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Abstract actual RF environment seen at the receiver endises it
to adapt their behavior/operation dynamically te@sth

In an effort to improve radio spectrum managementmeasurements. This resulting interference temperat
and promote more efficient use of the spectrum, thevould reflect the total amount of RF energy presgnhe
Federal Communications Commission (FCC) isreceiver end within the operating band at any gipeimt
trying to adopt a new model to quantify interferenc in time. More specifically, at this time the Consigion
The objective of my research project is to develap proposes to formally define interference tempembas “a
“Interference Temperature” (IT) model for this measure of the RF power generated by undesiredessit
purpose. The IT model aims to create a referencelus noise sources that are present in a receyster (|
interference level using real-time measurements and N) per unit of bandwidth® or, in other words, the
predictions based on the actual RF environment seelemperature equivalent of such RF power measured in
at a receiver. This resulting interference tempgeat units of “Kelvin” (K). In addition to the interfence
would reflect the total amount of RF energy presensource described above, the proposed interference
at the receiver within the operating band at awgigi temperature metric could include out-of-band or
point in time. The transmitter would configureelfs unwanted emissions from both co-channel and adjacen
in response to this value. This paper reviews sofme channel transmitters. Interference could be ddfmethe
the technical challenges involved in the cumulative effect of all undesired RF energy présera
implementation of such a model. It discusses séver specific frequency of interest. “Interference vaticur at
proposed approaches. The advantages, disadvantages/ given receiver at any given point in time whba
and some possible applications for this metric @l cumulative level of undesired signals plus noisethat
investigated and analyzed. As an example, | discusreceiver exceeds its tolerance threshbld”
how the IT concept could be used in a proposed plan
for frequency sharing plan between existing TVThe model currently used by the Commission for
broadcast stations and new unlicensed serviceg usimegulating spectrum and limiting interference fazenly

Software Defined Cognitive Radios. on the transmitter’s overall performance and impabe
regulations on its operation in the form of a traits
Interference Temperature M odel output power “mask”. This approach is static daded

on theoretical assumptions of how much interfereisce

Interference Temperature Definition created by transmitters under a variety of opegatin

parameters or conditions and not on actual measumsm
In an effort to improve radio spectrum managemenil he set of parameters used for these calculationsfer
and promote a more efficient use of it, the Federathe most part, a reflection of the worst case djmeral
Communications Commission (FCC) is attempting toscenario in which the device is operating at maximu
adopt a new model to measure interference witten thpower and occupied bandwidth. This creates a large
bands that they regulate. This emerged as paat of margin for error as the probability that all thetiae
new set of initiatives introduced after a set ofdevices are operating under these conditions asdiee
hearings during the late 1990’s in which industnda time is very low. In addition, advances in radio
academia were able to participateThe impact and technology have provided the industry with 1) the
possible importance of these initiatives for theufa ~ development of transceivers with much less noise
of RF communications have been felt throughout thecontribution per emitted power, and 2) for the desito
United States as other agencies responsible fagollectively operate under more efficient condison
spectrum management such as the Nationadllowing for the current communication systems to
Telecommunications and Information Administration operate at much lower interference levels and tabeh
(NTIA) and the Department of State are trying teta more tolerant to such interference as well.
a similar approach. Also, this impact extends Inelyo
our geographical border as other countries all ovefrhis new model would help create a new standard for
the world are looking to adopt similar initiatives qguantifying such harmful interference and it would

