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Abstract—This paper presents the results of spectrum
occupancy measurements carried out in three locatis of Kanto
area in Japan. Moreover, the collected data corregmding to
DTV broadcasting service is analyzed to evaluate ¢hpossibilities
of secondary systems operating in TV White Space3{WS) in
the framework of FCC regulations and Japanese staradds.
Appropriate propagation models are considered for malyzing
the conditions of operation for both, fixed and potable
unlicensed devices.

Index Terms— Spectrum Occupancy, Cognitive Radio, White
Space Communications, Digital TV.

|I. INTRODUCTION

Measur ements Setup

Three sites with different characteristics havenbelkosen
for data collection according to the possible lamabf TVWS
devices. Site 1 corresponds to the rooftop of NFadilities
located in suburban Yokosuka. The antenna waslliedtat
33 meters height. The coordinates of this site3&fel3’ 28 N
(LA), 139" 40’ 30.64 E (LO). Site 2 is an indoorchtion in
the NICT headquarters building situated in suburibakyo.
The equipment was installed in a 12 square metice at
the 4th floor of the building. Site 3: Outdoocétion situated
close to Site 2. The equipment was installed afflta level
to simulate the conditions of a portable CR dewiperating
on any street. The coordinates are 35" 42’ 40 N)(L1£39”

HE apparent scarcity of the frequency spectrum anehtec 29’ 17.93 E (LO).
Federal Communications Commission (FCC) regulations For the measurement campaign, a Tektronix Wireless

allowing the operation of spectrum sharing techgigle have
motivated studies for determining the spectrum pacgy in
different countries [1]-[4]. However, no publicatievaluates
the opportunities of spectrum sharing systems gitali TV

(DTV) bands for specific markets using measured datd
considering the FCC rules for unlicensed devicédss paper

Communication Analyzer WCA380, a discone antennti wi
omnidirectional pattern in the horizontal plane ancbmputer
connected to the analyzer via Ethernet were useel.afitenna
was vertically polarized in all the sites and hornial
polarization was also used in site 3.

The data was collected in each site during a 24period

presents a measurement campaign carried out ine thyger each antenna configuration.

particular locations of Kanto area, Japan. Theueagy range
goes from 90 MHz to 3 GHz. The collected data ialyed

B. Algorithm description

for determining the spectrum occupancy charactesist Power threshold

Finally, the measurements are used to evaluate
opportunities of spectrum sharing devices operatm®TV
band by taking into account the FCC rules as weslltle
Japanese regulation and DTV standard.

Il.  SPECTRUMOCCUPANCY MEASUREMENTS

In this section, the spectrum usage characterisies
evaluated for particular sites located in the mopspulated
region of Japan; it does not intend to quantify sipectrum
occupancy in the whole country. Spectrum usageighiy
dependent of the location,
equipment.

measurement conditiond a ] W

thePuring the measurement campaign, the power streisgth

the physical quantity measured. To evaluate whettarannel
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Fig. 1. Mean noise level and power threshold.
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is being used or not, the measured signal levebispared to by T; by, indicates whether the measured power at frequency
a power threshold. In consequence, the selectiorthef and timetis greater than the corresponding power thresh®ld
threshold is essential for an accurate estimatibnthe j.fineq by (1) b ={1if P, <T; 1)
spectrum occupancy.

For determining the threshold value, the equipnremise
floor using the desired settifgsvas evaluated. Samples of
noise were collected per frequency bin every 30osds
during 8 hours; since bin width is 6.25 KHz moranh473

0 otherwise

The status of each 100 KHz—channel is denoteB, pyt is
estimated by using the power values frppto pris;. Busy

channel correspond3 =1, andB;;=0 indicates idle channel.
f+15

million samples were analyzed. The plgt on the drottof B, is defined by B - 1if Zh" >8 )
figure 1 shows the mean value of the noise floécutated at jit i=t

each bin. The noise floor level drastically changéth the 0 otherwise

frequency.

