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Abstract. The global migration of television (TV) from angle to digital
broadcasting will result in more spectrum bandsogkm as TV white space),
previously used in analogue broadcasting, becomiglable and unoccupied.
A question is on how much white space is availabid how can it be used
opportunistically and dynamically without causingrimful interference to
licensed users? In this paper, we present workishetirrently ongoing in our
research lab with regard to the use of cognitivé@tardor accessing TV white
spaces. We discuss the Meraka Cognitive RadiodPlat{MCRP) developed
using the second version of the Universal SoftwRaeio Peripheral hardware
and the GNU Radio software. We also present eadgults of the
measurements conducted using the MCRP in ruralualoan Southern Africa
areas. The measurement results indicate that #rersubstantial white spaces
available in both rural and urban areas for digitaidend.
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1 Introduction

The demand for broadband access in the modernniafiton society is seen as a
driver for rapid growth and development of wirelessmmunication systems. In
wireless communication networks, radio frequencyF)(Rpectrum is the most
precious and expensive wireless network resourdehatreeds to be well regulated.
Regulators manage the RF spectrum with the aimiimizing interference between
wireless devices. It is therefore crucial to impésrheffective spectrum management
policies to ensure efficient usage and fair shadghthe RF spectrum. With the global
digital switchover (DSO) of television (TV) transssion from analogue to digital
broadcast, a large portion of the very high freqyefVHF) and ultra high frequency
(UHF) bands will be freed and available on a geplgical basis for other uses. Such
spectrum bands are widely known as T™hite spaces’ (TVWS). In order to benefit

5 This work was supported by the Council for Sciémtand Industrial Research Council
(CSIR) Meraka Institute, Pretoria, South Africa.



from the digital dividend brought about by the DS@gulators from the developed
countries (such as the United States and Unitedyddm) are promoting license-
exempt cognitive radio (CR) access to certain beeh TV bands. To enable
secondary or opportunistic access to the TVWSs, [CRis being intensively
investigated by the research community, industryomaommunication regulators
and standardization bodies as a key enabling téagynoCognitive radio is defined
by the Federal Communications Commission (FCC)23sdn intelligent wireless
communication system capable of changing its transceiver parameters based on
interaction with the environment in which it operates. It allows the implementation of
dynamic or opportunistic spectrum access withoustey any harmful interference to
the licensed or primary users (PUs).

With the decision of the FCC to open up TVWS foticensed use [3]-[4], there
has been a large amount of interest in producistesys that make use of this new
TVWS spectrum using CR technology. Some early émpmits have simply
attempted to translate the IEEE 802.11 networkstim TV spectrum bands [5]. The
same initiative has also been considered by the®©ff Communications (Ofcom) in
the United Kingdom [6]-[7]. It is believed that ndgtors, as well as industry and
standardization bodies, from other developed c@stare also working towards
accessing TVWS using CR technology. In South Afriche Independent
Communications Authority of South Africa (ICASA) Bso considering different
options to ensure a fair and well-balanced reationaof TVWS in order to benefit
from the DSO [8]. However, it is not yet clear whet ICASA will follow the FCC
and Ofcom approaches or not.

As research on CR technology develops, and moratdes switch over from
analogue to digital TV, big questions or challenggse on the detection techniques
to be used and how to protect incumbents. Currdmttymain techniques are being
discussed, and regulators have to decide on therddesble technique to access the
TVWS. The first technique is based on the use dj-lgeation databases with
prediction. And the second technique is based cgctegm sensing using CR
technology [9]. Both techniques have their advaesagnd disadvantages. However,
we believe that geo-location databases can befosélde initial set of no-go areas of
the spectrum bands and spectrum sensing (withragmis measurements) to be used
to avoid unknown and unpredictable sources of fietence.

