OUTDOOR WI-FI FOR THE
AGE OF TABLETS AND

SMARTPHONES



1. What is Outdoor Wi-Fi?

Wi-Fi, stands for Wireless Fidelity, is a wireless connectivity technology based on IEEE 802.11
standards, used for broadband access networks in indoor and outdoor environments. With close to
a Billion new Wi-Fi devices every year, hundred of thousands Wi-Fi hotspots and thousands of
outdoor networks, Wi-Fi is a huge success story with rapid technology development and economy
of scale prices. Wi-Fi operates in the 2.4 and 5 GHz bands, which are unlicensed spectrums in

most countries worldwide, with local regulations for transmit power and available channels.

Outdoor Wi-Fi refers to the use of Wi-Fi for wide-area metro and rural networks. These networks
are deployed by service providers, municipalities, enterprises and public-safety agencies. With
wideband channels of 20 MHz, new smart antenna radio technologies and new Quality of Service
(QoS) features, outdoor Wi-Fi networks are able to deliver reliable high speed broadband services
for video, data and voice applications. Moreover, with its economy of scale, Wi-Fi enables offering

these services at the most cost effective way.

Outdoor Wi-Fi opens the door to many new disruptive business models. Cellular operators provide
fixed wireless DSL services, Incumbents provide mobile broadband services and cable operators
provide wireless broadband access. The usage of Wi-Fi for metro zones and congested public
places as city centers and train stations is growing. In Singapore, for example, 80% of the wireless
data is carried by Wi-Fi and only 20% by cellular networks. Service providers worldwide, who
traditionally objected Wi-Fi, are lately looking at it as a strategic tool for business growth,

addressing the need to meet customers’ spurring traffic requirements at a cost effective way.



2. Outdoor Wi-Fi Applications for Service Providers

The main Outdoor Wi-Fi applications for service providers are businesses access, residential

access, metro Wi-Fi zones, cellular data offloading, campuses and rural connectivity.

Business access is typically the more lucrative market for service provides. For some, about 80%
of the revenues come from their 20% business customers. Business customers typically need high
speed broadband, with guaranteed QoS, security and high service availability. In the past,
business access was available with expensive fixed lines, such as T1/E1/DS3/E3, over copper and
fibers. Today operators are also offering such services in a more cost effective way over Wi-Fi with
even faster rates and QoS. One such example is Airtel India, the largest mobile operator in India
with 130M GSM subscribers, which is offering access and VPN services over 5GHz to business

customers all over India.

Advanced smart antenna technologies such as Beamforming enable operators to use outdoor Wi-
Fi for in-building coverage, penetrating walls and windows. This enables offering broadband
services to Small Office Home office (SOHO) and residential users. This is clearly a huge
opportunity in many parts of the world, where exiting infrastructure is limited or not in sufficient
guality to carry broadband for mass residential access. In these cases outdoor Wi-Fi enables fast
deployment of affordable wireless broadband services with Customer Premises Equipment (CPE)
provided by operators or purchased by users from consumer electronic shops. One example out of
many for such a network is Tata Indicom, an operator in India, which offers broadband access to

urban communities in Navi Mumbai, using a network of hundreds of Wi-Fi base stations.

Metro Wi-Fi zone are networks deployed by operators and municipalities in urban areas, typically
over exiting infrastructure such as traffic lights, light poles, municipal buildings and cellular towers.
These networks are growing in numbers and are used for large span of applications such as:

Internet access in city centers and business districts

Automatic Meter Reading (AMR)

Security cameras for property and public protection

Traffic monitoring and control

Cellular data offloading — see next subsection



Most outdoor Wi-Fi vendors support the ability to create multiple virtual networks over the same
infrastructure with full segregation. Thus, operators are able to use the same infrastructure to offer
parallel services to municipal workers, public access, police, private organizations and more,

increasing their income with multiple revenue sources.

With people buying more and more tablets that can show movies, devices that do video
conferencing, music downloads and Skype calls, the demand for mobile broadband spurs and
today’s seemingly vast LTE and WiMAX networks will soon seem very limited. This explosion of
data traffic on cellular networks has forced carriers to look for ways to offload data traffic from their
networks, in order to prevent traffic congestion and assure that both their voice and data services
perform satisfactorily. Due to the built-in Wi-Fi capabilities of smartphones and other devices on
the market, Wi-Fi emerged as a natural solution for operators struggling to cope with the surge in
data traffic. Today more and more operators are rapidly adopting the use of outdoor Wi-Fi as a key

data-offloading strategy for today’s 2G/3G networks and for future 4G networks.

