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ABSTRACT
This paper presents the u-map, a novel user-centric geo-
database for wireless access markets that enables clients
to upload information about their profile, their quality-of-
experience (QoE) feedback for a service, traffic demand,
network/spectrum conditions (e.g., interference, coverage),
providers, and their position (e.g., GPS-based measurements)
in a spatio-temporal geo-database. To evaluate the impact
of the u-map on wireless access markets and study the evolu-
tion of such markets, we have developed an economic-driven
modeling framework. The framework integrates models of
the channel, clients and network operators, wireless infras-
tructures, types of interaction, and price adaptation in a
modular manner. We have implemented a simulation plat-
form based on this framework and instantiated a cellular-
based duopoly. Via simulations, we analyzed the impact of
the u-map, user profiles, and network coverage of providers
on the evolution of the market. The analysis demonstrates
that the u-map can be beneficial to users in their network
operator selection process. We also developed a proof-of-
concept implementation of the u-map and performed a pre-
liminary analysis. Finally, the paper highlights the research
directions that need to be explored for developing a robust
and effective mechanism.

Categories and Subject Descriptors
K.6.2 [Management of computing and information
systems]: Installation Management; K.6.3 [Management
of computing and information systems]: Software Man-
agement; H.2.4 [Database management]: Systems; H.2.8
[Database management]: Database Applications; I.6.5
[Simulation and modeling]: Model Development; I.6.6
[Simulation and modeling]: Simulation Output Analysis
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1. INTRODUCTION
Recently wireless technologies have received considerable

attention. Emerging protocols and access paradigms in-
troduce new types of wireless access markets. Unlike the
traditional cellular-based markets, these markets are more
heterogeneous (in terms of users and providers), more com-
plex and dynamic, and can offer an improved set of services.
As the demand for wireless access increases, users are dif-
ferentiated even more in terms of their profile. Inevitably
subscribers with relatively high usage pattern and QoE re-
quirements are subsidized by the ones with lower usage and
QoE. As the wireless network technology advances, an even
more diverse set of services becomes available. We intro-
duced a service paradigm, the “flex service” that allows a
user with a cognitive radio to select the appropriate base
station (BS) of a provider based on various criteria, such as
its profile, network conditions, and offered prices. The flex
service, which is a typical access paradigm in wireless LANs,
could be a new type of service offered in cellular markets. A
similar concept is the soft (or virtual) SIM cards.

Given the diverse customer profile with respect to their
traffic demand and QoE requirements, and the availability
of many services and access options, the selection of the ap-
propriate provider/BS becomes complex and dynamic. We
speculate that the selection process may involve a software
agent running on a mobile device that makes the decisions on
behalf of its customer. Motivated by the need to enable users
to select the appropriate provider, especially when visiting
a new environment, we propose the u-map, a novel system
that enables wireless devices to upload information about
their usage profile, their QoE feedback for services, traffic
demand, network/spectrum conditions, willingness-to-pay,
bitrate requirements, and their position in a spatio-temporal
geo-database. The u-map can be accessed by users in order
to obtain information about a network provider, such as its
coverage, price, quality of services, and customers satisfac-
tion and make an “educated” selection of the appropriate
provider. Providers can also access this database to obtain



information about their coverage and user feedback to im-
prove/adjust their deployment and services.
Recently databases have been proposed to maintain spec-

trum or physical-layer based information (e.g., [1, 11, 10,
13, 9, 7]), focusing on spectrum availability/usage, “whites-
pace”, and interference. For example, in [9], Min et al.
presented a cooperative sensing algorithm that employs the
knowledge of the network topology and signal propagation
characteristics to detect attacks. Gurney et al. [7] focused
on a geo-database for TV-band incumbents that allows dy-
namic updating techniques and enables regulators to correct
interference problems after device deployment, focusing on
the use of interference models. Unlike these approaches, the
u-map aims to integrate a richer set of data, encompassing
cross-layer measurements (e.g., RSSI values to QoE scores)
and user preferences and constraints with respect to data
rate and price. Karlsson et al. [8] proposed an open spec-
trum approach in which providers consult a database with
user feedback to improve their network infrastructure and
reduce interference.
Other studies [5, 4] present systems that also enable mo-

