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Abstract—Cognitive Radio (CR) is a new wireless commu-
nications and networking paradigm that is enabled by the
Software Defined Radio (SDR) technology and a recent change in
spectrum regulation policy. As the first commercial application
of CR technology, IEEE 802.22 wireless regional area networks
(WRAN) aim to offer broadband wireless access by efficiently
utilizing “white spaces” in the broadcast TV bands. In this
paper, we evaluate the performance of an IEEE 802.22 WRAN
base station (BS) cognitive engine (CE) testbed developed at
Wireless@Virginia Tech on supporting video applications. We
investigate the important problem of utility function selection
and its impact on the received video quality. Through testbed
experiments, we find that a video-specific utility function achieves
significant improvements on received video quality over a general
purpose utility function, indicating the efficacy of cross-layer
design and more importantly, the need for adopting dynamic
situation- and application-aware utility functions at the CE,
rather than a predefined static one.

I. INTRODUCTION

Cognitive Radio (CR) is a new wireless communications
and networking paradigm that is enabled by the Software
Defined Radio (SDR) technology [1] and a recent change
in spectrum regulation policy [2]. A CR node can sense the
spectrum to detect unused frequency bands (white space).
Its frequency-agile radio module can be tuned to a detected
unused band and operate from there. The CR concept rep-
resents a significant paradigm change from exclusive use of
spectrum by licensed users (or, primary users), to dynamic
spectrum access for unlicensed users (or, secondary users). It
may change the way how wireless communications systems
are designed, and drive the next generation of radio devices
and wireless standards to enable a variety of new applications.

The high potential of CR has attracted significant research
efforts [3], [4]. A particular progress was made with the
formation of the IEEE 802.22 working group in 2004, aiming
to develop standards for point-to-multipoint wireless regional
area networks (WRAN) for utilizing UHF/VHF TV bands
ranging from 54 MHz to 862 MHz for communications.
The IEEE 802.22 WRANs are motivated by the fact that
most of the TV programs are now provided via cable or
satellite networks, and the broadcast TV bands are usually
underutilized. In addition, the use of TV channels by primary

users are highly predictable (i.e., regular program hours and
fixed number of channels for a long period of time), making
it relatively easier for secondary users to detect the presence
of primary users and to access the spectrum. A typical IEEE
802.22 system consists of one or more base stations (BS)
and customer premises equipments (CPE). The CPEs will
sense the channel and report the sensing results to the BS
periodically. The BS, based on collected channel information,
will intelligently allocate radio resources to the CPEs to satisfy
their quality of service (QoS) requirements, under constraints
such as the maximum transmit power and emission masks [5].

Although SDR makes waveforms programmable, it is the
intelligence, awareness, and learning capability of the CR
that fully exploits its potential. The “intelligent agent” that
manages cognition tasks in a CR is called a cognitive engine
(CE) [6]. By leveraging past experience and knowledge, the
CE can choose the most efficient reasoning and learning
method and make (near-)optimal and/or cross-layer adapta-
tions subject to constraints of regulation, policy, and radio
equipment capability. The CE usually takes into account the
most pertinent performance metric(s) and incorporates them
into a proper utility function to meet the CR’s goal for the
specific radio scenario or application. Therefore, the choice
of performance metrics and utility functions is critical for CR
performance.

In this paper, we evaluate the performance of an IEEE
802.22 WRAN BS CE testbed developed at Wireless@Virginia
Tech on supporting video applications [7]-[9]. Video is one
of the killer applications for numerous emerging (cognitive)
wireless networks. As a bandwidth-hungry and distortion
sensitive application, radio resource management needs to
be highly efficient and intelligent among network nodes in
light of the demanding (perhaps also dynamically changing)
system requirements and constraints. We assume an IEEE
802.22 WRAN with a BS and multiple CPEs, while the BS is
transmitting a video stream to each CPE. We assume certain
feedback and rate control mechanism between the BS and the
corresponding video servers, such that each server can change
the bit rate of the streaming video based on feedback from
the BS, in order to fully exploit the available bandwidth in



the WRAN and to maximize the received video quality at the
CPEs.

