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Abstract—In this article the spectrum occupancy of a GSM900 dent statistics and distributions are presented. And finally in
and a DCS1800 band as an analog power or binary quantized Section V, the main conclusions are stated.
power is modeled. In the case of analog power it is presented
histograms of the power distribution during one working day. In
the case of quantized power it presents the two time statistics, the
time period of opportunities distribution and the time between F
opportunities distribution. The measurement setup is standing
in line of sight with the base station. Also, the measurement
setup in terms of maximum sensitivity is described and analyzed.
Spectrum non occupancy, for a working day, in terms of total
time for the GSM900 band and for the DCS1800 band is given.
Index Terms—Cognitive Radio, Spectrum Occupancy Models,
Measurement Setup

. INTRODUCTION
. . ) ) __ Figure 1. Measurement Setup, 1 - M-POL Antenna, 2 - Low Attenuation
Cognitive Radio Systems will be used in order to maximizeatde, 3 - N-SMA Adapter, 4 - Filter, 5 - Pre-Amplifier, 6 - Spectrum

the full potential of the allocated to and unutilized spectrufy'ayser. 7 - Ethermet LAN Cable, 8 - Portable Computer
of primary systems. The study of the technology associated to
these sy_stems are in an initial stage despite of several years Il. SETUP DESCRIPTION
of evolutlon.and one standqrd already set (IEEE 802.22, for.l.he measurement setup is pictured in Figure 1. It is
packet use in rural areas using the holes of TV spectrum).

h | . be ch od | omposed of a high bandwidth omnidirectional antenna
T. e Power Spectral St_atlsncs must be characterized in or M Hz—6GH>=) from MP Antenna with typicabdBi gain.
to find channel occupational models. Each sample of thege

. . ! semi-rigid low attenuation cable (typical < 0.12 dB/meter
occupational models functions could be analog or quantiz “5G:H=) with about 8 meters, a high steeply passband

The quantized model could be associated to one (two lev iﬁ)er (500M Hz — 1GHz for GSM900, 1GH z — 2G.H ~ for
or more thresholds depending of the resolution necessary t?)tt;81800) a high bandwidth prear’nplifiet5(iB gain at
description. These models could be used in the study of seng (5MHz) ’a Spectrum Analyser (SA) and a Portable Com-

fusmn in secondary networks. In th's article the analog a ter with an Acquisition Program. From the low attenuation
guantized (one threshold) occupational model for GSM9 %ble, to the SA, the components are connected with thin

and DCS1800 in a standing line of sight reception scenay 9ble with SMA connectors. The preamplifier gain is such
is described and analyzed. The analog occupational mode Hit the GSM signal ¢102dBm in 200K Hz, sensitivity
pre_sented by the histograms (distribution) of the powers IeveFé%l) is brought above the noise level of the SA but not
durlng_ one day for one GSMQOO band and one DC.81800 ba@ﬂough to generate visible intermodulation products due to
The binary quantized model is presented by the time betw linearity of the input mixer of the SA. The SA is set in

oppqrtupities distribution and the time period of opportunitigs, highest sensitivity.e. with 0dB attenuation of the input
distribution. ) ) attenuator. The total signal i00M Hz — 1GHz band (pass

The measurements are described in the Portuguese fgq of the filter) at the input of the SA was abeut7dBm.
quency allocation context. This work complements the ORge secure signal level in terms of intermodulation is below
presented in [1] which presents the period of time of 0p-y,p,, Another criterion in choosing the filter is: that the
portunities distribution for a GSM900 band in a mobilggner passhand frequency is not more than one octave from
situation. This work goes beyond other spectrum occupationgl, |ower passband frequency. This avoids the second order
articles [2]-[6] in the way that it tries to model the spectrun}iarmodulation products to be inside the passband.

