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HALUWOHANbHbBIN CTAHAOAPT POCCUWCKOW SEALEPALUNMN

VIHbopMaLMOHHbIE TEXHONOMMKU
WHTEPHET BELLEW

MpoTokon 6ecnpoBOAHON Nepedayvn gaHHbIX NB-loT.
OCHOBHbIe napameTpsbl

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

Jarta BBegeHns — 2024— 11—01

1 Ob6nactb NpUMeHeHus

HacTosilwuniA cTaHAapT pacnpocTpaHsieTcss Ha o6opyAoBaHue 6ecnpoBofHOl nepedayun AaHHbiIX NB-loT
N ycTaHaB/IMBAET €ro OCHOBHblE MapaMeTpsbl.

TpeboBaHUSI HACTOSLLEr0 CTaHAapTa cneayeT yunTbiBaTh Npu pa3paboTke, M3rOTOBAEHUM U 3KCMyaTa-
unn obopyaoBaHus 6ecnpoBofHON nepedayn gaHHbix NB-loT.

HacTtoawwmii ctaHgapT, onpegensawwmii yHKunoHnposaHme NB-lOT, gonyckaeTcs MCNoO/b30BaTh Kak OC-
HOBY peanusauuun UUpPOBbIX PELLEHUI B pa3/IMYHbIX OTPACSAX 3KOHOMUKN — CTPOUTENbCTBO, XKKX, «yMHbI
ropoZ», NPOMbILLIEHHOCTb, CE/IbCKOe X03ANCTBO, TPAHCNOPT, SIOFMCTMKA U Ap.

[nsa obecneuyeHns 6e3onacHoii nepefayv 4aHHbIX OKOHEYHOr0 YCTPOCTBA MCMOMb3YHOTCA anropuTmbl
LWMdPOBaHMS AaHHbIX COBPEMEHHbIX CUCTEM NepeAayn AaHHbIX U NPOTOKO/I0B. Heo6XxoaMMOCTb LINGIPOBaHs
(npyMmeHeHue cpeAcTB KpunTorpamMyeckoi 3alnTbl) AaHHBIX MPU ee nepefadve onpegensierca paspaboTyu-
Kom/nponseoanTenem yCTpOCTB CaMOCTOATE/IbHO C yY4eTOM AeACTBYLWero 3akoHoaarensctsa Poccuiickol
depepauun. BbibOp KOHKPETHbLIX afifOPUTMOB LUIMGPOBAHUS AaHHbIX onpeAensieT pa3paboTyrk OKOHEeYHOro
yCTpoOlicTBa B 3aBUCUMOCTU OT LIENIEBOr0 Ha3HA4YEeHUsi OKOHEYHOTo YCTPOWCTBa W AeACTBYHOLWMX HOPMATUB-
HbIX JJOKYMEHTOB, B TOM Yncne 415 KPUTUYECKOl MHGPoOpMaLMOHHOM nHdpacTpykTypbl (KUN). Ncnonb3yemble
B OKOHEYHOM YCTPOWCTBE a/IropuTMbl WNPOBAHUA AAHHBLIX AO/MKHbI ObITh YKa3aHbl B 3KCM/yaTalMOHHOM
[OKYMEHTaLUUN Ha COOTBETCTBYHOLLEE OKOHEYHOE YCTPOMCTBO. OnucaHve 1 BbIGOP KOHKPETHbIX asirfopuTMOB
WK poBaHMA AaHHbIX BbIXOAWUT 3a pamMKyM HacTOSLLEro cTaHgapTa.

2 TepMUHbI 1 onpepeneHus

B HacToswWweM cTaHAapTe NpUMEHeHbl creaylowme TepMUHbl C COOTBETCTBYIOLW VMU onpeaeneHnamMu:

2.1 y3KOMNONOCHbI MHTepHeT Beweii; NB-IoT: TexHonorns pagumogocTyna, Bxogswias B cOCTaB CO-
ToBOro 10T, ctaHgapTusnpoBaHHas 3GPP gns uHtepHeTta Beweil.

2.2 coToBblii MHTepHeT Beweii; CloT: CoTtoBas ceTb, NogAepXxuBatoLiast yCTPOMNCTBa HU3KOTO YPOBHS
C/IOXXHOCTWN U HU3KOI NPOMYCKHOW CNOCOGHOCTW O/1A CEeTU BELLEA.

MpumeuyaHune — CotoBblii 10T nogaepxusaeT oba Buga Tpadmka: IP n He-IP.

2.3 aTas/IoHHas 4yBCTBUTENbHOCTL (reference sensitivity): MuHumanbHasa cpegHAs MOLHOCTb CUrHa-
Na, nofaBaemMas Ha aHTeHHbIli NOpT aboHeHTcKoro ycTpoiictBa (UE), npu KOTOpPOi NponyckHas cnocobHOCTb
UE cocTaBnsieT He MeHee 95 % OT MakCUMasibHON NPOMYCKHOM CNOCOB6HOCTM gaHHoro UE.

2.4 uplink-kaHasn; UL (uplink): KaHan cBsi3n BOCXOASLUNX COOGLLEHUNIA OT aBOHEHTCKOro yCTPOMCTBA.

2.5 downlink-kanan; DL (downlink): KaHan cBA3W HMCXOZALWMX COOBLEHUA K aBOHEHTCKOMY YCTPOWA-
CTBY.

M3gaHne opuuynanbHoe
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2.6 poBepeHHbIV AS: CepBep MPUIOXKEHWA, PacnofiOXeHHbIA BHYTPU KOHTypa CeTu.

2.7 cnon pgoctyna Access Stratum: ®yHKUMOHaNbHbIA YypOBEHb MeXAy PaguoceTbid U Mosb3oBa-
TeNbCKUM 060pyAoBaHWEM, OTBEYAalLWMA 3a TPAHCNOPTUPOBKY AaHHbLIX NO 6eCcnpoBOLHOMY COEAUHEHUID ©
ynpasJ/sieHne pagnopecypcamu.

3 CokpaueHusa n 0603HayeHns

3.1 B HacTosleMm cTaHaapTe NpUMeHeHbl Criefylolme CoKpalleHus:

ACYTT
Knm
CKY/
CX
ycng
AF
AM
AMF

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

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

— aBTOMAaTW3MpOBaHHas cMCTeMa ynpaBfieHUs TeEXHONOTMYECKM NPOLEeCcCoM;
— KpuUTMYeckas MHopmaLnoHHaa UHAPACTPYKTYpa,;

— CuUCTEMa KOHTPO/IA U ynpaBieHus fOCTYNoMm;

— CesnlbCKoe X03ANCTBO;

— yCTpolicTBO c6opa U nepefaun AaHHbIX;

— npuknagHaa dyHkuma (Application Function);

— pexum nepegaun ¢ nogreepxaeHuamu (Acknowledged Mode);

— (pyHKUMA ynpaBneHua [OCTynoM u MobusbHocTblo (Access and Mobility management
Function);

— WHTepdielic nporpammupoBaHms npunoxernnin (Application Programming Interface);

— umsA Toukm goctyna (Access Point Name);

— aBTOMaTU4YecKuii MOBTOPHbLIN 3anpoc (Automatic Repeat Request);

— cepBep npunoxeHuin (Application Server);

— MpoKoBellaTe bHbIN kaHan ynpasneHunsa (Broadcast Control Channel);

— LuMpoKoBeLwaTenbHblil kaHan (Broadcast Channel);

— fABondyHasa dasoBas maHunynauusa (Binary Phase-Shift Keying);

— o6wwmii kaHan ynpasneHnss (Common Control Channel);

— MNPOTOKO/ orpaHndeHHoro npunoxeHusa (Constrained Application Protocol);

— nnockocTb ynpasnenus (Control Plane);

— UMKAnYecKuin nabbITouHbll kog (Cyclic Redundancy Check);

— pedepeHcHbIn curHan sveinkn cetu (Cell-specific Reference Signal);

— y3en wn3a 06CnyXmBaHna coToBoro uHtepHeta Bewen (Cellular loT Serving Gateway
Node);

— UeHTpasnbHbIn 610k (Central Unit);

— BblgeneHHblli kaHan ynpasneHusa (Dedicated Control Channel);

— ynpaBnswowas nHpopmayms downlink-kaHana (Downlink Control Information);

— o6wwmin downlink-kaHan (Downlink Shared Channel);

— pedoepeHcHbI curHan gemoaynaumm (Demodulation Reference Signal);

— BblgeneHHblii kaHan Tpadmka (Dedicated Traffic Channel);

— pacnpegeneHHbiii 6nok (Distributed Unit);

— HoMmep yacToTHoro pagunokaHana (E-UTRAAbsolute Radio Frequency Channel Number);

— pacluMpeHHbIin npepbiBUCTLIR npueM (Extended Discontinuous Reception);

— 6asoBas ctaHuma cetn (eNodeB);

— AP0 NakeTHOI ceTn HOBOro nokosneHus (Evolved Packet Core);

— nakeTHas cuctema HoBoro nokoneHus (Evolved Packet SYstem);

— vacTtoTHbIl gynnekc (Frequency Division Duplex);

— reocTtauuoHapHasn op6uta (Geostationary Earth Orbit);

— rnobanbHas cnyTHMKoOBas HasuraumoHHas cuctema (Global Navigation Satellite System);

— rnobanbHasa cucteMa MobunbHoi ceAsm (Global System for Mobile Communications);

— rpynna npoTOKO/I0B coefuHeHUsa Ha ocHoBe IP, ncrnonb3lyemas B cetax GSM, UMTS u
LTE (GPRS Tunneling Protocol);



GTP-U

GUI
HARQ

HSS
HTTP
HTTPS
IMSI

NoT

loT

IP

LEO
LTE
LWM2M
M2M
MAC
MEO
MIB
MME
MO
MONTE
MQTT

MQTT-SN
MT
NAS

NCCE
NEF

NIDD
NPBCH

NPDCCH

NPDSCH
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NPSS
NPUSCH
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MPOTOKO/ NepeAayn Nosb3oBaTesIbCKoro Tpadmka Yepes TyHHenn ctaHgapta GTP (GPRS
Tunneling Protocol For User Plane);

rpacunueckuii nHTepdpeiic nonbsosatensa (Graphical User Interface);

rmépuaHasi cxema c aBToMaTMUYeCKMM 3anpocom NOBTOPHONM nepepaun (Hybrid Automatic
REpeat REquest);

cepBep gomalwHnx aboHeHToB (Home Subscriber Server);
npoTtokon nepegayn runeptekcta (Hypertext Transfer Protocol);
3allULLIEHHbIV MPOTOKOA nepegadn runepTtekcta (Hypertext Transport Protocol Secure);

MeXAyHapoaHblli naeHTudmkaTop MobunbHoro aboHeHTa (International Mobile Subscrib-
er Identity);

NPOMbILW/IEHHbIA UHTepHeT Beleli (Industrial 10T);

nHTepHeT Bewlein (Internet of Things);

MHTepHeT-npoTokon (Internet Protocol);

HM3Kas okosio3emHas opbuta (Low-earth Orbit);

cTaHdapT 6ecnpoBOAHOI BbICOKOCKOPOCTHON nepefayun gaHHblx (Long Term Evolution);
06/1eryeHHbI MPOTOKON ANA ynpassieHus yctpolicteamm M2M unu 1oT (Lightweight M2M);
MeXxMallnmHHoe B3aumogeicTene (Machine-to-machine);

ynpasneHne goctynom k cpege (Media Access Control);

cpefHss okonosemHas opbuta (Medium-earth ORDbit);

610K cucTeMHoli nHgopmayum (Master Information Block);

06bekT ynpaBneHns mobunbHocTbio (Mobility Management Entity);

coobuleHne, oTnpasB/ieHHoe ¢ MoGubHOro yctporictea (Mobile Originated);
MOHUTOPUHT ycTpolicTB (Monitoring Events);

NpoTOKON 06MeHa coobuieHnAMN No wabnoHy nsgatens — nognucumnk (Message Queuing
Telemetry Transport);

npoTokonn MQTT ans ceHcopHbix ceTeit (MQTT for Sensor Networks);
coobueHne, gocTaBneHHoe Ha MobunbHoe ycTpoicTBo (Mobile terminated);

CUTHaJIbHbI/ NPOTOKOS1, HE TEPMUHUPYEMBbI/ Ha y3nax ceTu pagmogoctyna (Non-access
Stratum);

3/IEMEHT Y3KOMNOMI0CHOTo kaHasa ynpasneHus (Narrowband control channel element);

yHKUMS obGecneyeHms B3aMMOAENCTBUS C BHeWHUMM npunoxeHusamm (Network
Exposure Function);

nepegava gaHHbolx 6e3 ncnosib3oBaHusa crteka npotokonos IP (Non-IP Data Delivery);

Y3KOMOJIOCHbIN dhn3nyeckunii lwmpokosewaTenbHbliii kaHan (Narrowband PHysical BRoad-
cast CHannel);

Y3KOMNoNocCHbIN dusnyecknin downlink-kaHan ynpasnenus (Narrowband Physical Down-
link Control Channel);

Y3KOMOMOCHBI hunsmyecknii o6wmii  downlink-kaHan (Narrowband Physical Downlink
Shared Channel);

Y3KOMOJIOCHbIV hmn3nyeckunini kaHan cnydaiHoro goctyna (Narrowband Physical Random
Access Channel);

Y3KOMOJIOCHbIV pedepeHcHbIt curHan nosnuynoHnposanmsa (Narrowband Positioning Ref-
erence Signal);

CUrHan nepsuyYHON cuHxpoHmsaumn (Narrowband Primary Synchronization Signal);

Y3KOMOMOCHbI usndeckuii uplink-kaHan o6uwero nons3osaHusa (Narrowband Physical
Uplink Shared Channel);

Y3KOMO/OCHbIV pedepeHcHblii curHan (Narrowband Reference Signal);
CUrHan BTOpU4YHOW cuHxpoHusaumm (Narrowband Secondary Synchronization Signal);
HeHa3eMHble ceTun cBAsn (Non-terrestrial Network);
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NWUS
OFDM

OFDMA

PCCH
PCF
PCH
PDCP
PDU
PGW
PHY
PSM
PtP
QoS
QPSK
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RAU
REST
RLC
RRC
S1-U
S1AP
SAP

SC-FDMA —

SCADA
SCEF
SCTP

SDU
SGi
SGSN
SGW
SIB
SMF
SMPP
SMS
SMSC
TA
TAU
TCP
TDD
™
TTC

UcCl

Yy3KOMOJIOCHbIN curHan npobyxaernnsa (Narrowband wake up signal);

MYJ/IbTUNJIEKCUPOBAHNE C OPTOrOHasIbHbIM 4acTOTHbIM pasgeneHnem (Orthogonal Fre-
quency Division Multiplexing);

OPTOrOHasbHbIA  MHOFOCTaHUMOHHbIA A0CTYN C 4YacTOTHbIM pasfefnieHneM KaHasl0B
(Orthogonal Frequency Division Multiple Access);

KaHa/1 NoCbISIKN NelaKMHIOBbIX coobuweHunii (Paging Control Channel);

yHKLMA ynpasneHua nonutukamm (Policy Control Function);

neigaxuHrosbli kaHan (Paging Channel);

NPOTOKON ynpasfieHns nakeTHbIMU AaHHbIMK (Packet Data Convergence Protocol);
6/10K NPOTOKOSIbHbIX AaHHbIX (Protocol Data Unit);

nakeTHbli w3 (Packet Data Network Gateway);

chusnyeckmnii ypoeeHb (Physical Layer);

pexunm skoHomuu sHeprun (Power Saving Mode);

Touka-Touka (Point-to-point);

KauecTBO 06cnyxmBaHmsa (Quality of Service);

KkBagpatypHas hasoBasd maHunynsaumsa (Quadrature Phase Shift Keying);
TPaHCMOPTHbLIA KaHan cnydaHoro goctyna (Random Access CHannel);
KOoppekTMpoBKa 30Hbl MapupyTtusaumn (Routing Area Update);

nepegadva coctosHus npegcrtasnieHns (Representational State Transfer);

NpoToKo/ ynpasneHus paguokaHanom (Radio Link Control);

npoTokon ynpasneHus paguopecypcamu (Radio Resource Control);

nHTepgelic cesa3m mexay eNodeB n SGW (S1 — User Plane);

NPOTOKOM NpuKnagHoro ypoeHs mexay eNodeB 1 MME (S1 — Application protocol);
Touka gocTtyna kK cnyxbam (Service Access Point);

MHOXECTBEHHbI/ AOCTYN C YaCTOTHbIM pasfefieHVeM KaHasloB C OAHOI Hecyllel yacTo-
Toin (Single-carrier Frequency Division Multiple Access);

aucneTtyepckoe ynpasneHue n cbop aaHHbix (Supervisory Control and Data Acquisition);
y3€e/1 3KCMOHMPOBaHNA CepBUCHbLIX BO3MOXHOCTeN (Service Capability Exposure Function);

NPOTOKO/ Nepegayn C ynpasaeHNeM NOTOKa — NPOTOKO TPAHCMNOPTHOrO ypPoBHSA (Stream
Control Transmission Protocol);

6710K cnyebHbIX AaHHbIX (Service Data Unit);

nHTepdelic mexagy PGW u BHewHnmn IP-cetamun (Service Gateway Interface);
obcnyxumBarowmin ysen nogaepxkn GPRS (Serving GPRS support node);
obcnyxuBarowmin wnw3s (Serving Gateway);

6710k cMcTeMHoi nHdopmaymm (System information block);

yHKLMA ynpasneHua ceccusamu (Session Management Function);
OofHOpaHroBas nepefada KOpoTKMx coobuieHwnii (Short Message Peer-to-peer);
cnyx6a KopoTknx coobuieHuin (Short Message Service);

SMS-ueHTp (SMS Centre);

BpemeHHasa komneHcaumsa (Timing Advance);

o6HOBNEeHNE 30HbI oTcnexmBanmsa (Tracking Area Update);

NpoTOKON ynpaBneHus nepegadeii (Transmission Control Protocol);
BpeMeHHoe pasgesnieHne kaHanos (Time Division Duplex);

npo3payHblin pexum (Transparent Mode);

TEXHO/IOTMA nepefadn «TefnieMeTpus, oTcrexusaHue, ynpasneHue» (Telemetry, Track
and Command);

ynpasnsatowas nHgopmauunsa uplink-kaHana (Uplink Control Information);
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UDM — MOgay”nb ynpasneHusa gaHHbiMun nosnb3oartenein (Unified Data Management);

UDP — NpPOTOKON nonb3oBaTtenbcknx gatarpamm (User Diagram Protocol);

UE — aboHeHTCcKoe ycTpoicteo (User Equipment);

UL-SCH — obwwuin kaHan gns nepegayn gaHHbix BBepx (Uplink Shared Channel);

nm — pexum nepegaun 6e3 noaresepxaeHunii (Unacknowledged Mode);

uUP — nosib3oBaresibckas NnjaockocTb B ceTax cBAsn (User Plane);

UPF — dyHKUMA nepegaum gaHHbix nonb3osareneii (User Plane Function);

VPN — BUpTyasibHasa yacTtHasa ceTtb (Virtual Private Network);

16QAM  — KBagpaTypHas amnanTyaHas MOAYNAUmMs ¢ Ymcsiom ypoBHein 16 (16-Quadrature amplitude
Modulation);

2G — MobunbHasa cBA3b BTOPOro nokosexHns (2-nd Generation);

3G — MobunbHasa cBA3b TpeTbero nokonexHns (3-rd Generation);

3GPP — napTHEPCKMI MNpOEeKT N0 PpasBUTUIO cUCTEM TpeTbero nokoneHus (3-rd Generation
Partnership Project);

4G — MobunbHasA cBA3b YeTBEpPTOro nokoneHusa (4-th Generation);

5G — MobunbHasa cBA3b nAToro nokonexHus (5-th Generation).