Using TV bands for other communications system da achieved by
understanding the current usage and availabilitylife spaces. Different techniques,
such as spectrum audit, non-real time measurenma@mdsreal-time measurements
(frequency scan) can be used to determine the @wsabavailable spectrum bands. In
this paper, we present our initial measurementiteeshowing the actual usage of TV
bands transmitted using analogue transmitters liectsel urban and rural areas of
southern Africa. We scanned TV spectrum in Pretoniaural areas of the Northern
Cape Province of South Africa, and in Macha, whiglin a rural part of Southern
Province in Zambia. Measurements were conductedjibe Meraka Cognitive Radio
Platform (MCRP). In Pretoria, frequency scans wdome for more than a week,
whereas in the rural areas the scan ran for abaunty four hours. The spectrum scans
revealed medium usage of TV spectrum in Pretorid,\ery low usage in rural areas.
Even before DSO, large portions of spectrum in\##& and UHF bands remain
constantly unused. We conducted similar measurenierfanta Barbara (US, where



one of the authors is based). The results arenohided here, due to space limitation,
but they show no available bands when comparedetimia.

The rest of this paper is organized as follows:tiSecll discusses different
cognitive spectrum access techniques for TVWS amdesstandardization efforts.
Section 11l describes the platform used to collde measurements or frequency
scans. The results of our measurements are distuss&ection IV. Section V
concludes the paper.

2 TV White Spaces Access

The migration of TV stations from analogue to digir digital switchover (DSO) has
already started in some developed countries. InJBeDSO was completed in June
2009 and other countries are also following. Altiowfficially completed in June
2009, DSO in US was not a smooth process. Forriostat was reported that digital
TV viewers from many cities in the US could notewe the signal, and FCC officials
have held meetings to discuss a potential solutiothe reception problems [10]. In
some cases, broadcast stations had to increase [@weks or add translators to extend
the signal to more viewers [10]. Due to the comipjerf DSO, several countries
decided to extend their DSO completion dates, Withexpected to finish by 2012 and
South Africa expected to be complete by Decembé&B2These countries may learn
from the challenges experienced by the US whendmphting DSO.

Successful operation of CR for secondary operatiomV bands depends on the
successful detection of TVWS and on the abilityatoid harmful interference to the
incumbents. In white spaces bands, licensed orgoyimsers (PUs) include digital TVs
and wireless microphones. Regulators in most cmmare faced with a challenge of
deciding the access method for ensuring that CRsedgvdo not cause harmful
interference to incumbents. Three methods wereidered by the FCC and Ofcom:
geo-location databases, spectrum sensing andbeacons.

2.1 Geo-location Database Technique

With a geo-location database approach, the PU rearegistered in a database and
the CR user will have to first determine its looatand then interrogate the databases
periodically in order to find the free and avaigbthannels [9],[11]. It is very
important for CR devices to know their geographitdation with a prescribed
accuracy [11]. Such accuracy may be determinechbyreégulator. Other data that a
CR device is expected to provide to the databaseinadude the device type, model
and expected area of operation. In response, daksds expected to reply with the
available frequencies, maximum transmission poamrd, whether the CR device can
consult a particular national or regional database.

With this approach, there is a need for eitherrdggilator or operators to build and
maintain such databases. Another issue with geatitot databases is the need for an
additional connectivity by CR devices in a differdrand to enable access to the
database prior to any actual transmission. A typid&NS database is shown in Fig.
1. The national regulator can decide to either @mwrtontracts out the supply of a



central database, and several secondary or reguatabases may be owned by
network operators. Geo-location database approadaid to provide a technically
feasible and commercially viable solution when caneg to the spectrum sensing

approach [9].
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Fig. 1: A Typical White Space Database Structuie [9

2.2 Spectrum Sensing Technique

In the absence of signalling between PUs and CRsuspectrum availability for
secondary access may be determined by performiregtdspectrum sensing [12].
Spectrum sensing is one of the most challenging, \aell explored issues in CR
networks (see [12]-[15] and references therein)o Bpproaches are commonly used
for spectrum sensing [16]. The first approach iereha high-performance detection
technique is employed at individual radios and eisiien on spectrum availability is
taken only on one radio’s results. However, thighoeé suffers from deep channel
fading and the hidden terminal problem [14]. Theosel approach is where the
detection results of multiple radios are combinedcombat multipath fading and
shadowing, and to mitigate the receiver uncertgintplem [16].

