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Abstract: The paper presents the basics for implementafiaedces using UWB (Ultra-Wideband) technology
describing its performances and potential problessthese devices operate over large part of thgudrey
spectrum that is shared with many radio-commurocaservices. Two elements are considered in pdaticthe
regulatory framework and the question of compatpior impact that UWB technology may have on radio
communication systems. The European approachrmdinttion of devices using UWB technology is veaytious
and so is also evolution of the European regulati@ayework. However, significant progress was mestently
and there are promising perspectives for 2009 aydrid.
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Regulatorni okvir za uvedbo tehnologije UWB in njera kompatibilnost z
radijskimi komunikacijskimi storitvami

Pozillzet‘ek't Cr:anfk _Qpisﬁi\;fv BUP?LaIPO Vr\lla(rj)rc’;V. dk)i delujgth naconsidered harmonized to maximum extent possible.
podlagi tehnologije ra-Wideband), pred-stav :

njihove lastnosti in potencialne probleme, ker tprave Th‘? results of the study were influenced by theustaf
zasedajo velik del frekvenega spektra, ki si ga delijo s National UWB rules, by industry advancement and by

Stevilnimi drugimi radiokomunikacijskimi storitvamClanek the concern of current spectrum occupation by iexgst
obravnava predvsem problem ustrez-nega regulatarnegydiocommunication services.

okvira in vpraSanje kompatibilnosti tehnologije UV@Biroma e : .
njenega morebitnega vpliva na radiokomunikacijsisteme. Although some administrations expressed their
Poseben poudarek je na regulatornem pristopu zabove hesitations relative to certain UWB features, itswa

opreme UWB v drzavadlanicah Evropske unije in njeni viziji noted that some others already operate UWB defares

0 nadaljnjem razvoju te obetavne tehnologije. various applications since 2002 (USA) on successful
Klju &ne besede: ground and with promising perspectives. While the
ITU, CEPT, UWB, SRR, PSD, BW, PPM, BPM Member _States in Region 3 (Asia) were also favderab
to early introduction of new technology, some CEPT
countries remained concerned with respect to the
compatibility and regulatory considerations.

1 Introduction

ITU launched the studies on Ultra Wideband (UWB) ! The UWB technology mean technology for short rarsgto-
technolog§7 in 2003 with special attention to thecommunication, involving the intentional generatémd transmission
spectrum management framework and compatibilitg energy over a very large frequency range whiclly roverlap
iderati . ) bet UWB devi 9cveral frequency bands, allocated to radiocomnatitin services.
COI’]_SI era IOI’]_ (|mpac ) _e ween e_wces aM{ith the bandwidith significantly wider than 50 Mktze devices have
radiocommunication services (ITU-R Questions 226/htentional radiation from the antena with either0 dBbandwidth
and 227/1). of at least500 MHz or a -10 dBfractional bandwidth greater than
An important number of administrations of Membep-2- The-10 dBbandwidth B and -10 dBfractional bandwidthu .10
. . [ Iculated as foll
States and representative of industry, scientific < o oo as OTows
organisations,  regulators and  operators  of Bwo=f—f and wa=Ba/fc where:
radiocommunication services contributed to the fu: highest frequency at which the power spectrabitg of
successful outcome. Four (4) Recommendations and the UWB transmission{$0 dBrelative to the maximum

. frequency of UWB transmissiqn f
one (1) Report were developed, the text of whicls wa duency ) )
fu: lowest frequency at which the power spectral degruit

the UWB transmission-+$0 dBrelative to f

Received 17 March 2008 fc = (fu + fL )/2: centre frequency of th&0 dBbandwidth.
Accepted 9 May 2008 The fractional bandwidth may be expressed psrcentage.
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UWB technology can potentially be integrated int®? Regulatory framework? and

many applications, e.g. the vehicular radar devices compatibility considerations for the
collision avoidance, airbag activation and roadsses) introduction of UWB