provide the current band users or licensees withose
The interference temperature model aims to use reaficcurate interference measurement that could then b
time measurements and predictions based on thésed to improve spectrum utilization. As stated by
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several parties during the commeéntse absence of The second approach will require the implementatibn
such a standard has proven to be a determent to timdividual receiver sites dedicated to measure Rie
introduction of new and promising technologies suchenvironment and calculating the corresponding
as UWB, LPFM and others. The interferenceinterference temperature level. This informatioill tve
temperature could help improve spectrum usage btransmitted to a central site location where the
setting a maximum permissible interference levelinterference temperature profile would be calcuafier
more accurately within a band. This level couldyva the specific geographical market. It will thenlyeto the
within geographical areas. This could allow a éarg central site to communicate the transmit/not trahsm
number of users to operate at the same time witinstruction to each device in the field. The degdd
greater certainty of their overall effect in theeopied  complexity that this approach imposes for its
spectrum. Also, being a more accurate measuremennplementation will be discussed later on in thisrkv
it would provide greater protection against harnafiul
disruptive interference that could be generateahgit As a consideration to current licensees and as an
given point in time. In the event that the IT |[eee  opportunity for the establishment of secondary re&rk
“cap” is not yet reached, there could be thethe FCC proposes a third approach. In the baratsatie
opportunity for other devices to operate. As segn currently licensed, the providers could establigjrid of
the Commission, spectrum efficiency is determinedmonitoring sites similar to the ones proposed ie th
by the number of users per unit of bandwidth. Thisprevious approach. These sites would continuously
could potentially increase both the licensee’syal  examine the RF energy levels in their specific band
as, the public’s benefit derived from the use @& th bands and process the data to derive the corresgpnd
spectrum as it could open the doors for theinterference temperature level. This IT level wlien be
establishment of secondary markets. made available by way of a broadcast to subject
transmitters with interest in utilizing the specifband.
One of the largest challenges that the implementati This specific broadcast could be on a dedicateglfsacy
of an IT model faces is the accuracy in whichsimilar to a pilot signal used in today’s cellulztworks
interference could be measured. This could be moreith instructions on how those secondary market
evident in the cellular bands as mobility is a bigtransmitters should respond.
factor. As the number of mobile devices and the
user’s demand for spectrum increases in any specifiProposed Spectrum Management Models
system, the more difficult it becomes to detect and
identify its RF footprint and contribution to the To have a better understanding of how the thremd@el
overall interference. This issue becomes moreapproaches mentioned in the previous section cbald
critical if the devices were granted access to dmplemented, we will have to consider the ways hiol

broader spectrum. the Commission is considering to regulate the RF
spectrum and its interactions as part of our oleral

Proposed Implementations of the Interference analysis. As part of the same study, the SPTFrithest

Temperature Model three different models for assigning spectrum usage

rights. These methods are the command-and-control,
Based on the SPTF recommendatfonsthe exclusive use or property-rights, and the commons
Commission proposed three different ways in whichmodels. Both the SPTF report and an article byHzdoer
they believe the implementation of the IT modeland Farber (2003), provide a more detailed disoussf
could be accomplished. these three methods.

