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TTK TRANSTELEKOM MARKET POSITION IN RUSSIA

Wholesale Data B2B/B2C Broadband

TTK

5%

Others Others Others

68% 18% 95%

Transtelekom(TTK) Is one of the top five
carriers in Russia




TITK

FOUNDED IN 2014, LH DWDM BASED ON 5 CIRCUITS
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TTK Is among five carriers in the world and the only
one In Russia who uses terrestrial Long Haul DWDM
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\ TTK owns one of
the largest fiber
optic cable
networks in Russia
—75.000 km

\ TTK hasits own
nodes in
London,
Stockholm,

Hong Kong, Tokyo

Frankfurt,

\ TTK is currently the

Telecom Bridge between
Asia & Europe: 20% of the
capacity between China &
Europe has been moved
from submarine cables to
TTK's network over the last
12 years (40% of this
capacity currently goes
through Russia)
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Tk [TKSTRATEGY 2021 KEY POINTS

\ Toimprove the \ Toenhance \ Todeliver digital \ Toenterthe
backbone products for services to Internet of
network stability B2B and B2C railroad Things growing
and to reduce by passengers market, including
latency and costs creating and the number of
using 100G Ultra partners corporate railroad sensors
Long Haul programs customers
DWDM
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TTK |OT ARCHITECTURE

5 level model of loT Level description
) Business scenarios of using loT for freight and passenger
End-to-end services transportation, railway and transportation infrastructure
@ (C| ient-side applications) management, traffic safety, staff activity automation, increasing

passenger loyalty, improving the quality of service

. Platform
(application for data processing and visualization) Aspects of Security, Identification, Verification,

Management, Trusted Environment
Platform Application Securit Device BEIEEREIVSS Connectivity Data
Management Integration y Management Management

Aggregation layer

Standards and protocols of data aggregation
=< (receiving and storing data from
L uu

peripheral devices)

&"é'l

Transport Network
E - (data transfer from peripheral devices) Capabilities of existing and plaining wire and wireless networks B

Periphery devices — sensors, metering devices... All available commercial contact and contactless sensors
(hardware)



TTK CURRENT WIRELESS TECHNOLOGIES FOR TRANSPORT
NETWORK

o
802.11¢

High BW 802.11ad
802.11n

802.113
802.11b
802.11g

______________ ElueTﬂmth ZigBee ,,
802.15.3 i 802 15 4 ;
WBAN 5
L ow BW 802.15.3
, WPAN
| 802.15.3

Medium BW

Short Range Medium Range Long Range




EVOLUTION OF 3GPP STANDARDS

Introducing LTE

Advanced Pro

Unified 5G platform
Rel-14 Rel-15 & beyond

Rel-10/11 Rel-12 Rel-13
LTE Advanced @ LTE Advanced Pro

Enhancing the foundation

Carrier Aggregatlon evolutlon LTE Unllcensed

NV TR 1 A
.\.JJ .) / & {r I:‘J(._/ r [ ' lll,.). : L,"‘-.".‘_ »__." () ul.L\'

HetNet enhancements LTE - Wi- F| convergence

o~ ~ N . R T Aty sty s AAL e T 7
eq. ennance dual connectivity €4 1 | &/ Wi-Fi liNK a¢ ggarega tion

Advanced Recenvers Advanced antenna features
eg. NOMA/MUST eg. 3D-FD MIMO

|y

Expanding to new use cases

Optimizations for loT LTE Broadcast evolutuon
LTE-M NB-IOT eg. for converged digita

LTE Dlrect evolutlon LTE Ultra-low Latency

Nl +

. ' ; :
™ VAL A .-' Tl 1~T b N N SNy 2 laTe Pl alTa Pl el )l d o
INew Ways 10 connect & interact FOr e4q. commana-ana-contros

V2V/V2X communications LTE Public Safety

Expand upon LTE Direct eg. MCPTT

)




rrk EVOLUTION OF 3GPP STANDARDS

Release 12

D2D platform for consumer and
public safety use cases

Discovery of 1000s of
devices/services in ~ 500m

Reliable one-to-many communications
(in- and out-of-coverage)

Release 13
Expanded D2D discovery and

Release 14 and beyond
Multi-hop communication
and more use cases

--’-\.’\n'u

Additional D2D
communication capabilities

D2D communications

More flexible discovery such as
restricted/private’ and inter-frequency

§E"

Device-to-network relays?

