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Market Drivers

« High standards for quality

« Efficiency and economics of
automation
— Reduce loss and waste
— Reduce service outage and repair times
— Reduce communication costs
— Operation continuity / disaster recovery

* Improve operation security
— Personnel safety
— Asset protection
— Cyber threat avoidance
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Critical Infrastructure

« Security

— Reducing the risk to critical infrastructure
by physical means or defense cyber
measures to intrusions, attacks, or the
effects of natural or man-made disasters

 Resilience

— Prepare for and adapt to changing
conditions, withstand and recover from
deliberate attacks, accidents, or naturally
occurring threats or incidents
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Smart Cities

Wireless Video
Cloud Survelllance
Management
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« High capacity connectivity

e« Secure communications

Affordable and rapidly deployed

Reliable to perform in harsh conditions
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* Video survelillance

« Connectivity at special events

* Infrastructure monitoring and control
« Automatic metering infrastructure

« Public WiFiI connectivity

 Traffic control and digital signage

« Street light controls

e Parking lot automation
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Case Study: HCSO

 City-wide video surveillance of traffic
Intersections

* Integrated with Automatic License
Plate Recognition (ALPR)

« Surveillance of key meeting areas

* Solution
— PMP 450 unlicensed distribution network
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Case Study: Budapest Video Surveillance

 City-wide video survelllance

« Leverages streets as radio
transmission conduit

* |nstalled in a matter of weeks at a
fraction of the cost of wired solutions

* Expanding network to add new
coverage areas

* Solution
— ePMP unlicensed distribution network
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Case Study: City of Chicago, USA

« Office of Emergency Management
Communications (OEMC) deployed
city-wide video surveillance

« Wireless connectivity enabled the
system to be installed rapidly at a
reasonable cost

* Network has performed for years in
harsh weather

e Solution
— PMP 450 distribution network
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Case Study: Ramos Arizpe

 City-wide connectivity for 20,000
users

« Connectivity at hospitals, schools,
parks, and businesses in a 15
square km area

« Rapidly deployed

e Solution
— ePMP unlicensed distribution network
— cnPilot E500 enterprise outdoor WiFi
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Case Study: Lorain County Fair

« High-speed connectivity for guests
 Indoor and outdoor WiFi coverage

« PCI wireless security for event
vendors

« Leverage for video surveillance

« Solution
— PTP 650 unlicensed wireless backhaul
— ePMP unlicensed distribution network
— cnPilot E400 indoor enterprise WiFi
— cnPilot E500 outdoor enterprise WiFi
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Case Study: South Asia Games

« 4,500 athletes from eight nations

 Indoor and outdoor coverage for
dormitories and venues

« High capacity for spectators and
media

« Solution
— PTP 650 unlicensed backhaul
— PTP 450 unlicensed backhaul
— PMP 450 unlicensed distribution
— cnPilot E400 enterprise indoor WiFi
— cnPilot E500 enterprise outdoor WiFi
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The Cambium Networks Difference

« Spectral Efficiency

« Scalability

« Security

 Reliability

« Total Cost of Ownership

« Sustainability
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PTP PorHfolio Overview

Unlicensed Sub 6GHz Licensed 6-38 GHz

FEATURE PTP 450i PTP 650 PTP 820

--t" L i “
_ij oA | | |
“ﬂ LW iy
4.9-5.925 GHz
RF Bands (GHz) 35 GHz 4.9 -6.05 6-42
Technology TDD TDD FDD
1 Gbps+
Max. Throughput 125 agg. 450 agg. Full duplex

Immediate roll-out
No fee

Licensed spectrum
license fee

HON

Highest capacity

LOS/NLOS
Low Cost

@ Cambium Networks"

15



Dynamic Specirum Optimization

« Always-on, wide-band spectrum analyzer

« Real-time and historical analytics

* Find available channels; identify sources of interference
« Scans all bands and channels from 4.9 GHz to 6.05 GHz
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* Physical Security
» Detect physical tampering
* Prevent unauthorized software
* Encrypt sensitive configuration data
» Defend against network attacks

