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Mobile advertising will become more pervasive
and profitable, but not before addressing
key technical and business challenges.

| BY SUBHANKAR DHAR AND UPKAR VARSHNEY

Challenges
and Business
Models

for Mobile
Location-based
Services and
Advertising

LOCATION-BASED SERVICES HAVE attracted
considerable attention due to their potential to
transform mobile communications and the potential
for a range of highly personalized and context-aware
services. Since the days of early location-tracking
functionalities introduced in Japan in 2001 and in
some U.S. networks, location-based services have
made considerable progress. E911 requirements
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for wireless cellular networks in the
U.S. have also enabled location-based
functionalities using variations of tri-
angulation, GPS, and cell-ID technolo-
gies. In addition to the current and
emerging satellite-based systems, such
as GPS (U.S.), GLONASS (Russian),
GALILEO (EU), and COMPASS (Chi-
na),* which will provide wider cover-
age to benefit location-based services.
In some cases locational information
can also be derived and utilized from
sensors, RFID, Bluetooth, WiMax, and
Wireless LANs.”*"*> These systems can
be used standalone or supplement
the coverage for location tracking in
indoor environments, where satellite
coverage is intermittent or inaccurate.

The potential for location-based
services is evident from powerful and
ubiquitous wireless devices that are
growing in popularity.®*®* Many surveys
predict billions of dollars in revenues
for mobile advertising.”” Mobile Net-
work Operators are well positioned to
take up a significant percent of this
advertising revenue as they negotiate
deals with content providers. Recent
deals between media companies, ad-
vertising agencies and Internet/soft-
ware industry also demonstrate sig-
nificant optimism for future growth.**
However, there are many challenges
that have slowed down the deployment,
offering, and wide-scale adoption of lo-
cation-based services. The challenges

key insights

B Professionals should be aware of
technical- and business-related
challenges as they develop solutions
for location-based services.

B Location-based mobile advertising has
potential to generate significant revenues
leading to successful business models.

B Awareness of multiple business models
that can play key roles in mobile
advertising—and how these models
compare to one another—would be
essential in the successful deployment of
location-based services.

m In addtion to the current issues,
professionals should also consider the
imminent challenges as the develop and
implement location-based services.
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Location-based advertising and services for mobile devices continue to escalate, but not without overcoming some technical hurdles.

include emerging technologies, suit-
able applications, and business mod-
els. This article addresses both techni-
cal- and business-related challenges
in location-based services, specifically
in mobile advertising. We also address
how location-based mobile advertising
can generate revenues and sustain suc-
cessful business models.

Location-based Services

Location-based services (LBS) can be
defined as services that depend on and
are enhanced by positional informa-
tion of mobile device.® A LBS is a mo-
bile information service that extends
spatial and temporal information pro-
cessing capability to end users via Inter-
net and wireless communications.*¢2?
Location-based services are the key
enabler for a plethora of applications
across different domains ranging

from tracking and navigation systems
to directory services, entertainment
to emergency services, and various
mobile commerce applications.'**¢ Al-
though, several different types of LBS
are possible, we present some of the
examples and their requirements in
Table 1. Here, we also introduce qual-
ity of service for LBS. The QoS can be
expressed in locational accuracy re-
quired, response time, and reliability
of operation. These attributes could
offer some guidance to network de-
signers and operators on the need of
applications and the functionalities
required in location-aware network
infrastructure. Several LBS are il-
lustrated in Figure 1 and a range of
technologies that can be used in vari-
ous combinations to create location-
aware network architectures are illus-
trated in Figure 2.
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The key characteristics of location-
based services can be derived from the
applications earlier. To implement LBS
properly, the middleware should be
designed to include the major charac-
teristics of the applications.'**®** Some
of these characteristics are shown in
Table 2. The different LBS can be clas-
sified under multiple categories of per-
son or device-oriented, push vs. pull, di-
rectvs. indirect profile, among others.

