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Abstract

Abstract 
3G offload solutions are mandatory in order to manage the massive data consumption 
of smartphones, tablet PC and other mobile devices. A new breed of Wi-Fi technology 
optimized to work in conjunction with 3G networks, coupled with emerging standards 
from the 3GPP present a powerful proposition for alleviating the congestion and growing 
the operators business. 

The problem of congestion in 3G networks due to heavy data utilizations has only begun. 
According to Cisco VNI Mobile, 2010 data usage is predicted to increase exponentially over 
the next 4 years reaching an incredible 3,600,000 TB by 2014.  

Already, subscribers in densely populated cities are experiencing dropped calls due to the 
3G network congestion.  This situation forced operators such as AT&T and Sprint to halt new 
subscriber additions on their networks while devising a solution. With the global increase 
of data usage, networks around the world will clog up. 
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Abstract1

Operators cannot afford to wait for 4G networks, which are predicted to begin slow adoption 
over the next 5-10 years reaching less than 7%  by 2015 (Unwired Insight). In addition, the 
improved capacity offered by 4G technology is no match for the x100 increase in data. 
A number of operators are deploying Wi-Fi Hotspots in city centers as a 3G offload solution. 
The AT&T Wi-Fi project in Times Square, New York is a prime example. 

In the past, attempts to deploy city wide Wi-Fi networks (AKA municipal Wi-Fi projects) 
have failed due to two main factors; the free internet was not a viable business model and 
the Wi-Fi technology used was unsuitable for large scale, outdoor deployments.
Today, there is a new breed of Wi-Fi smart antenna technology, which has been optimized 
for outdoor use and specifically 3G networks. As a result, the Wi-Fi network can be installed 
in parallel to the 3G one without performance degradation. 

At the same time, the 3GPP, which has been responsible for all cellular generations, is 
standardizing the seamless integration of 3G and Wi-Fi networks. Using loose coupling or 
tight coupling models, cellular operators will be able to manage subscribers across both 
networks. 

In this eBook, you will find a detailed description of the evolution of cellular and Wi-Fi 
technologies. It presents the factors that brought about the current problem and discusses 
the various solutions available on the market, focusing on the Wi-Fi alternatives.
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Cellular Standard Evolution

Over the last 30 years, mobile phones have done more than change the way we 
communicate; they have a profound effect on our lifestyle. From humble (and clunky) 
beginnings, these mobile devices have become slick, sophisticated and always within our 
reach. 

ever increasing streams of multimedia of information

Mobile devices are playing a key role in the new connected world. We get the news as 
the story breaks; in real time. We can be reached anywhere around the globe at anytime 
if we so desire. In this process we are consuming ever increasing streams of multimedia of 
information.
Let’s go back and see how it all started. 

2.1 Generations of standards

The first generation – Analog voice 

The 1980s marked the beginning of personal cellular phone devices. The first generation 
devices used an analog network and were notorious for poor call quality and limited 
coverage. Furthermore, the analog transmissions were not encrypted and could be easily 
intercepted.

2
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The second generation – 2G – Voice and a sliver of data
A major advance in mobile network technology came in the 1990s with the entry of two 
digital networks. CDMA became the popular choice in the United States and a few other 
countries, while GSM was adopted in the rest of the world and a few US operators. These 
second-generation (2G) provided more reliable connections that are much harder to 
intercept. More importantly, CDMA and GSM networks enabled slivers of data to be sent 
along with voice signals. This ability heralded new features such as text messaging (SMS), 
caller ID, and conference calling.

The evolution of mobile standards
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The 3G Promise – True voice & data convergence.

The third generation - 3G – brings faster data speeds to mobile services, making it suitable 
for high-rate data transmissions and advanced multimedia applications. With 3G networks 
& devices, operators are able to offer users a vast range of advanced services that go beyond 
audio & voice such as MP3, video conferencing, motion video, and fast Internet access.
Deployment of 3G networks began as early as 2001 with NTT DoCoMo in Japan taking the 
pioneering role. Some part of Europe and Asia quickly followed suit in 2002. In Europe, 3G 
adoption progressed quickly with carriers working off a government-mandated standard. 
The US lagged behind.

The long road to 3G in the US

During the move from 1G to 2G, the US mobile landscape split into the CDMA and GSM 
camps – with each side strongly entrenched in its position. Sprint, Verizon, and a number of 
smaller carriers chose CDMA, while AT&T Wireless, Cingular, and VoiceStream (now T-Mobile) 
opted for GSM. As a result, there was little incentive to create a unifying 3G standard.

Carriers rolled out “2.5G” networks enhancements to bridge the gap between slow 2G and 
the 3G fast-lane. These networks let you download ring tones, listen to short audio clips, 
send multimedia messages (MMS), or surf the Web, albeit slowly. On the GSM side, 2.5G 
services include GPRS, which is capable of transmitting and receiving data at an average 
of about 30Kbps to 40Kbps, or a little slower than standard 56K dial-up service and EDGE. 
CDMA offers 1xRTT - early version of CDMA2000 - which squeaks in about 60Kbps to 
80Kbps.
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3G has arrived

Factors contributing to 3G roll-out delays

Operators need make huge investments – in 3G spectrum 
acquisition and network build.  The tough global financial climate 
in the early 2000s limited the availability of investment funds and 
affected the physical roll-out of networks.

