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	Summary: 

	The approximation method for calculation of the permissible WSD EIRP in case of geo-location database operation presented in ECC Report 159, Annex 7, overestimates the permissible WSD EIRP due to a mathematical flaw, and thus may lead to significant violation of the criterion for harmful interference to TV reception.

This contribution investigates the cause of this violation probability and proposes a modified approximate method under the umbrella of the framework provided by ECC Report 159, which gives a more reliable estimate of the permissible power without additional computational complexity. The performance of the proposed method is evaluated via Monte Carlo simulation.

	Proposal: 

	It is proposed to consider the paper attached below and to reflect the content appropriately in the SE43 working document on further definition of technical and operational requirements for the operation of white space devices in the band 470-790 MHz. Section 3 of the working document appears to be the most appropriate place to include the material. 

	Background:


	As stated in ECC Report 159, the most accurate way to determine the permissible WSD EIRP is via Monte Carlo simulation. However, the rather high computational effort for the simulation approach might make an approximate approach with low computational cost preferable in many situations. In ECC Report 159, such an approximation methodology is proposed for determining the EIRP level permitted for secondary transmission based on WSD location and TV signal strength. 
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On the Permissible Transmit Power for Secondary
User in TV White Spaces


Lei Shi, Ki Won Sung, and Jens Zander


Abstract—Secondary spectrum access to TV white spaces
(TVWS) is considered a promising solution to relieve the spec-
trum shortage. In Europe, SE43 working group in CEPT is
leading the discussion on the technical requirements for exploit-
ing TVWS through the recent ECC 159 report. Its approximate
approach for determining maximum allowed power of a sec-
ondary user, however, overestimates the power, which may lead to
significant interference to TV receivers. In this letter, we address
the problem by proposing a modified approximate method for the
secondary user transmit power. Monte Carlo simulation shows
that our method keeps the interference close to the target.


Index Terms—TV White Space, ECC 159, interference protec-
tion, transmit power.


I. INTRODUCTION


Radio spectrum has seemingly become a scarce resource
with the growing demands for wireless services. On the other
hand, the static spectrum allocation scheme has left large
amount of spectrum under-utilized. Therefore the concept of
secondary spectrum access is deemed as a promising solution
to the “spectrum shortage”. In the secondary access, secondary
users (SU) can utilize the spectrum licensed to primary users
(PU) as long as the SUs do not cause harmful interference to
the PUs. In particular, the TV white space (TVWS), which
refers to the locally or temporally unoccupied spectrum in
VHF/UHF digital terrestrial TV broadcasting system, has
attracted wide interests from academics and industry alike,
for its abundance of potential available spectrum and favorable
propagation characteristics [1].


To regulate secondary access in TVWS, ECC’s working
group spectrum engineering project team 43 (SE43) in CEPT,
a leading research group in Europe, has recently published
a framework addressing the technical requirements of the
secondary access in ECC report 159 [2]. In the report, a
methodology is proposed for determining the power level
permitted for secondary transmission based on SU’s location
and TV signal strength. The level of permitted secondary
transmit power is the key to both PU protection and SU
spectrum sharing opportunity: overestimating the power level
will potentially cause excessive violation to TV reception,
while underestimating it will reduce the spectrum opportunity
for secondary services.


As stated in [2, p.30], the most accurate way to determine
the permissible power is via Monte Carlo simulation, where
the permissible power level is adjusted in an iterative manner
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until simulated violation probability is within the required
limit. However, computational load for the simulation ap-
proach might be rather demanding especially for large area
scenarios. For studies of TVWS such as validation of various
scenarios, an approximate approach with low computational
cost would be preferred, as it can be easily adapted to different
environment settings and scales.


One such approximate approach was proposed by SE43
working group in ECC report 159 [2, p.135] (hereafter referred
to as “SE43 approximation”). The approximation is recently
gaining popularity in the literature (see e.g., [3], [4]). Unfortu-
nately, as will be illustrated in Section III, SE43 approximation
overestimates the permissible power, and thus may lead to
significant violation to TV reception.


In this letter, we investigate the cause of the high violation
probability by the SE43 approximation. Then, we propose
a modified approximate method under the umbrella of the
framework provided by SE43. Our method gives a more
reliable estimate of the permissible power without additional
complexity. The performance of the proposed method is eval-
uated via Monte Carlo simulation.


In the following of this letter, we will start by briefly ex-
plaining the basic concept of SE43 methodology in Section II.
Then SE43’s approximation is analyzed in Section III. Our
proposal is described in Section IV. Finally conclusions are
drawn in Section V.