The first approach suggests that the entire procesBhe command-and-control method is the one currently
should take place within each individual deviceheT implemented by the FCC for spectrum managemene Th
device will be responsible for measuring the RFintention of this model is to provide the highestdl of
environment, calculating the  correspondingprotection to each one of the authorized users.
interference temperature at its location, and ntake Traditionally this has been achieved by imposingyve
decision of a transmit/not transmit based on theight regulations on the amount of emissions thathe
calculated IT level taking into account its own device could generate (i.e. the amount of interfeeeto
contribution of RF energy. It is evident that the others). This includes both the co-channel andcatjt
amount of computational power and complexitychannel emissions. If an IT model were to be
required on a device to perform such a task withoutmplemented under this spectrum allocation regiihe,
compromising its communication’s performance would have to be the second IT model discussedeabov
exceeds the current device capabilities availabl@he Commission would have control of the monitoring
(offered) at this time. grid as well as the establishment of the correspand
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interference levels. This model is more likelybi® it will reach a minimum for all the active deviceS.he
used on bands in which it is imperative that thecombination of the commons regime, the IT metrid an
incumbent services are not to be disrupted such eagile radio technologies has made the Commisside'a
emergency and public safety bands, GPS, militaryof the “hands-off” approach for managing the speutso
and others. It is important to mention that theattractive to the point that the Commission haseddsa
Commission has made it clear that it is trying toNotice of Inquiry (NOI) and Notice for Proposed Bul
move away from this type of spectrum managemenMaking (NPRM) to investigate further the feasilyilibf
practice. This will incline us to believe that the this idea.
Commission has no true plan (intentions) to pay,
support and even to subsidize the deployment df sucin addition to the different proposed IT implemdiuas
a system. and the spectrum management models, there is ataeed
look at each specific RF band that the model cdadd
The third IT model looks to be a perfect applicatio considered to be implemented on. Each band iadaxt
under the property-rights regime. Here, a well-by the FCC for a particular service which subsetjyen
defined set of rules guiding interference couldpbe  determines the specific technology that is to beduer
into place to guarantee that the incumbent servicéhe wireless communication. Both, the technologgdy
does not get affected. Even though there aredlrea as well as, the physical location of the functiomeaeivers
strict guidelines in place to reduce interferenthese  that will be affected by the presence of interferare
are based on the static interference managemeastitical as they will determine its sensitivity aability to
approach discussed earlier. Although this set ofeject such interference. The effects of applyiing IT
guidelines could be used as a reference pointwa nemodel to spectrum that is allocated for servicesrh
set will need to be developed to be more dynamic toeceivers are fixed would be totally different thahen
conform to the IT model concept. This would beapplied to spectrum that is allocated for serviedere
considered as an extension of the services where thieceivers are portable or mobile (such as cellular
incumbent could have total control of how muchservices). A similar situation occurs when theereers
interference he is willing to tolerate without bgin  are far from the source of interference such ashan
determent to its primary service. As long as aSatellite uplink bands or are at fixed locationattheed
mechanism to broadcast and share this informationot be registered with the Commission.
can be put into place, it would be possible for a
network or networks of underlay devices, such a®As wireless communications move more and more
802.xx devices, to operate until reaching the preseowards digital services, the interference managgeme
interference level. Such a concept can bessue has become more important. Cellular sergica
incorporated as part of the device specificatiom$ a prime example of how system capacity is limitedyieat
standards that the FCC governs and oversees. Tipart by interference, more specifically self-inddice
FCC will take a “hands-off” approach to managinginterference, and of what is being done to overcone
the spectrum while making certain that the mainproblem. The proliferation of such cellular seedchas
priority is to protect incumbent services. Thisegfv continued to promote improvements in the techniques
the incumbents the opportunity to enhance theitused for the transmission of the data (CDMA, TDMA,
services and revenues while improving spectrunetc.) as well as the device performance per setteBe
efficiency. schemes for coding, spreading, and power contreé ha
been implemented to minimize the required transmit
Under the commons regime the main objective is fopower thereby minimizing the overall RF level prasia
all the devices to derive the maximum benefit & th the band allowing for greater capacity. As noted b
occupied spectrum. The levels of interference @oul Cingular, as a result of these improvements, the
be set to be totally dynamic and will depend on thenterference level resulting from signals of undedgi
devices interactions and spectrum usage. It wbeld mobile units has decreased dramatically, causing a
common sense for the devices operating under thieeduction in the overall noise plus interferencgofl at
regime to avoid and/or minimize interference tobase station receive sites. In addition, the systeise
obtain the best quality of service. This concqmrs floor has also been reduced by improvements in base
the opportunity to exploit the capabilities of new station receiver performance, with the noise figure
emerging technologies such as software definediropping from about 8 dB to about 4 dB, permittiag
(SDR) and cognitive radios (CR). With the ability  further reduction of about 4 dB in the receivedseoi
dynamically adjust internal parameters such adloor.” While these techniques work to increase capacity,
transmit power, coding, and frequency of operationtheir improvements are still limited by the avalb
these radios should eventually drive the level ofstatically allocated spectrum and their inherertiavéor.
interference to an equilibrium level where optipall In addition, these techniques do not take into
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consideration the radio environment, which isThe susceptibility effect, even though not presert link
dynamic and can dramatically change in time, spaceyudget calculation, will result in system perforroan
and frequency, especially for such mobile radide T degradation.

effectiveness of these techniques could be greatly

improved by allowing the radio to take somelt is evident that advances in radio technology are
additional actions regarding its operational allowing for a better and a more efficient use bé t
parameters. These changes can take place in one spectrum as well as influencing the way that the
more of the layers of the communication protocolCommission is considering regulating it. With the
stack (physical, MAC, network, transport, and expected introduction of devices able to performasth
application layer) and they can be used to satfsfy tasks in the near future, this has pushed the G@rther
network's and/or the user's needs, regardingevaluate the urgency in which these changes adedee
bandwidth, power, data rate, etc. However, even