bile phones to share their measurements. Gaonkar et al. [5]
proposed the Micro-Blog, which follows a client-to-server ar-
chitecture. Micro-Blog users can upload measurements cap-
tured by their mobile phone sensors (e.g., cameras, GPS,
accelerometers, health monitors) on a database. Froehlich
et al. [4] proposed the MyExperience, a system that collects
various types of objective and subjective measurements in-
cluding, device usage, user context information, and environ-
mental measurements. In contrast to these approaches, the
u-map focuses on network-based measurements (e.g., QoE
scores, RSSI, interference, demand, and preferences) for as-
sessing wireless access markets.
In general, the u-map system can be developed and pro-

vided as a service by different entities, employing various
business models. For example, a user community can of-
fer this system as a review mechanism in an altruistic and
“grass-root” manner to enable users to make a more “edu-
cated” selection of their service provider. A different ap-
proach is that of a third party that provides this service
to registered users or network operators/service providers.
Alternatively, a network operator/service provider may de-
velop and support such a system and set of services. Each of
these paradigms and underlying business models affect the
design of the system and its architecture.
In the context of this paper, we focus on the basic func-

tionality of the u-map system and its generic features. Specif-
ically, we have developed a proof-of-concept implementation
of the u-map and analyzed its performance using a real-
world testbed. Furthermore, to evaluate the impact of the
u-map on the evolution of wireless access markets, we have
developed a network-economics driven modeling framework.
The modeling framework integrates models for the chan-
nel, network topology, users and providers, their interaction,
price adaptation, and u-map. It also considers two user pop-
ulations, namely the flex users and subscribers. Flex users
decide about their provider on a per-session basis, while sub-
scribers are associated with a specific provider for the entire
duration of their contract. In this paper, the sessions can
be GSM calls or VoIP calls. Flex users can be informed of
the network conditions in their region by the u-map. To
the best of our knowledge, there are no studies that propose
such spatio-temporal data repositories and assess their po-
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Figure 1: An access market supported by the u-map.

tential impact on the evolution of wireless access markets.
This paper extends our earlier work [3] in several ways: (a)
it presents the u-map system and its preliminary analysis
using a prototype, (b) it evaluates the impact of the u-map
on the evolution of a cellular-based duopoly via simulations,
and (c) it extends the performance analysis in [3] by consid-
ering various user constraints and mobility and the presence
of a partial monopoly.

Section 2 describes the u-map system focusing on the main
components of its architecture. Section 3 presents a proto-
type of the u-map, while Section 3.1 discusses its preliminary
performance analysis. The economic-driven modeling frame-
work and simulation platform that instantiate access mar-
kets enabled by the u-map are presented in Section 4. Sec-
tion 4.1 analyzes the evolution of a cellular-based duopoly
under different client populations and the presence of the u-
map. Finally, Section 5 summarizes our main findings and
future work plans.

2. U-MAP

2.1 Architecture
The u-map is a review system that enables wireless users

to upload their feedback about the QoE of their services
on a spatio-temporal geo-database. This database is main-
tained by a distributed system of u-map servers that collect,
process, and store information provided by users. The u-
map follows a client-to-server architecture. Fig. 1 gives the
general overview of a wireless access market with flex users
and subscribers supported by the u-map. The u-map archi-
tecture includes several components, namely, the communi-
cation protocol between a u-map server and u-map client,
the GUI for the u-map client, the database that stores the
user feedback and its ER structure, the data representation
scheme, the set of services and queries, and the security and
access control mechanisms.

Design objectives: The large size and heterogeneity of the
collected measurements from different devices impose vari-
ous challenges. A proper data representation scheme should
be determined to ensure an efficient and scalable data man-
agement and access control. Furthermore, the set of sup-
ported services and queries should be designed in such a way,
that the various entities (e.g., users, providers) can access
the information they need in a reliable and efficient manner.
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Figure 2: The u-map client-to-server architecture.