The receiver uncertainty problem, which is a serighallenge for single radio
spectrum sensing deployment, is due to lack of kedge about the PU’s location.
Cooperation allows independently faded radios ttectively achieve robustness to
severe fades while keeping individual sensitivéydls close to the nominal path loss
[17]. Though not yet exhausted, research on spacteensing has received

considerable attention.

2.3 Beacon Technique

The beacon technique allows unlicensed devicesattsiit only if they receive a
control signal or beacon identifying vacant chasngithin their service areas [11].
Such signal can be received from a TV transmitf€ithout reception of a control
signal, the SU will not be permitted to transmitciallenge with this beacon approach
is that it requires a dedicated beacon infrastractto be in place. Such an
infrastructure also needs to be maintained andatperby either the incumbent or a



third party. As with single radio spectrum sens{dgcussed above), beacon signals
can be lost due to the hidden terminal problem.

All the above three techniques have their advastagel disadvantages. It is up to
the regulator to decide on the best approach. Hekyé&itchet al. [9] argue that in the
future, both database and spectrum sensing tea@migii be used together in order to
have flexibility and achieve maximum efficiency &@condary or CR users.

2.4 Standardization Efforts

Initial research and development efforts on CR netdgy for efficient spectrum
management have been focused in the US. This wadynthiven by the desire of
powerful industry players, such as Microsoft and@e, to get access to the TVWS
spectrum [11]. While there are ongoing efforts tandardize the use of CR for
efficient spectrum access on TVWS spectrum, theelBB2.22 Working Group (WG)
[18] is the first wireless air interface standatdia advanced stage. The IEEE 802.22
WG is charged with the development of CR-based l@geeregional area network
physical and medium access control (MAC) layersue by license-exempt devices
in the TVWS spectrum [19]. A typical use case fa tEEE 802.22 standard would be
in sparsely populated rural areas, because TV émcjas offer favourable propagation
characteristics [19]. Other CR standardizationrégforclude IEEE 802.19 [20], IEEE
802.11af and the Cognitive Networking Alliance (Geg) [21]. The IEEE 802.19
standard is aimed at enabling effective use of TVI#Sthe family of IEEE 802
wireless standards. IEEE 802.1%afrking group has been set up to define a standard
to implement Wi-Fi technology within the TVWSCogNea is an open industry
association with the intention of commercialisiogvlpower personal or portable CR
platforms.

3 Cognitive Radio Platform and M easur ements

In this section we give a brief description of theraka Cognitive Radio Platform
(MCRP) and then discuss the setup used for thetrsppecscan carried out in both
urban and rural areas in Southern Africa.

3.1 Meraka Cognitive Radio Platform (MCRP)

The MCRP is shown in Fig. 2. The platform consigtfour CR nodes, and each node
is connected to the Internet using the Etherndeca#bsingle node is built up of three
major hardware components, as shown in Fig. 3gh peed computer (powered by
2.60GHz Dual Core Intel Pentium Processor, 2 GB orgrand 500 GB hard-drive),
version two of the Universal Software Radio Peripher USRP-2 package (with a
single WBX daughter-board) and high gain VHF/UHFtemma (Ellies aerial
VHF/UHF Combo with 15 elements). The USRP-2 is exifile Software Defined
Radio (SDR) device developed by Ettus Research [A2Cwhich allows the creation
of a CR node.
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Fig. 2: The Meraka Cognitive Radio Platform

The USRP-2 is composed of a motherboard that pesfosome baseband
processing and of daughter-boards that do the &#-&nd part of the radio. Various
plug-on daughter-boards allow the USRP to be usedifterent RF bands. In our lab,
WBX daughter-boards with the transceiver of 50 MH2.2 GHz frequency range are
used. SDR is a radio communication system wherepooents that would have
typically been implemented in hardware are impletegising software.