3.2 B HacToslleM cTaHgapTe NpUMeHeHbl criedytolline 0603HaYEHNN:

ULJow Hu3was vyactota uplink-kaHana;

UL_high BbiClIasi yactoTa uplink-kaHana;

DLJow Hu3was vyactota downlink-kaHana;

DL_high BbiclWwasi yactota downlink-kaHana;
Nosis-oL cmeweHne gnsa pacyeta EARFCN downlink-kaHana,
Offs-UL cmeweHve gna pacyeta EARFCN uplink-kaHana.

4 MapameTpbl pagnonHTepdeiica gna yHKumMoHnposaHus NB-loT

4.1 [Awvanas3oHbl paboumx yactoT downlink- n uplink-kananoe NB-loT*

[Jvana3oHbl pabounx yactoT downlink- u uplink-kaHanos NB-loT* npuBegeHbl B Tabnvue 1 [1].
Tabnnya 1— OnanasoHbl pabounx yactot downlink- 1 uplink-kaHanos NB-loT

OvnanasoH paboumx yactoT uplink-kaHana,  [AuanasoH pa6oumx yactoT downlink-kaHana,

Homep ananasoHa Mry My Pexum
pabounx yactot aynnekca
AULJow AUL_high FDLJow 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
1 1427,9— 1447,9 1475,9— 1495,9 FDD

* Ha Tepputopun Poccuiickoin degepaunm 1Cnosib3oBaHne 4YactoT AO/MKHO OCYLLECTBIATLCA B COOTBETCTBUM C
peLueHemM ocydapCTBEHHON KOMMCCUM MO paguodactotam ot 28 aekabpsa 2017 r. Ne 17-44-06.
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OKoHuaHve Tabnuupl 1

[Ovana3oH pabouunx yactoT uplink-kaHana,

Homep gnanasoHa
pabounx yacTtoT

12
13
14
17
18
19
20
21
24
25
26
28
3L
41

42

65
66
70
7
72
73
74
85
87
88

103*

* YkazaHHasi Nosioca YacToT npeaHasHaueHa To/bKo A1 pexvva pacoTsl Standalone.

My

FUL_low FUL_high

699—716
777—7187
788—798
704—716
815—830
830—845

832—862

1447,9—1462,9

1626,5—1660,5

1850—1915

814—849

703—748

452,5—457,5

2496—2690
3400—3600
3600—3800
3550—3700
1670—1675
1920—2010
1710—1780
1695—1710
663—698
451—456
450—455
1427—1470
698—716
410415
412—417

787—788

[nana3oH pabouunx yactoT downlink-kaHana,

MIy

FDLJow FDL_high

729—746
746—756
758—768
734—746
860—875
875—890

791—821

1495,9—1510,9

1525—1559

1930—1995

859—894

758—803

462,5—467,5

2496—2690
3400—3600
3600—3800
3550—3700
1670—1675
2110—2200
2110—2200
1995—2020
617—652
461—466
460—465
1475—1518
728—746
420—425
422427

757—758

Pexum
aynnekca

FDD

FDD

FDD

FDD

FDD

FDD

FDD

FDD

FDD

FDD

FDD

FDD

FDD

TDD

TDD

TDD

TDD

TDD

FDD

FDD

FDD

FDD

FDD

FDD

FDD

FDD

FDD

FDD

FDD
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4.2 KoHdwurypaymm 4acTOTHOrO pecypca kKaHasna nepegaymn gaHHbix NB-loT

CyLuecTByeT HECKO/IbKO KOHhUrypauuin 4acToTHOIO pecypca kaHasa nepegayun gaHHoix NB-lOT:
- Standalone — He3aBucumas paboTa kaHana NB-loT;

- Guard-band — pa6oTa kaHana NB-loT B 3aWMTHOM MHTepBasie Noaockl kKaHana LTE;

- In-band — pa6ota kaHasia NB-loT BHyTpu kaHana LTE.

KoHdhurypaums nosocbl NponyckaHWs kaHana npusefeHa B Tabnuue 2.

Tabnunuya 2— KoHdmrypaumsa nosocel NponyckaHus kaHana LTE

Monoca nponyckaHna kaHana LTE BWChanng, My, 14 3 5 10 15 20

Uucno pecypcHbix 6510k ARB 6 15 25 50 75 100

KoHdourypaumm nonocekl nponyckaHnsa kaHanos NB-lOT ykasaHbl B Tabnvue 3.

Tabnunya 33— KoHdmrypaumm nonockl nponyckaHns kaHanos NB-loT

Mapavetp Standalone In-band Guard-band
Monoca nponyckaHua KaHanna BWChanmne|, KI'y, 200 Monoca nponyckaHys, Monoca npornyckaHusa,
yKazaHHas B Tabimue 2, yKaszaHHas B Tabnmue 2,
BW Channel>14 M| ~Channel >3 M
KonunyectBo pecypcHbix 6110k0B NRB B nosioce 1 1 1

MponycKaHWs nepefaym, eq,

KonnyectBo nogHecyLmnx B KoHdurypaumm no- 12 12 12
nocbl nponyckaHus nepegdaun /Tlae 1541, eq,

KonnyectBo nogHecyLmx B KoHdmrypaumm no- 48 48 48
Jlocbl nponyckaHvs nepefaqn Mone 375 K1, e,

Ha pucyHke 1 nokasaHbl BapuaHTbl pa3melieHnst kaHana NB-lIoT B pexume Standalone.

Mexay GSM HecyLyivm

PrcyHok 1— BapuaHTbl pasmelleHns kaHana NB-loT B pexxvme Standalone
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Ha pucyHke 2 nokasaHo pa3melleHune kaHana NB-loT B pexume In-band.

NB-loT

PricyHok 2 — PasmellgeHue 1 koHdurypaums nosiockl nponyckaHmst kaHana NB-loT B pexume paboTtbi In-band

Ha pucyHke 3 nokasaHo pa3smelleHne kaHana NB-loT B pexume Guard-band.

PurcyHok 3 — Pa3melueHne 1 KoHurypaupms nonockl nponyckaHust kaHana NB-loT B pexume pabotbl Guard-band

4.3 PacnonoxeHune NB-loT kaHasi0B

Hecywas uvactota downlink-kaHana NB-loT o6o3HavyaeTtcs EARFCN B gnanasoHe ot 0 go 262 143 u
cmeweHmem Homepa kaHana NB-loT no otHoweHnto K EARFCN B gnanasowxe {-10; -9; -8; -7; -6; -5; -4; -3;
-2;-1; -0,5; 0, 1, 2; 3; 4, 5, 6, 7; 8 9} aona FDD wn B gnanasoxe {-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} gna TDD.

CooTHoweHue mexay EARFCN, cmeleHnem Homepa kaHana NB-loT no otHoweHutio kK EARFCN u He-
cyulein yactotoin B My, downlink-kaHana onpeaensitoT BblpaXeHUeM:

Fa1 = Fdljow + 0-1'(NDL- Noffs-DL) + 0,0025-(2MDL+1),

roe Fdl — Hecyuwas yactota downlink-kaHana NB-loT;
fdljow u NOffs-DL YKa3aHbl B Tabnuue 4;
NdlI — EARFCN downlink-kaHana;
MDL — cmeweHne Homepa kaHana NB-loT no oTHoweHuto kK EARFCN downlink-kaHana.
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Hecywas yactoTa uplink-kaHana NB-loT o6o3Havaetcs EARFCN B gnanasoHe oT 0 go 262 143 u cme-
weHnem Homepa kaHasia NB-loT no oTHoweHuto K EARFCN B gnanasoHe {-10; -9; -8; -7; -6; -5; -4; -3; -2
-1;0;, 1, 2, 3,4, 5,6, 7; 8 9} pna FDD v B gnanasoxe {-11; -10; -9,5; -9, -8,5; -8; -7,5; -7; -6,5; -6; -5,5
-5;-4,5;-4; -35; -3;-2,5;-2;-1,5;-1; -0,5; 0;,0,5; 1; 15; 2; 25; 3, 35; 4,45; 5; 55; 6;6,5; 7, 7,5, 8 8,5
9; 9,5; 10; 11} nna TDD.

CooTHoweHne mexay EARFCN, cmelweHneMm Homepa kaHana NB-loT no oTHoweHuio kK EARFCN n He-
cywiein yactotol B My uplink-kaHana onpedenstoT BblpaXEHUEM:

Ful = Ful low+ 0,1 (Nu |- NOffs UL) + 0,0025 (2Mul),

raoe Ful — Hecywas yactorta uplink-kaHana NB-1oT;
Fuljow u NOffs-UL YKa3aHbl B Tabnvue 4;
Nul — EARFCN uplink-kaHana;
MUL — cmelleHne Homepa kaHana NB-lIoT no otHoweHuto kK EARFCN uplink-kaHana.
Pas3HOC HecyLMx coceflHUX YaCTOTHbIX KaHa/10B, MMeLWMX Noaockl nponyckaHmus kaHana BWChanne|(®
n B w channei(2). onpegensetca kak (BWchannel(1l) + BWChannel(2))/2.

Lar ceTkn yacToT KaHana cocTtaBngeT 100 k' Ans BCeX gMana3oHOB 4acToT, T. €. LeHTpasibHaa JyacTtoTa
Hecyllel fo/mkHa 6biTb LenbiM YnMcioM, KpaTHeiM 100 KIu,

MpumeyaHuna

1 Ans pexvmos pabotsl In-band wim Guard-band 3HaveHns NDL wim NUL otamuyatotes ot 3HadeHuss EARFCN, co-
oTBEeTCTBYtOLLEro Hecywel yactoTte downlink- wm uplink-kaHana.

2 Ona pexumva pabotsl In-band nwm Guard-band B cnydae FDD He npumeHumo 3HadeHve MOL = -0,5; B criyvae
TDD He npuMeHnMbl 3HaueHnss MDL{-0,5; +3,5; -4,5; +7,5; -8,5}.

3HaveHna EARFCN pgnis pasnuyHbix guana3oHoB paboumx yacTtoT gnsa pyHkumoHnposaHus NB-IoT npu-
BefeHbl B Tabnvue 4*.

Tabnunuya 4— 3HauyeHns EARFCN g5 pasnmuHbIxX gnana3oHoB paboumnx 4acToT gis oyHKUmoHMpoBaHns NB-loT

Howmep Downlink-kaHan Uplink-kaHan
fvanasoHa

pabouunx [manasoH 3HayeHwii [unana3oH 3HaueHwuit

yactoT Ndl iow Ml N Offs-DL oL ful_iow MIy N Offs-UL Nul
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 21 450 21 450—21 799
n 1475,9 4750 4750—4949 1427,9 22 750 22 750—22 949
12 729 5010 5010—5179 699 23 010 23 010—23 179
13 746 5180 5180—5279 777 23 180 23 180—23 279
14 758 5280 5280—5379 788 23 280 23 280—23 379
17 734 5730 5730—5849 704 23 730 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 Poccuiickoli deaepaumm UCTob30BaHWe ykasaHHbIX NnapamMeTpoB [AO/DKHO OCYLLECTBIATHCA B
cooTBeTCTBUM C [Mprka3oM MUHMCTEpPCTBA CBSA3M U MacCOBbIX KOMMYHUKauuii P oT 6 uioHst 2011 . Ne 128 «O6 yTBepx-
JeHnn MNpaBui NpUMEHEHNsT aBOHEHTCKMX TEPMUMHASIOB ceTeli NOABWKHOW paanoTenediOHHON CBA3W cTaHaapTa LTE».
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OKoHuaHne Tabnuupl 4

Homep Downlink-kaHan Uplink-kaHan
fAnanasoHa 3 5
Rigg:ﬂx v Lrow: MY o [JvanasoH 3HaueHuii “oLsow MY o [nanasoH 3HaueHwuit
ndi Nul

20 791 6150 6150— 6449 832 24 150 24 150—24 449
21 1495,9 6450 6450— 6599 14479 24 450 24 450—24 599
24 1525 7700 7700—8039 1626,5 25 700 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 452,5 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 41 590—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 131 972 131 972— 132 671
70 1995 68 336 68 336— 68 585 1695 132 972 132 972— 133 121
71 617 68 586 68 586— 68 935 663 133 122 133 122— 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 133 572 133 572— 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 Kateropun aboHeHTCKux yctponcTts NB-loT

HacToswmin ctaHgapT onpefensieT ABe kaTeropum aboHeHTCkux ycTpoicTB NB-loT. OcHOBHble napa-
mMeTpbl kKaTeropuii NB1 n NB2 npeactasneHbl B Tabnumue 5 [2].

Ta6nuuya 5— OcHOBHblE NapameTpbl KaTeropuii aboHeHTCKMX ycTpoiicTe NB-loT

KaTeropus
MapameTp
NB1 NB2
Monoca nporyckaHys kaHasa 200 Ky,
PaszHoc kaHasi0B B pexxuve Standalone 200 Ky
PaszHoc kaHanoB B pexummax In-band v Guard-band 180 Ky,
LLlar ceTkn yacToT KaHana (BO BCEX peXxumax) 100 Iy,

10
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MapameTp

MakcumasibHas BbIXO4HAA MOLLHOCTLY)

MuHUMasibHas BbIXOAHAA MOLLHOCTb2)
MOLLHOCTb M3/yYeHUst NpU OTCYTCTBUN Nepenayn?)

NorpeLUHoCTb YCTaHOBKN YacTOoThl

STa/I0HHasi YyBCTBUTE/TbHOCTLI)

MakcmasibHbI YpOBEHb CUrHas1a Ha BXofe npueMHukasd)
Yncno HARQ npoveccos

MakcrmanbHoe umcrno nepegad HARQ

Uncno 6510K0B koaa

Konnuectso 61T B nogkagpe

CKOpOCTb KaHa/IbHOr0 KoAMpoBaHUs

Cxema koguposaHus DL

Cxema koguposaHus UL

Mopgynsaumsa

KoahdhmupmeHT yCuneHna aHTeHHBI

FOCT P 59026—2024

KaTeropus

NB1 NB2

(23 £ 2) abMm (Knacc MOLLHOCTY YCTPOIACTB 3),
(20 + 2) gbm (Knacc MOLLHOCTU YCTPOIACTB 5),

(14 + 2,5) gbm (Knacc MOLLHOCTM YCTPOWCTB 6)

-40 gbm, He 6onee
-50 abwm, He 6onee

Mpn yacToTe Hecywel <1 Ty £0,2 ppm
Mpy yactoTe Hecywen >1 My +0,1 ppm

-108,2 obm

-25 gbm, He 6onee

1 lwwm2
4
1
320 320 wwm 640
1/3 1/2, 1/3 wwm 3/4
OFDMA
SC-FDMA

QPSK, BPSK, 16QAM
He 6onee 0 gbn

1) Ans pasHoca nogHecywmx 3,75 Ky, MOLLHOCTb ONpefensieTcs Kak CpeaHss MOLLHOCTb M3MepPEeHUs], Nepuog, KOTo-
poli COCTaBNSAET Kak MUHUMYM OAWH C/IOT (2 MC), UCKouas nHTepan 2304Ts, korga aboHEHTCKOE YCTPOMCTBO He Ocy-
LLeCTBISET nepedady. [na pasHoca nogHecymx 15 k', MOLLHOCTL OnpefenisieTcs Kak cpeHss MOLLHOCTb M3MepeHus,

reprog, KOTopoli COCTaBNSET Kak MUHUMYM OauH nogkaap (1 mc).

2) Ana pasHoca nogHecyLwmnx 3,75 kI'y, MOLLHOCTb OnpefesnsieTca kak cpefHsst MOLLHOCTbL B O4HOM crioTe (2 MC) 3a
UCKMOUEHNEM UHTepBana 2304Ts, korga aboHEHTCKOe YCTPOMCTBO He OCYLLECTBASET nepegady. 18 pasHoca noaHe-
cywmx 15 Ky, MOLWHOCTb OnpeAensieTcst kak CpeaHsisi MOLLUHOCTb B ogHOM nogkagpe (1 mc).

3) MpornyckHasi cnocoGHOCTL 06OPYAOBaHMS AO/MKHA COCTaBNATL >95 % OT MakCMMasibHOV NPOMYCKHOW Crnoco6-

HOCTV 3TasIOHHOIO M3MepPUTESIbHOro KaHana [2].

JonycTumble YPOBHMU BHEMOJIOCHbIX U3/TyYeHU aBOHEHTCKMX YCTPOMNCTB Kateropuii NB1 munu NB2 yka-
3aHbl B Tabnuue 6. 3HayeHus AOMYCTUMbIX YPOBHEN BHEMOSIOCHBLIX W3/TyYEHW ANA 3HavyeHWid 4yacToT AfOOB
MeXAay ykasaHHbIMW B Tabnvue NUHENRHO mHTepnonupytTcsa. Ons 3HauveHnin yactoT AfOoB> 6onblue ykasaH-
HbIX B Tabnuue, NPUMEHAIOTCS TPeboBaHMA K YPOBHAM NOGOYHbLIX U31yYeHNIA.

