


Applications of CRVs
The particular choice of transmission frequency, the band-
width available for transmissions, and the interference
caused in that range are important factors influencing the
applications. In the following, we describe how CRVs will
change existing and emerging vehicular applications.
n Vehicle-to-Vehicle (V2V) Communication:In high traffic

areas, delays are caused by accidents, road block-
ages, and road repairs, and slow traffic can be avoided
by communicating average velocity, acceleration, and
brake status, all of which require periodic exchange
of data with neighboring vehicles. These systems
generally operate in the 5.9-GHz band. Practical sys-
tems created by Honda and Volkwagen-led consor-
tium [4] have their transmission ranges limited to a
few dozen meters, which also impacts the distance at
which a corrective action is undertaken. There is,
hence, a motivation to use lower frequencies in
the sub-gigahertz range as the signal propagates
much further, increasing the effectiveness of the
response significantly.

n Entertainment and Information Systems:In-car stream-
ing video entertainment options, as well as driver
assistance through real-time feeds on traffic, weather,
and visual inputs from external cameras are finding
increasing commercial acceptance. These applica-
tions have strict bandwidth and QoS requirements.
While recent work has approached both theoretical
and practical aspects of multimedia delivery in
vehicles [1], there are inherent scalability limitations
of using fixed range or unlicensed bands alone,
further motivating the use of CR technology.

n Public Safety Communication:The breakdown of the
public safety communications infrastructure has
occurred repeatedly in large-scale natural disasters,
such as the recent hurricane Katrina, wherein public
safety personnel has to resort to nonelectronic
means of communication. CRVs will allow distributed
spectrum access in the uncongested licensed fre-
quencies, which is especially useful for mobile public
safety personnel that operate in the field during such
outages, and also those beyond the reach of the fixed
infrastructure installations.

Characteristics and Features of CRVs
In this section, we describe the characteristic features of
CRV networks that play a vital role in their design and also
differentiate them from general-purpose CR networks.
n Integration with Spectrum Databases: Recent U.S. Fed-

eral Communications Commission (FCC) rulings fore-
see the creation of spectrum databases that specify
two modes of device operation [5]. Mode II devices
have geolocation and database access to maintain a
continuously updated spectrum occupancy list, while
Mode I devices periodically query Mode II devices for

spectrum updates. In the context of CRVs, each vehi-
cle must hence have a dedicated out-of-band radio
interface to directly query the database (for Mode II),
or multiple roadside BSs must be placed, akin to mile
markers, that feed this information to an onboard
radio operating in Mode I.

n Application Scenario: The strict requirement that
Mode I devices must receive updates every 60 s influ-
ences the placement and density of roadside BSs.
This impacts the investment in the supporting infra-
structure that CRV networks require to strictly follow
the FCC rules, and this will vary based on specific
areas of a given city and on the traffic experienced
during the busy hours.

n Impact of Mobility: The FCC ruling also specifies a
sensing-only mode, in which a CR device relies on
local sensing results, once it is rigorously certified
[5]. In a CRV, a vehicle may collect multiple sensing
samples at different locations, but inside the same PU
activity region. Since the collected samples might
exhibit different degrees of correlation based on the
characteristics of the environment (e.g., presence of
buildings) and the speed of the vehicle, merging these
data points correctly is important [6]. Thus, spectrum
management in CRVs cannot be performed without
considering traffic conditions and vehicular speed.

n Application Scenario: The impact of mobility on
spectrum management will directly influence correct-
ness of the sensing information. In a region with tall
skyscrapers, such as Boston downtown area where
we conducted several studies, the mobility resulted
in several nonintuitive results [7]. In some cases, low
mobility was better, as more samples per unit area
were collected. Yet, in other cases, high mobility
allowed the vehicle to move away from a shadow
region quickly, giving improved sensing performance.