Proposed for vehicle-to-vehicle
(V2V) and beyond



rrk  COMPARATION OF USING 3GPP PROTOCOL

Narrowband Solutions

Next Generation

LTE-Evolution
LTE-M Rel-13

Range

(Outdoor) <11 km

NB-LTE Rel-13 | EC-GSM Rel-13

< 15 km < 15 km

5G

< 15 km

MCL 156 dB

164 dB 164 dB

164 dB

Licensed

Spect
PECHIHM (7-900 MHz)

Licensed
(8-900 MHz)

Licensed
(7-900 MHz)

Licensed
(7-900 MHz)

Bandwidth 1.4 MHz or shared

200 kHz or
shared

2.4 MHz or
shared

shared

Data Rate

<1 Mbps

<150 kbps 10 kbps

<1 Mbps

Battery Life

>10 years

>10 years >10 years

>10 years

2016

Availability

2016 2016

2025

10



TITK

EXAMPLES OF NB-10T MODULES

Quectel BC95

Compact NB-loT Module with
Ultra-low Power Consumption

General Features

Frequency Band

Fackage

Pin Number
Supply Yoltage Range

Operation Temperature

Dimension
Weight
AT Command

Download

BCO5-BE: 900MHz
BCHA5-B5: 850MHz
BCO5-B20: 800MHz

LCC

54

3 1V-4.2V Typical: 3.6V

-40°C - +85°C

19.8 = 23,6 = 2. 2mm

1.6g

JGPP Rel-13 and enhanced AT commands

UART, Over the Air*

DUELCTE

E-Eﬁ BAHA02-5TD
BLECHARNATIME
Ha,

ER L]
SH: R0 XK

W gEE

IS 3o 10 L SR

Electrical Characteristics

Qutput Power 23dBm
Sensitivity -129dBm
Power Consumption ﬁ'.i%m
Interfaces

LSIM % 1
UART x 2
ADC* ® 1
RESET % 1

Antenna u 1

10



™K MAIN BUSINESS CASES OF USING IOT NETWORKS

- Scaling up in performance and mobility

LTE Cat-0
Up to 1 Mbps

20 MHz

Release 12

LTE Advanced
>10 Mbps
Today+
D E‘
E‘( 2 . ‘@ . . ol
- (/
Mobile Video security Wearables

oo

Connected car

5 &

Energy Management

Sample use cases

LTE-M

Scaling down in complexity and power

10s of kbps up to 1 Mbps
~1 MHz narrowband

Release 13 & beyond

NB-loT
Up to 10s of kbps

~200 kHz narrowband

Release 13 & beyond

AN =

Object Tracking

=
O o000 O

Connected healthcare

Utility metering

" | \‘ ".“

City infrastructure

~ o~
O O
L0 S o~y
) .l \-.' l~
ai) VA
- )

Environment monitoring

Smart buildings




™K ANOTHER APPROACH OF LPWA

i

API AP API

=1
=<0 \ RPMA Network SIGFOX Carrier
(<‘A’>) LoRa RPMA SIGFOX Cell
Gateway Access Point Tower

Gateway

L§Ra' Alliance {J/GENU



TITK

Origin

Proprietary or
open

Cellular

Spectrum

Range, km

Speed, uplink /
downlink

Power
consumption

Security

Availability of
devices

Price*

Areas of
application

Supporting
companies

—,
LoRa
=
LoRa / LoRaWAN

France

LoRa — proprietary
LoRaWAN - open

No
Unlicensed

urban: 2-5
rural: 15

50 kbps /
50 kbps

Precision farming,
manufacturing
automation,
pipeline
monitoring

IBM, Semtech,
Cisco, HP, Orange,
Kerlink, Actility

' sigfFox

Sigfox
France

Net — proprietary
Devices — open

No
Unlicensed

urban: 3-10
rural: 30-50

300 bps /

Predictive
maintenance,
capacity planning,
demand
forecasting

STMicroelectronic,
Texas Instruments,
Atmel, Silicon Labs

NB-loT

NB-IoT

USA (Global)
Open

Yes
Licensed

urban: 1-5
rural: 10-15

250 kbps /
250 kbps

Electric metering,
manufacturing
automation, retail
PoS

Huawei, Ericsson,
Qualcomm,
Vodafone

)
Ite

LTE-M

USA (Global)
Open

Yes

Licensed
urban: 2-5

1 Mbps /
1 Mbps

tracking objects,
wearables, energy
management,
utility metering,
city infrastructure

