsana Kk Mnaglemy.
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MonesHas sarpyska MAC

Pucyrok 19 — Crpyktypa MAC PDU [8]

3aronosok MAC 1 MAC SDU umetoT nepeMeHHble pasmepsil.

3aronoeok MAC cocTouMT M3 DAHOM MNKW HeckonekMx noazaronoskos MAC. MNMogzaronoekn MAC coor-
geTcTeyoT MAC SDU, snementam ynpaenedns MAC unn SONONHEHWKD W MMEKT TOT KE NOPAZOK, YTO W COOT-
speTcTByowme MAC SDU, anemedTsl ynpaenesna MAC v gononHeHnue.

Ha kamgbiil TpaHcnopTHLIA Bnok obbekta MAC moxet BoiTe nepegaH Makcumym ogid MAC PDU.

7.4.2 Downlink-kanan

Ons downlink-kaHana onpefeneHs! TPU TPAHCNOPTHLIX KaHana:

- BCH (Broadcast Channel) — BewarensHbld KaHan;

- PCH (Paging Channel) — nelg»WHroeslil kaHan,

- DL-SCH (Downlink Shared Channel) — ofwwmin downlink-kanan.

[ns downlink-kaHana onpegeneHdbl NATEL NOTMYECKUX KEHANOB:

- BCCH (Broadcast Control Channel) — wupokoBewaTensHeld KaHan yrnpasneHys, NepeHocALLMi CH-
cTemHyto uHgopmauuio (MIB) Bcem aboHeHTCKMM YCTPOWCTBaM B COTE;

- PCCH (Paging Control Channel) — kaHan nocbinkm neipxuHroeslx coobleHdnn ans aboHeHTeknx
YCTPOWUCTB, MECTOHAXOXOEHWNE KOTOPbLIX HE ONpedeneHo ¢ TOYHOCTEIO B0 COThi;

- CCCH (Common Control Channel) — oBwwil kasan ynpaeneHws Ons nepegadqv ynpaensAlwen nH-
thopmaurn aboHeHTCKOMY YCTPOMCTBY A0 HasHa4YeHWa eMy BbiOeneHHoro kaHana ynpasnenus (DCCH);

- DTCH (Dedicated Traffic Channel) — ebigeneHHslin kaHan Tpadguka aboHeHTCKoro ycTponcTBea;

- DCCH (Dedicated Control Channel) — BbigeneHHbl il kaHan ynpaeneHua Ansa nepegayu ynpaensawoLen
uHthopmaunm aboHeHTCKOMY YCTPONCTRY.

7.4.3 Uplink-kanan

Ons uplink-kanana onpegeneHdbl ABa TPAHCMNOPTHBIX KaHana:

- RACH (Random Access Channel) — TpaHCnOpTHLIA KaHan cny4YalHore gocryna;

- UL-SCH (Uplink Shared Channel) — TpaHcnopTHEIR 0BLUWIA uplink-kKaHan.

[na uplink-kanana onpeaeneHdbl TPYM NOMMYECKUX KaHana:

- CCCH (Common Control Channel) — oBwuia kaHan aAng nepefaqw ynpaengawowen nadopMmauum ot
ab0HEHTCKOIO YCTPOWCTBA A0 HasHa4YeHns eMy BblGENeHHOro kaHana ynpaenenus (DCCH);

- DTCH (Dedicated Traffic Channel) — BeigenexHsIi kaHan Tpadvka aboHeHTCKOro YCTPoNCTBa;

- DCCH (Dedicated Control Channel) — eblgeneHHbId KaHan Ana nepegayun ynpaenswllen nHhopmMa-
umK oT aboHEeHTCKOro ycTpoOWCTRA.

7.5 ¥YpoeeHs RLC

7.5.1 ©YHKLUN U CTPYKTYpPa

®yHruumn RLC ypoeHsa seinonHawTcA RLC-o6bekTamu. RLC-06bekT (hyHKLUWMOHWPYET B OOHOM M3 TPEX
pexvmoB nepegadn: TM (npospadHbin pexum), UM (pexum nepepadqn Bes nogteepxaeHua) n AM (pexum
nepegadYv c noaTeepkaeHnem). Takum obpa3aom, B 3aBUCMMOCTM OT peXxuma nepegadyn aaHHex obbvekt RLC
knaccuduumpyerca kak 06bekt TM RLC, o6bekt UM RLC unu obwekt AM RLC.

YposeHs RLC ofecneuneaet [9]:

- nepenady PDU Ha BepxHue ypoBHW;
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- ucnpasnexHue owubok yepes ARQ (Ans nepeaayn gaHHbIX B pexrme AM);

- KOHKaTeHauuw, cerMeHTaunio U nostopHyo cbopky RLC SDU (ana nepefadn faHHbIX B pexumax
UM 1 AM);

- noeTopHyto cermenTaumio PDU gavHeix RLC (ana nepegayn garHbix B pexume AM);

- nameHenue nopaaka PDU panueix RLC (ona nepegaun gadHblx 8 pexumax UM u AM);

- o6HapyKeHWE NOBTOPHbLIX MAKETOR (ANs Nepefayn AaHHbIX 8 pexvmax UM u AM);

- cbpoc RLC SDU (gns nepegaqu gavHelx B pexumax UM u AM);

- BoccTaHoBneHhe RLC;

- oBHapyxeHne owwbox npoTokona (ans nepejadn OdaHHbLIX B pexkume AM);

- B3auMogencTeMe (CepBMChl) C BEPXHHUMKM YPOBHAMMK (Nepedada gaHHeix TM, UM n AM);

- B3aUMOogencTere (CEepPBMCHI) C HYKHUMMK YPOBHAMK (0BMEH BaHHBIMK, NONyYeHWE YBEAOMNEHWI O BO3-
MOXHOCTH NepenayYn AaHHbIx).

Ons o6bekta RLC, ckoHdurypupaeanHoro 8 eNB, cyulecTeyeT paBHonpagHslil 06wekt RLC, ckoHdury-
pypoBaHHeid B UE, n HaoGopoT. Mogene ypoeHA RLC npegcTaeneHa Ha pucyHke 20,

BepxHwe yposu
---% ----- C{: ----- %%----(:*L} ------- ::I:a---wm
BEPEHHAME
YPOBHAMM
n i B il [P n i ObLexr
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PucyHok 20 — Mogene ypoena RLC [9]

Mo oTHoweHwWio ko Bcem Tnam obrextor RLC npvmMeHADTCA cregylowme nonoKeHus:

- noppepxuearnTes RLC SDU nepeMeHHBIX pazMepos, BelpaBHeHHbIE No BaiTam, T. €. KONWMYecTBo pas-
DSAOE KOTOPBIX KPATHO 8;

- RLC PDU chopmupyroTCa TONLKO TOrga, Korga BO3MOXHOCTE Nepegadu NogTeepxaeHa HMKHUM ypoB-
Hem (T. . MAC), nocne 3Toro NpoUCcXoauT JOCTABKA Ha HWKHWIA YPOBEHD.