Specifically, we investigate the important problem of utility
function selection and its impact on the received video quality.
Utility functions play an important role in the convergence
speed and final achievable performance of cognitive wireless
networks [6]. Through testbed experiments, we compare the
performance, in the form of received video distortion, achieved
when two different utility functions are used in the CE. The
first utility function is a generic utility function defined for sup-
porting a variety of services to subscribers such as voice, data,
and video. The second utility function is in the form of end-
to-end video distortion consisting of the encoder distortion
caused by quantization and channel distortion due to packet
loss within the network [10]-[13]. We find that the video-
specific utility function achieves significant improvements on
received video quality, indicating the efficacy of cross-layer
design and more importantly, the need for adopting dynamic
situation- and application-aware utility functions at the CE,
rather than a predefined static one.

The remainder of this paper is organized as follows. We
review the WRAN BS CE testbed architecture and key system
parameters in Section II. We then define the utility functions
employed in the testbed experiments in Section III. Our
experimental results are present in Section IV. Section V
discusses related work and Section VI concludes this paper.

II. WRAN BS CE TESTBED ARCHITECTURE AND KEY
PARAMETERS

As discussed, IEEE 802.22 WRAN is the first commercial
application of CR technology, aiming to offer broadband
wireless access by efficiently utilizing “white spaces” in the
broadcast TV bands [5], [14]. In this section, we describe the
architecture and key system parameters of a WRAN BS CE
testbed developed at Wireless@ Virginia Tech [7]-[9], which
will be used in our experimental study of video over CR
networks.

As shown in Fig. 1, the WRAN BS consists of a spectrum
sensing module, a Radio Environment Map (REM), the CE,
and a software defined radio (SDR) transceiver. The spectrum
sensing module is used to sense the presence of primary users
in the neighborhood, while the sensing results will be recorded
in the REM. The REM is basically a comprehensive database
designed for providing network-wide situation-awareness [15],
[16]. The CE, as the “brain” of network radio resource
management, may incorporate various learning and reasoning
methods such as case- and knowledge-based learning (CKL),
a channel modeler and predictor, a multi-objective optimizer,
a spectrum manager and other functional entities [7]-[9]. The
CE first obtains situation awareness by spectrum sensing (i.e.,
any active primary user in the neighborhood?) and by querying
the REM. It then determines the utility function that best fits
the current situation for radio resource management [6], [9].

The multi-objective optimizer in the CE is implemented
with genetic algorithms (GA) [17]. GA is a population-based
metaheuristic inspired by the survival-of-the-fittest principle.
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Fig. 1. Architecture of the REM-based CE for an IEEE 802.22 WRAN BS.
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Fig. 2. A section of the chromosome for the GA-based WRAN CE.

GA is particularly suitable for solving complex combinatorial
optimization problems, most of which are multi-modal and
non-convex. In GA, a solution is coded in the form of
chromosome, and several genetic operators such as crossover
and mutation are adopted to change the chromosomes to guide
the search in the solution space, while selection of competitive
solutions is based on their fitness (in the form of an objective,
or utility function). The survival-of-the-fittest principle ensures
that the overall quality of the population improves as the
algorithm progresses from one generation to the next.

A section of the chromosome for the GA-based WRAN
CE is shown in Fig. 2. The size of the chromosome (in
bits), and hence the computational complexity, increases with
the number of new connections, the number of adaptable
parameters (“knobs”) of the CR node, and the adaptation range
of each “knobs.” The GA-based multi-objective optimizer
helps the CE to achieve multiple goals (such as minimizing
harmful interference and maximizing spectrum efficiency)
subject to various practical constraints and regulations (such
as the maximum transmit power and emission masks) [5].

