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CopaeprKaHue AoKnaaa

« OnpepneneHune texHornorng LPWAN

* TexHu4yeckme ocobeHHOCTN pasnnyHbix TexHornornm LPWAN

* Bonpochl perynuposanunsa ceten LPWAN
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Corosblie pagnorexHonorum loT PaaguotexHonorum loT B pamkax

YCTPOIACTB Masoro paanyca Aeucreus

GSM/GPRS
802.11n/ac 24TTun 51Ty,
3G/4G/5G
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LTE Catlbis M 24T iy
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Number of global active loT connections (installed base) in billions
5l - Connectivity type CAGR 21-23 CAGR 23-30

Actuals until Q4/2023
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NcTouHuK: 0T Analytics, CeHTabpb 2024

dopym MeKayHapoaHOro colo3a 31eKTPOCBA3U « TeXxHONorMm cBAsun byayLiero»

Pecnybnnka benapyco, r. MuHck, 17-18 mapta 2026



1réut/c

CnoHad
MapLwpyTmnsaTopbl aBTOMaTM3auuA

100 M6uT/c — Arrperatopbl l0T 1 CNOXKHbIE YCTPOMUCTBA 15110501 10T LTE eiwe Cat4 v NR
Cuctemel

pa3snevyeHMA

Lindpposas noanuce BuaeoHabniofeHne

10 M6wT/c YcTpoiuictBa ¢ 06paboTKon AaHHbIX
ABTOMaTHI
CHMOﬁCﬂy}KHBaHHH MaHenn curHanmnsayunm MeguumnHckoe
obopyaoBaHue

BoitoBas
3/IeKTPOHMKA
lMnaTexHble aBTOMaTbI

1 M6uT/c YMHble yCTpouncTBa

OTcnexuBaHue
MecTononoxXeHWA rnepcoHasaa OTcnexXuBaHue

MeCTOMNoNOKEeHNA TEXHUKA

TenemaTuKa

HabnwoaeHue 3a
nayueHTamm CocToAHMe

100 kGyr/c YMHOIE Al M UTHEC 1 6 Mble yCTpOMCTBa/CUeTU KM nepcoHana

6pacneTsl

[eTckue yacbl
yl'lpaBJ'IEHHe NMNapKoBKaMu npOMbII.U.ﬂEHHbIe NB-'OT, LoRa un a.p. LPWAN

LaTtynKu apima
CeHcopbl

10 K6uT/c YnpasneHue oTonneHUuem

n BeHTUAALUEN CeHcopr 3ne|(‘|'p|,1qec|(y|e

ﬂa‘rq KW CYeTYMKHA Ce/IbCKOX03MCTBEHHbIe W

CeHcopbl (SigFox v gp.

1 kbuT/c AHEELE OCBELLEHHOCTH
BOJOCHa b eHuA [aTymKu 3arpesHeHns

dopym MexayHapOoaHOro Co3a 3/IEKTPOCBA3M « TeXHONOrnK CBA3M byayLiero»

Pecnybnnka benapyco, r. MuHck, 17-18 mapta 2026



CopaeprKaHue AoKnaaa

* OnpepeneHune TexHonorng LPWAN

« TexHunyeckne ocobeHHOCTM 1 Bonpockl perynuposaHusa ceten LPWAN
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HeckonbKo KnaccoB yCTPOUCTB

Battery powered sensors

* Most energy efficient

* Must be supported by all devices

* Downlink available only after sensor TX

Battery Powered actuators
« Energy efficient with latency controlled downlink

* Slotted communication synchronized with a beacon

Battery Lifetime

Main powered actuators
* Devices which can afford to listen continuously
* No latency for downlink communication

Downlink Network Communication Latency
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LoRa mopynAuMA

NaHHule 3aukppoBaHsl AES-128 KNWYOM CECCHMM CepBepa NpHAOKeHWH
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RFID

Wideband data

High duty cycle 46b) 10 mW, No DC
/continuous transmission

3anytaHHoe perynuposaHue SRD B nosoce 863-870 MI'y B EBpone
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51) 10 mW, 0.1 %
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53) I0mW, | %

Low duty cycle
/high reliability 55) 25 mW, 10 %
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BapuaHTtbl peannsauumn texHosorum NB-
loT

1) Micnonb3sosaHue BHe KaHana LTE
2) Ucnonb3oBaHue B 3alMTHOM Nonoce K TE 10 Mry)
3) Ucnonb3oBaHKe Ha NogHecywwmx LTE - anan (Hampumep, u

(2 ® @
IS B R .