Financial

The gradual network build means that coverage is spotty. Users 
that have become accustomed to virtually ubiquitous cellular 
coverage are deterred from switching to the new technology. A 
partial solution is the “Dual-mode” (2G + 3G) handsets provided 
by several manufacturers.

Coverage

The “bleeding” edge
As with any new, innovative technology, early 3G users 
experience difficulties such as dropped calls, glitches in the 
terminal software and insufficient battery capacity.

Technological 
innovation

The promise of 3G is great new services. Translating the 
promise to a reality requires operators to offer a wide range of 
applications and breadth of content. This takes time.  

Compelling 
services 

24 April 2010 - “The number of 3G subscribers worldwide has now 
surpassed 1 billion” 
Paul Jacobs, Qualcomm chairman and CEO

Keeping up with the technology promise, data growth on 3G networks has taken the front 
seat. 

2 Cellular Standard Evolution
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2.2 The explosion of data
Engineering cellular networks is a complex task, which takes years of planning for spectrum 
use, radio and infrastructure. Networks are engineered to deliver current needs and the 
anticipated growth projections. 

In past years, voice and SMS services drove network growth - scaling the networks to meet 
subscriber demand was a well-understood task. 

Then, the mobile data phenomenon happened.

Projections anticipated limited data services over conventional mobile devices. Smart-
phones radically changed that; from text in emails, chat and photo exchange to streaming 
media for video and audio. 

2.2.1 Smart Phones & laptops 
Laptops, high-end handsets and most recently tablet PCs – with iPad leading the pack - 
are the driving force of data traffic on mobile networks. These devices offer the consumer 
content and applications not supported by the previous generation of mobile devices. A 
single laptop can generate as much traffic as 1300 basic-feature phones, and a smartphone 
creates as much traffic as 10 basic-feature phones. iPhones, in particular, can generate as 
much traffic as 30 basic feature phones.
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2.2.2 Data growth

Data surpasses voice

In 2009, mobile data traffic surpassed voice traffic for the first time. Thanks to data-hungry 
smart phone devices like the iPhone and Android phones like the Droid  and Nexus One, 
carriers are seeing more and more of their network capacity dedicated to data. Consumers 
are increasingly using their mobile phones to browse the web, check email and even make 
VoIP phone calls. 

2 Cellular Standard Evolution
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Global mobile data traffic exceeded an Exabyte (1 Billion Gigabytes) according 
to telecom consultant Chetan Sharma

The global wireless market banked $220 billion in mobile data revenues in 2009, accounting 
for an average 26% of total wireless revenues. That translates into $44.56 billion in data 
revenue for US carriers, with Japanese carriers putting a solid $32.5 billion on their books 
and China taking home $20.3 billion in data revenues alone. 
3G data is predicted to increase exponentially over the next 4 years according to Cisco VNI 
Mobile, 2010. As you can see from the graph, the 2010 data volume is only the beginning.

Figure 6. Global Mobile Data Traffic Forecast by Region
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Let’s review the factors that are driving this growth trend.

1. Unlimited data plans, which have been available in some countries, encourage use.
1. Wireless broadband USB modems and datacards have become common and promote 

the use of Mobile Internet.
1. Wide variety of smart phones such as the iPhone and Android-based phones which allow 

users surf the Internet while on the go.
1. Attractive applications and services such as YouTube, Facebook,   IM,   Mobile   TV,   

location-based services and many more.

With data playing such a large part of the carrier’s business, the question is – how will the 
business model change accommodate the data revolution?

2.2.3 Mobile’s Data Usage & Revenues Disconnect
U.S. mobile users consumed almost 400 petabytes of data last year, up 193 percent from 
2008, according to analyst Chetan Sharma. But carrier revenues aren’t keeping pace. 
However, U.S. mobile data services revenues grew at only 24 percent year-over-year, 
though, and are expected to grow just 20 percent in 2010.

US Wireless Data Services Revenues
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And while voice ARPU declined by a substantial 98 cents for U.S. carriers, data ARPU 
increased by a mere 4 percent to 53 cents as overall ARPU decreased 45 cents on the year.

The key to success is to effectively monetizing data traffic while limiting the impact that 
traffic has on their networks. 

2.2.4 Congestion on 3G networks
The increased data usage on 3G networks creates congestion in high population area. The 
AT&T situation underscores the issues that carriers worldwide will face at the current rate 
of data growth.  

The AT&T Story
Current situation 
AT&T subscribers are complaining about dropped calls even when they have four or five 
bars signal strength. The calls are dropped due to congestion at the towers, which are 
incapable of handling the connection load. 
It is important to note that according to AT&T itself most current smart phone users don't 
consume much data. 
65 percent of AT&T smartphone customers use less than 200MB of data per month 

US Wireless Carriers: Data ARPU Trends
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98 percent of AT&T smartphone customers use less than 2GB of 
data a month.
Looking forward; more data usage means more congestion 
problems
On Sept. 6, 2009, AT&T made data plans mandatory for 
smartphones. Until now, the 30$/month smart phone plan 
created a barrier of entry. AT&T is now scaling back data plans 
to make them more affordable at $15/month. Dan Frommer of 
Business Insider nailed it: "AT&T's New Smartphone Plans Could 
Send iPhone And BlackBerry Sales Through the Roof."
Adding fuel to the fire, iPhone OS 4 will spike data usage by 

allowing more applications to run in the background. There are also rumors about forward-
facing cameras on iPhones, which could drive the use of video messages and conferencing 
– and gobble up bandwidth. 
In December, 2009 AT&T admitted to their network problems: Manhattan and San Francisco, 
particularly the city’s financial district, “are performing at levels below our standards,” Ralph 
de la Vega, chief executive of AT&T Mobility, said at an investors conference. Those two 
cities see especially high smart-phone penetration, which has put pressure on AT&T’s data 
network. (wallstreet journal http://blogs.wsj.com/digits/2009/12/09/att-to-new-york-and-
san-francisco-were-working-on-it/)

3G Congestion is a real and present concern

3G congestion is highly imminent if not already a present concern for carriers. This raises 
the need to examine options for expanding the network capacity or offloading the data to 
alternative networks.
From a business point of view, the key to success lies in creating a solution that will solve 
the data congestion as cost effectively as possible.