n Role of Cooperation: In CRV networks relying on sens-
ing-only mode, cooperation among vehicles can be
leveraged through their predictable mobility pattern
to perform enhanced spectrum sensing and decision.
Here, a vehicle is aware of the spectrum resources
available on its path in advance, i.e., before arriving
in the area of interest by leveraging the spectrum in-
formation provided by other vehicles. However, the
set of cooperating neighbors may dynamically change
as an effect of the varying topology, thus impacting
the performance of the cooperation scheme over time.

n Application Scenario: Cooperation will not only result
in many safety-related V2V communications but also
serve to predict the spectrum usage ahead. The abil-
ity to chart out spectrum (apart from the route alone,
which is now commonplace) will enable the choice of
specific applications, yet serve to discount others
that will experience disruptions. Moreover, future
route-determining software could also factor this
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locally obtained information to identify the regions
where the user may have the best travel experience,
going beyond the shortest distance alone.

n Presence of a Common Control Channel (CCC): In CRV
networks, a CCC is already provided in the 5.9-GHz
band through the IEEE 802.11p protocol, which
addresses some of the concerns present in general
CR networks. However, there is still a possibility that
the CCC in the 5.9-GHz band becomes easily satu-
rated in congested scenarios (e.g., peak hours of traf-
fic) as indicated in [2]. Hence, control messaging
must be minimized in CRV networks, or additional
control channels (CHs) must be identified.

n Application Scenario: In the event of a sudden disaster,
the rapidly occurring peak traffic rate may overwhelm
existing communication resources, and primary res-
ponders might be unable to maintain connectivity to
each other and the control room. By limiting self-
generated control information, the overall impact of a
sudden rise of channel usage may be minimized.

Classification of Existing Schemes for CRVs
Research on CRV networks has mainly focused on spec-
trum sensing and spectrum access. The classification of
existing schemes is shown in Figure 2.

Spectrum Sensing
This key component of CRV networks ensures that the
spectrum availability is correctly detected, which is a
challenge in highly mobile scenarios. We identified four
different sensing techniques that have been proposed in
the literature of CRV networks. A comparative description
of the characteristics of each sensing technique is shown
in Table 1.

Per-Vehicle Sensing Techniques
In this approach, CRVs sense the TV band by using any
traditional sensing technique proposed in the literature of
CR systems, i.e., energy detector, matching filter, or cyclo-
stationary techniques [3]. Since each CRV performs
spectrum sensing and decision autonomously, the

implementation complexities and the network support are
minimal. At the same time, there are several concerns on
the accuracy provided by per-vehicle sensing techniques.
While the thresholds imposed by IEEE 802.22 standard on
the CR receiver sensitivity are very low (i.e., � 116 dBm for
TV bands), the sensing output in the presence of
obstructed environments and high mobility might be
easily biased by propagation phenomena such as fading
or shadowing effects.

Geolocation-Based Techniques
Recent FCC directives [5] suggested the utilization of geo-
location database as an alternative or complementary
technique to sensing-only schemes. Geolocation database
can provide information about the bands, including the
exact types of PUs and their locations and specific protec-
tion requirements. As a result, CRVs do not need to sense
for the presence of PUs and can adjust their transmitting
parameters not to interfere with the licensed users. This
solution is suitable for CRVs, since each vehicle might be
likely equipped with self-localization systems (e.g., global
positioning system device). Moreover, the digital maps
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FIGURE 2 The classification of existing works on CRVs.

TABLE 1 The comparison among different sensing techniques for CRVs.

Technique Reference Pros Cons

Per vehicle [3] Low implementation complexity, no
network support required

Low PU protection in the presence of
fading

Geolocation based [8], [9] High PU receivers protection Implementation and update costs,
coverage is an issue

Infrastructured BSF
based

[10] Higher accuracy than per-vehicle, BS
can provide a long-term history of the
channel (memory effect)

Fixed infrastructure needed, overhead
for V2I communication might be an
issue

Cooperation based [7], [11] More robust to fading effects than per
vehicle, no infrastructure required,
possibility to know channel conditions
in advance

Performance dependent on traffic
density and cooperation parameters
(e.g., frequency of updates)
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