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Abstract

In this paper we study the availability of TV white spaces in Europe. Specifically, we focus on the 470–790 MHz
UHF band, which will predominantly remain in use for TV broadcasting after the analog-to-digital switchover and
the assignment of the 800 MHz band to licensed services have been completed. The expected number of unused,
available TV channels in any location of the eleven countries we studied is 56% when we adopt the statistical channel
model of the ITU-R. Similarly, a person residing in these countries can expect to enjoy 49% unused TV channels. If, in
addition, restrictions apply to the use of adjacent TV channels, these numbers reduce to 25% and 18%, respectively.
These figures are significantly smaller than those recently reported for the United States. We also study how these
results change when we use the Longley-Rice irregular terrain model instead. We show that while the overall expected
availability of white spaces is essentially the same, the local variability of the available spectrum shows significant
changes. This underlines the importance of using appropriate system models before making far-reaching conclusions.
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TV white space in Europe

1 INTRODUCTION

Following recent rulings by the US Federal Communi-
cations Commission that opened up significant parts
of the TV spectrum for unlicensed use, several other
countries around the world are currently considering
similar measures [1], [2], [3]. A key issue in these
considerations is the quantitative evaluation of the
available white spaces and their utility. In the seminal
work of Sahai et al. [4], [5] such an evaluation was
carried out for white space in the USA but beyond this
work there has been very few quantitative studies. In
particular, relatively little is known on the availability
of TV white spaces in European countries. They are
in general expected to be less abundant in Europe
than in the USA, but a solid quantitative foundation
of such a statement has been still missing [6].

In this paper we make a first attempt to quantify,
in detail, the availability of TV white spaces in the
470–790 MHz UHF band for a number of European
countries, extending our earlier work reported in [7].
This range of frequencies, appreciated for its attractive
propagation properties, is what remains of the Euro-
pean UHF TV band after the assignment of the 800
MHz band (790–860 MHz) for other, licensed services
(as a part of the harmonized European strategy to use
the digital dividend), a process that has taken place
or is ongoing in several European countries.

In order to obtain results comparable to those in [4]
we use a similar methodology. As a key conclusion,
we confirm that the availability of white spaces in
Europe in the 470–790 MHz band is notably less than
in the USA. This confirms directly the expectations
stated in, for example, [6]. We also study the influence
of the propagation model on the estimates of white
space availability. More specifically, in addition to
the statistical propagation model used in [4] we also
evaluate the availability of TV white spaces using
the Longley-Rice propagation model which takes into
account elevation characteristics of the terrain [8]. One
of the interesting conclusions of this analysis is that
the selection of the propagation model can indeed
have significant influence in the obtained estimates,
especially in terms of variability of white space avail-
ability between nearby regions. However, results on
aggregate characteristics such as the overall average
number of available channels are quite similar for the
propagation models considered.

The remainder of this paper is structured as follows.
We first describe in Section 2 our methodology in
detail along with the various assumptions on prop-
agation models and the primary user protection mar-

gins we need in the analysis. Sections 3 and 4 present
the results from our quantitative analysis. Finally, we
summarize our conclusions in Section 5.

2 METHODOLOGY AND ASSUMPTIONS
We start with an overview of the methodology used
in our study as well as a detailed account on the as-
sumptions we make. We present our definition of TV
white space after which we discuss the assumptions
we make on the sensitivity of TV receivers to noise
and interference along with those on the propagation
models.