2 Cellular Standard Evolution



3G Offload to Wi-Fi - The Road to Success 17

4G

Most of the talk about future fourth-generation (4G) mobile broadband networks appears 
to focus on speed. But speed isn't actually the main focus from the carriers’ point of view. 
It's all about congestion and capacity, not speed. 
"They're not really for speed, they're not really for voice, they're for capacity," said Allen 
Nogee, a principal analyst at the In-Stat research firm. Without increasing capacity, network 
operators are unable to grow their subscriber base or even support their existing one. 

3.1 What is 4G?
4G is a loose term for the fourth generation of cellular communications, offering speeds 
that are about faster the current third-generation, 3G, networks. From a formal point of 
view, 4G are technologies that will meet the ITU's IMT-Advanced requirements.

3.1.1 4G technologies
Just as in the 3G world, 4G started out with 2 different potential technologies: LTE and 
WiMax. 
The Long Term Evolution (LTE) standard is an all-IP network based upon the same core 
protocol of the internet, TCP/IP. It evolved by a group called the 3rd Generation Partnership 
Project (3GPP), which created the previous mobile standards. The 3GPP is backed by 
industry leaders including Ericsson, Nokia, Huawei and more.
For political reasons, Motorola and Intel turned to the IEEE in order to develop WiMax as 
an alternative. WiMax enjoyed the lead with the first deployment in 2006 by South Korea's 
WiBro. However, the global economic recession coupled with technological inferiority have 
thrown this technology out of contention. 
Operators are now starting to implement LTE, with the first deployment by Japan’s NTT 
DoCoMo expected in 2011. 
A clear indication of the shift to LTE can be seen in the Indian Frequency Auction. The 
majority of the 22 areas -- or "circles" -- in India covered by the auction, were won by LTE 
supporters. As Light Reading’s Dan Jones put it, the “BWA Auction Is Bad News for WiMax's 
Future” (June 11, 2010). 
Another blow to WiMax was placed by Clearwire LLC (Nasdaq: CLWR) – a previous champion 
of the technology. The company began paving the way for LTE in the US when it asked 3rd 

3
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Generation Partnership Project (3GPP) to develop a profile that would allow TD-LTE to be 
deployed in the US in the 2.6GHz spectrum.

3.1.2 3GPP
The 3GPP have adopted an evolutionary approach that focuses on exploiting the 
advantages of different wireless technologies.

Table 3: Characteristics of 3 GPP Technologies

Typical 
Uplink 
Speed

Typical 
Downlink 
Speed

CharacteristicsTypeTechnology 
Name

Most widely deployed cellular 
technology in the world. 
Provides voice and data 
service via GPRS/EDGE.

TDMAGSM

70 kbps to 
135 kbps

70 kbps to 135 
kbps

Data service for GSM 
networks. An enhancement 
to original GSM data service 
called GRPS

TDMAEDGE

 150 kbps 
to 300 kbps 
expected

175 kbps to 350 
kbps expected 
(Single Carrier)
350 kbps to 700 
kbps expected 
(Dual Carrier)

Advanced version of 
EDGE that can double 
and eventually quadruple 
throughput rates, halve 
latency and increase spectral 
efficiency. 

TDMAEvolved 
EDGE

200 kbps to 
300 kbps

200 kbps to 300 
kbps

3G technology providing 
voice and data capabilities. 
Current deployments 
implement HSPA for data 
service. 

CDMAUMTS

4G3
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Typical 
Uplink 
Speed

Typical 
Downlink 
Speed

CharacteristicsTypeTechnology 
Name

500 kbps to 
2 mbps

1 mbps to 
4 mbps

Data service for UMTS 
networks. An enhancement  
to original UMTS data service.

CDMAHSPA

1 mbps to 
4 mbps

1.5 mbps to 
7 mbps

Evolution of HSPA in various 
stage to increase throughput 
and capacity and lower 
latency.

CDMAHSPA+

4 mbps to 
24 mbps

New radio interface that 
can use wide radio channels 
and deliver extremely 
high throughput rate. All 
communications handles in IP 
domain

OFDMALTE

Advanced version of LTE 
designed to meet IMT- 
Advanced requirements. 

OFDMALTE- 
Advanced
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The 4G standards offer an impressive bandwidth boost in comparison to their 3G 
counterparts. However, we are very early in the game and the stronger technologies will 
not be rolled out  before 2012. In addition, the  numbers are theoretical - once you add a 
million devices on the network, downloading TV episodes on Flash-enabled phones, video 
chatting, streaming the next chapter in the latest movie and uploading music video clips 
- speeds will drop.
Furthermore, doubling or even quadrupling the data speed is a drop in the ocean - data 
consumption is expected to increase 100 times between by 2013 (according to Cisco) at 
the same time.  

