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Interference. Passive service does not
cause interference to other users of the radio
spectrum.

Amplitude. Radio astronomy observations
can achieve microjansky sensitivity equivalent
up to 15 orders of magnitude lower than
sesnisitivity of active services.

Frequency. Choice of frequencies is
constrained by physical laws governing
emission process.

Location. Remote transmitter
characteristics and location outside our control.
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Radio spectrum is now a
valuable source of revenue for
governments and industry —

3G auction (2000): £22.47bn

4G auction (2012): £2.34bn
Iridium Next: 2b$

Automobile SRR: >100M£€ (est.)
License-free UWB: >100M€ (est.)

1st RadioNet3 ERATec Forum on Radio Interference in Large Bandwidth Observations, Mi
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Primary allocations give legal protection from interference

- o ORC

Secondary allocations do not give protection from primary users in

the same band

Foootnotes draw the attention to the use of a specific band by RAS:

Exclusive passive bands (n.

prohibited»

5.340 RR) «all emissions are

< 30 GHz

\’1, 2;5?_’_,_,.-'—

1,3%

0,5%

W Exclusive Primary Secondary

39,8%

51

30 - 275 GHz

16,8%

38,3%

W Exclusive Primary Secondary
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1610.6 -1613.8
1400-1427 MHZ 16€0 -1670
21-cm neu_t'.'al SLSITTIC 1718.8 -1722.2 MHz
hydrogen/liFigfand for Astrochemistry with OH
confiffuum line.
obse/#/ations.

P el

322-328.6 / 608-614 /
1400-1427 / 1660-1670 /
4990-5000 / 8400-8500 /

22210-22500 /
42500-43500 MHz.
VLBI
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~"RadioNet.

Radio spectrum management is aimed to coordinate the vast and growing
range of radiocommunication services and to harmonize at international level

the radio-frequency spectrum.

The allocation of frequency spectrum resources is the sovereign right of
national governments. But radio waves do not respect national borders =

international regulations are required!

Radio Regulations are carried on within ITU (agency of the United Nations)
and CEPT (administers radio spectrum in Europe).

European Conference of Postal _ | tional
@ \ and Telecommunications Administrations ._r"“"" sna
elecommunication
) - 48 European countries cooperating to regulate posts, radio Uniomn

spe rum and communicatiors networks

Region [ ) @’ Region | / CRAF represents RAS in ITU
% Region 1 which includes all
@}’\ CEPT countries
N Region Il IUCAF
Er = e CORF - RAFCAP

1st RadioNet3 ERATec Forum on Radio Interference in Large Bandwidth Observations, MPIfR, Bonn, 8-12 April, 2013 13
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CRAF was established in 1988 and it acts as an ESF LUROPEAN
Expert Committee. LIENLE

OUNDARTION

Legend
Contributing Member

Non-contributing Member

20 Member Countries (incl. Russia,
Ukraine, Turkey and South Africa) + 4
International organizations: ESA,
EISCAT, IRAM and IVS

Funding by MoU: 130 kEuro (+ 10
kEuro from Radionet)

CRAF Chairman: Hans van der Marel
CRAF Frequency Manager: vacant
FP7 Radionet WP7 (RA Spectrum

Management) leader: Michael
Lindgvist

1st RadioNet3 ERATec Forum on Radio Interference in Large Bandwidth Observations, MPIfR, Bonn, 8-12 April, 2013 14
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to keep the frequency bands used for RA observations free from
interference;

to argue the scientific needs of the European research community
for continued access to and availability of the radio spectrum for RA;

to support related science communities in their needs concerning
interference-free radio frequency bands for passive use.

Radio astronomy: aims, scope and observational methods
Radio propagation, radio engineering and technology

Negotiation, frequency management, administrative procedures and
structures

1st RadioNet3 ERATec Forum on Radio Interference in Large Bandwidth Observations, MPIfR, Bonn, 8-12 April, 2013 15
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UNITED NATIONS
Other UN
Crganizations: UNESCO, UNHCR ... ITU
IUCAF
UN Level (Coordination)
Regional Level 3 t t
CORF RAFCAP
ESF CRAF (BMERICAS) {ASIA / PACIFIC)

European Commission

—— o Em Em Em m s = o

National Level

I

National Governments

Industry
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UN: CRAF is a recognized
Sector Member of the ITU
Radiocommunication Sector

EU: CRAF has observer
status in CEPT (CRAF is
recognized by LoU with the
CEPT) and participates in
ECC meetings

National: CRAF members are
consulted by their
administrations

1st RadioNet3 ERATec Forum on Radio Interference in Large Bandwidth Observations, MPIfR, Bonn, 8-12 April, 2013 16
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13 Als out of 30 concern RAS.
CRAF has prepared a WRC-15

position document which has been
accepted by CEPT.