occupancy. The measurements took place at the top roof of the Depart-

Also, it presents and mathematically analyzes the measuigsnt of Electronics, Telecommunications and Informatics of
ment setup used. Spectrum non occupancy, for a working dgy University of Aveiro as shown in Figure 2.
in terms of total time for a GSM900 band and a for DCS1800

band is presented. [1l. SETUP ANALYSIS

The Section Il describes the Measurement Setup. In SectiorFigure 3 shows the equivalent circuit of the measurement
[l the best sensitivity achievable by the measurement setupsitup from the preamplifier to inside the Spectrum Analyzer
determined. In Section IV, the measurements and corresp¢®A) including the sum of the internal nois§; is the input



{(/}\1} = arg {1?;1111} [Si — Nj]

S0~ o ®
S0 = Si + G]_
No = 101log (IO(N‘+NF+G1)/10 + 10NSA/10)

S; is given by

S; = Gy + 10log (1()(1‘“““'“@1)/10 + 10NSA/10) @)

ConsideringN; = —174dBm/Hz (best case)NF =
3.5dB and constant with the preamplifier gailNsa =
—155dBm/ H z, then the Figure 4 preserfis—N; = f (G1).
Looking at Figure 4, it is concluded that the solution of
Equation 1 forG; is infinity. And the value reached at infinity
for S; — N; is NF (by the limit of Equation 2 minudN; in
both sides withG to infinity).
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The lossy elements before the amplifier will be taken into
N; Nsa

account in order to calculate the minimum GSM signal that
Figure 3. Equivalent circuit of the measurement setup from the preamplifietan be detected with this setup. The antenna gain is also
to the inside of the Spectrum Analyzer taken into account. The lossy elements mentioned above, will
amplify (or add in dB) the noise induced by the antenna. This
amplification is equal to the attenuation induced to the signal
(Cable attenuation times Filter Attenuation - plus if in dB).

signal, N; is the noise signal at the input. These two signal§his attenuation amount in dB, is representeddays. The

are already combined before the preamplifier, despite showfigure 5 represents the operations made to the signal and to
the combination at the inpuG; is the Power Gain of the the noise from the antenna to the preamplifier input. In an ideal
preamplifier, Ng 4 is the internal noise signal of the SA, scgnario the noise at the antenna output will be the thermal
is the output signal resulting from;, and N, is the output NOise (Vin) and equal to—174dBm/Hz (10Nen/1 =0,
noise signal. Also, there is one variable, the noise figure of tR8vironmental noise power equal zero). Considering a gain
preamplifierNF, which is not shown. The power of the signal@l equal to infinity and that the antenna catches the lowest
described previously is represented with the same lettersdgtectable power. Then

the signals, but in boldface. The power of these signals is

measured in logarithm form (dBm/Hz), and the noise figure Si —Ni; =NF
NF, as well as the gainG; in dB. N; depends on the N; = —174dBm/Hz + aap 3)
environment noise caught by the antenna and the noise added Si =SAin+ Ga — B

by the lossy elements before the preamplifggris the power which is equivalent to
of the signal caught by the antenna at the measured frequency, q
attenuated by the lossy elements before the preamplifier.

. . . Sain = —Ga +2 —174dBm/Hz+NF (4
How muchS; must be abov&; in dB (or the signal to noise A AtZi04p m/Hz+ “)

relation in linear) in function of the gaif,, considering the It was considered the attenuation of the cable connect-
limit case of S = Ny is then calculated. This last conditioning the antenna, plus the pass band filter attenuation to be
limits the point which can separate signal from noise. Thegg = 1.5dB. The antenna gain i8dBi and considering
minimum of that function could be described by Equation lthe noise figure3.5dB, then Sa;, = —170.5dBm/Hz or



SAin = —117.5dBm/(200K Hz). This is the lowest GSM

signal detectable with this setup.
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Figure 5. Equivalent circuit of the measurement setup from antenna to

preamplifier input Figure 6.

IV. MEASUREMENTS ANDSTATISTICS
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Typical Power Spectrum Density at 5H19 for GSM900

The measures were taken at a distance of 250 meters -4
(measured with GPS) from the nearest GSM base station _sq
during school period. This base station covers, the University -
Campus with a population of approximatel$000 students,
using GSM900 and DCS1800 bands. Two GSM operators arec
co-located in this base station belonging the studied GSM900§
band to one operator and the studied DCS1800 band to theg
other. .