RLC PDU moxet 61T RLC PDU padHbix wnu RLC PDU ynpaenersua. RLC PDU gaHHbIX MCRONb3YKTCA
obbektamn TM RLC, UM RLC u AM RLC ansa nepenaqun PDU Ha sepxHwe yposHu. RLC PDU ynpasneHna uc-
noneaytotesa obvektamu AM RLC gna eeinonHeHus npouegyp ARQ.

RLC PDU — sto 6uToBan cTpoka, BhipaBHeHHan no 6anTam, T. . KONUYECTEO Pa3paoB KOTOPOW KpaT-
Ho 8. Moprgok cneposaHua GanToe kaxaoro nons napametpa 8 PDU MAC siensietTes npamMeim, T. 8. OT cTap-
wero paspaga K Mnaguwemy.

RLC PDU ans obwekta TM RLC cocTowT TOoNbKO W3 Nona gaHHLIX W He BkniodyaeT 3aronoekoe RLC
(cm. pucyHok 21).
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ABHHBIe Oxrer 1

Cxrer M

PucyHok 21 — RLC PDU gns obeekra TM RLC

RLC PDU gns obeekta UM RLC coctomT M3 nons aadHHelx v aaronoska UMD PDU. 3aronosok UMD
PDU ernoyaeT UKCUPOBAHHYIO U PACILMPEHHYH 4acT. [inuHa (huKCMPOBAHHOM YacTu paBHa ofHoMY BanTy.
Mpumep UMD PDU ¢ dvkcMpoBaHHON YaCTLI0 3aronoBKa NpefcTaBneld Ha pucyHke 22.

| E | SN Oxre 1
JaHHele Oxrer 2

OxreT N

PucyHok 22 — RLC PDU ana o6wekta UM RLC ¢ hHUKCUPOBAHHOW YaCTbIO
aaronoseka UMD PDU

RLC PDU ans o6vekra AM RLC cocTounT a nons gaHHbix u aaronoska AMD PDU. 3aronoesok AMD PDU
BKIMHOYaET (PMKCMPOBaHHYH 1 pacwmuperHyto YacTu. NMpumep AMD PDU ¢ dhrkcuposaHHon 4acTsio 3aronoska
NPencTaBned Ha pUCYHKE 23.

pe |[rRE [P [ m | E | s8N Okrer 1
SN OkreT 2

DanHele Oxret 3

OkteT N

PucyHok 23 — RLC PDU nna obwexta AM RLC ¢ dhukcupoBaHHOR YacTkio
aaronoska AMD PDU

7.6 Ypoeens PDCP

PDCP ypoeeHe obecnedveaert [10]:

- nepenady AaHHelx UP;

- nepenadvy AadHeix CP,

- CATWe 3aronoeka;

- CAaTWe AaHHbIX uplink-kaHana;

- KOHTPOMNb LENOCTHOCTH;

- B3auMOOeHCcTBME (CEPBUCHI) C BEPXHMMIK YPOBHAMMK (Nepeaada gaHHelx UP, CP, cxkaTtue aaronoeka u
OaHHEIX, KOHTPOME LENOCTHOCTK);

- B3aMMOZeNCcTBME (CePBMCHI) C HUAKHUMW YPOBHAMYK (CEPBUCHI YCNELWHOW HENOATBe P AEHHON Nnepega-
41 AaHHbIX, NnocnefosartensHas qocragka, otbpaceisadne aybnukaros).

Mpw wcnonesoeanun CP CloT EPS onTuMW3auumK 4o MOMEHTa akTUBauwi mexaHuaMmos 6esonacHocTu
ypoeeHe PDCP ucknio4aeTcs M3 cTeka NpoToKonos.,

BoamoxHan ctpykTypa ypoeHs PDCP npegcrasneHa Ha pucyHke 24.
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Paproxanans
PDCP - SAP PDCP — SAP l
C-SAP et fie
YposeHs
O6verr Obnekr PDCP
PDCP PDCP
PDCP — PDU
4 | 4

I RLG - 5DU

@ YposeHs
RLC
RLGC UM - SAP RLC AM — SAP

PuecyHok 24 — Crpyktypa ypoeHa PDCP

PDCP PDU » PDCP SDU — aTto 6uTOBLIE CTROKM, BhipaBHeHHbie no BaiTam, T. . KONU4ecTBo pas-
pAA0OB KoTopblx KpatHo 8, Mopsgok cnegosadus BaWToOB Ka¥XAOro NoNA napaMeTpa sBNSeTcA NpsaMbiv, T. €.
OT CTaplwero pazpsga Kk mnagwemy. MakcumansHeW nogoepxmeaemsld paamep PDCP PDU w PDCP SDU
cocraensaet 1600 oxreTos.

Ha pueyHke 25 npegctasned cdopmat PDCP PDU padHbIx.

Pucyrok 25 — PDCP PDU

Onucanue obbekta PDCP npegctaBneHo Ha pucyHre 26.
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PucyHok 26 — O6wvexkt PDCP

7.7 YpoeeHs RRC

RRC-ypoeeH: obecnedveaet [11]:

- TPaHCMALMIO CUCTEMHOW MHPOpMaUwK, OTHOCALLENCH K YpoBHo NAS;

- TPAHCMAUMIO CUCTEMHONW MHAPOPMaUWK, OTHOCALLENCA K YPOBHIO AS;

- NeAmMKUHT;

- yCTaHoBNEHUWe, noaaepxaHve u ocsoboxaeHne RRC-coeanHeHus;

- hyHKUMK Be30NacHOCTW, BKNOYAS YNpaBneHne Knovamu;

- chyHKUMW ynpaeneHua QoS;

- npsamyw nepegadvy coobuweHnin NAS B/uz NAS wa/s UE;

- B3aMOOENCTBKME (CEePBUCHI) C BEPXHUMKM YPOBHAMMK (TPaHCMALKA ynpasndowen nHgopmauim 1u gaH-
HbIX NO3MUKMOHWPOBAHKA, NONYYeHWe YBEAOMNEHWIT, NepeaayYa BuldeNeHHOR yNpaensaoilen MHhopMauum);

- B3AaUMOJENCTBME (CEPBUCHI) C HUMKHMMMW YPOBHAMU (NPOBEpKa LENOCTHOCTM, Nepedaya AaHHbIX ¢ noa-
AEpKON CEMMEHTALMU U KOHKATEHALINK).

Mogene coctoanui ypoeHs RRC npusegeHa Ha pucyHke 27 [11].

CocTtosanna RRC ekmoyatoT B ceba cnegylowue COCTOARKUS:

- RRC_IDLE (oxwaaxue);

- RRC_CONNECTED (coeanHeHKWe).

