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WO C 9 w®B{b /
Reference  Document/ link Description
" gltltlzié/:’wm‘g/gf [2wh2 1 bx { LISOATFAOI
Developers/LoRaWANDevelopel 2018 March 19th
https://www.lora - [2wl 21 bu mMmdm wS3IAz
[2] alliance.org/For Revision B, 2018 January

Developers/LoRaWANDevelopel
[3]

Dl h{{!w,

ADC Analog to Digital Converter
AES Advanced Encryption Standard
AGC Automatic Gain Control
AMR Automatic Meter Reading
ANATEL Agéncia NAcionaI de TELecomunicacdes (Brazilian ageofty
telecommunications)
AP Access Point
APAC Asia PACiIfic
APC Automated Power Control
API Application Programming Interface
APN Access Point Name
ARM Advanced RISC Machine
BER Bit error Rate
BLER Block Error rate
BTS Base Transceiver Station
BW Band Width
CAN Control Area Network
CDMA Code Division Multiple Access
CMOS Complementary Metal Oxide Semiconductor
CPU Central Processing Unit
DAC Digital to Analog Converter
DDR Double Data Rate
DDRAM  Double Data Rate RAM
DHCP Dynamic Hos€onfiguration Protocol
DIN Deutsches Institut fur Normung (German Institute for Standardization)

DOTA Download Over The Air
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DSP Digital Signal Processor
DVFS Dynamic Voltage and Frequency Scaling
EDGE Enhanced Data rates for GSM Evolution
EIRP Equivalent Isotropically Radiated Power
EMC ElectroMagnetic Compatibility
eMMC Embedded Multi Media Card
FCC Federal Communications Commission
FER Frame Error Rate
FPGA Field Programmable Gate Array
FTP File Transfer Protocol
GNSS Global Navigatiobatellite System
GMSK Gaussian Minimum Shift Keying
GPIO General Purpose Input Output
GPRS General Packet Radio Service
GPS Global Positioning System
GSM Global System for Mobile communication
HSPA High Speed Packet Access
HTTP HyperText TransfdProtocol

IC Integrated Circuit or Industry Canada
IK Mechanical Impact
10 In / Out
loT Internet of Things
IP Internet Protocol or Ingress Protection
IrDA Infrared Data Association
ISM Industrial Scientific and Medical
12C Inter Integrated Circuit
12S Inter IC Sound

KLK KERLINK

KNET KERLINK M2M network

LBT Listen Before Talk

LDO Low Drop Out

LED LightEmitting Diode

LNA Low Noise Amplifier

LoRa Long Range

LSZH Low Smoke Zero Halogen

LTE Long Term Evolution

LUT Look Up table

LVDS LowVoltage Differential Signaling
M2M Machine to Machine

MIPS Millions of Instructions Per Second

MFLOPS Million FLoatingpoint Operations Per Second
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NFS Network File System
NMEA National Marine Electronics Association
PA Power Amplifier
PC PersonalComputer or Polycarbonate
PCB Printed Circuit Board
PCI Peripheral Component Interconnect
PER Packet Error Rate
PLL Phase Locked loop
PoE Power over Ethernet
PU Polyurethane
RAM Random Access Memory
RF Radio Frequency
RSSI Received Signal Strendtidicator
RTC Real Time Clock
RX Receive
SAW Surface Acoustic Wave
SDIO Secure Digital Input Output
Sl {ealdsYS RQLYTF2NXIGAZ2Y
SIM Subscriber Identity Module
SMA SubMiniature version A
SMB SubMiniature version B
SNR Signal to Noise Ratio
SPDT Single Pole Double Throw
SPI Serial Peripheral Interface bus
SSH Secure Shell
SSTP Screened Shielded Twisted Pair
STP Shielded Twisted Pair
TBD To Be Defined
TCP Transmission Control Protocol
TDOA Time Difference On Arrival
TPE ThermoPlasticElastomer
TX Transmit
UART Universal Asynchronous Receiver Transmitter
UFL Miniature coaxial RF connector manufactured by Hirose Electric Group
uUiCC Universal Integrated Circuit Card
UMTS Universal Mobile Telecommunications System
USB UniversalSerial Bus
USIM Universal Subscriber Identity Module
uv UltraViolet
VLIW Very Long Instruction Word
WAN Wide Area Network
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WLAN Wireless Local Area Network
VHF Very High Frequency

3G Third generation of mobile telecommunications technology
3GPP 3rd Generation Partnership Project
4G Fourth generation of mobile telecommunications technology

8PSK Eight Phase shift Keying
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1.LYUNRRdAzOUOA2Z2Y

The Wirnet iBTSis part of the globalL.ongRangeRadio fied network to provide M2M
connectivity link between low power engbint and Internet Access.
The gateway architecture is specifically designed for the needs of public networks operators.

LoRa

Access Point

/ o
Mn LAN @F
WAN
ceme GPRS
Ethernet x@
Wireless Endpoint QG = s

SQOL Server
S Ipve WebServices
Device Management

RESE TR069

@
$ Internet ﬁ" - m

Figurel: LoRa Network topology

The Wirnet iBTSis based ond b SE (i

D SLyRsENéclinaldyy provided by Semtech

Companylt is compatible and interoperable with existing LoRa LPWAN and offery&ePS

geolocation features.

Wirnet iBTS architecture is completely modularand upgradableto offer multiple
configurationgo cover different countries and areas around the world:

Wirnet iBTS 868

Wirnet iBTS 915

Wirnet iBTS 923

Geographical area Europe, Russia
Africa
Middle East, India

ISM band 863-876 MHz
Downstream band 863-873MHz

Upstream band 863-873 MHz

North America
Central America
South America
Philippines

902-928 MHz
902- 928 MHz

902-928 MHz

Asia:lIndonesia, Malaysia, Korea,
Japan, Taiwan, Hong Kong, Thailand
Vietnam, Papua New Guinea,
Singapore

Oceania: Australia, New Zealand
Latin America: Brazil, Argentina,
Colombia

915-928 MHz

919-928 MHz

915-928 MHz
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WWAN LTE B1, B3, B7, B8 a
capabilities B20
HSPA B1, B2, B5 and E
GSM/GPRS/EDGE 8¢
900, 1800 and 1900
Certifications CE (Europe)
WP((India)
Filters for Usage in India require
installation in a specific cavity filter
already existing for coexistence with
telco-area CDMAS800

LTE B2, B4, B5, B1
B17 and B25

CDMA BCO, BC1 ar
BC10

HSPA B1, B2, B4, |
and B8
GSM/GPRS/EDGE
850, 900, 1800 anc
1900

FCC (USA)

IC (Canada)

CB scheme for
Philippines, Mexico,
Chile, Colombia

Not able to share the
same installation site
with
GSM900/HSPA900/L
TE900 BTS (
necessary, use
specific cavity filter)
Usage in Philippine:
requires a specific
cavity filter.

LTE B1, B3, B5, B7, B8, B18, B19,
B21, B28, B38, B39, B40 and B41
HSPA B1, B2, B5, B6, B8, B9 and B1
TDSCDMA B39

GSM/GPRS/EDGE 850, 900, 1800
1900

ACMA (Australia, Ne&ealand)

MIC (Japan)

OFCA (Hongong)

CB scheme for: Thailand, Kore
Singapore, Indonesia, Malaysia, Bra
Argentina

Usage in Singapore, Hokgpng and
Malaysia requires a specific cavi
filter.

The present document addresses all the ab@ienet iBTSversions.
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2.alAY Fdzy OlA2y Il tAGASaE
Here are the main functionalities of th&irnet iBT $roduct:
1 LongRangesupport:

(0]
(0]

(0]

(0]

(0]

Modular "LoRa RF modem" architecture

SDR evolutive architecture including two dual core SoC DSP and ARM
processor per LoRa RF modem

Incorporate LoRa (TMialf-duplexcommunications technology

A RX 863873MHz, TX: 86873MHz (acording to HW capabilities)

A RX: 90928MHz, TX: 96928MHz (according to HW capabilities)

A RX: 91228MHz, TX:B-928MHz (according to HW capabilities)
One LoRa RF modem (16 radio channels) extendaliteitd.oRa RF modems
(64 radio channels)

Configurable for single omnidirectional antenrgpacediversity antennas
dual polarizatiorantenna tri-sectorizationantennas

i Geolocation:

(0]

LoRa geolocation combining RSSI and Time Difference of Arrival (TDOA)
Outdoor and indoor environments
Synchronizabn with GPS

WAN connectivity over GPRS/EDGE/HSPA/LTE or Ethernet

Web local interface allowing configuration, diagnostic and maintenance

USB host interface allowing local secured software upgrade

Highly secured device relying on a hardware secure core

Embealded Base Station Controller (B&Ggntrelying on standard SNMP protocol:

Alarm notifications

Firmware upgrade

File transfer

Remote shell control

Configuration

Monitoring (platform statistics, RF statistics, RF spectrum analyzer...)
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3.1  NRAILIOAFAOF GA2Y a

3.1 Modular architecture

The Wirnet iBTS has a modular architecture allowing the operator to configure and upgrade
the gateway to fulfill its needs.
Thanks to the modularity the operataanchoose
1 The backhaul network: Etheehor GPRS/EDGE/HSERMALTE
1 The unlicensed band (ISMhereto operate the LoRa LPWAN: 868MHz,-928MHz
or 915928MHz
The number of channels to operatiee LoRa LPWAN: 8 to 64
The antenna interface: single (omnidirectional), duapatial diversity or dual
polarization) or tri (sectorization)

)l
1

Four different modules can be integrated in the Wirnet iBTS:
1 CPU Modulevhich includes the main following features
o Power management of the Wirnet iBTS
o CPU
o Memories
0 GNSS receiver (GPS)
1 WAN Module whichprovides the bakhaul functionality
o0 Backup battery
o LTE modemetlined in 3rersions depending on the geographical area:
A Europe
A Americas
A APAC
1 LoRamodulec LoRa LOC, which candlsodeclined in 3 versions:
o 868MHZz(863873MHz)
0 915MHz (90028MHz)
0 923MHz (91928MHz)

The Wirnet iBTS can integrate from one to feloRa modulés In this particulard rLoRa
Y2 RdzZfO2&¢F A A dzNI (A 2 Yy SSYIRE & 102 @ MEchadicfliRTaneRused to
combined KS F2dzNJ a[ 2wl Y 2Ra&0rfudher détals].SGKSNI 64SS 2
In its maximum size configuration, the Wirnet iBTStbemA y 6 S3INJ (S &AE Y2 Rdz

~

Y2Rdz Sé¢xX 2yS G2!b Y2Rdz S¢ |yR F2dz2NJ a[ 2wl  Y2R

TheFigure2 below shows an dgrnal view of the Wirnet iBTS
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Figure2: Wirnet iBTS external view

The Figure 3 below shows an internal view of the Wirnet iBTS, featurihgee a [ 2 w
moduleéd ¢ = 2yS a/t! Y2RdzZ S¢ FyR 2yS a2! b Y2RdzZ S¢

CPU Module S
(CPU, power + GPS

WAN Module(LTE)

Figure3: Wirnet iBTS internal view
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As part of the Wirnet iBTS modularity, many accessories can be provided for configuration
purpose

GNSS antennas

LTE antennas

RF cavity filters

RF coaxial cables

PoE injectors

Surgeprotections

= =4 4 4 -8 -9

The full list of accessoriesdetailed in86.
3.2 Mechanical implementation for standard casing

3.2.1 Sandard casing

The WirnetiBTSs built on a robustiP66aluminumenclosureof 280 x 25k 120mm.
It is composed of two separated parts: the frame antida Thelid tightens to the frame
trough M5 screws, hidden by two plastic etip design covers.

A mounting kitis screwed on theback of the enclosure, allowing several mounting
configurations wallmount, pole mount andnetallic strapping.

The left and right sideof the enclosurantegratetwo waterproof screwin vents to equalize

the pressure inside and outside. This reduces condensation by allowing air to flow freely into

and out of thesealed @closure At the same time, they provide a durable barrier to protect

GKS AYGSNYylLf Y2RdzZ Sa FTNRY O2yidlYAylyda tA1S
safety and longer product life.

The bottom side of the enclosure is dedicated for the conoesct

1 1 x M25 cable gland used to introduce the Ethernet cable (PoE) inside the enclosure
1 3 x NSMB adaptersised as RF interfaces for the antennas:

o 1 for GNSS antenna (GPS)

o 1 for WAN antenna (GSM/HSDPA/LTE)

o 1 for LoRa antenna. The number of LoRa antenteafactes can be extended

to 6.
1 8 x M16 blind stps. They are considered as provisions fé8MB connectors to be
used for additional antennas (LoRa or WAN) or external power supply cable gland.

Blind threaded standoffs are inserted in the rear side thelesure. They are used to screw
and maintain the modules inside the enclosure. The modules can be easily inserted and
extracted for maintenance and upgradability purposes.

TheFigured below shows the different components inside the enclosure.
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Stickerfor regulatory
(FCC, IC, ANATEL

Mounting
kit

~ Sticker w/ serial
number, regulatorX

Screwin

~ vents

Blind
- threaded
standoffs

M16 blind
stops

M25 cable
gland (PoE)

N-SMB
adapters

Figure4: Standard @eclosureinternal view

The main characteristics of the enclosure are detailed hereafter:

Description Specification
Enclosure raterial Aluminum
Gasket material TPE

Mounting kit material Stainless steel
Color RAL9010

Dimensionswith connectors

Dimensions withconnectors +#mounting kit
Weight ¢ no modules

Weight¢ 1 modules configuration
Weight ¢ 3 modules configuration
Ingress protection

Humidity

Impact resistance

Flammability rating

Number of pressure equalizer
Enclosure temperature range

Wirnet iBT Soperating temperature range
Connectors

300 x 280 x 120 mm

300 x 320 x 125 mm

5.4 Kg

6.2 Kg

7.2 Kg

IP66 / EN 60529

95% norcondensing

IKO8

UL94V0

2

-40°C to +120°C

-20°C to +55°C

1 x M25 cable gland (PoE)

3 x NSMB adapters (extension to 11 max)
8 x M16 blind stops (provisions forSMB or
cable gland)
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The modules are screwed on the blind threaded standoffs to build the \WiBTe&S according
to customer requirements.
The modulsare tightened all togethewith two mechanisms:

1 Thebackpanelboard connectors

1 The wing screws assembling the mechanical s{dediators)of the modules

SMBSMB cables are provided to interconngicé RF interfaces of the modules to the SMB
N adapters, on the bottom side of the enclosure.

CPU Module
(CPU, power + GPS

WAN Module
(LTE)

Back panel board
connector

LoRa Module (x1)

Wing screws

Figureb5: Insertion of the modules inside thestandardenclosure

3.2.2 Stickers
TheWirnetiBTS haswo stickers placed insidend outside the casing:
1 A sticker on thebottom of the Wirnet iBTSenclosureincluding serial number,
regulatory markings andlectrical information.
1 A sticker outside theenclosure including regulatory marking and sentences
depending on the countries (FCC,ABIATELS 1 O X 0 @
The placement of the stickers is describedrigure4.
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3.3 Mechanical implementation for compact casing

3.3.1 Gompact casing

The Wirnet iBTS Compact station is built on a high impact resistant IP67 polycarbonate wall
mounting cabinet that withstand harsh industrial and outdoor environments.

It offers excellent flammability rating, good UV resistarased good chemical resistance.

The dimensions of the cabinet are 260 mm x 170 mk@xmm.

It is composed of two separated parts: the frame and a lid. The lid tightens to the frame
trough two hinges that carbe opened or closetly simple clipping. No screws are required

but only optional.

A mounting kit, with embedded antenna brackets, is screwed on the back of the enclosure,
allowing several mounting configations: wall mount, p@ mount and metallic strappg.

LoRa antenna
bracket

M16 blind
stop

N-SMB
adapter

Mounting kit

M25 cable
gland (PoE)

Figure6: Wirnet iBTS Compact external view

The left and right sideof the enclosure integratevo waterproof screwin vents to equalize

the pressure inside and outside. This reduces condensation by allowing air to flow freely into

and out of the sealed enclosure. At the same time, they provide a durable barrier to protect

the internal modules fronO2 y i YAyl yGa fA1S RdzAGZ &l yRX g1
safety and longer product life.

The bottom side of the enclosure is dedicated for the connectors:
1 1 x M25 cable gland used to introduce the Ethernet cable (PoE) inside the enclosure
1 1 x NSMB adapters used as RF interfaces for LoRa antenna. The number of LoRa
antenna interfaces can be extended to two.
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1 1 x M16 blind stop. It is considered as provision fieNaSMB connector to be used
for additional LoRa antenna or external power supply eajénd.

An internal metal plate features a GNSS/LTE antenna bracket. The internal GNSS/LTE
magnetic mount antenna is placed on this bracket.

Blind threaded standoffs are inserted in the rear side the enclosure. They are used to screw
and maintain the mdules inside the enclosure. The modules can be easily inserted and
extracted for maintenance and upgradability purposes.

TheFigure7 below shows the different compents inside the enclosure.

Screwin
vents LoRa antenna
) bracket
Mounting kit Top hinge

GNSS/LTE antenne

bracket
Stickerfor regulatory M16 blind
(FCC, IC, ANATGL ston
N-SMB
Sticler w/ serial adapter
number, regulatorX
M25 cable
Bottom gland (PoE)
hinge

Figure7: Wirnet iBTSCompact internalview

The main characteristics of the cabinet are detailed hereafter:

Description Specification
Enclosure material Polycarbonate (PC)
Gasket material Polyurethane (PU)
Mounting kit material Galvanizedteel
Color RA[Z035
Dimensions with connectors 280 x 170 x 120 mm
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Dimensions with connectors + mounting ki 360 x 19 x 150mm

Weight ¢ 3 modules configuration 3 Kg

Ingress protection IP6& / EN 60529
Humidity 95% noncondensing
Impact resistance IKO8

Flammability rating UL94VO0

Number of pressure equalizer 2

Cabinet emperature range -40°C to +10%C

Wirnet iBTS operating temperature range -20°C to +55C
Connectors 1 x M25 cable glan(PoE)

1 x NSMB adapters (extension to 2 max)
1 x M16 blind stops (provision for-8\MB or
cable gland)

The modules are screwed on the blind threaded standoffs to build the Wirnet iBTS Compact
according to customer requirements.
The Wirnet iBTSompact an embed up to 3nodules.
The modules are tightened all together with two mechanisms:
1 Thebackpanelboard connectors,
1 The wing screws assembling the mechanical s{dediators)of the modules

SMBSMB cables are provided to interconnect the RF interfa¢ese modules to the SMB
N adapters, on the bottom side of the enclosure.
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GNSS/LTE antenn
bracket

Wing screws

LoRa Module (x1)

CPU Module
(CPU, power + GPS

WAN Module (LTE)

Figure8: Insertion of the modules inside theompactcabinet

3.3.2 Stickers
The Wirnet iBTS Compact has two stickers placed inside and outside the casing:
1 A sticker on the bottom of the Wirnet iBTS Compeatbinetincluding serial number,

regulatory markings and electrical information.
1 A sticker outside theabinetincluding regulatory marking and sentences depending
2y (0KS O2dzyGNAS&a o6C/ /% L/X !'bl!e¢e9[x SGO X0
The placement of the stickers is describedragure?.
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3.4 Block Diagram

3.4.1 Common functionalities

The following figure describes the hardware architecture and basic principles that are
common to the many Wirnet iBTS verssomn thiscase we consider a configuration with
2yS G/t ! oy RO2!SKE Y2 Rdzf S¢ YR 2yS G[ 2wl a2 Rdz

Ethernet PoE RF SMB _ RFSMB
Power supply Power Unit {7 (optional)
A DC PA & Filtering
supply RF front GEMISMA
' | ' .
Tranceiver —
3 . holder
High speed _E" :;
serial bus .;_:ﬂ E
Leds
Console (Serial) B
4G Modem
LOCAL Ethernet @)—————  Cortex A9 LoRa processing
0/100
Doolr ielnsor MOdUIe &
eps 8Gbyes eMMC Spectrum
256MBytes DDR scanner
userosT @————— High sense GPS
Backup battery
(supercaps)
UC module RF modem WAN modem

Figure9: Common Wirnet iBTS block diagram

The Wirnet iBTS is power supplied by the PoE injector through the RJ45 cable.