The organizations that play signifi-
cant roles in the development of LBS
standards are the Open Mobile Alli-
ance (OMA) and Open Geospatial Con-
sortium (OGC). In addition to these,
there are several other organizations
that provide important components of
the LBS standards infrastructure.?*?¢

The most important specification
that OMA has come up with is MLP
(Mobile Location Protocol). MLP en-
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ables LBS applications to interoperate
with wireless network regardless of its
interfaces (GSM, CDMA etc.) and posi-
tioning methods. MLP defines a com-
mon interface that facilitates exchange
of location information between the
LBS application and location servers in
wireless networks. It also supports the
privacy of user providing access to loca-
tion information only to those who are
authorized users. Hence OMA is the
key enabler of mobile service specifi-

cation standards that support the cre-
ation of interoperable end-to-end mo-
bile services.

The Open Geospatial Consortium
(OGC) is an international standards
organization responsible for the de-
velopment of standards for geospa-
tial- and location-based services. To
complement Location Interoperability
Forum’s (LIF) advanced MLP services,
OGC has comeupwith OpenLS Services
that addresses the geospatial interop-

Figure 1. Several location-based services.
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erability issues. Key services handled
by OpenLS specification are coordi-
nate transformation, Web Mapping,
Geography Markup Language (GML),
geoprocessing and Web integration.
The OpenLS platform provides open
interfaces to LBS core services such as
route determination, directory, loca-
tion utility (geocoder that obtains x, y
co-ordinates from address, and reverse
geocoder that obtains address from x,y
co-ordinates), presentation (display
showing map, point of interest), and
gateway (find position of mobile ter-
minal ‘from the network’). OpenLS Ab-
stract Data Types (ADTs) are the basic
information constructs used by these
core services. ADTs are ‘application
schemas’ of well-known data types and
structures for location information en-
coded in OGC’s XML for Location Ser-
vices (XLS). These schemas encode lo-
cation information, for example, route
summary and route geometry, route
instructions, location, area of interest,
and point of interest and address.

The specifications of OpenGIS are
geared toward the development of
interoperable solutions that “geo-en-
able” the Web, wireless, and location-
based services. These specifications
enable developers to make complex
spatial information accessible to help
deploy various services and useful ap-
plications. In order to make spatial
standards interoperable with com-
munication standards, such as, to
integrate LBS into Internet, Web and
wireless, OGC coordinates its activities
with several organizations including
OMA, IETF, W3C, OASIS, ISO, Parlay.®

Parlay is a consortium that develops
open APIs based on their Open Systems
Architecture (OSA) for mobile net-
works that provides functionality for
authentication, authorization, and ac-
cess to network services. APIs for OSA/
Parlay enable service implementations
within existing fixed and mobile tele-
communications networks. This archi-
tecture/framework complements the
GeoMobility Server, described here.

The GeoMobility server provides the
basic functionalities on which loca-
tion-based applications are built (the
OpenLS Core Services). It provides sub-
scribers with various location-based
application services and content. By
using open interfaces to access net-
work location information, this server



allows applications to access a set of
core services known as the OpenLS
Core Services. To summarize, the Geo-
Mobility server provides

» The Core Services and their
OpenLS interfaces along with the
OpenLS Information Model, consist-
ing of Abstract Data Types (ADTSs).

» A set of applications build upon
the Core Services and accessing them
through OpenLS interfaces.

» Content such as map data, points
of interest, routes, and so on used by
the Core Services; this content can
also be hosted on other servers and ac-
cessed through the Internet.

» Various supporting functions for
personalization, context management,
billing, and logging.

LBS Market Overview

Although the market has taken longer
to materialize than many predicted a
few years ago, individual and corpo-
rate customers are now beginning to
purchase location-based emergency
services, advertising, games, and oth-
er location-based services. They look
to their telecommunications carrier
companies to provide timely, personal-
ized information delivery in ways that
provide new efficiencies, convenience,
safety measures, and work flows.

Carriers want cost control, predict-
ability, rapid rollout, and easy migra-
tion. They want all of their service of-
ferings to be well integrated with their
management information systems for
billing, accounting, customer service,
maintenance, and so on. They want
to be able to pick and choose from a
broad field of platforms, applications,
integration services, and devices. The
providers of these products and servic-
es in the value chain want to succeed
by focusing on their strengths and by
building one and selling it many times
rather than building everything differ-
ently for every customer.