B cocrosaxun RRC-IDLE aGoHeHTckoe ycTpoMCTBO:

- MOHWTOPHT NERAMWUHIOBLIA KaHaN;

- CHMTLIBEET CUCTEMHYH MHbopMaumio;

- BBIMOMHAET M3MEPEeHUA Ha CocegHux coTax v (Npw HeobxoaMmMoCcTH) ocywecTeNAeT nepeeelGop coThl,

B cocroanun RRC-CONNECTED aboHeHTckoe YCTPOMCTRO:

- MOHUTOPUT NENIKUHIOBLIA KaHAN ANA NONyYeHWs yRenoMNeHwWa ob W3MeHeHWW cucTemHol uHdop-
Mavm;
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[ Aro_oie ]

&

Connection establishment/
Connaction relsase

|

[ RRC_CONNECTED ]

PucyHok 27 — Mopenk cocToaxuin ypoeHa RRC

- MOHMTOPKUT KaHan ynpasneHns NPDCCH;

- BLINOMHAST npuemM/nepefady gaHHbIX.

Ha yposHe RRC npumeHaoTea npouenypel, OTHOCAWKWECH K CUCTEMHON MHDOpPMaLIMK, YNPaBNeHuo co-
efvHeHveM, namepernnnm, obuiein obpabotke owmbok n SC-PTM. MoMUMO yKkasaHHbIX, NPUMEHSAIOTCS Takke
cneayoL e npouenypb:

a) DL information transfer,

6) UL information transfer,

B) UE Capability transfer;

r) UE information (He npumerumo ana UE, nogaepxuearwx Tonsko CP CloT EPS optimization);

a) PUR Configuration Request;

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

CucTtemnHas mudopmaumna pasgeneHa Ha Gnoku MIB u SIB, Brknovaa MasterinformationBilock-NB, Mas-
terinformationBlock-TDD-NB v SysteminformationBlock TypeX-NB.

MasterinformationBlock-NB (MIB-NB) w MasterlnformationBlock-TDD-NB (MIB-TDD-NB) wcnone-
3yi0T (PMKCUPOBAaHHOE pacnucaHue c nepuoguyHocTbio 640 mc u noeBTopeHusmw B npegenax 640 mc. [le-
pefaya [OaHHbIX OPraHW3yeTcd B BOCBMM HE3aBUCUMO [Oekoaupyemblx brnokax anutensHocted 80 mc.
SysteminformationBlock Type1-NB (SIB1-NB) ucnonssyer UMECUpOBaHHOE pacnvcaHue ¢ NepuoguyHoCcTbio
2560 mc.

Mpouenypsl ynpasnesun RRC coeanHeHuem BKMOYADT:

a) paging;

6) RRC connection establishment,

8) RRC connection resume (He npumenumo gns UE, noggepxusaowmx toneko CP CloT EPS
optimisation);

r) Initial security activation (He npumeHumo ans UE, nogpepwusawwmx Tonsko CP CloT EPS
optimisation);

A) RRC connection reconfiguration (He npumeHumo ana UE, nogagepwueatowmx Tonkko CP CloT EPS
optimisation);

e) RRC connection re-establishment;

K) RRC connection release;

u) 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.

31



rocCT P 59026—2024

8 Pexumbl aHeprocbepexeHnusa NB-loT

8.1 Pexum sHeprocBepexenna PSM

Pexum aHeprocbepexenna PSM noseonaer aGoHEHTCKOMY YCTPOWCTBY MEpPEXOAWTb B PEXUM CHa C
MUHUMaNbHbIM 3HepronoTpebnesuem, Npn aToM YCTPOWCTBO OCTAeTcs 3aperncTPUpOBaHHbLIM B CETH, W B MO-
MEeHTEl NPoBy¥OeHWA HeT HeobXo04MMOCTH 3aHOBO MPOXOAWTE NPoUEayPY perucTpaunn Attach.

ABOHEHTCKOe YCTPOWCTEBO aKTUBUPYET pexum PSM nyTem 3anpoca 3HayeHus BPeMEeHW akTMBHOCTH BO
BpemMsa npoueaypel peructpavuun Attach u TAU/RAU ¢ nepenaven aHadeHvi oeyx Tanmepos T3412-Extended
1 T3324. Ecnun ceTb noggepxueaet pexum PSM 1 npuHumaet, 4To aboHeHTCKOE YCTPOWCTBO UCMONbayeT
pexxum PSM, To ceTe noaTBepKAaeT Wcnone3cesadne pexuma PSM nyTem HazHavyeHWa 3Ha4YeHWs BPEeMEHU
akTuBHocTK. Mpu onpeaeneHni 3HAYEHWA BPEMEHW aKTMBHOCTM CETh YUYUTRIBAET 3HaYeHKe, 3anpaliveasmoe
aboHEHTCKMM YCTPONCTBOM, MakCHMankHoe Bpems oTBeTa, a Tak«e NnokaneHyo koHpurypaunio MME/SGSN.
Mpu HEOBXOAWUMOCTH W3MEHUTE 3HAYEHWE BPEMEHW AKTUBHOCTW, HANDUMED NPWU U3MEHEHUW ycnoBuil, abo-
HEHTCKOE YCTPOWCTBO AENaeT 3anpoc Xenaemoro 3HavyeHus B npoueaype TAU/RAU.

Haxogsce B pexume PSM, ycTpOWMCTBO NMEpUoguUYecky WHWUUMUPYET npouedypy aktyanusauyum TAU
(Tracking Area Update) ana Toro, 4To6sl cooBLUTE CETH O CBOEN AOCTYNHOCTW M OBHOBUTE MECTOMOMNOXEHUE.
OB6HoBNEHWE MECTOMNONOKEHWA MOXET DbiTh BaXHO ANA MOABWXHLIX YCTpoWCTE. Yactota npouenyps! TAU
3agaetca Taimepom T3412-Extended, makcumansHoe 3HadeHwe kotoporo coctaenset 35 712 000 c (npu-
BrnnautensHo 413 gHei).

Bropoi Taimep T3324 onpenenseT Nepuos BpeMeHW, B TeYeHUe KoToporo aGoHEeHTCKoe YCTpolcTeo
HaxoauTcsa B cocToaHKMK idle nocne npoByxaeHua. B 3To BpeMa yCTpOMCTBO MOMXKET NPUHMMAaTL gaHHbie. Mak-
cMMansHoe 3Hadenue Taimepa T3324 coctasnser 186 MUHYT.

B cny4ae, korna aboHeHTCKDE YCTRPOWCTRO MOXET NPYHMMATE [aHHbIe W NMpW 3TOM pacnonaraeTcs B
YCNOBUSIX HW3KOTO YPOBHA CWrHana (Hanpwmep, B NoaBane wnW KONoaue), peKkoMeHyeTca ycTaHaenueaTk
anuTeneHocTe Taimepa T3324 He meHee 10 cekyHn.

BpemeHnHan guarpamma pexuma sHeprocbepexerun PSM npegcrasneHa Ha pucyHke 28.