The RJ45 cable is insedtinto the enclosure through the M25 cable gland and connected to
the RJ45 connector of the CPU module.

An alternate option of power supply consists in usingariliarypower supply (11\65V DC)
and connectst to the Eurobloclconnector of the CPU module.

The CPU Module insures thainfollowingfeatures
1 Power managemeninit
1 Cortex ASCPU
1 Memories(8GB eMMC and 256Mb DDR)
1 GNSS receiver (GR8)h one RF SMA connector to connect the GNSS antenna

Therefore, thedCPU modulécan manage all the modules inside the Wirnet iBTS.

ThedWAN Modulé provides the backhaul functionalityt includes:
1 Backup battery(supercaps)
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1 A 4G Mini PCI Express module that cardeelined in 2versions depending on the
geographical area:
o Europeand APAC
o Americas
1 The USIM card holder
T A RF SMB connector to connectLTE antenna
1 An868MHz or 915MHz notch filter to avoid desensitization of the LoRa receivers

¢KS a5dzZf 2!b a2RdzZ S¢ Aa |y ftGSNyFGA@S 27
backhaufunctionality but includes:

o Backup battery

o Two 4G Mini PCI Express module dedicated to Europe

o Two USIM card holder

o Two RF SMA connectors to connect LTE antennas

o Two 868MHz notch filters to avoid desensitization of the LoRa receivers

¢ KS a&[ 2 wkanbédeRwd irS3bandsversionsto address different countries
1 868MHz(863-873MHz)
1 915MHz (902528MHz)
1 923MHz (915)28MHz)

This band tuning is possible bgly changing the RF frorgnd board (PA and filtering).
The RF fronend board is configured tsupport a single antenna (16 channels) and two
antennas (2x8 channels).
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3.4.2 Standard versioof Wirnet iBTS

The following figure describes the functional architecture for the standfdihet iBTS
versionie. A Y Of dZRAY 3 FNRY 2y S: (2 (GKNBS a[ 2wl a2 Rdz

RF Antenna RF Antenna

aPS A WAN Antenna (optionnal)
ntenna \

IP66 Waterproof Case

Pressure
stabilizer

RF Front RF Front RF Front

CPU WAN Radio Radio Radio
module module module module module

Cable gland
RJ45 PoE

PoE Injector
Figurel0: StandardWirnet iBT Sblock diagram

External
Power
220/230V

The RF fronend board ofi KS & [ 2 NI Y 2 R e is3band/kergiondHtSadReSNRA &
different countries:

1 868MHz(863-873MHz)

1 915MHz (902928MHz)

1 923MHz (91528MH?z)

The RF fronend boardis“configured to supporta single antenna (16 channels) atvdo
FyidSyylra o6HEy OKIyyStaod ¢KAa O2dxZ R fSIFIR (KS
maximum use casfri-sector, dual polarizatioantenna for instance).

The GPS (GNS®nnector, the WAN (LTE) connector and LoRa connectors are available on
the bottom side of the enclosure. The antennas are all external antennas.
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343 &G C2 dzNJ [ 2 Ndersiendf Widzét BAS

The following figure describes the functional architectureddgrn [ 2wl Y2 Rdzf Sa¢ @
featuring a maximum of 64 channels.

RF Antenna RF Antenna
WAMN Antenna (optionnal)

GPS Amenna\:\ \ \ /

P66 Waterproof Case

Pressure
stabilizer

RF Front

CPU WAN Radio ' Radio ' Radio ' Radio

module module module module module module

Cable gland
RJ45 PoE

External
Power
220/230V

) Wired WAN

PoE Injector

Figurell: WirnetiBTSan [ 2 wl  YoekRidgiaa ¢ o

In this configuration the mechanical fronend lids and froneend boards of each individual
G[ 2wl a2Rdz S¢ FINBE NBY2Q0SR® ¢KS& NS NBLIIOS
end lid thatcombinethe 4 LoRa modules together.
This biggerRF frontend board can belerived in 2 bands versions to address different
countries:

1 915MHz (90D28MHz)

1 923MHz (918928MHz)

The 868MHz band is not available in this configuration.
ThebiggerRF frontend boardis configured to support a single antenn@4(channels)and
two antennag(2x32channels)

The GPS (GNSS) connector, the WAN (LTE) connector and LoRa connectors are available on
the bottom side of the enclosure. The antennas are all external antennas.
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3.4.4 Compact versioof Wirnet iBTS

The following figure describes the functional atehture of the Wirnet iBTS Compact

RF Antenna RF Antenna
Y / (optionnal)

IP66 Waterproof Case

Internal
WAN/GPS
Antenna

Pressure
stabilizer

RF Front

CPU WAN Radio

module module module
Pressure
stabilizer

Cable gland

RJ45 PoE

External
Power
220/230V

) Wired WAN
PoE Injector

Figure12: Wirnet iBTSCompact lock diagram

The RF fronend board ofi KS & [ 2 NI Y 2 R e is3band/kergiondHtSadReSNRA &
different countries:

1 868MHz(863-873MHz)

1 915MHz(902928MHz)

1 923MHz (91528MH?z)

The RF fronend boardis configured to supporta single antenna (16 channels) atwib
antennas (2x8 channels).

The Wirnet iBTS Compact embeds iaternal GPS (GNSS) / WAN (LE&nbo antenna
compared to external antennfar standard enclosure.

The LoRa connectors are available on the bottom side of the enclosure. The LoRa antennas
are external antennas.
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3.5 Power consumption
Themaximumpower consumption of each individual module is detailed hereafter:

Module Power consumgon
CPU module (20% load) 1.8W
WAN module (HSPA, 25% Tx, 75% RX) 1.7W
LoRa LOC module (Rx mode) 6.5W
Four LoRa LOC module (Rx mode) 20W

Themaximumpower consumption per day of the Wirnet iBTS is then the following:

Wirnet iBTS Power consumption
Wirnet iBTS Compact (1 LoRa LOC Module) 237Wh
Wirnet iBTS with 2 x LoRa LOC Modules 392Wh
Wirnet iBTS with 3 x LoRa LOC Modules 547Wh
Wirnet iBTS with 4 x LoRa LOC Modules 702Wh

Note: the power supply of the Wirnet iBTS must be a limited power source.
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3.6 Detailed description of the modules
3.6.1 CPU module

3.6.1.1 Mechanical description

The CPU module is composed of four main mechapanas:
T ! & GKNBSAE éincldding: y 3 S
o the connectors and interfacgdacement
o venting of internal boards through many holes
1 A rear plate with fixing points for screwing on the blind threaded standoffs
1 Two radiators used as right and left side flanges

Rear plate

Radiators

Fixing points

Back panel _
for screwing

connector

« 3 sides»
flanae

Holes

Figurel3: Mechanical description of the CPU module

The main mechanical characteristics of the CPU module are detailed hereafter:

Description Specification
Radiatorsmaterial Aluminum

Other flanges material Galvanized Steel
Dimensions 156 mm x 88 mm x 38 mm
Weight 500 ¢

Ingress protection IP30
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The CPU module must be positioned on the left side of the Wirnet iBTS enclosure to
distribute thepower supplies antligh-speedserial bus to other modules.

3.6.1.2 Connectors andserinterfaces
The CPU modulacludes he followinguserinterfaces and comectors:

Module side  Connector / interface  Description
Front side Sensor Light sensor to detect aperture of the enclosul
Front side ON/OFF button Press this button to power ON ambwer OFF
the CPU module and therefore the Wirnet iBT
Front side GPS SMA RF connectc GPS input signal to be connected to the C
antenna (internal or external)
Front side USB type A connector Used for firmware upgrade with a USB stick
Front side RJ43 ocal connector Local Ethernet connection¢ interface to
portable PC
Front side RJ45 Debug connector Serial debug interface¢ use debug tool
described in §.7.11
Front side 11-56V Euroblock Auxiliary power supply.
connector Polarity indicated on the front panel
Right side Back panel HE10 Distributes the power supplies and higipeed
40 contacts connector serial bus to other modules
Bottom side  RJ45 PoE connector  Ethernet + powers supply coming from P

injector and introduced in the enclosur

through the M25 cable gland

Thethree RJ45 connectors (POEQCAL and debug)tegrates 2 LED®ne greenand one
orange. The behavior of the LEDs is detailed hereafter:

Connector LED Description

LOCAL Green Ethernet data activity

LOCAL Orange Ethernet Link

PoE/LAN Green Ethernet data activity

PoE/LAN Orange Ethernet Link

DEBUG Green Power status

DEBUG Orange Software status/ activity
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Figurel4: Connectors andserinterfaces of the CPU module

Note: The debug interface is intended to be used by authorized and qualified personnel only.
Only specific equipmentleveloped by KERLINK must be connected to this interface (see
83.7.11)

3.6.1.3 Detailed features

The CPU Module insures the main followings features:
1 Power management uni
1 Cortex A9 CPU
1 Memories (8GB eMMC and 256NIIDR)
1 GNSS receiver (GPS) with one RF SMA connector to connect the GNSS antenna

¢KS G/t! Y2RdzZ S¢ A& (GKS O2NB YIyl3ISYSyd dzyaiai

The CPU module includes the follownhetailedfeatures:

Feature Description

Processor ARM Cortex A9, 800MHz core
IEEE1588 Gigabit Ethernet controller
1 USB HS Host

Memories 256MB DDRAM Volatile memory
8GB eMMGE Non-volatile memory
Watchdog Hardware type
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Security

RTC
GPS

Power

Ethernet

USB
PLL

DEBUG

Sensors

Auto test
User interface
Operating

temperature range
Current drain @48V

Secure core

Information encryption

SecureBoot

Secure software download

RTC clock saved by bagk battery

Integrated high sensitivity GNSS module
GPS L1C/A, GLONASS L1OF, BeiDou B1, QZSS L1C/A, St
and Galileo E1B/C ready

NMEA 0183, version 4.0

Time pulse (PPS) accurac30ns for LoRa geolocation
PoE controller 48V IEEE 802.3af/at

LTPoE

Auxiliary 1156 VDC

Backupbattery for RTC saving

Integrated power management unit in CPU
10/100/1000 Basd

PoE IEEE802.3af/at and LTPoE++
IEEE1588 versiontitne stamping compatible
Automatic polarity correction

1 x RJ45 WAN/POE

1 x RJ45 LOCAL, interface to Portable PC
USB HS type A Slave

High performance, low jitter PLL

PTP, IEEE1588 capabilities

GPS PPS used as reference clock

Freerun and holdover modes

UART interface

Debug tool to be used for UART to USB adaptation
Light sensor to detect aperture of the enclose
Pressure sensor

Temperature sensor

Internal power supplies check

Interfaces and peripheralsheck

LED used for diagnostic (s€&6.1.29

ON/OFF button

-20°C to +85°C

12mA in Power OFF modeequired to maintain PoE supply)
35mA @ 20% load CPU + Ethernet Gbits (PoE)
43mA @@ 20% load CPU + Ethernet Gbits (PoE) + Local Ethe
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3.6.2 WAN module

3.6.2.1 Mechanical description
The WAN module is composed of four main mechanical parts:

T ! & GKNE&Ewe including:

o0 the connectors and interfaces placement

0 venting of internal boards through many holes
1 A rear plate with fixing points for screwing on the blind threaded standoffs
1 Two radiators used as right and left side flanges

Radiators

Rear plate

Back panel
connector

« 3 sides»
flanae

Fixing points
for screwing

Holes

Figurel5: Mechanical description of th&VANmodule

The main mechanical characteristics of iINANmModule are detailed hereafter:

Description

Specification

Radiators material
Other flanges material
Dimensions

Weight

Ingress protection

Aluminum

Galvanized Steel

156 mm x 88 mm x 38 mm
500 g

IP30
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The WAN module embeds four boards:
1 The WAN board
1 A back panel board
1 One Mini PCéxpress board
1 A notch filter board

The WAN modulembedsa Mini PCI express boamndhichis a LTE modem that can be
declined in3 versions:

1 One for Europe

1 One forAPAC

9 One for Americas

The notch filter board is a tiny PCB including 2 UFL connectorsadhdbe plugged directly
onto the MiniPCI Express card RF connector.
There are two versions of the notch filter:

1 868MHz notch filter

1 915MHz notch filter

TheWAN boardcembeds a backup battery based on five supercaps.

3.6.2.2 Connectors and user interfaces
TheWANmModule includes the following user interfaces and connectors:

Module side  Connector / interface Description
Front side WANRF connector WAN 4GRFsignal to be connected to the L1
antenna (internal or external)
Front side USIM connector Pushpushconnector
Insert USIM according to the besides pictur
Right side Back panel HEIbale Transmitthe power supplies anthiigh-speed
40 contacts connector serial bus tdhe next module
Left side Back panel HE10 female Receive the power supplies ardgh-speed

40 contacts connector serial bus from the previous module
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Figurel6: Connectors and user interfaces of the CPU module

Note: UFL to SMA coaxial cables are used to connect the MihiER@ess card to the
antennas.

3.6.2.3 Detailedfeatures

3.6.2.3.1 WAN board

The architecture of the WAN board is very simple as it only includes:

1
1
il

1
1
il

DC/DC converters to supply the Mini PCI Express cards. The Input voltage is the 9V
provided by thebackpanelboard

Five supercaps and the assdecharging circuit, featuring a backup battery

A USB Hub to manage the USB bus available obablkpanelboard between the

two MiniPCI Express cards

Two Mini PCI Express connectors

A USIM connector

A HE10 40 contacts connectors for theckpanelboard

The WAN module supports the following features:

Feature Description

Mini

PCl  Expres: USB only (no PCI Express interface available)

Interface Full Mini Card form factor (F1, F2)
Backup battery 5 x 25F/2.7V supercapacitors

15 minutes charging time
Up to one minute capacity to ensure safe power down of the Wit
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iBTS
User interface USIM connector, pushush type
SMA RF connector (LTE)
Operating -20°C to $5°C

temperature range
Current drain @48V 21mA HSPA Rx (attached)
72mA HSPA Tx@Pout max

The first 4G Mini PCI Express card is dedicated to the European and APAC markets.

The reference is Sierra Wireless MC7304.

This module is already GCF approved and meets the Radio Equipment and
Telecommunications Terminal Equipment (R&TTE) Directive of the European Union.

The mains characteristics are summariregieafter,but more information can be found on
Sierra Wireless website.

The bands and data rate supported by the MC7304 are thewollp

Technology Band Data rate

LTE Band 1 (2100MHz)  Category 3

3GPP Release 9 Band 3 (1800MHz) 1 Downlink:
Band 7 (2600MHz) 0 100Mbps (20MHz BW)
Band 8 (900MHz) 0 50Mbps (10MHz BW)
Band 20 (800MHz) 1 Uplink:

0 50Mbps (20MHz BW)
0 25Mbps (10MHz BW)

UMTS Band 1 (2100MHz)  HSPA+ rates:

HSPA Band 2 (1900MHz) 1 Downlink: up to 42Mbps (category 24

3GPRRelease 8 Band 5 (850MHz) 1 Uplink: up to 5.76Mbps (category 6)
Band 8 (900MHz)

GSM GSM 850 (850MHz) GPRS Multislot class 10

GPRS EGSM 900 (900MHz) GPRS Multislot class 12

EDGE DCS 1800 (1800MHz CS1to CS4

3GPP Release 9¢ PCS 19001900MHz) MCS1 to MCS9
EDGE throughput up to 236kbps

The conducted receivesensitivity of the MC7304 depending on the bands and the
technologies are:
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Technology Conducted R sensitivity (typical)

LTE band {10MHz BW) -98.7dBm

LTE band 3 (10MHz BW) -99.5dBm

LTE band 7 (10MHz BW) -98.0dBm

LTE band 8 (10MHz BW) -99.3dBm

LTE band 2Q1L0MHz BW) -99.6dBm

HSPA band 1 (0.1% BER, 12.2 kbps) -111.4dBm

HSPA band 2 (0.1% BER, 12.2 kbps) -110.8dBm

HSPA band 5 (0.1% BER, 12.2 kbps) -111.4dBm

HSPA band 8 (0.1% BER, 12.2 kbps) -111.8dBm

GSM850 (10% BLER) -112dBm CS1
-104dBm MCS5

EGSM900 (10% BLER) -112dBm CS1
-104dBm MCS5

DCS1800 (10% BLER) -112dBm CS1
-105dBm MCS5

PCS1900 (10% BLER) -112dBm CS1

-104dBm MCS5

The conducted output powenf the MC7304 depending on the bands and the technologies

are:
Parameter Conducted TX power Notes
LTE band 1, 3,20 +23dBm +/ 1dB Can vary as per 3GPP MiaRle
LTE band 7 +22dBm +/ 1dB Canvary as per 3GPP MPR table
HSPA band 1, 2,5, 8 +23dBm +/ 1dB Class 3
GSM50, EGSM900 +32dBm +1dB GMSK, class 4

+27dBm +1dB 8PSK, class E2
DCS1800, PCS1900 +29dBm +/1dB GMSK, class 1

+26dBm +/1dB 8PSK, class E2

LTE antenna gaimust be considered to determine the associated El&R radiated
sensitivity

The second 4G Mini PCI Express card is dedicated to the European and APAC markets.

The reference is MC7430.

This module is alrely GCF approved and meets the Radio Equipment and
Telecommunications Terminal Equipment (R&TTE) Directive of the European Union. The
module is also already certified in Japan, Brazil, Korea, Taiwan and Korea.
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The bands and data rate supported by the madate the following:

Technology Band Data rate

LTE B1 (2100} FDD Category 6

3GPP Release 1. B3 (1800+) FDD 1 Downlink:

FDD and TDD B5 (850} FDD o FDD: 300Mbps
B7 (2600} FDD o TDD: 222Mbps
B8 (900) FDD 1 Uplink:
B18 (800 lower) FDD o FDD: 50Mbps
B19 (800 upper FDD o TDD: 26Mbps

B21 (1500 uppenFDD
B28 (700APTF)FDD
B38 (2600% TDD

B39 (1900+y TDD
B40 (2300% TDD

B41 (2500} TDD

UMTS B1 (2100) HSPA+ rates:
HSPA B5 (850) 1 Downlink: up to 42Mbps (category 24
3GPP Release 9 B6 (850 UMTS only) T Uplink: up to 5.76Mbps (category 6)
B8 (900)
B9 (1800)
B19 (800 upper)
TDSCDMA B39 (1900+) Data rates:

w 52gyfAYlY !'LJ G2 W<
w 'LXAYLlY LI G2 HODH

Spreading rate:
w 528yt AYlY mMdHy aOL
GSM None N/A
GPRS
EDGE
3GPP Release 9¢

Compared to theViC7304 MiniPCle card, the MC7430 supports more 3G and 4G bands. This
MiniPCle card is then suitable in urban areas for instance where 4G or 3G coverage
excellent.

Thelast4G Mini PCI Express card is dedicated toAheerican market
The rderence is Sierra Wireless MC435

This module is alreadyTCRB and CDG2 approved.

It is alsoFC@GndIC certified
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1 FCC ID: N7TNMC7355
1 ICID: 2417GMC7355

The mains characteristics are summaribhegeafter,but more information can & found on
Sierra Wireless website.