Besides overcoming technologi-
cal and ethical barriers, marketing
location-based services has been a chal-
lenge to operators. One major challenge
has been that the new applications were
relying on technology that was very slow
in penetrating the market. As a result,
the industry now often talks about loca-
tion as a means to enable services as op-
posed to location-based services.

The location market is developed

Location-Based
Services

Applications
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Table 1. Location-based services.

Required Quality of Service
(QoS)

Information/
directory services

» Dynamic yellow pages that automatically

informs consumer of location of nearest
hospitals, restaurants, shopping malls
and theatre, and ATM

> Nearest parking lot, drug store or gas
station

Location accuracy of a tens of
meters

Response time of few seconds

Need for high reliability
(98%-99%)

Tracking and
navigation services

> Tracking of children, locating lost pets,
» Locating friends in a particular area

> Tracking stolen vehicles, asset tracking
» Dynamic navigational guidance

» Voice-enabled route description

Location accuracy of few meters
Response time of few seconds

Need for very high reliability
(Goal should be 100%)

Emergency services

> Roadside assistance

» Search and rescue missions

> Police and fire response

» Emergency medical ambulance, E911

Location accuracy of a tens of
meter

Response time of few seconds
or less

Need for very high reliability
(Goal should be 100%)

Location-based
advertising

> Wireless coupon presentation, targeted &

customized ads
» Marketing promotions and alerts

» Customer notification and identification in

the neighborhood store

Location accuracy of few meters
Response time of a minute

Need for high reliability (98-99%)

Table 2. Characteristics of location-based services.

Types of LBS

Characteristics

Person-oriented LBS

» Consists of applications where a service is user based
» User usually controls how location information is collected and utilized

Device-oriented LBS

> Applications are external to user

> Person or the device located is not controlling the service

Push versus pull-
based applications

> Push-based: information delivered to the mobile terminal (end user)

automatically when certain event occurs

> Pull-based: Mobile terminal (end user) initiates the request

Direct versus indirect » Based on how the user profile is collected: directly from the user

profile during the set up phase, by tracking the user’'s behavior pattern
or from third parties
» Security and privacy issues become critical to maintain user trust and to
avoid fraudulent activities
Availability of profile » Profile information requested on the fly or already available to the LBS
information

Mobility and Interac-
tion

» Range of mobility scenarios exist based on combinations of mobility

of users and network components

> The level and type of interactions depend the mobility scenario

State of interaction

> Stateless interaction: Each request is an independent transaction unrelated

to previous request

» Stateful interaction: The LBS preserves the state across service requests
(beneficial to for forecasting future transactions, requests and behavior)

Static versus
dynamic information
source

» Static: Data about historical buildings and landmarks, places
of attraction, hotels and restaurants, maps
» Dynamic: Information that changes with time (weather, traffic

and road conditions)

Source of location
information

» Location information provided by the user or the network infrastructure or

by a third party.

Accuracy of location
information

» Depending on the positioning technology used in the network infrastructure,
different accuracy for localization request of mobile terminals result.
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around both business and consumer
services and can be broadly grouped
into a vertical and horizontal service
sphere.

The vertical market is character-
ized by users drawn from industry en-
vironments where the management
of mobile location information is and
has always been an integral part of
the business. The vertical market seg-
ment has been the historic base of the
mobile location services industry, and
many players in it developed propri-
etary systems for localization long be-
fore LBS achieved today’s general com-
mercial availability.

In contrast to the vertical market,
the horizontal market is characterized

by users drawn from industry environ-
ments where the use of mobile loca-
tion information is a new and added
value to existing services.

Mobile Advertising

The mobile advertising market is
poised for tremendous growth as it con-
tinues to exploit some of the appealing
features of mobile devices as follows:

» Portability: The devices are small
in size and fit into the pocket.

» Personalization and Instant Ac-
cess: The devices are associated with
the identity of the user and the appli-
cations are personalized based on the
user input. The mobile devices also
receive instant access from their users

Table 3. Various consortia/organizations for location-based services.

Consortium Description

Open Mobile Alliance
(OMA)

> Key enabler of mobile service specification standards that support the
creation of interoperable end-to-end mobile services

> Consists of nearly 200 organizations including world's leading mobile
operators, device manufacturers and network service providers.