MNepexoq B idle mode

PagvomMoaynt axTeeH

« 4

T3412
Pucynok 28 — BpemenHan guarpamma pexuma sHeprocbepexerws PSM

B pexvme PSM aboHeHTCKOe YCTPONCTBO HEAOCTYINHO TONLKO ANA BXOAAWKMX coobweHni. MNpu Heobxo-
OWMOCTW NepenaTts MHhopMauwio aboHEHTCKOe YCTPOWMCTEO MOXET B NoG0M MOMEHT BBIMTK M3 pexuma PSM
W OTNPaBWTb AaHHLIE, OCTABLIMCHL NOCNE 3TOr0 aKkTUBHbLIM B TedeHe BpemeHn T3324 ona npvema MHdopma-
UMOHHBIX COOBLLEHMA.

AbBoHeHTCKOE YCTpPOWCTBO Haxogutca B pexume PSM po cobeitws, uHULMMpyemoro aboHEHTCKUM
ycTpoicTeom (Hanpumep, RAU/TAU, ucxoprwme gaHHbie MOBWUNBHOW CTaHLWKW N OTKIIOYEHUE ).

Ecnw aboHeHTCKoe YCTPOMCTBO BLINOMHAET Kakyo-nnbo nepuognyeckyto nepegady gaHHbix no uplink-
KaHany ¢ nepuoauYHOCTB, aHanoruyHoM 3Ha4eHuto Taimepa TAU/RAU, pekomeHayeTca yBENWYNTE 3HAYEHUE
Taumepa TAU/RAU, 4tobbl nabexats yeenuyeHWe aHepronoTpebneHns.

8.2 PacluMpeHHbLIA peXxum npepbiBUCcTOro npuema eDRX

B pacwwvperHomM pexume npepeiBucToro npuema DRX aboHeHTcKoe yCcTpoOWCTBO NpMHUMAaET coobule-
HWS HE NOCTOAHHO, 8 NepUMOgUHYECKU — B Npegenax onpeneneHHoro BpemMeHn. B npunoxeHunsix ¢ ucnons3osa-
Huem pexuma eDRX HeoBxoauMo YUUTLIBaTE A0NYCK HA 328Ky OaHHLIX.
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Onsa cornacoeaHus ucnonb3osaHus pexima eDRX aboHeHTokoe YyCTPONCTBO 3anpallnBaeT napameTpb
eDRX Bo Bpema npoueaypsl permcTpauun v npouenypel RAU/TAU. SGEN/MME MoXeT OTKNOHUTE MW Npu-
HATE 3anpoc aboHeHToKoro yeTpocTea Ha BknoYeHne eDRX. Mpu npunaTun eDRX, SGSN/MME Ha ocHoge
NONUTHKN onepaTopa W 3HaqeHuil Anudbl uukna eDRX B gavHeix HSS (npw Hanw4uu) MoxeT NpefocTaBnTh
3HaveHWs napameTpoe eDRX, oTnMYHEIE OT 3anpawusaemMblx aboHeHTCKUM ycTpoicTeoMm. B atom cnyvae
aboHeHTCKoe YCTPOWCTBO AOMKHO Ucnonb3oeaTs eDRX ¢ npuHATLIMK napameTpamu eDRX. Ecnu aGoHeHT-
cKOe YCTPOMCTBO He nony4yuno napamerpsl eDRX B npuHATOM cOoBLLeHWW B pesynkTaTte Toro, 4to SGSN/
MME otknonun zanpoc unu SGSN/MME He nogaepxueaet eDRX, To aGoHeHTCKOe YCTPOWCTBO ACMHHO NpK-
MEeHWTE 0BbIYHLIR peXuM NpepeiBUcToro npuema DRX.

Ecnwn aboHeHTCKOe YCTPOMCTBO 3anpaluvBaeT OgHOBPEMEHHOe BKN4YeHne pexumoe PSM u eDRX, 1o
SGSN/MME momerT:

a) BrknwoyuTth Tonbko pexum PSM, T. e. He npuHUMaTL aanpoc Ha eDRX.

6) BrnmioyuTs Tonbko pexum eDRX, T. e. He npuHuMaTh 3anpoc Ha PSM.

B) BxniouuTs kak pexunm PSM (1. e. yka3aTs Bpemsa akTUBHOCTUW), Tak 1 pexum eDRX (1. e. ykazaTtk na-
pameTpsl eDRX).

Pewerve no sanpocy ogHOBPEMEHHOTO BKMMeHWs pexumoe PSM 1 eDRX aaewcuT oT peanusa-
UMK, NOKanNkLHOW KOHQMrypauuy v gpyro mHpopmauun, goctynHon 8 SGSN/MME. Ons ogHoBpeMeHHOro
BKMNHOYEHUA pexumMmos PSM 1 eDRX epemsa akTMBHOCTM pexuma PSM gonwHo npesBbilLaTte 3HavyeHWe uMkna
eDRX (cm. 7.1). BeibpaHHelil MeToq Mcnone3yeTcs A0 crefylowein npouedypsl perncTpauuu unm npoueaypsl
RAU/TAU, nocne yero pewenue moxet BbiTb 0BHOBREHD.

NMpumevyanue — [NA cHWKeHWR 3HepronoTpebneHus Talimep nosTopeHuns npoueaypsl TAU pomkeH BbiTe
donblue, Yem unkn eDRX.

Taimep T pry 3anyckaercs B ceTM U Ha aGOHEHTCKOM YCTPOWCTBE NpW COOTBETCTBEHHO Nnepesade
npreme coobuleHrs Attach Accept unu RAU Accept, B koTopom nNpefocTasnedsl napameTtpbl eDRX. Takum
obpasom, T .. B CETW COOTBETCTBYET MOMEHTY, Koraa oTnpasnsAeTcs coobueHue Accept RAU, a Ha aboHeHT-
CKOM YCTPONCTBE — MOMEHTY, KOrfa NpUHUMAaeTca CooTBETCTRY W ee coobleHue Accept.

Taimep T gy NOOAEPKNBAETCA W UCTIONB3YETCA TONLKO TOTAE, KOTAA Npoueaypa pervctpauwnu Attach
unu RAU ycnewHo BeINONHEHa, W HE 3aBMCUT OT cocTosaHuA PMM aboHeHTcKoro yCcTponcTea, T. e. nepexosb!
Mexay coctoaHuem idle u cocTosHrem connected He BNMAKT Ha Talmep T ey

Onsa NoBLILEHWA HAOEXHOCTH NENMKUHIE, HANpKUMepP, Bo nabexaHue Nponyckos cooblieHni u3-3a no-
BTOpHOro BhIGOpa COThI MNK W3-38 HECOBEPLUEHHOW CUHXPOHW3auuM napametpa T ... mexdy aboHeHTCkum
yctpouctBom U SGSN, Mcnonb3yetca BpeMA okHa nepefnayn nelpkuHra Tpr,. MNocne okoHyaHus Lukna
eDRX aboHeHTCKoe YCTPOUCTBO CNYLWIAeT GeTk B TEYEHWE BpeMeHu OKHa nepeaayu nedmivHra PTW (cm. pu-
cyHok 29). Bo Bpemsa PTW aboHeHTCcKoe YyCTPOACTBO CNYLWAEBT CETk C MCMONb30BaHWEM NapaMeTpoB obbiy-
Horo pexuma DRX (Tpyy), Takum ofpazom 3a ykazaHHOe BpeMs NpeocTaBnsaeTca HeCKONbKO BO3MOXKHOCTEH
ana neldgxudra. Mudopmauns ana npumeHedna PTW npepnoctasnsetcs aboHEHTCKOMY YCTPOMCTBY NpK co-
rnacoeaHuu eDRX.