For real-world radio scenarios of WRAN systems, the
distributed CPEs may have various locations and different
types of service requests (such as voice, data, and video). To
facilitate efficient radio resource management, the WRAN BS
CE needs to know the amount of radio resource that is required
to setup a new connection for a CPE. To obtain a generic and
convenient measure of the available radio resource at the BS
and the requested radio resource from CPEs, a unitless metric—
Radio Resource Unit (RRU)-is employed in the WRAN BS
CE testbed. For example, the required RRU (RRU,,) for a



TABLE I
SPECTRAL EFFICIENCY OF SEVERAL MODULATION AND CODING
SCHEMES FOR WRAN

Modulation Level | Coding Rate | Spectral Efficiency
(bps/Hz)
QPSK 12 1
QPSK 3/4 1.5
QPSK 1 (no coding) 2
16QAM 12 2
16QAM 3/4 3
16QAM 1 (no coding) 4
64QAM 2/3 4
64QAM 3/4 45
64QAM 1 (no coding) 6
new connection can be estimated by
RRUyeq = (14 ) R (1)
req a n- BWsc’

where « is the overhead factor (unitless) that accounts for the
overhead of the WRAN protocol and can be determined from
the WRAN system specification; R is the data rate of the new
connection (unit: bps) and determined by the service type;
7 is the spectral efficiency (unit: bps/Hz) jointly determined
by the highest applicable modulation level and channel coding
rate; BW_ is the bandwidth of the WRAN OFDM sub-carrier
(unit: Hz) defined as

TV Channel Bandwdith @
FFT Mode

More specifically, in the context of the OFDM modulation
format assumed for the WRAN, the physical meaning of
RRU,¢q is the number of OFDM sub-carriers to be allocated
per WRAN frame for a given service request from the CPE.
Eqn. (1) takes into account the WRAN protocol overhead.
Intuitively, the larger the associated protocol overhead, the
more RRUs will be required. The spectral efficiency of sev-
eral typical modulation and coding schemes used in WRAN
systems are given in Table I.

Considering the inherent cognition and interference avoid-
ance capability of WRAN:S, the current version of the WRAN
BS CE testbed estimates the SNR without considering any type
of interference. The modulation and coding scheme is selected
based on a rough SNR estimation at the receiver under additive
white Gaussian noise (AWGN) channels assuming the radio
link between the BS and CPE is (quasi-) static.

BW,. =

III. DEFINITION OF UTILITY FUNCTIONS

As discussed, utility functions are used in the CE for radio
resource management. The choice of utility functions is critical
for the CE to achieve the desired CR performance, since they
determine the convergence and optimality of the solutions
produced by the multi-objective optimizer in the CE. In this
section, we describe two types of utility functions for the
WRAN BS CE testbed, a generic utility function that can
be used for general WRAN applications and an application-
specific utility function for video over CR networks.

A. Performance Metrics and the Global Utility Function

The first step is to choose or define proper performance
metrics for CE, which can then be incorporated into a utility
function. The following performance metrics are adopted for
the WRAN BS CE testbed [6]-[8].

o u; = QoS satisfaction of all connections, in terms of the
average utility of all downlink and uplink connections
between CPEs and the BS.

e ug = spectral efficiency, in terms of the number of
candidate channels or the total amount of RRU assigned
per active TV channel. This metric is more important for
multi-cell scenarios or a single cell with a large number
of CPEs.

« u3 = power efficiency, in terms of the transmit power
of individual CPEs. This metric is more important for
mobile or portable user devices or overlapping WRANSs
operated by different service providers.

The utility function employed by the CE is usually defined
as a weighted combination of multiple selected performance
metrics. To be flexible for various radio scenarios or appli-
cations, a viable approach for the CE is to adopt dynamic
situation-aware utility functions rather than a predefined static
one. In general, the global utility function for the WRAN BS
CE can be defined as

Uglobal = H (Uz‘)wi ,
7

where w; is the weight applied to the i-th performance metric
(u;). Different weight vectors could be applied to adjust the
utility function. Similar to the geometric mean, this definition
of ugiopai accentuates low utility metrics, thus providing a fair
and balanced combination of various performance metrics.

For the WRAN BS CE testbed, the global utility (ugi0bat)
is subdivided between individual CPE utilities (#cpe) and the
normalized spectral efficiency of the BS (upg) as

N
Uglobal = lH (ucpe,i)wcpe/N] : (UBS)wBS y 3)
7
where N is the number of active CPEs currently associated
with the WRAN BS, and wcp and wpgs are the weight for
the geometric mean of individual CPE utilities and the weight
for the spectral efficiency of the BS, respectively. The weights
(wepe and wps) can be determined by the WRAN operator
based on its priority and goal. For the experiments reported
in this paper, wcpe is set to 0.9 and wpg is set to 0.1. In
the testbed, the global utility function (3) is employed by the
GA-based CE to evaluate the overall “fitness” of a set of radio
resource configuration parameters as listed in Fig. 2.