> Addresses all the key elements of the LBS value chain which also
includes those that are addressed by Location Interoperability Forum
(LIF) and Wireless Access Protocol (WAP) forum.

> LIF and WAP are now part of OMA

Open Geospatial
Consortium (OGC)

> An international standards organization responsible for the development
of standards for geospatial and location based services

Parlay > Consortium that develops open APIs based on their Open Systems
Architecture (OSA) for mobile networks which provides functionality for
authentication, authorization, and access to network services.

W3C > World Wide Web Consortium provides guidelines for mobile web best

practices including navigation, page layout and content.”®

Internet Engineering

Task Force (IETF) to LBS

» Working Group provides guidelines for applications and services related

Organization for

the Advancement of
Structured Information
Standards (OASIS)

> A global consortium that drives the development, convergence
and adoption of e-business and web service standards including
LBS and Mobile Web.

Table 4. Various location-based protocols and standards for development of LBS.

Protocols

and Standards Description

Mobile Location Protocol » An application-level protocol for obtaining the position of mobile

(MLP)

stations (mobile phones, wireless personal digital assistants

and so on) independent of underlying network technology.
> Serves as the interface between a Location Server and a Location

Services (LCS) Client.

» Defines the core set of operations that a Location Server should

be able to perform

OpenLS

> To complement LIF's advanced MLP services, OGC has come up with

OpenLsS Services which addresses the geospatial interoperability issues

Geopriv

> A standard for the transmission of location information over

the Internet and is being developed by IETF.®
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most of the time.

» Mobility and Wireless Internet
Connectivity: Most of the mobile de-
vices will have Internet connectivity via
wireless links.

» Location-aware: Most of the devic-
es will have some built-in navigational
systems like GPS.

» Context-aware: Many applications
running on the device are context-
aware. For example, in case of search,
the advertisements will be displayed
based on user’s preferences.'?

All these appealing features cou-
pled with enterprise applications have
increased the adoption rate of these
devices and as a result of this usages
of these devices are growing rapidly.
Hence it makes business sense to use
the mobile devices as another platform
for advertising, which can be custom-
ized based on the user’s profile and
preferences. The users can also select
the types of advertisements they would
like to receive on their mobile devices.
This information would be saved on a
server and the advertisement would be
sent accordingly. During the first time
set up the subscriber will have the op-
portunity to provide his preferences
for the type of ads to be received and
displayed on his mobile device. For ex-
ample, after the customer logs in, he
would be prompted with choices in sev-
eral areas of interests such as specific
type of restaurants, currently screened
movies, nearby shopping malls, and so
on. Several different types of advertis-
ing services and their infrastructure
requirements are presented in Table 5.

Emerging Business Models

With the deployment of a variety of
location-based services coupled with
growing consumer appetite for mobile
devices fueled by broadband wireless
technologies, there are substantial op-
portunities for revenue generation in
this nascent and growing market mo-
bile advertising. Mobility and location-
based services combined with context-
aware advertising create opportunities
for targeted marketing and revenue
generation.

As the competition of voice-based
mobile services becomes stiff, the net-
work operators seek to increase their
market share and generate additional
revenue through data services includ-
ing LBS. The network service provid-



ers play an important role and actively
or passively shape the business land-
scape. There are three types of busi-
ness scenarios that evolve around the
role of network service providers.?
These are network service provider-
dependant business scenario, network
service provider-assisted business sce-
nario, and network service provider-
independent business scenario.

In the network service provider-
dependant business scenario, the net-
work service providers play a dominant
role and collect the most of the revenue.
These typically generate and own the
location data and use this to provide
LBS to the consumers. The network ser-
vice providers use their infrastructure
and marketing channel to give access
to LBS thereby providing services to a
select customer base. In this scenario,
the network service providers keep the
major portion of the revenue.

In the network service provider-as-
sisted business scenario, the network
service provider does not necessarily
own or control the location data. The
data will be available to location-based
service providers either on a given rate
or for free. The network service provid-
ers act as transporters of the data and
voice. They get revenue by selling air-
time usage or charging the volume of
data packets transmitted.