Tomx T Toax T Tom T;
' PLU L LS L PL ;
E Torw : Terw ‘ Thrw » i
R | LSS W SR, . T I ]\ >
Tw=Taer+ N+ Toomx Trves=Toer HN +1)- Toox Troe=Tar HN +2) - Toom Thus=Taet H{N +3) - Tuoax

PucyHok 29 — Lnknel paclumpeHHOMo pexMmMa npepbisncTora npuema eDRX

HdonycTumeble aHadeHWs AnuTeneHocTk LMkna eDRX npeacraenedel B Tabnmuue 16 [12].

Tabnuya 16 — JHaueHVs gnMTensHOCTH LKkna eDRX

ONUTEnbHOCTE, ©

20,48

40,96
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OxonyaHue mabnuusi 16

OnuTensHocTs, ©
81,92
163,84
327,68
655,36

1310,72
262144
5 242,88
10 485,76

HonycTuMele 3HaYeHWs ONWTENBHOCTM OKHa nepegaqu neAgxudra PTW npenctaenedHsl B Tabnwu-
ue 17 [12].

Tabnuua 17 — 3HAYEHWA ANKMTENEHOCTY OKHA NepenaqYn nelmpkuHra PTW

AnNWMTensHoCcTE, ©

2,56
512
7.68

10,24
12,8
15,36

17,92

2048

23,04

25,6

28,16
30,72

33,28
35,84
38,4

40,96

9 PacwupeHue BoamoxHocTed NB-loT

9.1 WHTerpauwmna B 5G

Cbwwe Tpeboeanwa k TexHonorwn 5G 3aTparvealoT TPU OCHOBHEIX BApWaHTa nenons3osanus [13]—[15]
1 3GPP [16]:

- MoBunbHbiR loT/maccoeein loT/LPWA: yny4weHHoe nNOKpbITUE CETW, ANWTENLHBIA CPoK cnyxbbl
YCTPOWCTE W BbICOKAR NITOTHOCTb COBLWHEHWNI;

= KPUTMYECKW BaXHbIE KOMMYHUKALIMKM: BbICOKONPOU3BOAMTENEHBIA, CBEPXHAAexHbIA |loT ¢ Huakoi 3a-
AEPXKON 1 KPUTUYECKW BaKHble npunoxernms (kputudeckuin loT, URLLC);
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- ynyullleHHas MoBUnbHARA WWPOKONONOCHARA CBA3b: NOBbLILLEHHAS NPOM3BOAMTENbLHOCTL W Bonee yaob-
HBI AOCTYN NOMNb30BaTENEeR K MyNETUMEAUAHOMY KOHTEHTY ANA KOMMYHUKaUWUK, OPUEHTHPOBEHHOM Ha Yeno-
BEKa.

3GPP Bknouun TexHonoruio NB-loT B 4acTe cemeiicTea cTaHgapToe 5G, T e. pazsuTtne 5G npoBoauT-
CA B TOM 4uMcne nyTem vcnonesoeaHua NB-loT kak yactn cneuwdmkaumia 5G, PasmeweHvwe kaHana NB-loT
NpPegycMOTPEHO HENOCPEACTBEHHO B nonoce 4YacTtot 5G aHanormyHo TexHonorvu LTE (em. pucyHok 30) [17].

Menoca vagror LTE

¢ >
Monoca yactor 5G

\ &

Pucynok 30 — Paamewenue kadana NB-1oT B nonoce vactor LTE 1 5G

BryTpunonocHana pabota NB-loT B npegenax nonocel nponyckadus Hecywen 5G NR goctvraetcs ny-
TEM NMPUMEHEHWA:

- MOOYNAUMKW W CTPYKTYPLI Kaapa TexHonorvu 5G, coemectumoi ¢ NB-1oT [17];

- AYNMEKCHOW 4acTOTHOM KoHturypauun 5G, no3eonsoliel BLIPaBHUBATE CETKM noaHecywux 5G w
NB-loT [18];

- NOAAepXK KoHurypauuu «npaMon coemectumoctiys [18].

Apxutektypa NB-loT 8 cetn 5G npeacraenena Ha pucyxke 31 [20].

{ -5@ é E]T UPF — Qn;'m "
@

AMF SMF PCF

[~ :|, w ) S | No Ay
| [ UDM ﬂﬁ[ NEF ] N33
L. J

NS1 ]

PucyHok 31 — Apxutextypa NB-loT B cetm 5G

Ha pucyHke 31 ykasausl crieqylowmne oCHOBHLIE NPOrpaMMHLIE MOLYNW U CETEBLIE MYHKUMK:

- Basosas ctaHuuns ghB;

- thyHKUMA yNpasnexnns gocTynom u MobunesHocTeo AMF (Access and Maobility Management Function);
- thyHKUMWA yripasnenns ceccnammn SMF (Session Management Function);

- thyHKUMA nepenayn gadHbix nons3osatener UPF (User Plane Function);
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- MOAYNb YNpasneHusa AaHHsIMK nonbsoeaTtenein UDM (Unified Data Management);

- chyHKums ynpasneHua nonutukamu PCF (Policy Control Function);

- hyHKUMA obecnevyeHna B3aUMOOEWCTBMA C BHEWHUMKW npunoxenwamm NEF (Network Exposure
Function);

- npuknagHas dyHkuua AF (Application Function).

9.2 UHTerpauymsa B NTN

Wurerpaums NB-loT 8 NTN nozsonser oBecneunts Bonbliee NoOKpbITUE MO CPABHEHWIO C HAZEMHbLIMU
CETAMU, BKMNIOYAA W30MMPOBAHHBIE PEIUOHB! (APKTUKA, NYCTHIHW, OKEaHb!, [XKYHITIW, Neca, ropsl Unwu oThaneH-
Hble U ManoHaceneHHble paloHbl) U NPOCTPaHCTBa C HEQOCTATOUMHO Pa3BMTON HA3EMHOW MHMDPACTPYKTYPOK
(BO3QYWHEA 1 MOPCKaA NorucTrKa).

Murerpaums NB-loT B NTN nozecnsier peanuzosarts BeclioBHbIn nepexor ceaan mexay NTN-ceteo u
Ha3eMHOWN CeThI.

Cxema NTN-cBR3K npegctasneHa Ha pucyHke 32 [21].