Driven by the need for creating additional revenue sources in the changing telecom
market, some operators are offering Wi-Fi service packages for campuses such as
universities, schools, and business areas. This service typically includes Wi-Fi access both
in building and in outdoor public areas. Examples for operators offering such services are

Telemx in South America and MTN in Africa.

Out of the 7 Billions people in the world, about 2 Billions (~30%) have Internet access and less
than half a Billion have fixed broadband access (less than 10%). Hence, in many parts of the
world large populations have limited or no broadband access at all. For these populations, wireless
broadband access is the only viable way to join the information highway — the Internet, and to close
the digital gap. The business case for operators addressing rural areas is challenging. Large areas
have to be covered with scarce population, resulting with heavy investments and low revenuers.
Though government funding is available in many cases, selecting the most cost effective

technology is still critical. As a result, outdoor Wi-Fi is the preferred technology in many cases.



The key benefits of outdoor Wi-Fi technology for rural broadband access are:
Rapid and cost effective deployment
Long ranges - with Beamforming technology, 10 and even 20 km reach is possible
Low interference levels, enabling good quality services
Wi-Fi economy of scale enables low cost CPEs and much less expensive infrastructure
than 3G and WiMAX
Available and matured vs. 4G LTE and WiMAX

Many types of services are offered using rural outdoor Wi-Fi networks including E-Governance, E-
Health, E-Education, E-Commerce, disaster management, voice over WiFi, GSM backhauling,
Video surveillance (protecting property, forests, water sources, etc.) and better community services

with content on agriculture, fishing, weather forecasts/alerts, sea conditions alerts, etc.



3. Outdoor Wi-Fi Network Challenges and Main Requir ements

Wi-Fi started as an indoor application, targeting indoor wireless access to residential and business
users. As a result, the current generation of conventional outdoor Wi-Fi base stations typically use
commoditized chipsets originally designed for such indoor environments. When used in outdoor
environments, these base stations suffer from range and capacity limitations. Moreover, indoor
chipsets were not designed to handle multi-path propagation and high levels of interference
(including self interferencel) often found in outdoor deployments, especially in dense metro
settings. These issues cause poor radio connections that consume significant air-time, thereby
tying up valuable network capacity. The overall outcome is low quality networks with spotty
coverage and limited capacity. Providing wide-area coverage with these access points is therefore
problematic and requires many access points, leading to a costly infrastructure. Even commercially
available 1st generation of 11n base stations fail to deliver the promised increase capacity of 11n
in outdoor Wi-Fi conditions. Existing 11n 1st generation solutions are design to leverage indoor
multi-path for capacity increase but when used outside their capacity drop rapidly from tens of
megabits to few megabits only after merely several tens of meters. Outdoor to indoor penetration

with current 11n solutions is very limited as well for the same reasons.

Hence, the success of outdoor Wi-Fi deployments can therefore be summarized with the following
main requirements —
Coverage : provide ubiquitous homogenous coverage, even in Non-Line-Of- Sight (NLOS)
conditions.
Indoor Penetration : provide indoors coverage of homes and offices from the outside of the
building
High Capacity : provide high capacity to support the spurring growth of data consumption
and real time applications
Interferences Mitigation : provide high immunity to the high levels of interference
characterizing the outdoors environments.
Carrier Grade : provide reliable and low maintenance equipment which is bottom-up

designed for harsh outdoor environments

! Self interference from other base stations ofsdrae operators is an issue especially in the 2.2 1&idd in which

much less spectrum is available vs. the 5 GHz band.



4. Beamforming Technology

A technology that addresses these requirements is Spatial Adaptive Beamforming. Spatial
adaptive Beamforming, in short Beamforming, focuses the energy to/from a user per packet. This
is achieved by assuring that signals traveling along the different propagation paths combine
coherently at the receiver antenna. Beamforming ability to exploit multi-path, rather than suffer
from it, significantly enhances the base station reach with coverage quality even in NLOS
conditions, eliminating dead spots. Beamforming further provides significant interference resilience,
due to the inherent beam directivity which suppresses the impinging interferences. This is a critical
benefit of Beamforming that helps outdoor networks to overcome interferences. Furthermore, the
improved link budget gain provided by Beamforming enables a much better indoor signal
penetration, thus reducing the need for specialized CPE, a major cost for service providers that

wish to offer business and residential access services based on their outdoor Wi-Fi networks.
Adopted by 4G LTE and WIMAX, Beamforming is recognized as a must for successful outdoor

wireless broadband networks. With Wi-Fi, it is expected that 2nd generation of 11n chipsets and

base stations will support Beamforming, starting from late 2011.