4G phones for 4G networks

4G networks also require users to switch to new, 4G devices. As an example, Apple’s iPhone4 
does not support 4G - a new device will be required in order to support 4G networks. The 
first 4G smartphone is the HTC EVO, a device running Google’s Android operating system, 
which was officially released in June 2010. On a positive note, 4G LTE devices can be used 
on existing 3G networks. 

3.2 4G Adoption Rates
Adoption of fourth-generation network services likely will mirror adoption of 3G services 
in Europe, says Decaln Longeran, Yankee Group analyst. Adoption will take longer than 

4G3
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expected, he says. "Remember, it was a full five years after commercial launch before 3G 
handset ownership reached 6.5 percent penetration globally, and 4G will follow a similar 
path," he says.

This forecast is strengthened by In-Stat which expects that mobile  4G subscriptions will 
represent only a miniscule portion of the total 2G/3G/4G subscriptions over the next five 
years.
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The technology won’t sell itself, he says. Faster speeds will only provide so much incentive, 
and it is applications that could provide the bigger push to adoption. It is important to 
remember that 3G not only improved performance of existing services, it also introduced 
new ones including video telephony, multimedia content and enhanced end user 
experience. Right now, 4G mostly promises "faster" broadband.

3.2.1 Is 4G the answer to congestion?
With a packet based infrastructure, higher speeds and capacity, 4G networks are much 
better equipped to handle rich data services than their 3G counterparts. However, in 
the next 5-10 years the adoption rates will be minimal at less than 7%. At the same time, 
consumer bandwidth consumption will skyrocket. Consumers today are using just about 
10MB of bandwidth per month for audio, video, photos, software and email downloads. 
This will grow to an upwards of 2GB with five years (Unwired Insight). 

The problem is twofold. Most data consumption will occur on the already overloaded 3G 
networks. In addition, it is expected that the consumer traffic demand shall continue to 
outstrip the capacity on 4G networks in a similar pattern as the pressure on 3G networks.
As you can see from the diagram below, users will not enjoy increased data rates from new 
technologies for long. The data congestion pressure will reduce the effective bandwidth 
delivered to users.

4G3
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A large percentage of mobile voice and data traffic originates at home, for example, AT&T 
statistics show that 37% of voice and 35% of mobile data.
Femtocells are tiny, low power 3G radio systems that provide a mobile signal directly in the 
home, which connect to the residential DSL or cable broadband for backhaul. . 
Femtocells enable operators to increase revenues by offering high speed data service while 
freeing up additional spectrum for outdoor users.  

Femtocells and 3G congestion:
In recent years, femtocells were used to encourage the adoption of mobile data services by 
providing faster data speeds and a better user experience. However, a number of problems 
have prohibited this approach from becoming widely adopted. 
1. Most mobile operators are reluctant to connect to competing broadband carriers (the 

DSL or cable networks). 
2. Local regulations often prohibit the coalition of mobile and broadband services to 

protect the consumers and allow true competition on the market.
3. Unlike outdoor BTS, femtocells are not synchronized. As a result, large scale deployments 

introduce a high level of interference in the 3G frequency, which degrades the total 
network performance. 

4. Femtocell deployment cost is extremely high, as femto devices are expensive, and an 
operator needs to deploy a device per household.

Femtocells 4

Internet

Femtocell
Mobile

Operator
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Wi-Fi is another option that is commonly considered as a 3G offload option. IT refers to 
wireless local area network (WLAN) products based on the IEEE 802.11 standards. 

Wi-Fi is an appealing option for operators because it by passes 2 of the 3 cost mobile 
network cost components and can greatly reduce the 3rd one.

Network Costs
1. Spectrum - Wi-Fi operates in the unlicensed band. As such, there are no spectrum costs 

associated with operating this type of network.
2. Infrastructure - Lower equipment cost and minimal need for network planning
3. Client equipment  - Wi-Fi clients are everywhere. As the most widespread WLAN class 

today, there are Wi-Fi clients installed on just about every device including; personal 
computers, video game consoles, smart phones, printers, other peripherals and virtually 
all laptops.

Wi-Fi5
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In order to examine its applicability as a 3G offload solution, let’s take a look at how it 
started and where it is today.

5.1 In the beginning
In 1985 the Federal Communications Commission (FCC), America's telecoms regulator, did 
something that was unheard of – they decided to open several bands of wireless spectrum, 
allowing them to be used without the need for a government license. In this visionary move, 
three chunks of spectrum were taken from the industrial, scientific and medical bands and 
opened up to communications entrepreneurs.

Then nothing much happened

Vendors of wireless local area networks (LANs) were focused on developing their own 
proprietary equipment operating in the unlicensed bands. Equipment from different 
vendors could not connect to each other. Clearly an industry-wide standard was required 
to drive adoption. 

It took cash registers to start the standard.

In 1988, NCR Corporation, which wanted to use the unlicensed spectrum to hook up wireless 
cash registers, approached the Institute of Electrical and Electronics Engineers (IEEE), where 
a committee called 802.3 had defined the Ethernet standard. A new committee called 
802.11 was set up and the negotiations began.

It took a long time to reach agreement on a standard in such a fragmented market. The 
agreement on a basic standard allowing for a data-transfer rate of two megabits per second 
was reached only in 1997, and the name Wi-Fi was selected. 