IL: gz{[ﬂ o Hm
" !
Monesyas Herpysia NTH — T}.|F:.{;J'J: L3
o i
ps \

CpynnHpoaKS GrTYTHIKIE
a/) - S
(_ 11 CaTs nepoanyus
r— OEHHRN
Wrioa NTN CuUnDu
HassuHas craqiHs EPG

PucyHok 32 — Cxema NTN-ceaam

Owanasonel pabouvx yactor NTN downlink- u uplink-kavanoe gna dyrkuroHupoeadua NB-loT npuee-
gexbl B Tabnuue 18 [21].

Tabnuuya 18 — [Ouanasonbl pabounx yactoT NTN downlink- 1 uplink-kasanoe gna NB-loT

Nwanazox pabouux yactor uplink-kanana, | [uanazod pabouux yactot downlink-kaHana,
Homep awanaaoHa My My Pexum
pabo4ux YacToT aynnexca
FuL tow—FuL_nigh FoL jow—Fou high
256 1980—2010 2170—2200 FDD
255 1626,5—1660,5 1525—1559 FDD
254 1610—1626.,5 2483,5—2500 FDD
253 16686—1675 1518—1525 FDD
MpumevyaHue — Hymepauws CNyTHUKOBBIX OMANA30HOB OCYLECTBNAETCA ¢ HoMepa 256 B ybeiBawowem
nopagke.

36



roCT P 59026—2024

3GPP pazgenset cnyTHWKKW No TUNY opbuT [22]:

- LEO (Low-Earth Orbit) — cnyTHWKWM Ha HW3koh opbuTte ¢ BeicoToW oT 300 km o 2000 Km;

- MEO (Medium-Earth Orbit) — cnyTHuKwW Ha cpenHell opbuTe ¢ BeicoTor oT 8000 km go 20 000 km;

- GEO (Geostationary Earth Orbit) — cnyTHwkKn Ha reocTaymorsapHoi opbuTe ¢ eblcoTon 35 786 km.

PacctosHue oT aboHeHTCKOro YCTROWCTEA [0 CNYTHUKA ABMAETCs ropasfo Gonblium nNo cpaBHEHUo
CO CUeHapueMm HaseMHbIX ceTei, YTo oBycnaesnuBaeT 3afepxku pacnpocTpaHeHuna curHana. B tatbnuue 19
npyYBeAeHb! MaKCHMManbHbIe 3aAePXKKN PAcNpoCTPaHeHWsA CUrHana no pagronuHUK «TenedoH—CcnyTHUK—Ha-
38MHbBIA LUMNKO3» ANA pasHbix opbuT cnyTHWKa [22].

TaGnuya 19— MakcvmMancHble 3a0eKKM pacnNpocTPaHEHWA CUrHana ana pasHeix opBuT cnyTHMKAa

¥ron mecta 90° Yron mecta 10° MakcumansHan
D = 4 5 OAHOCTOPOHHRR
accTOAHKE AC afepKKa curHana ot anepwKa curHana ot 3a0BpwKEa OT
0opOUTHI CNYTHWKA (BEICOTA Tenedonal/unosa go P:_'I:'c :S;‘:; E"Kﬂo TenedoHaliwniosa ao TeneoHa oo Wnoaa,

opBMTL), KM CMYTHUKA, MC ¥ t CNYTHWUKR, MC mc
LEO 600 2 1932 6 12
MEO 8000 27 11 826 39 79
GEO 35 786 19 40 586 135 271

ﬂ..l'lﬂ KOMAeHCauny 3afeper pacnpocTpaHeHusa CUurHana npegHasHadYedH MexaHW3m CMHXPOHW3auwnwn
Timing Advance (TA).
MonHana 3agepxKa pacnpocTpaHeHua curHana oT Wwniosa oo TenedoHa TAg, pasHa cymme 3agepiex,

BBOAMMbIX cepBucHOi (TA| ) n dhuaepHon (TA . o) NUHUAMU (CM. pUcyHOK 33):

TAfull = TAUE s TAccmmcn'

CRyTHHK-PRTRaHEIA TR

«-P” ¥
g %,

et

PucyHok 33 — 3aaepwua pacnpoctpaHeHus curdana B NTN-cetu

Ans pacueta TA o W TA g HG3EMHBIA LUNKK3 U @BOHEHTCKOE YCTPOMCTBO, COOTBETCTBEHHO, JOMKHbI
3HaTb CBOE MEGTOMNONIKEHWE Y NONOKEeHNE GNYTHWUKa Ha 0pbuTe B KOHKPETHbLI MOMEHT BPEMEHM.

MoncxeHne CnyTHUKA B NPOM3BOMbHEIA MOMEHT BPEMEHW PaccHMTeiBaeTca u3 ero agemepns. Ideme-
pyobl — 370 Habop napameTpos opbuTel GNYTHWKA Ha GTPOro onpeaeneHHeln momeHT Bpemeny. CeTb nepe-
naet uHcpopmauuio 06 acdemepuaax v obine napametpel TA B kaxayo coty NTN.

ABoHeHTCKOE YCTPOWCTED NoNy4aeT cBOM KoopaAKHaTel U3 curHanoe GNSS, a nonoxexue cnyTHuKa pac-
CHWTLIBAET HAa OCHOBaHWW adieMepua, KoTopkie NepUOdUYEcKn Nony4aeT OT HaleMHOoro Wn3a. YKasaHHyio
WHhopMaLnio aboHeHTCKoe YCTPOWCTBO AOMKHO NONYUYKTE Nnepes noaknwyeHuem k cote NTN.

MonyyeHHble 3adepXKK YYWTLIBAKOTCS MEeXaHW3MomM komneHcauuwn TA. [ins cuHxporusaumw uplink-
KaHana nepeqj BbINOMNHEHWEM NPOWM3BONbLHOrO AOCTYNa aGOHEeHTCKOEe YCTPOWCTBO [AOMKHO ABTOHOMHO
npenBapuTenbHO KOMNEHCUMPOBAaTh BPEMEHHOW CABMI W AONNEPOBCKUMA COBUTM YacToThl, NPUHUMAA B pacyer
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obwure napameTtpbl TA, NO3WUWID aBOHEHTCKOrD YCTPOWCTEA W NO3WMUMWI0 CRYTHWUKA Yepes WHcopmauuo ob
athemepuaax. B pexume nogknioyeHns aboHeHTCKOE YCTPOAGCTBO A0MKHO HENPEPbIBHO 0BHOBNATE BpEMEHHOM
COBWI W MpeABapuTensHylo KoMnescauui YactoTel. Mpw 37om aboHeHTCKoe YCTPOWGTBO He MpoBOAWT
onpenenedre GNSS 1 He BLINONHAET Nepefady NaHHLIX W3-3a ycTapeBlleid HopMal v 0b ademepuaax,
obwux napametpax TA unu GNSS Ha ocHoBe Talimepos. B pexxume coeguHeHWs, Npu HaNU4UMKW yCcTapesLlen
uHchopmauumn of achemepugax v obuux napamerpax TA, aBoHeHTCkOe YCTPOACTBO MOBTOPHO Nonydaet
nepefaBaemele NapameTpsl, Npu ycTapeslemM nonoxeHwn GNSS aboHeHTCKOe yCTPOWCTBO NepexoauTt B
pexum oxugaHns. ABoHeHTCKWe ycTpoicTBa MoryT coobLiaTs 0 BpEMEHHOM CLBWIE NPKU NEPBoHaYansHOM
JOCTyne unu B pexume coedvHeHnd. B pexume noaknoMeHns nofgepxusaercs TpurrepHas nepenaya
rnapaMmeTpos TA.

