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Abstract— Regulators around the world are currently setting
rules and requirements that will allow for mass-maket access to
TV White Spaces. It is expected that the opening ofthose
frequency bands to the consumer market will lead t@ dramatic
increase of spectrum exploitation efficiency in higly appealing
frequency bands: In Europe, the frequency bands beteen 470
MHz and 790 MHz are considered and the inherent siwl
propagation properties are largely superior to thos in standard
cellular bands, for example, in 900 MHz and 2 GHZThis paper
will present related use cases for the exploitatioof TV White
Space as they are currently discussed in the ETSI| Radfigurable
Radio Systems Technical Committee. Then, the availdlty of TV
White Spaces in Europe is investigated, followed bgn overview
of recent regulatory activities on the European Comnission level.
In particular, expectations related to a new revign of the
European R&TTE Directive are presented which representghe
basic regulatory framework in Europe.

Keywords- Cognitive Radio (CR), ETSI, Software Defined
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. INTRODUCTION

The idea of allowing for an opportunistic usager®f White

Spaces emerged from the broader Cognitive Radio) @R
proposed by [1]. The CR principles suggest that tgpgs of
network devices (on
Infrastructure side) are continuously observing thadio,
business, etc.) context and adapt their behavidhénmost
optimum way possible. Typically, MDs target a cguofiation
that allows to optimize the MD configuration frorheir
perspective — typically targeting a minimum levél ppwer
consumption, low subscription costs, etc. From tieéwork
side, the overall optimization of network efficignis targeted
as well as the maximization of related revenuesceRe
progress in this field paved the way for exploitiinggquency
bands opportunistically (i.e., access by second@mwices is
possible whenever non harmful
incumbent systems is guaranteed). In particular VI'ites
(TVWS) were chosen to be the first playground fepldying
first generations of the technology. Besides thergence of
CR, TV switch over to full digital broadcast sewicreated
new spectrum opportunities due to higher spectrifitiency

compared to analog services. As discussed in [Bg t

propagation properties are appealing in partictdarshort-
range and cellular applications due to the supesignal
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propagation properties compared, for example, aditional
cellular systems operating in 900 MHz and 2 GHzdsaor
short range systems operating the the 2.4 GHz @Hz
bands. In particular, this approach allows for [2]

i) Lighter infrastructure deployment through larger cell
sizes;

i) Increased spectral efficiency through reduced propagation
loss;

ii) Increased spectral efficiency through extended macro
diversity.

At the same time, TVWS usage by White Space Devices

(WSD) requires an adequate protection of primacyfmbent

users. In the US, FCC requests the introductioa déta-base

[3] that contains information from primary/incumbersers on

future intended usage of TVWS over time and spatéehe

UK, OFCOM seems to undertake the same approacHhri4].

Europe, CEPT WG SEA43 currently finalized a repbitthat

suggests an implementation combining a data-basated

approach with MD based sensing.

A vision on a corresponding network architectures haen

recently proposed in [6] using a combination oftritisited

and centralized data-bases. It is also obviousahaultitude

the Mobile Device (MD) and of standards are currently under elaboration fogragon in

TVWS in various committees, including ETSI, IEEECHEA,

etc. An efficient interoperation between the WSDerssis
expected to require access to related contextrirdtion — this
can for example be provided by a Cognitive Pilota@tel
(CPC) mechanism as discussed in [7,8].

In the sequel of this paper, the focus will be ba turrent
status of TVWS standardization in ETSI, which isrieal out
in the ETSI Reconfigurable Radio Systems (RRS) fmeth
Committee (TC). It should be noted that PMSE (Paogne
Making and Special Events) related work for operatin

interference with thelTVWS is currently performed within ETSI ERM STF3p8,

which is out of scope of this paper. Section llldikcuss the
actual availability of TVWS in Europe, followed bgn
overview on related Use Cases and Scenarios ino8ddt as
they are currently discussed in ETSI RRS. Sectioh |
comments regulatory activities in Europe in pattcuelated
to CEPT WG SE43 and activities related to the aurre
revision of the R&TTE Directive. Section V finallgives a
conclusion.