In the network service provider-in-
dependent business scenario, the lo-
cation data does not necessarily reside
on the network service provider’s net-
work. The data may come from an inde-
pendent vendor. As an example, some
location-based service providers may
use GPS technology and use the data
to provide various services to the con-
sumers. The network service providers
generate revenue by transporting the
LBS data through their network. The
location-based service providers may
charge the consumers on pay-per-use
basis or on a monthly subscription fee.

In order to supportvarious business
models, flexible platforms are being
developed for AAA (Authentication,
Authorization, Accounting) functions
and charging. For example, the OSA/
Parlay framework proposed in Koutso-
poulou et al.’ provides a platform for
charging, billing, and accounting
functionality for various LBS-related
business models. The user is authenti-
cated and authorized by the 3 GPP AAA

Server/Proxy located within the opera-
tor network. The Open Mobile Alliance
(OMA) is working to standardize Push-
to-Talk over Cellular (PoC). The IMS
Core also handles AAA functions and
triggering of personal and group in-
stant talk sessions.

Another interesting scenario that
is gaining popularity is that of OEMs
creating development platforms for
independent application developers.
The developers sell their applications
through OEM’s authorized stores and
share revenue with OEMs and not WSPs.
A good example will be Apple’s iPhone.
Apple has created the Apps store that al-
lowed independent developers to create
applications and share revenues with
Apple and not the WSPs.”

There are a few business models
that appear to be viable in the current
scenario."'*?* These business models
have three major aspects, namely rev-

contributed articles

enue sharing; hosting and advertis-
ing.” In revenue sharing, every party
that contributes to a service takes a
part of the service fee, which is based
on a partnership agreement. The host-
ing service provider charges a fee to the
LBS service provider for infrastructure
and management of these services.
The fee can be a fixed monthly rate or
based on the usage of data. Advertising
in the mobile environment is still in its
infancy and is not well established like
the World Wide Web. The various busi-
ness models are presented in Table 6.

Challenges Ahead

Although a great deal of work has been
done in location-based services and
mobile advertising, there are several
major challenges. Mobile multimedia
advertising is yet to take off for various
reasons. The pricing of the data traf-
fic along with the limitations of small

Table 5. Types of advertising services and infrastructure requirements.

Advertising Infrastructure Specific
Services Description Requirements Challenges/Issues
Click-to-Call > A call back number A set of generic network Network carriers may
will be provided which and terminal functionalities charge for the call,
is hyperlinked by the including standardized which is an additional
advertisers. toolkits, micro-browser, cost to the user.
> When clicked, the protocols and applica-
customer will be directly tion interfaces providing
connected to that basic transport and control
particular advertiser.*” mechanisms.
Short Message  » The advertisement A set of generic network For MMS, the band-
Service (SMS) provides an option where  and terminal functionalities  width requirements
or Multimedia the customer can enter including standardized are significantly higher
Messaging his number to avail the toolkits, micro-browser, and smart phones
Service (MMS) services of the advertiser. protocols and applica- are necessary. 3G/4G
» Once the number is tion interfaces providing network infrastruc-
entered, the advertiser basic transport and control  ture will be quite
would send the text mechanisms. appropriate. MMS will
information through SMS cost more than SMS
and any video clippings as network operators
through MMS to view.1%15 may charge higher.
Voice calls > The advertiser will call A set of generic network User may not want
the customer and inform  and terminal functionalities  to receive calls from
him of his services. including standardized advertisers.
> The customer will receive toolkits, protocols and ap-
a call, which will let plication interfaces providing
him know about all the basic transport and control
promotions and sales that mechanisms.
are going on while he is
shopping in a mall.
Location Finder ~» The advertisement Generic network and termi-  Accurately determin-

provides the link to find
their facility.

Suppose the customer
gets an advertisement
of the Pizza Hut, it would
also provide a link to find
their location.

v

nal functionalities including
standardized toolkits,
micro-browser, protocols
and application interfaces
providing basic transport
and control mechanisms
including navigational tools
like GPS.

ing the location can be
challenging.
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screens and in many cases limited
bandwidth make it difficult for adver-
tisers to take full advantage of location-
based context-aware advertising. How-
ever, the adoption of LBS is expected to
change in the future with the deploy-
ment of 4G networks and attractive

pricing of these services.

Pricing. Pricing for LBS poses a big
challenge to all the players in the mo-
bile ecosystem including customers,
advertisers, and marketing vendors—
as well as advertising service agencies.
The pricing for voice and data services

Table 6. A comparison of several business models.