[py vHTerpauun NB-loT B NTN gomuHa BeITh NpoBedeHa oueHKa sHepreTuyeckoro Bioguera aboHeHT-
CKDA pagnonuHun ¢ y4eToM MOLLHOCTY NepenaBaemoro CUTHana, YCHUNeHuwa U noTepk B SHTEHHaX, notepu
CMrHana na-3a pacnpocTpPaHeHus, a8 TAaKKe YYBCTBUTENLHOCTI NPUEMHNKE.
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MpunoxeHue A
(cnpaso4Hoe)

OTpacneBoe npuMeHeHue TexHonorun NB-loT

A.1 Kputepwn Beibopa TexHonorum NB-loT

Ogrum 13 Hanbonee BawHbIX CBOWCTB TexHonoruk NB-1oT asnaeTca Boamo#HOCTL paboThl aD0OHEHTCKMX yCTPOWGCTE
npw Bonee HU3KKX YPOBHAX CUIHANA W NPKU BLICOKOM YPOBHE WYMOR, a Tacke axoHamus Datapen. Cets NB-loT npegHazqa-
yeHa AN NepenaYsn KopoTKKAX cooBleHul. He pekoMeHayeTcs nepenaqa ayano- U BUAeoKoHTeHTa W Bonbluux charnnos.
MNpw pazpaboTtke aboHeHTCKWX ycTponcTB Heobxoaumo obpawate ocoboe BHMMAHWE HA PEXWMbEl 3KOHOMHOID 3HEprono-
TpeGneHusa 1 oNTUMWU3aLMI0 MHOPMALMOHHOID NOTOKA.

CeTb NB-loT uMmeeT cyllecTBEHHOE NpenMyLUECTBO NO OTHOLWEHWIO K ceTaM 2G/3G/4G B YacTh 30HbLI MOKPLITUA W
NPOHUKHOBEHWA CUIrHana B TPYOHOOQOCTYNHEIE MECTa (HanpuMep, Nodsank! M NOMELEHWA C KOMMYHUKaUMAMK B 308HNAX).
Mpeumywecteo obecnevnsaeTca Bonee NOMEXOYCTORYMBLIMK Y3KONOMOCHLIMW CUTHENAMK, 8 TaKKe BCTPOSHHBIM Mexa-
HU3MOM MepenoeTopa rnepeiasaembix NakeTos QaHHbIX,

OCHOBHBIE KpUTEPUI BbiBopa TexHonorii NB-loT:

- Hanu4Kue ceTH J0CTYNAa Ha TeppuTopuk Poccuidckoi denepaumu;

- OTCYTCTBWE BHYTPUCETEBOrO POYMUWHIA;

- aHeproaddekTMBHOCTE aboHeHTCKoro ycTporcTea: paboTa yocTpoliGTEa OT ogHOro komnnekTa Gatapen — gnw-
TenbHbiW cpok (go 10 net);

- HAOEMHOCTL NepenaYn AaHHbIX;

- NOAKNKMEHWE BONBLWOrD YKYcna YCTROWCTE B OOHOM NoKaUMK;

- HW3KaRA CTOMMOCTL YCTPONCTRA;

- PACLUMPEHHARA 30HA NOKPLITUSA W rMyBoKoe NPOHWMKHOBEHWE CUIHANAa B TPYAHO4OCTYNHLIE MEcTa (HanpumMep, noa-
Barbl, KOMOALEI, TEXHUYECKWUE NOMELLEHNSA);

- JONYCTMMOCTL HU3KMX CKOPOCTEN W 3a0epKek Nepenaqn daHHbIX.

A.2 OTpacnu npUMeHEHHWA TEXHOMOIMK
Mpyvmepsl ucnonsaoeaHua cucTem NB-10T B paanuuHelx oTpacnax 3KOHOMWKA NpeacTaeneHs B Tabnuue A1,

Tabnuya A1 — Otpacnu npumeHeHns Texdonorum NB-loT

Otpacni MNpumMeps! cucTem
Cenbckoe X03ARCTBO MOHWUTOPKMHF arpoAATYHKOR.
MoHWTOpUHr Nonen.
IMeTeocTaHuuu.

TPEKMHT W MOHWTOPMHI COCTOAHMA (hepMEpPCKOro ckoTa

3npaeooxpaHeHne BuomeTprueckue ¥ MEAWMLMHCKAE OaTYNKN

lopoackoe x03aNRCTEO WHTennexTyansHan cyMcTeMa yYeTa KoMMYHankHLIX PecYpPCoB.

YMHOE OCBeLUEHHE.

YMHaa cucTema ynpaeneHus MUKDOKNHUMaTOM.

YMHEs CUCTEME YNPABIIEHAA N AVCNETYEPU3BLMKM MHKEHEPHOTo 060pYIoBaHNS,
Tpeer AOMaLLHWX HKNBOTHBEIX.

BeHﬂHHI’UBhIG MaLWKHHBEL.

MeTeocTaHuum, B TOM Yucne paboTalwme B CypoBLIX YCNOBWAX

OHepreTuyeckasn nHdpacTpykTypa | WHTEnnekTyansHas cUcTeMa y4eTa 3Hepropecypcos.
TeHepaTopbl aneKkTpHyecTsa

TpaHcnopTHas MHpacTpykTypa CwcTema KOHTPONs TpaHenopTa, rpy3os, MOBUMbHbIX aKTUBOE.
CpegcTea MHAWBKMAYANEHOW MOBUNBHOCTH.
CWCTEMA KOHTPONA NapKoBOK

MpoMbILLNEHHOCTL MOHWTOPKMHT COCTORHMA NPOMBILNEHHOTO oBopyOoBaHMs.
Cuctema Be30nacHOCT NepcoHana Ha NpeanpUaATIK

Mpyvmepsbl obopynosaHua ¢ peanuaauuen TexHonoruy NB-loT npenctasnersl B Tabnnue A.2.
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Tabnuua A.2— Npumepnl obopynosaHWa ¢ peanwiaumeid TexHonormn NB-loT

Kateropua

OGopynoeakue

AKX, yMHBIA ropog: npubopkl yyeTa

CHETUMKW aNeKTpUYecTra,

CyetynkM Boabl.

CueTumkmM raza.

Cuetynk4 Tenna.

Pacxopomepsi.

Yanol yyera.

CHEeTYMKM MMNYNBCOB.

Jatuuku npoTeykuy.