The bands and data rate supported by the MC7354 are the following:

Technology Band Data rate
LTE Band 2 (100MHz) Category 3
3GPP Release 9 Band 4 (100/2100MHz) 1 Downlink:
Band 5 (86MHz) o 100Mbps (20MHz BW)
Band 13 (700MHz) o 50Mbps (10MHz BW)
Band 17 (60OMHz) 1 Uplink:
Bard 25 (190MHz) o 50Mbps (20MHz BW)
0 25Mbps (10MHz BW)
CDMA BCO (800MHz) CDMA 1856 (1XEMDO Release A)
EVDO release 0 BC1 (1900MHz) 1 Up to 3.1 Mbps forward channel
EVDO release A BC10 (800MHz) 1 Up tol.8 Mbps reverse channel
CDMA 12000

1 Up to 153 kbps, simultaneous forwal
and reverse channel
Circuitswitched data bearers up to 14.4 kbg

UMTS Band 1 (2100MHz) HSPA+ rates:

HSPA Band 2 (1900MHz) 1 Downlink: up to 42Mbps (categor

3GPP Release 8 Band 4 (1700/2100MHz) 24)
Band 5 (850MHz) 1 Uplink: up to 5.76Mbps (category 6)
Band 8 (900MHz)

GSM GSM 850 (850MHz) GPRS Multislot class 10

GPRS EGSM 900 (900MHz)  GPRS Multislot class 12

EDGE DCS 1800 (1800MHz) CS1to CS4

3GPP Release 9¢ PCS 1900 (1900MHz) MCS1 taMCS9
EDGE throughput up to 236kbps

The conducted receiver sensitivitgf the MC7354 depending on the bands and the
technologies are:

Technology Conducted RX sensitivity (typical)
LTE band 21.0MHz BW) -99.1dBm
LTE band 410MHz BW) -99.7dBm
LTEband 5(10MHz BW) -98.0dBm
LTE band 18L0MHz BW) -98.7dBm
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LTE band 17 (10MHz BW)

LTE band 25 (10MHz BW)

CDMA BCCDMA 1x (0.5%HR)
CDMA BCO EVDO rev A (0.5% PER)
CDMA BC1 CDMA 1x (0.5% FER)
CDMABC1 EVDO rev A (0.5% PER)
CDMA BC10 CDMA 1x (0.5% FER)
CDMA BC10 EVDO rev A (0.5% PER)
HSPA band 1 (0.1% BER, 12.2 kbps)
HSPA band 2 (0.1% BER, 12.2 kbps)
HSPA band 4 (0.1% BER, 12.2 kbps)
HSPA band 5 (0.1% BER, 12.2 kbps)
HSPA band 8 (0.1% BER, 12.2 kbps)
GSM850 (10% BLER)

EGSM900 (10% BLER)
DCS1800 (10% BLER)

PCS1900 (10% BLER)

-99.7dBm
-98.8dBm
-109.6dBm
-109.8dBm
-110.8dBm
-110.6dBm
-110.3dBm
-110.7dBm
-111.0dBm
-111.4dBm
-112.1dBm
-110.8dBm
-111.8dBm
-111dBm CS1
-102dBm MCS5
-111dBm CS1
-102dBm MCS5
-111dBm CS1
-101dBm MCS5
-111dBm CS1
-101dBm MCS5

The conducted output powenf the MC7354 depending on the bands and the technologies

are:
Parameter Conducted TX power Notes
LTE band 2, 4,833, 25 +23dBm +/ 1dB Can vary as per 3GPP MPR table
CDMA BCO, BC1, BC10 +24dBm +0.5/1dB
HSPA band 1, 2,5, 8 +23dBm +/ 1dB Class 3
GSM850, EGSM900 +32dBm +/1dB GMSK, class 4
+27dBm +/1dB 8PSK, class E2
DCS1800, PCS1900 +29dBm +/1dB GMSK, class 1

+26dBm +/1dB

8PSK, class E2

LTE antenna gaimust be considered to determine the associated El&f radiated

sensitivity

A notch filteris included in the WAN modul&@he purpose of this notch filter is to reject the
noise generated by the 4G modem the LoRa unlicensed band. This maygen for
instance when the LTE antenna and the LoRa antenneeayelose to each other.
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The notch filter insures that the LTE modem does not desensitize the LoRa receiver.

There are two versions of the notch filter:

1 868MHz notch filter
1 915MHz notcHilter

The performances of the 868MHz notch filter are the following:

Parameter Specification
Band pass 1 880- 960 MHz
Band pass 2 1710¢ 1880 MHz
Band pass 3 1920¢ 2170 MHz

Insertion Loss at BP1
Insertion Loss at BP2
Insertion Loss at BP3
Attenuation 863- 868 MHz
Attenuation 868-870 MHz
Input/output impedance
RF connectors

1.6dB typ (2.5dB max)
1.15dBtyp (2.0dB max)
1.4dB typ (2.0dB max)
>9dB typ

>33dB typ

50 ohms

UFL

The performances of the 915MHz notch filter are the following:

Parameter Specification
Band pass 1 824- 890 MHz
Band pass 2 890¢ 894 MHz
Band pass 3 1710¢ 1880 MHz
Band pass 4 1880¢ 1990 MHz
Band pass 5 2100¢ 2170 MHz

Insertion Loss at BP1
Insertion Loss at BP2
Insertion Loss at BP3
Insertion Loss at BP4
Insertion Loss at BP5
Attenuation 902908.5 MHz
Attenuation 908.5920.5 MHz
Attenuation 920.5928 MHz
Input/output impedance

RF connectors

0.85dB typ (2.0dB max)
1.4dB typ (5.0dB max)
2.2dB typ (2.8dB max)
2.3dB typ (3.0dB max)
2.45dB typ (3.0dB max)
>11.5dB typ

>12.5dB typ

>14.1dB typ

50 ohms

UFL
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3.6.3 Dual WAN Module

3.6.3.1 Mechanical description

The Dual WAN module is composed of four main mechanical parts:
T ! aG&ENBSa¢ Ffly3asS AyOfdzZRAy3AY
o0 the connectors and interfaces placement
0 venting of internaboards through many holes
1 A rear plate with fixing points for screwing on the blind threaded standoffs
1 Two radiators used as right and left side flanges

Radiators Rear plate
Fixing points
Back panel for screwing

connector

« 3 sides»
flanae

Figurel7: Mechanical description of the Dual WAN module

The main mechanical characteristics of the Dual WAN module are detailed hereafter:

Description Specification

Radiators material Aluminum

Other flanges material Galvanized Steel
Dimensions 156 mm x 88 mm x 38 mm
Weight 500 ¢

Ingress protection IP30
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3.6.3.1 Connectors and user interfaces
The Dual WAN module includes the following user interfaces and connectors:

Module side  Connector / interface Description

Front side WAN1 RF connector WAN 4G RF signal to be connected to the
antenna (internal or external)

Front side WAN2 RF connector WAN 4G RF signal to be connected to the
antenna (internal or external)

Front side USIM1 connector Pushpush connector
Insert UBM according to the besides picture
Front side USIM2 connector Pushpush connector

Insert USIM according to the besides pictur
Right side Back panel HE10 male  Transmit the power supplies and high spe
40 contacts connector serial bus to the next module
Left side Back panel HE10 female Receive the power supplies and high spe
40 contacts connector serial bus from the previous module

Figurel8: Connectors and user interfaces of the Dual WAN module
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3.6.3.2 Dual WAN moduleharacteristics
The Dual WAN module supports the following features:

Feature Description
2x Mini PCI Expres USB only (no PCI Express interface available)
Interfaces Full Mini Card form factor (F1, F2)

Only one frequency bands dependent versioavailable
Both WAN 4G Mini PCI board may be active in parallel, i.e. attach
the network at the same time.

Backup battery 5 x 25F/2.7V supercapacitors
15 minutes charging time
Up to one minute capacity to ensure safe power down of the Wit
iBTS

Operating -20°C to +85°C

temperature range

Current drain @48V / 21mA HSPA Rx (attached)

PCI express interface 72mA HSPA Tx@Pout max

3.6.3.3 Supported Mini PCle cards

The Dual WAN module embeds two Mini PCI express boards.
So far, only one Mini PCle board / lhedem dedicated for Europe and APAC is available:
MC7304 from Sierra Wireless. This MiniPCle card is described in cRap&B.2
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3.6.4 LoRamodule¢ LoRa LOC

3.6.4.1 Mechanical description

3.6.4.1.1 Sngleda [ 2[wH /mé&dule

The LoR&.OOmodule iscomposed of five main mechaniqarts:
T ! aG&ENBSa¢ Ffly3asS AyOfdzZRAy3AY
o The connectors and interfaces placement
0 Venting of internal boards through many holes
1 A rear plate with fixingpoints for screwing on the blind threaded standoffs
1 Two radiators used as right and left side flanges
1 Afrontend lid, used as a shield for the freand board

Radiators

Rear plate
Wing screw
Frontend
lid
Fixing points
Back panel for screwing

connectors

« 3 sides»
flanoe

Figure19: Mechanical description of th&oRag LOOmodule

The rear plate and the two radiators side flanges are the same as the one used for the CPU
Y2 Rdzf Sttree@RRSGE ¢ FflyaS Aa RAFTFSNBYyG FNRY GKS
modules due to different interfaces and connectors but dimensions are the same.

The frontend lid is then a particular mechanical peddicated only for the LoRa modules.

The front-end lid is tightened to the other mechanical parts through the wing screws on the

front.
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The main mechanical characteristics of tteramodule are detailed hereafter:

Description Specification

Radiators material Aluminum

Other flangesand lid material Galvanized Steel
Dimensions 156 mm x 102nm x 38 mm
Weight 600 g

Ingress protection IP30

The LOR4OC module embeds three boards:
1 A back panel board
1 The LoR&OC modem board
1 A frontend radio board

Thebackpanelboard is used to connect the CPU module through the back panel connector
and provide another back panel connector to the next module. This board is the sahe as
one used in the WAN module

The LoraLOCboard integrates the LoRaLOCmodem based on theAD9361 transceiver
(Analog Devicegind SX130{Semtech} DSP as demodulators.

The front-end board embeds the radio transmitters and ree¥s. Three versions are
derived to support thedifferent unlicensed bands:

1 868MHz (86873MHz)

1 915MHz (90028MHz)

1 923MHz (91828MHz)

The frontend board is connected to the LoR&®Cboard trough SMB RF connectors and a
HE10 14 contacts
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3.6.4.1.2 Fourda [ 2[wH /mé&dules

The fourdLoRa h /mé&dules version is composed of 4 single LbR&RF modules.
The frontend board and the fronend lid of each individual module are removed and
replaced by a single common freahd board and frontnd lid, covering the four modules

together.
Fixing points
for screwing
Wing -
a Radiators
Froqt end screws
lid Rear plates (x4)
Back panel
connectors
Holes « 3 sides» = _
flanae Fixing points

-

Figure20: Mechanical description of the four LoRa&DOmodules configuration

for screwing

The rear plates and the two radiatossde flanges are still unchanged.
The frontend lid is tightened to the other mechanical parts through the wing screws on the
front.

The main mechanical characteristics of the Lora module are detailed hereafter:

Description Specification

Radiators materal Aluminum

Other flanges and lid material Galvanized Steel
Dimensions 156 mm x 102 mm x 152 mm
Total weight 1700 g

Ingress protection IP30

Insidethe mechanical partd) KS F2 dzMJ)/ & [ ¥ @IRdzf S& @S NEbdaly A &
1 4 back panel boards
1 4 LoRa.OC modem boards
1 A single frontend radio board
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Thebackpanelboards connect the four LoRa modems together and also to the CPU module.
This board is the same as the one used in the WAN module and single LoRa module. The
board will not befurthermore detailed.

Four Lora LOC boards are used. They integrate the AD9361 transceiver and SX1301 + DSP as
demodulators, as described previously.

The frontend board embeds the radio transmitters andcegvers. Two versions are dext/
to support the differem unlicensed bands:

1 915MHz (90228MHz)

1 923MHz (91828MHz)
The frontend board is connected to the LoR&®C modules trough SMB RF connectors and a
HE10 14 contacts. The first Lar®C board is plugged directly on the fremd board
through the SMB conngéars. The other LORBOC boards are connected to the fraarid
board through SMB coaxial cables.

3.6.4.2 Cmnectors and user interfaces

The LoRa LOC module includes the following user interfaces and connectors:

Module side  Connector /interface Description

Front side LoRaRFSMBconnector # LoRaRF signal to be connected to th®Ra
RA antenna # 1

Front side LoRa RF SMB connector LoRa RF signal to be connected to the L
RR2 antenna # 2

Right side Back panel HE10 male  Transmit the power supplies artdgh-speed
40 contactonnector serial bus to the next module

Left side Back panel HE10 female Receive the power supplies ardgh-speed

40 contacts connector serial bus from the previous module

The LoRa SMB RF connectoRR and# RR2 are connected to the SMB/N adapters on the
bottom side of the Wirnet iBTS via SMB coaxial cables.

This document is the strict property of Kerlink and shall not be either copied nor sent without ex
written authorization of Kerlink

Internal Use Kerlink ommunication isverything reserved rights
Confidential

, —— ‘ Kerlink¢ 1 rue Jacqueline Auriaj 35235 THORIGNEOUILLARL Page51/ 174
Strict confidential




Document title: Wirnet iBTS
Product Description

r.\ @ Wirnet iBTS _
e In Product Description  ycior o0
ro P Author : Benoit LE TEXIER

communication is everything Date: 04/10/2018

RN

Figure21: Connectors and user interfaces of th®Ra LO@odule

The RF1 connector is on the left side of the frendlid.

The RF2 connector is on the right side of the frend lid.
The positions of the RF1 and RF2 connectors are indicated on the sticker onthepLoRa

LOC module as follows:

RF1 conn r
connecto RF2 connector

Figure22: RF1 and RF2 connectors of the LoRa LOC module

Note: RF1 stands for RF path 1, RF2 stands for RF path 2.
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3.6.4.2.2 Fourda [ 2[wH /mé&dules
¢KS [ 2wl [h/ dan Y2RdzZ Sd¢ O2yFAIdzNI GA2Y Ay

connectors:

Module side  Connector /interface Description

Front side LoRa RF SMB connector LoRa RF signal to be connected to the L
RA antenna # 1

Front side LoRa RF SMB connector LoRa RF signal to be connected to the L
RR2 antenna # 2

Right side Back panel HE10 male  Transmit the power supplies and high spe
40 contactonnector serial bus to the next module

Left side Back panel HE10 female Receive the power supplies and high spe

40 contacts connector serial bus from the previous module

The LoRa SMB RF connectoRR and# RR2 are connected to the SMB/N adapters on the
bottom side of the Wiret iBTS via SMB coaxial cables.

RF1 RF2
connector connector

Figure23: Connectors and user interfaces of tdd_.oRa LOC modude

The RF1 connectas on the left side of the frorend lid.

The RF2 connector is on the right side of the frend lid.

The positions of the RF1 and RF2 connectors are indicated on the sticker on top of the LoRa
LOC module (similar to single LoRa LOC module).

Note: RF1 &ands for RF path 1, RF2 stands for RF path 2.
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3.6.4.3 LoR LOC mdem board
The following block diagram details the architecture of the LoRa LOC module:

-~ # A Y
’I ‘\ I 1
i 1 1 1
H 1 1 1
1 1 1 1
1 I ! 1
1 1 1 1
I H H H
: RNTX 1 I
I > H
H ! Front-end I
I
H i ! board I
I I H 1
I RUTX H
1
! - -
1 i !
I ! i !
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 I ! 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 I ! 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1
|‘ 1 : 1
\ ! .‘ !
N o o 'f

High speed serial bus / Power
Figure24: LoRa LOC board block diagram

a. Transmitter:
The Tx LoRa modulatorbased on the AD9361 from Analog Devices. This modem includes
two identical transmitters path (RF path 1 and RF path 2). The data are provided by the two
SX1301 through the FPGA via the digital interface. The FPGA complete some pulse shaping
filtering to optimize the RF output spectrum.
The AD9361 is a direct conversion transmitter achieving high modulation accuracy and ultra
low noise performance. It can achieve abod60dBc/Hz at 20MHz offset and about
150dBc/Hz at 7MHz offset. Therefore, the noise gatedt by the transmitter in the WAN
bands is very low, causing no desensitization of théocalized BTS.
The two TX signals are then injected in the frentd board wherethey arefiltered and
amplified.

b. Receiver
The receiver is a SDR receiver inclgdinde band downconverter and DSP demodulators.
Two RX signals are coming from the frend board where it were amplified and filtered.
The down conversion of the RF signals is completed by the AD9361, which manages the two
RF inputs simultaneously. Thedgband signals are provided then to the two SX1301,

This document is the strict property of Kerlink and shall not be either copied nor sent without ex
written authorization of Kerlink

Internal Use Kerlink ommunication isverything reserved rights
Confidential

. — ‘ Kerlink¢ 1 rue Jacqueline Auriaj 35235 THORIGNEOUILLARL Page54/ 174
Stiict confidential




Document title: Wirnet iBTS

& . . inti
Wirnet iBTS Prodyct Description
In Product D inti Version: 2.0
roduct Description aythor: Benoit LE TEXIER

communication is everything Date: 04/10/2018

through the FPGA, which demodulates the LoRa signals. Each SX1301 can demodulate up to
8 channels, so 16 channels in total.

The time stamping of the signals, for geolocation purpose, are completed byshBSP.

A second DSP is available for possible future evolutions.

In parallel of the two Rx paths, two SX1239 (Semtech) are used to perform spectrum
analysis. They are controlled by a M3processor. This analysis can be completed without
impacting he LoRa reception on the mainstream.