2.1 Definition of white space and measures for its
analysis
The analysis carried out here builds on the knowledge
of the properties of the TV transmitters in a region
of interest. We denote the ith transmitter’s location
by xi, its power by Pi, its height by hi and its
operating frequency by fi. In what follows, we will
describe models that allow the characterization of TV
white space with a binary label to any space-time-
frequency bin. More concretely, we are interested in
the evaluation of the indicator function

I(t, f,x)
def
=






0, when x ∈
�

i:fi=f

Ai
nt(t)

1, otherwise
(1)

where t, f and x denote, time, frequency and space,
and where Ai

nt(t) is the no-talk region of the ith TV
transmitter at time t. The white space label of a fre-
quency bin f accounts for TV transmitters operating
on that particular frequency. However, TV receivers
typically pick up interference from adjacent frequency
channels as well. Hence it is common to consider a
second measure where a frequency bin’s label also
accounts for transmissions on the adjacent channels.
In particular, we define a second label

I �(t, f,x)
def
=






0, when x ∈
�

i:fi=f

Ai
nt(t) ∪

�

i:fi=f±∆f

Bi
nt(t)

1, otherwise
(2)

where Bi
nt(t) is the adjacent-channel no-talk region of the

ith TV transmitter at time t. In this definition the white
space label of a frequency bin f also accounts for
TV transmitters operating on adjacent channels f−∆f
and f+∆f . In the next paragraph we will define the
regions Ai

nt(t) and Bi
nt(t) in more detail. With respect

to the three arguments of the indicator function I , we
make the following choices:
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Time. The characteristics of TV networks typically
change slowly, in time scales of days, weeks or even
months. Moreover, our analysis depends critically on
the public availability of the TV network data. Almost
all these data appear in the form of current transmitter
lists; when changes appear the publishing authority
or company typically replaces the old database with
a new. The evaluation of the TV white space as a
function of time is therefore essentially beyond our
control. In what follows we will drop the time index
for reasons of clarity – unless explicitly stated oth-
erwise results relate to the situation in October 2010.
We make one notable exception. The TV network data
for the United Kingdom has been made available in
the form of two transmitter lists, with one list char-
acterizing the situation before the digital switch-over
started (only analog transmitters are listed) and the
second list characterizing the network after switch-
over will be completed. Along with these two lists
comes a timetable indicating when each of the regions
will change from analog to digital. This allows us
in Section 3 to compare the white space (1) for two
time periods, namely before (2000) and after (2012)
the switch-over.

Frequencies. In Europe, TV frequencies have been
organized in 8 MHz wide channels. We will ana-
lyze the white space in the UHF TV channels 21-
60. Expressed differently, we will evaluate (1) on the
frequency set F = {474, 482, 490, ..., 778, 786} MHz,
consisting of the center frequencies of these 40 TV
channels.

Space. The availability of public TV network data
allows us to obtain meaningful evaluation results
for 11 countries (Austria, Belgium, Czech Republic,
Denmark, Germany, Luxembourg, the Netherlands,
Switzerland, Slovakia, Sweden, and the United King-
dom). We evaluate the white space on a grid X having
2 km resolution. In particular we use Lambert’s Az-
imuthal Equal-Area projection [9] with center 10 oE
and 52 oN to obtain this evaluation grid for all our
European maps. For the results in Section 4 obtained
using a terrain-aware propagation model as discussed
below, we used a denser grid of approximately 90 m
resolution, carrying out the necessary computations
directly in geographic coordinates. For presentation,
similar projection as for the rest of the data was used,
only adjusted for the different geographic location of
the considered in the analysis.

Having established the above characteristics of the
space-time-frequency bins used in the evaluation of
(1), we will also be interested in the evaluation of the
total number of channels available at a given location
x, denoted by

S(x)
def
=

�

f∈F
I(f,x), (3)

and, similarly, S�(x)
def
=

�
f∈F I �(f,x), accounting for
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Fig. 1. Illustration of the no-talk distance of the Stock-
holm Nacka TV transmitter. Its characterizing parame-
ters (effective height 337 m, 47 dBW transmit power,
operating channel 50 with 64 QAM) along with the
ITU channel model [10] imply a minimum required field
strength of 46.6 dB(µV/m) and a protection distance
dp of 76 km.

the adjacent channel transmissions.
Furthermore, we will be interested in average white

space measures over an entire geographical region.
Assume that a(x) is the area associated with and
represented by the spatial bin located at x. Then we
will evaluate

ma
def
=

1

a0

�

x∈X
a(x)S(x), (4)

the average number of available TV channels in region
X by area, where a0 =

�
x∈X a(x) is the total area of

the region. In this paper the averaging regions are
the above mentioned European countries, which also
reflect the autonomous regulatory domains.