Al 1.17 to consider possible spectrum requirements and regulatory actions,
including appropriate aeronautical allocations, to support wireless
avionics intra-communications (WAIC), in accordance with Resolution
423 [COM6/22] (WRC-12);

Comments
The RAS bands that may potentially be affected are given in the following table.

RAS
Frequency Band Status FN RAS Utilization
2655-2690 MHz H:14 5.149 Continuum observations, VLBI
2690 - 2700 MHz PRI 5.340 Continuum observations, VLBI
4990-5000 MHz PRI 5.149 Continuum observations, VLBI
5000-5030 MHz sec Continuum chservations, VLBI
15.35-15.4 GHz PRI 5.340 Continuum cbservations, VLBI

o utCO me fO |' C RAF Unwanted emissions from WAIC systems may significantly affect RAS use in these bands

owing to the acknowledged susceptibility of the RAS to airborne sources of interference. To

n L 6 AI S : Sati Sfa Cto ry ensure adequate protection, all RAS bands that might be affected should not be subjected to

. interference levels from the emissions of WAIC systems that exceed those specified in
n. 2 Als: Unsatisfactory (Al 1.3 & Recommendation ITU-R RA.769-2.
CRAF Position
1 . 2 1 ) CRAF supports the protection of existing radio astronomy allocations. No new allocations for
WAIC systems should be made unless acceptable compatibility criteria are established and
included in subsequent regulations.

1st RadioNet3 ERATec Forum on Radio Interference in Large Bandwidth Observations, MPIfR, Bonn, 8-12 April, 2013 17
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Rules of
Procedure

il B i Fddig Paguldlaopng Badi|

Radio Regulations

Artrisa

i
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oNet.

RA.314 Preferred frequency bands for radio astronomical measurements

RA.479 Protection of frequencies for radioastronomical measurements in the shielded zone of the Moon

RA.517 Protection of the radio astronomy service from transmitters operating in adjacent bands

RA.611 Protection of the radio astronomy service from spurious emissions

RA.769 Protection criteria used for radio astronomical measurements

RA.1031 Protection of the radio astronomy service in frequency bands shared with other services

RA.1237 Protection of the radio astronomy service from unwanted emissions resulting from applications of wideband digital
modulation

RA.1272 Protection of radio astronomy measurements above 60 GHz from ground based interference

RA.1417 A radio-quiet zone in the vicinity of the L2 Sun-Earth Lagrange point

RA.1513 Levels of data loss to radio astronomy observations and percentage-of-time criteria resulting from degradation by
interference for frequency bands allocated to the radio astronomy on a primary basis

RA.1630 Technical and operational characteristics of ground-based astronomy systems for use in sharing studies with
active services between 10 THz and 1 000 THz

RA.1631 Reference radio astronomy antenna pattern to be used for compatibility analyses between non-GSO systems and
radio astronomy service stations based on the epfd concept

RA.1750 Mutual planning between the Earth exploration-satellite service (active) and the radio astronomy service in the 94
GHz and 130 GHz bands

RA.1860 Preferred frequency bands for radio astronomical measurements in the range 1-3 THz

1st RadioNet3 ERATec Forum on Radio Interference in Large Bandwidth Observations, MPIfR, Bonn, 8-12 April, 2013 19



Rec. ITU-R RA.769-2 1

RECOMMENDATION ITU-R RA.769-2

Protection criteria used for radio astronomical measurements
(Question ITU-E 145/7)

(1992-1995-2003)

The ITU Rﬂdiucununmﬁcfltinn Assembly,

reconimends
1 that radio astronomers should be encouraged to choose sites as free as possible from
interference;
2 that administrations should afford all practicable protection to the frequencies and sites

used by radio astronomers in their own and neighbouring countries and when planning global
systems, taking due account of the levels of interference given in Annex 1;

3 that administrations, in seeking to afford protection to particular radio astronomical
observations, should take all practical steps to reduce all unwanted emissions falling within the
band of the frequencies to be protected for radio astronomy to the absolute minimum.  Particularly
those emissions from aircraft, high altitude platform stations, spacecraft and balloons;

4 that when proposing frequency allocations, administrations take into account that it is very
difficult for the RAS to share frequencies with any other service in which direct line-of-sight paths
from the transmitters to the observatories are involved. Above about 40 MHz sharing mav be
practicable with services in which the transmitters are not in direct line-of-sight of the
observatories, but coordination mav be necessary, particularly if the transmitters are of high power.