short-range high data-rate communication devices,
tagging devices, liquid level detectors and sensoradministrations have a sovereign right to regultte
surveillance devices, location determination desiceuse of any UWB devices within their territory, pided
and as a replacement for wired high data-ratéiat such devices do not impact stations of other
connections over short distances. administrations in accordance with the RR. National
These devices operate at very low power levelscand UWB regulations should reflect the charac-teristios!
support applications involving multiple users aghi appropriate mitigation techniques and should take
data rates (e.g. short-range Wireless Personal Argécount of the protection criteria of all servigasthe
Networks (WPANs)) which may be greater thamffected frequency bands.
100 Mbit/'s. UWB signals are potentially harder to |t is essential to ensure that UWB devices wilt no
detect than other radio-communication signals. This cause harmful interference to any radiocommu-rocati
because UWB signals occupy large bandwidth and magrvice and in particular in the bands mentio-ned i
communicate with a unique randomizing timing cotle &RR No. 5.340 (bands where all emissions are
millions of bits/s. Each bit is typically represedtby a  prohibited). UWB devices are considered as short-
large number of pulses of very low amplitude, t@lit range-devices (SRD) and are not claiming any
below the noise level. These features resultcurse protection. However, on the national basis, licep®f
transmissions with low probability of detection @P some specific UWB applications may provide them
and low probability of interception (LPI). protection from radio-communication services ogaat
The theoretical system capacity of any UWBuithin their national territory.
communication system may be calculated from the The susceptibility to interference from devicemgs
Shannon relation: UWB technology depends on the operational
characteristics and sensitivity of the victim seeyias
Ipd (f)df 1) well as on the §pectral characteristics, de.plloyment
C=Blog ,| 1+ density and operational parameters of the deviseggu
| N odf UWB technology.
B The widespread UWB deployment could possibly
raise the noise floor which is of particular comcéo

C: channel capacity (bits/s) highly-sensitive passive-service receivers that suea

B channel bandwidth (Hz) very low energy levels for purposes such as weather
Pa(f): signal PSOW/Hz or dBm/Hz) prediction and (scientific) space research. As the
No:  noise PSW/Hz or dBm/Hz) passive services usually have instrumentation

The channel capacity is very large because of igignificantly more sensitive than other radio-
bandwidth, even though its power spectral den$§¥) communication services, they may be more vulnerable
is very low and restricted in amplitude. UWB signa to interference from UWB transmissions.

generated by basic PPM (pulse position modulativeye 2.1  Assessment of the impact of devices using the
numerous spectral peaks and randomization is used t UWB technology

make the signal more noise-like. The shape of theep

spectrum density of the signal is controlled by aonsidering that intentional transmissions fromides
appropriate choice of the pulse shape. Pulse shapitising ultra-wideband (UWB) technology extend over a
enables control of the frequency content of UWR/ery |arge frequency range, they may impact many
transmission which can reduce interference intdorad systems operating within a number of radio-
communication systems. communication services, including those which aedu
Appropriate hybrid modulation (PPM, BPM, etC)internationally. Integrated into many wireless
and randomization of a signal makes UWB spectrugpplications such as short-range indoor and outdoor
appear like the white Gaussian noise. The choitdWB  communications, radar imaging, medical imagingess

modulation scheme impacts the signal PSD angacking, surveillance, vehicular radar, etcmay be
consequently its impact on radio-communication ises:

The impact of the discrete components of the PSDbea
mitigated or they can be eliminated. A wide trarssitn 2 Administrations authorizing or licensing devicesings UWB

bandwidth (BW) is needed to overcome multipathrigdi {6chnology should ensure, pursuant to the provisiohthe RR, that
. . . these devices do not cause interference to anctolaim protection
in an indoor . enV”O”men.t- The _delay spread betwegRm or place constraints on radiocommunicatiomviees of other
different multipath reflections will be small, anthe administrations, as defined in the RR and operaimgccordance
coherence bandwidth of the channel will therefoee bwith those regulations.

large.
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difficult to distinguish UWB transmissions from relevant frequency bands are mainly determined by
emissions or unintentional radiations in equipmthiat  fixed physical properties (e.g. molecular resonaicat
also contain other technologies, where differemtits cannot be changed. Those properties support digenti
may apply. activities, including weather forecasting and wadad

In the frequency range below 10.6GHz it waglimate modeling. Even low level of interferendetee
observed that characteristics of the systems “bgyoinput of the passive sensors may have a degraffiect e
IMT-2000" are likely to be similar to IMT-2000 and on passive service operations. In most cases these
thus their susceptibility to UWB interference isrywe sensors are also unable to discriminate betweesethe
similar. Based on the simulation results and ieorto  natural radiations and man-made radiations.
protect a typical handheld indoor receiver, the PSD Regulatory provisions should therefore take actoun
should be equal or below —81.6 dBm/MHz at 3.1GHpf the inherent differences between the variouggypf
and lower than —75.8 dBm/MHz at 6GHz. UWB applications however, in developing the nationa