Hat4mri Ha Mok (MycopHBIA Bak, KaHanwaauws).
Lartymin OTKPLITMA OKOH, OABEpen

OBapyAoBaHWe MOHWTOPWHIE AKTUBOB

Tpekeptl,
Masikm
[atuukn Nnaproeku

ObopygosaHve cvcTem besonacHoOCTH

,EEITHHKL"I BCKPbLITHA, OTEPBITHA, NDOHWMKHOBEHWA.
Lartdmky OBMAEHWA, NPUCYTCTEMA.

NB-loT kHonku.

[aT4MKy KOHLUEHTPALMI YINEKUCNOro, YrapHoro rasa.
HD)KEDHHE! AeIMOBBIE M3BELUETENW

ObopygoBaHWe MOHMTOPUHIE OKpYKar-
el cpeapl

KomnnekcHsle W3MepUTENKM-PErMcTpaTop.l.
Lartd4ukn Temnepartypbl, BNaXHOCTH, OaBNEHUSA.
AatHrKn Wwyma, ocBeweHHOCTH,

LaT4MKy 3KOMOHUTOPUWHIE.

CTaHuMK 3KOMOHWTODWHIA.

AAaTHHKY KOHLIEHTPALMKM YacTHLL.
MeTeocTaHuMK.

[a3paHanuaaTopbl.

Menemeps

OBopygosanwe anA CX W MMBOTHOBOACTEA

Haramim CX v wmBoTHOBOOCTEA

ObopynopaHre  cucTem aBTOMATUEMN

(SCADA)

Aatdmrn,

MamepuTen.
lMpecbpasoeatens.

Pene.

MenonHuTeneHele yeTpoicTea

OBopyaoeaHne LMPOBU3ALMK 30aHWA

CKyQ.
3amKn ¥ 3aLenxu.
NB-loT kHomm

ObopyooeaHne CUCcTeM OCBELEHWA

yCcngm.
KoHTponneps! ocBewweHus.
KoHTponnepel ceeTa

Obopygosaxmne ACYTI

Norrepsl ANA asToMarmaauvi yNpasnedus TeXHONOMMYecKWMK NpoLec-
camy {0GbearHAET OaTYMKW U CYETYMKKM B ceThb lloT)

OBopygoeaHve cBA3u OAns moboro oTpac-
neeoro NpUMMeHeHWA *

NB-loT mogynwv ceszm

Cetesoe obopynosaHue loT npoektos®

KommyTaTophi.

MapLupyTH3aTophl.

MyneTunnexcopbl.

MeguakoHBEpTOPLI.

Xabsbl.

MocTei.

YeunuTenu u HDGOEDEEOBET&I‘II‘I CWrHana

* B 7. 4. c vcnonb3oBadem NTN-ceaau.
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A.3 XapakTepuCTHKW nepegayn gaHHbIX B ceTh NB-loT

MakcumaneHas CHOPOCTb Nepefaqyu 0aHHbBIX B CaeTH NB-loT, goctiwnmasn NpPM MaeaneHsIX YCNOBUAX paglonpuyema,
NP1 MOHONOMBEHOM MCNONb30BaHMK a00OHEHTOM BCEX DECYPCOB COThI, C YY4ETOM peanuaali BCeEX MEXaHM3aMOB OnTMMKaa-

U1K, ykasada B Tabnuue A3,

Tabnwya A3 — MaKkcumansHsle CKOPOCTW NEpeaYdy AaHHBIX

roCT P 59026—2024

MakcumanksHas ckopocTs Nepenadn aaqHex, Kéut/c

Kareropus aBoHEHTCKOMO YCTPORCTEA

B HanpasneHny Kk aGoHedTy

B nanpaenexm ot aboHexTa

NB1

26

60

NB2

126

160

Pekxomergyemeie mogenu nepeaaqu coobilernia ana aboHexdTckoro oBopynoBaHua NpueeneHsl B Tabnuue A4 [23].

Tabnuua A4 —Pekomengyemslie Moaend nepenaym coobluenwin ana abonerTekoro oGopygoeanna B cetk NB-loT

HazHaueHue ycTporcTea

Yacrora nepegaqm

Paamep co-

OHesHOR

EmemecsyHeli

cooGWeHnA abweHna, GaAt Tpadmk, Bart Tpacpuk, BanT

Hocwmbie ycTponcTea 10 B geHb 20 200 6000
TpekWHr MUBOTHBLIX 2Byac 50 2400 72000
TpekwHr camokaTos, Benocunenos 8 Buac 50 9600 288 000
BuomMeTpUueckne 1 MEAULIMHCKVE AATHMKN B B AgHL 100 800 24 000
levepaTtophkl aNeKTpU4ecTea 2 B oeHL 100 200 6000
MNoxapHasa curHanMsauua 2 B geHb 20 40 1200
TpekwHr hepmepckoro ckoTa 100 & peHs 50 5000 150 000
JaTtunky MUKpoKNUmaTa 5B neHb 50 250 7500
TpermHr npomeiwnerHoro obopygosaHua 100 & geHb 50 5000 150 000
MpoMbILUNEHHBIA MOHWTORKWHI BesonacHocTy 2 B JeHb 100 200 6000
Mpubopsl y4eTa anekTpoaHeprin 1 paa e vac 100 2400 (4800) 72000

{1 pas B 30 MrHYT) (144 000)
CuetyMkn BoAk M rasa 8 8 asHb 200 1600 48 000
[aTtunkK NapKoBku 60 B neHb 50 3000 90 000
ABTOMAaTU3AUMA 30aHUA 5 B AeHb 50 250 7500
ABTOMAaTU3aUMA Ooma 5 B peHb 50 250 7500
[NpoMBbILLNEHHBIM KOKTPOMbL NPOW3BOACTBA 100 B geHb 50 5000 150 00O
YMHBIE CETH 10 B geHb 20 200 6000
MOHWUTOPUHI NPONaHOBLIX LIMCTEPH 2 B neHb 100 200 6000
MoHvTOpHHT arpogarivKoe 4 B geHb 100 400 12 000
MoHuTopHHr Mycopa 1 Byac 10 240 7200
MOHWTOPKWHI OKPYXaLWen cpenbl 1 B4ac 200 4800 144 000
lFopoackoe ocBeLEHWE 5B AeHb 100 500 15 000
BbiToBas TexHWKa 3 B JeHb 20 60 1800

1 B AeHb 1024 1024
BeHauHroesie MalluHbL 330 720
100 & geHs 100 10 000

PekomeHaaluu ang paapaboTki YCTROMCTE M peanvaaluy NpUoXeHnid NnpeacTasneHs e [24].
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Mpunoxkenvne B
(cnpaBo4Hoe)

Mprumep 3HaKa, NOATEBEPXAAKLLEro KOPPEKTHOCTE MCNONL30BaHuA yecTpoicTea NB-loT
B BbIBpaHHOM cUeHapWu NPUMEeHEeHUA

NMPOBEPEHO
MTC

PucyHok B.1 — lNpumep 3Haka, NoOTBEpKOaioLLErD KOPPEKTHOCTE MCNONBL20BaHKMA yeTporcTea NB-loT
& BEIBpaAHHOM CUEHAPMW NPHUMEHEHWS
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