)13 20
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CPG-PTA

CPG-PTB

CPG-PTC
CPG-PTD

FM44

SE7

SE19
SE21
SE24
SE40

SE44

SRD-MG

ITU
WP7D

ITU JTG
4-5-6-7
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Net

Topics Covered

Science services issues within WRC-
15

Satellite communications issues
within WRC-15

Radiolocation issues within WRC-15
IMT issues within WRC-15

Satellite communication systems
(Regulatory complement to SE40)

Compatability & sharing issues for
mobile systems below 3 GHz

Issues relating to the Fixed Service
Unwanted emissions

Short range devices

Satellite communications

Broadband direct air-to-ground
communications (DA2GC)

SRD maintenance group
(Regulatory complement to SE24)

Radio astronomy

WRC-15 Agenda Items 1.1 and 1.2

08-12/04/13
16-19/04/13
16-18/04/13
22-23/04/13
22-24/04/13
24-26/04/13
02-03/05/13
02-10/05/13
06-08/05/13
13-17/05/13
20-24/05/13

ITU-R WP7D
CEPT CPG-PTC
CEPT PT FM44
CEPT PT SE40
CEPT PT SE24
CEPT SRD-MG
CEPT ECC-PT1
ITU-R WP4A
CEPT CPG-PTD
CEPT WGSE
CEPT WGFM

- o ORC

Geneva, CH
London, UK
Rome, IT

London, UK
Helsinki, FI
Helsinki, FI
Berlin, D

Geneva, CH
Berlin, D

Lugano, CH

Amsterdam, NL
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In 2010, CEPT decided to carry out new
measurements using a spectrometer
provided by RA community. Analysis of
observations at the Leeheim satellite
monitoring station shows that the _ _

operation of the satellites in the ON RADIOASTRONOAIY OFERATIONS IN THE BAND 161016133 3z
Iridium network causes interference
in the RA band in excess of the limits
given in ITU-R RA.769-2.

ECCEEFORT 171

Electronic Comsmmicatioss Committes (ECC)

= within the Eraropsan Conference of Postal and Telecommusications Administrations (CEPT)

Tallinn, October 2011

1st RadioNet3 ERATec Forum on Radio Interference in Large Bandwidth Observations, MPIfR, Bonn, 8-12 April, 2013 22
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ECC Decision

ECCEEFORT 171

B ) carry out new
an:EE.?;:O;nMHZ fior usrula :y systems i|:| the : i S p e Ct ro m ete r

Mobile-Satellite Service
[ = P L L EL L I Ry e R L i e . R T N L B LR R — R o VY SWLIELL, WL LS LI E- sl IR LLLLE SRl b LU,

2. that pnor to 1 Japuary 2016, admmistratons shall consider the interference siuaton of the Radio
Astronomy service operating below 1613.8 MH= before considenng mranting an authonsation for operation

monitor of mobile earth stations operating under the control of M55 systems wsing downlnks m the frequency band
operati 1613.8-1626.5 MHz (space-to-Earth):

Iridiun 3. that CEPT admumstrations wge the mvolved parties (M55 operator and radio-astronomers) to mveshzate
in the | and implement appropriate technical andlor operational short term solutions to alleviate the mterference
given il sltuanon:

4.  that after 1 Jamuary 2016, 1n order to protect the Radio Astronomyy service m the frequency band 1610.6-
1613 8 MH=, admmistrations shall only authonse operaton of mobile earth statons under the control of
M55 systems provided the tollowmg condihons are met:

# that n accordance with Recommendations ITU-E BEA 769-2 and ITU-KE EA 1313 the spfd-level at
radio astronomy stations is limited to -238 dB(W/m"Hz)™ and the data loss resulting from exceeding
thas it 15 = 2% m one or more 20 kHz channels within the frequency band 1610.6-1613.8 MH= at
the locathon of the radio astronomy station from the comresponding MSS systemn usmg downlinks 1n the
frequency band 1613.8-1626.5 MHz (space-to-Earth);

¢  that the operation of mobhle earth stahons transmuthng 1o the band 1610-1626.5 MHz 15 not allowed
withm a radis calculated on the bamis of Figwre 1 m the Annex around each radio astronomy stahon

operating 1n the frequency band 1610.6-1613.8 MHz while tzking due account of the shieldmg effects
of the terrain at the relevant radio astronomy site;

that the comphance with the condibons for use of radio frequencies by cwrent and futwre M55 systems 1n
the band 1613 5-16.16.3 MHrz (space-to-Earth) and the degree of mterterence m the frequency band 1610.6-

1613.8 MHz= caused by thas usage shall be momtored regularly (e.z. once a vear) by a competent body and
thie ra=sulis ha remerted o the FOC-

L

1st RadioNet3 ER
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> ECC Report 175