To assess the impact of UWB devices, variousamework for any UWB implementation, regardless of
methodologies may be used: the impact of a singipplication and operational characteristics,
device using UWB technology or impact of anadministrations should consider the following:
aggregation of UWB devices or bandwidth correction
factor (BWCF) which is relevant to both single and
aggregate methodologies. One of them is “link btidge
methodology” where the maximum permitted e.i.r.p.
level of an interfering UWB signal may be deterntine
by using the following equation:

technical limits such as appropriate maximum
limits for average and peak PSD,

mitigation techniques as described in
Recommendation ITU-R SM.1757 and in Report
ITU-R SM.2057, to achieve the required prote-ction
criteria of radio-communication services,

EIRRuax = lwax — Gr(0) + Lp + L @ - tec_hmcal control such as UWB activity factarsl
emitted power kept to the minimum necessary to
EIRRyax: the maximum average permitted e.i.r.p. dendity o support the intended operation, and

the interfering device, (dBradd, where the reference

bandwidth: is usually taken fo be 1MHz — operational restrictions, as required, according to

geographical location, transportation mode and type

Ivax: the maximum permissible interference poleeel at the ? . ” .

receiver input, normalized (dBM4g) of device into which UWB technology devices may
Gr(0):  the victim receiver's antenna gain in tliesction of the be embedded and used.

UWB device (dBi)
Le: the propagation loss between trangmgitindreceiving . .

antennas (dB) 3 Generic regulations for UWB technology
Lr: the insertion loss (loss between the r@reintenna app|icati0nS in Europe

and receiver input, in dB). A zero (0) dBybe assumed

if lue i ilable.

1 no vale Is avatiable European Conference of Postal and

) ) Telecommunications Administrations (CEPT) has

2.2 Safety and passive services defined in 2005 an early version of harmonized

Civil aviation and maritime systems depend on radigonditions for the use of generic UWB devices below
frequencies that are allocated worldwide. Safet$0.6 GHz, subject to the final adoption in due seur
services, such as Maritime Mobile Service (MMS)lhe regulations for different applications include8D
Radionavigation Service and Radionavigation Satellimasks and other regulatory provisions for genekli¢BJ
Service (RNSS) are radio-communication services uselevices and vehicular radar systems. Other regofat
for safeguarding human lifes and property. Thavere also being developed for specific classes\oBU
aeronautical-mobile service (route) and the aerirelu devices (e.g. ground and wall penetrating radarhe
mobile-satellite service (route) are reserved foiinal decision on the European regulatory framework
communications related to safety and regularity ofas (at the time of approval of ITU Recommendafions
flights. Safety services usually operate in theation suspended until later date.
where interference can critically affect the recaptof On February 21, 2007, the Commission of European
radio-communication being provided. Therefore, th€ommunities issued a Decision (2007/131/E©On
need for safety systems to meet high level of nitgg allowing the use of radio spectrum for equipmenhgs
reliability and availability, makes it essentiahtithese UWB technology in a harmonized manner in the
systems operate in an interference-free environment Community” thus providing the European regulatory
The operations of Radio Astronomy Service (RASjramework with parameters and associated values as
Earth Exploration Service (EESS passive) and Spawell as the limitations that apply to certain UWB
Research Service (SRS passive) necessarily intbive applications and to its usage in particular fregyen
measurement of naturally-occurring radiations ofyve bands.
low power levels, which contain essential inforroati
on the physical process under investigation. The
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At the “upper band” from 6 to 8.5GHz, theradio services, deployed outdoor. This category
maximum mean of e.i.r.p. spectral density is lighite - includes devices with externally mounted antennas,
41.3dBm/MHz with no mitigation technique requiredfixed outdoor installations and devices installedoad
In terms of “long term” solution for UWB introductih  and rail vehicles, aircrafts and other flying madel
in Europe, it is possible that the frequency barmnf National administrations were encouraged to
8.5 to 9GHz would be extended, providing that amonitor UWB market development and potential impact
efficient mitigation technique is applied. Theon radio-communication services (Decision
requirement for Detect and Avoid (DAA) devicesECC/DEC/(06)04).

should ensure the protection of radiolocation senh 31 Generic spectrum mask for UWB applications
the band 3.1 — 3.4GHz and 8.5 — 9GHz and BWA (Decision ECC/DEC/(06)04 and (06)12)

terminals in the band 3.4 — 4.2GHz.