The mains characteristics of the LeRaC board are detailed in the following table:

Feature Description
DSP (x2) Texas Instruments OMAPL38
Dual core SoC
ARM926Ey 1 wL{/ at |
C674x fixed; and floatingg point VLIW DSP
Core running at up to 456MHz
Up to 3648 MIPS and 2746 MFLOPS
64 generapurpose registers (3Bit)
Six ALU (32and 40Bit) Functional Units
Two Multiply Functional Units
16 bits DDR2 SDRAM (256MB) Memory Controller
EMIFA Memory Controller for NOR, NAND and 16 bits SDF
(128MB)
Three configurable UART Modules
Two Serial Peripheral Interfaces (SPIs)
Two Master and Slave 12C Bus
Two Multimedia Card (MMC)/Secure Digital (SD) Card Interfaces
Programmable RedlimeUnit Subsystem
USB 2.0 OTG Port with Integrated PHY
10/100 Mbps Ethernet MAC IEEE 802.3 Compliant
High-Speed Parallel Interface to FPGAs and Data Converters
Two Enhanced HigResolution Pulse Width Modulators
RealTime Clock (RTC) with-BRizOscillator
Three 64Bit GeneraPurpose Timers
One 64Bit Watchdog Timer
FPGA Dualcore SoC, ARM Cort&¥® MPCore processor and FPGA
925 MHz maximum frequency
8-input Adaptive Logic Modules (ALM)
Up to 13.59 Mb of embedded memory with ECC
Variableprecision DSP blocks
875Mbps LVDS receiver and 840 Mbps LVDS transmitter
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Flash

RAM (x2)

LoRa demodulator
(x2)

Geolocation

Transceiver

614 Mbps to 6.144 Gbps integrated transceiver speed
Hard memory controllers DDR3, DDR2, and LPDDR2 with 16 and
ECC support
USB 2.0 OTG controller
SD/MMCcontroller
UART, SPI and 12C interfaces
Up to 85 GPIO interfaces
Precision PLLs, integer and fractional modes
NOR Flash
128Mb
SPI interface
100 000 erase cycles per sector
20 years data retention
DDR2 SDRAM
512Mb
16 bits
Based or5X1301 digital signal processing engine from Semtech
True antenna diversity or simultaneous ditand operation
10 programmable parallel receive paths
Emulates 49 x LORA demodulators and 1 x (G)FSK demodulat
SX1301:
1 8 x LoRa demodulator at dynamic data rate with 125KHz B'
1 1 x LoRa demodulator at fixed data rate
1 1x(G)FSK demodulator
Dynamic dataate (DDR) adaptation
Detect simultaneously 8 preambles corresponding to all data r
(Spreading Factor) aibbRa 125KHz BW
2 MHz baseband BW
FSK or LORA modulator
70 dB CW interferer rejection at 1 MHz offset
SPI interface to MCU
Digital interface to radio transceiver
5 x GPIO
Completed by OMAR138 DSP
Outdoor and indoor environments
Synchronization with GPS PPS clock
Combines RSSI and TDOA measurements
Accuracy < 50m (90% confidence, high density coverage)
Analog Devices AD9361
70MHz to 6000MHz frequency range
200 kHz to 56 MHz channel BW
IntegratedfractionalN synthesizers
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2 x 2 transceiver with integrated 4it DACs and ADCs
91 Dual transmitters: 4 differential outputs
91 Dual receivers: 6 differential or 12 singdaded inputs
Highly linear broadband transmitter
+8dBm typ. output power
90dBoutput power control range
164dBc/Hz Signal to Noise performance at 90MHz offset
Receiver Noise Figure of 2 dB
+40dBm IIP2 at max gain
-18dBm IIP3 at max gain
Independent automatic gain control
DC offset correction, quadrature correction agigital filtering
Very low LO leakage
Sniffer (x2) Based on Semtech SX1239
ZerolF receiver
FractionalN PLL
300MHz to 1020MHz frequency range
FSK, GFSK, MSK, GMSK and OOK demodulator
FSK Bit rates up to 300 kb/s
Digital filtering,demodulation, AGC, AFC, synchronization and pa
handling
Accurate RSSI measurements through automatic gain calibration
115dB Dynamic Range RSSI
+35dBm to +75dBm [IP2 depending on AGC configuration
-18dBm to +20dBm IIP3 depending on ABAfiguration
66 dB typ. CW interferer rejection at 1 MHz offset
79 dB typ. CW interferer rejection at 10 MHz offset
M3 MCU ARM CortexM3 CPU platform
High Performance 3Bit processor @ up to 48 MHz
Memory Protection Unit
Flexible Energlylanagement System
512 KB Flash
128 KB RAM
Hardware AES with 128/25tit keys in 54/75 cycles
12-bit 1 Msamples/s ADC
12-bit 500 ksamples/s DAC
2x Analog Comparators
3x Operational Amplifiers
Low Energy Sensor Interface
9 x Timers/Counters
Watchdog Timer
RTC and retention registers
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Autotest

Operating
temperature range
Current drain @48V

3x UART/SPI/SmartCard/IrDA/I2S interfaces

2x Low Energy UART
2x 12C Interfaces

Universal Serial Bus (USB2.0) with Host & OTG support

50 x configurable GPIO
Debug Interface

Check of the.oRa LOC module power supplies by M3 MCU

-20°C to +85°C

130mA in Receive Mode (all demodulators activated)

120mA in Transmit mode@27dBm

3.6.4.4 Frontend board

The followingblock diagram details the architecture of the freemd board in a single

module configuration

—M

RF1 path

PA33dBm

TX1

LNAL

/1)

1)

RF2 path

RX2

1

RF1 antenna
\_.

< M

PA33dBm

LNA2

4””1 RX2

RF2 antenna

N~—o

AN [\

Figure25: Frontend board block diagram

The frontend board integrates twaluplicated TX and Rx paths (RF1 path and RF2 path).
Each TX/RX path is connected to one SMB antenna port, referenced as RF1 and RF2.
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Each path is detailed hereafter:

Transmitter:

1 The TX signal, coming from the LoRa LOC board, is injected in a RF bdiitepass
The main goal of this filter is to reject the harmonics and shape the noise outside the
band pass, especially in the WAN bands.

1 The TX signal is amplified by a 2W power amplifier. This amplifier has an excellent
noise figure to not degrade the SiBrformance of the modulator.

1 A low pass filter rejects the harmonics generated by the amplifier.

1 A SPDT combines both TX and RX paths together as LoRa-duplexlfsystem.

Receiver:

1 A first band pass filter is used to reject the out of band blockard the WAN

transmitters especially.

1 The signal is amplified by a LNA with a very low noise figure, in order to not degrade
the sensitivity of the receiver.
A second band pass filter offers higher attenuation of the out of band blockers.
The down conveisn of the RF signal is completed in the LoRa LOC board by the
AD9361.

1
1

A single PCB is used for all the fremid boards but they are declined in three different
versions to cover the unlicensed bands:
1 868VIHz(863873MHz)

1 915VIHz (902928MHz)
1 923VIHz(915928MHz)

The BOM is adjusted for the different versions. Frequency adjustment is completed through
different SAW filters, low pass filters and matching circuits.

The details of the frequency bands, channelization, out of band rejection are detailed
83.6.4.6

The following block diagram details the architecture of the frend board, in a four
modules configuration:
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Figure26: Frontend 4 modules board block diagram

The frontend board integrates two TX and two Rx paths (RF1 path and RF2 path). Each
TX/RX path is connected to one SMB antenna port (RF1 and RF2 respectively).

The twoTX paths are similar and are detailed hereafter:

1 The TX signal, coming from the LoRa LOC board, is injected in a RF band pass filter.
The main goal of this filter is to reject the harmonics and shape the noise outside the
band pass, especially in the WABANIS.

1 The TX signal is amplified by a 2W power amplifier. This amplifier has an excellent
noise figure to not degrade the SNR performance of the modulator.

1 A low pass filter rejects the harmonics generated by the amplifier.

1 A SPDT combines both TX and BtKgptogether as LoRa is a hdilfplex system.

The receive paths are somehow more complicated. We can retrieve almost the same
configuration for both paths but there are some differences. The purpose of the RX
architecture is to allow the reception on twantennas but also on a single antenna. This is
the goal of the splitter and SPRNTowingconnection ofthe two paths together.

The Rx path #1 (main path) includes:
1 A first band pass filter that is used to reject the out of band blockers and the WAN
transmitters especially.
1 The signal is amplified by a first LNA with a very low noise fituregt degrade the
sensitivity of the receiver.
1 A second band pass filterfefs higher attenuation of the out of band blockers.
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1 The signal is then split in 2 ways:
o On the main way, to another LNA used to compensate the insertion losses of
the next 4 ways power splitter to not degrade the receiver noise figure

o On the second wayptthe Rx path #2 via a SPDT
LT GKS {t5¢ Aad a2LSYySRés GKSy GKS wE LI GK |
from antenna #RF1 is only transmitted through the Rx path #1. The RF signal is transmitted
through a 4 ways splitter to 2 LoR&®C boards$o insure the down conversion of the RF
signal and the LoRa demodulation.

The Rx path #2 (secondary path) includes:

1 A first band pass filter that is used to reject the out of band blockers and the WAN
transmitters especially.

1 The signal is amplified byfiast LNA with a very low noise figur®, not degrade the
sensitivity of the receiver.

1 A second band pass filter offers higher attenuation of the out of band blockers.

1 The signal is then transmitted to a second LNA used to compensate the insertion
lossesof the next 4 ways power splitter to not degrade the receiver noise figure. This
connection to the LNA is done via a SPDT and is only possible when the SPDT is
G2LISYySRé AdSd $gKSYy wE LIGK Im YR In NS

LF GKS {t5¢ Aa a2 LdSrSrRitled throughSyt wayKsplittents 2 LoRad v |
LOC boards to insure the down conversion of the RF signal and the LoRa demodulation.

LT GKS {t5¢ A& aOft2a8SRéx GKSy GKS wE LI GK I
antenna #RF1 is transmidlethrough the Rx path #1 and Rx path #2. The antenna port #RF2

is useless. The RF signal from antenna # RF1 is transmitted through a 2 x 4 ways splitter to 4
LoRaLOC boards to insure the down conversion of the RF signal and the LoRa demodulation.

A singé PCB is used for all the freebd boards but they are declined two different
versions to cover the unlicensed bands:
1 915MHz (90D28MHz)

1 923MHz (91828MHz)

The BOM is adjusted for the different versions. Frequency adjustment is completed through
different SAW filters, low pass filters and matching circuits.

The details of the frequency bands, channelization, out of band rejection are detailed in
83.6.4.6
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3.6.4.5 Modulations and data rates
The LoRa LOC module supports the following modulation schemes:

SF BW (KHz) Data rate(kbps)
7 500 21875
8 500 12500
9 500 7031
10 500 3906
11 500 2148
12 500 1172
7 250 10938
8 250 6250
9 250 3516
10 250 1953
11 250 1074
12 250 586
7 125 5469
8 125 3125
9 125 1758
10 125 977
11 125 537
12 125 293

Note: Payloadmay have to be adjusted to not overru®Omsframe length depending on
the local regulations. In this casef-11/125KHand SF12/125KHare not used.

3.6.4.6 Frequency bands and channelization

The frequency bands covered by the Wirnet iBTS depends on the version of therficbnt
module used (868, 915 or 923).
The downstream frequencies and upstream frequencies are listed in the following table:

Version Link Frequency range start/end
868 Upstream (RX Wirnet iBTS) 863MHz / 873MHz
868 Downstream (TX Wirnet IBTS) 863MHz / 873MHz
915 Upstream (RX Wirnet iBTS) 902MHz / 928MHz
915 Downstream (TX Wirnet iBTS) 902MHz / 928MHz
923 Upstream (RX Wirnet iBTS) 915MHZ 928MHz
923 Downstream (TX Wirnet iBTS) 920MHz / 928MHz

LoRaWAN specification defines a more accurate frequency plan and channelization, although
different options could be envisaged.
The channels are summarized in the followiable:
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Version Link Channel frequency LoRa Number Channel
BW of BW
(KHz) channels (KHz)
915 Upstream 902,3+i*0,2MHz (i=0 a 63) 125 64 200
(RX Wirnet iBTS)
915 Upstream 903,0+i*1.6MHz (i=0 a 7) 500 8 600
(RX Wirnet iBTS)
915 Downstream 923,3+i*0.6MHz (i=@ 7) 500 8 600
(TX Wirnet iBTS)
923 Upstream 915,2+i*0,2MHz (i=0a 63) 125 64 200
(RX Wirnet iBTS)
923 Upstream 915,9+i*1.6MHz (i=0 a 7) 500 8 600
(RX Wirnet iBTS)
923 Downstream 919,8+i*0,2MHz (i=0a40) 125 41 200
(TX Wirnet iBTS)
923 Downstream 920,3+i*0.6MHz (i=0 a 12) 500 13 600
(TX WirneiBTS)
868 Upstream 863,1+i*0,2MHz (i=0a27) 125 28 200
(RX Wirnet iBTS)
868 Downstream 863,1+i*0,2MHz (i=0a 27) 125 28 200
(TX Wirnet iBTS)
868 Upstream 868,9+i*0,2MHz (i=0a1) 125 2 200
(RX Wirnet iBTS)
868 Downstream 868,9+i*0,2MHz (i=0al) 125 2 200
(TX Wirnet iBTS)
868 Upstream 869,525MHz 125 1 250
(RX Wirnet iBTS)
868 Downstream 869,525MHz 125 1 250
(TX Wirnet iBTS)
868 Upstream 869,850MHz 125 1 300
(RX Wirnet iBTS)
868 Downstream 869,850MHz 125 1 300
(TX WirneiBTS)
868 Upstream 870,1+i*0,2MHz (i=0a 14) 125 15 200
(RX Wirnet iBTS)
868 Downstream 870,1+i*0,2MHz (i=0a 14) 125 15 200

(TX Wirnet iBTS)

Note:Ay {2dziK Y2NBI X (§KS Oversignst e shR&DHUOOKTHR F 2 NJ
to meet Korean regulations i.e. 917.1MHz9®3.3MHzwith 200KHz=teps
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3.6.4.7 Output Power

The onducted atput power can be adjusteddm 0dBm to +8dBm.

This offers a wide range of adjustment to cover all specific countries EIRP requirements.
Antenra gainmustbe considered to adjust the conducted output power to not overrule the
max allowed EIRP.

Description Specification
Conducted output power range 0dBm to +8dBm
Ripple in the band +/-2dB
Variation overtemperature range {20°C to +5%C) +/-2dB

3.6.4.8 Out of band emissions

Due to the very low noise transmitter, the LoRa LOC modarteachieve excellent out of
band emissions levels in the LTE, UMTS and GSM uplink or downlink bands.
The performances are summarized in the following table:

VersionLoRa LOC module LTE, UMTS or GSM band Out of band emissions
868 EGSM900 UL (88815MHz) -85dBm/100KHz
868 RGSM900 UL (87815MHz) -75dBm/100KHz
868 LTE800 (83862MHz) -80dBm/100KHz
915 GSMB850 DL (86894MHz) -85dBm/100KHz
923 GSM900 U[B890-915MHz) -85dBm/100KHz
923 GSM900 D(935960MHz) -85dBm/100KHz

The performances detailed here are worst case i.e. when transmitting at maximum output
power at the edge of the band.

Out of band emissions in other LTE, UMTS or GSM bands are not detailed bbviaresly
better.

The LORAOC module is therefore ideal in-loalization with BTS.

3.6.4.9 Sensitivity
The sensitivityperformance, depending on the version, at 10% PER, 20 bytes payload is the

following:

Mode 868VIHz 915MHz 923VIHz
SF7/125KHz -128dBm -127dBm -128dBm
SF10/125KHz -136dBm -136dBm -134dBm
SF12/125KHz -141dBm -141dBm -140dBm
SF7/250KHz -125dBm - -125dBm
SF12/250KHz -138dBm = -135dBm
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SF7/500KHz -121dBm -121dBm -122dBm
SF12/500KHz -135dBm -134dBm -134dBm

The sensitivity may vary over the frequency band and temperature as follows:

Description Specification
Sensitivity variation over the band +/-1dB
Sensitivity variation over temperature rangeZ0°C to $5°C) +/- 1dB

3.6.4.10RSSI and SNR

The Wirnet iBT8anreceive LoRa frames frorB0dBm to-141dBm, depending on the LaR
BW and SF.
The Wirnet iBTS providdor each receiveddme, the RSSI and the SNR.
¢KS w{{L Aa GKS dqaAradylf b y2AaS¢ YSIadNBYS
spreading modulatio, the LoRa receivazan demodulate signals below the noise floor i.e.
with negative SNR.
To estimate the signal strength of the receivednfie, both SNR and RS®lWst be
considered. As a rough estimate:
1 If SNR >0, the signal strenddBm)= RSSI

1 If SNR g, the signal strengtfdBm) = RSSI+SNR

RSSI varies frol20dBm to-120dBm-120dBm is the noise floor measured i2GOKHBW.
SNR is between 10 to 15dB for strong signals. It is close to 0dB when the signal strength
approaches120dBm. It can decrease wa to-7dB or-20dB depending on the SF:

Spreading Factor LoRA demodulator SNR
SF7 -7.5dB

SF8 -10dB

SF9 -12.5dB

SF10 -15dB

SF11 -17.5dB

SF12 -20dB

The following picture is an example of LoRa receiver characterization al36 KHBW. It
describes the SNR, RSSI and RSSI+SNR measured vs. the signal strength:
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Figure27. Example of SNR, RSSI and RSSI+SNR plots at 125KHz BW / SF7

3.6.4.110ut of band blockers rejection
In the following tables, the out of bancejection is measured with a useful signal (LoRa)
adjusted 3dB above the sensitivity. The blocker level (CW) is adjusted to reach 10% PER.
The level of the blockers is noticed in the table and also the difference (in dB) with the useful
LoRa signal.

The useful signal is adjusted at 869.525MHz.
The blockers rejections, at BFare the following:

Offset SF12/125KHz
+/-2MHz 100dB
+/-10MHz 125dB
821MHz >150dB
880MHz 130dB
935MHz >150dB
960MHz >150dB

The useful signal is adjusted#t5MHz.
The blockers rejections, at BFare the following:
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Offset SF10/125KHz
+/-2MHz 90dB
+/-10MHz 100dB
850MHz 140dB
894MHz 110dB
935MHz 110dB
960MHz 140dB

The useful signal is adjusted at 923MHz.
The blockers rejections, at BFare the following:

Offset SF12/125KHz
+/-2MHz 100dB
+/-10MHz 115dB
850MHz >150dB
894MHz 140dB
910MHz 120dB
935MHz 130dB
960MHz >150dB
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3.7 Detailed description of the other accessories

3.7.1 PoE injectors

One Midspan PoE injector among the followiisgis provided with each Wirnet iBTS:
Indoor AC/DC Midspan PoE injector 30W

Indoor AC/DC Midspan PoE injector 60W

Indoor DC/DC Midspan PoE injector 30W

Indoor DC/DC Midspan PoE injector 60W

Outdoor AC/DC Midspan PoE injector 30W

Outdoor AC/DC Midspan Patector 60W

Outdoor DC/DC Midspan PoE injector 60W

= =4 -8 48 -8 4 -9

Detailed characteristics of those references are done on the following chapters.

The Midspan PoE injector 30W is dedicated to the Wirnet iBTS Compact.
The Midspan PoE injector 60W is dedicated to thendt iBTS)ateways
Both versions can be declined for indoor applications or outdoor applications.

AC/DC vs. DC/DC choice is application dependent.
In case only 110/220VAC is available, AC/DC solution is preferred.
In case additional DC backup (type 4B\gvailable, DC/DC solution may be envisaged.

Note 1: beware of the operating ambient temperature of the Midspan PoE injectors. Output
power derating over +40°@wst be carefully considered to insure proper supply of the
Wirnet iBTS. If the ambienemperature range canot be guaranteed below +40°C, the
Midspan PoE injector may have to be-danensioned. A 60W PoE injector could be then
recommended instead of a 30W PoE injecté&. 90W PoE injector could be also
recommended instead of a 60W PoE injector.

Note 2:the power supply of the Wirnet iBTS must be a limited power source. All the PoE
injectors listed below must then considered as limited power sources.

Note 3:Some PoE solutions may not be compatible with the Wirnet iBTS.

This is particularlyrue for specific DC application where the Wirnet iBTS is in power supply
colocation with other equipments. In such cases, some equipment may have connection
0SU6SSY SIFENIOKAYy3I aedaidSYy |FyR (KS L& g SININB dzLIL
dependent if theapplication is in +48VDC et8VDC. As the electrical ground of the Wirnet

iBTS is directly connected to the earthing system of the installation, dysfunction may occur
without PoE insulation.

The following drawing shows the insulation importance of th& Hgector.
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Figure28: Required isolation on PoE injector

3.7.1.1 IndoorMidspan PoE injector 30W
Theindoor Midspan PoE injector 30W characteristics are detailed irfdhewing table:

Description Specification
Ethernetdata rates 10/100/1000Baser
Number of ports 1
PoE compliance IEEE 802.3at
IEEE 802.3af backward compatible
PoE Output Power 30 Watts (Guaranteed)
PoE Output Voltage 55VvDC
PoE Pin Assignment ariblarity 4/5 (+), 7/18 €)
Input Power Requirements AC Input Voltage: 100 to 240 VAC

AC Input Current: 0.8A @1{@30VAC
AC Frequency: 50 to 60 Hz

Dimensions 53 mm (W) x 32.5 mm (H) x 140 mm (L)
Weight 200g
Connectors Shielded R45, EIA 568A and 568B
Indicator AC Power (Yellow)

Channel Power (Green)
Operating Ambient Temperature -20°C to +40°C @ 30W
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Operating Humidity
Storage Temperature
Storage Humidity
Regulatory compliance

Electromagnetic Emission & Immunity

Safety Approvals

-20°C to +55°C @ b
Maximum 90%, Nowondensing
-20°C to +70°C

Maximum 95%, Nowondensing
RoHS

WEEE

CE

FCC Part 15, Class B

EN 55022 Class B (Emissions)
EN 55024 (Immunity)

VCCI

UL/cUL Per IEC 60930

GS Mark Per IEC 60950

Note 1: beware of the operating ambient temperature. Output power derating over +40°C
mustbe carefully considered to insure proper supply of the Wirnet iBTS.