ECC conducted a co-existence study considering UWB

applications onboard aircraft and existing radio services
in the frequency bands from 3.1 GHz to 4.8 GHz and from

6.0 GHz to 8.5 GHz.

Marcn 2012

considering
n) that the Methanol line at 6.7 GHz discovered in 1991 is becoming a
focus of radio-astronomical research;

decides
4) that the technical requirements in the annex apply to devices
permitted under this ECC Decision;

Table 1: Maximum e.i.r.p. limits

Frequency range Maximum mean Maximum peak Requirements for mitigation
e i.r n. spectral e ior n. (defined technigues
dencih in Al M
§.660-656752GHz | -62.3 dBm/MH= -21 dBm notch of 21 dB should be
implemented to meet a level 6523
ECC Decision dBmiMHz !
6.6762-8.5 GHz -41_3 dBm/MHz 0dBm 7.28-7. 76 GHz [F55 and MetSat

(7.45-7.55 GHz) protection)’- 2
7.75-7.9 GHz (MetSat protection)’*

The harmonised conditions for UWB applications E . 5 t:' 1 D '5 G |_|-E 'E 5 'd E m'r'l'“_lz '2 5 'd E m
B Above 106 GHz | 55 dBm/MHz 35dBm

""""""""""""""" ce Altemative mitigation technigues offering equivalent protection such as the use of shielded portholes

rrnild ho o cnbitinn
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Astronomers want to observe in much wider frequency bands
than those allocated to RAS.

Mitigation techniques allow to reject specific RFI, even if with
some data-losses.

Neverthless frequency bands allocated to RAS without
detectable interference for many hours of observations are
still fundamental.

CRAF is an expert committee in charge to safeguard the
continued access to the radio quiet sky; without it, the investment
into past and future observatories would be lost.

CRAF is facing many changes in the short-term: Chairman
recently appointed, Frequency Manager vacant, new host
organization to be identified, new working model under discussion.

1st RadioNet3 ERATec Forum on Radio Interference in Large Bandwidth Observations, MPIfR, Bonn, 8-12 April, 2013 25
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%‘Fg“?ﬂ& Committee on Radio Astronomy Frequencies
www.craf.eu

Wel he web-pages i Radio Astronomy Frequencies (CRAF)
CRAF i an Expert Conitc of the Euopea Sicnse Fouindation (E5F).

Members WIKI

Contents:

= About CRAF
= CRAF publications:
NEW:

Recent: CRAF positions on WRC-15 Agenda ltems (JAN13)

= Radio Observatories in Europe
o IAU list of important spectral lines

= Compatibility and coordination issues
& Wind turbines

o Frequently Asked Questions

= Useful equations

o Literature

o Links to organizations with related mterests
o Euroj Common Allocation Table

5010 hstranony Frequencies

CRAF Handbook
for Radio Astronomy

Various calculations

© Cmrmwﬁwxﬁil:‘skm“qn‘nmﬁrldﬂ?whmﬂmmohcwﬂrﬂlmdulwﬂm
o Cosversion from pid level (dB(Wn®)) isto eiix.p. (dBem)
o Conversion from e (dBm) to e.irp. (dBm)
© Comversion from ¢.i.x.p, (4B} into pfd level (BOWn* D) -
© Conversion from ¢.ir.n.(dBe) o field-strength (@ microVoltimeterdl, pid level (GBO2®) and power level (EBW)
© Copversion from field-sirenath (BimicroVollmeter) fmo fd Jevel (4B(Wi®))
coversi o dBIWY) 1 po flux density, pid, (d ]

Q istance bet L Rec.
o Eilhlm lmwﬂ.lm zﬂmﬁnﬂ_ ‘mm:sn. n_rud.msmm H'—RE.L‘J
© Trmsmission loss for diffmstion scenario for specified distame between transmisier. and reseiver (Rec, ITU-R P.452 and P.526)

o Rough mate from £.ip. and ampls free space propagation

o mw_dm n:gmmi I‘w lhmﬂ&:s r[s..apqm

o an m [TL-R BA52)

o ) lmn dwn rasge deviges W--wmmwulm servige (Reg

o jon distances foe mﬂmmmmﬂumnmwﬂm

o on distances for land MESs at 1.6 GHz (ERC Report 26)

o ondistances. stations (FRC Benact 26 and for. ety (0 7 and 30 GHL

A ESF Expert Commities
Third aditon - 2005

L

1st RadioNet3 ERATec Forum on Radio Interference in Large Bandwidth Observations, MPIfR, Bonn, 8-12 April, 2013 26




1st RadioNet3 ERATec Forum on Radio Interference in Large Bandwidth Observations, MPIfR, Bonn, 8-12 April, 2013 27