II.  AVAILABILITY OF TV WHITE SPACES INEUROPE

The availability of TVWS has been studied in the, @8iong
others, by Spectrum Bridge [10]. Since Europe israno
densely populated over large areas compared t8eit is
appropriate to wonder whether TVWS are actuallyilalte in
Europe. Besides, Europe is fragmented by many cpunt
borders belonging to different regulation agenciesjuiring
careful harmonization across borders, which makegsdle of
CEPT crucial. In particular, Fig. 1 illustrates tB&B-T plan
entries of a given channel (channel 21) in Europel a
bordering countries over space.
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Figure 1: Study results on DVB-T plan entries of
Channel 21 in Europe [11].

As it can be expected, TV broadcasters of a densgulated
countries exploit TV channels in particular in thejor cities.
However, a considerably portion of the countries dze
identified as “White Spaces” without any usagehs telated
frequency band by broadcasters. In those areasrticylar,
the usage of the related bands by secondary speetcgess
approaches can be envisaged. In the UK, this basdees are
less problematic due to obvious geographical sanatand
OFCOM was one of the first regulators to conside3in
TV bands. OFCOM launched Digital Dividend Reviews a
early as 2005. The latest statements related ¢éndie exempt
operation can be found in [12]. One key concerno isvaluate
the expected amount of spectrum available to sewgnd
TVWS devices. Both [5] and [12] show that the answaries
significantly according to the scenarios. One eXemis
illustrated in Fig. 2, which considered, based arious
assumptions:;Conservative, Optimistic and Adjacents free
[12].

Within their limited scope, those studies show tlihe
availability of TVWS in Europe is expected to besde
abundant as it is in other areas, such as the WS, e
particular, the potential usage of WSD in majoriesitin
Europe is still under study. Outside the majoresitihowever,
current results show that the WSD may play a megta for
broadband wireless communication.
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Figure 2: Study results on aggregate
spectrum availability [12].
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A further issue to be considered is the protectérPMSE

devices, such as wireless microphones, operatingViws

bands as defined by current regulatory rules. Irtiqudar,

within a given distance of PMSE devices, the cqoesing

frequency bands cannot by reused by other WSD s- ithi
expected to further limit their possible use in engzuropean
cities. PMSE are used on a temporary basis (cordpard@V

broadcasts) and are difficult to detect becausdheir low

power and modulation scheme. Although safe harbaniels
(one or more dedicated channels) are consideredhfse
devices (e.g. in [9]), it is expected that big dsenill require

more spectrum on a temporary ground. Thus the secgn
usage by WSD is expected to be far more dynamic titeat

imagined when considering TV broadcasts only. Mgbik

another factor that will make TVWS operation vegnamic

as WSD will have to handover channels as they ratomeg.

lll.  USECASES FORTV WHITE SPACEUSAGE AS

DISCUSSED INETSIRRS

The ETSI RRS Technical Committee [13] is the cerggr
competence within ETSI for CR and SDR technology. |
particular, a cognitive radio vision has been mh#d in [14]
and a number of working items are currently dealwith
TVWS related standardization, focusing on bothutatl and
short range type of applications. In the seque}, ee Cases
and Scenarios are presented as they are currentigru
discussion within ETSI RRS [15].

1) Use Case: Mid-/long range wireless access over White
Foace frequency bands
Internet access is provided from a base statidha@nd users
by utilizing White Space frequency bands over rangjenilar
to today’s cellular systems, e.g. in the range 6f1® km.



This Use Case is considered in further detail enftllowing
Scenarios:

1.1) Mid-/long range, no mobility
In this scenario, wireless access is provided franbase
station towards fixed devices, e.g. a fixed mouiiteche base
station/access point. The geo-location from botd Hase
station as well as from the fixed device are walbkn.

Communication in White
Space Frequency Bands

Figure 3: Mid-/long Range Wireless Access, no Moliiy.

1.2) Mid-/long range, low mobility

In this scenario, wireless access is provided franbase
station towards mobile devices where the users Hawe
mobility, e.g. they are staying at their locatianvealking. In
that respect, sensing results for primary usergexetd for the
current location are not getting invalid due to thebility of
the user. The geo-location from the base statiorwédl-
known. The geo-location from the mobile device mbst
determined during operation, e.g. via GPS or callul
positioning systems.