The provision of data integrity and fault-tolerance, detec-
tion of erroneous data (e.g., injected by mis-configured or
malicious users), support of non-repudiation, protection of
user privacy, and appropriate access control are also critical
for the adoption of the u-map system.
Communication, query, retrieval, searching: U-map clients

(or simply clients) may connect and exchange information
with the u-map server. U-map clients also record the status
with which their sessions were terminated, namely whether
these sessions were terminated successfully or abruptly or
were blocked, along with the QoE scores which were pro-
vided by the user (to assess the services of those sessions).
Monitors that run at the u-map client record network-related
information, such as traffic demand, network data (e.g., in-
terference, RSSI, packet loss) with timestamps. In addition,
the position information of the device is recorded. All this
information is stored locally in the client device. During
a connection, a client may upload this information to the
u-map server.
Access control: A user-centric access control will allow

users to control the information revealed to third parties.
When a user reports its experience, it provides possibly
sensitive data. The u-map will define rules that determine
“who” has access to “what” data. “Who” can be a user or a
role (e.g., operator, application), and “what” is a query over
the data.
Security and user privacy: The database should be pro-

tected from compromise through standardized widely-accepted
techniques that prevent unauthorized access and intrusions.
The protection of the collected data and customers can rely
on strong authentication of the querying customers. The

Figure 3: GUI screenshots from a u-map client de-
vice.

data stored at the u-map can be anonymized to not reveal
private sensitive information. Fig. 2 presents the main com-
ponents of the u-map client-to-server architecture. Shaded
boxes indicate mechanisms that are still under development.

3. PROTOTYPE DEVELOPMENT
The u-map server consists of the communication protocol,

PHP application, database, and security and privacy compo-
nents. The database manages the content and serves queries,
while the PHP application is a content management system
that enables the u-map server and client communication.
The registration and login processes are also implemented in
the PHP application using the certificate authority to sign
and validate client certificates. The u-map client includes a
monitor, database, performance estimator, its back-end in-
terface, and a GUI. The back-end interface includes a secure
HTTP client and the functionality that connects the client
to the HTTP server using the JSON data-interchange for-
mat for communication. The u-map server runs on a Linux
machine and uses Apache HTTP server. The u-map client
runs on the Android OS. Fig. 3 shows screenshots of the
GUI of a u-map client.

To store a large size of traces in a structured and easily
manageable manner, we used relational database schemes
at both the u-map client and server. The server employs
PostgreSQL with PostGIS extension, which allows the for-
mation of spatial queries. SQLite is the only database man-
agement system supported by the Android OS. The client
internal database stores temporarily the u-map traces using
the OrmLite, an object-relational mapping package.

Fig. 4 shows a representation of the ER model of the
u-map server database. This ER model contains various
entities, namely the clients, sessions, traces, and network
providers. Sessions can be distinguished in two categories,
namely the GSM and Sipdroid calls. For each session, the
start and end time, the status, and the QoE score that is
provided by the user are recorded. Each trace contains net-
work data (e.g., RSSI values) that are measured during a
session as well as the position and time at which these data
have been collected. Finally, each trace indicates the net-
work provider which the client uses to connect. The ER
representation in Fig. 4 is not complete. Due to the space
limitations, we only show some of the attributes. Several



Figure 4: The ER model of the u-map server
database.

entities, such as, the service type and charging scheme, have
been omitted.

3.1 Preliminary performance analysis
The analysis aims to evaluate the performance of the u-

map by measuring the delay that a user experiences when
uploading traces or querying. To measure the delay we set
up a testbed that consists of a u-map client, running on an
Android device, an external monitor, running on a laptop, a
wireless access point (AP) and the u-map server (as shown
in Fig. 5). The Android device runs the u-map client ap-
plication and connects to the server via the AP. The exter-
nal monitor captures all data exchanged between the u-map
client and the AP. Using this testbed, we performed two se-
ries of experiments. In the first, the u-map client uploads
500 traces to the u-map server, while in the second, it per-
forms 50 queries. The sequence of events and definition of
the various delays are shown in Table 1 and Fig. 5.
Specifically, the following delays have been defined: 1)

server delay: it corresponds to the total time elapsed be-
tween the reception of a client request by the server and the
transmission of the response (i.e., T4 − T3). The compo-
nents that contribute the most to the server delay are the
distance estimation and the information retrieval modules.
2) network delay: it consists of the time required for the