Ta6nuua 6— [onycTuMble YPOBHY BHEMOMOCHBIX U3MTyYEeHWI aBOHEHTCKVIX YCTPOWCTB kaTeropuii NBL 1 NB2

YacTtoTa BHEMOJIOCHOTO U3NyyYeHns

LMO0B K=,
+0 26
+100 -5
+150 -8
+300 -29
+500— 1700 -35

JlonycTuMbIii ypOBEHb BHEMOJOCHBIX
n3nyyeHuin, obm

LnpuHa nonockl U3sMepuTebHOro
hunbTpa, Ky,

30
30
30
30

30
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JonycTumble YpOBHM NMOBOYHbLIX M3/Ty4eHUA aBOHEHTCKUX YCTPOMUCTB KaTeropuin NB1 mnnm NB2 ykasaHbl
B Tabnuue 7.

Ta6bnunya 7— [onycCTUMbIE YPOBHM NMOBOYHBIX 13/TyYeHUIA aBOHEHTCKNX YCTPOUCTB kaTeropmini NB1 1 NB2

JonycTuMbIV ypoBeHb NOGOUHbIX LLinpuHa nonocsl
,Cl,manasoH 4acToT o
n3nyyeHun, ,CI,BM N3MEepUTesIbHOro Q)VII'Ipra

9—150 KI'y, -36 1Ky,

150 k'y—30 My, -36 10 Iy,

30 Mu—1 Ty, -36 100 kI'y,

1—12,75 T4, -30 1My,

12,75 Ty — 5-51 rapMOHVIKa BEPXHETO YaCTOTHOTO -30 1My

Kpasi paboyein nonocbl UL

MuHMManbHbI Habop pekoMeHAyeMbIX PYHKUNA on1a aboHEHTCKMX YCTpoiicTB kateropmii NB1 n NB2,
onpegeneH B Tabnuue 8.

Tabnuua 8— MyHUMasIbHbIA HAGOP PEKOMEHAYEMbIX RYHKLMIA A511 aBOHEHTCKMX YCTPOICTB KkaTeropuin NBL 1 NB2

HavnmeHoBaHue yHKUNU OnucaHve
PSM configurations KoHcpuryprpoBaHue pexviva rly6okoro aHeprocbepexeHmss PSM
eDRX configurations KoHthmrypurpoBaHmne pacLUMpPeHHOTO MHTepBasia paboTbl 6e3 0b6s3aTesbHbIX

CUrHasIbHbIX CO0OLLEHNI eDRX

Data Transport in Control Plane CloT  Mcnonb3oBaHvie NporpaMMMpOBaHHOTO PeXMa COTOBOrO MHTEPHETA BeLLel
EPS optimization CloT n EPS

Deployment mode Mopnepxka Bcex pexvmMos pabotel (Standalone, In-band, Guard-band)
Support for NIDD NIDD nepefada nosb30oBaTefnibCkmx AaHHbIX 6e3 IP

SMS for NB-loT only UEs YnpasneHve UE yepe3 SMS

Cell Reselection BbI60p COTbI

Coverage Extension PaclumpeHmne 30HbI NOKPbITYAS

Rate Control KOHTpOsb CKOpOCTY 06GMeHa AaHHbIMY

6 ApxutekTtypa cetn NB-loT

6.1 O6Luan apxutekTypa

O6uwas apxutektypa cetn NB-loT npegctaBneHa Ha pucyHke 4 [3].

OCHOBHble KaHaslbl KOMMYHMKauumin BkntouvaroT Control Plane (CP) mn User Plane (UP). Control Plane
npefHasHavyeH A9 06MeHa CAy)XeO6HbIMU COOOLLEHUAMU MeXAYy Pas/IUYHbIMU 31eMEHTaMn CeTU U CIYXuT
Ans obecneyeHnss MOBUNBHOCTN abOHEHTCKMX YCTPOWCTB M yCTaHOBNEHUA/MOALEPXaHUS Ceccun nepegayu
AaHHbIX. User Plane — 370 kaHa/1 nepefayn nofib30BatesibCKUX AaHHbIX.

MexaHun3mbl ontumusaumm CP n UP (CloT EPS optimization) ana NB-loT peannsoBaHbl Ha y3rax MME,
SGW n PGW, koTopble 06begunHATCS B eauHblii anemeHT CSGN. HecmoTps Ha To, 4uto CP npegHasHayeH
ONs nepefayn curHanbHol uHgopmauun, B NB-loT OH aganTupoBaH g9 nepegadn nosb30BaTelbCKUX AaH-
HbIX (Kak IP, Tak 1 non-IP) n SMS B coobueHnsax NAS. B NB-loT nepegavya SMS obecneunBaeTca 6e3 peru-
cTpauum ycTpoicTBa B rosiloCOBOM [OMEHE.

[ns aboHeHTckux ycTpoinicte NB-loT noggepxka CP CloT ontumumsaumm sBnsetcs obsasatenbHoi. Mo-
ckosibky CP 1cnosib3yeT M/I0CKOCTb YNpaBneHusa AN Nepechbisiku NakeToB [aHHbIX, nepejada wiv npuemM co-
o6LLeHNI oTnpaBnsieTcs, kak coobuweHns curHanusaumm NAS, mexay UE n MME. Mo cpaBHeHWO € npo-
uenypoii Service Request, UE nsberaet yctaHOBKM 6e30nacHOCTM Access Stratum 1 ycTaHOBIEHNS CKBO3HbIX
kaHanoB (default bearer), Heo6xo4MMbIX NPV KaXA0N nepegade AaHHbIX.

12
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ABTOHOMHOE CraumoHapHoe
yCTpoiicTBO yCTpOiiCTBO

PucyHok 4 — O6uas cxema cet NB-loT

CP CloT ontumusauus obecneumsaeT nofaepxky 3peKTBHON TpaHCNOPTUPOBKM NOMb30BaTENbCKUX
AaHHbIX UM SMS-coobuieHunii yepe3 CP yuepes MME 6e3 3anycka yCTaHOB/IEHUS pagmokaHana.

2nemeHT SCEF npeacTtaBnsieT coboli y3en 3KCMNOHMPOBaHNS CEPBUCHbLIX BO3MOXHOCTEN U ABNSIETCA No-
CpefHVKOM Mexnay ceTbio U cepBepoM npunoxeHuin AS. SCEF BkawuvaeT B ceba dyHKUMM mnaeHTudmkaumm/
ayTeHTU(UKaLMM abOHEHTCKMX YCTPONCTB 1 onpejeneHust npasus 06MeHa AaHHbIMWU MexXay YCTPONCTBOM U
AS, npefocTasnss BO3MOXHOCTb CepBepam MpUIOXeHUA noaydaTb AaHHblE W YNPaBnAaTb yCTPOMCTBAMM Ye-
pe3 eauHblii API-uHTepdeiic. SCEF Takke aBAseTca eAnMHbIM OKHOM AOCTyna K Habopy cepBMCOB onepaTtopa
Mo YNPaB/iIEHUIO Y KOHTPOIO 3a aBOHEHTCKUMU yCTpocTBaMM.

Mpy ncnonb3oBaHun SCEF naeHTUdMKaTopoM aboOHEHTCKOro ycTpolicTBa sfiBnseTcsa «external ID», ko-
Topblii onpegensietcsa B popmaTe «<Local Identifier>@<Domain Identifiers.

KntoueBble doyHKUUKM 1 cepBucbl SCEF BkoYaloT:

- npuBA3ka naeHtTudukaropa cum-kaptbl (IMSI) k external 1D;

- NIDD nepepgauya;

- Tpynnosbie onepauun, ¢ ucnosb3osaHmem external group ID;

- NOAJEPXKa pexuma nepegayv faHHbIX € NOATBEPXAEHNEM,;

- bydpepmnsaumsa MT gaHHbIX;

- ayTeHTMdMKauusa n apTopusauus yCTPOMNCTB U CEPBEPOB NPUNOXKEHWIA;

- 04HOBPEMEHHOE UCNO/Ib30BaHNe AaHHbIX OAHOT0 a6OHEHTCKOro YCTPOMCTBA HECKO/TbKUMU AS;

- noAAepxka cneuuasbHbIX YHKLUIA KOHTPONSA COCTOAHNUA aboHeHTckoro yctpoiictBa (MONTE);

- TPUITEPUHT YCTPOICTB (Nepefada faHHbiX B SMS);

- obecneyeHne poymuHra non-1P gaHHbIX.

B coctaB cetn NB-loT moxeT 6bITb BkAoYeH loT-wo3 — loT-nnatdopma, obecneyvBatowas uHTe-
rpaumio ¢ ycTpoicTBamMu, MoslyyeHne OT HUX AaHHbIX C UCNOSIb30BaHWEM psfa CTaHOApTHbIX NPOTOKOJIOB,
KOHBepTaLuio, XxpaHeHve, 06paboTky, BU3yanusauuio 1 nepegady AaHHbIX BO BHELUHME CepBepa MpUIoKeHWi
c ucnonb3osaHnem REST API.

B cetn NB-loT pekomeHayeTcs NPUMEHSTb crefylolue cnocobbl nepefayn AaHHbIX B nopsigke yobia-
HUA NMPeanoYTeHUs:

- pexum nepegaun NIDD;

- MpoToKoN nepegayn aaHHbix CoAP (cTtek IP/UDP);

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

- nponpueTapHble 6MHapHble NPOTOKO/bI Ha ocHoBe UDP.

13
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6.2 ApxuTektypa cetu gna nepepayn naketos NIDD

6.2.1 TMNepepayva NIDD 6e3 SCEF uepe3 nHtepdeiic SGi

B cnyuae otcytctBua SCEF, non-IP gaHHble moryT nepegasatbcs K AS vepes Point-to-Point (PtP) ToH-
Henb oT PGW, B TakoM cniyvae uHkancynsuusa B IP nponssBoguTca Ha Hem. Cepsep NpUIOXKeEHU MOXET 6bITb
NoAKIYEH HenocpeacTBEHHO K PGW. Agpec cepBepa NpuoXeHuii onpegensetcs Ha atane cosgaHmsa APN.
B cnyyae ecnu TpebyeTcsa KOHBepCUS NPOTOKO/I0B, MHTErpauus MOXeT OCYLLeCTBAATLCA Yepe3 10T-Luito3.

MNepefava gaHHbIX NpYMEHMMa KO BCeEM MpoTokonam Ha ocHoBe UDP: CoAP, LWM2M, nponpueTtapHble
nNpoToKosbl. NHTerpaums MoxeT ObiTb NpoBefeHa Kak A5 BHELUHWX CEPBEPOB NPUIOXKEHUI, Tak 1 ANs AoBe-
PEHHbIX CEPBEPOB NPUMOXEHWUI, PaACMONIOKEHHbIX BHYTPU KOHTypa ceTu.

Apxntektypa cetn gns nepegayun NIDD 6e3 SCEF npegctaBneHa Ha pucyHke 5 [3].

ABTOHOMHOE CraumoHapHoe
yCTpOIACcTBO YCTPOWACTBO

PucyHok 5 — Mepepaya NIDD 6e3 SCEF uepe3 nHTepdeiic SGi

[na naHHoOro Bmaa nepefayun CyLecTBYIOT criefyloume orpaHuyeHns:

- TpebyeTca nogaepxka UDP APl co cTopoHbl AS;

- TpebyeTca peanv3auma uaeHTMdUKaumm n ayTeHTurkaLmm ycTpoicTB Ha YPOBHE MPU/IOXKEHUSA Kak
CO CTOPOHbI AS, Tak U CO CTOPOHbI YCTPOWCTBa. 3TO NPUBOAMUT K YBE/IMUYEHUIO NepejaBaemMoro obbema ciny-
Xe6HOM nHopMaunn 1 yBenuuneaeTt Harpysky Ha cetb NB-loT;

- 0bpaTHbIl kaHan (ynpasneHwWs YCTPOWCTBOM) AOCTYMEH He B NPOW3BOJIbHbIE MOMEHTbl BpeMeHu, a
TONbKO B KOPOTKME MPOMEXYTKM BPEMEHW nocfie nepejaun AaHHbIX OT yCcTpoicTBa. CHATWE AaHHOro orpa-
HUYEHUS BO3MOXHO NyTEM WCMNOMb30BAHUA cTaTuyeckux IP-agpecoB v BblgesieHHOro kopnopaTtnusHoro APN;

- fOoCTaBKa flaHHbIX He rapaHTUpyeTca Ha ypoBHe TpaHCcnopTHOro npotokosia UDP npu nepegaye mexay
CSGN/PGW 1 AS, Heobxoauma peanusauns rapaHTUpOBaHHOM [OCTaBKU Ha yPOBHe MpunoxeHus (MpoOTOKO-
nbl CoAP, LWM2M wu ap.);

- B3auMoAelicTBME BO3MOXHO TO/IbKO C 0gHUM AS PtP.

6.2.2 [Mepepayva NIDD 4vepes SCEF

[ns nHTerpaumm c 4OBEPEHHbIMU CEepBEpaMMn MPUIOXKEHWI, PACMO/IOXEHHBIMU B KOHTYpe CeTu, U C Npu-
NOXEHNSMU, NOAKIOYEHHbIMWN Yepe3 YacTHble VPN, MOXeT 6biTb UCnonb3oBaHa npsmas uHterpaumsa ¢ SCEF.

ApxuTtektypa cetn ana nepegadm NIDD yepes SCEF npeacrtasneHa Ha pucyHke 6 [3].

B3anmopeiicTBue cepsepa npunoxeHunin ¢ SCEF ocyuectsnsetca no NIDD REST APL. NHdopmauyus o
OOCTYMHOCTW yCTpoiicTB nepegaetca no MONTE REST API.

TexHonorva ontummsaunn nepegadn gaHHbix NIDD NB-I0T He ucnonb3yeT cTek NpoTokosoB IP u no-
3BOMISIET COKpPaTUTb BPEMSI HaxOXAeHUs YCTPOWCTB B aKTMBHOM COCTOSIHUM, obecneuymBaeT 06CNyXuBaHUe
60NbLUEro Ko/iMyecTBa YCTPONCTB B O4HOWN nokauuu, yaydllaeTt 3HeproaekTMBHOCTbL U obecneymBaeTt 6es-
OMNacHOCTb YCTPOWCTB Mpu AOCTYNe M3BHE, TakK Kak B3aumoeicTBMe € yCTPOKWCTBOM OCYLLeCTBNSeTCs yepes
y3en SCEF 6e3 npsmoro goctyna ycTpoicTea B CeTb VHTepHeT.
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AS

/' N1 [loBepeHHbIii
eNB RESTAPIY Y y AS

Y .* MONTE
X* o* RESTAPI

NIDD
RESTAPI
MONTE
REST API
Y4, ep
A
AS knveHta
BHYTpeHHWi BHelUuHWe
KOHTYp cucTeMbl

YCTPOWCTBO YCTPOWCTBO

PucyHok 6 — Mepepaya NIDD vepe3 SCEF

6.3 ApXxuTekTypa ceTu gnga nepepayn AaHHbIx IP

CepBep NpUIOXeHW A MOXeT 6bITb MNOAKMNIOYEH HenocpeacTBeHHO Kk PGW. [laHHble nepegarTcs 4yepes
nHTepgelic PGW SGi. Agpec cepBepa MNpUIOXKEHWI A onpedensercsa nNpu ycTaHOBNEHMM ycTpoicTBom |P-
coegmHeHuns. B cnyyae ecnu TpebyeTcs KOHBEPCUsi NMPOTOKOJIOB, MHTErpaunsi MOXeT OCyLecTBNATLCA Yepes
1oT-wo3.

Mepefaya faHHbIX NPMMEHUMA KO BCeM npoTokonam, 6asupytowmmcs Ha IP: TCP, UDP, CoAP, LWM2M,
HTTP, MQTT 1 T. g. IHTerpayma MoXeT 6biTb NPOBEAEHA KakK A5 BHELLIHUX CEPBEPOB MPUIOXKEHWIA, TaK 1 4ns
[OBEPEHHbLIX CEPBEPOB NMPUIOKEHWUA, PACMNONOXEHHbIX BHYTPU KOHTYypa CETW.

ApXxuTekTypa cetu ansa nepegayn gaHHbix IP npegcrasneHa Ha pucyHke 7 [3].

ABTOHOMHOE CrauvoHapHoe
yCTPOICTBO YCTpOIicTBO

PucyHok 7 — lNepepaya AaHHbIX IP

[ns nepefayn faHHbIX YCTPOWCTBO AO/MKHO OTKPbITh IP-ceccuto, nocne yero AaHHble nepefalwTcs He-
nocpeACcTBEHHO Ha IP-agpec cepsepa NpUIoXKeHWIA.

[JaHHbIli MeToq HTerpaLmm OTHOCUTCA K HeleneBbIM U He PeKOMEHAYeTCA 419 MacCOBOro NpUMEHEHUS.
PekomeHayeTca mHTerpauusa c mcnosib3osaHnem NIDD. [onyckaetcA uHTerpaums C UCNofb3OBaHWeM npo-
Tokonia UDP [4].
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7 Crtek npoTokona nepepayuv gaHHbix NB-loT

7.1 Crtek npoToKona nepegavyuv AaHHbIX

CTtekn npoTokonia nepegadn paHHoix NB-loT ¢ ncnonb3osaHnem CP n UP npegcTtaB/ieHbl Ha PUCYH-
Kax 8 n 9.

B cnyyae nepegaun gaHHbix NB-loT ¢ ncnons3osaHvem CP ans aboOHEHTCKMX YCTPONCTB, KOTOpble nog-
aepxuatoT Tonbko CP CloT ontumusauuio, PDCP He ucnosnbayeTcs. [ns abOHEeHTCKUX YCTPOICTB, KOTOpble
nogaepxusatot CP CIT ontumusaumio v nepegadvy gaHHbix S1-U wamn UP CloT ontumusauuio, PDCP He uc-
nosb3yeTcsa A0 TexX Nnop, noka He GyaeT akTMBMpoBaHa 6e3onacHocTb Access Stratum.