though all these improvements had help in dealingzeneral and Technical issues

with interference and capacity they do not aidhe t

control of interference generated by other techgwlo There are many general and technical issues taahthe
sources that can be introduced into their system. possible implementations of IT could face. Theegah
issues are composed of the benefits and drawbaeks t
In addition, the development of cellular devices hathe IT model has to offer without considering the
shown consistent receiver technology improvementstechnical requirements that such an implementatidh
Direct Conversion Receiver (DCR) is one of the newimpose. The benefits of the IT metric can be sien
emerging front-end configurations that reduces thenany different aspects of its implementation. The
number of components needed in the RF link therebgstablishment of the IT metric will provide a staruti for
providing a reduction in overall noise. Also, both measuring harmful interference in an existing
cryogenically and Peltier (or thermoelectric) cable environment. The absence of such a standardrbasrp
technologies are being developed and implemented 1@ be a handicap for the Commission when trying to
create low-noise ultra-sensitive receiver frontend impose sanctions. The lack of clarity regarding
These technologies provide increased sensitivity ainterference issues has been the base for lengtdy a
the receiver end and, as a result, the devicedreequ difficult on-going disputes in front of the FCC ¢lughout
lower system signal levels to operate. This with@  the years. The establishment of such a standdrdhelp
a reduction in output power requirements for thein identifying violators and expedite the resolutiaf such
entire system. Another new and promisingdisputes. In addition, this lack of clarity hasebea
development is in the area of superconductingletriment to the introduction of new and promising
microelectronics technology. Hypres, Inc. is offie o technologies such as Low-power FM (LPFM), Ultra-
the leading companies in this area of researcthasd wideband (UWB) and others throughout the existesfce
provided the industry with some promising results the Commission. Even though after the amendments i
With promises of extremely high sensitivity, ultra- 1983 in which the Commission adopted the idea “to
low power, and inexpensive IC fabrication, just toencourage the provision of new technologies andces
mention a few, it makes this technology the perfecto the public” it could have been expected that such an
candidate for the development of new front endsintroduction would be easier than what is has beEhnis
The ideal scenario will be one in which all the s based on the Commission’s view that “anyone who
internal thermal noise in the receiver chain isopposes a new technology or service will have tireldn
minimized and the system noise is dominated by thef demonstrating that the proposal is inconsistetit the
antenna noise (and/or interference) temperature. public interest”. Once again, because of the latla
well-defined standard, the outcome of these effbds
These innovative technologies are in the earlyestag proven to be the opposite.
of development and most of them suffer from a high
cost precluding them from being widely deployed.Another benefit could be seen with litle or no
Also, unless all users use the low noise technotogy modification to the existing spectrum management
lower their power level requirements simultaneouslyscheme. Current licensees could benefit from tiktya
and hence permitting the entire system to operate a0 measure their own interference levels and their
lower power levels, these innovations becometechnology’s tolerance to it. This would provide a
useless. Last, but not least important, this nseed
sensitivity also results in increased susceptybilit

47 U.s.C. § 157.

! Hypres, Inc. website.
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additional tool to help improve their current syste Technology and the IT implementation
capacity.

The need to measure and identify interference m th
A set of drawbacks can be found as we analyze whanvironment has become an issue of great importasce
would it take to implement the IT metric. Spectrumthe demand for the spectrum continues to increadehe
measurements, overall planning, acceptance operformance of the wireless devices are alreadycsting
approval, and budget are only a few aspects thahe limits of current technology. More efforts det®
impose some of the most difficult constraints. mEve focus on what to measure and how to measure it.
though, a lot of efforts are currently devoted tolnterference can be measured in many different ways
studying the existing spectrum utilization, thiska Noise Temperature, Power Spectral Density (PSDQjx FI
has proven to be more complex and time consumin@ensity, and Signal-to-Noise (SNR), just to mentian
than originally expected. The measurements ofew, have already been used to characterize the RF
frequency and respective power are needed to benvironment. These measurements reflect either the
taken not only on the spatial regime (geographicalpverall RF energy or the ratio of this overall Riegy
but also in the temporal (time) regime. Just tierof with respect to the signal of interest. The sefts
an idea on how far this has pushed the Commissiormeasurements mentioned previously are currentlggoei
the temporal effect is something that theproposed to be used as an alternative to the émtar€e
Commission’s current policies do not take intotemperature approach. Interference Temperatwea a
account. The ability to obtain accurate measurement, is only another way to look at the RF
measurements, which could be crucial for itsenergy content. One of the biggest technological
acceptance, has added to the total time that ildvou weaknesses of the IT model as proposed is thats dot
take to study and understand the spectrum. Iprovide any specifics in terms of what it reallyeinds to
addition, the need to decide on what to measure antheasure. The controversy between if it intends to
how to measure it will play an important part adlwe measure either the total RF energy or the amount of
A more detailed description of this subject will be interference to a given signal has diminished the
analyzed latter in the technical section. Ovetalk importance of the possible contributions that tmsdel
time that it may take the Commission to study thehas to offer. As proposed, it is only clear thatwill
current spectrum could prove to be the largesprovide the corresponding temperature for an exdsiF
obstacle to overcome. To help in this endeava, thlevel in any corresponding band or channel.
Commission has opened themselves to commentdnfortunately, it does not provide any information
through several proceedings (Technical sectionsiegarding spectrum availability which could be the
NOIs and NPRMs). Meanwhile, the planning onessential key to the success of its acceptance and
how to implement the IT metric is under way. Theimplementation. Even though, this IT concept has i
issues of required infrastructure, device technglog roots in the Satellite bands, where a similar well-
and investment are being looked at in detail. Withestablished method is successfully used to meabgre
the idea of imposing these kinds of changes, theignal strength, the rest of the wireless worldstjoes its
Commission is concerned that it will be responsibleusefulness and need. The proposed implementation
to carry the burden of providing the financial bagk should be looked at beyond the actual measurenseiit a
for the required infrastructure. Last, but notstea extends into the establishment of a reference levéhe
important, is the analysis on how to transition theRF environment.
already existing and complex spectrum management
plan to the new approach. As noted by Hypress, If. there is the need to