Model Type Key Features Comments
Subscription- Fixed subscription: Based on a monthly charge  Content providers have to work
based with unlimited usage with WSPs who take control of
Limited subscription: A combination of basic major revenue and decide what
monthly charge (based on a fixed amount of applications and services they
content consumption) plus extra charges based deploy.
on additional consumption beyond the fixed
amount.
Event or transaction-based charging: Charge
is based upon the use of a particular service
on content (multimedia message (MMS) or
downloading a song)
Session-based charging: Based on metering
during continuous usage of the service or
content, such as streaming media services with
charges for usage or time
Safe income Based on subscriber fees and content A hybrid model without one
providers’ placement fees. Fees are derived provider controlling network
from businesses that want placement of their  access and WSPs have less
ads with top priority and distribution across the control over revenue generated by
WSP's network. Businesses do not share any  the content providers.
revenue that content providers earn through
the distribution of ads over the WSP network.
Diversified A combination of high quality content, A more flexible model which
revenue applications and services and provides a has more upside potential for
bundled offering that is quite attractive to additional revenue generation.
subscribers. Revenues are generated either Collaboration among WSPs and
through placement of ads or by receiving a content provides are necessary
share of advertising revenues and transaction to provide a variety of services
fees. The content and service providers use to the customers. Has some merit
WSPs distribution channel to receive these over others because it helps to
fees directly. generate additional revenue,
with little effort of WSPs for media
sales.
Outsourced Revenue is derived wholly through sharing WSPs may decide what ads to
media sales of all advertising and m-commerce revenue serve to their customers based on
revenue generated over the WSP distribution channel.  their profile and user preferences.
Requires significant commitment and effective A greater commitment to
use of mobile advertising from WSPs. wireless advertising from WSPs
It is not only important for the WSPs to is necessary.
track the ads they serve on their network
for appropriate revenue sharing, but also to
monitor the occurrence of ads they serve
to their customers based on their profiles,
preferences and characteristics.
In-house Requires WSPs to have an in-house dedicated  In this case, a complete

sales revenue

subscriber access.

team focused on media sales, processing and
management of mobile ads. Fully dependent
on advertising and m-commerce transaction
fees for mobile content acquisition and

technology solution is required to
support mobile advertising in ad
development, management and
services associated with it.

Advertising
by keyword
auctioning®*

Auctioning of keywords in dynamic web search
will be adapted in the mobile search business
and a variety of strategies being considered.
Keywords will be used to provide location-
based context-aware advertisements.

An unproven model that requires
some suitable adaptation of
online advertising platforms of
the traditional web. It is not clear
exactly how the revenue will be
split among the WSPs and other
players in the mobile ecosystem.”
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including applications differ consider-
ably. The network operators generally
have per-minute and flat rate charging
models for voice services and open-
ended pricing models for data services.
Currently, the consumers have to pay
on the basis of airtime and amount of
data, and this has not been widely ac-
cepted by consumers. The future high
speed networks (4G and higher) could
create new market opportunities with
simple and attractive pricing model.

It is evident that when considering
pricing and deployment issues, content
providers will have greater flexibility
and bargaining power when consum-
ers can access their services and appli-
cations directly without any restrictions
or charges from the network operators.
Content providers who plan to generate
revenue through location-based adver-
tising and promotions that will drive
traffic to a storefront face some seri-
ous pricing challenges. How much the
customers are willing to pay for the LBS
and how to best attract customers with
promotional offers with bundled ser-
vices in a mobile environment are not
yet tested. Prices for location-based ser-
vices will significantly affect the adop-
tion of these services and create con-
sumer demand. Consumers look for
simplicity, transparency and value for
the charges they pay for these services.

Transaction-based (per-usage fee)
and subscription-based fees are likely
to appeal to most of the consumers.
For example, consumers are unlikely
to pay a high subscription fee for an
emergency road service that is not used
on a regular basis. However, some may
use this service as necessary using pay
per use model.