At the “lower band” of the spectrum from 3.1 t0pecision ECC/DEC/(06)04 was adopted in March 2006
4.8GHz, the same limit of the maximum mean PSD Mayq |ater amended in July 2007. It defines pringatie
be increased if an efficient mitigation techniqeeused generic spectrum mask for UWB applications over the
(DAA® or LDCY). Technical requirements for thispangs from 1.6GHz to 10.6GHz. Complementary
mitigation technique are to ensure the protectibthe  gpgies in 2005/06 were oriented to review the UWB
FWA systems. In addition, the EC Decision includegep|oyment scenarios and to assess the impact on
different maximum e.i.r.p. limitations in the baffldm  o,tdoor FS/FSS radio-communication stations. Initia
4.2 to 4.8GHz to be applied in the period untibyopion of Decision (06)04 was subject to

December 31, 2010 and beyond that date. complementary studies in particular with regarth®
The regulations include also the limitations on

“outdoor” installations and infrastructure. Some~ Phased approach for the band from 4.2 to 4.8GHz
categories of UWB devices, characterized by power levels in the band from 2.7 to 3.8GHz, to be
predominantly outdoor usage, are subject to smecifi amended and in the band from 8.5 to 9GHz (NOC)
restrictions or excluded from the scope of thisutatjon

L . . installation of UWB in the vehicles
as they could present significant risk of interfere to

Masques d'émission ULB (densité spectrale de p.i.r. e)

Mean e.i.r.p. indBmMHz

|
g | |
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‘—-— FCC "Handheld" limits —e— Décision ECC/DEC/(06)04 révisée 07/2007

Figure 1: UWB (e.i.r.p.) emission mask
source ERO

3 Detect and Avoid (DDA) - mitigation technique ragulatory 4 Low Duty Cycle (LDC) - mitigation technique as rtegory solution
solution for high data rate UWB applications. Trengral principle is ~ for low data rate, localisation and various sensbhé/B applications.
that UWB devices should detect the presence ofisigrom other It was adopted in December 2006 (ECC Report 120e T
radio systems and reduce its transmitted powerpgsapriate. The Measurement campaign on the impact of UWB LDC egwmn S-
reliable implementation of DAA mechanisms is nistiar and their ~Pand radar were to be performed by February 20Ggideration of
effectiveness has not yet been demonstrated. Furdsearch and final results by ECC TG3 at its meeting in May 2008

investigation of DAA is required and draft ECC Rept20 is under

public consultation until 19 May 2008.
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Table 2: Maximum e.i.r.p. densities in the absesfce Emissions within the band from 23.6 to 24GHz, that
appropriate mitigation techniques appear 30° or greater above the horizontal plamal) s
be attenuated by at least 25dB up to 2010 and @B
Frequency Band Maximum mean to 1 July 2013 for SRR systems operating in thel24G
(GHz) e.i.r.p. density range. They are transmitting in the band 23.64(GR2z
(dBm/MHz) with an e.i.r.p. higher than -74dBm/MHz or in any
neighbouring band to which RR No. 5.149 appliehwit
Below 1.6 GHz -90 an e.i.r.p. higher than -57dBm/MHz, providing that
1.6 to 2.7 GHz -85 they shall be fitted with an automatic deactivation

mechanism to ensure protection of radio astronomy
service. In order to allow an early implementatiain
3.4t03.8 GHz - 80 24GHz SRR systems the automatic deactivation was
made mandatory from 1 July 2007.

2.7t0 3.4 GHz -70

3.8t04.2 GH -70
o - 413 undl 31.12.2010 The 24GHz frequency range may only be used for
4.2t0 4.8 GHz 70,0 after 31.12.2010 new SRR systems until July 01, 2013. After thiseda
and for new SRR systems, the 79 GHz range or
4.8 t0 6.0 GHz - 70 alternative technical solutions must be used fadro
6.0 to 8.5 GHz -41.3 vehicle collision mitigation and traffic safety
applications. The existing 24 GHz equipment woudd b
8.5 to 10.6 GHz - 65

allowed to continue operating in this band up ® ¢nd
Beyond 10.6 GHz -85 of lifetime of the vehicles.
Future SRR equipment, as a device providing road

The Decision ECC/DEC/(06)12 specifies technicaYehiCIe t_Jased radar f_unc_tions_for collision mitig_at
requirements for Low Duty Cycle (LDC) mitigation and traffic safety applications, is planned to epefin

technique thus enabling the operation of UWB des/icethe 79 GHz frequency range (77 — .81 (.BHZ) on a non-
at — 41.3dBm/MHz e.i.r.p. within the band 3.4 18 4. interference and non-protected basis with a maximum

GHz. More studies on mitigation technique willlstie mean power density of -3 dBm/MHz e.i.r.p. assodate

conducted in 2008, namely, on LDC to be applied.in With_ a peak limit of - 55 dI_3m/MHz_ e.i.r.p._ The
to 3.4 GHz band and DAA to be applied in the bandddXIMum mean power c_jensny outside veh|c!e, and
3.1 to 4.2 GHz and 8.5 to 9 GHz. Amendments to tH suling from the operation Of. one SRR equipment,
Decision ECC/DEC/(06)12 are expected for Octob all not exceed -9 dBm/MHz e.L.r.p.