II. TRANSMIT POWER OF SECONDARY USER


SE43 working group adopted the notion of location prob-
ability as PU protection criterion. It refers to the chance of
successful TV reception at a given location. Unsuccessful TV
reception is termed outage.


Let q1 denote the location probability in the absence of
secondary access. The location probability will be reduced
when additional interference is introduced by a SU. Thus,
regulators need to limit the maximum amount of interference
generated from SU, such that the deterioration in the location
probability is restricted to ∆q. Thus, the resulting location
probability under the SU interference must be higher than
q1 − ∆q, denoted by q2.


Assume a TV receiver with sensitivity level Ps,min has
received TV signal power Ps with carrier frequency ftv . It
also receives interference from k neighboring TV transmitters.
Then, its its location probability q1 is defined as


q1 = Pr{Ps ≥ Ps,min +
k∑


i=1


rU,kPU,k}. (1)
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Here, PU,k is the received TV-to-TV self-interference power
from the kth TV interferer. rU,k defines the minimum ratio
required for successful TV reception between desired TV
signal power and the kth interference power.


Now we introduce a single SU transmitting with power of
PSU


IB at a carrier frequency of fsu = ftv + ∆f . Then, q2 can
be expressed as


q2 = Pr{Ps ≥ Ps,min +
k∑


i=1


rU,kPU,k + r(∆f)GPSU
IB }, (2)


where r(∆f) is the minimum required TV signal to SU
interference ratio with frequency offset of ∆f and G is the
coupling gain between SU and TV receiver. Thus, the last term
in (2), r(∆f)GPSU


IB , represents the interference from SU. Due
to the shadow fading, Ps, PU,k, and G are usually modeled by
log-normal random variables. (2) can be shortened by letting
Z denote Ps − (Ps,min +


∑k
i=1 rU,kPU,k).


q2 = Pr{Ps ≥ Ps,min +
k∑


i=1


rU,kPU,k + r(∆f)GPSU
IB }


= Pr{r(∆f)GPSU
IB ≤ Z}


= Pr{PSU
IB ≤ 1


r(∆f)G
Z}.


(3)


From (3), calculation of the maximum PSU
IB requires the


probability distribution of Z/G.


III. SE43 APPROXIMATION


Note that Z consists of log-normal random variables and a
linear constant. Since there is no closed form expression of
the probability distribution of Z, the accurate calculation of
PSU


IB should rely on time consuming simulation.
In ECC report 159, SE43 working group proposed a simple


approximate method. The key of the method is to approximate
Z as a log-normal random variable Ẑ. With the approximation,
(3) can be converted into logarithmic domain. The approximate
expression for q2 is written as


q2 = Pr{PSU
IB ≤ 1


r(∆f)G
Z}


≈ Pr{PSU
IB(dBm) ≤ Ẑ(dBm) − G(dB) − r(∆f)(dB)},


(4)


where G(dB) and Ẑ(dBm) are normal random variables with the
mean values of mG(dB) and m


Ẑ(dBm)
, and the standard devia-


tion values of σG(dB) and σ
Ẑ(dB)


, respectively. The estimation
of m


Ẑ(dBm)
and σ


Ẑ(dB)
requires a numerical technique such


as method of moments [5].
Let PSU,SE43


IB(dBm) be the maximum allowed SU transmit power
obtained by the SE43 approximation. It can be derived ana-
lytically from (4).


PSU,SE43
IB(dBm) ≤ m


Ẑ(dBm)
− mG(dB) − r(∆f)(dB)


−
√


2erfc−1[2(1 − q2)]
√


σ2


Ẑ(dB)
+ σ2


G(dB),
(5)


where erfc−1(·) is the inverse complementary error function.
Although the SE43 approximation is simple to implement, it
overestimates PSU


IB . Note that the approximation in (4) is only
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About
10 dB


Fig. 1. Maximum P SU
IB for SU transmitting at different distances from victim


TV receiver (q1 = 95%, ∆q = 1%, σS(dB) = 8 dB, σG(dB) = 10 dB).


valid when Z ≥ 0. However, Z is negative with the probability
of 1 − q1 according to (1).


Pr{Z < 0} = Pr{Ps < Ps,min +
k∑


i=1


rU,kPU,k} = 1 − q1.


(6)
It means such approximation does not account for the out-
age due to shadow fading of TV signal or TV-to-TV self-
interference. As a consequence, with PSU,SE43


IB(dBm) as the sec-
ondary transmit power, the interference from SU alone would
cause violation with probability close to 1−q2, instead of ∆q.