Table 1: Measured events
Time Event

Recorded at
Device Application

T1
Client triggered to Android

System.currentTimeMillis
send query/upload traces client

T2
Client sends query/traces External

Tcpdump
to the server monitor

T3 Server receives the query/traces Server PHP microtime
T4 Server responds to the client Server PHP microtime

T5 Client receives the response
External

Tcpdump
monitor

T6 Client displays the result
Android

System.currentTimeMillis
client

Figure 5: The u-map testbed for the delay measure-
ments.

client request to reach the server and the server response
to reach the client (i.e., T3 − T2 + T5 − T4). Note that the
timestamps T2, and T5 are recorded at the external monitor,
while T3, and T4 are recorded at the u-map server. Possible
asynchronicities between the clocks of the two devices do not
affect the measured network delay. 3) Android delay: it con-
sists of the time for the client request generation and display
of the server response on the screen (i.e., T2−T1+T6−T5). 4)
total delay: it is defined as the sum of the Android, network
and server delays (i.e., T6 − T1).

Figs. 6 (a) and 6 (b) show the cumulative distribution
functions of all types of delays when uploading traces or per-
forming queries, respectively. In the case of sending queries,
the median Android, network, server, and total delays are
43.32 ms, 8.01 ms, 135 ms, and 187 ms, while on uploading
traces they are 49.17 ms, 397.19 ms, 159.5 ms, and 604 ms,
respectively.

To study the scalability issues of the u-map server, i.e.,
the delay as a function of simultaneous requests, we used
a desktop PC that emulates a number of u-map clients by
sending a large number of concurrent requests ranging from
5 to 50 (step of 5). We repeated the experiment 20 times and
measured the server and total delay. In this case, the times-
tamps T1 and T6 were recorded at the desktop PC instead
of the Android client. Fig. 6 (c) shows the server and total
delay. Each point corresponds to the mean value across all
emulated clients and runs of the experiment. A prominent
increase in the delay occurs when the number of concurrent
requests is 40 or more, due to the substantial increase in the
memory required for processing.

The power consumption during the query or trace trans-
mission was recorded using the PowerTutor application [14].
We ran an experiment with the transmission of 100 queries
(trace uploading). The power consumption was recorded in
each case. The power consumption due to the IEEE802.11
wireless interface, Organic Light-Emitting Diode (OLED)
display, and CPU was measured separately. In the case
of query transmission, the mean power consumption of the
OLED display prevails by 97% and its value is 401 mW.
During uploading, the wireless interface contributes by 97
% in the power consumption with a mean value of 412 mW.

The analysis demonstrates that when uploading traces,
the delay is relatively high, especially for large number of
concurrent requests (Fig. 6 (c)). This is due to the large
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Figure 6: Cumulative distribution functions of de-
lays for sending queries (a) and uploading traces (b).
The scalability of the u-map server as a function of
the number of simultaneous queries (c).

amount of data exchanged between the client and server.
However, the uploading runs in the background and does
not affect the user experience. In contrast, when query-
ing, the delay is substantially smaller. These delays can
be significantly reduced by using more advanced equipment.
Furthermore, we found that the power consumption of the
u-map client application when uploading traces or querying
is relatively low.

4. MODELING & SIMULATION
To evaluate the potential impact of the u-map on the evo-

lution of wireless access markets, we designed a network-
economics driven modeling framework and simulation plat-
form in which users and providers rely on the u-map infor-
mation to determine their strategies. The modeling frame-
work is parameterized based on the channel, infrastructure
and network topology, type of users (e.g., requirements, de-
mand, mobility, profile), providers (e.g., access protocol,
price adaptation mechanism), and their interactions, user
and provider distributions, mobility, and available informa-
tion. The simulation environment based on this framework
is modular, in that, it can instantiate and implement differ-
ent models for these parameters.
Infrastructure: Each provider has deployed a cellular topol-

ogy that offers wireless access via its BSs to users in a small
city. Providers divide their channels into time slots accord-

ing to a TDMA scheme. To model the channel quality, we
employed the Okumura Hata path-loss model for small cities
considering the contribution of shadowing to the channel
gain [6, 2].