1.3) Mid-/long range, high mobility

In this scenario, wireless access is provided franbase
station towards mobile devices and the mobile dsvimay
move fast, e.g. because a user is in a car oria trathat
respect, sensing results for primary users rettiefor the
current location may get invalid quickly due to thebility of
the user. Thus, this use case sets high constréontshe
detection of primary users and it can be questiafddgh
mobility will be supported in TV White Spaces 4t al

1.4) Network centric management of TV White Spaces

We consider here below a network centric solutiomeigards
of allocating available TVWS for the user termirtal get
connectivity. In this scenario, available TVWS fuegcy band
is considered based on location rather than in ,tiihés
assumed that TVWS would be largely available iralrarea
and in time. Once the terminal accesses the netivadn be
left under the control of the network, high layegnaling can
be used for this purpose e.g., handover commaitértd-off
to a new frequency or system broadcast messagdsecased
to notify terminals about change of the frequency.

2) Use Case: Short range wireless access over White Space
frequency bands

point or base station to the end users by utilixMigite Space
frequency bands.

This Use Case is considered in further detail enftllowing
Scenarios:

2.1) Uncoordinated networks
In this case multiple, uncoordinated networks agcéthite
Space frequency bands. This can happen e.g. ipamtnzent
house where residents have their own local areasagooints
operating in White Space frequency band.

In order to work properly, this case requires dffec
coexistence mechanisms for White Space frequermssac
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Figure 4: Short Range Wireless Access, Uncoordinale
Networks.

2.2) Coordinated networks
In this case the White Space networks in the priyiare
operated in coordinated manner by a White Spaceatgye
Examples of this kind of usage can be small scaftparate
networks, networks for academic institutions etc.

Fixed access

Figure 5: Short Range Wireless Access, Coordinated
Networks.

2.3) Hybrid of uncoordinated and coordinated networks
In this case networks of the previous two scenados

Internet access is provided via short range wiselesoverlapping, i.e. the overall deployment considtdath the

communication (e.g. in the range of 0 — 50 m) framaccess

uncoordinated and coordinated networks. Examplesrevh



such situations could arise are campus areas, stppmalls
etc. In order to work properly, effective coexistermethods
need to be in place for this scenario case.

3) Use Case: Ad-hoc networking over White Space frequency
bands
In this use case the devices (user devices and dthaces
like access points) communicate with each othershare
information, to run joint applications or services,to execute
other similar tasks. The communication happensdgniing
an ad hoc network operating on White Space frequeaad.
There can be two or more devices in the ad hoc ar&tw
formed.

3.1) Device-to-device connectivity

In this case two devices (which can be similar iffecknt)
connect in peer-to-peer manner to exchange infoomat
between each other. The information can be e.gtimedia
content, or control information like measuremensutts
shared between the devices. The devices can hiarsfrom
their capabilities (like two mobile devices), oethcompletely
different (like a mobile device and external prirpe display).

3.2) Ad-hoc networking

In this case the devices form an ad hoc network to y

communicate and collaborate with devices in
neighborhood. As an example the devices can beatipgra
localized social networking service (possibly mainéd by a
service provider)

4) Use Case:Opportunistic Access to TVWS by Cellular
Systems during Absence of Primary User
In this use case, TVWS slots are only availableragioally
for secondary users, such as for example multi-mosker
terminals being able to operate, among other systeatlular
systems in licensed and unlicensed spectrum. Thposted
unlicensed spectrum is assumed to include TVWS, the
470-790 MHz range in Europe/Region 1.

The time-limited switch of a Base Station to operan
unlicensed spectrum (in particular TVWS) is leaditog a
number of advantages which are further detailedtha
Scenario descriptions detailed in the sequel.

4.1) Lighter infrastructure deployment through larger cell
sizes
Due to the improved propagation characteristichenTVWS
bands compared to typical licensed bands, a lagliesize is
chosen which will lead to a lighter infrastructudeployment
and thus to an overall reduced CAPEX/OPEX.

4.2) Increased gspectral efficiency through reduced
propagation loss
Due to the improved propagation characteristichenTVWS

bands compared to typical other licensed bandspsszilple

I
the Deag(y?nn:nt of »Traditional® cellular

deployment choice is to keep a cell size as hésdase for the
licensed band deployment. The following advantages
observed:

i) Due to the improved propagation characteristicsthia
TVWS bands, a higher QoS is achieved within theegiv
cell. However, those propagation characteristicy adao
increase interference issues which require an adequ
handling (e.g. suitable frequency reuse-factor oS,
power management, etc.);

i) Due to the improved propagation characteristicsthia
TVWS bands, an identical QoS is achieved within the
given cell at a lower RBS/MD output power level.€Th
inherent power consumption can be reduced;

iii) A hybrid solution of item i) and ii) is possible,ei a
moderate reduction of the RBS output power levels
combined with a moderate improvement of the QoS.