 Management Security
* Prevent unauthorized access
« Audit trail of changes

« Data Security
* Encryption of over-the-air data
* Prevent decoding of network transmissions

* Process Security

— Gain validation from third parties
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Designed for Harsh Environments

Wind Survival
— 200 mph survivability

Dust / Water Intrusion (IP66/67)

— Water jets from any direction
— Immersion in 1 m water
— Dust tight

Salt Fog Environment (MIL-STD-810G)

— Tests resistance to corrosion if face of extended
exposure to salt spray

Shock / Vibration (MIL-STD-810G)
— Handling, transportation, long-term deployment
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Quick Deploy Positioner

« Applications

— First responders (public safety / national
guard / CIVLEA)

— Rapid tactical deployment (DoD)

— Oil/Gas re-alignment after re-location of
mast head

— Cell on wheels / temporary deployments

 Eliminates need for on-site techs

 Tightly integrated all-outdoor solution

e Goes live In <3 minutes

« Compatible with PTP 650, 700, 450i,
and PMP 450i
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Multipoint Distribution — PMP 450
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Dynamic Interference Filtering Technology

Static Filter

5.925 GH Interference from
Neighboring

1 [ Channels
mpacting the

Dynamic Filter

— - s s |- RADIOC

A

v - Selected Channel

<+—— Selected Channel
Clean

Channel_

4.900 GH
Static Filter Dynamic Filter
Spectrum Traditional Fixed Filter Cambium’s Dynamic Filtering
Makes radio susceptible to Wraps around selected channel,
neighboring channel interference filtering out interference from

neighboring channels
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PMP 450i

 Ultra Wide-band 4900-5925 MHz
— Supports Supports 4.9, 5.1, and 5.2 MHz

« Enhanced Performance
— Dynamic interference filtering

— Increased transmit power
— Better receive sensitivity

* Rugged IP66/67 Enclosure

« Agile
— 802.3at PoE compatible
— Auxiliary port with PoE output
— 5, 10, 15, 20, 30 and 40 MHz channel
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PMP 450m

« Massive MU-MIMO technology

 Industry leading spectral efficiency

— Delivers 500 Mbps throughput in a 20 MHz
channel

 Links with up to 7 SMs simultaneously
 Increases sector capacity by 3 — 4X

* Improved performance in high
Interference

 Uses current PMP 450 SMs
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Superior Perfformance in Real World Conditions

« Unlicensed spectrum is congested!

 efFortify technology increases
Interference tolerance to provide
higher performance and consistent
latency under external interference

* GPS Synchronization provides a
solid foundation for your network’s
deployment and growth

« Rate adapt algorithms adjust radio
operation automatically to boost
performance and resiliency
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GPS Synchronization Allows for Frequency Re-use

Within One Site with
Sectorized 2 Channels
Site
The Entire
Across Network with
Contiguous 4 Channels
Network
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ePMP 2000 Access Point with Intelligent Filtering

Next Generation ePMP Access Point
Frequency reuse via GPS synchronization
Supports up to 120 SMs

Available in Lite (10 SM) or Full models

— License Key to upgrade Lite to Full
802.3at compliant gigabit Ethernet port
Wide Frequency range: 5150 — 5970 MHz

Intelligent Filtering to reduce impact of off-
channel interferers

Interface to optional Smart Antenna
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WiFi Access - cnPilot™

Intelligently managed, Affordable,
Quick to deploy & Easy to Operate

V)
o

Enterprise
Indoor, Outdoor

Wi-Ft for

V)
o

Service Providers
Indoor

V)
o

Industrial

Indoor, Outdoor
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WiFi Access Portfolio

Home & Small

Enterprise Business

i
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The cnPilot WiFi Solution
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cnMaestro Controller
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cnPilot Applications

@ PUBLIC WIFI

RETAIL SCHOOLS
INDUSTRIAL
HOMES WiFi
cnPilot
Controller Managed
WiFi

i
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cnPilot E400 Enterprise Indoor AP

* RF
— 802.11a/b/g/n/ac
— 2x2 MIMO .
— 2.4/5 GHz
— Max TX power = 24/25 dB

* Physical
— Dimensions: 180x180x26-31mm
— Software controlled LED
— Operating temp 0-45° C