Personalization and context-aware-
ness. The advertising contents should
be personalized, or matched to users’
preferences and profile."? For Push ad-
vertisements, can Spam law prohibit
sending any message unless opted-in
by the users? Assuming that user has
agreed to or has subscribed to loca-
tion-based services, the vendors can
send targeted advertisements such as
discount ads based on consumer’s lo-
cation to encourage them to purchase
certain products or services. If given
the permission to access the consum-
ers recent search pattern, the advertis-
ing companies can use the data and
target those advertisements that are



relevant to that particular user.

If user pulls information (thus opts-
in) about his/her choice of products or
services within his/her neighborhood,
the ads will be delivered to the con-
sumer which becomes less intrusive.
This however results in a higher cost
as pushed ads are less expensive than
delivered pulled ads.

Privacy. Mass adoption of location-
based services will depend on how well
network operators protect privacy of
consumers. Unsolicited mobile adver-
tising is generally considered intrusive
and some consumers dislike market-
ing efforts that encroach their privacy.
LBS service providers must understand
the fine line between personalization
and addressing privacy concerns. In
order to provide personalized context-
specific LBS, customer data from sev-
eral sources should be collected and
analyzed. However, the personal data
of the consumers should be properly
managed and appropriate security
measures should be taken. The mo-
bile devices are such that they can be
personalized to high degree and hence
there is a huge potential of providing
personalized LBS services on demand.
Protecting consumers’ privacy is going
to be quite important as these services
are rolled out. Hence, LBS service pro-
viders will have to make these services
on a permission-based opt-in basis and
educate the consumers about its con-
sequences as location information is a
sensitive issue.

Business models and adoption.
Adoption of LBS will largely depend on
how the network operators charge for
value-added mobile data services. The
success of mobile advertising will de-
pend on the volume of traffic using the
wireless network and associated loca-
tion-based services. With this nascent
and emerging market comes some un-
certainty, which may cause low adver-
tising revenues initially. Although there
are quite a few location-based services
currently available, the use of wireless
data services is far below the expecta-
tion particularly in the U.S. Consum-
ers view these services as ‘nice to have’
rather than ‘must have’ and are not will-
ing to pay the additional fee for many of
these niche services. As the market ma-
tures and the services become more af-
fordable and wireless Internet services
become pervasive, the adoption rate

will increase and consumers will real-
ize the value of the LBS. The other fac-
tors which may increase adoption may
include a satisfactory level of privacy,
increased availability of location-based
applications, and future introduction
of location-awareness in social net-
working environment.

New and suitable applications.
As LBS mature, a plethora of smart
phones along with applications that
utilize geo-location are emerging. Net-
work service providers will be able to
maximize their revenue by retaining
and using the location data to develop
customized services for their clients on
demand. These kinds of value-added
services will give competitive advan-
tage and help them gain market share.
However, it is well known that content
development is not their expertise.
Hence, strategic partnerships with
specialized content providers and de-
velopers will be quite important. One
of the major issues with location-based
services has been that very few “suit-
able” applications were available to
users, but with Apple’s iPhone devices
many more applications are becom-
ing available.” For example, Motorola
has launched a smart phone called
Droid that is powered by Google’s An-
droid OS, which has voice-enabled
navigational tools and personalized
maps that will provide directions from
source to destination. Another inter-
esting application is Life360’s Mobile
Emergency Network that uses Android
OS and GPS technology. In addition,
voice activated location-based search
is also becoming available on these
smart phones.

Utilizing location-based mobile
marketing, businesses can quickly
reach out to potential customers. Aug-
mented reality coupled with LBS has
lots of potential for mobile marketing
in the social networking scenarios. For
example, the Twitter 360 iPhone app
combines Twitter’s new geo-location
APIs along with the iPhone 3GS’s com-
pass feature and augmented reality to
create an application that businesses
could easily take advantage of.