Price setting: To penalize an aggressive increase of the
transmission power, providers adopt a pricing scheme that
charges users proportionally to their transmission power.
The payoff function of a provider indicates the impact of
the offered prices to the revenue of that provider. In the
simulated market there is no analytical model of the pay-
off functions of providers, and as such, a machine-learning
approach is used to estimate these functions from historical
data. Specifically, each provider performs a price adapta-
tion algorithm based on a second-degree concave polynomial
approximation of the payoff function and estimates its pa-
rameters dynamically using fitting. The price is adapted
by applying a steepest ascent rule on the estimated polyno-
mial. Providers could also obtain information about the user
demand, and behavior via the u-map, which would enable
more sophisticated pricing.

Populations: Two user populations are present: flex users
and subscribers. A flex user selects a BS at the start of each
session dynamically, while subscribers choose their provider
upon their arrival in the region and connect only to BSs of
that provider. Users are characterized by a price-tolerance
threshold and a target transmission rate threshold. Based on
their preference, users can also be distinguished in two cat-
egories, namely the price-preference and transmission rate-
preference ones. In rate preference, users aim to optimize
only their transmission rate when selecting a BS, given that
this BS can satisfy both the price tolerance and target trans-
mission rate thresholds. Users with price preference aim
to minimize the financial cost, when selecting a BS, given
that this BS can satisfy both their thresholds. If any of the
thresholds are not satisfied, the user chooses to remain dis-
connected.

User demand: Users generate sessions. For each session,
a user connects to a BS. The duration of sessions and dis-
connection periods are given by appropriate stochastic pro-
cesses.

User mobility: Users move with a pedestrian speed ac-
cording to the random waypoint model.

u-map: The u-map system is modeled as a data structure
that corresponds to a grid-based representation of a region.
Each cell of the grid stores statistics about the providers
and the QoE of sessions. At the end of a session, a flex
user reports the number of available time slots of the clos-
est BS of each provider. Subscribers also report the number
of available time slots of the closest BS of their providers.
This information is stored in the u-map. Based on this in-
formation, the average channel availability, i.e., number of
available time slots of a BS of a provider, averaged over all
collected measurements, is computed.

Due to the long duration of a subscription, it is expected
that a subscriber will move across various locations. There-
fore, the average channel availability across the entire re-
gion can help subscribers to make a more educated selection
of their provider. Specifically, each subscriber selects the
provider with the highest average channel availability, as re-
ported by the u-map. On the other hand, flex users select
their provider/BS according to the instantaneous channel
quality, as measured locally. In a more general context, dif-
ferent types of measurements can be stored in the u-map



and different BS/provider selection mechanisms can be em-
ployed to improve the QoE of a user.

4.1 Simulation platform
The simulation platform considers a small city, represented

by a grid of 11 Km x 9 Km. Each provider has a cellu-
lar network that consists of 49 BSs placed on the sites of
a triangular grid, with a distance between two neighboring
sites of 1.6 Km. Moreover, each provider owns bandwidth
of 5.6 MHz, that is divided into 28 channels of 0.2 MHz
width. These channels are allocated to BSs according to a
frequency reuse scheme with spatial reuse factors of 4 and
7, for provider 1 and provider 2, respectively. Each channel
is further divided into three time slots in a TDMA scheme,
resulting in 21 time slots per BS of provider 1 and 12 slots
per BS of provider 2. A single time slot of a given BS can
be offered to only one user. Also, the demand of each user
is exactly one slot.
We consider two different BS deployments, namely, the

uniform deployment, in which the network of each provider
covers the entire city, and the non-uniform deployment, in
which six BSs (out of 49) of provider 2 are removed. This
is an example of a partial monopoly, in the sense that there
are regions in which users have only the option of connecting
to BSs of a single provider.
Providers determine the prices for flex users dynamically,