Similarly, when p(x) is the population associated
with and represented by the spatial bin x,

mp
def
=

1

p0

�

x∈X
p(x)S(x), (5)

is the average number of available TV channels in
region X by population, where p0 =

�
x∈X p(x) is

the total population in the region. Finally, we define
measures m�

a and m�
p in a natural way similar to (4)

and (5) by replacing S(x) with S�(x)

2.2 The field strength requirements
The no-talk region Ai

nt(t) of a given transmitter is
inherently related to its service region, the area with
sufficiently high signal-to-interference-and-noise ratio



IEEE TRANSACTIONS OF MOBILE COMPUTING, VOL. X, NO. Y, JANUARY 20ZZ 3

to make TV reception possible. However, as argued in
[4] we cannot reasonably declare a protected status for
all locations where TV reception was possible prior to
the appearance of secondary transmitters (character-
ized by a noise-limited radius) as this would render the
whole concept of secondary spectrum usage obsolete.
With such a declaration there would be no white space
since even the most remote secondary transmitter
with the smallest power would cause the interference
level at the noise-limited distance from the TV trans-
mitter to increase by an infinitesimal amount. Hence,
incorporation of an erosion margin is needed for the
white space concept to make sense, see [4]. As in
[4] we here choose to define the protected locations
through a γ =1 dB erosion of the TV transmitter’s
link budget, a margin that will allow transmission by
secondary users with any transmit power and height
provided they operate sufficiently far away from the
protected region. Figure 1 illustrates this concept, see
also [4]. The ith transmitter’s no-talk distance dip+da is
the minimum distance a secondary transmitter must
stay away from the ith TV transmitter in order to
guarantee a minimum required field strength in all
positions that are declared protected (characterized by
the protected distance dip).

The protected region is defined by the minimum

required field strength that ensures proper TV reception.
We base these minimum required field strengths on
recommendations given in [11] (analog TV) and [12]
(digital TV) by ITU-R. For the analog and digital TV
transmitters the minimum required field strength in
dB(µV/m) are then, respectively (see [11], [12])

E
analog
req = γ + 20 log10 f − 111.5, (6)

E
digital
req = γ + 20 log10 f − 150.1 + SNRreq, (7)

where f is the center frequency of the TV band
in Hz. Equation (7) straightforwardly follows from
the derivations outlined in [12, Appendix 1 of An-
nex 4], where the noise bandwidth is 7.6MHz, the
receiver noise figure is 7dB and the conversion fac-
tor is based on the assumptions of having a half-
wave dipole antenna along with a 7dB net gain by
the transmission-line and the antenna. All of these
assumptions can be safely deemed to be conservative,
consensus parameters for realistic conditions. Table 1
shows the required SNRs for the three types of DVB-
T modulation we consider along with the minimum
required field strengths for both the analog and digital
TV signals.

2.3 The no-talk region of a TV transmitter

The translation of the above link-budget-based defi-
nition of a white space depends on the configuration
of a TV network and on the characteristics of the
propagation environment. Access to the former is
provided to the public by a number of European

TABLE 1
Minimum required SNR and field strengths based on

[11], [12] for an erosion margin γ = 1dB.

analog QPSK 16QAM 64QAM

SNRreq [dB] 6.9 13.1 18.7
Ereq, Ch.21 [dB(µV/m)] 62.0 31.3 37.5 43.1
Ereq, Ch.60 [dB(µV/m)] 66.4 35.7 41.9 47.5

regulators or broadcasters. We use the publicly avail-
able data provided by the German, Dutch, Slovak,
British and Swedish regulators/broadcasters (see the
list of sources in Table 2). These data contain details
about the locations and relative heights of the TV
transmitters, the frequencies and transmit power they
use and their antenna characteristics.