— P e

BblKkNto4eHHble BHYTPEeHHAA 3alMTHas
noAHecylyme nonoca

BHYTPEHHAA 3alUMTHAA
nonoca

NB-loT aBnsetca ynpoLweHHbIM BapnaHTOM
otaensHon nogHecywen OFDMA curHana 180 kI
6e3 noafep>XKM OPTOrOHaNbHOCTM K COCEAHUM
nogHecyLwnm

NMepeuncnonbsoBaHue apxutekTypbl 4G
(Ho TpebyeTca nporpaMMHbIV angeur)

User Equipment (UE) Units  Radio Access Network (RAN)

Serving Gateway

(S-GW)

B Mobile Mobility
Entity (MME)

MasterinformationBlock-NB:
O operationModelnfo

+ inband-SamePCI

* inband-DifferentPCI

+ guardband

+ standalone

Evolved Packet Core (EPC)

Packet Data Network

Application Server (AS)

Gateway (P-GW)

Direct Model
Indirect Model

Service Capability
Exposure Function TEEEER
(SCEF)

UPF

dopym MeKayHapoaHOro colo3a 31eKTPOCBA3U « TeXxHONorMm cBAsun byayLiero»

Services Capability

Server (SCS)

———: User Plane
== =sa2 Control Plane

PFCP (N4] GTPv1-U

Pecnybnnka benapyco, r. MuHck, 17-18 mapta 2026



PeweHue EU 2018/637

2542018 Official Journal of the European Union L 105/27

COMMISSION IMPLEMENTING DECISION (EU) 2018/637
of 20 April 2018

amending Decision 2009/766/EC on the harmonisation of the 900 MHz and 1 800 MHz
frequency bands for terrestrial systems capable of providing pan-European electronic
communications services in the Community as regards relevant technical conditions for the
Internet of Things

(notified under document C(2018) 2261)

(Text with EEA relevance)
THE EUROPEAN COMMISSION,
Having regard to the Treaty on the Functioning of the European Union,

Having regard to Decision No 676/2002/EC of the European Parliament and of the Council of
7 March 2002 on a regulatory framework for radio spectrum policy in the European Community
(Radio Spectrum Decision) ('), and in particular Article 4(3) thereof,

Whereas:

(1) The efficient use of the 900 MHz and 1 800 MHz bands has been reviewed by the Member
States with a view to covering additional technologies while ensuring technical compatibility
with the GSM system and other wircless broadband systems by appropriate means in
accordance with Council Directive 87/372/EEC (%).

(2) The Internet of Things (oT) g lly refers to the i ion via the internet of devices
embedded in everyday objects, which enable these objects to exchange data. Wireless IoT may

also be realised through electronic communications services based on cellular technologies,
which normally make use of licensed spectrum. Wireless 10T applications serve a wide range
of industrial sectors such as energy or automotive and rely on spectrum availability.

(3) In its Spectrum Roadmap for 10T (%), the Radio Spectrum Policy Group (RSPG) set up by
Commission Decision 2002622EC (*), takes the view that frequency bands designated for
electronic communications services (mobile networks) may be used for emerging loT
applications and services. Union-harmonised frequency bands used for the provision of
terrestrial wireless broadband electronic communications services by mobile networks may
therefore be an important resource for wireless IoT. The RSPG concluded that, in line with the
principle of technology neutrality, the harmonised technical conditions for the use of these
bands should take inio account wireless [oT requirements.