B. A Generic Utility Function for CPEs

To accommodate multiple applications, a generic utility
function proposed for individual CPE is defined as

Ucpe =

[P B)™ Lfa(Roy R [P PN @)
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Fig. 3. Illustration of the CPE utility function f;, a modified hyperbolic
tangent function.

where Py, Ry, and P; are the measured or estimated bit-error-
rate, data rate, and transmit power of the CPE, respectively;
and P, Ry, and P;, are the target bit-error-rate, data rate, and
transmit power of the CPE, respectively. The utility function
fi’s are modified (shifted and spread/compressed) hyperbolic
tangent functions, i.e.,

fi(z,zo;mi,04) =

1 {tanh [log <£) - 17,-] -0+ 1} ,0=1,2,3, (5)
2 To

where = and z are the performance metric and the target
value, respectively; and 7; and o; are the threshold and
the spread parameter, respectively. The utility function f; is
monotone and bounded by 0 and 1, as shown in Fig. 3. For the
WRAN BS CE testbed, the threshold (7;) and spread parameter
(o) are chosen such that

« the utility is 0.95 when the metric (z) achieves the target
value (zg), and

o the utility is 0.05 when the metric is one decade below
the target value.

Note that the individual CPE utility function (5) represents the
degree of satisfaction of the user to the overall radio resource
management. The modified hyperbolic tangent function is a
type of sigmoid function that can accommodate a large range
of performance variations and capture the value of the service
to the user quite naturally. If the solution does not meet the
target goal, the utility is decreased sharply. On the other hand,
since solutions that result in excessively high QoS provide
little extra value to the user, the increase of utility is marginal
when z is within this range.

C. A Video-Specific Utility Function for CPEs

Our second choice of utility function for CPEs is a video
application-specific one, which is defined as a function of
the estimated mean squared error (MSE) distortion based on
an empirical rate-distortion model for streaming videos. We
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Fig. 4. Rate distortion curve at the encoder for the QCIF test sequence
Foreman, which is encoded with an H.264 codec at 15 frames per second.
The markers are measured points, while the curve is computed using (7).

consider the distortion of a received video, which largely
consists of the encoder distortion (D, ), caused by quantization,
and channel distortion (D.) due to packet loss within the
network [10], [11]. The end-to-end video distortion is

D =D.+ D.. (6)

Based on the rate-distortion theory and experimental studies,
many empirical models have been introduced in the litera-
ture [10], [11], [18]-[21]. We adopt the model proposed in [10]
in this paper without loss of generality. Under this model, the
encoder distortion, measured as MSE, can be evaluated by:

‘ O]

De=¢+ 7

where ¢, 8 and ) are constants for a specific video codec
and video sequence, and R is the coding bit rate. We verify
this model using the H.264 codec with options in the Baseline
profile and the Quarter Common Intermediate Format (QCIF)
Foreman test sequence. The measured distortion and the com-
puted distortion using (7) are plotted in Fig. 4, where excellent
match can be observed.

The second component of D, channel distortion D, is
caused by packet loss within the network. We adopt the general
model presented in [11] for channel distortion, which has the
following simplified form (i.e., an upper bound):

®

where Dgcp is a constant and can be predetermined by
training; [ is the intra rate, a coder parameter; and p is the
average packet error rate (PER).

The parameters for the QCIF Foreman video sequence used
in our experiments are given in Table II. We then adopt a
video application-specific utility function for the CPEs, which
is defined as follows:

1/D,

Ucpe ={ 1

_ p
D, = B =p) Dgcp,

if D>1

if D<1. ®)



TABLE II
PARAMETERS FOR THE Foreman VIDEO SEQUENCE USED IN OUR
EXPERIMENTS

Parameter ) [ A
Value -1.783 | 1411

Dgcp B
7.046 50 0.03

Maximizing this utility for the CPEs is equivalent to minimiz-
ing the distortion of received videos at the CPEs.