In previous studies [2, 5], a margin of 3 to 5 dibee the C- Occupancy Results
mean noise power is set for establishing the dutisi The spectrum usage has been evaluated through an
threshold. This approach is adequate if the equipmeise occupancy rate determined by the percentage of tme
floor is low compared to the minimum power of thignals to channel was detected as occupied over a 24-houisdpe
be measured, so that false alarm probability causedhe Figure 3 illustrates the results for Site 1. Infation on the
signal variations do not become a limitation. Tisinot the services operating in the busiest frequency bamdgiuded.
case of the results presented in this paper. 1

The noise statistical properties are highly vagadl along
the spectrum as shown in figure 1. Evaluating tlésen
characteristics per bin basis instead of averaginglong
several sub bands is a more convenient approadferddit o7
threshold is determined for each frequency poitim)(lsuch
that only a percentage of the noise samples ovegpas, in
this case, only 1.5% of the samples do. This I¢adfalse
alarm probability of 0.015. Power threshold is piofigure 1.
Frequency resolution

Reminding that the bin separation is 6.25 KHz, fig2
shows that the bandwidth of several samples exngetfie ]
threshold is not significant enough to be considess a I ,,1:,,/ M ) G ———
carrier of a system operating in VHF or UHF but mdike . f ‘. H ‘“\ ! M N
random noise. For overcoming these noise effeétdirds are 0 Frequensy (H2) o

grouped and processed in order to make up 100 KHE-W Fig. 3. Duty cycle calculated for the first 24-mqeriod in Site 1
channels.
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It has been calculated that only 6.9% of the spattr
L = e e N between 90 MHz and 3 GHz is used more than 10%ef t
| | | | |
| | | | |

time, which indicates great potential for deployisgectrum

R sharing systems in Japan all along the evaluatectispn.

o The spectrum usage is evaluated by establishing st

i bands determined according to the provided servidee
" bandwidth and the amount of services provided perdbare

ﬂ ! different in each case, for details on their usagégr to [6].

‘ Results are presented in Table I.
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Fig. 2. Zoom on instantaneous PSD in site 1 X 0s

Allow N to be the total number of power samples collecte \ os
at timet; let p; to be the power level in frequentat timet. gx »
The frequency separation betweeandf+1 is 6.25 KHz. In ¢ .

order to group 16 bins, allowto vary from 1 tothe integer
part of (\/16). The power threshold at frequerfcig denoted

Frequency (Hz) 90

! Span= 3GHz, FFT size= 1024, Number of bins=480@Réference o 00 o
Level= -50 dBm. 120 Power (dBm)

Fig. 4. APD for samples collected in site 1 fron®3@Hz to 1 GH:



TABLE |
SPECTRUMOCCUPANCY INSITE 1 CALCULATED FOR NINE SUB BANDS

Sub band Bandwidth Occupancy  Services

[90-108] 18 MHz 23.58% TV broadcast (until 07/11)
MHz

[108-170] 62 MHz 12.91% Miscellaneous

MHz Communications

[170-222] 52 MHz 17.46% TV broadcast (until 07/11)
MHz

[222-470] 248 MHz 0.63% Miscellaneous

MHz Communications

[470-810] 340 MHz 13.9% TV (until 07/12),

MHz Radio microphones
[810-958] 148 MHz 28.55% Cellular networks, disaster
MHz prevention, RFID
[958-1710] 752 MHz 0.09% Miscellaneous services
MHz

[1710- 590 MHz 5.9% IMT 2K, spatial applications
2300] MHz

[2300- 700 MHz 0.018% Radar, IMT2K, ISM, public
3000] MHz communications

A different type of analysis may be done by piatithe
PDFs as a function of power and frequency. The ltiagu
graphs are the Amplitude Probability DistributickPD); they
allow identifying active transmitters’ propertiesica easily
differentiate between several types of servicegufe 4 shows
the APD for samples collected in Site 1 from 500 Mtd 1
GHz. To illustrate the utility of this method forersice
identification, observe in figure 4 the distributishapes in the
TV broadcasting frequencies (500 MHz—-770 MHz); tlzeg
quite different from those corresponding to cellutervice
(810 MHz-901 MHz).