(4) On 14 July 2017, the Commission issued under Article 4(2) of the Radio Spectrum Decision a
mandate to the European Conference of Postal and Telecommunications Administrations
(CEPT), a mandate to review the harmonised technical conditions for use of the 900 Mz and
1 800 MHz bands for ial wireless broadband elecironic ications services to also

allow their use by the Internet of Things. This mandate noted in particular that, in accordance
with Report 266 of the CEPT's Electronic Communications Committee, there is no need to

4(2)

tions

g the

and

B ocHOBHOM perynupyetca peXxum pasmeuwieHus Hecyuwen NB-1oT B BO BHyTpeHHeW 3alMTHON nosioce
KaHana LTE, 1.k. 3to popmanbHO npuBoagnT K usmeHeHuro MO (pelwsaetca Ha ypoBHe CTaHAAPTOB)

dopym MeKayHapoaHOro colo3a 31eKTPOCBA3U « TeXxHONorMm cBAsun byayLiero»

NMpumep peweHunsa NKPY B Poccun

TOCYJAPCTBEHHAA KOMHCCHA ITO PAJJTHOYACTOTAM
(TKPY)

PEINEHHHE

. Mockza

06 HCmoABE30EAHAH N010C PATHOTACTOT
PagH03NeKTPOHHBIME cpeaAcTBaMu cTaHaapta LTE
H MoCAeIYMHAX ero Moandukannii B pe:xkame NB-IoT
(ot 28 gexadps 2017 roga Nel 7-44-06)

TocymapcTEeHHAdS KOMHCCHI IO PajHOYacToTaM 3aciaylliala CoODeHHe
Corosa oneparopoe MoOmwisHOH ceazi JITE 00 HCIONB30EaHHH [OI0C PASHOYACTOT
PANHO3NCKTPOHHBIMH CpelcTEaMH craEgapra LTE H mocaenyRmex ero
mopndHKanmi & pesxame NB-IoT.

VdaHTEIBAd [OTYYeHHBIE pesyIsTarTkl H NPHHAMaZ BO EHHMaHHE
HeODXOJHMOCTE CKOpeHINero EHeJIpeHHA NePCIeKTHEHEIX paJHOTeXHOIOTHA Ams
pazenTHA HHTepHeTa Bemel,

TocynapcTeennas komuccHs no paguodacroran PEITTHIIA -

1. PaspemnTe HcHonszoBaHHE modoc pagHodacTor 433-4374 MIn m
463-467 4 MI'n. 791-820 MI'n, 832-862 MI'u. 880-890 MI'w, 890-915 Ml
925-935 MI'n, 935-960 MI', 1710-1785 MT'ww. 1805-1880 MI1r,
1920-1980 MI'm,  2110-2170 MI'm, 2500-2570 MIm = 2620-2690 MI'u  gma
npumenenna P3C cranzapra LTE u nocreayromux ero MoJHdHKAIHE B peEHMe
NB-IoT (mazee—P3C e pexmme NB-IoT) na teppuropum Poccufickoft
Degeparmn.

VIEepauTe OCHOEHEIE TexHHYeckHe xapakTepucTHkE P3C B pexmue
NB-IoT. yrazaHH:le B IPHIOKEHEH K HacToAmeMy pemenmo [ KPU.

2. Mcmons30BaHHE MOTOC PATHOTACTOT B COOTBETCTBHE € NVHKTOM |
HacTogmero pemenns [KPU JomxHO OCYMECTBIATECA B paMEax paHee
BEIIETEHHBIX — [OTOC  DPAJHOYAcTOT H  MONYYEeHHBIX  paspelleHHH  Ha
HCTIOB20EAHHE PAJHOYACTOT HIH PaIHOYACTOTHEIX kKaHatoe 111 PAC crammapra
GSM wmu POC cramgapra LTE m mocregyiomex ero MoaHdHKammi Oes
odoprieHEs oTAeTbHEX pemrenmit [KPY m Ges momydeHms paspemeHHE Ha

[ron
hpu
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cTa
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BcrpanBaHue curHana LTE-M B

o6bIuHbIV curHan LTE

Omnepatop A

NMepencnonb3zoBaHue apxutektTypbl 4G

(Ho TpebyeTca nporpaMMHbIV angeuT)

User Equipment (UE) Units  Radio Access Network (RAN)