Uu S1-C

* OnuMoHasbHO.
PucyHok 8 — Crek npotokona nepegaun aadHblX NB-IoT ¢ ncnons3osaHnem CP

Private/Public
Uu S1-C Networks

* OnunoHasbHO.
PucyHok 9 — Crek npotokosia nepefayn gaHHbix NB-loT ¢ ucnonb3osaHvem UP
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7.2 B3aMMOCBs3b YPOBHeli cTeka 1 KaHas10B nepenayn faHHbIX

B3aumocBs3b ypoBHeli 1 kaHanoB NB-loT npeactaBneHa Ha pucyHke 10 [5].

YpoBeHb 3 RRC
. Jornyeckve
L-l 4 4 K - KaHa/ bl
S
YpoBeHb 2 g‘s MAC
; TpaHcnopTHbIE
2 KaHa/ b
YpoBeHb 1 PHY
— =T Pusnyeckre
KaHa/ bl

PuicyHok 10 — B3avMOCBSi3b YPOBHEN CTEKa M KaHaU0B Nepeaaynt AaHHbIX

OBauibl Mexay pas/iMyHbIMU YPOBHAMU/NOLYPOBHAMU Ha pucyHke 10 0603HauvaloT TOukM gocTtyna K
cnyxb6am (SAP). YpoBeHb PHY npegycmaTtpuBaeT TpaHCNOPTHbIN kaHan kK MAC. YpoeeHb MAC npegycmarpu-
BaeT siornyeckne kaHasbl K RLC ypoBHA 2.

Cxema usnyeckux, TPaHCMOPTHLIX U fiornyeckux kaHasnos B downlink-kaHane npefctaBfieHa Ha pu-
CyHke 11.

BCCH PCCH CCCH DTCH DCCH
JNornyeckne

KaHaUTbl

TpaHcnopTHbIe
KaHav bl

dusnyeckme
KaHa/ bl

Cxema usnyecknx, TPaAHCNOPTHbIX W NOrMyecknux kaHanos B uplink-kaHane npeacrassieHa Ha
pucyHke 12.
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CCCH DCCH DTCH
Nornyeckne
KaHasbl

TpaHcnopTHbIe
KaHas1bl

dusnyeckue
KaHaU bl

NPRACH NPUSCH

PuncyHok 12 — Cxema kaHanoB B uplink-kaHane

7.3 YpoBeHb PHY

7.3.1 ®PyHKUUNN

YpoBeHb PHY obecneumnsaet [6]:

- MOMEX0YCTOUYNBOE KaHas/lbHOE KOAMPOBaHWE, MYyNbTUMNIEKCMPOBAHME W AEeMY/bTUMNIEKCMPOBaHUe
OaHHbIX, MOCTynalLWmnX ¢ BEPXHUX YPOBHEIA;

- cornacoBaHue CKOpoCTed MHOPMAaLMOHHbIX MOTOKOB, MOCTYMAKLWMX MO TPAHCMOPTHbLIM KaHasiam C
CeTKOW ckopocTeli, NnpeAocTaBnseMbix (OU3NYECKMMU KaHa1amu;

- conoctaeneHne (mapping) TPaHCMNOPTHbIX KaHa0B (PU3NYECKMM KaHanawm;

- MOAYNAUMIO, pacluMpeHmne 1 cxartue cnektpa usnyecknx KaHaos;

- YaCTOTHYI U BPEMEHHYIO CUHXPOHU3ALMIO;

- U3MepeHue napameTpoB KaHana u yrnpasfieHne MOLLHOCTbIO U3/TyYeHUs MO 3aMKHYTON neTne;

- B3BELUMBaAHME U KOMOBMHMPOBaHWE (PU3NYECKUX KaHas10B;

- pagnoyacToTHY0 06paboTKy CUrHasoB.

7.3.2 Downlink-kaHan

7.3.2.1 ®usnyeckme KaHasibl N CUTHANbI

[na NB-loT onpepgeneHbl cnegytowme cdusndeckne downlink-kaHanbl:

- NPBCH (Narrowband Physical Broadcast Channel) — y3kononocHblii hnsnyecknini LuMpokoBeLw,aTesb-
HbIA KaHau;

- NPDSCH (Narrowband Physical Downlink Shared Channel) — y3KkononoCHbIn (hn3nyecknini o6LniA
downlink-kaHau;

- NPDCCH (Narrowband Physical Downlink Control Channel) — y3KononocHbli thuamyecknin down-
link-kaHan ynpasneHuns.

Ans NB-loT onpegeneHbl ousnyeckne CuUrHasbl, UCNOMb3yemMble A5 Lesneid CUHXPOHU3aLmMmn 1 n3mepe-
HWA:

- NRS (Narrowband Reference Signal) — y3KONOMOCHbIA pedhepeHCHbIl curHan,

- NPSS/NSSS (Narrowband Primary/Secondary Synchronization Signals) — curHasbl nepBu4Hoit n BTo-
PUYHOW CUHXPOHU3ALUN;

- NPRS (Narrowband Positioning Reference Signal) — y3kononocHbIi ped)epeHCHbIA CUrHan No3uLno-
HUPOBaHNS;

- NWUS (Narrowband Wake Up Signal) — y3konofioCHbIil curHan npobyxaeHus.

dopmumpoBaHue curHana gusnydeckoro downlink-kaHana Bknw4vaeT cregytowme atanbl (CM. pUcyHok 13):

- BctaBka CRC,;

- KOAUPOBaHMe KaHana,

- corfiacoBaHue CKOpocCTeil;
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- CKpem6/IMpoBaHMe KOAVPOBaHHbLIX GUTOB B KAXA0M M3 KOLOBLIX C/I0B, NepeAaBaeMbiX Mo u3nyecko-
My KaHaJy;

- conocTaB/iEHNE CKPEMGANPOBAHHbLIX GUTOB KOMMIEKCHBIM CUMBOSIAM MOAYNALMN;

- comnocTaB/ieHe KOMMJIEKCHbIX CYMBOJ/IOB MOAYNALMM PECYPCHLIM 3/1eMEeHTaM aHTEHHbIX MOpPTOB;

- reHepauusi KoMnaekcHoro curHana OFDM Anst Kaxaoro aHTeHHOro mopTa.

CorocTaB/neHNe KOMIIEKCHBIM
CUMBO/IaM MOy sLA

lerepaLs CorlocTas/ieHvie
cvrHana PeCypcHbIM l"eHepaLy NPSS
OFDV a/emMeHTam roc/ieoBare/IbHoCTv
[NocrenoBare/i-HOCTL (3anoea-y) NSSS
Apavapa
eHepaLya nocrienoBare/ibHOCTU NRSs

PucyHok 13 — O6paboTka domsmyeckoro downlink-kaHana

Moaynauuio (uU3nUYecKnX KaHas/loB MPOBOASAT C MCMO/b30BAHMEM CXEM MOAYNSALUMM, YKa3aHHbIX B
Tabnuue 9.

Tabnnya 9— Cxembl mogynaumm NPDSCH

KaHan CxeMbl MOAYASLUN
NPBCH QPSK
NPDSCH QPSK, 16QAM
NPDCCH QPSK

7.3.2.2 Y3KONOJIOCHbIN husmndeckunii obwmii kaHan NPDSCH

ABOHEHTCKOe YCTPOICTBO A0/HKHO npegnonaratb, 4YTo A1s nepefayn y3KoMnosIoCHOro (OU3NYecKoro Lin-
pokoBelLaTesibHOro KaHasa MCnosb3yrTca aHTeHHble nopTbl 2000 n 2001.

Kaxpgoe kogosoe cnoso NPDSCH MoxeT 6bITb pacnpeienieHo B O4MH WM HECKOJIbKO NOoAKaapoB, Kax-
[bI U3 KOTOPbIX JO/MKEH ObITb MepefaH 3aflaHHOe YnCco pas.

[nsa kaxaoro u3 aHTEHHbIX MOPTOB, UCMOJMb3YEMbIX ANA nepegavn u3nyeckoro kavasna, 670K KOM-
MAEKCHbIX CUMBOJIOB [O/IXEH ObITb pacnpefesieH Ha pecypcHble 3/1IeMEeHTbl, KOTOPble COOTBETCTBYIOT Clejy-
IOLLIMM KpUTEPUAM:

- nogkagp He ucnonb3yetca onda nepegaun NPBCH, NPSS win NSSS;

- npegnonaraeTcs, YTo abOHEHTCKOe YCTPOWCTBO He ByAEeT NCMO/b30BaTb AAHHbIE PECYPCHbIE 3/1EMEH-
ol o1 NRS, 3a ucknoyeHnem cneumanbHOro noakaapa,

- HEe NPOUCXOAMUT MEPEKPbLITUA C PECYPCHbIMWU 3/1IeMeHTaMn, Ucnonb3yembiMmu ana CRS.

7.3.2.3 Y3KOMNOJOCHbI (onm3nyeckunii lWimMpokoBelaTenbHblli kaHan NPBCH

ABGOHEHTCKOe YCTPONCTBO AO/HKHO npegnonaratb, 4To ansa nepegadn NPBCH ncnonb3yloTcs aHTEHHble
nopTel 2000 1 2001. [ns uenei pacnpegeneHns aboHEHTCKOe YCTPOWCTBO AO/MKHO npeanonaraTb, YTO He3a-
BMCMMO OT (hakTnyecKkoi KoHUrypaLmm NnpucyTCTBYIOT cneunduyHbie 48 CoTbl pehepeHCHble curHanbl Ans
aHTEeHHbIX NopToB 0—3 1 y3KONO/IOCHblE peddepPEHCHbIE CUrHAsbI AN aHTEeHHbIX nopToB 2000 n 2001.
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7.3.2.4 Y3KonosnocHbln husnyeckunin downlink-kaHan ynpasneHns NPDCCH

NPDCCH nepepgaet ynpasnstouwyto nicopmaymo (DCI) B Buge CoOBOKYNnHOCTU OAHOI0O WM ABYX nocre-
JoBaTesibHbIX 3/1eMeHTOB KaHana ynpassieHns (NCCE). DnemeHT kaHana ynpassieHus NCCE cooTeBeTcTByeT
6 nocneposaresibHbIM NofaHecywum B noakanpe, NCCE 0 3aHumaet nogHecyuwmne ¢ 0 no 5, a NCCE 1— nog-
Hecywme ¢ 6 no 11. PasnunyHbie popmaTtbl NPDCCH ykasaHbl B Tabnvue 10. Ana dpopmata NPDCCH 1 gea
NCCE npuHagnexar o4HOMY 1 TOMY e nogkaapy.

B nogkagpe moryTt 6biTb nepegaHbl ognH nnn gsa NPDCCH.

Ta6nuya 10— dopmarsl NPDCCH

®opmar NPDCCH Yucno NCCE
0 1
1 2

PacnpegeneHve no pecypcHbiM 3/1IeMEHTaM Ha aHTeHHbI NOPT P AO/HKHO OCYLLEeCTBATLCA B Nopsigke
BO3pacTaHWs CcHavasla MHAEKCa K, a 3aTeM MHAeKca /, HaunHasa ¢ NepBoro cnota U 3akaHunmBasi BTOPbIM C/10-
TOM B nogkagpe.

7.3.2.5 Y3KONOMOCHbI pedhepeHcHbIn curHan NRS

PecbepeHcHble curHasnbl nepefaloTca Ha OAWMH WK [Ba aHTEHHbIX nopTa.

Ecnu Ha 6071ee BbICOKUX YPOBHSIX YKa3aHo, YTO abOHEeHTCKoe YCTPOWCTBO MOXET cumtatb N 0" paBHbIM

NnCce", To abOHEHTCKOE YCTPONCTBO MOXET NPeAnO/IOXNTb:

- KOJIMYECTBO @HTEHHbIX MOPTOB A/ cneUndUYHbIX 471 COTbl pePEepPEeHCHbIX CUTHAIOB Takoe Xe, Kak U
[ANs1 y3KOMOJIOCHbIX pethepeHCHbIX CUTHasIOB;

- @HTeHHble NOPTbl ANS1 cNeLUndUYHbIX ANS COTbl pedyepeHcHbIx curHanoB {0, 1} sKBMBasSIEHTHbI aHTEH-
HbIM MopTaM A1 Y3KOMNOJIOCHbIX pedyepeHCHbIX curHanos {2000, 2001};

- cneundpmyHble 4Ns coTbl peddepeHCHble CUrHasbl AOCTYMNHbI BO BCEX MOAKaApax, rae AOCTYMHbl Y3KOo-
NOJIOCHbIe pedhepeHCHbIe CUTHaITbI.

Ecnu Ha 6osiee BbICOKMX YPOBHSIX HE yKa3aHo, 4TO aGOHEHTCKOe YCTPOICTBO MOXET cuutath A/ppll pas-

HbiM A|QQL To abOHEHTCKOE YCTPOWCTBO MOXET NPEANO/OXUTb:

- KONIMYECTBO @HTEHHbIX MOPTOB A8 crneundUyHbIX 018 COTbl peepeHCHbIX CUrHasIoB onpegenseTcs
13 napametpa 60nee BbICOKOro ypoBHSA eutra-NumCRS-Ports;

- cneyndmyHble AN COTbl pedpepeHcHble CUrHasbl AOCTYMNHbI BO BCeX nofkaapax, rae AOCTYMHbl Y3KO-
MOJSIOCHbIE peddepeHCHbIe CUTHAbI.

PecypcHble anemeHTbl (K, /), ucnonb3yemble oA nepefaynm y3KononoCHbIX pedepeHCHbIX CUrHaN0B Ha
N060OM 13 aHTEHHbIX MOPTOB B C/I0TE, HE AO/KHbI OblTb UCMONbL30BaHbl ANS nepejayn Ha ApYyroM aHTEHHOM
rnopTe B TOM Xe C/I0Te WU YCTaHOB/IEHbI HAa HOJb.

He pgonyckaeTcs nepefaya y3KONosiOCHbIX pediepeHCHbIX CUrHanoB B nofkagpax, cogepxawmx NPSS
nnn NSSS.

He ponyckaeTcsa nepefaya y3KononoCHbIX peddepeHCHbIX CUTHa0B B CNeunasbHOM nogkagpe Ans KOoH-
durypaumii 0 n 5 B criyyae CTpyKTypbl Kagpa Tuna 2.

Ha pucyHke 14 nokasaHbl pecypcHble 3/IeMeHTbl, UCNOoJib3yeMble A1 nepefaydn ped)epeHCHOro curHa-
na. O6o3HavyeHre Rp ucnonb3yetca AnA 0603HayYeHUss PecypcHOro afiemeHTa, UCMosib3yemMoro ansa nepegayu
pedepeHCHOro curHana Ha aHTEHHbI NopT p.

7.3.2.6 Y3KONO/IOCHbIN pedhepeHCHbIN curHan nosnymoHnpoBaHus NPRS

Mepepavyy NPRS npoBogAT TOMIbKO B PECYpPCHbIX 6/10kax Hecywux NB-IOT, HacTpoeHHbIX Ansa nepe-
paun NPRS. B nogkagpe ansa nepegaun NPRS HavanbHble no3vuuu cumsonos OFDM ana nepegaun NPRS
OOJ/DKHbI ObITb UAEHTUYHBI NO3MLMAM B NOAKaApe, B KOTOPOM Bce cumBosbl OFDM umelT Ty Xe camylo gau-
Hy uUuknmyeckoro npedmkca, 4to u cumonbl OFDM gna nepegayun NPRS. NPRS onpegensioT TOMbko Ans
Af= 15kHz v HOpmanbHOro UMkKIMYeckoro npegukca.

Mepepady NPRS ocyLecTBAAKT Yepes3 aHTEeHHbIN nopT 2006.

Ecnn napameTp 6051€e BbICOKOro ypoBHA nprsBitmap He onpegeneH, gna nepegadn NPRS He O/DKHbI
ObITb MCMNOMb30BaHbl PECYPCHbIE 3/1EMEHTbI B cumBosiax OFDM 5 un 6. Ecnu nepunognyHocte NPRS Ttuna 1
paBHa nepuoamyHoctn NPRS Tuna 2, npegnonaraeTtcs, YTO abOHEHTCKOe YCTPOMCTBO He HacTpamBaeTcs C
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nepekpbITMEM pecypcHbiX aniemeHToB Mexgy NPRS tuna 1 n NPRS Tuna 2. B o6paTHOM c/iyyae pecypCHbIil
3/1IEMEHT, HacTpoeHHbIn ana NPRS Tuna 1, He Ao/hkeH 6bITb Mcnonb3oBaH Ans NPRS Ttuna 2.

Ks

KAl

KO

Ko

8
Ko Ko
1=0 16 /=0 I=
X Ko <>Ko
Ko 8: <
X Ko $ Ko
Ko Rg <
/=0 /=8 1=0 1=6
YeTHble cnoTbl HeyeTHble cnoTol

AHTEHHbI nopT 2000

AHTEHHbI nopT 2001

PecypcHblii 3nieMeHT

M

He ncnonb3ayetca Ans nepegayu

Ha AaHHbI aHTEeHHbIV NopT

PucyHok 14 — PacnpeneneHvie y3KononocHblX peddepeHcHbIX curHasios downlink-kaHana

(HOpMabHbBIA LMKNMYECKUiA Npedouke)

Ha pucyHkax 15 u 16 nokasaHbl pacnpeneneHus npu nepegade curdHana NPRS ana pasnunyHbiX pexu-

MoB paboTbl NB-loT.

PucyHok 15 — Pacnipenenenve NPRS (operationModelnfoNPRS ycTaHoBneH Ha pexxim In-band, nprsBitmap

CKOHCpUrypmrpoBaH)

YeTHble cnoTbl

AHTEHHbI nopT 2006
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1=0 1=6 1=0 1=6

YeTHble cnoTbl HeueTHble coThbI

PucyHok 16 — Pacnpepgenenne NPRS (operationModelnfoNPRS ycTtaHoBeH Ha pexiumv paboTsl Standalone
wm Guard-band, nprsBitmap ckoHdMrypupoBsaH)

7.3.2.7 Y3KOMNOMOCHbIA curHan npobyxgeHns NWUS

[nsa Bcex cumBonoB NWUS B nogkaape A0/HKEH ObiTb UCMO/b30BaH OAMH U TOT Xe aHTeHHbIV nopt. A6o-
HEHTCKOe YCTPOICTBO He A0/HKHO npeanonaraTte, 4To NWUS nepegaetcsa yepes TOT Xe aHTEeHHbI MopT, 4To U
n6oit n3 pedrepeHcHbIX curHanos downlink-kaHana unmM CUrHanoB CUHXPOHU3aLMKn. Ecnn ckoHdurypnposaH
TonbKO oavH nopT NRS, aBOHEHTCKOEe YCTPOMNCTBO MOXET NpeAnosioxXunTb, YTO A8 nepegadn BcexX Noakagpos
NWUS wncnonb3yetcs OAUH U TOT Xe aHTEHHbI MopT; B NPOTUBHOM Cflydyae — 4YTO OAMUH U TOT Xe aHTEHHbIi
nopT ucnonbdyetca Ans nepegayun NWUS B nogkagpax wO + 2n n w0 + 2n + 1, rae wO — nepBblii nogkaap
nepegaun NWUS, n =0, 1.......