D. The BS Utility Function

The normalized BS spectral efficiency (upg) is determined
by averaging the number of available subcarriers per WRAN
channel, i.e.,

1 &,
uBs = 37 ;UBS» (10)
where M is the number of channels supported by the BS,
and ul¢ is the spectral efficiency of the i-th WRAN channel,
which also indicates the radio resource utilization of this
channel at the BS, i =1,2,---, M.

For the current version of the WRAN BS CE, u ¢ is defined

as

uiBS =1+ tanh <RRUavailable - RRUcapacity) , (11)

ORRU

where RRU yqilable is the number of RRUs that are available
for the i-th WRAN channel at the BS, ranging from O to
RRU. apacity; RRUcapacity is the maximal number of subcar-
riers available for a WRAN channel; and oggy is the spread
parameter for the modified hyperbolic tangent function.

In the WRAN BS CE testbed, RRU qpacity for a WRAN
channel is set to 2048, while orgy is set to 800. It can be
verified that u’;¢ is monotone and is bounded by 0 and 1.
The rationale to adopt such a modified hyperbolic tangent
function as the utility function for overall WRAN BS spectrum
efficiency, is that it helps the CE to squeeze the spectrum
used by the WRAN BS (in terms of the number of channels
or subcarriers in use) through the optimization process. For
example, the solution, which assigns the CPEs to subcarriers
spread into two or more WRAN channels, will produce a lower
BS utility (ups) as compared to the more spectral efficient
solution in which the CPEs are assigned to subcarriers within
the same WRAN channel.

IV. EXPERIMENTAL SYSTEM PARAMETERS AND RESULTS
A. Testbed Setting

To evaluate the performance of the WRAN CE with differ-
ent utility functions, we adopt a typical WRAN scenario where
forty (40) CPEs are randomly distributed in the service area of
one WRAN BS. As shown in Fig. 5, the WRAN BS is located
at the origin, while the 40 CPEs are randomly distributed in the
33 kmx33 km network region. The simulation parameters for
the WRAN BS CE testbed are presented in Table III, and the
requested service at each CPE is set to “video.” The adjustable
parameters of the testbed are listed in Table IV.
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Fig. 5. The WRAN network used in our experiments. The stars are CPEs

randomly located in the 33 kmx 33 km area, while the WRAN BS is located
at the origin.

For the results reported in this section, an H.264 reference
software encoder in the Baseline profile is used to encode the
test video sequence in realtime. Each encoded video frame
is carried in one UDP packet, so that a lost packet leads to a
lost frame [11]. Without loss of generality, we use the medium
motion test sequence Foreman in the QCIF format. The videos
are encoded at 15 frames/s, while the first frame is coded in
the intra-mode (i.e., an I frame) and all the remaining frames
are P frames. The intra rate is 3 = 0.03. The distortion of
the received videos are determined by the average channel
distortion due to packet loss and encoder distortion, both in
MSE, as given in (6).

B. Experiment Results

Two sets of experiments are carried out to evaluate the
impact of the two CPE utility functions under the same
network condition. In each experiment, the CE is used to
allocate radio resource to the CPEs for streaming H.264
encoded videos to each of them. During video streaming,
we record the utility, average distortion of received video,
average video bit rate, average video packet loss rate, and
the allocated transmit power for each CPE at the WRAN BS.
The experiment results are shown in Figs. 6-10.

In Fig. 6, we plot the CPE utilities achieved by both CPE
utility functions. Specifically, Fig. 6(a) is for the case when two
WRAN channels are available, while Fig. 6(b) is for the case
when three WRAN channels are available. In both cases, we
find that the video utility of each CPE is fairly low (less than
0.1 for most CPEs) when the generic utility function as defined
in (4) is used, while using the video-specific utility function
as defined in (9) can significantly increase the video utility at
each CPE. For most CPEs, there is over 10 times improvement
in video utility achieved by using the video-specific utility
function. It is also interesting to note that using more WRAN
channels does not significantly improve the video utility at