The following figure details thedoor Midspan PoE injector 30W

Figure29: indoor 30W POE injector

Theindoor Midspan PoE injector 30W can be provided with E/F type cable (Europe) or B

type cable (USA)
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Note 2:this indoor PoE injector must be connected to an industrial electrical installation
including lighting protectionslt must include a main board with surge protections type 1
and a secondary board with surge protections type 2.

If the electrical installation does not meet those requirements, use an alternate PoE injector
featuring better surge protection as detailed88.7.1.5

Note 3:this PoE injector is intended for indoor applications only.
In case the POE injector cannot be installed indoor, use an alternate PoE injedioatdd
to outdoor applications as detailed ir8§.1.5

3.7.1.2 IndoorMidspan PoE injector 60W
Theindoor Midspan PoE injector 60W characteristics are detailed indheviing table:

Description Specification
Ethernet data rates 10/100/1000Baser
Number of ports 1

PoE compliance IEEE 802.3at

PoE Output Power
PoE Output Voltage
PoE Pin Assignment and Polarity

Input Power Requirements

Dimensions
Weight
Connectors
Indicator

Operating Ambient Temperature

Operating Humidity
Storage Temperature
Storage Humidity
Regulatory compliance

Electromagnetic Emission & Immunity

IEEE 802.3@&ompatible

60 Widts over 4 pairs

55VvDC

Data Pairs 1/2- and 3/6 (+)

Spare Pairs 7/8)and 4/5 (+)

AC Input Voltage: 100 to 240 VAC
ACInput Current: 1.2 @100240VAC
AC Frequency: 50 to 60 Hz

62 mm (W) x 38 mm (H) x 15im (L)
3209

Shielded R45, EIA 568A and 568B
AC PowerYellow

Channel Powedelivered over 4 pair€Green)
-10°C to 40°C@ W

-10°C to +55°C @0W

Maximum 90%, Nowondensing
-20°Cto +70°C

Maximum 95%, Nowondensing
RoHS

WEEE

CE

FCC Part 15, Class B

EN 55022 Class B (Emissions)

EN 55024 (Immunity)
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VCCI
Safety Approvals UL/cUL Per IEC 609430
GS Mark PeiEC 60954

Note 1: beware of the operating ambient temperatur®utput power derating over +4Q is
critical andmustbe carefully considered to insure proper supply of the Wirnet iBTS.

The following figure details the@door Midspan PoE injector 60W

Figure30: 60W POE injector

Theindoor Midspan PoE injector 60W can be provided with E/F type cable (Europe) or B
type cable (USA).

Note 2:this indoor PoOE injector must be connected to an industrial electrical installation
including lighting protections. It must include a main board with surge protections type 1
and a secondary board with surge protections type 2.

If the electrical installabn does not meet those requirements, use an alternate PoE injector
featuring better surge protection as detailed i8.8.1.6

Note 3:this PoE injector is intersdl for indoor applications only.
In case the PoOE injector cannot be installed indoor, use an alternate PoE injector dedicated
to outdoor applications as detailed ir8§.1.6

3.7.1.3 Indoor DC/DC Midspan PoE injector 30W
The indoor DC/DC Midspan PoE injector 30W characteristics are detailed in the following

table:
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Description Specification
Ethernet data rates 10/100/1000Baser
Number of ports 1

PoE compatibility IEEB02.3at

PoE Output Power 30 Watts over 4 pairs
PoE Output Voltage 55 VDC

PoE Pin Assignment and Polarity
Input Power Requirements

Dimensions
Weight
Connectors
Indicator

Operating Ambient Temperature
Operating Humidity

Storage Temperature

Storage Humidity

Regulatory compliance

Electromagnetic Emission

Immunity

54-57 VDC under all conditions

Data Pairs 1/2-) and 3/6 (+)

Spare Pairs 7/8)and 4/5 (+)

DC Input Voltage: 382VDC

DC Input Current: 0.6A

65 mm (W) x 36 mm (H) x 140 mm (L)

200g

Shielded R45, EIA 568A and 568B

DNBSY [ 95 mMY LyLJdzi LIk
Green LED 2: Valid IEEE8at load detected and
O2yySOUGSR at29 t[!{¢
Green LED 3/alid IEEE8B02.3af load detected al
connected

-20°C to +50°C

Maximum 90%, Nowondensing

-25°C to +85°C

Maximum 95%, Nowondensing

RoHS

WEEE

CE

FCC Part 15, Class B

EN 55022 Class B (Emissions)

ESD: EN610082. Level 3
RS: EN61066-3. Level 3
EFT: EN610004. Level 2
Surge: EN61068-5. Level 3
CS: EN61060-6. Level 3

Note 1:beware of the operating ambient temperature. Output power derating over +50°C is
critical andmustbe carefully considered to insure proper supply of the Wirnet iBTS.

The following figure details the indoor DC/DC Midspan PoE injector 30W:
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Figure31: indoor 30W DC/DC POE injector

The indoor DC/DC Midspan PoE injector 30W is provided with Euroblock plug.

Note 2:this indoor PoE injector must be connected to an industrial electrical installation
including lighting protectionslt must include a main board with surge protections type 1
and a secondary board with surge protections type 2.

If the electrical installation does not meet those requirements, use an alternate PoE injector
featuring better surge protection as detailed88.7.1.6

Note 3:this PoE injector is intended for indoor applications only.
In case the PoOE injector cannot be installed indoor, use an alternate PoE injector dedicated
to outdoor applications asetailed in 8.7.1.6

3.7.1.4 Indoor DC/DC Midspan PoE injector 60W
The indoor DC/DC Midspan PoE injector 60W characteristics are detailed in the following

table:
Descripton Specification
Ethernet data rates 10/100/1000Baser
Number of ports 1
PoE compatibility IEEE 802.3at
IEEE 802.3af compatible
PoE Output Power 60 Watts over 4 pairs
PoE Output Voltage 55 VDC
PoE Pin Assignment and Polarity Data Pairs 1/2-{ and3/6 (+)
Spare Pairs 7/8)and 4/5 (+)
Input Power Requirements DC Input Voltage: 360VDC
DC Input Current: 2A
Dimensions 87 mm (W) x 43 mm (H) x 166 mm (L)
Weight 4509
Connectors Shielded R45, EIA 568A and 568B
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Indicator DC Power (Green)

ChannePower delivered over 4 pairs (Green)
Operating Ambient Temperature -20°C to +40°C @ 60W

-20°C to +50°C @ 30W
Operating Humidity Maximum 90%, Nowcondensing
Storage Temperature -20°C to +70°C
Storage Humidity Maximum 95%, Nowcondensing
Regulatorycompliance RoHS

WEEE

CE

Electromagnetic Emission & Immunity FCC Part 15, Class B
EN 55022 Class B (Emissions)
EN 55024 (Immunity)
VCCI
Safety Approvals UL/cUL Per IEC 60950
GS Mark Per IEC 60950

Note 1:beware of the operating ambient temperature. Output power derating over +40°C is
critical andmustbe carefully considered to insure proper supply of the Wirnet iBTS.

The following figure details the indoor DC/DC Midspan PoE injector 60W:

Figure32: indoor 60W DC/DC POE injector
The indoor DC/DC Midspan PoE injector 60W is provided with Euroblock plug.

Note 2:this indoor PoE injector must be connected to an industrial electrical installation
including lighting protectionslt must include a main board with surge protections type 1
and a secondary board with surge protections type 2.

If the electrical installation does not meet those requirements, use an alternate PoE injector
featuring better surge protection as detailed88.7.1.6
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Note 3:this PoE injector is intended for indoor applications only.
In case the POE injector cannot be installed indoor, use an alternate PoE injedtoatéd
to outdoor applications as detailed i8§.1.6

3.7.1.5 Outdoor Midspan PoE injector 30W
The outdoor Midspan PoE injector 30W characteristics are detailed ifollogving table:

Description

Specification

Ethernet data rates
Number of ports
PoE compliance

PoE Output Power

PoE Output Voltage

PoE Pin Assignment arieblarity
Input Power Requirements

Dimensions
Weight
Connectors

Indicator

Operating Ambient Temperature
Operating Humidity

Storage Temperature

Storage Humidity

Ingress protection

Corrosion resistance

Regulatory compliance

Electromagnetic Emission & Immunity

Surge protection

Safety Approvals

10/100/1000Baser

1

IEEE 802.3at

IEEE 802.3af backward compatible
30 Watts (Guaranteed)

55 vDC

4/5 (+), 718 €)

AC Input Voltage: 100 to 240 VAC
AC Input Current: 1A @1310VAC
AC Frequency: 50 to 60 Hz

170 mm x 140 mm x 60 mm
14009

Shielded rugged RIb with gasket
EIA 568A an868B

None

-40°C to +65°C

Maximum 95%, Nowondensing
-40°C to +85°C

Maximum 95%, Nowondensing
IP66, NEMA 4X

ASTM BL17

ROHS

WEEE

CE

FCC Part 15, Class B

EN 55022 Class B (Emissions)
EN 55024 (Immunity)
EN6100&#4-5 Class 5 (6kV CM)
VCCI

GR1089-CORE lIssue 4

ITUT K.20 6 kV on AC lines

UL 609561, UL 6095@2

GS Mark
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Note 1:beware of the operating ambient temperature. Output power derating ov@&5°€
has to be carefully considered to insure proper supply of the Wirnet iBTS.

The following figure details the outdodfidspan PoE injector 30W:

@
-
s,
%'q":::%, F
""ﬁf_,qs

Figure33: Outdoor 30WAC/DCPoE injector

Note 2:this PoE injector must be connected to an industrial electrical installation including
at least a main board with surge protections type 1.

3.7.1.6 Outdoor Micspan PoE injector 60W
The outdoor Midspan PoE injector 60W characteristics are detailed in the following table:

Description

Specification

Ethernet data rates
Number of ports
PoE compliance

PoEOutput Power
PoE Output Voltage
PoE Pin Assignment and Polarity

Input Power Requirements

10/100/1000Baser

1

IEEE 802.3at

IEEE 802.3af compatible

60 Watts over 4 pairs

55 VDC

Data Pairs 1/2-) and 3/6 (+)

Spare Pairs 7/8)and 4/5 (+)

AC Input Voltage: 100 to 240 VAC
AC Input Current: 2A @ 13210VAC
ACFrequency: 50 to 60 Hz

Dimensions 170 mm x 140 mm x 60 mm
Weight 14009
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Connectors

Indicator

Operating Ambient Temperature
Operating Humidity
StorageTemperature

Storage Humidity

Ingress protection

Corrosion resistance

Regulatory compliance

Electromagnetic Emission & Immunity

Surge protection

Safety Approvals

Shielded rugged RIb with gasket
EIA 568A and 568B

None

-40°C to 65°C

Maximum 95%, Nowondensing
-40°C to +85°C

Maximum 95%, Nowondensing
IP66, NEMA 4X

ASTM BL17

RoHS

WEEE

CE

FCC Part 15, Class B

EN 55022 Class(Bmissions)
EN 55024 (Immunity)
EN6100&4-5 Class 5 (6kV CM)
VCCI

GR1089CORE Issue 4

ITUT K.20 6 kV on AC lines
UL 609561, UL 609522

GS Mark

Note 1:beware of the operating ambient temperature. Output power derating oV@s°€ is
critical and has to be carefully considered to insure proper supply of the Wirnet iBTS.

The following figure details the outdoor Midspan PoE injector 60W:

Figure34: Outdoor 60WAC/DCPOE injector
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Note 2:this PoE injector must be connected to an industrial electrical installation including
at least a main board with surge protections type 1.

3.7.1.7 Outdoor DC/DC Midspan PoE injector 60W
The outloor AC/DC Midspan PoE injector 60W characteristics are detailed in the following

table:

Description

Specification

Ethernet data rates
Number of ports
PoE compatibility

PoE Output Power
PoE Output Voltage
PoE Pin Assignment and Polarity

Input Power Requirements

Dimensions
Weight
Connectors

Indicator
Operating Ambient Temperature

Operating Humidity
Storage Temperature
Storage Humidity
Ingress protection
Corrosion resistance
Regulatory compliance

Electromagnetic Emission & Immunity

Surge protection
Safety Approvals

10/100/1000Baser

1

IEEE 802.3at

IEEE 802.3af compatible

60 Wattsover 4 pairs

55 VDC

Data Pairs 1/2- and 3/6 (+)
Spare Pairs 7/8)and 4/5 (+)
DC Input Voltage: 36 to 60 VDC
DC Input Current: 2.2A

150 mm (W) x 70 mm (H)244 mm (L)
7509

Shielded rugged RIb with gasket
EIA 568A and 568B

None

-40°C to +50°C @ 60W

-40°C to +55°C @ 30W
Maximum 95%, Nowondensing
-40°C to+85°C

Maximum 95%, Nowondensing
IP66, NEMA 4X

ASTM BL17

ROHS

WEEE

CE

FCC Part 15, Class B

EN 55022 Class B (Emissions)
EN 55024Immunity)
EN6100&4-5 Class 5 (6kV CM)
VCCI

GR1089-CORE lIssue 4

UL 609561, UL 6095@2

GS Mark
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Note 1:beware of the operating ambient temperature. Output power derating over +50°C is
critical and has to be carefully considered to insure proper supply of the Wirnet iBTS.

The following figure details the outdoor DC/DC Midspan PoE injector 60W:

B i
e, & . O l : =

n |

Figure35: Outdoor 60W DC/DC POE injector

Note 2:this PoE injector must be connected to an industrial electrical installation including
at least a main board with surge protections type 1.

3.7.2 Auxiliary power supply

The Wirnet iBTS can bésa supplied with an auxiliary DC power supply as a solar panel for
instance. The input voltage range is 11 to 56VDC. A 24V DC solar system is then
recommended for optimized performance.
The power supply must be qualified as a limited power source.
The maknum power is 30W.
The nominal current for a 24V power supply is about 1.2A in the following configuration:

1 HSPA in a network attached mode

1 4 LoRa LOC modules / all demodulators activated

1 20% CPU load

A two-wires cable is required to interconnect the diadly power supply connector.

Specific DC applications where the Wirnet iBTS is in power supply colocation with other
equipments require precautions. In such cases, some equipment may have connection
between earthing system and the power supply connecti®rS A (i K S NJ-a & t6A NB M ¢
dependent if the application is in +48VDC-48VDC. As the electrical ground of the Wirnet

iBTS is directly connected to the earthing system of the installation, dysfunction may occur
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without additional insulation. In such casinigerlink recommends using additional isolated
DC/DC.

The following drawing shows the insulation importance of an additional isolated DC/DC
power supply:

Isolated : : ;
DC/DC Wirnet iBTS Station

= 4

48V

-48V I

ﬂT

Figure36: Required isolation on auxiliary power supply input

An example of 40W isolated DC/DC converter is provided in the chaté&

3.7.3 Isolated DC/DC converter 40W

As detailed in paragrapB.7.2 some specific installation using8V DC supply require an
isolated DC/DC converter.

The characteristics of a 40W isolated DC/D@eder are detailed in the following table:

Description Specification
Input Voltage 48V DC typ.
1875V DC range
Input current at full load 0.93A
Undervoltage Lockout ON at >18V
OFF at <16V
Remote On/Off On: Logic High (352 V) or open circuit

Off: Logic Low (<1.2 V) or short pin 1 to pin 2
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Output Voltage
Output Power

Efficiency

Maximum capacitive load
Line Regulation

Load Regulation

Ripple and noise

Short Circuit Protection
Overload Protection
Overvoltage Protection
Temperature Coefficient
Isolation

Isolation Resistance
Dimensions

Weight

Pins connections

Operating Ambient Temperature
Operating Humidity

Storage Temperature
Electromagnetic Emission
Thermal Impendance

Immunity

48 VDC +2%

40 Watts

> 30W at +60°C

Up to 90%

150uF

+0.5 %

1 % (0 10% load)

200 mV pkpk 20MHz BW

Trip & Restart (hiccup mode), auto recovery
150 % (Trip & Restart, hiccup mode)
120 % (Zener diode clamp)

0.02 %/ °C

2500 VDC for 60 s

mMmann am G pnann x5/
63.8 mm (W) x 25.6 mm (H) x 112 mm (L)
162g

1 Remote On/Off

2-Vin

3 +Vin

4 +Vout

5 No Connection

6 -Vout

7 No Connection

8 No Connection

-40°C tot+70°C

Maximum 95%, Nowondensing
-50°C to +125°C

EN 55022 Class A (Emissions)
4.25°C/W

EN55024

ESD: EN610082, +4 kV Contact, £8 kV Air
RS: EN61066-3, 10V/m

EFT: EN610604, Level 3
Surge: EN61068-5, Level 3
CS: EN61068-6, 10 Vm

MF: EN61004-8, 30 A/m

Note 1:the 40W isolated DC/DC converter must be used with Wirnet iBTS Compact version.
Do not use it with Wirnet iBTS version due to power limitations.

Note 2:beware of the operating ambient temperature. Output power derating over +60°C is
critical and must be carefully considered to insure proper supply of the Wirnet iBTS

Compact.
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The following figure details the 40W indoor DC/DC converter:

Figure37: Isolated 40W DC/DC converter

3.7.4 LoRa antennas

3.7.4.1 Omnidirectional antenna 868MHz 3dBi
The specifications of the omnidirectional 868MHz / 3dBi antenna are the following:

Item Specification
Frequency range 868MHz + 5MHz
Impedance 50 ohms
Technology Half wave
VSWR <1.3:1

Max gain 3dBi
Polarization Vertical
Power handling 50W
DCground Yes

Whip material Fiberglass
Connector N female
Length 30 cm
Weight 759

IP rating IP66K
Shock resistance IKO8

Wind resistance 150MPH

Operating temperature range
Salt, fog

-20°C to +60°C
EN 6006&8-52, severity 1
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The radiation patterns arg@resented here after. They are measured at 870MHz (red),
868MHz (green) and 866MHz (blue):

Etotal [dB] & 8=-90"

Etotal [dB] & ¢=0° 1= 866 MHz
1= 868 MHz

1= 870 MHz

1= 866 MHz |
1= 868 MHz
f= 870 MHz

+180° oo

Figure38: Radiation pattern of omnidirectional 868MHz/3dBi antenna

3.7.4.2 Omnidirectional antenna 868MHz 6dBi
The specifications of themnidirectional 868MHz / 6dBi antenna are the following:

Item Specification

Frequency range 865MHz +/ 5MHz

Impedance 50 ohms

Technology Collinear, dipole array

VSWR <1.5:1 at 868MHz
<2.0:1 at 866B70MHz

Max gain 6dBI

Polarization Vertical

Vertical Beam width 25°

Power handling 100W

DC ground Yes

Whip material Fiberglass

Connector N female

Length 110 cm

Weight 5409

IP rating IP66K

Shock resistance IKO8

Wind resistance 150MPH

Operating temperature range -20°C to +60°C

Salt, fog EN600682-52, severity 1

This document is the strict property of Kerlink and shall not be either copied nor sent without ex
written authorization of Kerlink

Internal Use Kerlink ommunication isverything reserved rights
Confidential

. — ‘ Kerlink¢ 1 rue Jacqueline Auriaj 35235 THORIGNEOUILLARL Page84/ 174
Stiict confidential




link

communication is everything

Wirnet iBTS
Product Description

Document title: Wirnet iBTS
Product Description
Version: 2.0

Author: Benoit LE TEXIER
Date: 04/10/2018

The radiation patterns are presented here after. They are measured at 858MHz (red),

868MHz (blue) and 878MHz (purple):
Vertical Pattern

E-plane co-pol ------ -3dB beam-width=25 Deg
| 5 ;[
3 ;
AN Sl o e
\ 12 s e[ flo
180 20 l.isﬁﬁ.ﬂM iEl u
I

Horizontal Pattern
H-plane co-pol ------ -3dB beam-width=360 Deg

D“‘alla"‘o, g g

1
,a“n = ‘c.I

Figure39: Radiation pattern of omnidirectional 868MHz/6dBi antenna

Note: this antenna can not be installed on the universal antenna bracket but is provided

with its own mounting Kit.