The measurements were done with a resolution bandwidth ;14
of 100K Hz at 501 points covering in excess all GSM900
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downlink band (Figure 6) and the allocated part of the
DCS1800 band (Figure 8). Each measui®d K Hz covers

one side of the00K Hz GSM band. In the case of single fre- ~ Figure 7.

guency, thes01 points were measured in a specific frequency
with a span equal to zero. The measured power was adjusted to

943.1 950.
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958.9

Typical Power Spectrum Density at 13H for GSM900

reflect the power received at the output of the equivalent unit
gain antenna (see Figure 5, at output of the Omni-Antenna)
and for the bandwidth of 200KHz it was added 3dB. The time
at each measurement point was set to the frame period (abou
4.62ms) giving a sweep time abo@4s. There is practically

no delay between consecutive measurements.

Figure 6 shows the spectrum occupancy of GSM900 band at
5H19 of a working day. The frequency axes ticks are the limits
of the bands of the three Portuguese GSM operators. Figure 7 _.f
shows the spectrum occupancy of GSM900 band at 13H in the

Power (dBm in 200RHz)

!

&

S
T

same 24H. The City of Aveiro is a plane region and because
of that the antenna is at line of sight of several base stations,
hence the high occupancy. In that situation two base stations Figure 8.
with a decade of distance (in relation to the setup antenna)
one from another could originate a diference (in dB) on the
received power as low &)dB (assuming that the same power 20
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Typical Power Spectrum Density at 5H19 for DCS1800

is being transmitted). The power measurements done for this
sectorized base station shows that the power received from the
other sectors, is not more than 20dB below (measured in the§
Broadcast Control Channels (BCCH) which has no frequency § _|
hopping). £
Figure 8 shows the spectrum occupancy of the DCS18007%
band at 5H19 of a working day. The Portuguese Communica- &
tions Regulator (ANACOM) allocates spectrum according to
the operators needs and requirements. For this reason, there

-11

are two bands for each of two operators and a larger band for
one operator only. Figure 9 shows the spectrum occupancy of
the DCS1800 band at 13H in the same 24H.

| L | | | |
18549 1858.1-1858.5 1861.7 1865.1 1867.9 1870.7
Frequency(MHz)

L
1876.7

Figure 9. Typical Power Spectrum Density at 13H for DCS1800
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Figure 10. Power in th€53.9 — 954.1M H z band during one day

Figure 13.

days and the power profile was similar between days. Figure
10 presents the power variation at th&3.9 — 954.1M H 2

band in one of the four days measured. The correspondent | N
power occurrence is presented in Figure 11. oo YaxTruncated =0.899
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Figure 14. Time period of opportunities distribution of the
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Figure 12. Power in th&856.9 — 1857.1M H z band during one day

In Figure 12 is presented the power variation during a
working day in the band ofl856.9 — 1857.1M Hz. The
correspondent histogram is presented Figure 13.

For the time statistics a threshold must be defined. The
threshold was set approximateli0dB above the noise
level, just a fewdBs below the minimum level needed to
detect the signal with an adequate error probability. The
decision level for GSM900 was-98dBm/200K Hz and
—90dBm /200K H z for DCS1800.

Figure 16.
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\ ] V. CONCLUSIONS
Max Truncated = 0.586
7 In this article a measurement setup was presented and