With a ratified standard, engineers from a chip manufacturers such as Intersil, Atheros, 
Broadcom and Intel as well as leading solution providers 3Com, Nokia, Aironet (since 
purchased by Cisco), Symbol and Lucent (which has since spun off its components division 
to form Agere Systems) started to work on prototype equipment. They quickly realized that 
a consumer product’s champion was needed to drive market adoption.
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Standard looking for a Champion.

The answer came from Apple, a computer-maker renowned for innovation. The company 
told Lucent that, if it could make an adapter for under $100, Apple would incorporate a Wi-
Fi slot into all its laptops. Lucent delivered, and in July 1999 Apple introduced Wi-Fi as an 
option on its new iBook computers, under the brand name AirPort. “And that completely 
changed the map for wireless networking,” said Greg Raleigh of Airgo (acquired by 
Qualcomm in 2006), a Wi-Fi chipset start-up. By 2001, Wi-Fi caught on with consumers.
Boosted by the growing popularity of high-speed broadband internet connections, Wi-Fi 
was quickly adopted for home - it is the easiest way to enable several computers to share 
a broadband link. Access points a.k.a. “hotspots” began popping up in public places such 
as coffee shops etc.

5.2 From humble beginnings to world domination
More and more electronics of the modern day are becoming networked and many 
consumers are opting for the devices with Wi-Fi access. According to Instat report, shipments 
of enabled appliances and devices could exceed 3.5 billion in 2014, with smartphones 
exceeding 515 million and tablet computers such as Apple’s iPad exceeding 46 million.

Wi-Fi swept through the computing market.

“Wi-Fi swept through the computing market, driven by the need to access and share 
broadband connectivity,” Frank Dickson, In-Stat’s Vice President of Research, said in a 
statement. “That same consumer desire is now resulting in Wi-Fi adoption across the entire 
range of connected consumer electronics, driving significant Wi-Fi volumes. The ubiquitous 
adoption of Wi-Fi in consumer electronics is Wi-Fi’s manifest destiny.”

5.3 What about municipal Wi-Fi?
In the early to mid 2000s, municipal Wi-Fi was the latest hype. It was seen as the ultimate 
solution for telecommunication’s “last mile” bottleneck. 

The last mile bottleneck 

The “last mile” – physically connecting your home or business to the local phone or cable 

Wi-Fi5
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company – is controlled by a few giant companies like AT&T and Comcast. This connection 
determines both the price and speed of your internet connection. 

In the late 1990s and early 2000s, dozens of companies had new ideas for busting through 
the last mile and getting the Internet into homes. Each of these ventures proved a dismal 
failure. The failures such ventures made municipal Wi-Fi seem an ideal alternative. After all, 
cities provide their citizens with water and garbage pickup—why not the Internet, too? 
More importantly, Wi-Fi does not require feeding wires into people’s homes and the Wi-Fi 
routers may not be perfect, but they are proven technologically and cheap.

The EarthLink Story

A number of cities partnered with communication provider partners for the deployment 
of their municipal Wi-Fi projects. That meant giving a private company the right to build 
a wireless network and try to make money off of it. Often, this simply meant giving a 
company like Earthlink the rights to install Wi-Fi devices on street lamps and charge citizens 
for access. 

As an early leader in the race to provide municipal Wi-Fi solutions, EarthLink was under 
contract with 13 cities in the US and had systems in various stages of operation in Anaheim, 
Philadelphia, and New Orleans. The company’s plan was to offer low rates, or even free, 
internet service access anywhere in the city.

So - what went wrong with municipal Wi-Fi?

5.3.1 The technical challenges of outdoor Wi-Fi
Wi-Fi was designed for relatively small, indoor applications. Outdoor environment pose a 
number of problems for typical Wi-Fi equipment. 

Interference - The unlicensed 2.4Ghz unlicensed band is great for providing in-premise 
communication. Outdoors, natural enemies such as buildings trees and plants create 
fading and multipath propagation, which adversely affect the signal. 

Coverage - The Seattle Wi-Fi pilot program launched in May of 2005 identified a number 
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of significant coverage challenges for citywide Wi-Fi networks. "We found significant 
problems with the technology," said Bill Schrier, chief technology officer of Seattle "First of 
all, if you put up a Wi-Fi point, it will work outdoors, but radio waves don't go through walls. 
If you put the Wi-Fi points down low, it reaches to the back of restaurants and buildings, but 
you don't get a wide coverage, but if you put the Wi-Fi points up high, you get a broader 
footprint, but don't get the interior coverage you want."

5.3.2 The economic reality of municipal Wi-Fi
Wi-Fi equipment is undoubtedly cheaper than running wires. However, it is not free. It 
costs money to deploy the system and more resources are required to keep it functioning 
properly overtime. The lack of a “real” business plan was – by far – the largest problem of the 
first phase of municipal Wi-Fi deployments. 

"When you build networks, put up towers and antennas across the whole city and then 
secondly make it free, well those two things are incongruent," said Bill Schrier, chief 
technology officer of Seattle. "Somebody has got to pay for all the electronics and 
equipment. Somebody has to operate it, pay for Internet access and fix the equipment 
when it goes down, and that's in direct conflict of free."

Wi-Fi5
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The fall of municipal Wi-Fi

The Philadelphia system was abandoned by Earthlink in June 2006, and sold for scrap. It 
never performed as promised, and served fewer than 6,000 subscribers out of a population 
of 1.6 million. Boston, Houston, Los Angeles, Atlanta, Chicago—all have gone bust. New York 
City, early on the bandwagon, got bogged down in politics, and now has simply given up. 