[Ona Hecywen NB-IOT, ans kotopoii abOHEHTCKOe YCTPOWCTBO MosyvaeT napameTp 605ee BbICOKOro
ypoBHs OperationModeInfo, yka3biBaowuin pexum paboTbl Standalone wnu Guard-band, a Takke Ans Hecy-
wein NB-loT, gna kotopoit npucytcteyeT DL-CarrierConfigCommon-NB u otcytcTByeT inbandCarrierinfo, pac-
npeaeneHne pecypcos N8 Tpex nepsbix cumeosioB OFDM B nogkazpe BbINOMHAKT CrieAylowmyM o6pasom:

- pecypcHbIin anemeHT (K,7) pacnpefensieTcs B pecypcHbli anemeHT (/c,0) kaxaoro nHaekca k no 12 Ha-
3HAYEeHHbIM MOAHECYLLUM;

- pecypcHbIli anemeHT (K,8) pacnpegensercss B peCypCHblii anemeHT (/c,1) Kaxaoro nHgekca Kk no 12 Ha-
3HAYeHHbIM MOAHECYLLUM;

- pPEecypcHbIii anemeHT (K,9) pacnpegensercsa B peCcypcHblii asieMeHT (K,2) KaxAoro nigekca kK no 12 Ha-
3HAYEeHHbIM MOAHECYLLUM.

PecypcHblii anemeHT (K, /), NepeKkpbIBaLMNIACA C PECYPCHbIMU 3/1IeMEeHTaMK, B KOTOPbIX NepegarTcs
crneundunyHble 4518 COTbl pedepeHcHble curHasnbl Win nepegatotcs NRS, He fo/DKeH Mcnonb3oBaTbCA AN
nepegaun NWUS, HO yuuTbiBaeTCs B npolecce pacnpeneneHus.

7.3.2.8 Y3KOMOJIOCHbI/ MEPBUYHbLIA CUTHAN CUHXPOHM3auun NPSS

[ns Bcex CUMBO/IOB Y3KOMO/IOCHOTO MEPBUYHOIO CUrHasia CUHXPOHU3aL M1 B nogkagpe HeobxoaMMo uc-
Nosb30BaTb OAMH U TOT Xe aHTeHHbIA NopT.

ABOHEHTCKOe YCTPOMCTBO He AO0/HKHO npeanonaratb, YTO Y3KONOMOCHbI NepPBUYHbIA CUTHAT CUHXPOHW-
3auun nepefaeTcs Yepes TOT Xe aHTEeHHbIN MOpT, YTO N060N 13 pedepeHcHbix curHanos downlink-kaHana.
ABOHEHTCKOe YCTPOICTBO He A0/MKHO npegnofiaraTtb, YTO Y3KOMOJIOCHBIA NEPBUYHBIA CUTHAT CUHXPOHU3ALMM
B JAHHOM MoAKagpe UCNOoNb3yeT TOT e aHTeHHbIV MOPT MW MOPTbI, YTO U Y3KONOSIOCHbIV NEPBUYHbLIA CUrHan
CUHXPOHM3aUMN B IIO6OM ApYroM nogkagpe.

7.3.2.9 Y3KOMNOJIOCHbI BTOPUYHbLIA CUTHaUT CUHXPOHU3auun NSSS

CyuwecTyeT 504 yHUKanbHbIX naeHTUdmKaTopa syeek Ha pu3nyeckom ypoBHe, yKasbiBaeMble Y3KOMno-
JIOCHbIM BTOPWUYHbLIM CUTHANIOM CUHXPOHU3ALUN.
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[ns Bcex CMMBOJIOB Y3KOMO/IOCHOTO BTOPUYHOIO CUrHasa CMHXpoHM3aLumu B nogkagpe Heobxoaumo uc-
N0/b30BaTb OWMH U TOT Xe aHTEHHbIA NopT.

ABOHEHTCKOe YCTPOICTBO He [AO/HKHO npegnofiaratb, YTO Y3KOMOMOCHbLIA BTOPUYHbIA CUTHAN CUHXPO-
HM3aUun nepegaeTcs Yepes TOT XKe aHTEHHbIA NopT, 4To Nt060l n3 pedepecHsbix curHanos downlink-kaHana.
ABOHEHTCKOE YCTPOICTBO He AOJ/DKHO npeanosiaratb, YTO Y3KONOSIOCHbIA BTOPUYHbBIA CUrHaN CUHXPOHU3aL UK
B JaHHOM MoAKajpe MCNofb3yeT TOT Xe aHTEeHHbI NOopT UM NOPTbl, YTO M Y3KOMNOMOCHbLIV BTOPUYHbIA CUTHAN
CUHXPOHM3aUMn B NO6OM ApyroM nogkagpe.

Ecnn 310 yka3aHo Ha 60/lee BbICOKOM YpPOBHe, abOHEHTCKoe YCTPOWCTBO MOXET NPefnosioXuTb, YTO
ana nepegayun NSSS B psge nocnegoBaTesnibHbiX COObITUIN NSSS, Ha KOTOpble yKka3blBaeT 60/1ee BbICOKMIA
YPOBEHb, MPUMEHATCA pasHble NPeKoaepsbl.

[Nnsa pecypcHbIX 3/1eMEHTOB, MEpPeKpbIBAKLWMNXCA C PECYPCHbIMU 3/IEMEeHTaMu, rae nepefalwTcs cre-
unduyHble 4N coTbl peddepecHble CUrHanbl, COOTBETCTBYIOLWMNIA 31EMEHT NOCAefoBaTeNbHOCTA HE UCNOJIb-
3yetca ana NPSS, HO yunTbiBaeTcsa B NpoLecce pacnpefeneHuns.

7.3.2.10 Ynpasnsawowasa nHgpopmauyma downlink-kaHana (DCI)

Tab6nuua 11 onpegensiet conoctaeneHne DCI domsnyeckomy kaHany [7].

Ta6nunya 11— ConoctaBnenve DCl consnyeckomy kaHasty

ynpasnsiowas uHgopmaLus dusnuecknii kaHan

DCl NPDCCH

Ons DCI npyMeHsoTcsl cXeMa M CKOpOCTb KOAMPOBAHUS, yKa3aHHble B Tabnuue 12.

Tabnnya 12— Cxema v CKOpoCTb kogmpoBaHus DCI
Ynpasnsawowasa vndgopmauns Cxema koauposaHus CKopocTb KoAupoBaHus

DCl Livknnyeckn yceueHHoe CBepToYHOE KoAMpoBaHue 13
(tail biting convolutional coding)

7.3.3 Uplink-kaHan

7.3.3.1 ®dusnyeckme kaHasbl 1 CUTHASIbI

[Ona NB-loT onpegeneHsl cnegyowme uanyeckme kaHasbl:

- NPUSCH (Narrowband Physical Uplink Shared Channel) — y3KononocHbIi on3nyeckunii 06Lwmnin kaHaJt;

- NPRACH (Narrowband Physical Random Access Channel) — y3KononocHbIi omM3ndecknii kaHan crny-
yaiiHoro goctyna.

Onsa NB-loT onpegenen ognH dusunyecknii curHan uplink-kaHana:

- DMRS (Demodulation Reference Signal) — pecepeHcHblii curHan gemoaynsaumu.

dopmupoBaHne curHana usundeckoro uplink-kaHana Bk/IOYaeT criefytowme atanbl (CM. pUCyHokK 17):

- BctaBka CRC,;

- KOAMpOBaHMe KaHana,

- cornacoBaHue CKopocTeil;

CorocrasrneHve
KOMIIEKCHBIM
Mpeo6pasyouiee CMBO/1aM
eHepauyA CoriocTaBreHmne npeaBapuTenbHoe NOIyELYIA
curHana PeCypCHbIM KOAMpOBaHe
OFDM a/leMeHTaM
eHepaLya nocneaosaresbHoCTU DVRS

PucyHok 17 — O6paboTka dmsmyeckoro uplink-kaHana
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- KaHanbHOe nepemexeHue (channel interleaving);

- CKpemb6/iMpoBaHne KOAMPOBaHHbLIX GUTOB B KaX[OM M3 KOAOBbIX C/I0B, Nepefasaemblx Mo u3nyecko-
My KaHany;

- conocTtaBneHne ckpemMbnpoBaHHbIX GUTOB KOMMIEKCHBIM CMMBOMAM MOAYMAUUN;

- Npeobpasyollee npeaBapuTenbHOe KOAMPOBaHME;

- conocTtaB/ieHne KOMMIEKCHbIX CUMBOJIOB MOAY/ALMN PECYPCHbIM 3/IEMEHTaM;

- reHepaumsa KoMniaekcHoro curHana OFDM ans kaXxgoro aHTEHHOro nopra.

7.3.3.2 Y3KONONOCHbIN hrusmyecknin obmii kaHan NPUSCH

NPUSCH nopgaepxusaet gsa dopmaTa:

- popmaT NPUSCH 1, ncnonbsyemsblii gna nepegaum UL-SCH;

- popmaT NPUSCH 2, ncnonb3yemsblii ansa nepegayv ynpasnstoweii nipopmauun no uplink-kanany (UCI).

B cnyuyae nosTopeHuit NPUSCH nocnegoBatenbHOCTb CKPeMOMpPYIOLLEro KoAa Ao/mkHa OblTb NOBTOP-

NPUSCH
HO MHULManM3MpoBaHa nocne Kaxaow m identical nepefayn KOAOBOro CMoBa, W ANs NepBOro crnota u kaapa,
ncnonb3yembix AN nepegavyn nosTopa, AO/HKHbI ObITb YCTAHOB/IEHBLI NS U Nf COOTBETCTBEHHO.
Moaynsauuio NPUSCH npoBogAT ¢ MCMNOMIb30BaHMEM CXEM MOAYMALMU, yKa3aHHbIX B Tabnuue 13.

Tabnunya 13— Cxembl MOAy 1AL

®opmat NPUSCH NI Cxema moaynsiuumn
1 1 BPSK, QPSK
>1 QPSK, 16QAM
2 1 BPSK

Kaxgoe kogoBoe cioBo NPUSCH MoxeT 6biTb pacnpefeneHo Ha oaHy Uin 6osee pecypcHyo eauHuLy,

& 4 NpUSCH
Kaxkgas M3 KOoTopbixX Ao/mkHa BbiTb nepegaHa M rep pas.

Ona copmata NPUSCH 1 u 2 B cTpykType Kagpa tuna 2 npu Af= 3,75 kHz:

- nepegaya NPUSCH BbInonHsaeTca B NepBoM Habope cnoToB, OXBaTbiBalLWeM ABa nocnefoBaTtesibHbIX
nogkagpa uplink-kaHana, He NepekpbIBaWMNXCA HA C OgHUM nogakagpom uplink-kaHana, CKOHUrypmpoBaH-
HbIM KakK HeaelCTBUTE NbHbIN;

-oNnAa KoHcpurypaumm TDD 1 wn 4, ecnm HadanbHaa nosvums ana NPUSCH ykasaHa kak BTOpPOli U3 ABYX
nocnefosaTtenbHbIX nNoakaapos uplink-kaHana, nepegadya NPUSCH oTknagbiBaeTca 40 Hayana AByX nocrne-
[oBaTesibHbIX nNoakaapos uplink-kaHana.

7.3.3.3 Y3KONosOCHbIV dhmandecknii kaHan cnydaliHoro goctyna NPRACH

KoHdpurypaums NPRACH, npegoctaBnsemas 6051€e BbICOKMMU YPOBHSMU, BK/IHOYAET:

- nepnogunyHocTb pecypca NPRACH (nprach-Periodicity);

- NONIOXEHME YacTOTbl NEpBOI nogHecyLlein, BolgeneHHon ana NPRACH (nprach-SubcarrierOffset);

- KONINYECTBO nogHecywux, BolgeneHHsix ana NPRACH (nprach-NumSubcarriers);

- KO/INYECTBO HayasibHbIX NOAHECYLLNX, BblAENEeHHbIX A1 CAyYalHoro AocTtyna, UHULUMPOBaHHOro abo-
HeHTCcKuMm ycTpolictBom (nprach-NumCBRA-StartSubcarriers);

- Konn4yectso nosTopeHuii NPRACH 3a ogHy nonbiTky (humRepetitionsPerPreambleAttempt);

- Bpemsa Havyana NPRACH (nprach-StartTime),

-00M18 ANSA pacyeTa HavyaslbHOrO MHAEeKca nogHecywein ana avanasoHa nogHecywmx NPRACH, 3ape-
3epPBUPOBAHHbIX A1 MHAUKALUN NOAAEPXKM abOHEHTCKOro YCTPOMCTBa MHOrOTOHaNbHOW nepegayn (nprach-
SubcarrierMSG3-RangeStart).

7.3.3.4 PedhepeHcHbIn curHan gemogynsaumm DMRS

Habop nogHecywmx, Mcrnosb3yemMbix B npouecce pacnpefesieHus, Ao/keH ObiTb UAEHTUYEH COOTBET-
cTeylolein nepegade NPUSCH.

7.3.3.5 Ynpasnswwas nHgopmauna uplink-kanana (UCI)

Tabnuua 14 onpegenset conoctasnenme UCI pusnyeckomy kaHany [7].

Tabnunya 14— ConoctaeneHne UCI consmyeckomy kaHasty

Ynpasnsowas uHgopmaums dusnuecknii kaHan

ucl NPUSCH (chopmar 2)
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[Ona UCI npumMeHAoTCs cXxema U CKOpOCTb KOAMPOBaHMSA, yKka3aHHblie B Tabnmue 15.
Tabnnya 15— Cxema v ckopocTb kogmposaHua UC

Ynpasnsiowas nHopmauus Cxema KogMpoBaHusi CKOpOCTb KOAMPOBaHWs

UcCl BnouHbIin kog, 116

7.4 YpoBeHb MAC

7.4.1 ®YyHKUMU N CTPYKTYypa

YpoBeHb MAC obecneumBaeT:

- BbinoniHeHne HARQ-onepauui;

- cornocTtaeneHve (mapping) NOrMYecKnx KaHasoB TPAHCMNOPTHLIM KaHanam;

- My/bTUNNEKCMpPOBaHNe/AeMyNbTUN/IEKCMPOBAHNE OTMYECKNX KaHa/I0B B TPAHCMOPTHbIE 6/10KK;

- pYopuTU3aL Mo NIOTUYECKNX KaHas0B;

- paboTy nnaHWpoBLLMKa PEeCypCoB;

- UCNOJSIHEHWE Mpoueayp CyyYaiHoro goctyna u npepbiBuctoro nprema (DRX);

- B3aumogeicTere (CepBuUChl) C BEPXHMMMU YPOBHSAMM (Mepefaya AaHHbIX, BblAeNleHne pajMopecypcoB);
- B3aumogelictBme (CepBuCbl) C HXHUMU YPOBHAMU (Nepefada faHHbIX, CUrHanm3aums, nsMepeHus).
Bo3moxHas cTpykTypa ypoBHA MAC npepcrtaBsieHa Ha pucyHke 18 [8].

BepxHve ypoBH/

PCCH BCCH CCCH DCCH DTCH Ynpasnexne MAC

PucyHok 18 — CrpykTtypa ypoBHs MAC

MAC PDU — aTo 6uToBas CTpoKa, BbipaBHEHHAs No GaiTam, T. €. KONMYECTBO pas3psoB KOTOPOW KpaT-

Ho 8. MAC PDU cocTtouT 13 3aronoska MAC, Hyns nam 6onee 6/10KOB CAyXebHbIX gaHHbix MAC (MAC SDU),

HYNSA WNWU HECKONbKUX 3neMeHToB ynpasneHua MAC u, onuuMoHasibHO, AOMOJSIHEHUSA, COITacHO PUCYHKY 19.

Mopsiaok cnefoBaHusa 6ainToB kaxaoro nosns napametpa B MAC PDU sBnsietcs npsiMbiM, T. €. OT CTapLlero
paspsga K Mnagwemy.
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Mogazaronosok  10A3aronoBok MoAa3aronosok Mop3aronoBok Mopasaronosok  11043aronoBok Aonor-
R/F2/E/LCID FVF2/ELCID R/F2/[E/LCID/FA.  R/F2/E/LCID/F/L R/F2/E/LCID/F/L HeHus R/F2/E/LCID

1 JSnemeHt JnemeHT
3aronosok MAC { ynpagrenws ympasnewss  MACSDU 4 MACSDU
» MAC1 MAC 2

[ononHexHne
(onunoHanbHo)

MonesHasa Harpyska MAC

PucyHok 19 — Crpyktypa MAC PDU [g]

3aronosok MAC n MAC SDU nmeloT nepemeHHble pasmepsl.

3aronosok MAC cocTouUT U3 O4HOro0 MUAM Heckonbkux nopgsaronoskos MAC. lMopgsaronoskn MAC cooT-
BeTcTBYtOT MAC SDU, anemeHTaMm ynpasneHna MAC nnn fONOSIHEHNIO U UMEIOT TOT Xe NopsfoK, YTO M COOT-
BeTcTBYtowmMe MAC SDU, anemeHThbl ynpasneHusa MAC v fonosHeHue.

Ha kaxgblii TpaHCNOpPTHbIN 6510k 06bekTa MAC MOXeT ObiTb nepegaH Makcumym oguH MAC PDU.

7.4.2 Downlink-kaHan

[na downlink-kaHana onpegeneHbl Tpy TPAHCMNOPTHbLIX KaHana:

- BCH (Broadcast Channel) — BewiatenbHblii kaHaJt;

- PCH (Paging Channel) — neiigxuHroBblii KaHan;

- DL-SCH (Downlink Shared Channel) — o6wuit downlink-kaHan.