* Installation
— Installable shoes for table mount
— Detached back-plate for easy ceiling mount

« Port — 802.3af PoE gigabit
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cnPilot E500 Enterprise Outdoor AP

- RF
— 802.11a/b/g/n/ac
— 2x2 MIMO
— 2.4/5 GHz

— Max TX power 2
« 28dBm @ 2.4 GHz
« 29dBm @ 5 GHz

— LTE co-existence filter
— Ruggedized circuitry

* Physical
— 200x162x40mm
— 8819

G
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cnPilot ePMP Hotspot

« Hardware

— Proven in the field — as ePMP and hotspot
Access Point

— Single band 802.11n — 2.4 & 5 GHz models

— Can be converted to a Backhaul AP or SM
or vice versa

— Versatile — Ethernet or wireless backhaul

« Specifications
« 2 10/100 Ethernet ports
« Power consumption: 5W (typical)/7W (max)
» Weight < 0.5 Kg
* Dimensions: 30x15x9
 Certification: IP55
« Canopy PoE out PMP 450/ePMP
« Temperature rating: -30° C ~ + 60° C
« Single Band 802.11n [2.4, or 5 GHZz]

¢y

i

ePMP | -
Subscriber M otspot
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lloT Connectivity - cnReach™
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chReach Narrow-Band Platform

« PTP/PMP/Store-and-Forward
Relay

IIZ:)IepI_gﬁ_rtnent » Optional digital / analog 1/0
exibility - Dual-band 900 MHz (MAS / ISM)
» Dual-radio options
+ 100% factory testing over
i th temperature ambium Networks ~W|§EE;$§LS ETzHrRNE POWZJNE’;}ZE;:IJ"ET 2
Reliability + ATEX/HAZLOC == r
s S Lj ¢ o
Low Power Simple integration with existing power

Consumption  (including solar)

Access Point synchronization

Scalable Adaptive modulation
Secure 128/256-bit AES encryption

* Cloud or NOC-based cnMaestro
Manageable

* LINKPIlanner planning and BOMs
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cnReach 900 MHz Narrow-Band Radio

_ MAS Licensed ISM Unlicensed

Frequency 928 — 960 MHz 902 - 928 MHz

Power 10 mW to 3W 10 mW to 1W
Channel 12.5/25 /50 kHz 76 /154 /207 /310 /600 /900 /
Sizes 1200 kHz

Capacity 10 kbps — 210 kbps 57 kbps — 4.4 Mbps
Modulations Up to 32QAM Up to 64QAM

Range Up to 70 miles

Encryption 128/256-bit AES

I/O 2 x 10/100 Ethernet

2 x Serial Port
Optional Digital/Analog I/O
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cnReach 700 MHz Narrow-Band Radio

| eesed

Frequency 757-758 MHz & 787-788 MHz

Power 100 mW to 5 W (20 dBm to 37
dBm)

Channel Sizes 12.5/25/50/100 /200 /250
kHz

Capacity 9.6 kbps to 1.0 Mbps

Modulations Up to 32QAM

Range Up to 70 miles

Encryption 128/256-bit AES

/O 2 x 10/100 Ethernet

2 X serial port
Optional digital/analog 1/O
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cnReach 450 MHz Narrow-Band Radio

| eesed

Frequency 757-758 MHz & 787-788 MHz

Power 100 mW to 5 W (20 dBm to 37
dBm)

Channel Sizes 12.5/25/50/100 /200 /250
kHz

Capacity 9.6 kbps to 1.0 Mbps

Modulations Up to 32QAM

Range Up to 70 miles

Encryption 128/256-bit AES

/O 2 x 10/100 Ethernet

2 X serial port
Optional digital/analog 1/O
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cnReach Deployment Topologies - Single/Dual Radios

Point to Multipoint

Point to
Point

Store-and-Forward Repeater PTP and PMP

FHH I e —WT)))
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cnReach Connectivity

« RS-232 serial ports with command line interfaces

« RS-422/485 serial bus sensors

« SCADA control systems (DNP3, MODBUS RTU, MODBUS TCP protocols)
« Terminal server/client interfaces