incorporate several steps to reach a wuseful IT
Based on the comments already filed during thé@mplementation. | recognize the need for at least of
above-mentioned proceedings, the Commission facethese factors which includes baseline spectrum
a strong opposition by the current licenseesmeasurements and continuous monitoring. Baseline
Concerns about who gets to set and control the I'Bpectrum measurement, which refers to the initial
levels sits on the top of their own personal agenda spectrum characterization, is crucial for the ustisrding
Questions such as “Could IT provide a feasibleof current spectrum utilization. With the dataleoled,
means of protecting all licensees from harmfulan exact representation of the RF environment aan b
interference caused by “forced” underlay devices?’created and an accurate IT model can be set &ctefis
and “Would there be a derived benefit, eitherwith respect to the current wireless technologyndei
monetary or by getting access to the additionaused. As mentioned earlier, the Commission has tee
spectrum, to them by the IT implementation?”, areimportance of this step and has already starteldatiig
weighing heavily against the IT metric acceptance. information regarding the spectrum usage in several

metropolitan markets. After the initial characzetion,
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continuous measurement and monitoring are neededclude, but is not limited to, learning, the atyilito
to identify abnormalities, identify violators, interpret data, and the ability to create a sotutioA
determine new spectrum usage, etc. cognitive radio is an aware-adaptive radio that can learn
and interpret knowledge (previous situations, adtio
It is obvious that the IT implementation does regui taken, and outcomes) to direct the radio’s adaptati
for the devices to be aware of their environmeriido Learning is the process of acquiring data to direod
able to determine the current level of interferenbe  improve future decisions and actions. The datd wil
addition, the device will need to have the capaédi consist of previous situations, actions taken, &meir
to estimate its own interference contribution givenconsequences. Learning continuously improves the
the user's requirements (QoS, bandwidth, securitycognitive radio’s ability to adapt by building ugsi
etc.). The resulting difference between the meabur knowledge as new actions are taken and situatioas a
interference level and the preset IT cap willencountered. Because of its ability to learn, it batter
determine spectrum availability. The ability farya  alter its parameters and adapt to continuously gihgn
given device to act upon the evaluation of thisenvironments.
information is the factor that will determine the
usefulness of the implementation. The awarenes$he cognitive radio’s capabilities could also béeexled
could be obtained in one of two ways, direct sepsin by allowing radios to share its acquired knowledbieis
by the individual device or as indirect information helps improve other radios’ performance by givihgm
provided to the device by a monitoring/externalthe tools to analyze the situations they have newere
system. across but others have. Even with the range ofiples
adaptations, a cognitive radio will be constraiteabey
All of this, in addition to the possibility thatélnew  any given rules provided by any regulatory body.
wireless devices may have the opportunity to search
the entire spectrum to find a suitable frequencyitto  The realization of CR is still in the developmetages
operation, has expanded the horizons in which radibut not far from reality as it leverages on exigtin
technology is looked at. The required devicesoftware defined radios (SDR) as its enabler. SDffer
functionality to accomplish this task does point toa flexible reconfigurable platform needed for CR
new technologies such as Adaptive-aware andmplementation but currently deals with issues of
Cognitive Radio (CR) as enablers for the IT flexibility, speed, power consumption, size, prigest to
implementation and dynamic spectrum management.mention a few, making its availability difficultinterest
in cognitive radio research has been expressed at
A radio that can incorporate information regardinguniversities like Rutgers, Berkley, and VT and
the current spectrum usage and channel conditiongovernment and military bodies such as DARPA amd th
could specifically adapt itself to alleviate speotr FCC. Additionally, the IEEE has formed a workinggp
cluttering and provide a better quality of servicearound the concept of cognitive radio called 802.22
(QoS). More generally, aadaptive-aware radio is
an adaptable radio that can sense and/or receivgesearch Direction
information (e.g. spectrum occupancy, interference
level, propagation effects, location, policy CWT current research focuses on the developmert of
constraints. etc.) about its environment to heledi distributed cognitive engine that will enable aradio
the adaptation. However, adaptive-aware radios areith adaptable parameters to become truly cognitiViee
unable to react to situations outside of their pre-cognitive engine is totally hardware independernt tris
determined behavior to better manage their owroradicurrently running on a PC based computer actinthas
resources in new and unexpected situations. T® takadio interface. Figure 1 shows a more detailedvvof
greater advantage of wireless techniques anthe cognitive engine approach.
available information, developers keep increasim t
access to the number of adaptable radio parameters.