[na downlink-kaHania onpegeneHbl NATb JIOTMYECKNX KaHas0B:

- BCCH (Broadcast Control Channel) — wunpokoBeLiaTenbHbIi KaHa/l ynpaBieHus, NepeHoCcsAWnin cn-
CTeMHy uHcpopmauuio (MIB) Bcem abOHEHTCKMM YyCTpOiCTBaM B COTE;

- PCCH (Paging Control Channel) — kaHan MNOCbIIKM NENRKMHIOBBLIX COOOLLEHWIA AN aBbOHEHTCKMX
YCTPOWCTB, MECTOHaxoXAeHne KOTOpbIX He onpeaesieHo C TOYHOCTbIO A0 COTbl;

- CCCH (Common Control Channel) — o6wuii kaHan ynpasnieHus Ans nepegayn ynpasBAsiolLen WH-
dhopmaLmm aboOHEHTCKOMY YCTPOMNCTBY A0 HasHavyeHMs eMy BblAeNEeHHOro KaHasa ynpasneHuns (DCCH);

- DTCH (Dedicated Traffic Channel) — BblgeneHHbIli kaHan Tpagmka abOHEHTCKOro yCTPOICTBa;

- DCCH (Dedicated Control Channel) — BblgeneHHbIli kaHas ynpaBieHusa gns nepegayv ynpasnsioLLlei
NMHpopmaunm aboHEeHTCKOMY YCTPOMCTBY.

7.4.3 Uplink-kaHan

Ona uplink-kaHana onpefeneHbl ABa TPAHCNOPTHbIX KaHana:

- RACH (Random Access Channel) — TpaHCMNOpPTHbIA KaHas Cny4YainHoro gocTyna,

- UL-SCH (Uplink Shared Channel) — TpaHcnopTHbIi 06wuit uplink-kaHan.

Ona uplink-kaHana onpefeneHbl TpU /IOTMYECKUX KaHana:

- CCCH (Common Control Channel) — obwuii kaHan gna nepegayn ynpasnswowein nHdopmauumn ot
abOHEHTCKOro yCTPOCTBa [0 HAa3HAYeHNs1 eMy BblAENEHHOro kaHana ynpasneHus (DCCH);

- DTCH (Dedicated Traffic Channel) — BbigeneHHbIli KaHan Tpaduka abOHEHTCKOro yCTPOICTBA;

- DCCH (Dedicated Control Channel) — BblgesieHHbIA KaHan Ansa nepegayun ynpasnswwein nHgopma-
UMM oT abOHEHTCKOro yCTpolicTBa.

7.5 YpoBeHb RLC

7.5.1 ®OYHKUUN M CTPYKTYypa

®yHKuun RLC ypoBHS BbINO/HATCA RLC-06bekTamn. RLC-06BbEKT (DYHKLMOHMPYET B OAHOM M3 Tpex
pexumoB nepegaun: TM (npo3pauHbiii pexum), UM (pexum nepegauv 6e3 nogreepxaeHus) n AM (pexuim
nepegauv c noareepxaeHvem). Takum o06pa3om, B 3aBUCMMOCTU OT pexuma nepefadv faHHbix 06bekT RLC
knaccuguumpyetcs kak 06bekt TM RLC, 06bekTt UM RLC unm 06bekt AM RLC.

YpoBeHb RLC obecneunsaeT [9]:

- nepepayvy PDU Ha BepxH/e YypOBHU;
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- ncnpaeneHne owmnbok Yepes ARQ (g9 nepegaun faHHbIX B pexnme AM);

- KOHKaTeHauuto, cermeHTaumio u NoBTOpHYt cbopky RLC SDU (gn1a nepefayn faHHbIX B pexumax
UM un AM);

- NOBTOpPHYIO cermeHTaumio PDU gaHHbix RLC (405 nepefayun gaHHbIX B pexume AM);

- nsmeHeHmne nopsgka PDU pgaHHbiXx RLC (4na nepefayn faHHbix B pexunmax UM n AM);

- 06HapyXeHve NOBTOPHbLIX NakeToB (48 nepefadyn AaHHbIX B pexnmax UM n AM);

- copoc RLC SDU (gnia nepegaun gaHHbiX B pexumax UM n AM);

- BoccTaHoBneHne RLC;

- 06HapyxeHune ownb0oK NnpoTokona (oA nepegadm AaHHbiX B pexvnve AM);

- B3aumogelicteme (CepBuCbl) C BEPXHUMU YPOBHAMU (nepedada AaHHbix TM, UM n AM);

- B3aMMogelicTBMe (CepBMUCHI) C HKHUMU YPOBHAMYK (0OMEH AaHHLIMW, NOAyYeHMEe YBEAOMNEHUA O BO3-
MOXHOCTW Nnepefayn faHHbIX).

[nsa o6bekta RLC, ckoHurypmpoBaHHoro B eNB, cyliecTByeT paBHoMpaBHbIlii 06beKkT RLC, ckoHury-
pvpoBaHHbIli B UE, 1 HaobopoT. Moaenb ypoBHA RLC npeactasneHa Ha pucyHke 20.

PurcyHok 20 — Mogenb ypoBHs RLC [9]

Mo OTHOWEHMIO KO BCceM Tunam 06bekToB RLC NpMMEHSAITCA crefyolme no0XeHUs:

- nogaepxumBatotca RLC SDU nepemMeHHbIX pa3MepoB, BbipaBHEHHbIE N0 6alitam, T. e. KOJIMYeCcTBO pas-
pPALOB KOTOPbIX KpaTHO §;

- RLC PDU chopmupyloTCs TOMLKO TOrAa, Korga BO3MOXHOCTb nepejadn noATBepXAeHa HUXHUM YypoB-
Hem (T. e. MAC), nocne 3TOro NPoMCcXoAmUT AOCTaBKa Ha HUKHUA YPOBEHb.

RLC PDU moxeT 6biTb RLC PDU pgaHHbix unun RLC PDU ynpasneHunsa. RLC PDU gaHHbIX UCNOJIb3YOTCA
obbektamn TM RLC, UM RLC nAM RLC gnsa nepegaum PDU Ha BepxHue ypoBHu. RLC PDU ynpaBneHuns uc-
nonb3ytTca obbektamm AM RLC ansa BbinonHeHus npoueayp ARQ.

RLC PDU — 310 6uTOBas CTpOKa, BblpaBHEHHasA No GaiTam, T. €. KOIMYECTBO paspsfoB KOTOPOU KpaT-
Ho 8. Mopagok cnegoBaHMa 6aiiToB kaxaoro nons napametrpa B PDU MAC sBnsieTcs npsiMbIM, T. €. OT cTap-
Wwero paspsaga K Mmnagemy.

RLC PDU gnsa o6bekta TM RLC cocToUT TOABKO M3 MONSA AaHHbLIX M He BkAw4aeT 3aronoskos RLC
(cm. pucyHok 21).

27



FOCT P 59026—2024

JanHble OkreT 1

OxreT N

PucyHok 21 — RLC PDU ansa o6bekta TM RLC

RLC PDU ansa o6bekta UM RLC cocTtouT 13 nons gaHHbix u 3aronoska UMD PDU. 3aronosok UMD
PDU Bk1toYaeT hMKCUPOBAHHYIO U pacLUMPEHHYI0 YacTu. [iMHa hMKCUPOBAHHON YacTu paBHa O4HOMY GaiTy.
Mpumep UMD PDU c hukcMpoBaHHOI YacTbio 3arosioBka NpeAcTaBfieH Ha pucyHke 22.

FI SN Oxret 1
JaHHble Oxret 2

OkreTN

PucyHok 22 — RLC PDU anst o6bekta UM RLC ¢ OMKCUMPOBaHHOW YacTbio
3aronoska UMD PDU

RLC PDU ansa o6bekta AM RLC cocTtonT 13 nonsa gaHHbix 1 3aronoska AMD PDU. 3aronosok AMD PDU
BK/IOHAET YUKCUPOBAHHYI U paclunpeHHyto yacTtu. Mpumep AMD PDU ¢ thukcnpoBaHHOR 4acTbi 3arosioBka
npeacTaB/fieH Ha puUcyHke 23.

4 1 % \ 1 1 1 8
DC RF P A E SN OkTet 1
SN Oxrer 2
[JaHHble Oxrer 3

OxreT N

PucyHok 23 — RLC PDU anst o6bekta AM RLC ¢ GoMKCUpPOBaHHOM YacTbio
3aronoska AMD PDU

7.6 YpoeHb PDCP

PDCP ypoBeHb o6ecneunsaet [10]:

- nepepavy AaHHbix UP;

- nepegavy gaHHbix CP;

- cXartue 3arosioBKa,

- oKaTue fgaHHbIX uplink-kaHana;

- KOHTPO/1b Le/I0OCTHOCTH,;

- B3aumogeincTeue (CepBuUChl) C BEPXHUMWN YPOBHAMU (nepefaya gaHHbix UP, CP, cxatue 3aronoeka u
OaHHbIX, KOHTPOJIb LLeNIOCTHOCTH);

- B3anmogeincTene (CepBUCHI) C HWKHUMW YPOBHSMYU (CEPBMUCHI YCNELIHOM/HENOATBEPXKAEHHOI Nepeaa-
UM faHHbIX, NocnepoBaTesibHas gocTaBka, oTbpacbiBaHue Ay6/MKaToB).

Mpu ncnonbsosaHun CP CloT EPS ontmmusaumm 40 MOMEHTa akTMBauuy mexaHusmoB 6e30MacHOCTU
ypoBeHb PDCP uvcknoyaetca 13 cteka npoTOKO/OB.

Bo3moxHaa ctpyktypa ypoBHA PDCP npepcrtaBneHa Ha pucyHke 24.
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PaguokaHanbl
PDCP-SAP PDCP-SAP
CSAP <> O-
<5 YpoBeHb
O6bekT OGbekT PDCP
PDCP PDCP

PDCP-PDU

RLC-SDU
. YpoBeHb

<2 B RLC
RLCUM-SAP RLCAM-SAP

PucyHok 24 — CrpykTypa yposHa PDCP

PDCP PDU n PDCP SDU — 310 6MTOBblE CTPOKW, BblpaBHEHHblE NO 6Garitam, T. €. KOIMYECTBO pas-
pPSLOB KOTOPbIX KpaTHO 8. Mopsagok cnefoBaHus 6aiiToB KaX[oro nons napamerpa sBASETCA NpsMbIM, T. €.
OT CTapLiero paspsga K mnagwemy. MakcumasbHbli nogaepxmeaemslii pasmep PDCP PDU n PDCP SDU
cocTtassiseT 1600 OKTeToB.

Ha pucyHke 25 npegactasneH dgpopmatr PDCP PDU paHHbIX.

PucyHok 25 — PDCP PDU

OnucaHue ob6bekta PDCP npeactaB/ieHO Ha pUCYHKe 26.
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UE/CeibAJE A UE/CeTb/VE B

PagyonHTepdeiic (UU)/PCSMWLAN

PucyHok 26 — O6bekt PDCP

7.7 YpoBeHb RRC

RRC-ypoBeHb o6ecneymBaet [11]:

- TPAHCAALMI0O CUCTEMHON MHpopMauun, oTHocALWelncs K ypoBHiO NAS;

- TP@HCNAUMI0 CUCTEMHOW MHpopMaLnn, OTHOCALLENCA K YPOBHIO AS;

- NeRAXNHT;

- ycTaHoBMeHWe, nogaepxaHne n oceoboxaeHme RRC-coeguHeHus;

- OYHKUMM 6e30nacHOCTU, BKKOYAaA ynpaB/ieHue Ktovamu,

- oyHKUMKM ynpasneHus QoS;

- npsAMyt0 nepepgady coobuweHuin NAS B/m3 NAS ns/B UE;

- B3aMmopgencTeme (CepBuUChbl) C BEPXHUMU YPOBHAMY (TpaHCAsaumMsa ynpasnsioweid uHpopmauum v gaH
HbIX MO3MLMOHMPOBAHNSA, NONyYeHne yBefOMIeHWI, nepejada BblAeNeHHOW ynpasnstowei nHigopmasun);

- B3auMoAencTBme (CepBUCHI) C HMKHUMY YPOBHSAMU (NPOBEPKAa LeN0CTHOCTH, nepejava faHHbIX € NojA
[EPXKON cermMeHTauum u KoHKaTeHaumn).

Mogenb cocTosiHuiA ypoBHSA RRC npuBegeHa Ha pucyHke 27 [11].

CoctosHua RRC Bkito4yalT B cebsa crefytouine coCTOAHNUSA:

- RRCJIDLE (oxugaHwve);

- RRC_CONNECTED (coeaunHeHue).

B coctosHun RRC-IDLE aboHEHTCKoe yCTPOMCTBO:

- MOHUTOPUT NENIKUHIOBLIA KaHan,

- CUNTbIBAET CUCTEMHYIO MHOPMALNIO;

- BbIMOJIHAET U3MEPEHUS Ha coceHUX coTax U (MpUM HeobXoAMMOCTUN) OCYLLECTBSET NepeBbIoop COTbI

B cocTtosaHnn RRC-CONNECTED aboHeHTCKOe YCTPONCTBO:

- MOHUTOPUT NEWMXUHIOBLIA KaHan AMa MNosyvYeHus yBefoMeHnss 06 U3MEHEHUU CUCTEMHOW WHGOop
Mauuu;
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Connection establishment/
Connection release

RRC_CONNECTED
\Y *

PurcyHok 27 — Mogenb cocTosiHvi ypoBHS RRC

- MOHUTOPUT KaHan ynpasnexHns NPDCCH,;

- BbINOJIHAET npuem/nepegayy AaHHbIX.

Ha ypoBHe RRC npumMeHsaoTCA npoueaypbl, OTHOCALWMECS K CUCTEMHOM MHhopMaumMmn, ynpasBaeHuo co-
e[MHEHNEeM, N3MepeHMaM, obLein o6paboTke oWwmn6oK U SC-PTM. NMOMUMO yKa3aHHbIX, NPUMEHSAIOTCA TakxKe
cnegylwouwme npoueaypsi:

a) DL information transfer,

6) UL information transfer,

B) UE Capability transfer,

r) UE information (He npumernnmo gna UE, nogaepxmBatrowmx Tonbko CP CloT EPS optimization);

4) PUR Configuration Request:

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

CucteMHas uHdopmauua pasgeneHa Ha 6noku MIB u SIB, Bkntouas MasterinformationBlock-NB, Mas-
ternformationBlock-TDD-NB un SysteminformationBlockTypeX-NB.

MasterinformationBlock-NB (MIB-NB) wn MasterlnformationBlock-TDD-NB (MIB-TDD-NB) wucnosb-
3yIOT (PUKCMPOBAHHOE pacnucaHve C NepuoauyHoCcTbio 640 MC ¥ noBTOpeHWsMKU B npegenax 640 mc. lNe-
pefaya [aHHbIX OpraHu3yeTcs B BOCbMW He3aBUCMMO AeKoaupyeMblx 6710kax AnauTenbHocTbio 80 McC.
SystemInformationBlockTypel-NB (SIB1-NB) ucnonb3yeT (oMKCMpPOBaHHOE pacnucaHue ¢ NepuoanyHOCTbIO
2560 wmc.

Mpouenypbl ynpasneHms RRC coeguMHEHNEM BKIOYalOT:

a) paging;

6) RRC connection establishment;

B) RRC connection resume (He npumeHumo pana UE, nopaepxusawowmx Ttoneko CP CloT EPS
optimisation);

r) Initial security activation (He npumenmmo pansa UE, noggepxuBawowmx Ttonbko CP CloT EPS
optimisation);

A) RRC connection reconfiguration (He npumenumo ana UE, nogaepxuBarowmx 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:

n) Action upon receiving PUR release request:

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

8.1 Pexunm sHeprocbepexeHnus PSM

Pexum aHeprocbepexeHns PSM no3sonseT abOHEHTCKOMY YCTPOMCTBY MepPexoAnTb B PEXUM CHa C
MUHV/MasbHbIM 3HEpronoTpebaeHmem, Npu 3TOM YCTPONCTBO OCTAETCA 3aperncTpupoBaHHbIM B CETW, U B MO-
MEHTbI NPOBYXAEeHMA HeT Heo6Xo4MMOCTM 3aHOBO NMPOXOAMTL Npoueaypy perucrpauumn Attach.

ABOHEHTCKOe YCTPOWCTBO akTMBMpyeT pexum PSM nyTem 3anpoca 3HayeHWUs BPEMEHW akTUBHOCTU BO
Bpems npoueaypsl pernctpaumm Attach n TAU/RAU c nepegaveii 3HauyeHnn asyx TalimepoB T3412-Extended
n T3324. Ecnu ceTb nogaepxvBaeT pexum PSM n npvHumaeT, 4To abOHEHTCKOe YCTPOICTBO WCMO/Mb3yeT
pexuMm PSM, To ceTb noATBepxAaeT MCMo/sib3oBaHne pexuma PSM nyTem HasHayeHWs 3HauyeHusl BpeMeHM
akTMBHOCTU. lMpu onpefeneHnn 3HayeHnss BpeMEHN akTUBHOCTU CeTb yuuTbiBAET 3HaYeHune, 3anpalimnsaemoe
abOHEHTCKUM YCTPOICTBOM, MakCUMasibHOe BPeMs OTBETA, a Takke SIoKasibHyl KoHdurypaunio MME/SGSN.
Mpy HEOBGXOAMMOCTU U3MEHWTb 3HAYEHME BPEMEHU aKTUBHOCTW, HanpuMep Npu U3MEHEeHWW YC/oBuiA, abo-
HEHTCKOEe YCTPOICTBO AeNnaeT 3anpoc XenaeMoro 3HavyeHus B npoueaype TAU/RAU.

Haxogsice B pexume PSM, yCTpOACTBO Nepuoguyeckn WHUUMUpYeT npoueaypy aktyanmsaumm TAU
(Tracking Area Update) gna Toro, 4to6bl COOBLMTL CETN O CBOEI AOCTYNHOCTU M O6GHOBUTbL MECTOMOJIOXEHME.
OG6HOB/IEHME MECTOMOIOXKEHNSA MOXET ObiTb BaXHO A0S NOABWXHbLIX YCTPOCTB. YacTtoTa npouenypbl TAU
3agaeTcs Taimepom T3412-Extended, mMakcumanbHOe 3HayeHue koToporo coctaenseT 35 712 000 ¢ (npwu-
6/1mM3unTensbHo 413 gHeld).