In order to understand the influence of the prop-
agation model on estimated availability of TV white
spaces, we choose to evaluate two models: statistical,
distance-based propagation models and deterministic,
irregular terrain models that take into account envi-
ronmental characteristics of a region. The particular
models we use are widely accepted and validated.

Model A: a statistical propagation model In the
first approach (results of which are collected in Sec-
tion 3) we adopt the ITU-R models, empirically con-
structed from large measurement campaigns [10], [13].
This model is also used in [4] and allows therefore
for a direct comparison of the results. The critical
parameter in this first, statistical propagation model
is the distance to a TV transmitter. Along with the
transmitter power and height this distance determines
the no-talk region (1) as

Ai
nt(t)

def
=

�
x : ||xi−x|| ≤ dip(γ, Pi, hi) + da(P2, h2)

�
,

(8)
where dip(γ, Pi, hi) is the protection distance of TV
transmitter i which depends on the power and height
of the ith TV transmitter, and da(P2, h2) is the addi-

tional protection distance that depends on the transmit
power and height of the secondary equipment. See
Figure 1 for illustration. Similarly,

Bi
nt(t)

def
=

�
x : ||xi−x|| ≤ dip(γ, Pi, hi) + d�a(P2, h2)

�
,

(9)
where d�a(P2, h2) is the adjacent channel additional
protection distance, in general being smaller than
da(P2, h2) because higher interference can be tolerated
from adjacent channels. For the case where the sec-
ondary transmitters are low-power devices (P2→0),
the additional distances da(P2, h2) and d�a(P2, h2) van-
ish and the ith transmitter’s cochannel and adjacent
no-talk regions coincide, Ai

nt(t) = Bi
nt(t). These regions

reduce to the protected region of the TV station.
Model B: a deterministic propagation model In

the second approach (results of which are presented
in Section 4) we adopt the Longley-Rice irregular
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Fig. 2. TV white space map of S(x) for 11 European
countries (adjacent channel use is unrestricted).

terrain model [8]. The Longley-Rice model takes into
account a wide variety of factors from terrain shapes
to atmospheric diffraction. Due to its high complexity
we do not give a detailed overview of the model
here – instead we refer the reader to the guide [14]
which also includes the implementation details for the
required algorithms. In this second, irregular terrain
propagation model the protected region (the region
where the field strength exceeds a critical threshold)
has potentially a very complex shape. We use nu-
merical computation to obtain an estimation of the
SNR for each transmitter on a dense regular grid,
and service areas are formed by thresholding with the
required SNR complemented with the additional 1 dB
erosion margin. This results in the protection region
associated with each TV transmitter. The additional
protection distance da(P2, h2) is then accounted for by
extending the no-talk area by including points which
are no closer than distance da to the protected region.

3 WHITE SPACE ACCORDING TO ITU MODEL

Table 2 and Figure 2 show how many of the evaluated
40 TV channels are available for ideal zero-power
secondary devices (by assumption, for these results
da(P2, h2) = d�a(P2, h2) = 0). In essence these results
refer to the protected regions of the TV transmitters
only, and are, hence, giving an absolute upper bound
on the available TV white space in the sense that

Fig. 3. TV white space map of S�(x) for 11 European
countries (adjacent channel use is restricted).

any realistic scenario will have to accommodate an
additional protection distance. The table shows the
average number of available TV channels averaged by
area (4) and by population (5). Notice that the detailed
population density statistics are used to carry out the
averaging by population as discussed above.

First we evaluate the scenario where adjacent chan-
nel usage is unrestricted (no-talk regions Ai

nt only).
For the entire evaluated European region covered by
the 11 countries the overall average availability of the
TV channels is 56% of the evaluated band (by area)
or 49% (by population). For comparison, we have
also added the associated figures for the USA taken
from [4, Table II], that relate to a similar spectrum
band 470–806 MHz. Here, white space accumulates to
79% (by area) or 63% (by population).