« Ethernet ports for TCP/IP communications

« Analog input signals

 Digital I/O signals
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cnReach Data Capabilities

« Switching Fabric « Benefits
— Integrated Ethernet switch — Keep licensed and unlicensed traffic
— Static layer 3 routing separate
— Prevent broadcast data from using
e OR narrow-band channels
— Layer 2 flat network — Store-and-forward
— VLAN tagging support — Shared Serial / IP network

Terminal server
Terminal client
MODBUS RTU server
MODBUS TCP

DNP3
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cnReach Physical Interfaces

« 2 x10/100 Ethernet

« 2 x serial interfaces g ks © ®
— RS-232/-422/-485

1 or 2 radios

« Optional 8-ports analog/digital I/O
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Web-based Management Interface

« Secure web management
 Distributed firmware updates

 File-based configuration

backup/restore

RF Band

Slave Transmit
Rates

Master Transmii Rate
Max Payload Bytes
Beacon Period
Network Address
Upstream Device 1D
Downstream Device
D

Network Type

Device ID

Protocaol

Radio 11D: 6000 (Master) Ethernet Master
® ISM ' NMAS

¥ || Reload List || Delete List |
Description Ethemet Master

SM

Band Start 902 0000 |MHz Stop 928 0000
MHz

Exclude Lower|0
MHz

ISM Power 100 mvy
Hop Pattern |1

57 kbps MSK 114 kbps MSK
153 kbps MSK 229 kbps MSK
663 kbps 2FSK # 884 kbps BPSK
1768 kbps QPSK 2651 kbps 8PSK
3535 kbps 16QAM [ 3535 kbps 16PSK

MHz Uppero

-.\u ] IJ:I ‘{‘:

Xmit Freq 952 00000 |MHz

Recv Fraqg 953.00000 MHz
MAS Power  [100 mv

# 10 kbps MSK
19 kbps 4FSK 12 5kHz
23 kbps QPSK
34 kbps 8PSK
39 kbps 4FSK 25kHz
45 kbps 16QAM
57 kbps 32QAM

884 kbps BPSK v [(multispeed multipoint) 10 kbps MSK v
Master 256 Slave 256 Dynamic Off v MMS None v

1 MWS Hop Offset )]

6000 Network Radius |24 km v Master Repeat 3

100 Slave Retries 110 Slave Attn Limit |100
1000

Point to Multipoint v | Mode | Master
6000
Ethermnet v

Serial Number: ES011D2C
Firmware Version: 1.36.5612

| Modify Radio Settings |
Refresh All || Refresh Single || Scan |
Diag Threshold &0 dBm
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End-to-End Network Management - cnMaestro™

CnMaestro - sco
-—
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cnMaestro End-to-End Management

Ingle pane of glass

ap location of devices

( Cambium Networks | cnMaestro™
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cnMaesiro Network Troubleshooting

Preloaded status of all the
component of end to end network
- from mobile device having
problem to the backhaul

ePMP 1000 AP Downlink ePMP 1000 SM
Rolling Meadows £ .ourbs South AP Blanche Davis SM
MCS 2: Excellent

-~ UP

_ Qur
I L] . m i~
uplin 00 Mbps
o X € v oo

-1 Mbps fur
; 100 Mbps
1.2 Kilometers
DL: 5% DL: 4.8 Mbps ten
: - Latency - Latency
Airtime UL: 9% Latency Throughput UL o

Remote packet
capture and RF

Client Health Network Connectivity Alarms Performance H
analysis tools

Name ~ 1P & MAC ~  Manufacturer ~  Health ~ | Band

Phone 1 192.168.1.1 Samsung 2.4 Ghz
¢0-00-c0-00-...

Laptop 192.168.1.2 Apple Puor 2.4 Ghz
¢0-00-c0-00-.

Phone 2 192.168.2.1 Dell 2.1 Ghz
0-00-c0-00-...

Phone 3 192.168.2.2 Xiaomi 2.7 Ghz
c0-00-c1-00- .