3.7.4.3 Omnidirectional antenna 915MHz 3dBi
The specifications of the omnidirectional 915MHz / 3dBi antenna are the following:

Item Specification
Frequencyrange 915MHz + 15MHz
Impedance 50 ohms
Technology Half wave
VSWR <1.3:1

Max gain 3dBi
Polarization Vertical
Power handling 50W

DC ground Yes

Whip material Fiberglass
Connector N female
Length 30cm
Weight 759

IP rating IP66K
Shock resistance IKO8

Wind resistance 150MPH

Operating temperature range

-20°C to +60°C

Salt, fog EN 6006&-52, severity 1
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The radiation patterns are presented here after. They are measured at 930MHz (red),

915MHz (green) and 900MHz (blue):

Etotal [dB] & $=00°

Figure40: Radiation pattern of omnidirectional 915MHz/3dBi antenna

3.7.4.4 Omnidirectional antenna 915MHz 6dBi
The specifications of the omnidirectional 915MHadBI antenna are the following:

Item Specification
Frequency range 915MHz +/ 15MHz
Impedance 50 ohms
Technology Collinear, dipole array
VSWR <l1l.2:1

Max gain 6dBI

Polarization Vertical

Power handling 50W

DC ground No

Whip material Fiberglass
Connector N female

Length 100 cm

Weight 3809

IP rating IP66K

Shock resistance IKO8

Operatingtemperature range
Salt, fog

-20°C to +60°C
EN 6006&8-52, severity 1

The radiation patterns are presented here after. They are measured at 900MHz (red),

915MHz (green) and 930MHz (blue):
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TYPICAL RADIATION PATTERN in E-plane

TYPICAL RADIATION PA ERN in H-plane
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Figure41: Radiation pattern of omnidrectional 915MHz/@Bi antenna

KERLINK can provide two distinct references of 915MHz / 6dBi antennas, from two different
suppliers. The first one must be installed on the universal antenna bracket whereas the
second one (from FRF) has its own mountingtkThe second one cannot be installed on
the universal antenna bracket.

3.7.5 GNSS and WAN antennas

3.7.5.1 GNSS antenna

The GNSS antenna is required for the Wirnet iBTS standard casing only, once featuring a
G21 b Y2RdzZ S¢ o

The Wirnet iBTS Compact embeds a GNS$itdrRal antenna detailed in$7.5.3and then

do not require the GNSS antenna.

The GNSS antenna characteristics are detailed in the following table:

Characteriics Detail Specification
Frequency range 1572- 1606 MHz
Antenna peak gain 3dBic

Typical VSWR <2.0:1

Impedance 50 ohms

Polarization RHCP

Noise figure 1.5dB typ

Total gain 27dB typ

Out of band rejection 30dB min at +100MHz
lIP3 -10dBm
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IP1dB -15dBm

Input voltage 3.0V-5.5V

Current drain 11mA at 3V

Cable length 5m

Cable type RG58

Connector type N male

Dimensions (DxH) Diameter and Height 80 mm (D) x 42 mm (H)
Operating temperature -40°C to +85°C

Wind resistance > 200km/h

IP rating IP66

Note: a dome antenna bracket is provided with the GNSS antenna, allowing wall mounting,
pole mounting and metallic strapping. Screws, nutdydlt and metallic strapping are not
provided by KERLINK.

3.7.5.2 LTE antenna
The LTE antennaB | dzA NER F2NJ 6 KS 2 ANYySaG A.¢{ aidl yRIN
Y2RdzZ S¢ o
The Wirnet iBTS Compact embeds a GNSS/LTE internal antenna detaBed5r88nd then
do not require the LTE antenna.

The LTE antenna characteristics are detailed in the following table:

Characteristics Detail Specification
Frequency range Band 1 698960 MHz
Band 2 17002700MHz
Peak gain Band 1 4dBi
Band 2 2dBi
Typical VSWR Band 1 & 2 <2.4:1
Impedance 50 ohms
Polarization Linear, Vertical
Radiation pattern Omnidirectional
Type No ground plane required
Power handling 10W min
Cable length 5m
Cable type RG58
Connector type N male
Dimensions (DxH) Diameter andHeight 80 mm (D) x 42 mm (H)
Operating temperature -40°C to +85°C
Wind resistance > 200 km/h
IP rating IP66

This document is the strict property of Kerlink and shall not be either copied nor sent without ex
written authorization of Kerlink

Internal Use Kerlink ommunication isverything reserved rights
Confidential

, —— ‘ Kerlink¢ 1 rue Jacqueline Auriaj 35235 THORIGNEOUILLARL Page88/ 174
Strict confidential




link

communication is everything

Wirnet iBTS

Product Description

Document title: Wirnet iBTS
Product Description
Version: 2.0

Author: Benoit LE TEXIER
Date: 04/10/2018

Note: a dome antenna bracket is provided with the LTE antenna, allowing wall mounting,
pole mounting and metallic strapping. Screws, nutsbalt and metallic strapping are not

provided by KERLINK.

3.7.5.3 GNSS/LTE magnetic antenna

The GNSS/LTE magnetic antenna can be used with the Wirnet iBTS Compact casing only.
It is not required for the Wirnet iBTs$andard casing.

The GNSS/LTE magnetic antenna characteristics are detailed in the following table:

Characteristics Description Detail Specification
LTE antenna Frequency range Band 1 698960 MHz
Band 2 17002700MHz
Peak gain Band 1 1dBi
Band2 0dBi

Typical VSWR Band 1 & 2 <2.0:1
Impedance 50 ohms
Polarization Vertical
Radiation pattern Omnidirectional
Type No ground plane required
Power handling 10W

GNSS antenna Frequency range 1574- 1606 MHz
Peak gain 3dBic
TypicaVSWR <2.0:1
Impedance 50 ohms
Polarization RHCP
Type Passive

No ground plane required

DC Block Yes

Mechanical Mounting type Magnetic mount
Cable length (x2)* 15cm
Cable type (x2) RG174

Connector type (x2)*

Dimensions (DxH)

Operating temperature

SMA male, right angle
63 mm (D) x 16 mm (H)
-40°C to +85°C

Note: the antenna is mounted on the internal GNSS/LTE bracket, a mechanical part provided
as standard with the Wirnet iBTS Compact (sé&.8 andFigureg).
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3.7.5.4 Internal LTE antenna

The internal LTE antenna is required for the Wirnet iBTS Conugaesihg only, when
FSFEOGdzNAYy3I | ab5dzZlf 2!b Y2RdzZ S¢éd LG A& y2d NBJ

The internal LTE antenna characteristics are detailed in the following table:

Characteristics Detail Specification
Frequency range Band 1 824-960MHz
Band 2 1700-2300MHz
Peak gain Band 1 & 2 0dBI
Typical VSWR Band 1 & 2 <2.5:1
Impedance 50 ohms
Polarization Linear, Vertical
Radiation pattern Omnidirectional
Type Monopole
Power handling 10W min
Connector type Right angle SMA male
Dimensions 45 mm x 17.4 mm
Operating temperature -30°C to +75°C

Note: the internal LTE antenna is directly mounted (screwed) on the SMA female connector
of the Dual WAN module.

3.7.6 Cauvity filters

3.7.6.1 865-867MHz cavity filter

The 865867MHz cavity filter isypically dedicated to the Indian market. The purpose of this
filter is to avoid saturation and desensitization of the LoRa receiver due-fimcated LTE850
or CDMAB8O00 base stations.

The 862867MHz cavity filter characteristics are detailed in the foltaytable:

Characteristics Specification

Pass band 865-867MHz

Insertion losses Xn R .

Ripple XM DnR.

Return Loss XMy RO

Rejection ¥cnR. -80MHn c
nonR X ycHall
p R X ycdoall
XT NR. -950MHz ™

Impedance 50 ohms
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Power Handling KM n 2
Temperature -30°C to+60°C
Connectors N-Female / NMale
Waterproof IP66

Surface Finish Black Paint
Dimensions (w/o N connectors) 196 x 104 x 50 mm

The dimensions of the 86867MHz cavity filter are detailed hereafter:
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Figure42: Dimensions of the 86867MHz cavity filter

The frequency response of 885 7MHz cavity filter is as follows:
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Figure43: Frequency response of the 8&@H7MHz cavity filter
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3.7.6.1 865-870MHz cavity filter

The 865870MHz cavityilter is typically dedicated to the European market. The purpose of
this filter is to allow cdocated LTE800 base stations, in case of poor isolation between

antennas (less than 50dB).

The 865870MHz cavity filter characteristics are detailed in théofwing table:

Characteristics

Specification

Center Frequency
Pass band
Insertion losses
Ripple

Return Loss
Rejection

Impedance

Power Handling

Temperature

Connectors

Waterproof

Surface Finish

Weight

Dimensions (w/o N connectors)

867.5 MHz
865-870MHz
XM R .

Kn o
X H
X 0
X H
X H
X 0
X 0 N
50 ohms

KM n 2

-30°C to+60°C
N-Female / NMale
IP66

Black Paint

<6509

100 x 100 x 49 mm

R.

. -8XMen

-862MHD H
-®5MHy n
-960MplE p
-3000Midzn

D 3333
¢ 0« X« ¢ g )OO

The dimensions of the 868570MHz cavity filteare detailed hereafter:

5]

&

i}

& |

L O

100

)
it |
= - "7
|
&= | —
49

Figure44: Dimensions of the 86870MHz cavity filter

The frequency response of 8@ 0MHz cavity filter is as follows:
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Figure45: Frequency response of the 8@y 0MHz cavity filter

3.7.6.2 863-873MHz cavity filter

The 8638373MHz cavity filter is typically dedicated to the European market. The purpose of
this filter is to allow cdocatedhigh-power emitters (DVBI, BTS), in case of posplation
between antennas (less than 50dB).

The 863873MHz cavity filter characteristics are detailed in the following table:

Characteristics Specification

Center Frequency 868 MHz

Pass band 863-873MHz

Insertion losses XM R .

Ripple Xn dp R.

Return Loss XHNR.

Rejection Xy nR. -700Mhen
XT NR. -71MHz n
XcnR. -81MHghMm
XcnR. -960Mbla p
XT nR. -2000MIdzn
Xy nR. R708MHz n

Impedance 50 ohms

Power Handling XH n?2

Temperature -40°C to+85°C
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Connectors N-Female / NMale
Waterproof IP66
SurfaceFinish Black Paint
Weight <600g
Dimensions (w/o N connectors) 148 x 46 x 50 mm

The dimensions of the 86873MHz cavity filter are detailed hereatfter:
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Figure46: Dimensions of the 86873MHz cavity filter
The frequencyesponse of 86873MHz cavity filter is as follows:
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Figured7: Frequency response of the 8@ 3MHz cavity filter
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3.7.6.3 915920MHz cavity filter

The 915920MHz cawvity filter is typically dedicated to the Philippines market. It comilaldn
used in Israel. The purpose of this filter is to avoid saturation and desensitization of the LoRa
receiver due to cdocated EGSM900 base stations.

The 915920MHz cavity filter characteristics are detailed in the following table:

Characteristics

Specification

Band pass

Center Frequency (Fc)
Frequency bandwidth

Insertion Loss

Band Ripple

Out of Band Rejection

Return Loss

Input and Output Impedance
Max Input Power
Temperature range

Ports

Positions of the ports
Dimensions

Weight

Waterproof

915 to 920MHz
917,5MHz

5MHz

<2.8dB @full temp

<1dB

>40dB @923MHz

>40dB @912MHz

>60dB @925MHz

>60dB @910MHz

>20dB

50 Ohm

10w CW

-30°C / +60°C

In N male/ Out N female
Opposite sides (right / left)
150mm x 80mm x 50 mm
<1lKg

IP66 min

Thedimensions of the 918920MHz cavity filter are detailed hereafter:
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Figure48: Dimensions of the 918920MHz cavity filter

The frequency response of 9P20MHz cavity filter is as follows:
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Figure49: Frequency response of the 91920MHz cavity filter

3.7.6.4 918923MHz cavity filter

The 918923MHz cavity filter is typically dedicated to Malaysia market. The purpose of this
filter is to avoid saturation and desensitization of the LoRa receiver due docated
EGSM900 base stations.

The 918923MHz cavity filter characteristics are detailed in the following table:

Characteristics Specification
Band pass 918 to 923MHz
Center frequency (Fc) 920,5MHz
Frequency bandwidth 5MHz
Insertion Loss <3dB @25°C
<5.7dB@full temp
Band Ripple <1.8dB @25°C
<3.2dB @full temp
Out of Band Rejection >40dB @925MHz

>40dB @915MHz
>70dB @927MHz
>70dB @910MHz
Return Loss >20dB
Input and Output Impedance 50 Ohm
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Max Input Power 10W CW

Temperature range -30°C / +60°C

Ports In N male/ Out N female
Positions of the ports Opposite sides (right / left)
Dimensions 150mm x 80mm x 50 mm
Weight <1Kg

Waterproof IP66 min

The dimensions of the 918 3MHz cavity filter are detailed hereafter:
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Figure50: Dimensions of the 91-823MHz cavity filter

The frequency response of 9B23MHz cavity filter is as follows:
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Figure51: Frequency response of the 938 3MHz cavity filter
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3.7.7 920-925MHz cauvity filter

The 928925MHz cavity filter is typically dedicated to the Singapore market. The purpose of
this filter is to avoid saturation and desensitization of the LoRa receiver due-hucated
EGSM900 base stations.

The 920925MHz cavity filter characteristicseadetailed in the following table:

Characteristics Specification

Center Frequency 922.5 MHz

Pass band 920-925MHz

Insertion losses o R.

Ripple XM PHR.

VSWR KM PoYwm

Rejection xcnR. X dmpall
xcnR. X donall

Impedance 50 ohms

Power Handling KM n 2

Temperature -30°C to+60°C

Connectors N-Female / NMale

Waterproof IP66

Surface Finish Black Paint

Dimensions (w/o N connectors) 128 x 74 x 48 mm

The dimensions of the 92825MHz cavity filter are detailed hereafter:
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Figure52: Dimensions of the 92@25MHz cavity filter

The frequency response of 9B25MHz cavity filter is as follows:
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Figure53: Frequency response of the 9ZR5MHz cavity filter

3.7.7.1 920-928MHz cauvity filter

The 920928MHz cavity fier is typically dedicated to the Ne&ealand market. The purpose
of this filter is to avoid saturation and desensitization of the LoRa receiver duelozatd

GSM900 base stations.

The 920928MHz cavity filter characteristics are detailed in the fwifgy table:

Characteristics Specification
Band pass 920 to 928MHz
Center frequency (Fc) 924MHz
Frequency bandwidth 8MHz

Insertion Loss <3dB

Band Ripple <1dB

Out of Band Rejection

Return Loss

Input and Output Impedance
Max Input Power
Temperature range

Ports

Positions of the ports

>60dB @93®60MHz
>60dB @88®15MHz
>20dB

50 Ohm

10w CW

-30°C / +60°C

In N male/ Out N female
Opposite sides (right / left)
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Dimensions 150mm x 80mm x 50 mm
Weight <1Kg
Waterproof IP66 min

The dimensions dhe 920928MHz cavity filter are detailed hereafter:
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Figure54: Dimensions of the 92@28MHz cavity filter

The frequency response of 9B28MHz cavity filter is as follows:
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Figure55: Frequency respose of the 928928MHz cavity filter

This document is the strict property of Kerlink and shall not be either copied nor sent without ex
written authorization of Kerlink
Kerlink ommunication isverything reserved rights

Confidential

. — ‘ Kerlink¢ 1 rue Jacqueline Auriaj 35235 THORIGNEOUILLARL Pagel00/ 174
Stiict confidential




Document title: Wirnet iBTS

& . . ot
Wirnet iBTS Prodyct Description
I n Product D inti Version: 2.0
communication is everything rocue eSerpHon Author : Benoit LE TEXIER
: Date: 04/10/2018

3.7.7.2 902-928MHz cavity filter

The 902928MHz cavity filter is typically dedicated to the North American market. The
purpose of this filter is to allow elocated LTE850 base stations, in case of poor isolation
between antenms (less than 50dB).

The 902928MHz cavity filter characteristics are detailed in the following table:

Characteristics Specification

Center Frequency 915 MHz

Pass band 902-928MHz

Insertion losses XM Dp R.

Ripple Xn ot R.

Return Loss XHOR.

Rejection ¥npR. -84MHp n
npR. -260Mpp p

Impedance 50 ohms

Power Handling KM n 2

Temperature -40°C to+85°C

Connectors N-Female / NMale

Waterproof IP66

Surface Finish Black Paint

Weight <1Kg

Dimensions (w/o N connectors) 150 x 80 x 50 mm

Thedimensions of the 90B28MHz cavity filter are detailed hereafter:
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Figure56: Dimensions of the 90B28MHz cavity filter

The frequency response of 9@28MHz cavity filter is as follows:
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Figure57: Frequency response of the 98228MHz cavity filter

10254762

3.7.8 Cables

The Wirnet iBTS are delivered with all required cables to start and operate the gateway,
except the power supplies cables:

1 RJ45 PoE cable is not provided by KERLINK

1 Auxiliary power supply cable not provided by KERLINK

The LoRa antennas are provided with 1m coaxial cable.
Specific installations may require deporting the LoRa antenna further. Extension coaxial
cables are not provided by KERLINK.

The GNSS and LTE antennas are provided witlo&riat cable.

Specific installations may require deporting the GNSS antenna or LTE antenna further.

Deporting the GNSS antenna may be required to have a better sky view to optimize the
reception of the satellites.

Deporting the LTE antenna may be required optimize the LTE reception or improve

Aa2ft A2y SAOK 20KSNJ NFRA2 SldzZALYSyidiQa 2y (K
Extension coaxial cables are not provided by KERLINK.
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3.7.8.1 RJ45 PoE cable

This cable is not provided with the Wirnet iBTS.
It neither can be delivered as an accessory

KERLINK recommends using a PoE cable with the following characteristics:

Characteristics Specification

Category B6A

Shielding STP (U/FTP) or SSTP (S/FTP)
Section conductors AWG26 or bigger

External jacket LSZH or PUR

Maximum length 100 meters

Operating temperature range -20°C to +60°C

KERLINK recommends the following reference:
TELEGARTNER AMJ 500 U/FTP 4x2x0.55 LSZH Cat. 6A IEC 600332

The Ethernet cable must be provided with two RJ45 T §6B8B68B)lugs on each side:

ETHERNET
CABLE

(Clip is pointed away from you)

Figure58: RJ45 F568A plug

3.7.8.2 Earthing cables

Several earthing cables, wires or tapes are required to connect the installation and the
materials to earth for lighting immunity and electrical security.
The earthing cables are detailed heftea with recommended wires and sections:
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Cable description Technical characteristics
Earthing of the Wirnet iBTS mounting kit 25mmz2, copper

Earthing of the antenna brackets (LoRa antenr 25mmz2, copper
GNSS antenna, LTE antenna)

Earthing of the REEoaxial surge protection 16mmz2, copper
Earthing of the Ethernet surge protection 16mm2, copper
Earthing of the outdoor PoE injector 16mmz2, copper

Note: the earthing cables are not provided by KERLINK

3.7.9 Surge protections

In harsh environment, addition@irotections may be used to improve lightning immunity.
The Wirnet iBTS is not warranted by KERLINK in case of deterioration due to lighting.
KERLINK recommends adding surge protection, especially in high keraunic levels areas.

3.7.9.1 RF coaxial surge protection

For the antenna links (GNSS, LTE), KERLINK recommends the-6@NXAB series from
CITEL.
Protections must be installed in accordance to its own specifications.