While traditional hardware based radio devicestlianbss-functionality and can
only be modified through physical intervention, SB&h receive and transmit widely
different radio protocols based solely on the safewpdates. The CR can be viewed
as a SDR which is intelligent and aware of its end€operating environment. Each
computer hosts the GNU Radio [23] software. GNU iRad a free software
development tool-kit that provides the signal pssieg runtime and processing
blocks to implement software radios using exteR@&lhardware (such as USRP) and
commodity processors. GNU Radio has a large anadityegrowing worldwide
community of developers and users that have carn&ébto a substantial code base.

In four CR nodes, one node is nomadic, two nodedamated outside the lab, and
one is within the lab and the other is located 3dway. This 3km link allows us to
capture typical interference and propagation effébft a production white space
system will experience. Depending on the naturthefexperiment, a 10 W amplifier
can be used to boost the signal during the trassmnis(at unlicensed bands). An
amplifier proved to be important for long distaricansmission experiments since the
USRP-2 are limited to 100mW output power. Each GRlenis connected to the
Internet for remote access. This allows remotesugerun experiments on the platform
from anyway in the world. For our nomadic node,ma&de sure that the laptop used is
also connected to the Internet using the celluddvark.
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Fig. 3: GNU Radio based SDR Components

3.2 Frequency Measurements

The aim of our measurements was to scan the VHF/GpHetrum band, from 50

MHz to 1 GHz. We conducted the frequency scanrieeghlifferent places in Southern
Africa. One measurement was carried out in Pretrihe Council for Scientific and

Industrial Research (CSIR) campus, which is thewrdrea. And the other two were
carried out in the rural areas of South Africa &Zagnbia. In Pretoria, an outdoor CR
node was used for the spectrum scan, which ramfire than a week. In the rural
areas, a nhomadic CR node was used for the spesttam and it ran for less than 24
hours. Multiple consecutive scans were done usidg BHz bandwidth and Fast

Fourier Transform (FFT) size of 2042. The data \wast-processed and FFT bins
were averaged to 25 kHz buckets.

4 Results

Results of the spectrum scans were plotted frofMBi2 to 1 GHz frequency band.
Figures 4-6 show results of our measurements. &ighows results from Pretoria
(which is urban South Africa). In Pretoria, the @Bde antenna was mounted at the
high site. Using the national broadcaster's databak TV transmitters around
Pretoria, we found that there were at least fourtfBvismitters. From the plots, it can
be seen that even before DSO, there are white spaedable in the urban areas. It is
clear that once DSO is completed, there will benewmre TVWS available in urban
areas.

Fig. 5 shows results of the measurements in Ptolps, which is a rural village in
the Northern Cape, in South Africa. As shown onglw, the majority of the TVWS



band is freely available, with some activities alower range of the VHF, which
appear to be FM radio transmissions. There is amg TV station (SABC 2)
available in the area, which appears at 300 MHanTother activities are at the 900
MHz, which is occupied by the cellular networks.

Similar trends can be witnessed in the rural Maatem in Zambia, as shown in
Fig. 6. However, there are some activities detedietiveen the 200-500 MHz
frequency bands.

It can be seen that the spectrum usage in the wiEmis much higher than the
usage in the rural areas. These results simply fiedmural communities can benefit
from the digital dividend using the CR technolodyy.order to improve broadband
connectivity in rural areas, African regulators neatyper allow license-free operations
on TVWS in rural areas or make use of CR technotogccess TVWS dynamically.
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5 Conclusions

The availability of TVWS presents a great oppottynior wider coverage and
substantial bandwidth for broadband communicatigvish the global DSO, there will
be even more TVWS available for wireless commuidoat In this paper we have
shown, through active spectrum scans, that theebuimdance availability of white
spaces in rural areas and urban areas in Southigica,Aas opposed to the results
found in Santa Barbara (USA). Our results show bwih urban and rural areas will
benefit from the digital dividend after the competof the DSO. Now the question is
on how African (or Southern Africa) regulators willgulate the use of TVWS. Will
they follow similar approaches to those adoptethky=CC and Ofcom?

This study serves as a starting point towards thesldpment of fully operational
white space networks for rural broadband connegtiurther work will include the
development of active spectrum sensing techniqoretetting on MCRP. A study on
combining both spectrum sensing and geo-locatidabdses for TVWS access will
also form part of our future work.
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