Figure 1: Beamforming explode multi-path propagatio n to increase signal strength



5. Wavion’s Beamforming Wi-Fi Base Stations

Leveraging 10 years of Beamforming experience, with networks in over 60 countries, Wavion is the

only Wi-Fi vendor with true Beamforming-based base stations.

Wavion’s Beamforming technology is:
Based on Wavion’s Beamforming Wi-Fi chip
Leverages up to 6 radio and 6 high-gain antennas for optimal performance Beamforming
signal
Performs per-packet true Beamforming in both the uplink and downlink
Exploits multi-path for its advantage by coherently combining all reflections, thus creating
optimal signal at the receiver with up to 10 dB Beamforming gain. This doubles the range,
improves in building penetration, and increases aggregated base station capacity as air
transmissions are more efficient
Inherently suppresses interferences by an average of 8 dB, thus providing significant
advantage in noisy environments
Supports off-the-shelf standard Wi-Fi 802.11a/b/g/n CPEs

Wavion’s base stations leverage also the following unique technologies and capabilities which
further enhance the technological lead:
Space Division Multiple Access (SDMA) technology — enables transmitting to multiple users
simultaneously, thus further increasing the base station capacity
Dynamic Interference Handling (DIH) capability — enables continuous adaptation of the air-
access parameters according to the noise and interference level, thus maximizing the base
stations capacity in noisy environments
Down-tilted antennas — further reduce the noise and interference levels
Automatic Channel Selection (ACS) capability — automatically selects the clearest radio
channel for best radio performance
Carrier grade — robust mechanical solution with bottom-up IP-67 design for reliable
operation in extreme outdoor conditions, easy and fast installation, low power consumption,

and enhanced management solution



Figure 2: Coverage and capacity increase with Beamf  orming and SDMA
With superior coverage and greater capacity, Wavion's Beamforming-based base stations enable

Telco operators and Internet Service Provides to deliver high quality services while reducing
CAPEX and OPEX by more than 50%.

Figure 3: Coverage trial, Wavion Beamforming Base S  tation vs. conventional Base Station



6. Examples of Metro Wi-Fi Networks

The Customer: cellular operator in
Maharashtra State (Mumbai, Goa, etc.)
The Project: outdoor Wi-Fi for business
and residential in Navi Mumbai metro area
Coverage of ~50 K'm2

220 WBS-2400 base stations
Utilizes the cellular infrastructure
High security requirements

10,000 subscribers

o O O O o

The Customer: Pan African Cellular operator
The Project: outdoor Wi-Fi for business and
residential in Kigali, capital City of Rwanda

0 300 WBS-2400 base stations

0 Phase 1 - 80 deployed

0 Utilizes the cellular infrastructure

15,000 potential subscribers, under deployment
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The Customer: China largest carrier
(500 million cellular users)
The Project: outdoor Wi-Fi for business
and residential access in NingXia city
o0 700 WBS-2400/5800 base stations
0 At deployment stage
0 Utilizes the cellular infrastructure

100,000 potential subscribers

The customer: city of Cumberland
The Project: municipal network applications and
internet access for businesses and residential

o Coverage of 7 square miles

0 90 base stations deployed

0 Operational since August 2007

The customer: local police
The project: full city coverage
0 120 cameras deployed on

12 Wavion base stations
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About Wavion

Wavion Wireless Networks, a worldwide leader in metro and rural outdoor Wi-Fi applications. With
deployments in more than 60 countries Wavion is transforming the unlicensed broadband wireless
access market. Wavion unique technology combines true adaptive Beamforming for improving
coverage and capacity, Spatial Division Multiple Access (SDMA) for transmitting to multiple users
simultaneously over the same channel and Dynamic Interference Handling (DIH). Wavion’s
technologies are the first and only to resolve the significant performance, penetration and
profitability challenges facing large scale metro and rural deployments With superior coverage and
greater capacity, Wavion's solutions enable service providers, communities and enterprises to
deliver high quality services while reducing CAPEX and OPEX by more than 50%. Featuring the
WBS omni-direction and sector base stations, in 2.4 GHz and 5 GHz unlicensed band, and in 700
MHz licensed band, Wavion provides end-to-end solutions including access, backhaul, CPEs,

NMS, service provisioning and billing solutions.

Wavion headquarter is located in Yogne’am, Israel, and the company has worldwide offices in
Miami Florida USA, Dallas Texas USA, San Paulo Brazil, Buenos Aires Argentina, Lima Peru,
Bogota Colombia, Moscow Russia, New Delhi India , Beijing China, Tokyo Japan, Seoul Korea and

Singapore.

Further information about Wavion is available at www.wavionnetworks.com.
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