TABLE III
EXPERIMENTAL PARAMETERS FOR THE WRAN BS CE TESTBED

Parameter

| Value or Range

Cell radius

33 Km

Types of service and quality of service requested by the CPEs

- Voice: target rate — 10 kbps, target BER — 10—2

- VIdeo: target rate — 100 kbps, target BER — 10~3

- Low data rate: target rate — 250 kbps, target BER — 10~6
- High data rate: target rate — 750 kbps, target BER — 10~

Multiplexing/duplexing OFDMA/TDD

Number of subcarriers per channel (FFT mode) 2,048

WRAN channel bandwidth 6 MHz
TABLE IV

ADJUSTABLE PARAMETERS (“KNOBS”) AT THE WRAN BS AND CPEs

Parameter

Value or Range |

Channel frequency

VHF/UHF (54 - 862 MHz)

Transmission power of BS, CPE

Up to 4 Watts, subject to the RF emission mask defined by the
IEEE 802.22 standards and local regulators

Modulation Schemes

QPSK, 16QAM, and 64QAM

Channel coding

None, 1/2, 2/3, and 3/4 (convolutional coding rate)

Number of UL/DL subcarriers allocated to the new connection

Variable from 4 to 256

the CPEs under the generic utility function, while the video-
specific utility function can better exploit the increased radio
resource to achieve higher utility for most of the CPEs. It
can be seen with three WRAN channels, most of the CPEs
achieves the maximum utility of 1 when the video-specific
utility function is used.

We next plot the average distortion (MSE) of the received
videos at the CPEs in Fig. 7, where two WRAN channels are
used. As expected, we find the video distortion at each CPE is
significantly reduced when using the video application-specific
utility function, as compared to that when using the original
generic utility function. In the first case, video distortion is less
than 10 for most CPEs, implying excellent perceived video
quality at the CPEs. Similar observation can be made in the
case of three WRAN channels, but are omitted for brevity.

As shown in (6), the distortion of decoded video is mainly
a function of the video bit rate R and the PER p. To further
illustrate the different performance of the two utility functions,
we plot the average PER in Fig. 8 and the average video bit
rate in Fig. 9 for each CPE. The PER is estimated at the CE
as

PER=1-(1- BER), 12)

where BER is the average bit error rate estimated at the CE
according to the channel model and modulation and coding
schemes, and L is the average packet length in bits. Note that
we assume that bit errors are uniformly distributed under the
AWGN channel. We find in Fig. 8 that the PER at each CPE
can be significantly reduced (less than 103 for most CPEs)
when using the video-specific utility function, as compared to
the case of using the generic utility function. Similarly, we
find in Fig. 9 that the assigned bit rate for each CPE can
be much higher (more than 200 kbps for most CPEs) when
using the video-specific utility function, as compared to the
case of using the generic utility function. The joint effect of

the increased bit rate and reduced PER is the improved video
quality at each CPE, as observed in Fig. 7.

Finally, in Fig. 10 we plot the transmit power allocation
for each CPE at the BS for the case of two WRAN channels
and the case of three WRAN channels. It can be seen that the
transmit power is higher for most of the CPEs when the video-
specific utility function is used. This indicates that, however,
the improvement in video utility achieved by the video-specific
utility function is at the cost of higher transmission power
at the BS. Such power consumption penalty is even more
pronounced when fewer WRAN channels are available. This is
due to the fact that transmit power is included for optimization
under the generic utility function, but not considered in the
video-specific utility function. However, for some radio device
(such as BS and CPE in IEEE 802.22 WRAN systems, which
usually have AC power supply), the increased power consump-
tion might not be a limiting factor. For battery-powered mobile
subscribers, a trade-off comes into play among transmission
power, video bit rate (bandwidth), and video distortion.

The above comparisons under two WRAN channels are
summarized in Table V. To further demonstrate the visual
effect, we plot Frame 68 of the decoded video, when the
two utility functions are used. Specifically, we show the
worst, average, and best cases among all the CPEs for the
experiments with each utility function. The visual difference
in the quality of the decoded frames is obvious. In addition,
the difference between Fig. 11(d) and Fig. 11(f) are quite
small. This indicates that all the CPEs receive comparable
video quality when the video-specific utility function is used,
i.e., better fairness among the CPEs.