Neighbouring
| MDs

Neighbouring
MDs

«««««
_/_cell Macro Base
Station

/

Macro Base
Station

Optional:
Deployment of

communication
Relay Node

Relay Node
TVWS cellular communication

exploiting advantageous
propagation characteristics

Figure 6: Reduced Propagation Loss in TVWS and thus
improved Coverage (the symbol®, @, indicate
decreasing throughput levels, QoS, etc.).

4.3) Increased spectral efficiency through extended macro
diversity
Due to the improved propagation characteristichenTVWS
bands compared to typical other licensed bandspssilple
deployment choice is to keep a cell size (or togase it only
slightly) as it is the case for the licensed bamgloyment.
Then, joint operation of neighboring RBS can beleitgd in
order to achieve a higher Macro-Diversity gain he tUL
(multiple RBS are decoding jointly the receivednsils) or in
the DL (multiple RBS are contributing to jointly tmized
transmission).

IV. REGULATORY ACTIVITIES IN EUROPE RELATED TO

COGNITIVE RADIO AND TV WHITE SPACES

On the regulatory field, possible European apprescfor
operating secondary TV White Space devices is ustiaty
by national regulators and in CEPT WG SE43. A
corresponding report [5] is currently about to fealized.
Whilst [5] considered three cognitive techniquesngng,
geo-location database and beacon) at the staheoktudy,
most of the efforts were finally devoted to theesssnent of
the appropriateness of the sensing and geo-loctg@miques

to provide protection to the incumbent radio sexsicThe
following aspects were considered:



representing though extended White Spaces. Regulaties

i)  Protection of the broadcasting service; are set to prevent harmful interference to incurtddaut do

i)  Protection of PMSE; not provide insights to operate the available spett
iii) Protection of Radio Astronomy (RAS) in the 608-614efficiently. Current research initiatives are tae§l this
MHz; objective.
iv) Protection of aeronautical radionavigation (ARN$}he
645-790 MHz band: ACKNOWLEDGEMENT
v) Protection of Mobile/Fixed services in bands adjgite  The research leading to these results was derirad the
the band 470-790 MHz; European Community’'s Seventh Framework Programme
vi) Definition of the requirements for the geo-location(FP7) under Grant Agreement number 248454 (QoSMOS)
database approach;
vii) Assessment of the consequential spectrum potsntiall References

available for WSD.

It should also be noted that the European R&TTEe@ive,

the basic regulatory framework for wireless comration, is
currently under revision. It is expected that thlewvrversion
will include mechanisms that allow for operation DR

capable MDs in the future — those devices are dgfdeto
trigger the development of CR based features thatamtee
an efficient exploitation of frequency bands suchtlae TV
WS.

As the study went along, it came clearer than geatlon will

play the main role in defining the channels thasthhe free of
WSD transmissions. This strategy is establisheduarantee
interference free operation of incumbents but issudficient
to design White Space networks so that they befrefit the
best of the available spectrum. Recent researcd, i@ the
QoSMOS project [16]) aims at providing technicalusion to

this issue while considering regulatory regimesefidly. In

QoSMOS, spectrum management (SM) and
management (RM) are separated entities workingifberent
time scales to respectively create spectrum patfolvhich
contain all regulation constraints for each opputtes and
additional information from the network, and explahis
portfolio to allocate spectrum access using Qo®&dagles. In
this context, it was identified in [17] that spegtr sensing
(which may not be strictly needed for incumbentt@ction) is
seen as an efficient mean to optimize WS opporticnisage
optimization.

V. CONCLUSIONS

This paper has given an overview on the Europesamdwork
related to the efficient exploitation of TV WS. particular, it
was shown that TV WS are expected to be availabte
secondary spectrum access in particular outsidbeoimajor
cities. Use Cases as discussed in ETSI RRS ar@exitl
showing that both cellular and short-range appbcat are
envisaged for TV WS access. Finally, an assessamerihe
regulatory framework is given. In particular, anpegted
change in the European regulatory framework is iroedl
(revision of the R&TTE Directive) which is expectéal lead
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