D. Day/Night Comparison

Spectrum usage during the day and night time has be

compared through the occupancy rate and APD pltte.
assumption about less occupied broadcasting bamitsgdhe
night time has not been corroborated. Only sigaific
variations were detected for frequencies dedictdeckllular
services (uplink) and WLAN. The average power lsvel
detected in site 2 are presented in figure 5 fer day and
night time.
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Fig. 5. Average PSD in site 2 during the day aigtitrtime

E. Antenna polarization effect

Figure 6 illustrates the duty cycle calculated ite S using
both, horizontal and vertical polarization; thefeliences are

remarkable. Sensitivity highly improves for broastiag
services (95MHz-108MHz and 470MHz-700MHz) using
horizontal polarization. In a similar way, vertigablarization
is more convenient for sensing cellular networkgT 12000
and radar signals.
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Fig. 7. Current use dfequency band exclusively dedicated to L
from July 2011

Analog TV broadcasting in Japan is scheduled tisHirn
2011. Currently, both, digital and analog transioiss are in
service. After mid—2011, TV channels from 13 to\8#l be



dedicated to ISDB-Twhich implies a capacity increase forB. Operation of fixed TVWS devicesin Japan

DTV transmissions of 300% respect to the number of A protected contour area around the DTV transmitser
broadcasted digital channels in 2010. These camditiead to defined by using F(50,90) curves and the minimueidfi
great perspectives for unlicensed devices operatindV  strength level specified in Table Il. However, 41dBm
White Spaces, even in highly populated cities. corresponds to -84 dBm signal level at the receimput,
Figure 7 illustrates the current spectrum occupanc§ite 3 which is adapted to ATSCstandard. Typical sensitivity for
for TV broadcastingpand from 470 MHz to 710 MHz. Power recejver sets using ISDB-T standard is -90 dBm,
characteristics of current digital TV transmissiomere corresponding to 35dBpV/m (considering the antegam
examined and found to be stable along 24-hour @&rio and cable losses detailed in Table I).

Figure 8 presents the results for broadcasted Difanieels. Y
axis identified as “sample” corresponds to the tewelution;
sample 1 was taken on Octobef%& 2 pm; sample 2900 was
measured the next day by 1:40 pm. Service intéonpbn
channels 26 and 28 was detected from midnight &ondand
4:30 am, respectively.

F(50,90)

32.47 Km
(© %.'wm
(-113dBm)

EIRP=4W
HAAT=30 meters

Fig. 9. Operation of fixed unlicensed devices ie framework c
FCC regulations and ISDB-T standard.

wl Figure 9 illustrates the scenario for fixed unlised
devices; F(50,90) curves were used to calculatartimémum
distance between the CR device (operating at fuNgy) and
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Fig. 8. Power level for DTV signals. TV channe8tt 29

I1l. OPPORTUNITIES FORNHITE SPACEDEVICESOPERATION
IN JAPAN

In this section, the opportunities for unlicensexides to
operate in the digital TV band are evaluated takingp
account the measurements results, the FCC regudagiod the
dispositions of the Japanebnistry of Internal Affairs and
Communications

A.FCC regulation

Table Il summarizes the FCC proposed rules foreototg
DTV service from interference by unlicensed devidgs

TABLE I
PROPOSEDOPERATION PARAMETERS FORUNLICENSED DEVICES

FCC Proposed Rules Fixed Devices Portable Device

Peak EIRP 36 dBm 20 dBm. Limited to
16 dBm if adjacent
channel is in use.

DTV field strength to be 41 dBuV/in
protected

Co-channel transmission at

edge of protected contour

“Calculated by assuming the following conditionstie receiver system
(UHF channels): Minimum signal level at the TV utgerminal (TOV)= -84
dBm, Cable losses = 4dB, Antenna gain= 10dB.