Secondly, we evaluated the scenario where adjacent
channel usage is restricted (accounting for both Ai

nt
and Bi

nt). White space availability reduces drastically.
For the entire evaluated European region the average
availability of the TV channels is 25% (by area) or 18%
(by population) compared to the USA figures from [4]:
58% (by area) or 37% (by population).

Clearly, these figures confirm the expectations in [6]
that there are less white space opportunities in Europe
than in the USA.

Figure 4 illustrates how white space changes per TV
channel, for the unrestricted adjacent channel usage
senario. We analyzed the white space along a 4200 km
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TABLE 2
TV network characteristics and white space in 11 European countries and the USA.

population area nr of transmitters white space by area white space by population7

Country p0, [×106] a0, [km2] analog digital ma m�
a mp m�

p

Austria1 8.38 83888 134 164 21.1 53% 7.3 18% 22.0 55% 8.0 20%
Belgium1 10.83 30656 20 65 25.6 64% 11.1 28% 25.2 63% 10.5 26%
Czech Republic1 10.51 78620 103 318 13.4 34% 1.9 5% 14.1 35% 1.9 5%
Denmark1 5.53 42564 32 303 24.4 61% 9.7 24% 24.1 60% 8.7 22%
Germany1 81.80 357160 75 731 19.2 48% 5.7 14% 17.7 44% 4.1 10%
The Netherlands2 16.58 36996 0 281 23.7 59% 9.7 24% 23.7 59% 9.7 24%
Luxemburg1 0.50 2608 11 3 21.5 54% 5.6 14% 19.8 50% 4.1 10%
Slovakia3 5.42 48420 1096 19 26.1 65% 13.0 33% 25.8 65% 12.6 32%
Sweden4 9.34 442804 0 1194 25.6 64% 12.4 35% 21.4 54% 7.5 19%
Switzerland1 7.78 41408 6 285 25.3 63% 12.7 32%
United Kingdom5 62.01 243916 1176 2790 23.1 58% 13.2 33% 20.4 51% 10.2 26%

All 11 European countries 218.68 1409040 2653 6153 22.5 56% 9.8 25% 19.8 49% 7.1 18%

USA
6

306.51 7663942 79% 58% 63% 37%

1 source: http://www.bundesnetzagentur.de/cln 1912/DE/Sachgebiete/Telekommunikation/RegulierungTelekommunikation/
Frequenzordnung/Rundfunk/Rundfunk Basepage.html

2 source: http://appl.at-ez.nl/dav/index.html
3 source: http://www.teleoff.gov.sk/index.php?ID=377
4 source: http://www.pts.se/sv/Dokument/Rapporter/Radio/2008 and http://www.teracom.se/Sandarinformation/Hitta

ratt tv mast
5 source: http://stakeholders.ofcom.org.uk/broadcasting/guidance/tech-guidance
6 The white space results are taken from [4, Table II] (columns labelled low-UHF and H-UHF), appearing to relate to the

contiguous USA.
7 We use the population density data made available by the European Environment Agency at http://www.eea.europa.eu/

data-and-maps/data. This data set does not include population distribution for Switzerland, so the corresponding white
space results per population are omitted.

TABLE 3
White space in the UK before and

after the digital switch-over.

Year broadcasted
content

white
space by

area

white space
by

population

2000 (before) 4 analog TV channels 29.9 (75%) 26.6 (67%)
2012 (after) 6 digital multiplexes 21.0 (53%) 15.8 (40%)

route from Glasgow to Stockholm, through seven of
the evaluated countries. Figure 4 shows how the white
space changes for each of the 40 channels along this
route. The spatial correlation is illustrated by the
horizontal structure of the patterns, indicating that
when a channel is declared white, it will remain so
for a substantial distance along the route. Also clearly
visible is the strategy employed in the UK of confining
80 MHz of the digital dividend into the TV channels
31–40.