5.4 Wi-Fi tech facts
There are several 802.11 radio standards:
•	 802.11a transmits at 5 GHz and can move up to 54 megabits of data per second. It uses 

orthogonal frequency-division multiplexing (OFDM), an efficient coding technique that 
splits the radio signal into several sub-signals before they reach a receiver and greatly 
reduces interference.

•	 802.11b is the slowest but most robust standard. It transmits in the 2.4 GHz frequency 
band of the radio spectrum. It can handle up to 11 megabits of data per second, and it 
uses complementary code keying (CCK) modulation to improve speeds.

•	 802.11g transmits at 2.4 GHz like 802.11b, but faster - it can handle up to 54 megabits of 
data per second by using OFDM coding. On the other hand it will require much better 
SNR for operating in these higher rates.

•	 802.11n is the newest Wi-Fi standard. We will discuss it in greater detail in the next 
section.
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5.4.1 802.11n
802.11n is the latest Wi-Fi standard, which significantly improves speed in specific 
environments, where many reflections exist, such as indoor spaces. For instance, although 
802.11g theoretically moves 54 megabits of data per second, it only achieves real-world 
speeds of about 30 megabits of data per second because of the protocol overheads. The 
802.11n, however, reportedly can achieve speeds as high as 140 megabits per second 
and higher. The standard has just been recently approved -- the Institute of Electrical and 
Electronics Engineers (IEEE) ratified 802.11n in September 2009.
In outdoor environments the benefits of 802.11n will be limited to a small radius around 
the access point. In the mid range radius between 200m and 500m, 802.11n performance 
will be similar to the current technologies. Note that 802.11n does not reach the farther 
distances of up to 1,600m at all.

Wi-Fi5

Up to 560m - 802.11n speeds 
comparable to current beamforming 

Wi-Fi performance

Up to 230m - superior or 802.11n speeds

Up to 1600m - beamforming Wi-Fi 
coverage. No 802.11n coverage
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Wi-Fi for 3G Offload 6

The idea of offloading to Wi-Fi is not a new one. Over the past 10 years, there were a 
number of significant efforts around developing offload solutions using Wi-Fi technology 
- Unlicensed Mobile Access (UMA) is the most prominent solution. UMA technology was 
designed to integrate Wi-Fi with the carrier’s core network in order to deliver voice traffic.  In 
spite of significant standardization efforts, UMA has yet to become a commercial success. 

Is this evidence that Wi-Fi offload is a failed strategy?

Let’s examine the factors.

3G data offloadUMA based voice offload

Data offloadUMA focused on improving voice 
coverage inside the home

Focus

Network congestion due to data is 
a big issue for carriers providing a 
real business incentive. 

No strong business case.Business case

Millions of subscribers already use 
Wi-Fi as their primary source for 
data/internet access.

Subscribers are accustomed to 
mobility and reliability with voice 
calls

User experience

Wi-Fi clients for data are ubiquitous 
in smart phones, and tablet 
computers today.

UMA required manufacturers to 
embed client software in their 
handsets – this was not widely 
adopted, hence the lack of handset 
support.

Device support

Today, carriers are integrating Wi-Fi 
infrastructures and technologies 
into their networks.

In past years, carriers viewed Wi-Fi 
as competition to their networks.

Carrier attitude

Things have changed
With exponential data growth rates and linear revenue gains, 3G offload is no longer a 
luxury – it is crucial for the carrier’s network health and business viability. 
At the same time, advancements in Wi-Fi technology and integration standards are 
improving the user experience, business viability and total cost of ownership.
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3G Focused Wi-Fi Technology7

7.1 Smart Antenna Technology    
The need for 3G offload is most pressing in high congestion urban centers. The Wi-Fi offload 
infrastructure has to perform effectively in this high-volume, demanding environment in 
terms of range, throughput, tolerance to interference and maintenance requirements.  At 
the same time, the Wi-Fi infrastructure must be able to connect with any standard-based 
client, CPE and other network components.

Smart antenna beamforming

Smart antenna beamforming technology is the most promising approach for outdoor 
urban Wi-Fi networks. This technology utilizes multiple antennas in an array configuration 
to a narrow focused 30 degree beam to and from the engaged client as opposed to the 
standard 360 degree omni antennas or sectorial ones that cover 60 to 120 degrees. 
The smart antenna beamforming technology dramatically improves the receive sensitivity 
on the uplink and transmit effectiveness on the downlink. Furthermore, the smart antenna 
responds to the dynamic environment conditions and optimizes the uplink and downlink 
per user and per packet.  

Standard Omni Switched Antenna Array

Active Beam

Antenna Array

Interfering User

Antenna
Array

Adapted Antenna Array

Targeted User
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The following sections explain the benefits of the smart antenna beamforming Wi-Fi 
technologies for outdoor deployments. 

7.1.1 Array gain
Antenna array increase the effective gain in comparison to a single antenna element. 
The additional gain provided by an antenna array with elements: 
Array Gain = 10Log10M
For example, an array of 4 elements provides and additional gain of 6 dB (for UL and DL). 
Therefore, the total gain of the array is 6dB + single element gain [dBi].

7.1.2 Diversity Gain
Diversity gain is statistical and based on environmental conditions. On average it can 
provide an additional 6db gain. 