Verizon, AT&T,
Nokia

UNGENU

RPMA

USA

Proprietary

No
Unlicensed

urban: 1-3
rural: 25-50

634 kbps /
156 kbps

Digital oilfield,
connected cities,
usage-based

insurance,
agriculture

Ingenu

MiticHTLESS IELinkLabs

Weightless-P

UK

Open

No
Unlicensed

urban: 2

100 kbps /
100 kbps

Smart grid,
healthcare,
automotive, smart
cities, asset
tracking

Accenture, Sony
Europe, uniik,
ARM, Telensa

Symphony Link

USA

Proprietary

No
Unlicensed

urban: 2-5
rural: 15

100 kbps /
100 kbps

Industrial control
systems, lighting
control, alarm
systems

Link Labs

10



TITK

RE866 Series

Ultra Low Power BLE and LoRa®
Combo module

LoRa® Embedded

Bluetooth Low Energy

Key Benefits

19 mm

= LoRa Alhance certified module: LaRaWan1.02 class Af

C and B.
» Bluetooth v5 qualified madule

o BLE 5 GATT Central/Peripheral, TIO [ SPP Like|

with free source codes

* Fully cornpatible wath Bluemod+542 550

madules

» 101dB budget link

* |ntegrated antenna for BLE, External antenna for

SUB-GHZ

*» Pin to Pin compatible with NEB&4 [ Telit NE1module)
» AES-128 securnity and Embedded Secured Element for

future uses

» Ultra-low power usage schemes - Allows years of use

on a single battery.

= Upgradable firmware - Prepare for the future with

access to feature and secunty updates.

* MFC handover simplifies device pairing and
connechion setup.

= UART eDMASPPI [faster UART speed [ lower power

consumption]
= CE, RED, FCC/IC

= Temperature loperatingl -40°C to +85°C

EXAMPLES OF LORA MODULES

. R
ﬁESbb

! 'l/'elit J_ %

15mm

REB&46 Series

Product Features

» Bluetooth® Low Energy Specification V5
o Terminal IfO peripheral and GATT

peripheral role
e Generic GATT client and Server
handling for & concurrent links [3in

centrzl rele and 1 in peripheral role]
LoRa Modulation : Chirp Spread Spectrum,

FSK, GFSK
Data Rate: 250 bps - 50 kbps
LoRaWan 1.02

Owver the air update

Environmental
» | GA pads

*» |ntegrated BLE ceramic Antenna

» | ength x Width x Height: 19x13x2.2 mm

* Temperature range: -40°C to +85°C

Interfaces
« UART: 2500 bps — 921400 bps

lasynchronous)

= Other interfaces: IFC, SP1, PWM, ADC
= GPIOs: Up ta 15

10

Electrical & Sensitivity

* Bluetooth® Low Energy
¢ Transmit Power: -20 to +4dBm
» Recemwver Sensitnaty: -96 dBm
» Max power consumption
in transmission: 7.2 mA

= LoRa®
» Max Tx Power: 14 dBm or up to
19dBm in PA boost mode
¢ Recemver Sensitnaty: Up to -138 dEm
[ SF 12, 125KHz bandwidth)
* Power supply: 1.8V to 3.4V
* Power consumption:
# Transmission mode: <40 mAG25mWY
» Recerve mode:10 ma
o Standby: <2pf
v Sleep: <1pd

Approvals

* Bluetooth Qualification 5
* LoraWan certified

= RED, FCC, IC



TITK

[oT 1n "Digital Economy of the Russian Federation®

PLAN OF ACTIVITIES in the direction of "Information Infrastructure”
program "Digital Economy of the Russian Federation”

04.01.009.001.

04.01.009.002.

04.01.009.003.

04.01.009.004.

04.01.009.005.

04.01.009.006.

04.01.009.007.

04.01.009.008.

Development of the Concept of construction and development of narrowband
wireless communication networks "Internet of things" in the territory of the Russian
Federation and a plan for its implementation

Defined a list and an assessment of the capabilities of the domestic industry for the
production of equipment for the creation of narrowband wireless communication
networks "Internet of things"

Pilot projects implementations of narrowband wireless communication networks of
the Internet of Things in the Russian Federation in 5 key sectors of the economy

Development of a set of measures to improve the technical regulation of narrowband
wireless communication networks "Internet of things" in the territory of the Russian
Federation

Development of the draft Concept for the development of narrowband
communication networks based on LPWAN technology for the collection of telemetric
information on the transport infrastructure

Conditions have been created for the development of a narrowband communication
network based on LPWAN technology, defined radio frequencies for deploying the
network, regulatory legal acts

A schedule was developed for covering the priority objects of transport infrastructure
with narrowband communication networks for the collection of telemetric
information using LPWAN technology. The executors and sources of funding have
been determined

Communication networks based on domestic LPWAN technology are deployed on
priority objects of transport infrastructure with the possibility of using domestic
equipment specified in the milestone 04.01.009.002