at time instances generated by a Poisson process of rate
0.002 renewals per minute. We assume that both providers
offer the same prices to subscribers, which remain fixed
through the entire duration of the experiment. There are
5000 users in total (4400 flex users and 600 subscribers), dis-
tributed according to a uniform distribution in the simulated
region of this small city. In our experiments, the price toler-
ance threshold and target transmission rate (in Mbps) follow
Gaussian distributions. Specifically, we simulated user pop-
ulations with normal price tolerance (m = 0.15, σ = 0.0375)
and high price tolerance (m = 0.2, σ = 0.0375). We also
simulated user populations with a normal target transmis-
sion rate (m = 0.1, σ = 0.01) and high target transmission
rate (m = 0.2, σ = 0.01). A user generates a sequence
of session requests. The session duration follows a Pareto
distribution (xs = 3.89, a = 4.5) of mean 5 min, while
the disconnection period follows a Log-normal distribution
(m = 3.22, σ = 0.37) of mean 27 min. We assume that dur-
ing disconnection periods, users move with pedestrian speed
of maximum value 1 m/sec, while they remain stationary
during sessions. Furthermore, during a session, the user re-
mains connected at the same BS for the entire duration of
the session.
Metrics: The performance of a provider is characterized

by its revenue and spectrum utilization, while the perfor-
mance of a user is indicated by the percentage of blocked
sessions. The spectrum utilization of a provider corresponds
to the average utilization of all its BSs. We implemented the
simulation platform and this market in Matlab. 10 Monte

Table 2: Description of scenarios

Scenario
Price Rate BS u-map

threshold threshold deployment used
Normal normal normal uniform yes

High price tolerance high normal uniform yes
High target rate normal high uniform yes
Partial monopoly normal normal non-uniform yes

Partial monopoly (rnd) normal normal non-uniform no

Carlo runs were performed for each scenario (shown in Table
2). Each scenario simulates a homogeneous user population
with respect to preferences. Specifically, “P” corresponds
to a price-preference population, while “R” to a rate pref-
erence one (Fig. 7). Note that in partial monopoly (rnd)
scenarios, subscribers select randomly their provider. Our
reported results are average statistics over all Monte Carlo
runs. Each run represents the evolution of the market for
30500 minutes.

4.2 Performance analysis
The u-map can help users to make a more educated selec-

tion of their provider. When a flex user performs a call, it
selects the appropriate provider/BS based on the instanta-
neous channel quality, as measured by the flex user locally.
Similarly, when a subscriber enters the market, it obtains the
average channel availability of providers from the u-map. It
selects the provider with the highest channel availability. In
the simulations, the u-map indicates that the channel avail-
ability of the provider 1 is higher compared to the provider 2.
As expected, all subscribers select the provider 1. To evalu-
ate the impact of the u-map, we ran a scenario in which sub-
scribers select a provider randomly (rnd). Compared to the
random selection (rnd), the u-map based selection exhibits
lower average blocking probability for subscribers, both in
rate and price preference (Fig. 7 (f)). Clearly the u-map is
beneficial to users.

Potentially providers could also take advantage from the
reported information about the session arrivals. For exam-
ple, an increased blocking probability in certain areas may
alarm them to perform better capacity planning. The anal-
ysis reveals also several interesting phenomena with respect
to the performance of providers and users. In general, price
preference (P) triggers a more intense competition among
providers than rate preference (R) resulting in lower prices
and revenue (Fig. 7 (a)&(b)).

In the case of increased price tolerance, the revenue of
providers increases in rate preference, while it remains sim-
ilar to the normal scenario in price preference (Fig. 7 (a)).
In rate preference, the competition between providers is not
intense. Users tend to select the BS with the best channel
quality to achieve high data rate. Therefore, the prices are
mainly constrained by the price-tolerance threshold of users.
On the other hand, in price preference, users are more sen-
sitive to the price. This enhances the competition between
providers, keeping the prices and revenue at relatively low
levels regardless of the price-tolerance thresholds.