BTopoii Talimep T3324 onpegensiet nepuos BPEMEHU, B TEYEHME KOTOPOro aboHEHTCKOe YCTPOWCTBO
HaxoauTcs B cocTosHuM idle nocne npobyxaeHusa. B 3To Bpems yCTPOCTBO MOXET NPUHUMATL faHHble. Mak-
cMMasibHOoe 3HauyeHue Talimepa T3324 cocTaBnsieT 186 MUHYT.

B cnyyae, korga aboHEHTCKOE YCTPOWCTBO MOXET MPUHMMAaTb AaHHble UM Npy 3TOM pacnosiaraetcs B
YC/IOBMAX HU3KOTO YPOBHA CuUrHana (Hanpumep, B MojBasie WUAW KOMOALE), PEKOMEeHAYyeTCs ycTaHas/vMBaTb
ONUTeNbHOCTL Taiimepa T3324 He MeHee 10 CeKyHA.

BpemeHHas gnarpamma pexunma aHeprocbepexeHns PSM npefcraB/ieHa Ha pucyHke 28.

Mepexop, B idle mode

wy

Pagyomoay b akTUBeH

Uplink

T3324 T3324 T3324

T3412
PucyHok 28 — BpemeHHas gyarpaMmma pexvima aHeprocoepexeHus PSM

B pexvnme PSM abGoHEHTCKOE YyCTPOWCTBO HELOCTYMHO TOMLKO A1 BXOAALNX co0bLweHniA. MNpu Heobxo-
AvMocCTY nepefaTb MHhopMauuio aboHEeHTCKOe YCTPOCTBO MOXET B /1060 MOMEHT BbINTU 13 pexuma PSM
N OTNPaBUTb AaHHble, OCTaBLUUCH MOC/Ie 3TOr0 aKTMBHbIM B TedeHue BpemMeHu T3324 s npuema nHdopma-
LMOHHbIX COOBLLEHWNIA.

ABOHEHTCKOe YCTpPOMCTBO HaxoAuTcs B pexume PSM o cobbiTusi, MHULMUPYEMOrO abOHEHTCKUM
ycTpoiictBom (Hanpumep, RAU/TAU, ncxogsawme gaHHble MOGUIbHOW CTaHUMWU WAW OTK/IOUYEHNE).

Ecnn aboHEHTCKOe YCTPOMCTBO BbINOMHAET Kakyt-1Mbo nepuoauyveckyro nepegady AaHHbix no uplink-
KaHasny c NepnoANYHOCTbIO, aHasIOTMYHO 3HaYeHuto Talimepa TAU/RAU, pekoMeHayeTCs YBE/IMUNTL 3HAUYEHNE
Talimepa TAU/RAU, 4To6bl M36exaTb yBe/IMYeHe 3HEPronoTpebaeHuns.

8.2 PaclUMpeHHbI pexum npepbIiBUCTOro npuema eDRX

B pacwuvpeHHoOM pexunme npepbiBUCTOro nprvema DRX aboOHEHTCkoe YCTPONCTBO NpvHMMAaeET cooblue-
HVA He NOCTOSIHHO, a NepuoAuyecKn — B rnpefenax onpefesieHHoro BpemMmeHn. B npuioxeHnax ¢ ncnosb3oBa-
Huem pexnma eDRX HeobxoaMmMOo yunTbliBaTb JOMNYCK HA 3a[epPXKy AaHHbIX.
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[nsa cornacosaHns UCNosb30BaHUA pexrma eDRX aboHeHTCKoe yCTPOWCTBO 3anpallvBaeT napameTpbl
eDRX B0 Bpems npouenypbl pernctpauuu u npouenypbl RAU/TAU. SGSN/MME MoXeT OTKNOHUTbL Ui npu-
HSTb 3anpoC aGOHEHTCKOro ycTpoicTBa Ha BkItodeHne eDRX. Mpu npuHatum eDRX, SGSN/MME Ha ocHoBe
NoOANTMKM onepartopa W 3HayeHuli AnuHbl umkna eDRX B gaHHbix HSS (npy Hanmuum) MOXeT npefocTaBuTb
3HayeHns napameTpoB eDRX, OT/IMYHblE OT 3anpaluMBaemblX abOHEHTCKUM YCTpPOMCTBOM. B atom cnydvae
aboHEeHTCKOe YCTPOMCTBO A0/DKHO Ucnonb3oBaTb eDRX ¢ npuHATbIMU napameTpamn eDRX. Ecnim aBOHEHT-
CKOe YCTpOICTBO He Mony4mno napameTpbl eDRX B NpMHATOM coob6LieHMM B pesysbTaTe Toro, 4to SGSN/
MME oTknoHun 3anpoc nin SGSN/MME He nogaepxvsaeT eDRX, To abOHEHTCKOE YCTPOCTBO A0/HKHO Mpu-
MEHUTb 06bIYHbIN PeXnm npepbiBUCTOro npnema DRX.

Ecnn aboHeHTCKOe yCTpOICTBO 3anpallmBaeT 04HOBPEMEHHOE BKIOUYeHUe pexumoB PSM u eDRX, To
SGSN/MME moxeT:

a) BknounTb TONbKO pexum PSM, T. e. He NnpuHuMaTth 3anpoc Ha eDRX.

6) BknwouuTb TONBKO pexuM eDRX, T. €. He npuMHUMMaTb 3anpoc Ha PSM.

B) BxiouunTb kak pexum PSM (T. e. ykasaTb BpemMsa akKTMBHOCTM), Tak U pexum eDRX (T. e. yka3artb na-
pameTpbl eDRX).

PeweHne no 3anpocy OAHOBPEMEHHOro BK/AWOYeHUa pexumos PSM n eDRX 3asBucut ot peanusa-
UnM, NOoKasbHO KoHdMrypauum u apyroi nHdpopmauun, goctynHoin B SGSN/MME. [Ans ogHOBPEMEHHOr0
BKOYeHNS pexnmMoB PSM 1 eDRX Bpems akTMBHOCTU pexuma PSM [o/mKHO npeBblllaTh 3HayYeHue uukna
eDRX (cm. 7.1). BblbpaHHbI MeTOA MCMNOMb3yeTCcsa A0 CAeayoleii npoueaypbl peructTpauumn uam npoueaypbl
RAU/TAU, nocne 4yero peleHne MOXeT ObiTb 0OHOB/IEHO.

MpumeyaHne — [N CHWKEHUS 3SHEPrornoTpebrieHns Taiimep noBTopeHns npouedypbl TAU fomkeH 6bimb
JorbLue, Yyem LUmkn eDRX.

Tamep TeDRX 3anyckaeTcs B CE€TM M Ha abOHEHTCKOM YCTpPOICTBE MpW COOTBETCTBEHHO MNepegadye u
npueme coobueHnsa Attach Accept unn RAU Accept, B KOTOPOM MpefocTas/ieHbl napameTpbl eDRX. Takum
o6pasom, Tref B ceTn COOTBETCTBYET MOMEHTY, KOorga oTnpasnseTrca coobuweHne Accept RAU, a Ha aboHeHT-
CKOM YCTpOICTBE — MOMEHTY, KOorga npuHumaeTcs cOOTBETCTBYlOLWee coobuieHne Accept.

Tamep TeDRX nogaepxmBaeTcs M UCMNOMb3YETCS TONMbKO TOrga, Korga npoueaypa permctpaumm Attach
nnn RAU ycnewHo BbINOMHEHA, U HE 3aBUCUT OT cocTosiHMA PMM abOHEHTCKOro yCcTpoiicTBa, T. €. nepexoabl
Mexay cocTosiHueM idle n coctosiHnem connected He BAMAIOT Ha Taiimep TeDRX.

[N nosbllEHUs HaJEeXHOCTU NenmkuHra, HanpuMmep, BO M3bexaHue nponyckoB COOOLEHNA 13-3a no-
BTOPHOr0 BbiGOpa COTbl UM M3-3a HECOBEPLUEHHOW CUMHXpPOHM3auun napameTtpa Tref mexay aboOHEHTCKUM
ycTpoiictBom M SGSN, ncnosb3yetcs Bpems OkHa nepegadv neidigkuHra TPTW. Mocne okoHYaHus Luumkna
eDRX aboHeHTCKOe yCTPONCTBO C/yLIAaeT CETb B TEYEHME BPEMEHM OKHa nepegauv neigpkmiHra PTW (cm. pu-
CyHOK 29). Bo Bpema PTW aboHeHTCKOe YCTPOWCTBO C/ylWaeT ceTb C UCNONb30BaHNMEM NapameTpoB O6blY-
Horo pexumMa DRX (ToTx), Takum 06pa3oM 3a ykasaHHOe BpeMmsi MpefoCcTaB/sieTCss HEeCKOIbKO BO3MOXHOCTE
Ana neinpxvHra. MiHchopmauma ansa npumeHenna PTW npegocTtasnsieTcs aboOHEHTCKOMY YCTPOMCTBY npu Co-
rnacosaHun eDRX.

TaXTIX T Tdx
n_n_n nnn JTJIUI
4 Tprw * 4 TpTw * TpTW *
TeDRX * TeDRX v T eDRX
"JMTRef+ N *TeDRX TNEETRFH(N +1)e TeDRK TNZ=T, ef+(N +2) ‘TR TW-TRF+(N +3jTdRX

PrcyHok 29 — Linknbl pacluMpeHHOro pexuma npepbisuctoro npuema eDRX

JonycTumble 3HavyeHns anutesibHOCTU uMkia eDRX npeacrtasneHsl B Tabnuue 16 [12].
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[JonycTumble 3HauyeHWss ANUTENIbHOCTM OKHa nepefjaun neiigpkuHra PTW npefcTaBnieHbl B Tabnu-
ue 17 [12].

9 PacwunpeHne Bo3MmoxHocTen NB-loT

9.1 WNHTerpauusa B 5G
O6Lwue TpeboBaHNs K TexHonormm 5G 3aTparmsaloT TP OCHOBHbIX BapuaHTa Ucnosb3osaHus [13]—[15]

n 3GPP [16]:
- MOGUNbHBLIA loT/MaccoBbIi

YCTPOWCTB 1 BbICOKas N/IOTHOCTb COEANHEHMWIA;
- KPUTMYECKN BaXHble KOMMYHMKALMU: BbICOKOMPOU3BOAMTENbHBIN, CBEPXHAAEXHbIH WMOT ¢ HU3KOl 3a-

OEPXKOWA N KPUTMYECKN BaxkHble npuaoxeHus (kputundeckuii loT, URLLC);

A

IoT/LPWA: yny4dweHHOEe MOKpbITUE CETW, ANMTE/bHbIA CPOK CryXObl
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- yny4yleHHas MobunbHas LUIMPOKOMO/0CHAsA CBA3b: MOBbILWEHHAA NPOU3BOAMTE/IbHOCTL U 60nee yao6-
HbI 4OCTYN noJsib3oBaresieil K MynbTUMEANAHOMY KOHTEHTY AN KOMMYHUKaLMWU, OPUEeHTUPOBAHHON Ha veno-
Beka.

3GPP Bkntouun texHonornio NB-IOT B yacTb cemelicTBa cTaHAapToB 5G, T. e. pa3sutne 5G nposoanT-
cA B TOM uyucne nytem ucnosib3oBaHuss NB-lIOT kak yactu cneuncdmkauymii 5G. PasmelwieHne kaHana NB-loT
npeaycMOTPEHO HeNnocpeAcTBEHHO B nosioce yactoT 5G aHanornyHo TexHonorun LTE (cm. pucyHok 30) [17].

[Nonoca vactor LTE

Nonoca vactor 5G
< >

PucyHok 30 — Pa3wvelyeHre kaHana NB-loT B nonoce yactot LTE n 5G

BHyTpunonocHasa pa6ota NB-loT B npegenax nonocbl nponyckaHua Hecyuwein 5G NR gocturaercs ny-
TeM NPUMEHeHuns:

- MOAyNAUUM N CTPYKTYPbI Kagpa TexHonorun 5G, coBmectumolii ¢ NB-loT [17];

- AynneKcHol 4acToTHOW KoHdurypauum 5G, NO3BOMAKLWEN BblpaBHUMBATbL CeTKUM nogHecywmx 5G u
NB-loT [18];

- NOAAEPXKN KOHMrypaumm «npsamoil cCoBMecTMMocTu» [19].

Apxutektypa NB-loT B cetn 5G npeacrasneHa Ha pucyHke 31 [20].

PucyHok 31 — Apxutektypa NB-loT B cetn 5G

Ha pucyHke 31 ykasaHbl criefyloline OCHOBHblE MPOrpPaMMHbie MOAYAW U ceTeBble (PyHKLMK:

- 6azoBasd ctaHuma gNB;

- oyHKLMS ynpasneHua foctynom n mobunbHocTblo AMF (Access and Mobility Management Function);
- oyHKLMS ynpasneHusa ceccnammn SMF (Session Management Function);

- hyHKUMA nepegaun gaHHbIX nonb3osatenein UPF (User Plane Function);
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- MoAy/b ynpaBneHus gaHHoiMn nons3oBatenein UDM (Unified Data Management);

- oyHKUMA ynpasneHua nonutukammn PCF (Policy Control Function);

- (byHKLMA ob6ecneveHma B3aumodencTeus ¢ BHewHuMu npunoxeHnamn NEF (Network Exposure
Function);

- npuknagHaa gyHkums AF (Application Function).

9.2 WHTerpauma B NTN

WHTerpauns NB-loT B NTN no3sonsieT ob6ecneuntb 60/blUee MOKPbITUE MO CPABHEHUIO C HA3eMHbIMU
CeTAMMU, BK/IOYAS U30/IMPOBaHHbIE pernoHbl (APKTUKa, NMYCTbIHW, OKeaHbl, IKYHINW, fieca, ropbl UM oTaasneH-
Hble U MasloHacesIeHHble palioHbl) U MPOCTPAHCTBA C HEAOCTATOYHO Pa3BUTON HA3eMHOW MHPAaCTPYKTYpOl
(BO3AYLIHAA U MopcKasa N0OrMcTuka).

MHTerpaumnsa NB-loT B NTN nossonsieT peanusoBatb 6eclUOBHbI nepexon cBasn mexay NTN-ceTblo n
Ha3eMHO ceTblo.

Cxema NTN-cBS3u npefcTasneHa Ha pucyHke 32 [21].

[OunanasoHbl paboumx yactotr NTN downlink- u uplink-kaHanos gnsa dyHkymoHnposanus NB-loT npuse-
JeHbl B Tabnuue 18 [21].

Tab6nunya 18— AnanasoHbl paboumx yactoT NTN downlink- u uplink-kaHanos anst NB-loT

Avana3oH pab6ouux yacTtoT uplink-kaHana, Avnana3oH pa6ouumx yactoT downlink-kaHana,
Homep guanasoHa My Mry Pexum
paboumnx yactot Aynnekca
AULJow  ~ULJtigh FDL_low FDL_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
M punmedyaHne — Hymepau,vm CNYTHUKOBbLIX AMana3oHOB OCYLLECTB/IAETCA C HOMepa 256 B y6bIBa+OLLI,EM

nopsiake.
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3GPP pasgensieT cnyTHMKM NO Tuny opoéuT [22]:

- LEO (Low-Earth Orbit) — cnyTHuKkn Ha HM3KoI opbuTe ¢ BbicoTo oT 300 kv A0 2000 KMm;

- MEO (Medium-Earth Orbit) — cnyTHuK1 Ha cpegHei opbuTe ¢ BbicoToin oT 8000 km go 20 000 Kwm;

- GEO (Geostationary Earth Orbit) — cnyTHVWKM Ha reocTauMoHapHoi opbuTte ¢ BbICOTON 35 786 Km.

PaccTtosiHne OT abOHEHTCKOro yCTpOiCTBa A0 CMyTHMKA ABMASETCA ropasfo 60/MblIMM MO CPaBHEHMHO
CO CLieHapMeM Ha3eMHbIX CeTell, UTo obycnaBnvMBaeT 3afepXKu pacnpocTpaHeHust curHana. B tabnuue 19
npuBeAeHbl MakCUMasibHble 3a4EPXKN pacnpoCcTpaHeHNsl curHasia no paguosvHuM «tenedoH—cCnyTHUK—Ha-
3€MHbI W3» AN pasHbiX opouT cnyTHUKa [22].

Tabnnya 19— MakcmasibHble 3aiepXK/ PacnpoCTpaHeHUss CUrHasia /18 pasHbIX OpouT CryTHUKa

Yron mecta 90° Yron mecta 10° MakcumasnibHas
Tun OLHOCTOPOHHSAS
Op6UTH! PaccTosiHue go 3ajepxka curHana ot PaccTosHe 70 3ajepxka curHana ot 3a/iepxka ot
cnyTHUKa (BbicoTa TenedoHa/wniosa Ao CIYTHAKA. KM TenedoHa/wniosa [o TenedoHa A0 Wo3a,

opbuThbI), KM CMNyTHUKaA, MC Y ' CnyTHWKa, MC MC
LEO 600 2 1932 6 12
MEO 8000 27 11 826 39 79
GEO 35 786 119 40 586 135 271

[ns koMneHcauuu 3aflepXeK pacnpoCTpaHeHUs curHana npefHasHauyeH MexXaHW3M CUHXPOHM3auuu
Timing Advance (TA).

MonHasa 3aAepxka pacnpocTpaHeHWss curHana oT wi3a Ao TenedoHa TAfUN paBHa cymMMe 3adepxek,
BBOANMbIX cepBucHoi (TAKE) n dugepHoii (TAcommon) AMHUAMK (CM. PUCYHOK 33):

TAfun “ TA(JE + TAcommon.

CnyTHWK-PETPaHCNSATOP

HaraHHbIii wnn» 5G HTN
(Gateway)

PuicyHok 33 — 3agepkka pacnpoctpaHeHust curHasia B NTN-ceTun

[nsa pacueta TAcommon 1 TAME Ha3eMHbI W3 N abOHEHTCKOe YCTPOICTBO, COOTBETCTBEHHO, AO/MKHbI
3HaTb CBOE MECTOMOJIOKEHUE U MOMOXEHNE CMYTHMKA HA OpPOUTE B KOHKPETHbIi MOMEHT BPEMEHU.

MonoxeHue cnyTHVKa B MPOU3BOJIbHLIA MOMEHT BPEMEHM paccynTbiBAeTCs U3 ero agpemepug. deme-
pvabl — 3TO Habop MapameTpoB OpOGUTHLI CMYTHUKA Ha CTPOrO ONpefesieHHbli MOMeEHT BpemeHu. CeTb nepe-
[aeT nHdopmauuio 06 achemepugax n obume napameTtpbl TA B Kaxayto coty NTN.