Showing1-4 Total ltems: 4
Easily identify the
mobile device
through their names
and manufacturer

John Smith EJ

C3VolP 201 WiFi
Charlotte Bowers WiFi

« DHCP ¥ DNS

Test Connectivity

~ WLAN

Guest
Staff
Guest

Mobile Devices

Previous n Next

Wifi Clients

Clients Associated: 18

"
—
o)

v |items per page

S
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[ PTP LINKPlanner (3.6.0)
File Edt View Project Tools User Commands Link Help
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@ 1670 [Park Lane Elementary School v
= = £ 1660
3 1650 |
3 1640
- 1630
5 1620
v 1610 |
¢ 1600
= g 1590 |
o < 1580
£ 1570
© 1560
] 1 2 s | B 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
- o A PO SN .~ A
I —
Configuration at Each End A
. . .
- Configuration details e —
'Camblun Networks Integrated Dual Polar Antenna (23,0d8i) _:] |Camb-um Networks Integrated Dual Polar Antenna (23.0dBi) ;1
. | I f R | . | d f Antenna Height : 10  meters (Max height at site is 10.0 m) Antenna Height : 1S  meters
Maxirnum EIRP : $0.0dBm ™ User limit Maximun EIRP : 50.0d8m [ User lim&
e aC h | I n k Maximum Power : 27.0dBm ™ user limit Maximum Power : 27.008m [ User limk
[ Interference : I Interference :
. P f Performance Summary (ITU-R) 2
e r O rI I I a.l l C e S u I I l I I I a. ry Performance to Park Lane Elementary School — ~Link Summary ~Performance to Westminster ——————————————————————
Predicted Receive Power : -61 dBm £ 5 dB Aggregate IP Throughput: 365.86 Mbps Predicted Receive Power : -61 dBm £S5 dB -
Lowest Mode Availability : 100.0000 %
Mean IP Predicted : 182.93 Mbps Mean IP Predicted : 182,93 Mbps
Mean IP Required : 5.0 Mbps System Gain Margin : 28.23 dB Mean IP Required : 5.0 Mbps
Fi Path Loss : 4,
% of Required 1P : 3659 % esfasfathlent DM % of Required IP : 3659 %
Gaseous Absorption Loss : 0.13dB
Min IP Required : 1.0 Mbps Excess Path Loss : 0.00 d& Min IP Required : 1.0 Mbps
TotalPathloss:  133.55 dB
Min IP Availability Required : | 99.9900 % Min IP Availabdity Required : | 99.9900 %
Min IP Availability Predicted : 100.0000 % | Min IP Availabiity Predicted : 100.0000 %
< [ -’_I Performance Details A .
[ K
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Cambium Community

« Learn from network operators
around the world

@ Cambium Networks

Forums Knowledge Base Ideas

« Community Forum
— Products
— Network planning
— Languages

) . Forums Knowledge Base
— Business issues

Join in the discussion with network operators Everything you need to know about Cambium
around the world and share your expertise. Products.

» Knowledge Base with technical
detail documents

« Submit development ideas Ideas Your Stories
° ReaI—WorId ConneCtIVIty Storles r\l:ot:ealtn;v:an Idea can change our product :2:;1(:‘::;?onnectwuty solutions with the
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Technical Certification Training

Certification on all products

2-Day classes

— Certified instructors

— Live hands-on training
— Proficiency test

8 classes per month

Courses offered around the world In
multiple languages

Option to take test online to achieve
certification
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Social Media

Follow Cambium Networks to get
the latest information

Facebook
Goog|e+ @ Cambium Netv;vori(s

Cambium Networks™
Telecommunication 4 unea -
I nstag ral I l Timeline About Photos Reviews

PEOPLE o Cambium Networks
.
I k I * * * * * Join us at Convergence India Stop by C193 to speak with our team and
I I l e n 1'25;3 learn about our products and solutions
> ) | = 4:.

Twitter REEwE - (P

International Cxhibition & Cont
21- 23m20|5lﬁmmlm-0&l

Reach People Nearby
\Alcecoe ear Rolling Meadowst 78 people reached

Welbo o g ouirer -
b 3 . Likeé Comment Share o

:
YouTube

) Ken Luenthaisong, Ankit Chaudhary and 2 others like this
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