The main characteristics of the RF coaxial surge protection are:

Characterisics Specification

Technology Gas discharge tube
Connection to Network Connector N Male/ N Female
Mounting Feedthrough

Housing material Brass/Surface plating Cu Zn Sn
Operating temperature -40°C to +85°C

Protection rating IP65

Outdoor application Yes

Failsafe behavior Shortcircuit

Disconnection indicator Transmission interrupt
Remote signaling of disconnection None

Contacts Bronze/Surface Ag
Insulation material PTFE

Operating current None

Leakage current at Uc (Ic)
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Max discharge current 20 kA

Max withstand @ 8/20 ps by pole (Imax)

Max. line current (IL) 10A

Protection mode(s) CM

Protection level (Up) <700V

Impulse current 2.5 kA

2 X 10/350us TestD1 Category (limp)

Nominal discharge current 5kA

8/20us Test x 10 C2 Category (In)

Frequency range DG6GHz

Impedance 50 ohms

Insertion loss <0.2dB

Max Power 70 W

Return loss >20dB

VSWR <1.25:1

DC Pass Yes

Certifications IEC 616421/ EN 616421
UL497C / UL497E

RoOHS compliance PTFE

The following picture describes th&F- coaxial surge protection:

P8AX09-6G-N/MF

Figure59: PBAX Citel

Note: the RF coaxial surge protector must be connected to the Lightning Protection System
down conductor, connecting the lighting rod to the earth. No cables are provided by
KERINK for that purpose.

For the LoRa antenna link, KERLINK recommends the PRU82Series from CITEL.
Protections must be installed in accordance to its own specifications.
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The main characteristics of the RF coaxial surge protection are:

Characteristics Specification
Technology Quarter wave
Connection to Network Connector N Male/ N Female
Mounting Feedthrough

Housing material
Operating temperature
Protection rating
Outdoor application
Failsafe behavior
Contacts

Insulation material

Max discharge current
Max withstand @ 8/20 ps by pole (Imax)
Max. line current (IL)

Protection level (Up)

Impulse current

2 x10/350us Test D1 Category (limp)
Nominal discharge current

8/20us Test x 10 C2 Category (In)
Frequency range

Impedance
Insertion loss
Max Power
Return loss
VSWR

DC Pass
Certifications

Brass/Surface plating Cu Zn Sn
-40°C to +85°C

IP65

Yes

Shortcircuit

Bronze/Surface Ag

PTFE

50 kA

10A
<30V
25 kA

25 kA

800-2200VHz
50 ohms
<0.2dB

1500 W
>20dB
<l.2:1

No

IEC 616421 / EN 616421
UL497C / UL497E

The following picture describes the RF coaxial surge protection:
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Figure60: PRC822S Citel

Note: the RF coaxial surge protector must be connected to the Lightning ¢i@teSystem
down conductor, connecting the lighting rod to the earth. No cables are provided by
KERLINK for that purpose.

3.7.9.2 DC surge protection, 1 pole

Kerlink recommends using the DS7A3DC reference from CITEL.
The main characteristics of the DC supgetection are:

Characteristics Specification

Typical use 48 Vdc power line surge protector

Nominal DC voltage (Un) 48V DC

Maximum operating voltage (Uc) 65V DC

Operating currentc leakage current at Un (Ic) <0.1mA

Nominal discharge current 30 kKA

15 x8/20us impulse (In)

Max discharge current 70 KA

1x 8/20 psimpulse (Imax)

Max lighting current by pole 7kA

Maw withstand at 10/350us (limp)

Protection level (Up) <300V

Operating temperature -40°C to +85°C

Thermal disconnector Internal

Fuses Type g&b0A

Connection Screw terminals 25 mm2

Mounting Symetrical rail (EN50022/DIN4623y

Housingmaterial UL94Vv0

Certifications IEC 616431 / EN 616431
UL1449 ed.3
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A picture of the DS71B8DC is presented below:

o
DS71RS-48DC

~;—;‘

DS"ZRS 430C
Figure6l: DC surge protections (1 pole and 2 poles)

':ﬁl'

The following schematic shows electrical connections of the unipolar DC surge protection to
the Wirnet iBTS and the isolated DC/DC converter:

Isolated Unipolar i ]
DC/DC DC surge protectior Wimet iIBTS

48V

i rrr

Figure62: DC surge protection 1 pole schematic

An example of connections is described below, while the DC surge protection is integrated in
the Compact casing
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Positive signal
(1.5 sq. mm)

DC surge protection
(CITEDS71R8DC)

Negative signal
(1.5 sq. mm)

Negative connector
terminal to ground
(1.5 sq. mm)

Power supply cable
(1.5 sq. mm)

Main grourdingwire
(1.5 sg. mm)

Figure63: Example of DC surge protection cabling

To connect grounding cabte the metal heatsink of the product, Kerlink recommends using
tongue terminals. Those terminals must be tightened with wing nuts.

Regarding the DC surge protection integration process inside the Wirnet iBTS enclosure,
Kerlink recommends using the followg guideline:
1. DS71RI8DC must be inserted on the left side of the UC module.
The mechanical holding must be ensured by using a double face tape.
Note: It is important to avoid any enclosure deformation which may imply ingress
protection issue.

2. The M25 cable gland must be used to introduce the power supply cable inside the
enclosure. As mentioned on the installation guide of the Wirnet iBTS product, the
external cable diameter must be between 5 to 8 mm to insure a good ingress
protection.

The paver supply cable is a 1.5 sq. mm cable.
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3. The positive wire of the power supply cable must be connected to the surge
protector and then to the Wirnet iBTS connector.

4. The negative wire of the power supply cable must be connected to the Ground side
of the surg protector.

5. A ground connection must be done between the ground side of the surge protector
and the metal heatsink of the product. The best solution is to use tongue terminal.

6. A ground connection must be done between the metal heatsink of the product and
the Wirnet iBTS connector.

. S

Figure64: Tongue terminal

Wing nuts (x2)

Tongue terminals (x2)

Figure65: Tongue terminal assembly

3.7.9.3 DC surge protection, 2 poles

To avoid any lightning introduction inside the shelter Kerlink recommends usiag
following bipolar DC surge protection: DS723DC from CITEL.

The main characteristics of the DC surge protection are:

Characteristics Specification

Typical use 48 VVdc power line surge protector
Nominal DC voltage (Un) 48V DC

Maximum operatingvoltage (Uc) 65V DC

Operating currentg leakage current at Un (Ic) <0.1mA

Nominal discharge current 30 kKA
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15 x 8/20ps impulse (In)

Max discharge current

1x 8/20 ps impulse (Imax)

Max lighting current by pole

Maw withstand at 10/350ps (limp)
Protection level (Up)

Operating temperature
Thermal disconnector
Fuses

Connection

Mounting

Housing material
Certifications

70 kKA
7 kA

<300V

-40°C to +85°C

Internal

Type g&G0A

Screw terminals 25 mm2
Symetrical rail (EN50022/DIN4623y
UL94VO0

IECG65164311 / EN 616431
UL1449 ed.3

A picture of DS72R8DC is presented igure6l.

The following schematic shows electrical connections ofttipelar DC surgeprotection to
the Wirnet iBTS and the isolated DC/DC converter:

Isolated Unipolar -
DC/DC DC surge protection Wimnet IBTS
— 4

48V

Figure66: DC surge protection 2 poles schematic

Kerlink recommends realizing a goalifect connection between the Bipolar DC surge
protection and the earthing system of the installation. The used earthing cable must be as

short as possible (< 50 cm, 4 sq. mm).
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The principles of cabling remain identical to those describe®ii.§.2

3.7.9.4 Indoor Ethernet surge protection

For the Ethernet link, KERLINK recommends the RMJIBA reference from CITEL.
This surge protection must be installed indoor, accagdimits own specifications.

The main characteristics of the POE surge protection are:

Characteristics

Specification

Network

Technology

SPD configuration
Connection to Network

Format

Mounting

Housing material
Operating temperature
Protection rating
Outdoor application
Failsafe behavior
Disconnection indicator

POE and Gigabit Ethernet, High POE
Clamping diode

4 pairs + shielded
RJ45 shielded
input/output
Metallic box with connectors input/output
Mounting flange, Screw lug, DIN Rall
Aluminum

-40°C to +85°C

IP20

No

Shortcircuit

Transmission interrupt

connector femalt

Remote signaling of disconnection None
Pin outs (1-2)(3-6)(4-5)(7-8)
Nominal line voltage (Un) 48 Vdc
Max. DC operating voltage (Uc) 60 Vdc
Max. line current (IL) 1.2A
Protection level (Up) 70V
Max shunt capacitance 25pF
Impulse current 500 A
2 X 10/350us TestD1 Category (limp)
Nominal discharge current 2 kA
8/20us Test x 10 C2 Category (In)
Max data rate 1000 Mbps
Max frequency > 100MHz
Insertion loss <1dB
Certifications IEC 616421 / EN 616421
UL497A
IEEE 803ab/3at
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The following picture describes the PoE surge protection:

~

Figure67: MJ8POEB Citel

Note: the PoOE surge protector must be connected to the earth. No sahie provided by
KERLINK for that purpose. S&:788.2for additional information.

3.7.9.5 Outdoor Ethernet surge protection

In case the Ethernet surge protection caniet installed indoor, then KERLINK recommends
the PDOUT/SP11 reference from Microsemi.
This surge protection can be installed indoor, according to its own specifications.

The main characteristics of the POE surge protection are:

Characteristics Specifi@ation

Network POE and Gigabit Ethernet, High POE (9!

Technology Clamping diode

SPD configuration 4 pairs + shielded

Connection to Network RJ45  shielded connector  fema
input/output

Format Metallic box with connectors input/output

Mounting Wall orpole mount

Operating temperature -40°C to +85°C

Dimensions 30 x 30 x 190 mm

Weight 2709

Protection rating IP66

Outdoor application Yes

Failsafe behavior Shortcircuit

Disconnection indicator Transmission interrupt

Remote signaling of disconnection None
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Nominal line voltage (Un) 48 Vdc

Max. DC operating voltage (Uc) 60 Vdc

Max. line current (IL) 2A

Protection level (Up) 500V

Nominal discharge voltage 8/20us 10 kv

Impulse current 100 A

2 X 10/350us TestD1 Category (limp)

Nominal dischargeurrent 5 kA

8/20us Test x 10 C2 Category (In)

Max data rate 1000 Mbps

Certifications IEC 616421/ EN 616421
GR1089
ITUT K.45
UL497B

IEEE 803ab/3at

The following picture describes the PoE surge protection:

. a » o

B¢ N 42 T 200000808

Cridunesasiimn
Vere o Pl gprme

Figure68: PD-OUT/SP11 Microsemi

Note: the PoOE surge protector must be connected to the earth. No cables are provided by
KERLINK for that purpose. S&788.2for additiond information.

3.7.10 Mounting kits

3.7.10.1Notched Vshaped pole mounting kit

The notched Mhaped pole mounting kit includes a notched V shaped plate and a U bolt
with 2 nuts.

This mounting kit can be used in conjunction with the dome antenna brackets for pole
mounting(see 8.7.10.3. The naximum diameter of the pole iOmMm.

The dimensions of the notched V shaped plate part are detailed hereafter:
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Zimm

n.5mm

imm
21mi
Hmm

A4y H8d

Figure69: Dimensions of the notched V shaped plate

3.7.10.2Universal antenna bracket
The universal antenna bracket is useith the following antennas:
1 868MHz, 3dBi omnidirectional (se8.8.4.)).
1 915MHz, 3dBi omnidirectional (se8.8.4.3.
1 915MHz, 6dBi omnidirectionaxcept FIRF antenndsee 8.7.4.9.

The universal antenna bracket is presented hereatfter:

Slots for metallic
strapping

B5mm

Holes for antenna .
Fxing holes

(wall mount)

Figure70: Universal antenna bracket dimensions

The universal antenna bracket has 3 holes dedicated to the LoRa antenna N connector. The
bracket can be then oriented in 3 different positions without compromising the antenna
position.

The universal antenna brackean be mounted:
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1 On awall: use in this case two M4 screws separated by 19mm.
1 On a pole: use metallic strapping through the two 5mm x 25mm slots.
1 On the compact casing mounting kit, with 2 x M8 bolts and screws.

3.7.10.3Dome antenna bracket

The dome antennaracket is used for the following antennas:
1 GNSS antenna (se8.8.5.)
1 LTE antenna (see8§.5.2

The dome antenna bracket is presented hereafter:

/l—ic"m—- L com RISRM
Slots for metallic

/ n r-'-'-:-:-:.-:_.§£[apping
Slot for cable tie N

Fxing holes
(wall mount)

Figure71: Dome antennabdracket dimensions

The dome antenna bracket has a single hole dedicated to the LTE and / or GPS M22 screw.
The dome antenna bracket can be mounted:

1 On awall: use in this case 2 x M4 screws separated by 76mm (see figure above).

1 On a pole: use metallic stpping through the two 4mm x 25mm slots (see figure
above).

T hy | LRESY FEGSNYyFrdS 2LJiA2y A& -a2f dASK &K
detailed in 8.7.1Q The two parts are presented on the figure below. The maximum
diameter of the pole is 60mm.

Another slot is available. It can be used for cable ties to tighten the RF coaxial cable to the
antenna bracket.

Note 1:the M4 screws, the metallic strapping are not provided by KERLINK.
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Note 2:the cables ties are not provided by KERLINK.
Note 3:the notched V shaped plate and abdlt can be provided by KERLINK as accessories
(see 8.7.10.1.

Figure72: Dome antenna bracket with notched V shaped bolt

3.7.11 Debug tool

The Wirnet iBTS has a proprietary serial debug interface named DEBUG available on the
front panel of the CPU module.

This debug interface is intended to be used by authorized and qualified personnel only.

The WIRMA2 Debug tool is intended to be connected to the debug interface. It is mainly a
simple UART to USB converter.

The main characteristiad the Wirma2 debug tool are:

Characteristics Specification

UART Interface RJ45 female
3.3Vinternal LDO
Up to 1Mb/s

USB2.0 interface USB 2.0 A type

USB Self Bus Powered at 5V
Full Speed (12Mb/s)
Operating temperature range 0°C to +60°C
Chipset FT232BL (FTDI)

The debug tool must be used with an Ethernet cable and a USB2.0 type A to type B male
cable. They can be provided by KERLINK as options as detaifed in 8
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The USB cable must be connected to a computer where must be installed HyperTerminal or
Teraterm to visualize the traces.

The following picture describes the Wirma2 debug tool connectatieédCPU module:

-

Wirma2 Debug tool|

Debug connector

USB2.0 A B cabl

Ethernet cable

Figure73: WIRMAZ2 Debug Tool connected to the CPU module
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4.1 Architecture
The figure below depicts theoftware architecture of the Wirnet iBTS product:

Application

— Readwrite mode

Packages [Hll Il I I I I I I8

Configurations | CUSTOME®ystem modifications

OS

— Readonly mode

SecureCore

Figure74. Software architecture

The Operating System of the Wirnet iBTS is mainly inroeidmode. Only the applications,
the packages and th®verlayFS parts (configurations and customer system modifications)
are in readwrite mode.

The firmware of the Wirnet iBTSaathenticated contrary to Wirnet Station's firmwa(g'1).

4.2 System
Software is based on a standdrdngTermSupport (LTS) Lindx14 kernel

Only the toolchain is delivered, no SDK is availalfiiereas thisis the case on the Wirnet
Station (V1).
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4.3 Security

4.3.1 Safety of operations

The following elements are implemented to ensure the safety of operations:
1 Hardware vatchdogto prevent for software deadlocks
1 Firmware filesystemnootfs is not alterable and authenticated
1 Modifications of the firmware filesysterare savedalongsidethe firmware but not
authenticated
1 Authentication of the software by SecureBopas described irhe diagram below

Check uboot integrity

ROMBoot .
& authenticity

(HW)
Boot failure

v

Check linux integrity

& authentici
uboot R

‘ Keys & TrustZone

certificates (SecureCore)

linux

!

Boot
successed

Figure75: SecureBot process

9 Limited Linux drivers

1 Firmware restoration

1 Factory firmware restoration

O /2yGAydz2dza LI FGF2NY LI NI YSGSNE Y2y Ad2NAy3

4.3.2 Safety of local access

The following elements are implemented to ensure the sabétpcal access:
1 JTAGIisabled
1 Local Ethernet access protected by a restrictive firewall
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Local Web interface for ni@enance protected byogin/password

All keys (public/private) and certificatesre stored inside an unbreakable hardware
secured module (SecureCore)

Limited USB drivers, no unnecessary drivers are available

USB key secured with a generic password (with possibility to change it)

= =

= =

4.3.3 Safety of remote access

The following elements are ingmented to ensure theafety of remote access:
1 Very restrictiveifewall, only needed ports are opened
1 Backhaul link protected using standard openVPN tunneling for BSC (Base Stations
/| 2y GNRBEESND YR [b{ 6[2wl2! bu bSGé2N] { SN
1 All credentials(private/public keys, certificates) are stored inside an unbreakable
hardware secured module (SecureCore), these credentials are used by security
applications but never go out from the SecureCore

The following diagram shows how application can accesteate@ls without leak risks:

TLS app openVPN app

openSSL library

Secure pKernelAPI
Unsecured world

Secured world

secured pKernel TLS app OpenVPN app

Keys &

TrustZone certificates
(SecureCore)

Figure76: Access to credentials without leak risks
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4.3.4 Safety of firmware upgrade
The following elements are implemented to ensure the safety of firmware upgrade:

1 Firmware upgrade package is signeihg device upgrade private key
1 During the secured boot sequence, authenticity and integrity of the package is

checked and safely installed
M Seured access to credentials

The following diagram presents the boot procedure including secured firmwageade:

ROMBoot gheckhubo_of integrity
(HW) authenticity
< Boot failure
Check linux integrity
& authenticity +
Firmware upgrade
uboot
Upgrade
package?
Check upgrade
( integrity
& authenticity

linux Hirmware Keys & TrustZone
installation SE e
,b certiticates (SecureCore)
Boot
successed
Figure77: Boot procedure including secured firmware upgrade
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4.4 Applications

Two applicationgan beembedded on the platform: the LoRa packet forwarder andBiSC
(Base Station Controller) client

These applicationare not delivered by defaudindcan be replaced @ Odza G2 YSNRa 2y

Kerlink provides to the customer the list of packages made dlailay the Wirnet iBTS
LX FGF2NY 06Fa&aS FANXYGINBS® /dAdI2YSNRE f A0NF NRS:
to appication part using provided toolchain.

4.4.1 LoRa pcketforwarder
This application is responsible for forwarding all received RF packets to the LoraMac server

using WAN interface and to emit on RF link all the messegeived from the LoraMac
server.

The packet forwarder is relaying on the Semtech HAL (Hardware Abstraction Layer)
LINE OARAY3I @GSNE aAYLI S | O00Saa G2 wC TSI (dz2NBa

Here are thanain modifications comparedb the packet forwarder which is available on the
Wirnet Station (V1):

1 Support multiSx1301 with a single JSON configuration file

1 Support of transmission retnpechanism to avoid messagjess

1 Backupof messageduringpower off

f LoRaclassA, B, C

All LoRa messages are treated by the LoraMac server which can be considergdoay
between LoRa network and customer IT. This server is responsible for:

1 Endpoints management

1 Security management

1 Endpoints addressing

The availability of the LoraMac server is out of the scope of Wirnet iBTS product.
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4.4.2 BSClient

4.4.2.1 Services

Thisapplicationis a client for BS(Base Station Controllegnd is responsible fofink with
the loTPatform a2 ! b 9 { , prowvitled by Kerlinko ensurethe Device Management
servicenf monitoring, provisioning and maintenance.

The services provided by trepplication arehe followings(nhon-exhaustive list)
Supervision of power supply

Supervisionof th& y Of 2 adzZNBS Qa f AR

Maintaining the watchdog

Configurationof the GPS daemon

Recovery of the GPS position

Configurationof time sourceand NTRsteering

Recovery of the configuration data

Maintenancefirmware upgrade, remotshell.file S E LJf 2 NB NX
Construction / etrieving statistics

System caofiguration (network management)

RF modems configuration

Registration oRFspectrums on demand

=4 =4 4 -8 _9_-9_49_9_2°2_2._2._-2

Thecommunicaton with the 10T Platfornis based on SNM¥2c protocol.