analyzed. Measurements were taken in GSM900 and DCS1800
frequency. Concerning the time period of opportunities for
the measured GSM900 band from the statistic analysis, it
can be concluded that the distribution has an exponential
o = 80.0238 sec™ ! behavior with the first bin ill-conditioned. The correspondent
time period between opportunities distribution (estimation)
also has an exponential behavior, with first bin ill-conditioned.
This GSM900 frequency has a high occupancy. The time
period of opportunities distribution for the measured DCS1800
%and has an exponential behavior with the first and second
bin ill-conditioned. The correspondent time period between
opportunities distribution has an exponential behavior, with the
first bin ill-conditioned. This DCS1800 frequency has enough
Figure 14 shows the time period of opportunities distributiolew occupancy to enable opportunistic use.
for the measured GSM900 band. By doing the logarithmic of
the vertical axes (turns an exponential in a straight line) it can ) o
be concluded that this distribution has an exponential behavioMVe would like to thank the Portuguese Communications
with the first bin ill-conditioned. An approximated straight lind?€gulator (ANACOM) and Vodafone Portugal for the infor-
is obtained by the least square method. The parameters ofr{rp@on provided. The research Iead_mg to these results was
this straight line provide the parameters of the exponentialgyr'ved from the European Community's Seventh Framework
reverting the logarithm of the vertical axes. Figure 14 aldgrogramme (FP7) under Grant Agreement number 248454
presents the exponential approximation function (in red) ak@9SMOS) and Foundation for Science and Technology (FCT)
the correspondent parameters for the well conditioned bi§0Ject AGILE.
The total time of the opportunities is about 50 minutes in 24 REFERENCES
hours which indicates high occupancy. About 39 minutes (of . _ _
50) is one frame opportunities. This particular band was ohlé P. Marques, H. Marques, J. Ribeiro, and A. Gameiro, *Coexistence
Analysis and Cognitive Opportunities Selection in GSM Bands/EHRE
with lowest traffic of the entire GSM900 spectrum. Thus it  69th Vehicular Technology Conference. VTC Spring, (Barcelona, Spain),
can be concluded that the GSM900 spectrum is not usable for 26-29 April 2009. ) , o
opportunistic use due to high occupancy. Figure 15 represe[r%ls'\sﬂ' LOp?Z'Benc'iteé and F. Casadevall, "Spectrum Occupancy in Realistic
cenarios an uty Cycle Model for Cognitive Radi@dtvances in
the correspondent time between opportunities distribution. Electronics and Telecommunications, vol. 1, pp. 26—34, April 2010.

This distribution has an exponential behavior with the fird¢l M. L6pez-Benitez, F. Casadevall, A. Umbert, J. Pérez-Romero, R. Hache-

bin ill-conditioned mani, J. Palicot, and C Moy, “Spectral Oc_c_upatlon_ Measurements and
: Blind Standard Recognition Sensor for Cognitive Radio Networksftih

. . . . L . International Conference on Cognitive Radio Oriented Wireless Networks

Figure 16 shows the time period of opportunities distribution  and Communications (CROWNCOM), (Hannover, Germany), 22-24 June

for the measured DCS1800 band. This distribution presents 2009.

: ; ; : i~ i1[4] A. Carniani, L. Giupponi, and R. Verdone, “Evaluation of Spectrum
an exponential behavior with the first and second bin il Opportunities in the GSM Band.” iEuropean Wireless Conference (EW),

conditioned. The total time of the opportunities is about 10 (Lycca, Italy), 12-15 April 2010.

hours in 24 hours, which indicates relative low occupancpl R. Schiphorst and C. H. Slump, “Evaluation of Spectrum Occupancy in
; e ; Amsterdam Using Mobile Monitoring Vehicles,” ifleEE 715" Vehicular

About 2.4_1 .hours (of 10) is one frame opportu_nmes. Itis fpund Technology Conference (VTC2010-Spring), (Taipéi, Taiwan), 16-19 May

opportunities as long as 28 seconds (outside the horizontal 20910.

axes represented in Figure 16). Figure 17 represents ifieV. Blaschke, H. Jaekel, T. Renk, C. Kloeck, and F. K. Jondral, “Oc-

; e ietrib i« Cupation Measurements Supporting Dynamic Spectrum Allocation for
correspondent time between opportunities distribution. This Cognitive Radio Design.” 2" International Conference on Cognitive

distribution has an exponential behavior with the first bin ill-  Ragio Oriented Wireless Networks and Communications (CROWNCOM),
conditioned. (Orlando, Florida, USA), 1-3 Aug. 2007.
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