Pa3paboTka KoHuenuum nocTpoeHua 1 pa3BmUTMS Y3KONONAOCHbIX 6ecnpoBoOAHbIX ceTeMn
cBA3un "NHTepHeTa Bellen" Ha Tepputopumn Poccuimnckom deagepaumnm u naaHa ee
peannsaymm

OnpeaeneH nepevyeHb U NpoBeAeHa OLLEHKA BO3MOMKHOCTEN OTeYeCTBEHHOM
MPOMbILLINEHHOCTM MO NPOM3BOACTBY 060pyA0BaAHMA ANA PA3BUTMUA Y3KONONAOCHbIX
6ecnpoBoaHbIX ceTen cBsa3n "NHTepHeTa Bewen"

Peann3oBaHbl NMAOTHbIE NPOEKTbI NOCTPOEHUA U BHEAPEHUA Y3KOMOMAOCHbIX
6ecnpoBoaHbIX ceTen cBsa3n "NHTepHeTa Bewen'" B Poccuimnckom Pepnepaunm B 5
KNOYEBbIX OTPACAAX SKOHOMUKMU

Pa3paboTka KOMMNAEKca Mep NO COBEPLUEHCTBOBAHUIO TEXHUYECKOTO PEryiMpoBaHua
Y3KOMONOCHbIX BecnpoBoAHbIX ceTer cBA3KN "VIHTepHeTa Belwen'" Ha TeppuTopmm
Poccuimnckon degepaumnm

Pa3paboTka npoekTa KoHuenunm pa3BuTua ceter y3KonoJIOCHOM CBA3M MO TEXHOOTNU
LPWAN cbopa TenemeTtpmnyeckon MHGopMaLuMmM Ha TPAHCNOPTHON MHPPACTPYKTYpE

Co34aHbl YCNOBUA ANA PA3BUTUA CETM Y3KOMO/IOCHOM CBA3U, MOCTPOEHHOM NO
TexHonormm LPWAN, B Tom uncne onpegeneHnol paano4actoTbl A1A pa3BOpPayYmMBaHUA
CeTn, NPUHATbI HOPMATUBHbIE NPABOBbIE aKTbl

Pa3paboTaH nnaH-rpadmK NOKPbITUA NPUOPUTETHLIX 0OBEKTOB TPAHCMOPTHOM
NHPPACTPYKTYPbI CETAMM Y3KOMNOJIOCHOM CBA3M cOOpa TesieMeTpruyeckom nHpopmauum,
nocTpoeHHou no texHonornmm LPWAN. OnpeaeneHbl UICMONHUTENU N UCTOYHUKN
dUHAHCMpPOBAHUA

CeTun cBsi3n Ha Ha3e oteyecTBeHHOM TexHonorum LPWAN pa3BepHyTbl Ha MPUOPUTETHbIX
06beKTax TPaHCMNOPTHOM MHPPACTPYKTYPbI C BO3MOXKHOCTbIO MCMO/Ib30BAHUSA
oTeyecTBeHHOro obopyaosaHus, onpeaeneHHoro B sexe 04.01.009.002

05.2018

01.2019

03.2020

12.2020

12.2018

12.2018

10.2018

12.2020



BASIC SCENARIOS OF CREATION IOT NETWORKS IN

T RUSSIA

Nel: Nb-loT
e further decrease in the cost of the Nb-loT modems and the cost of updating the LTE core network

e evolutionary update of base stations, creation of coverage areas by Nb-loT network by the biggest operators

Ne2: LPWAN - Lora
e evolutionary construction of LoRa networks in the framework of projects with corporate customers

e access to the market of new regional operators

Ne3: Creation of the federal operator of the Internet of things
e creation of a regulatory framework to ensure the construction of a LPWAN network throughout Russia

* new player's entrance to the market



syic EXAMPLES OF USING IOT IN TRANSPORT AND RAILWAY
INDUSTRY

m Rolling stock: j t Railway infrastructure:

e maintenance of rolling stock according e remote control of the status of switches,
to actual technical condition electric drives
e “digitization” of old locomotives e track condition monitoring

e smart illumination of tracks, stations, tunnels

Wagons: e monitoring of icing for stations, rails, force of
Epgemmmmmugyl. - remote online monitoring conditions storm wind, snow cover |evel
of passenger wagons e energy efficiency, metering devices
Freight transportation : Passenger Transportation :

e controlling conditions of freight wagons
and transported goods

AA e “digitization" of the passengers movement
e analysis of transports flows

e control conditions and route of containers
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