Required D/&23 dB

2 Integrated Services Digital Broadcasting-Terrast$tandard for digital
television broadcasting developed and used in Japan

the protected area.

In order to avoid stringent scanning capabilities ke
implemented in the unlicensed device, the accessetd-CC
database of protected radio services is assumedd@avice is
able to verify its position relative to the protettcontours. If
the distance is greater than 32.5 Km it may opeaatéull
power; otherwise, power control mechanisms may be
implemented for shorter range operation.
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Fig. 10. Zoom on averad®SD corresponding to currently used C
channels (21 to 28) in Site :

Figure 10, presents the received power level fer BTV
channels currently in service (518MHz to 566MHz)s A
previously considered, the TV receiver system idetia 10
dBi antenna; however, the measurements were dotte awi

3 Advanced Television System Committee: US digitdistandard.



discone antenna (gain~0dBi); in consequence, tigmaki the co—channel undesired signal strength generbayethe

strength limiting the contour area is marked atG-tiBm in
figure 10. The detected power levels measuredenotitdoor
locations are above the —100 dBm threshold for Bff&/

channels in service. As shown in figure 11, thisas valid for
indoor locations. However, in this paper, we coasitie DTV
receiver's antenna to be installed outdoor.

-98

Power (dBm)

Frequency (Hz) x 10°

Fig. 11. PSD for TV channels 21-28 measured i@ Sitindoor)
These results corroborate that statistical modelfog

determining spectrum occupancy is not required ukdeC

regulations regarding the licensed systems dataaseally,

unlicensed device should not be greater than —Bif. By
using these values and the propagation model prslio
described for a sub urban area, the minimum distadg, is
1.7 Km. If the same calculation is done for an arbane, g,
is reduced to 680 meters.

Results presented
attenuation losses in areas covered by the prisemjice. The
power levels detected by an indoor device are mowker
than those received by the DTV terminals due to the
penetration losses, the difference of antenna gath height.
This confirms the necessity for secondary deviaeshdve
access to the primary systems database; othentise,
required sensitivity is extremely high.

in figure 11,

IV. CONCLUSION

We have shown the great potential for deployingcspen
sharing systems in Japan all along the evaluatedtrgmn,
from 90 MHz to 3 GHz.

Through real measurements, we have also demortstrate
that statistical modeling for determining spectraoctupancy
is not required
implemented and accessible by unlicensed devices.

By considering the FCC regulations and Japaneseatds,

if the licensed systems data base

the power levels detected and the implemented itthgor we have determined a “keep out distance” from tfetegted

allow accurately estimate the occupancy status athe
channel. Statistical models may be necessary when
important number of secondary systems will be ierafion.

C.Opportunities for portable TVWS devices operation

10 dBi

— EIRP = 20dBm
\7\7\x\
£

MHDTV
|D| ! I I [2]
> [3]
d min

Fig. 12. Unlicensed portable device scenarioridobr operation at
border of coverage of the primary system. (4]
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Figure 12 illustrates the scenario under considerdor the
operation of an unlicensed portable indoor device.

By using an appropriate propagation model for imgoo
outdoor or indoor—outdoor—indoor transmissionss jpossible [6]
to determine the minimum distance,dthat should be
respected to avoid interfering with the primaryteys. In this [7]
paper, the propagation model considered is extlaftten a
internal report of NICT. Such model is based onoove
outdoor measurements carried out at different fegies and
locations and takes into account the antennas tseighd
attenuation factors according to the clutter. Ramdo
components for modeling shadowing effects have lbresn
used for the calculations presented in this paper.

As previously stated, at the border of the protbetea, the
desired signal strength at the DTV receiver ingut90 dBm;

(5]

area for a TVWS device to operate at full power.

a Finally, through the collected data, we have caorated
the necessity for secondary devices to have atibegzimary
systems database; otherwise, required sensitisigxiremely
high.
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