Also, as these radios try to take greater advantdge
wireless techniques and available information, they
must deal with more complex management and
analysis problems due to the number of adaptable
radio parameters continuously increasing. An added
layer of intelligence could give an adaptive-aware
radio the capability to better satisfy the users tire
network needs. This level of intelligence could
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( (g:fa";';'ﬂ > characteristics and the FCC’s recent considerations-

I farm this band to allow radio users to fill in thaps left

-

1 R T e by unallocated TV channels in a given geograplacea.
Channel Probe (PHY and MAC layers)

API— Enoine fo Radio I,,ter%face The initial experiment will be conducted in two fdifent
IT IT ¥

g = S scenarios. The first is intended to be used amaalled
\Cogﬂlﬁlve Engine
Resource‘
Monitor

User Domain

Wiral experimental environment used to characterize teete
Modeling Irefess

e System Genetic of any given interferer to the TV signal and the TV
ystem | Algorithm

UE receiver in use. Here, a standard NTSC TV signihbe

Security

Policy . %
Domain

injected into a TV set through an RF modulator wtfgh
interferer is added to corrupt the original sigimakgrity.
Cognitive System Module (CSM) The experimental setup is shown in Figure 2.

(Learning Machine, Evolutionary Algorithm, Memory)

Figure 1. CWT'’s cognitive engine

My initial research work will focus on helping to
further develop the VT-CWT cognitive engine. We
are currently involved in the investigation of the
regulatory aspects of spectrum efficiency reforrd an
the possible implications that the implementatidn o
cognitive radios could have on the reform.
Subsequently, we W_ould like to r_nqke a contribqtion DVD Player
to the FCC proceedings by providing an analysis O g —
the effects of the implementation of CR along with = ~

the IT model on spectrum management. A cognitiv
radio (CR) network testbed is proposed in which th
!T metric _ concept ~ can .be investigated andThe original signal could be originated using andtad
implemented as a means to improve spectrum access

and efficiency. This CR testbed will be implemehte \cglli?fz?er:;apsri(;i:(l:tfgurlégg i:zh bzs uzegvtg g&?:ﬁ;gp Ed'li'wo
under the first IT model described at the beginrohg

. . uality, a test pattern and a regular video mowibere
this document. Two important parts of the proposej‘he signal level could be set with great accuradjhe
experiment are the characterization of the TV ban 9 g

o - .~ Signal then will be fed to an RF modulator whichl wi
spectrum and the quantification of the participatio . o
" C . allow us to select any given channel within the Band
effect of cognitive radio in improving spectrum

efficiency of int_erest. The RF_ signal W.i|| then be fed to a T

' combiner where the interferer is to be added. Hare
signal generator will be used as the source ofference
given the flexibility that it offers on the creatioof
different signals.