The TV transmitter information for the United
Kingdom allows for comparison of the available white
space before and after the digital switch-over (with the
exception of the regions of Ulster and Tyne Tees, for
which the digital plan has not yet been published).
We show the results of this comparison in Table 3 as
well as in Figures 5 and 6. On one hand we evaluate
the white space based on the analog transmitters
constituting the TV network prior to the switch-over,
when 4 analog TV channels were broadcast. This
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Fig. 6. The complementary cumulative distribution of
the TV white space in the UK prior (rightmost curves)
and after (leftmost curves) the digital switch-over. Filled
circles indicate the distribution by area; plain circles the
distribution by population.

analysis results in an average number of available
TV bands to be 29.9 (about 75%) by area or 26.6
(about 67%) by population. On the other hand, after
the digital switch-over will be completed in a near
future the predicted whitespace is 21.0 available TV
channels (53%) by area or 15.8 (40.0%) by population.
Perhaps counterintuitively, there is less white space
after the digital switch-over than there was before.
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Fig. 4. White space along a 4200 km track (left) through Europe (Glasgow-Brussels-Amsterdam-Munich-Prague-
Copenhagen-Stockholm). The availability along the track of each separate TV channel (top right) and the total
availability S(x) (bottom right).

Fig. 5. White space in the UK before (left) and after (middle) the digital switch-over. Right: the population density
map.

Clearly, this is essentially the result of broadcasting
operators capitalizing parts of the digital dividend
for extension of their services already during the roll-
out of the digital networks. In the digital network 6
TV multiplexes are broadcast – an increase of 50% in
spectrum usage over the 4 analog TV channels.

Figure 6 illustrates this by plotting the cumula-
tive distribution of the available channels by area or
population. Note again the reduction of the white
space after the digital switch-over. Also, note the steep
decay of the distribution curves beyond 10 available
channels (the reserved channels 31-40).

4 INFLUENCE OF THE PROPAGATION MODEL
AND ADDITIONAL PROTECTION AREA ON THE
RESULTS

We now move on to discuss the influence of the
used propagation models on the obtained results,
as well as comment further on the availability of
TV white spaces for different secondary technologies.
More specifically, we compare the above results to an
alternative data set obtained by carrying out prop-
agation simulations including the effects of terrain.
Recall that the ITU propagation model used in the
previous section is a statistical one. While we thus
can expect to obtain accurate results on average, over
large regions, results may be potentially misleading
for environments different from those that brought
forward the model.
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Fig. 7. Number of available channels S(x) in Germany obtained using the Longley-Rice propagation model
(left) along with the associated results for the ITU propagation model (right). The average number of available
channels is 19.9 by area for the Longley-Rice case (18.7 by population), and 19.2 for the ITU case (17.7 by
population).

As an alternative, we use in this section the Long-
ley-Rice propagation model [8] and more specifically
the reference implementation of the model made
available at [15]. We do this in order to compare
the estimated availability of white spaces using the
Longley-Rice model to the figures obtained above.
Due to the high computational overhead and the
high resolution of the obtained data set we focus on
the situation in Germany. This choice was made also
in part due to the highly accurate DTV transmitter
data available for this region, including the precise
elevation and radiation patterns. We used the terrain
data set from the Shuttle Radar Topography Mission
(SRTM) [16] to carry out the simulations.

Figure 7 shows the total number of available chan-
nels considering the 1 dB erosion margin only. We
see that terrain features do play a visible role in the
estimated white space availability although the over-
all number is not drastically changed. Especially the
local variability in availability of TV channels caused
by terrain that the statistical propagation model does
not account for is much higher for the Longley-Rice
case. The average number of available channels over
the whole area is 19.9 while the population weighted
average is 18.7. Figure 8 illustrates the influence of
taking the adjacent channel usage into account as well,
reducing the average number of available channels
is 6.6 by area and 5.5 by population, which are
comparable to the estimates obtained using the ITU
propagation model above.