To illustrate the extent of the overestimation and its impact
on TV reception, let us consider the following numerical
example: assume a TV receiver with location probability
q1 = 95%; a SU is transmitting on the same channel at D
km away from the TV receiver; ∆q is limited to 1%, i.e.,
q2 = 94%; the noise level at the TV receiver is assumed to be
-98 dBm and the minimum SNR for successful TV reception
is 17.4 dB; the shadowing standard deviation of TV signal,
σS(dB), is 8 dB; the shadowing standard deviation of the SU
interfering signal, σG(dB), is 10 dB; TV-to-TV self interference
is neglected.


It is observed in Fig.1 and Fig.2 that, PSU,SE43
IB(dBm) is around 10


dB higher than the estimation from Monte Carlo simulation,
and the total outage probability is almost (1−q2)+(1−q1) =
11%.


Fig.3 depicts the permissible secondary transmit power
when the victim TV receiver experiences varying TV coverage
quality (q1) with D = 50 km. The gap between the maximum
PSU


IB determined by SE43 approximation and that by Monte
Carlo simulation gradually diminishes as TV coverage quality
improves. This is due to the decreasing approximation error of
Ẑ, as q1 = Pr{Z ≥ 0} approaches unity. However, in real TV
networks, q1 at TV coverage boundary is usually less than 1
especially with TV-to-TV self-interference considered. Since
it is those TVs in poorer coverage that are more vulnerable to
SU interference, the approximation accuracy for permissible
transmit power at lower q1 is of particular importance.
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Fig. 2. Total TV outage probability when SU is transmitting at different
distances from victim TV receiver (q1 = 95%, ∆q = 1%, σS(dB) =
8 dB, σG(dB) = 10 dB).
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Fig. 3. Maximum P SU
IB for SU transmitting at 50 km away from victim TV


receiver with different q1 (∆q = 1%, σS(dB) = 8 dB, σG(dB) = 10 dB).


IV. PROPOSED APPROXIMATE APPROACH


To reduce the approximation error incurred by ignoring the
negative part of Z, we propose to separate the cases between
Z ≥ 0 and Z < 0 with conditional probability applied to (3).


q2 = Pr{PSU
IB ≤ 1


r(∆f)G
Z}


= Pr{Z < 0} · Pr{PSU
IB ≤ 1


r(∆f)G
Z|Z < 0}


+ Pr{Z ≥ 0} · Pr{PSU
IB ≤ 1


r(∆f)G
Z|Z ≥ 0}.


(7)


Note that PSU
IB must be non-negative. Therefore, when Z


is negative, it follows Pr{PSU
IB ≤ 1


r(∆f)GZ|Z < 0} =
Pr{PSU


IB < 0} = 0.
Recalling that Pr{Z ≥ 0} = q1, (7) can be written as


q2 = 0 + q1 Pr{PSU
IB ≤ 1


r(∆f)G
Z|Z ≥ 0}. (8)


Let us define Z ′ as


Z ′ =
{


Z, Z ≥ 0;
0, Z < 0. (9)


Now, the expression for the conditional probability in (8) can
be converted into logarithmic domain as


q2 = q1 Pr{PSU,modi
IB(dBm) ≤ Z ′


(dBm) − G(dB) − r(∆f)(dB)}, (10)


where Z ′
(dBm) can be approximated by a normally distributed


random variable, Ẑ ′
(dBm), with the mean value of m


Ẑ′(dBm)
and the standard deviation value of σ


Ẑ′(dB)
. These parameters


can also be estimated by method of moment or applying
maximum likelihood estimation to simulated data. Then the
permissible secondary transmit power is calculated as


PSU,modi
IB(dBm) ≤ m


Ẑ′(dBm)
− mG(dB) − r(∆f)(dB)


−
√


2erfc−1[2(1 − q2
q1


)]
√


σ2


Ẑ′(dB)
+ σ2


G(dB).


(11)
Note that the argument of the inverse complementary error


function in (11) has changed from 2(1 − q2) to 2(1 − q2
q1


),
as compared to (5) in SE43 approximation. Thus, it is now
explicitly required that q2 ≤ q1, while in (5), q2 can be
theoretically set to a value even higher than q1 despite its
logical contradiction. As shown in Fig.1, Fig.2, and Fig.3, the
maximum PSU


IB determined by the proposed approximation
closely matches with the Monte Carlo simulation result, and
the resulting interference violation is limited to the permissible
level.


V. CONCLUSION


In this letter we briefly explained the methodology for
determining permissible secondary transmit power in TVWS
proposed by SE43 working group in CEPT. Then we analyzed
and evaluated its approximate approach, which turns out to
be overestimating the permissible power and consequently
causing significant violation to TV reception. To improve the
approximation accuracy, we proposed a modified approxima-
tion method by applying conditional probability, whose per-
formance is in good agreement with Monte Carlo simulation.
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