Power Television
Combiner Set

Signal Generator

' RF Modulator

S:igure 2. Control experiment setup

Proposed Experiment

In order for CWT to quantify improvements given by
the incorporation of cognitive radio networks astpa
of the spectrum management efforts by the FCC,
set of experiments are being proposed. Before w
can quantify any improvement in spectrum use, w

\l;w” need to analytzek|t? ctjrretnt l;lt'l'zatt'or." I&“‘d i White Gaussian Noise as the interferer source. The
€ an enormous task 1o try to characterize theeen 'dinterferer power level will be adjusted until nat#ble

spectrum; the_refore, a decision_to define a I!mite signal degradation, either video or audio, is obsgrat
spectrum of interest to constrain our analysis ha§h ' !

been made. Four different bands are bein

For simplicity and practical considerations, thegmtive
dio network will be emulated as a wireless servising
Birect Sequence Spread Spectrum (DSSP) similaneo t
LAN networks in use today. This will allow us tse

e TV set. Because of the FM modulation’s inheren
. I . gl:apability to withstand noise, we expect the video
considered to conduct our preliminary experlmentSdegradation to occur first. At this point we wéthnsider
These bands are the TV, FM, ISM, and the Amateu[hat a maximum level of interference has been m@ch

:_ad|o bant_js.d ?wen the I|m|tat|tons O; equ'pTenz'This experiment is then to be repeated in all tifferent
ume required Tor measurements, and COMPIEXYy.,nnels and an average interference level will be
involved in quantifying the spectrum only one of

: i . N calculated. This will provide us with the maximum
these bands will be investigated at thls_tlme. Tkle_ tglerable interference level for the given TV channThe
band has been selected because of its well-defin

Sfterference temperature level cap could be setadBs
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lower than this average to allow for a safety margi The final part of the experiment shown in Figure@duld
This set of measurements will provide a morethen include the incorporation of two modified viéss
detailed view of both the effects of co-channel andaccess points as network traffic emulation. Theseess
adjacent channel interference. This also provales points are to be controlled by computers runningT®&N
measure of any inter-modulation product that couldcognitive engine. The cognitive engine will reeeiv
occur given the inherent nature of the TV receiwer’ information regarding interference level, the ITpcaser
design when an adjacent channel is occupied. or application needs, etc. and it is expected t&erthe

decision to transmit/no transmit given those cdodg.
The second scenario will be for the spectrumThe cognitive engine will also have access to ay ver
occupancy and over-the air signal measuremeriimited set of radio parameters such as transmitgpo
phase in which a setup similar to the one shown ifevel and transmission rate. This work can then be
Figure 3 will be used. This basic setup will requi extended to include multiple access points to more
the development of an antenna with goodaccurately reflect a complex wireless network
characteristic performance to cover the TV bands. environment. This set of experiments will evaludie
cognitive engine performance and decision making
capabilities given a certain interference level,Iarcap,
and the estimation of its own interference contidi
given the application’s requirements.

Signal Generator Conclusions

Spectrum anal .
L R This paper presented an “Interference Temperat{iig”

T model overview of how IT could measure and quantify
Television Set wireless system interference as proposed by the. FIEC
also reviewed some of the technical challengesealsas
the complexity involved in the implementation otthua
model. Several proposed approaches were discussed.
Figure 3. Over-the-air setup The advantages, disadvantages and some possible
applications for this metric were investigated and
The spectrum analyzer required to perform theanalyzed. Subsequently, a model for implementiegl T
measurements will need to have good noise floogoncept in the proposed frequency sharing plan detw
level characteristics (below -135dBm) and goodthe existing TV broadcast band users and new urdex
dynamic range to differentiate between the strodg T services using Software Defined Cognitive Radio was
signals and the weak signals generated by th@resented.
wireless network to be implemented later. A
computer will be used as the data collection paivt The implications of the implementation of a new mlod
also to calculate and display the final spectrumsuch as the Interference Temperature metric would
density characteristics.  After the spectrum istranscend the technological arena. Besides theiead
characterized, an experiment similar to the oneaspects, spectrum allocation involves social, econo
detailed in the first scenario will be performedtwi and political issues as well. In addition, the ity of
the exception that both the RF NTSC signal as welRllowing unlicensed devices (underlay devices)dceas
as the interferer will be broadcast over the air. current licensed spectrum could result in the fedtion
of new services in the wireless market.
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