While the results shown in Figure 7 give an in-
teresting illustration of the rough upper bound on
the available white spaces, for realistic systems ad-
ditional protection margins should be considered.
Starting from the per-channel propagation data sets
used to derive Figure 7, we also studied the influence
of increasing the no-talk areas to accommodate for

Fig. 8. Number of available channels in Germany
obtained using the Longley-Rice propagation model
accounting for adjacent channels as well. The average
number of available channels is 6.6 by area and 5.5 by
population.

secondary systems of higher transmit power or higher
potential total interference. Figure 9 illustrates the
obtained results for additional protection margins da
ranging from 5 km to 15 km for the case of Longley-
Rice propagation model being used. We see that even
relatively conservative addition of 10 km significantly
reduces the available white spaces. Table 4 summa-
rizes the area and population averages for the data
sets shown in the figure and for additional protection
distances for both propagation models. We see that
due to the higher local variability in the Longley-Rice
case discussed above, the influence on additional pro-
tection distance on white space availability is much
more drastic compared to the situation with the ITU
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5 km 10 km 15 km

Fig. 9. Influence of additional protection area on the number of available channels S(x).

TABLE 4
The average number of available channels by area and population for different protection areas.

Additional protection distance

0 km 5 km 10 km 15 km 20 km 25 km 30 km

Longley-Rice propagation model

Average number of available channels by area 19.9 12.1 9.92 8.51 7.40 6.47 5.68
Average number of available channels by population 18.7 11.4 9.17 7.71 6.57 5.69 4.95

ITU propagation model

Average number of available channels by area 19.2 16.9 14.9 12.9 11.3 9.9 8.7
Average number of available channels by population 17.7 15.8 14.0 12.1 10.6 9.3 8.2

propagation model. Such differences are especially
relevant for policy applications of these results. In
particular, both propagation models result in similar
aggregate channel availability for low-power devices,
but for higher power devices for which additional
protection distance is needed, significant differences
emerge. The use of the Longely-Rice model is clearly
much more conservative with respect to the protection
of the clients of the TV transmitters, since a small
isolated region of high enough field strength causes
a potentially large region to be designed as protected
for the given transmitter.

Another quantity of interest closely related to the
above discussion is the distribution of distances to the
no-talk region for different channels. These distances
are especially important in scenarios in which the
secondary users are allowed to change their trans-
mit powers in order to achieve maximum capacity
while still respecting an interference limit at the edge
of the primary user service area. Figure 10 shows
the box plots for these distance distributions for the
different UHF channels for the two different prop-
agation models considered. It is interesting to note
that the usage of the different channels is clearly
highly uneven across the country. While channels
such as 22, 27 and 43 have coverage regions all over

Germany, channels such as 38 and 51 are only used
in far apart regions. Thus, secondary use on latter
types of channels could take place with much higher
transmit powers and thus capacities compared to the
former channels under equal interference constraints.
These distance distributions can, of course, directly
be combined with a suitable propagation model for
the secondary-primary interference to yield estimates
of the allowed transmit power distributions and, by
assuming a specific service model for the secondary,
on the corresponding capacities of secondary systems.
The key conclusion from these results is that not all

white space channels are equal. Under a constant inter-
ference constraint, on certain channels much higher
transmit powers could be used by secondary users
compared to others. Another key conclusion is that
again the choice of propagation model has major
influence on the spatial structure of the estimated white
spaces, even though aggregate statistics might be very
similar between the two. In particular, adoption of the
ITU model would lead into much higher estimated
allowable transmit powers for secondary users com-
pared to the Longley-Rice case.