In the case of increased target rate, in rate preference, the
revenue of providers decreases (Fig. 7 (a)). Compared to the
normal scenario, fewer users will achieve their target rate,
and therefore, the blocking probability will increase, result-
ing to a smaller revenue and spectrum utilization. Interest-
ingly, in price preference, the revenue of providers increases.
As the target rate increases, the price-based selection cri-
terion “deteriorates”, since a user will tend to select more
frequently the BS with the best channel quality than the
least expensive one in order to satisfy the increased data
rate requirement. This allows providers to increase their
prices, and thus, their revenue.

In partial monopoly, unlike in the case of rate preference,
in which the revenue increase is not dramatic, in price pref-
erence, the revenue of the monopoly provider is doubled
(Fig. 7 (b)). This is due to the price-tolerance threshold
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Figure 7: Main results on the revenue of providers, percentage of blocked calls of users and spectrum
utilization for the cellular-based market.

and the competition with the other provider. Note that in
monopoly scenarios, there are some regions in which BSs
of both providers are present, resulting in a competition.
On the other hand, in the region of monopoly, the price
setting mechanism of the provider is constrained by the
price-tolerance threshold of users. The larger the region
of a monopoly, the larger the flexibility for the monopoly
provider to set its price. This strategy of the monopoly
provider to increase its price gives the opportunity to the
other provider to also increase its price, and thus, its rev-
enue.

5. CONCLUSIONS AND FUTURE WORK
This work presents the u-map, a user-centric geo-database

that enables wireless users to upload their feedback about
the QoE of their services. We have developed a client-to-
server prototype and performed a preliminary analysis. The
analysis demonstrates the feasibility of the u-map given that
the delays and power consumption are relatively low and can
be even further reduced with a more advanced technology.
To assess the impact of the u-map on the evolution of wire-
less access markets, we designed an economic-driven model-
ing framework and simulation platform. Using this frame-
work, we instantiated a cellular-based duopoly, with two cus-
tomer types, namely the subscribers and flex users, under
various scenarios with respect to their profile, the presence
of monopoly, and the u-map. The analysis showed that the
u-map can be beneficial in enabling users to select in a more
“educated” manner their provider and improve their access.

We plan to extend the modeling framework by incorporat-
ing a richer set of measurements at the u-map (e.g., percent-
age of blocked calls, RSSI values, QoE scores), non-uniform
distributions of pedestrians and mobility patterns. The sta-

tistical analysis and inference of such heterogenous multi-
source measurements opens several questions with respect
to the accuracy of the inference and predictions.

Another important aspect is the provision of incentives for
monitoring the network conditions and uploading the data
to the u-map server. In general, the u-map service could be
instantiated according to various business models. Depend-
ing on the underlying business model, the user motivation
can be altruism, reputation, and/or payment. For example,
when the u-map is provided by a network operator or service
provider, the provider may offer free SMS or video calls to
its u-map users. On the other hand, if the u-map is a grass-
root system that supports a user community, the altruism
and reputation could be the catalysts.

The development of the u-map prototype is an on-going
effort. We have extended the QoE study described in [12]
for Android users to better understand the impact of the
network conditions on the QoE. The next milestone is the
deployment of a small-scale testbed and the performance of
empirical studies with u-map clients and “virtual providers”
(using our software-defined radio testbed). This will help us
to obtain a better understanding of the potential benefits
and performance of the u-map.. Another important direc-
tion is the analysis of historical spatio-temporal cross-layer
u-map traces to detect “weak spots” of coverage of providers
in certain regions.

The diversity and large number of spatio-temporal mea-
surements from different devices impose also questions about
the data representation for efficient and scalable data man-
agement and querying. Finally, the provision of data in-
tegrity and fault-tolerance, detection of erroneous data, the
support of non-repudiation, and protection of user privacy
need to be investigated. Depending on the type of services,
certain design choices are more appropriate than others. At



the same time, the adoption of such mechanisms and ser-
vices depends on various systems and business-driven pa-
rameters, opening up several interesting systems, statistical,
and business-driven questions.
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