V. RELATED WORK

The concept of utility was initially introduced in economics,
which is a generalized term for the satisfaction obtained by an
individual from the “use” of a product or a service measured



TABLE V
PERFORMANCE COMPARISON WHEN USING DIFFERENT UTILITY FUNCTIONS

[ | The video-specific utility function (9) | The generic utility function (4) |

Average data rate 389 kbps 187 kbps
Average PER 1.1234 x 10~4 0.09
Average Video Distortion 3.68 143.63
Average CPE Video Utility | 0.59 0.11
Average transmit power 1.875 dBW -1.95 dBW

Utility

' | —@— Video-specific: Utility[
S g = @ = Generic: Utility |

0 5 10 15 20 25 30 35 40
CPE Index

(a) Two WRAN channels

Utility

' | —@— Video-specific: Utility[
= @ = Generic: Utility |

0 5 10 15 20 25 30 35 40
CPE Index

(b) Three WRAN channels

Fig. 6. Utilities at each CPE when using the generic utility function defined
in (4) and when using the video-specific utility function defined in (9).

by the price that the individual is willing to pay [22]. In
context of CR networks, utility is an assignment of values
(numbers) to the current operating state such that the closer
the cognitive radio comes to satisfying some goal, the greater
the value assigned to the operating state [6]. Utility functions
can incorporate a number of performance metrics and are usu-
ally dynamic and application-specific. Defining proper utility
functions for wireless video networks is a very challenging and

—e— Video-specific: Distortion|
.| = ® = Generic: Distortion i

Distortion (MSE)

i 10 16 20 25 30 35 40
CPE Index

Fig. 7. Comparison of video distortions achieved by the two utility functions.

Packet Error Rate

—0— Video-specific: PER|:
i = Generic: PER : : _ »
0 5 10 15 20 25 30 35 40
CPE Index

Fig. 8. Comparison of packet error rates (PER) achieved by the two utility
functions.

complicated issue, evidenced by the fact that disparate ways
have been used to measure the utility of streaming video (for
more details, see [22] and the references therein).

Partially due to the lack of creditable simulation tools
for cognitive radio networks, testbed is usually developed to
evaluate/validate various signal processing techniques and CE
algorithms or protocols in CR networks. Quite a few CR
testbeds of various levels of cognition capability have been
developed and reported in recent years [23]-[27]. In addition,
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Fig. 10. Comparison of transmit powers when the two utility functions are
used for CPEs.

several CR testbeds (prototype or early-stage product) have
been demonstrated at international conferences such as IEEE
DySPAN 2008 and the 2008 Software Defined Radio Fo-
rum Technical Conference and Product Exposition, featuring
dynamic spectrum access, cognitive radio device utilizing
TV white space, network interoperability, and policy-based
systems.

Video over wireless networks has become a very active
research area attracting considerable efforts from the research
community. Cross-layer optimization is an effective and im-
portant technique for providing satisfactory video quality in
both infrastructure-based wireless networks [28], [29] and
multi-hop wireless networks [12], [13], [21], [30], where the
received video distortion is minimized by jointly considering
parameters/mechanisms in multiple layers. The main differ-
ence between this paper and the existing work is that unlike
in the prior work where the spectrum is exclusively used by
the video sessions, we have to consider the presence and
protection of primary users in the context of CR networks,
which makes the problem more interesting and challenging.

VI. CONCLUDING REMARKS

Wireless video communication is one of the killer ap-
plications for emerging next generation networks. As it is
spectrum-hungry and distortion sensitive, intelligent and effi-
cient radio resource management is highly important to meet
the demanding performance requirements and also comply
with various constraints. This paper investigates the impact
of utility function selection on the performance optimization
of video communications in CR networks. Two different utility
functions have been adopted at a CE testbed designed for
IEEE 802.22 WRAN BS. Our experiment results show that
the received video quality at the CPEs can be significantly
improved when a video-specific utility function is used as
compared to the case when a general purpose utility function
is used. The experiment results also show that the improved
video quality is achieved at the cost of higher transmit power
at the WRAN BS. Although the 802.22 WRAN was used as an
example system in this study, we conjecture that the method
and general conclusions are applicable to video applications
in other types of CR wireless networks as well.
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