4.4.2.2 Alarms

The alarmgienerated by the application are the followin@en-exhaustive list)

Power loss after 5 seconds withgowwer supply(only possible with backupattery)
Opening or closing of theoor (light sensor detection, configurable threshold)
Restoration of theifmware

Restoration othe configuration

RAM occupancy exceed#uk configurable threshold for 308)

CPU loa@xceededhe configurable thresholdor 30s(*)

System disk occupanagxceededhe configurablethreshold(*)

User disloccupancy exceededthe configurable threshold*)
Temperatureexceededhe configurable threshold*)

RSSI exceeddlle configurable threshold*)

GPS not fixefbr aconfigurable duration

= =4 8 4 -8 -9 _45_4_°_2°._-2

Anatification is sent whemhe alarmtriggered am then at the end of the alarm.

For the alarms marked with (*), laysteresismechanismassociated withthe configurable
threshold allove to avoidoscillation phenomena.
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4.4.2.3 KPIs

The system offers a number oPI§ that are available for the platfornon-exhaustive list)
1 Platform data:
0 RX/TX by interface
o Temperature
o RSSI
0o GPS lock ratio
1 Charges:
o CPU
o0 RAM
o Disk
1 Radio station:
o0 Number of messages RX/TX
o CRCKO
o Total lengths
o Distribution of SF
o RSSI
o Data rate average
Duty cycke
1 Radio Modem:
o0 Number of messages RX/TX
o CRCKO
o Total lengths
o Distribution of SF
o RSSI
o Datarate average
o]
o]
o]
o]

o

Dutycycle

Load of modulators
Loadof RF channels
Potentialinterferers
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4.5 Update system

4.5.1 Updates
Contrary to Wirnet Station (V19nly OPKG packages are supported.

4.5.2 Auto-recovery
¢CKS TFTANXGI NB 27F -{2SA\ANS/T Sddéovery dbécharisinbaséd ovatehdog
reboots detection.

Contrary to the firmware of Wirnet StatiofV1l) only watchdog reboots can trigger a
recoveryoperation.

VVVVVVVV

After 16 consecutivevl § OKR2 3 NBo22Ga RSGSOOSRT || aNBadz
This backup is a stored state of the firmware beftbre last update.

AAAAAAAA

If32wal OKR23 NBoz22dGa | NBE RSGS OdpSaionh isltriggieNIha (G 2 NS
this case, all the stock firmware is-irestalled (configuration, modifications and user data
deleted).

4.5.3 Hotfix

The firmware of Wirnet iBTS supports hotfix packages to allow modificatbtise root
filesystemin the overlayto fix a limited problem in the system. llese packages can be
delivered quicker than waitinfpr a full release of firmware with the fix.

4.6 WAN

WAN interface relays on IP mechanism and can be established either on Ethernet link or
GSM link.

The WAN connectivity is handle¢ la daemon providing a powerful interface for network
O2y FAAdzNY GA2Y |yR aidliraardade ! RRAGAZ2Y I ffex
a GSM module.

Security is provided hysing an SSL tunnel (openVPN).
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5wS3dzZ | A2y a
5.1 WirnetiBTS868

5.1.1 Europe CE

Wirnet iBTS 868 complies with requirements listed in:

RED Directive 2014/53/EU

Low Voltage Directive 2014/35/EU

Electromagnetic Compatibility Directive 2014/30/EU

The limitation of exposure of the general public to electromagnetic fields
specified inhe Council Recommendation 1999/519/EC:

The power supply of the Wirnet iBTS 868 must be a limited power source.

The Wirnet iBTS 868 is considered as a category 1.5 receiver according to theZ28B00
The Wirnet iBTS 868 has CE marking.

egeee

In Europe, theWirnet iBTS868 station must comply with the ERC -A requirements
regarding duty cycle and maximum EIRP. They are summarized in the following table:

ERC 703 Band Frequency (MHz) Power Duty cycle
hl.2 865-868 14dBm ERP 1%

hl.4 868-868,6 14dBm ERP 1%

h1l.5 868,7869,2 14dBm ERP 0,1%

h1.6 869,4869,65 27dBm ERP 10%

hl.7 869,7870 14dBm ERP 1%

h2.1 870873 14dBm ERP 1%

The frequency channels arrangement must be compliant to the LoRaWAN specification and
the regional parameters (EU 8830 MHz) aslefined in [1] and [2].

If the LoRa antenna is changed, the output power must be adjusted to take into account the
gain of the antenna to not overrule the ERC37fegulation.
Be careful, some countries in Europe may have specific frequency range, EIRRBtan
cycles regulations:
1 Greece, Sweden: bands h1.2 and h2.1 must not be used
1 Andorra, Austria, Belgium, Bosnia and Herzegovina, Bulgaria, Croatia, Cyprus, Czech
Republic, France, Germany, Spain, Netherlands, Italy, Liechtenstein, Lithuania, Latvia,
Macedonia, Malta, Montenegro, Rtugal, Romania, Switzerland, Serbia, Turkey:
band h2.1 must not be used
Check the local regulations before installing and commissioning the gateway.
For other countries, outside Europe, check the frequency range, the maxiBRP and duty
cycle allowed.
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5.1.2 India

The Type Approvals No MNHA/525IRLO(NR), NRTA/6064RLO(NR) and NETA
354/201#RLO(SR) were granted by WPC to the Wirnet iBTS Compact 868.
However:
1 Separate Import license is required to be obtained for each imporpeasWPC
procedures,
1 Record of all the equipments imported needs to be maintained and submitted to the
Ministry as and when required.

In India, the Wirnet iBTS Compact 868 can be used with the following limitations:

Item Specification
Frequency range 865-867MHz
Max EIRP 4W

Max conducted power with 6dBi antenna 1w
Channelization 200KHz

The frequency channels arrangement must be compliant to the LoRaWAN specification and
the regional parameters (India 8@%7 MHz) as defined in [1] and [2].

Note: A 865867MHz cavity filter may be required in India to avoid saturation and
desensitization of the LoRa receiver due telewated LTE850 or CDMAB800 base stations.
This cavity filter is described i3§.6.1

5.1.3 South Africa

- Wirnet iBTS 868 ready fdCASA Type approval

The Wirnet iBTS 868 is compliant to:

1 Radio Frequency Spectrum Regulations, 2015

T {!'b{ onmnydpnmY 9fSOGNRYIIAYySGaDiDENKEI GdAWA b
ElectroMagnetic Compatibility (EMC) standard for radio equipment and services Part
1: Common technical requirements

T {'b{ onmnydnoY 9fSOUGNRYIIAYSGAO O2YLI GAOAC
ElectroMagnetic Compatibility (EMC) standéod radio equipment and services Part
oY {LISOAFTFAO O2yRAGAZ2YEA F2N) { K2NInwl y3s
between 9 kHz and 246 GHz

T {! b{ cnppnnmY LYF2NXIGAZ2Yy GSOKyz2f238& Sj
requirements

In SouthAfrica, theWirnetiBTS368can be used with the following limitations:
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Frequency (MHz) Power Duty cycle
868-868,6 14dBm erp 1%
868,7-869,2 14dBm erp 0,1%
869,4869,65 27dBm erp 10%
869,7870 7dBm erp 100%

The frequency channels arrangement is the same as in Euepmaust be compliant to the
LoRaWAN specification and the regional parameters (ELBB683VIHz) as defined in [1] and

2].

5.1.4 Saudi Arabia

- Wirnet iBTS 868 ready f&ZITC approval

The Wirnet iBTS 868 is compliant to:

 RIO54c{ LISOA FA Ol U A 2 yShortRahddDebices/andAnidl &y Eflipdent

1 National Guideline for Human Exposure to Radiofrequency Electromagnetic Fields,
2009
GENOOX Technical SpecificationGeneral Requirements
IEC 6095Q: 2005 + Al: 2009 A2: 2013- Information technology equipment
Safety- Part 1: General requirements

1
1

In SaudiArabia, theWirnet iBTS 868an be used with the following limitations:

Frequency (MHz) Power

865868 14dBm erp
868-868,6 14dBm erp
868,7869,2 14dBm erp
869,4869,65 27dBm erp
869, 7870 7dBm erp

The frequency channels arrangement is the same as in Europe i.e. must be compliant to the
LoRaWAN specification and the regional parameters (ELBB863VIHz) as defined in [1] and

[2].
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5.1.5 United Arab Emirates

- Wirnet iBTS 868 ready farRA Type approval

The Wirnet iBTS 868 is compliant to:
1 TS03X NonSpecificShort range Devices
1 TSO00X EMC and Safety Requirements
1 UAE.S GSO 1799: Safety Lewdls Respecto Human Exposure To Radio Frequency
Electromagnet Fields, 3 kHz To 300 GHz

In United Arab Emirates, th&/irnet iBTS 868an be used with the following limitations:

Frequency (MHz) Power

865-870 17dBm EIRP*

870873 10dBm EIRP

*: can be increased to 20dBm EIRP with authorization of the TRA.

Thefrequency channels arrangement is the same as in Europe i.e. must be compliant to the
LoRaWAN specification and the regional parameters (ELB86BIHz) as defined in [1] and

2].

5.1.6 Russia

- Wirnet iBTS 868 ready faMinsvyaz approval and EAC marking

TheWirnet iBTS 868 is compliant to:
1 CU TR 020/2011 : Electromagnetic Compatibility of Technical Products
1 CU TR 004/2011 : Safety of Low Voltage Equipment

T Dh{¢ w L9/ cndpnmm m LYF2N¥IGAZ2Y (1SOKy2f

requirements.

In Russia, th&Virnet iBTS 868an be used with the following limitations:

Frequency (MHz) Power Duty cycle
864-865 14dBm ERP 1%
868.7-869.2 14dBm ERP N/A

The frequency channels arrangement is defined in the LoRaWAN specification and the
regionalparameters (RU 864) as defined in [1] and [2].
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5.2 WirnetiBTS915

5.2.1 USA/FCC

The Wirnet iBTS 915 is compliant to:
1 UL 609501 : 2007, Amendment A1:2011, Amendment A2:2014
The power supply of the Wirnet iBTS 915 must be a limited power source.

The Wirnet iBTS15 is also compliant to CFR 47 FCC Part 15 regulations:
1 FCC 47 CFR Part 15 : 20R4rt 15 Radio frequency devices
1 FCC PART 15.24@peration within the bands 9@®28 MHz, 24062483.5 MHz, and
57255850 MHz (frequency hopping and digitally modulated)
o0 FCC Part 15.207 conducted emissions on AC mains in the band 150kHz
30MHz
o0 FCC Part 15.247 intentional radiated emissions
o FCC Part 15.215 Additional provisions to the general radiated emissions
limitations

The associated FCC identifiers of the Wirnet iBI5are:
FCC ID : 2ARKEK915IBTS
Model : WIRNET iBTS 915
Contains FCCID : N7NMC7355
Model : MC7355

The associated FCC identifiers of the Wirnet iBTS Compact 915 are:
FCC ID : 2AFKEK915IBTSC
Model : WIRNET iBTS Compact 915
Contains FCCID : N7NMC7355
Model : MC7355

5.2.2 Canada/IC

The Wirnet iBTS 915 is compliant to:
1 CAN/CSAC22.2 NO. 60950-07 / Al: 2011/ A2: 2014
The power supply of the Wirnet iBTS 915 must be a limited power source.

The Wirnet iBTS 915 is also compliant te RSS 247 regulations:
1 RSSGenc Issue 4, November 2014eneral requirements and Information for the
Certification of radio Apparatus
1 RS&47 Issue 1, May 20}Digital Transmission Systems (DTSS), Frequency Hopping
Systems (FHSS) and LiceBgempt Local Area Network (LEN)Devices
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The associated IC identifiers of the Wirnet iBTS 915 are:
IC : 20637FKLK915IBTS
Model : WIRNET iBTS 915
Contains / Contient IC : 241-MDC7355
Model : MC7355

The associated IC identifiers of the Wirnet iBTS Compact 915 are:
IC :20637KLK915IBTSC
Model : WIRNET iBTS Compact 915
Contains / Contient IC : 241-M0C7355
Model : MC7355

5.2.3 Mexico
-IFETEL certification required

¢CKS 2ANYySiG A. ¢{ ¢nrpPs2015 (PRDRABLI Telegbriunidadonedg L C ¢

wlk RA 2 02 Ydzy A fas @& mdiocomuni¢asi@n (g emplean la técnica de espectro
RAALISNEZ2 m 9ljdzALl2a RS NIRA202YdzyAOF OAsy LJ2NJ
2LISNI N Sy 1 & oFlyRIFa dnumpHy all X HOAANTHRNYO !
limites y métodos8 LINHzSo6 | £ @

G[ 1 2LISNFOAsy RS SaidS SldaAalLl Saidt adzSil | f
este equipo o dispositivo no cause interferencia perjudicial y (2) este equipo o dispositivo

debe aceptar cualquier interferencia, incluyendo la queeqa causar su operacion no
RS&aSIRI ¢

The frequency channels arrangement must be compliant to the LoRaWAN specification and
the regional parameters (US 9928 MHZz) as defined in [1] and [2].

5.2.4 Philippines
-NTC Type Approval required

The Wirnet iBTS 91§ compliant to:
1 Memorandum Circular MC 633-2013 amending MC 099-20003 for Wireless data
Networks and Devices
1 Memorandum Circular n°202-92 : Implementing guidelines for Cellular Mobile
Telephone System (CMTS) operations in the Philippines
1 Memorandum Circular n°0708-2005 : Rules and regulations on the Allocation and
Assignment of 3G Radio Frequency bands
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1 Memorandum Circular n°0@3-2010 : Rules on the Assignment of the Remaining
Allocated 3G Radio Frequency Band

1 PNSCIEC 60954 - Information Technalgy Equipment; Safety¢ Part 1. General
requirements.

In Philippines, the Wirnet iBTS 915 can be used with the following limitations:

Item Specification
Frequency range 915918MHz
Max ERP 250mwW

Max conducted power with 3dBi antenna +23dBm (200mW)
Max conducted power with 6dBi antenna +20dBm (100mW)

Channelization 200KHz
Number of channels 14
Channels center frequency 915.2 MHz +n*0.2MHz (0<=n<=13)

No frequency channels arrangement defined in LoRaWAN specification and the regional
parameters agdefined in [1] and [2] can be applicable to Philippines. Alternate JoinReq
channels must be then defined.

Note: A 915920MHz cavity filter may be required in Philippines to avoid saturation and
desensitization of the LoRa receiver due telavated EGSM® base stations. This cavity
filter is described in&7.6.3

5.3 Wirnet iBT923

TheWirnetiBT®23is compliant to:

IEC 6095:2005/A1:2009/A2:2013

CENELEC BR 9501 (Ed. 2006/A11 : 2009/A1 : 2010/A12:2011/A2:2013)
AS/NZS 60950.1 : 2011

GB49422011

K609501

J609501

= =4 -8 4 -8 9

TheWirnet iBTS 928 also compliant to both FCC and CE regulations.
Applicable documents:
1 CFR 47 FCCPart 15:
0 FCC 47 CFR Part 15 : 20R4rt15 Radio frequency devices
0 FCC PART 15.24Dperation within the bands 9@®28 MHz, 24002483.5
MHz, and 57285850 MHz. (frequency hopping and digitally modulated)

This document is the strict property of Kerlink and shall not be either copied nor sent without ex
written authorization of Kerlink

Internal Use Kerlink ommunication isverything reserved rights
Confidential

, —— ‘ Kerlink¢ 1 rue Jacqueline Auriaj 35235 THORIGNEOUILLARL Pagel33/ 174
Strict confidential




Document title: Wirnet iBTS

& . . inti
Wirnet iBTS Prodyct Description
In Product D inti Version: 2.0
roduct Description aythor: Benoit LE TEXIER

communication is everything Date: 04/10/2018

A FCC Part 15.207 conducted emissions on AC mains in the band 150kHz
¢ 30MHz
A FCC Part 15.Z4intentional radiated emissions
A FCC Part 15.215 Additional provisions to the general radiated
emissions limitations
91 Atrticle 3.2 of the R&TTE Directive:
o EN 300 224, issue 3.3.1
o EN 300 22€, issue 3.3.1
The Wirnet iBTS 923 is considered as a categorsetéver according to the EN
300220-1.

Note :

Depending on the countries, check the specific regulations applying, especially regarding
frequency range, maximum EIRP, duty cycle allowed, maximum transmit duresiorer
senseY I YRFG2NBE 2N y203x SG0 X

Some specific rules are detailed hereafter for specific countries.

5.3.1 Australia

M2M Connectivity is the only Responsible Supplier of the Wirnet iBTS 923 and Wirnet iBTS
Compact 923 under the ACMA registration process. The company acts as importer of the
Wirnet Station 923 and agreed to let Kerlink affix the product with the RCM mark.

The Wirnet iBTS 923 complies with the requirements of the relevant ACMA Standards made
under the Radiocommunications Act 1992 and the Telecommunications Act 1997. These
Standard are referenced in notices made under section 182 of the Radiocommunications
Act and 407 of the Telecommunications Act.
The applicable Standard are:
1 Radiocommunications (Short Range Devices) Standard 2014
AS/NZS 4268: 2017: Radio equipment and syste8tsort range devicesLimits and
methods of measurement
1 AS/CA S042.1: 2015 Requirements for connection to an air interface of a
Telecommunications NetworkPart 1: General
1 AS/ACIF S042.3: 2005Requirements for connection to an air interface of a
Teleommunications Network Part 3: GSM Customer Equipment
1 AS/CA S042.4. 2015 Requirements for connection to an air interface of a
Telecommunications NetworkPart 4: IMT Customer Equipment
1 AS/NZS 60950.1: 2015 Information technology equipment Safety - General
requirements

In Australia, the Wirnet iBTS 923 can be used with the following limitations:
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Product Description

ltem Specification
Frequency range 915928MHz
Max EIRP 1W (30dBm)
Max conducted power with 6dBi antenna 24dBm
Max conducted power with 3dBi antenna 27dBm

The frequency channels arrangement must be compliant to the LoRaWAN specification and
the regional parameters (AU 9828MHz) as defined in [1] and [2].

HongKong

TheWirnet iBTS 928an be used in Horgong, based on a Voluntary Certification Scheme
The Wirnet iBTS 923 is compliant to:

T

T

Hong Kong Telecommunications Equipment Evaluation and Certification (HKTEC)
Scheme OFCA |1 421, Issue 6, 2012, based on a Voluntary Certification Scheme.

HKCA 103F Issue 7, 2016: Performance specification for raglipipment exempted

from licensing

HKCA 1078 Issue 1, 2017: Performance specification for Radio Equipment operating in
the 920925 MHz band for the provision of public telecommunications services.

HKCA 104§ Issue 1, 2005: Performance specification f&tIREquipment operating in

the 865868 MHz and/or 92025 MHz bands.

HKCA 10338 Issue 7, 2012: Performance Specification for Mobile Stations and Portable
Equipment for use in the Global System for Mobile Communications (GSM) 900 and
1800 MHz Bands.

HKCA @48¢ Issue 2, 2008: Performance specification for user equipment for use in the
third generation (3G) mobile communication services employing CDMA Direct Spread
(UTRA FDD).

HKCA 105% Issue 1, 2011: Performance Specification for User Equipment for Use in
Public Mobile Communications Services based on Evolved Universal Terrestrial Radio
Access (JTRA) Frequency Division Duplex (FDD).

HKCA 200X Issue 12, 2012: Compliance test specificatprbafety and Electrical
Protection requirements for subscriber [Eeommunications Equipment.

In HongKong, the Wirnet iBTS 923 can be then used with the following limitations:

Item Specification
Frequency range 920-925MHz
Max EIRP 36dBm

Max conducted power with 6dBi antenna 30dBm
Channelization 200KHz

Internal Use
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