ABOHEHTCKOe YCTPOCTBO NoJlyvyaeT CBOM KOOpAMHAThLl U3 curHanoB GNSS, a nonoXeHue cnyTHWKa pac-
CUMTbIBAET Ha OCHOBaHMU 3cheMepus, KOTopble NEeproAMYEcKM MOoJsydyaeT OT HA3EMHOro LW/03a. YKasaHHY
nHgopmaLunlo abOHEHTCKOE YCTPOMCTBO AO/DKHO NONyuMTh nepeq nogknoyeHnem k cote NTN.

Mony4yeHHble 3afepXKN YYUTLIBAOTCA MexaHM3MOM KomneHcauuu TA. Ons cuHxpoHusauumm uplink-
KaHana nepej BbIMO/IHEHMEM MPOM3BOJILHOTO A0CTyna ab6OHEHTCKOe YCTPOMCTBO [AO/HKHO aBTOHOMHO
npeaBapuTenibHO KOMMEHCUPOBATb BPEMEHHOW CABWT U AOM/IEPOBCKUMA CABUI 4acToThbl, MPUHUMAs B pacuyeT
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o6wune napameTpbl TA, no3uumMo abOHEHTCKOro YCTpPOMCTBA M MO3ULMIO CNyTHUKA 4vepe3 MHdopmaumio o6
ahemepugax. B pexume nogkitoyeHns aboHEHTCKOe YCTPOCTBO AO/HKHO HENPEPbIBHO 06HOBATL BPEMEHHOA
CABUI W npeaBapuTenbHY KOMMEHcauuilo 4acToTbl. [pu 3TOM aboHeHTCKoe YCTPOWCTBO He NpoBOAUT
onpegeneHne GNSS 1 He BbINONHAET nepefayn faHHbIX U3-3a ycTapeBslleil uHopmauum o6 achemepuaax,
o6wumx napametpax TA unn GNSS Ha ocHOBe TaliMepoB. B pexume coeAnHeEHUs, Npy HaIM4MM ycTapesLuei
MHpopmauun 06 adhemepmgax u obwmx napameTpax TA, abOHEHTCKOe YCTPOICTBO MOBTOPHO MO/yyaeT
nepegasaemMble napameTpbl, Npu yctapesBlwemMm nonoxeHnn GNSS aboHeHTCKoe YCTPOWCTBO MepexoauT B
pexunm oxuaaHus. AGOHEHTCKMEe YCTpOlicTBa MOryT coobliaTb O BPEMEHHOM cABure npu nepsoHayYasibHOM
OOCTyrne win B pexume coefuHeHus. B pexume noAakIYeHUs MNOALEPXMBAETCA TpurrepHas nepejada
napameTpos TA.

Mpu nHTerpaumm NB-I0T B NTN gosmkHa ObITb NpoBefeHa OLeHKa aHepreTuyeckoro bogxera aboHeHT-
CKOI paguofvHUN C YY4EeTOM MOLLHOCTM nepefaBaemMoro CurHana, YCWIeHUss 1 noTepb B aHTEeHHax, notepu
CUTHana 13-3a pacnpocTpaHeHus, a Takke YyBCTBUTE/IbHOCTU MPUeMHUKa.
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MpunoxeHne A
(cnpaBoO4YHOE)

OTpacneBoe npumeHeHue texHosnorum NB-loT

A.1 Kputepun Bbibopa TexHonorum NB-loT

OpHUM 13 Hanboree BaXKHbIX CBOMCTB TexHooruy NB-IoT SBsieTcs BO3MOXHOCTb pab0oThl aBOHEHTCKUX YCTPOIACTB
npy 6071ee HU3KNX YPOBHSIX CUrHasa v Npy BbICOKOM YPOBHE LLYMOB, @ Takke akoHoMus 6atapen. CeTb NB-loT npegHasHa-
YeHa Ans nepefaym KOpoTKVX COOOLLEHWA. He pekomeHayeTcs nepejada ayamo- U BUAEOKOHTEHTa 1 60nbLunX ¢oaiiios.
Mpn paspaboTke abBOHEHTCKMX YCTPOWCTB HEOOXOAMMO 0bpaLlaTh 0C060e BHUMaHWE Ha PeXmmMbl SKOHOMHOTO 3HEpromno-
TpebneHus 1 onTUMM3aLMI0 MHCIOPMALIMIOHHOIO MOTOoKA.

CeTb NB-IOT nmeeT cyLLecTBEHHOE MPENMYLLIECTBO MO OTHOLLEHWIO K ceTaM 2G/3G/4G B YaCTU 30HbI MOKPbLITUA U
MPOHUKHOBEHUA CUrHauTa B TPYAHOLOCTYMHbIE MecTa (Hanpyumep, noasasibl U NOMELLEHUA C KOMMYHUKAUMAMY B 30aHUAX).
MpevmyLlecTBo obecneyvBaeTcs 60/1ee NOMEXOYCTONUMBLIMM Y3KOMOSIOCHLIMU CUTHa/IaMK1, a Takke BCTPOEHHbIM Mexa-
HM3MOM MepenoBTopa NepeaaBaeMbIX MakeToB AaHHbIX.

OcHoBHble kpuTepun Bblibopa TexHonorum NB-IoT:

- Ha/mMuve ceTn JocTyna Ha TeppuTopun Poccuiickoin depepaumn;

- OTCYTCTBME BHYTPUCETEBOIO POYMUHIa;

- 9HeproapheKTUBHOCTb abOHEHTCKOrO YCTPOIACTBa: paboTa YCTPOCTBa OT OAHOrO KOMr/iekTa Garapein — anu-
TenbHbIA cpok (o 10 ner);

- HaJEXHOCTb Nepeaayn AaHHbIX;

- noAwtodeHrie 60/bLLOTO YMCNa YCTPOCTB B OAHON flokaumu;

- H/3Kasi CTOMMOCTb YCTPOICTBE;

- paclumpeHHas 30Ha NOKPbITUA 1 rlyboKoe NPOHUKHOBEHWE CUrHasTa B TPYAHOAOCTYMNHbIE MecTa (Hanpuvep, nog-
BaVbl, KOMOALbI, TEXHAYECKME MOMELLIEHWS);

- AONYCTUMOCTb HU3KMX CKOPOCTEl W 3afiepXeK nepeaayun OaHHbIX.

A.2 OTpac/im NpUMEHEHUA TEXHONOTUN
Mpumepbl ucnonb3oBaHus cucteM NB-IOT B pasninyHbIX 0TPac/IsX 3KOHOMUKM MpeacTaBneHsbl B Tabnmue A.l.

Tabnnya Al — Otpacin npumeHeHus TexHonorum NB-loT

OTtpacnb Mpumepsbl cnuctem
Cenbckoe X035CcTBO MOHWTOPUHI arpoaaT4mKoB.
MOHUTOPWHI NOSEA.
MeTeocTaHumn.

TPEKVHT N MOHUTOPWHT COCTOSHUS (PePMEPCKOro ckoTa
3apaBooxpaHeHue BrioMeTpuYeckme 1 MeayLIMHCKVE AaTUMKN

lopofcKoe X035MCTBO WHTennektyanbHas cuctema yvyeta KOMMyHasbHbIX PecypcoB.
YMHOe ocBelLieHVe.
YMHasA cuctema ynpasneHUs MUKPOKIMMATOM.
YMHas crucTeMa ynpasneHus v aucnetyepusaumnm NHXeHepHOro 06opyaoBaHus.
TpeKMHr OMALLIHMX XUBOTHbIX.
BeHanHroBble MaLLMHBI.
MeTeocTaHUmMW, B TOM uMc/ie paboTarolime B CypoBbIX YC/IOBUSX

SHepreTuyeckasi MHpPaCcTpyKTypa  MHTennekTyasibHas cucTema yueta SHEpropecypCo.
FeHepaTopb! 3NEKTPUYeCTBa

TpaHcnopTHasA HAIPacTpyKTypa Cuctema KOHTPONSt TpaHCNopTa, rpy30B, MOOU/IbHLIX aKTUBOB.
Cpefctea MHAMBMAYA/TbHON MOBUTBHOCTM.
CurcTemMa KOHTPO/1A NapKOBOK

[MpoMbILLLNEHHOCTL MOHWTOPUHI COCTOSAHUA MPOMbILLIEHHOTO O60py,CI,OBaHVI$I.
Cucrema 6e30nacHOCTM nepcoHas1ia Ha npeanpuAaTtin

Mpumvepbl 060pyaoBaHNA C peanmsaumeii TexHonornm NB-loT npeacTaBneHbl B Tabrmue A.2.
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Ta6nunya A.2— lMNpumepbl 060pyaoBaHUs ¢ peanmsaupein TexHonorum NB-loT
Kateropus O6opyaoBaHue

XKKX, yMHbIA ropog; npubopsbl yueTa CyeTunkn anekTpuyecTsa.
CueTunkn BOAp!.
CyeTunkn raza.
CueTunkn Tensa.
Pacxonomepbl.
Y35kl yyeta.
CyeTumKn UMNY/ILCOB.
Jatuvkm npoTteuku.
JaTtumkn Ha Mok (MyCOpHbI 6ak, kKaHanmsauys).
Jatunkn oTKpbITUA OKOH, ABepel

O6opyaoBaHe MOHUTOPUHIA aKTUBOB Tpekepbl.
Masiku.
JaTtunkn napkosku

O6opyaoBaHve cuctem 6e30nacHoOCTU Jatuvkn BCKPbITUA, OTKPbLITUSA, NPOHUKHOBEHVIS.
JaTumkn OBVKEHWS, MPUCYTCTBUS.
NB-loT kHomMKw.
Jatuvkm KOHUEeHTpaumn yriekucs1oro, yrapHoro rasa.
MoxapHble AbIMOBbIE M3BELLATENMN

O6opyfoBaHWe MOHUTOPUHIa OKpyxat-  KOMMIeKCHbIe n3MepuTenm-perncTparopsl.
Leli cpeapl [Jatuvkm TemMnepartypbl, BMaXHOCTW, AaBMNEHUS.
Jatuvkun Lwyma, OCBELLEHHOCTU.
Jartuvkn 3KOMOHUTOpPUHra.
CTraHUMM 3KOMOHUTOPUHIA.
Jartuvkm KOoHUEeHTpaumn yactul,
MeTeocTtaHumn.
"a3oaHaM3arTopb!.
Mbemepsbl

O6opyanosaHne ans CX nxmBoTHoBoACTBa — Jdatumkm CX 1 XMBOTHOBOACTBA

O6opypoBaHMe  cucTeM  aBTOMaTuky  Jatuuku.

(SCADA) 3veputenn.
Mpeobpazosarenu.
Pene.
VcnonHutenbHble ycTpoiicTea

O6opyaoBaHMe LmdpoBm3aLmm 30aHuii CKy/.
3amMKn 1 3aLLesku.
NB-loT KHOMKM

O6opyaoBaH/e CUCTEM OCBELLIEHUSI ycna.
KoHTposepb! ocBeLLEHNS.
KoHTponneps! ceeTa

O6opypoBaHue ACYTI Norrepbl s aBTOMaTU3aLMM YMPaB/IEHNS] TEXHO/IOTMYECKMI MNpoLiec-
camun (06beAVHSET AAaTUMKN M CHETUMKN B CETb WOT)

O6opyposaHue cBasv Ans noboro otpac-  NB-loT mogynv cssisn
NIeBoro npumeHeHnsa *

CeTeBoe 060pyfoBaHue 10T nNpoekTos* KommyTaropsbl.
MapLupyTu3aTopbl.
MynbTUNIEKCopSI.
MeppakoHBepTOpbI.
Xabbl.
MocTbl.
Yewnntenu n npeobpasosartesniv curHana

* BT. 4. ¢ ucnonb3oBaHnem NTN-cBA3u.
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A.3 XapaKkTepucTuku nepepayun gaHHbix B cetn NB-loT

MakcymaribHast CKopocTb Nepeaaun AaHHbIX B ceti NB-loT, AoCTKMMasi Mpu uaeanbHbIX YC/IOBKSIX paavonpuema,
MpY MOHOMO/TLHOM MCMO/Ib30BaHUN a6OHEHTOM BCEX PECYPCOB COTbI, C YUETOM peasii3alymn BCeX MEXaH3MOB ONTUMI3a-

LW, ykasaHa B Tabsnmue A.3.

Tabnnya A3— MakcumasibHble CKOPOCTM Nepesaqn AaHHbIX

Kateropus a6oHeHTCKOro ycTpoicTea

NB1

NB2

MakcumasibHasi CKOpoCTb nepegaun faHHbIX, K6ut/c

B HanpaeneHnn K aboHeHTy

26

126
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B HanpaBneHun oT aboHeHTa

60

160

PekomeHayeMble Moaenn nepefaqn Coo6LLEeHMIA 411 abOHEHTCKOro 060pyA0BaHNs NpyBeaeHbl B Tabnuue A4 [23].

Tab6nuya A.4— PekomeHayemble MOAENN nepegayn Coo6LUEHMIA A1 aboHEHTCKOro obopyaoBaHus B cen NB-loT

HasHaueHue ycTpoiicTBa

Hocumble ycTpoiicTea

TPEKVHT XXMBOTHbIX

TpeKVHr camoKaToB, Besiocuneson
BromeTpuyeckve 1 MeguLMHCKUE OaTunku
"eHepaTopbl anekTpuyecTsa

MoxapHas curHanmsaums

TpekuHr dhepmepcKoro ckota

Jatunkn mukpokmmaTa

TPEKMHI MPOMbILLIEHHOTO 060PYA0BaHNA
MPOMBILLIEHHbBIA MOHUTOPUHT 6e30MacHOCTM

MprGOopPLI yueTa 3M1EKTPOSHEPTUN

CueTunkn BOfb! 1 raza

Jatuvkn napkoBku
ABTOMAaTU3aLMS 34aHWIA
ABTOMaTU3aLMA fOMa
MPOMBbILLIEHHBIA KOHTPO/b NPOU3BOACTBA
YMHbIe cetn

MOHUTOPWHI NPOMAaHOBbIX LWCTEPH
MOHWTOPUWHI arpoAaTynkoB
MOHUTOPUHT Mycopa

MOHWTOPWHI OKpYXatoLLieli cpeapl
lopogckoe ocBelleHne

BbIToBasi TexHuka

BeHauHrosble MaLLUVHbI

YacToTa nepegauun

coo6Lyenmii
10 B geHb
2 Byac
8 Byac
8 B AeHb
2 B fieHb
2 B ieHb
100 B geHb
5 B feHb
100 B feHb
2 B [ieHb

1 pa3 BuUac

(2 pa3 B 30 MUHYT)

8 B feHb
60 B feHb
5 B feHb
5 B feHb
100 B oeHb
10 B feHb
2 B fieHb
4 B oeHb
1Buyac
1Buyac
5 B AeHb
3 BAeHb
1B aeHb

100 B geHb

Pasmep co-
obuieHns, 6ant

20
50
50
100
100
20
50
50
50
100
100

200

S g

20
100
100
10
200
100
20
1024
100

[HeBHO
Tpaduk, 6anT

200
2400
9600
800
200
40
5000
250
5000
200
2400 (4800)

1600
3000
250
250
5000
200
200
400
240
4800
500
60
1024
10 000

PekomeHaLmMm fns pa3pa6oTKy YCTPOWCTB 1 peasi3auyn NPUoXeHWid npeacTasneHsl B [24).

EXeMeCauUHbIi
Tpaduk, 6ant

6000
72 000
288 000
24 000
6000
1200
150 000
7500
150 000
6000

72 000
(144 000)

48 000
90 000
7500
7500
150 000
6000
6000
12 000
7200
144 000
15 000
1800

330 720
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MpunoxeHue b
(cnpaBoOYHOE)

Mpumep 3HaKa, NOATBEPXAAOLWEro KOPPEKTHOCTb MCNONb30BaHMA ycTpoiictBa NB-loT
B BbIOpPaHHOM cLUeHapun nNpuMeHeHus

NMPOBEPEHO
MTC

PucyHok B.1 — lMpumep 3Haka, NMOATBEPXAAIOLLErO0 KOPPEKTHOCTb UCMOb30BaHMs ycTpoicTea NB-lIoT
B BbIOPAHHOM CLieHapun NpyMeHeHNs
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Access (E-UTRA); Packet Data Convergence Protocol (PDCP) specification

3GPP 36.331 V17.4.0 Technical Specification Group Radio Access Network; Evolved Universal Terrestrial Radio
Access (E-UTRA); Radio Resource Control (RRC); Protocol specification

3GPP TS 24.008 V15.8.0 Digital cellular telecommunications system (Phase 2+) (GSM); Universal Mobile
Telecommunications System (UMTS); LTE; 5G; Mobile radio interface Layer 3 specification; Core network protocols;
Stage 3

ITU-R M.2083, IMT Vision — Framework and overall objectives of the future development of IMT for 2020 and
beyond

ITU-R M.2412-0, Guidelines for evaluation of radio interface technologies for IMT-2020
ITU-R M.2410-0, Minimum requirements related to technical performance for IMT-2020 radio interface(s)

3GPP TR 38.913 V17.0.0 Study on scenarios and requirements for next generation access technologies

3GPP TS 38.211 V18.1.0 NR; Physical channels and modulation
3GPP 38.104 V18.4.0 NR; Base Station (BS) radio transmission and reception
3GPP 38.214 V18.1.0 NR; Physical layer procedures for data

3GPP TS 38.300 V17.7.0 Technical Specification Group Radio Access Network; NR; NR and NG-RAN Overall
Description; Stage 2

3GPP 36.102 V18.4.0 Technical Specification Group Radio Access Network; Evolved Universal Terrestrial Radio
Access (E-UTRA); User Equipment (UE) radio transmission and reception for satellite access

MTC, CnyTHMKoBas cBs3b 0T 3GPP: kak cMapThoHbI ByayT 3BOHUTL Yepe3 cnyTHUK (https://habr.com/ru/companies/
ru_mts/articles/783288/)

GSMA white paper 3GPP Low Power Wide Area Technologies

MeToanueckve pekoMeHfaumy no paspadotke yctpoiictB NB-loT v. 1.2/Toa pepakuveid JlydyaHckoro B.B. —
Mocksa, 2022
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