Evolved Packet Core (EPC)

Oueparop B

Pecypcnsrii 610k LTE

O6mras {LTE+LTE-(e)MTC}
3aHMMaeMasi IHPHHA ITOJIOCE
curHana LTE

Packet Data Network

Serving Gateway

Application Server (AS)

(S-GW) Gateway (P-GW)

Direct Model

Indirect Model

eNodeB

Service Capability
Exposure Function
|SCEF)

6 pecypenbix OmoxoB LTE-(e)MTC
mmpuHOoH 180 kI KaxaBIH

Services Capability

——: User Plane
=s===2: Control Plane

LTE-M, kak npaBuno, He peryimpyercsa cBepx obuier HopmaTuBHO npaBoBou 6a3bl gns LTE
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ConocraBneHue 6/IM3KMX KaTeropum
ycTrpoiucts LTE

. LTE Cat-M1
LTE Cat 1 LTE Cat 1bis (eMTC)

Rel-8

3GPPrelease

Bandwidth

Duplex mode

Download (DL)
peak data rate

Upload (UL)
peak data rate

Max Tx/
Rx chain

Tx power

Range (MCL)

Power save

Voice

Up to 20 MHz

FD, TDD

10 Mbps

5 Mbps

1T/2R

23dBm

144 dB

eDRX, PSM

Supported

Rel-13

Up to 20 MHz

FD, TDD

10 Mbps

5 Mbps

1T/1R

23dBm

141dB

eDRX, PSM

Supported

Rel-13

14 MHz

FD? HD, TDD

300 kbps

375 kbps

1T/1IR

20/23 dBm

156 dB

eDRX, PSM

Supported

$30

$25

%20

%15

$10

%5

%0

CpaBHeHue ctoumocTu moayns (2022)

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2
2020 2021 2022

4G Cat 1bis 4G Cat 4 LPW A-Dual Mode LTE-M NB-loT

LTE Cat1bis He TpebyeT anrpeipa ceteBou MHPpacTpykTypbl B otaimumm ot (LTE-M u NB-loT)
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Both LTE-M & NB-loT LTE-M Only NB-loT Only NcTouHunk: GSMA, UioHb 2025
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3GPP 3GPP 3GPP Open Private
BT Licensed Licensed Licensed Unlicensed Unlicensed

Channel BW 1.4MHz to 1.4MHz 180KHz 7.8 to 500KHz T100Hz

20MHz

System BW 1.4MHz to 1.4MHz
20MHz

180KHz 125KHz 200KHz

Peak Data Rate UL: 5Mbps  UL: TMbps UL: 180bps~37.5kbps UL: 100bps
DL: 10Mbps DL: 800kbps \ 204.8kbps DL: 600bps
DL:
234.7kbps
Max. number of unlimited unlimited unlimited 50000(BTS) 140(Device)
Messages per 50000(BTS)
day
23dBm 23dBm 23dBm 14dBm 14dBm
Tx Power

MCL (Maximum 144dB 156dB 164dB UL: 156dB UL: 156dB
Coupling Loss) DL: DL: 147dB

168(SF12, BW7.8)
132(SF6, BW125)
Low Low-Medium Low

Medium  Low-Medium
Consumption
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[lona noAKNYEHNI

fno6anbHbIM pbiHOK LPWAN, 2015-2027 rr
100% B 2023 ropy =

100% B 2027 roay =
3.3 mapa. ycTponcTs

NB-loT

1.3 mapa. ycTpoucts @_

LoRa
LTE-M

Others
SigFox

2015

2016 ——
2017 ——
2018 —1—
2019 ——
20200 ——
2021 ——
2022 ——
2023

2024 ——
2025 ——
2026 —

FnobanbHbIM pbiHOK LPWAN, 2015-2027 rr, 3a uckn. Kntana

LoRa

LTE-M

NB-loT
Others

SigFox

2015

2016 —1—
2017 —1—
2018 —1—
2019 —1—
2020 —1—
2021 ——
2022 ——
2023 —1—
2024

2025 ——
2026 —1—

2027
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B/IATOAAPIO 3A BHUMAHUE
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