2008.

3.3  Additional regulatory provisions and

3.2  Specific technical requirements for automo- harmonized standard

tive SRR in the 24 GHz and 79GHz band in . . .
CEPT They are related to fixed outdoor installations &mthe

installations in road and rail vehicles. Fixed agd
(lJJ_WB installations are operating at -41.3 dBm/MHz
e.i.r.p. and are not compatible with outdoor staio
rgrom the Fixed Service (FS). The regulatory praisi
that is envisaged, for allowing the operation ofefl
theoutdoor UWSB installations, is the e.i.r.p. limit of

Short-range radars (SRR) are defined as radi
communication equipment that falls in general catgg

of vehicular radar systems and provide collisio
mitigation and traffic safety applications. In ord®
allow early introduction of SRR applications,

24 GHz frequency range was designated for SRR 55 dBm/MHz e.i.r.p. in the “upper band” and
systems on a temporary, non-interference and non-60 dBm/MHz e.i.r.p. in the “lower band” without
protection basis as follows: prejudice to other constraints resultiranf the

— 24.15+25GHz for the UWB component with need to protect other systems than FS
maximum mean power density of —41.3 dBm/MHz  As to the installations in road and rail vehicléwy
e.i.r.p. and peak power density of 0 dBm/50 MHmay operate at - 41.3dBm/MHz e.i.r.p. subject te th
e.i.rp implementation of Transmit Power Control (TPC) with

—  24.05-24.25GHz for the narrow-band emission o 1€ of 12 dB (max -53.3dBm/MH2) e.irp. This

d hich | it of dulat pecific restriction is meant to reduce potential
moae which may only consist of an unmodulate ggregate interference on outdoor stations fronorad
carrier, with amaximum peak power of 20dBm

. e communication services (FS/FSS).
e.L.r.p and low duty cycle (LDC) limited to 10% for A harmonized UWB standard on generic UWB was
peak emissions higher than —10dBm e.i.r.p.

developed within ETSI in February 2008. Being



148 Schuster

consistent with ECC regulatory provisions, follogyin band from 22 to 29 GHz. Some countries will opea th

are the additional technical requirements: band of 77 to 81GHz for vehicular radar, as appabd@r

— minimum operational bandwidth 50 MHz, Although the compatibility studies took years and

— application of PRF (Pulse Repetition Frequency) they are still not complete, we believe into corsitble
higher than 1 MHz, and UWB potential and its further evolution. The retcen

— having possibility of transmitter timeout annual coordination meeting between the USA and

Canada and Europe in Strassbourg in April 2008

There is ongoing work on this standard in view tQjegicated great attention to UWB issues and itsréut
make it amended, possibly in 2009. These actvii® geyelopment, industry advancement and market

conducted by CEPT and ETSI with specific focus oBenetration perspectives, for the benefit of users.
mitigation technique. As DAA techmcgl parameters  and when shall we see it on a wide scale in EuPope
alone do not ensure protection of radio services byig may happen in 2009 when the European indistry

themselves, this part has to be completed with &ypposed to be ready for the first UWB applications
adequate DAA measurement procedure.
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Manufacturing of UWB Ground penetrating radar
(GPR) and Wall imaging services is mature and Madic
imaging and Communication devices are taking off
(start-up companies) in Canada and the USA. The
Imaging radar and vehicular radar is entering
intensively to the market. Wireless UWB USB is
available in many countries and can be used to
communicate high data rates up to 480 Mbps, céytain
on short distance.

Europe, with its regulatory platform for UWB
implementation published in 2007 made considerable
progress. Preparing for wide market penetratiom BC
Decision 2007/131/EC set up the framework and agend
for the future UWB application space for 500 mitigo
potential consumers. UWB implementation is expected
in the bands above 6GHz for communication devices
whereas UWB radar imaging will continue to use all
bands below 10.6GHz and vehicular radar will use a