We shall conclude this section by briefly consid-
ering the capacities secondary users can achieve in
these white spaces. Figure 11 shows the achievable
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Fig. 10. Distribution of distances to the protected area for different channels for the Longley-Rice propagation
model (top) and the ITU model (bottom). The three horizontal lines of the box correspond to the median and the
25% and 75% quantiles of the data, with the whiskers giving the data point at most 1.5 times the interquartile
range from the edge of the box.
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Fig. 11. Achievable secondary user capacities in Mbps for 1 km (left) and 10 km (right) link distances, treating
primary user transmissions as noise.

capacity in terms of the Shannon capacity limit for
the secondary system assuming 4 W transmit power,
an antenna height of 30 m, link distances of 1 km and
10 km with additional protection radius of 14.4 km,
similarly to the values used in [5]. These results are
comparable to those reported for the USA in [5],
after noticing that the number of available channels is
slightly different in our case than in the reference as
we have seen above. As also pointed out in [5], these
numbers are, of course, not very useful in themselves,
since the capacity of any actual deployed secondary
network would be lower due to technical limitations,
protocol overhead, interference and due to economical
factors (extremely dense deployment in rural areas is
not feasible for most application scenarios).

In order to obtain a rough estimate on the expected
capacity of an actual secondary network, we apply
a slight modification of the approach of [5]. We sim-
ulate a scenario in which the secondary network is
deployed with density proportional to the popula-
tion density, corresponding to a scenario in which
a secondary transmitter can be deployed to serve a
given minimum number of users. We then study the
arising downlink capacity for a user located randomly
within the service area of a particular transmitter.
For dense network deployments this is a reasonable
approximation, since the population density will not
vary greatly within a given service area. For sparser
network deployments the sampling of client locations
should again be done in proportion to the actual
population density. Figure 12 illustrates the results
from this analysis for a network of 5500 secondary
user base stations. We see that in urban areas in
which the condensation of population enable dense
deployment of secondary base stations capacities of
10–100 Mbps/km2 can be achieved within the net-
work. However, in less densely populated areas the
achievable capacities are reduced significantly.

Fig. 12. The achievable capacity in Mbps/km2 for
a network of 5500 secondary nodes using TV white
spaces in Germany.

5 CONCLUSIONS

In this paper we carried out a thorough study on
the availability of TV white spaces in a number of
European countries. Our results confirm the often
stated expectation that white spaces are indeed less
abundant in Europe than in the USA. More specifi-
cally, the results show that at an average location in
a representative European region about 56% of the
spectrum is unused by TV networks, compared to the
79% in the USA. For the average person residing in
this region, the difference is smaller but still notable:
50% versus 63%. If restrictions also apply to the use
of adjacent TV channels, only 25% of the spectrum
would remain available at an average location, and
just 18% for an average person in the considered
region. Note also that these figures were obtained
considering TV transmitters only, and including con-
straints related to, e.g., wireless microphones, might
reduce the numbers further depending on local regu-
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lations. We also carried out further analysis both on
the impact of chosen propagation model on results,
as well as the utility of different white spaces for
secondary use.

Our analysis shows that results from this kind of
quantitative analysis must be interpreted with cau-
tion as the channel model appears to play a major
role. Aggregate characteristics such as overall average
number of available channels are similar for the two
propagation models considered. However, the deter-
ministic Longley-Rice model results in much larger
local variability in the number of available channels
compared to the statistical ITU model. Further differ-
ences would be expected if alternative quantification
methods, such as the SE43 approach developed under
the European Communications Office, were used. The
availability of white space was also found to be very
sensitive to the amount of the additional protection
distance beyond the protected region of transmitters.
This is an important additional consideration to the
already well-documented influence of adjacent chan-
nel constraints. Finally, we observed that there are
significant differences in the potential utility of the
different white space channels for a secondary user.
Under a simple interference constraint, the amount of
power the secondary user could radiate would have
significant variations over the different channels. This
is a direct consequence of the way channels have been
assigned to the TV transmitters, and on the spatial

structure of regions of availability for a given white
space channel induced by that assignment.
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