Technological Challenges

There are several approaches to de-
termine the location. These include
GPS, Wi-Fi (wireless LANs), cellular
(2G/3G/4G) networks, sensors, and
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RFID. GPS uses a constellation of 24
MEO (Medium Earth Orbit) satellites
and can offer accuracy of tens of me-
ters. Several different wireless LANs
are in use that can offer location ac-
curacy in the order of hundred meters.
Cellular networks may use one of mul-
tiple techniques including base sta-
tion triangulation or variations of GPS
for accuracy in hundreds of meters.
Smaller devices that use RFID and sen-
sors can support accuracy of a meter
or less. GPS and its variations are pri-
marily outdoor location technologies,
while wireless LANs are primarily in-
door. These technologies must be used
together to support many applications.
For example, moving from outdoor lo-
cations to indoors may require handoff
from GPS to an indoor location tech-
nology such as wireless LANs, RFID, or
sensor networks. There is need for ad-
ditional work, including development
of middleware, to support these hand-
offs among multiple diverse technolo-
gies with different frequencies, proto-
cols, and location accuracy.

Connectivity, power, download
speed, screen size. Other challenges in-
clude dynamic location changes, cost
of communications, battery and com-
puting power, continued wireless con-
nectivity, download speed, and smaller
screen size and lack of standards.

With limited bandwidth and slow
data rate, the user will be reluctant to
accept ads on their mobile devices.
This will have an adverse effect on
advertising performance. The slow
download speeds could be addressed
with increased penetration of 3G/4G
networks. Also, the presence of mul-
tiple incompatible locational technol-
ogies may create dilemma for many
smaller mobile advertising companies
including start-ups.

The screen size poses a significant
challenge to mobile advertisers as it may
be difficult to display information thatis
rich in content and graphical in nature.
Mobile advertising agencies must be in-
novative and create effective ads that are
suitable for the small screen. There are
several portable mobile devices ranging
from cell phones and PDAs with varying
screen size. In general, a PDA’s screen
size is larger than that of a cell phone.
Hence, the ads have to be tailored based
on the end user device. In order to avoid
this situation, mobile device manufac-
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turers must come up with industry stan-
dards and guidelines so that the mobile
advertising community can effectively
use their platform to potential custom-
ers. In addition, formatting of texts,
font sizes and graphics will be displayed
differently or may not be well displayed
on different devices. Currently well-de-
fined standards and regulations for for-
mat, content, payment are necessary for
the mobile advertising industry to grow
and attain its full potential. Without
such standards and regulations, mobile
advertising businesses, location-based
service providers, and all other players
in this ecosystem will face an uphill task
to succeed. Hence, content has to be
adapted according to terminal capabil-
ity. The World Wide Web consortium is
developing guidelines for Mobile Web
best practices.” The recommendations
are for developers and the goal is to im-
prove end users experience.

Conclusion and Future Trends
Mobile advertising and other location-
based services have the potential for
becoming more pervasive and result-
ing in significant revenue for service
providers, wireless carriers, and ap-
plications developers and integrators.
However, many challenges must be
addressed including developing ac-
ceptable standards for mobile adver-
tising, addressing security and privacy
concerns, enriching users with rich
multimedia content, providing end
users with value-added location-based
services along with performance guar-
antee. The use of context-awareness
and personalization in LBS could lead
to highly effective advertising and high
level of customer satisfaction. Another
interesting application in the recent
years is the design and development of
large-scale real-time location-based in-
formation system.**°

Many emerging trends will impact
the future of location-based services.
These include the integration of new
functionalities in hand-held and wear-
able communications devices, increas-
ing number of applications that are
beginning to utilize location-data and
awareness to improve their effective-
ness, use of location-awareness in mo-
bile and on-line games, and, increased
number of wireless and mobile net-
works that either have built-in location
awareness or are undergoing through
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the add-ons for improved and accurate
location-awareness. The user privacy
will be improved by anonymous ver-
sions of some location-based services,
which may be able to “cloak” the users’
locations or decrease the locational ac-
curacy to essentially “hide” the users
with higher privacy needs. Use of public
displays in more effective interactions
with “not-so-private” advertisements
either by users or by the infrastructural
sensing of users’ proximity to ambient
displays could become a major im-
provement over current technological
limitations of mobile devices. The in-
corporation of location-awareness in
social networking applications could
result in further advancement of viral
advertising, where advertisements may
spread based on targeting of users in
some locations with certain profile.
This could further be combined with
data mining techniques which will al-
low near-future prediction of users’
locations. The use of computational
techniques to “best-match” billions
of potential advertisements to billions
of mobile users in potentially millions
of locations globally will lead to an
unprecedented multifold increase in
both the effectiveness and the market
size for location-based services.
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