Signals that propagate through wireless channel suffer form fading, which degrades the 
signal quality.  Spatial diversity techniques, applied either at the receiver or transmitter, 
combat fading without sacrificing power or bandwidth by combining independent copies 
of the received signal from each antenna. 

7.1.3 Interference Mitigation
Use of the unlicensed spectrum in outdoor deployments is growing – and so is the level of 
interference conditions is these environments in comparison to indoor ones. The common 
mounting of high gain Wi-Fi access points on roof tops or poles to increase coverage radius 
also exposes the equipment to even more sources of interference. 
The interferences come from Wi-Fi networks (indoor and outdoor) and many other sources 
such as Bluetooth, Microwave ovens, cordless phones, point to point links and more. There 
are 3 general groups: 
1.  Wi-Fi interference from neighboring networks in the same area 
2.  Wi-Fi interferences comes from own network (inter-cell interference) 
3.  Non Wi-Fi interferences

The Wi-Fi transmitter mechanism waits for a quiet opportunity in order to transmit. In 
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Interfering
User

Desired
User

conditions of high interference and noise, this approach causes transmission delays. In order 
to avoid this problem, Wi-Fi reduces the operational sensitivity, which directly reduces the 
access point’s range and throughput.

The smart antenna beamforming interference mitigation techniques significantly increase 
the signal to noise of the access point client link allowing it to operate in maximal sensitivity. 
Here is the list of interference mitigation techniques:
•	 Receiving in a narrow beam reduces the effective exposure to multipath propagation and 

other interferences by more than 90%.  The beamforming technology directs a narrow 
beam toward the transmitting client at each packet. The result is a 20dB of attenuation to 
all the interferences and reflections received from outside the main beam and a smaller 
delay spread at the modem.

•	 Transmitting in a narrow beam reduces the inter-cell interference. While inter-cell 
interference is not a critical factor in small indoor deployments, on a city scale it can raise 
the noise floor significantly. Focused transmission also reduces the multi path/fading 
and delay spread experienced by the client unit, not designed for the outdoor channel 
conditions. 

•	 The smart antenna technology is able to identify the direction of a neighboring 
interference source. The smart antenna array Nulls the specific direction limiting the 
performance impact to that specific direction. 
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7.1.4  Multipath propagation
Outdoor installations experience much larger delay spread than the 800/400 nanosecond, 
which 802.11 standard was designed for. The delay spread is the maximal difference in 
time units from the many reflections receive by the Access Point.  When the delay spread 
experienced by the receiver is larger the receiver modem will begin to lose packets even in 
admissible signal to noise conditions.

Smart antenna technology reduces the effective delay spread experienced by the access 
point by narrowing the effective receiver beam. This eliminates the multipath reflections 
from outside the area of focus.

7.1.5 Planning & site selection
One of the distinct advantages of operating Wi-Fi equipment in the unlicensed band is 
that it requires less planning than cellular deployments. However, typical Wi-Fi equipment 
provides a coverage area of 100-150m in comparison to the 300-800m coverage of cellular 
base stations. The need for additional real-estate for access point location adds a new 
complexity layer to the Wi-Fi network deployment.

The focused beams generated by smart antenna Wi-Fi technology support ranges of 300-
800m similar to the cellular base station performance. As a result, carriers can co-locate the 
Wi-Fi network with their current cellular base-stations – these locations are already owned 
by the carrier, maintained on a regular basis and connected to power supply. 
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7.2 Mesh Technology
Mesh technology enables the operator to significantly improve its backhaul and save 
backhauling costs by using a dedicated additional Wi-Fi channel as a backhaul option 
and as such connect only 10%-20% of the units to a real backhaul (usually cable or 
Microwave).  In Mesh each node, or access point, in the network acts as an independent 
router (preferably in Layer 2 to allow simpler handovers). This enables the network to 
automatically reconfigure paths in order to avoid blocked or broken links.

The advantages of this approach in Wi-Fi deployments are:
1. Improved network reliability with built in redundancy access points
2. Flexibility in choosing backhaul locations by using access points to serve as backhaul links.

When using mesh technology in Wi-Fi deployments, it is important to select equipment that 
utilizes different frequency bands for access and backhaul; 2.4 Ghz and 5.8 Ghz respectively. 
In effect, this creates two parallel, non-interfering networks in a single deployment. In the 
initial municipal Wi-Fi deployments Earthlink was using the 2.4Ghz band for both access 
and backhaul which severely reduced the total network capacity to a level which was 
unacceptable  by users.

7.3 Equipment co-location
Co-locating Wi-Fi equipment with cellular base stations makes a lot of sense from an 
operational point of view. The question now becomes one of interference: will the cellular 
base station signals interfere and degrade the Wi-Fi performance.
To solve the problem, Wi-Fi access point that will be used for 3G offload should integrate 
dedicated channel and antenna filters.  This approach will screen the 3G transmissions and 
totally reduce the interference to the Wi-Fi equipment.
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More Factors to Consider 8

Figure 4: Managed Network Bypass
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8.1 Network Interworking
Wi-Fi networks can serve as a complete or partial bypass to the 3G network. Depending on 
their service offering and customer profiles, carriers will need to choose the most suitable 
interworking solution for their needs; tight coupling versus loose coupling. 

Loose coupling – In this approach the only integration point is common authentication 
architecture. It is implemented with the 3GPP Interworking Wireless LAN (IWLAN) 
architecture. In this approach, IP data is transferred between a mobile device and operator’s 
core network through a Wi-Fi access. The mobile device opens a VPN/IPsec tunnel from the 
device to the dedicated IWLAN server in the operator’s core network. The server provides 
access to the operator’s walled garden services or acts as an internet gateway. 

With loose coupling, providers are able to retain subscriber management without having 
to fully integrate the two networks. They can offer metered network access, parental 
control/filtering services, secure internet access and follow subscribers’ browsing habits 
for targeted marketing or security reasons. The main draw back from this approach is that 
operators are still unable to deliver any carrier subscribed content in the Wi-Fi zone. 
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Tight coupling – By adopting the 3GPP Enhanced Generic Access Network (EGAN) (A.K.A. 
GAN or UMA) architecture, cellular network signaling is rerouted through Wi-Fi access 
networks. This creates a tight coupling between the 3G and Wi-Fi network, where the 
Wi-Fi access network acts as a 3GPP Radio Access Network (RAN). The result is a seamless 
subscriber experience across the two networks. 

Generic Access Network or GAN is a telecommunication system that extends mobile voice, 
data and IP Multimedia Subsystem/Session Initiation Protocol (IMS/SIP) applications 
over IP networks. Unlicensed Mobile Access or UMA, is the commercial name used by 
mobile carriers for external IP access into their core networks. (www.wikipedia.org)

Operators can now deliver all carrier subscribed content to the subscribers in the Wi-
Fi network. Due to the integration and additional equipment required, tight becomes a 
viable business proposition for carriers that have (or plan to have) a significant amount of 
content available to them via their 3G network (e.g. IP. TV. etc.)

8 More Factors to Consider 

Figure 5: Integrated Network Bypass
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8.1.1 The AT&T Story continued
In May 2010, AT&T deployed a Wi-Fi hotspot, providing free access, in Times Square NY.   
“Our first AT&T Wi-Fi hotzone in New York City has received praise from our customers, and 
we’re excited to introduce this Wi-Fi solution in Charlotte,” said Angie Wiskocil, senior vice 
president, AT&T Wi-Fi Services. “Wi-Fi plays a key role in our strategy to mobilize everything 
that’s important to our customers – including entertainment, news, social networks and 
business apps. With this pilot AT&T Wi-Fi hotzones, we’re examining new ways to use a 
combination of our Wi-Fi and 3G networks to deliver the best possible mobile broadband 
experience.”

The popularity of Wi-Fi service — particularly on mobile phones — has grown tremendously. 
AT&T handled 68.1 million Wi-Fi connections on its network second quarter 2010, compared 
to 15 million in the same quarter last year. 

Many AT&T smartphones, including the iPhone (from 3.0 version software),  support auto-
authentication at AT&T Wi-Fi Hot Spots, making it automatic and convenient for customers 
to connect. Customers can log onto AT&T Wi-Fi hotzones and more than 20,000 AT&T Wi-Fi 
Hot Spots nationwide without it counting toward their monthly smartphone data usage.
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Mobile networks are entering a new era; one where subscribers consume increasing 
amounts of data without the historical boundaries of voice, data and multimedia. Everything 
is coming together to serve as a powerful user experience. 
This is an opportunity for service providers to grow their business and increase their 
subscriber base. However, the cellular networks need to step up to the challenge and 
deliver.

The current network infrastructure was planned to provide predominantly voice services. 
This is no longer the reality. With the advent of smartphones, tablet PCs and other mobile 
devices, coupled with social media, multimedia applications and compelling content – 
the amounts of data consumed over mobile networks has exceeded an Exabyte (1 Billion 
Gigabytes) according to telecom consultant Chetan Sharma and will increase x100 by 2014 
according to Cisco. 

Waiting for 4G standards to mature is not an option. With less than 7% adoption predicted 

Summary9
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by 2015 according to Unwired Insight and only quadruple the capacity increase, they 
cannot provide the solution on their own.

Wi-Fi presents a cost effective partner to 3G and 4G networks for delivering data to mobile 
clients. By deploying a Wi-Fi infrastructure that is designed for outdoor environments and 
optimized to work with in conjunction with mobile networks, service providers can create 
a high capacity offload solution. 3GPP standards enable operators to create an integrated 
environment combining their 3G/4G network with the Wi-Fi one to provide a single, 
seamless user experience. 

Service providers need to start preparing their networks for the onslaught of data – today. 
Some, like AT&T have already begun to deploy a parallel Wi-Fi to offload mobile data in 
congested city centers. “Wi-Fi plays a key role in our strategy to mobilize everything that’s 
important to our customers – including entertainment, news, social networks and business 
apps.” said Angie Wiskocil, senior vice president, AT&T Wi-Fi Services.
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10

GoNet Systems provides carrier-class Wi-Fi solutions to cellular operators, service providers, 
municipalities and utilities looking to deploy a high-performance wireless infrastructure. 
By combining smart antenna Wi-Fi technology with innovative, self-healing mesh Wi-
Fi architecture, GoNet delivers superior coverage and capacity in challenging, outdoor 
environments.

The company’s Mobile Broadband Wireless (MBW) platform is designed for bandwidth 
intensive mobile broadband services such as high-speed data, video streaming, W-VoIP, 
video surveillance and smart grid applications. GoNet Systems Wi-Fi solutions are cost-
effective and reliable enabling service provider and cellular operators to effectively tap into 
the huge, and growing, Wi-Fi client install base. 

About GoNet Systems
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