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Current	
  MSS	
  issues	
  

•  Iridium	
  satellites	
  are	
  causing	
  detrimental	
  
interference	
  in	
  1610.6-­‐1613.8	
  MHz	
  (primary	
  
RAS	
  allocaJon)	
  

•  Inmarsat	
  MES	
  and	
  AES	
  will	
  start	
  operaJon	
  in	
  
1670-­‐1675	
  MHz,	
  adjacent	
  to	
  1660-­‐1670	
  MHz	
  
(primary	
  RAS	
  allocaJon).	
  CoordinaJon	
  
required.	
  



Iridium	
  

•  “Big	
  LEO”	
  satellite	
  system	
  
– 66	
  satellites	
  
– ~780	
  km	
  alJtude	
  

•  Operated	
  by	
  Iridium	
  LLC	
  
•  Licensed	
  by	
  FCC	
  in	
  1995	
  
•  In	
  operaJon	
  since	
  1998	
  
•  Upgrade	
  to	
  Iridium	
  NEXT	
  from	
  2015	
  



Frequencies	
  

The	
  RAS	
  has	
  a	
  primary	
  allocaJon	
  in	
  the	
  band	
  1610.6-­‐1613.8	
  MHz.	
  Two	
  footnotes	
  are	
  applicable	
  in	
  this	
  band:	
  
-­‐	
  5.149	
  :“....administraJons	
  are	
  urged	
  to	
  take	
  all	
  pracJcable	
  steps	
  to	
  protect	
  the	
  radio	
  astronomy	
  service	
  from	
  harmful	
  
interference”	
  

-­‐	
  5.372	
  :“Harmful	
  interference	
  shall	
  not	
  be	
  caused	
  to	
  staJons	
  of	
  the	
  radio	
  astronomy	
  service	
  using	
  the	
  band	
  
1610.6-­‐1613.8	
  MHz	
  by	
  staJons	
  of	
  the	
  radiodeterminaJon-­‐satellite	
  and	
  mobile-­‐satellite	
  services	
  (No.	
  29.13	
  applies”).	
  

Mobile-­‐Satellite	
  (Earth-­‐to-­‐Space)	
  is	
  allocated	
  in	
  the	
  band	
  1610.0-­‐1626.5	
  MHz	
  and	
  Mobile-­‐Satellite	
  (Space-­‐to-­‐Earth)	
  has	
  a	
  
secondary	
  allocaJon	
  in	
  the	
  band	
  1613.8-­‐1626.5	
  MHz.	
  	
  



Iridium	
  license	
  1995	
  



Interference	
  in	
  1610.6-­‐1613.8	
  MHz	
  
•  RAS	
  experiences	
  
interference	
  from	
  start	
  of	
  
operaJon	
  of	
  Iridium	
  

•  Several	
  reports	
  e.g.:	
  
–  ERC	
  Report	
  50	
  (1997)	
  
–  ECC	
  Report	
  112	
  (2007)	
  
–  ECC	
  Report	
  171	
  (2011)	
  

•  Le`ers	
  sent	
  by	
  
administraJons	
  and	
  CRAF	
  

•  FCC	
  never	
  responded	
  

ERC REPORT 50

ERC REPORT ON INTERFERENCE CALCULATIONS
FROM MSS SATELLITES INTO

RADIO ASTRONOMY OBSERVATIONS

Moscow, September 1997

European Radiocommunications Committee (ERC)
within the European Conference of Postal and Telecommunications Administrations (CEPT)

ECC REPORT 112 

 
 

IMPACT OF UNWANTED EMISSIONS OF IRIDIUM SATELLITES 
TO RADIOASTRONOMY STATIONS 

IN THE BAND 1610.6-1613.8 MHZ 
 

Budapest, September 2007

 Electronic Communications Committee (ECC)  
within the European Conference of Postal and Telecommunications Administrations (CEPT) 

ECC REPORT 171 

 

 

IMPACT OF UNWANTED EMISSIONS OF IRIDIUM SATELLITES 

ON RADIOASTRONOMY OPERATIONS IN THE BAND 1610.6-1613.8 MHZ 

 

Tallinn, October 2011

 Electronic Communications Committee (ECC)  

within the European Conference of Postal and Telecommunications Administrations (CEPT) 



Framework	
  agreement	
  

•  Agreement	
  between	
  ESF/CRAF	
  and	
  Iridium	
  for	
  
period	
  1	
  May	
  1999	
  to	
  1	
  January	
  2006	
  

•  Some	
  kind	
  of	
  coordinaJon	
  during	
  this	
  period	
  
•  CollaboraJon	
  to	
  solve	
  interference	
  by	
  
enhancing	
  satellite	
  operaJon	
  and	
  RAS	
  
observaJons	
  

•  From	
  1	
  January	
  2006	
  interference	
  free	
  
observaJons	
  for	
  RAS	
  



Leeheim	
  space	
  monitoring	
  staJon	
  
MONITORING EARTH STATION LEEHEIM 

Antenna Parameters 
 
Parameter Antenna 1 Antenna 2 Antenna 3 Antenna 4 

frequency 
band per 
feed (GHz) 

1.5-
1.8 

2.1-
2.3 

4.3-
8.5 

10.7-
12.75 3.2-4.2 0.13-

0.25 0.25-0.5 0.5-1.0 1.0-2.0 1.9-3.3 3.2-4.4 4.3-7.3 7.2-
10.1 

9.9-
12.75 

12.5-
17.7 

17.3-
26.5 

antenna 
type 

full motion Az/El Cassegrain  
beam waveguide 

full motion 
Az/El, 

Cassegrain 

full motion Az/El  
planar dipole array full motion XY, Prime Focus 

antenna size 12 m Ø 8.5 m Ø 2.8*1.4 
m2 

1.4*1.4 
m2 

1.4*1.4 
m2 7 m Ø 

polarization LX 
LY 

LX 
LY 

LX, LY 
RHC 
LHC 

LX, LY 
RHC 
LHC 

RHC  
LHC LX, LY LX, LY LX, LY 

LX, LY 
RHC 
LHC 

LX, LY 
RHC 
LHC 

LX, LY 
RHC 
LHC 

LX, LY 
RHC 
LHC 

LX, LY 
RHC, 
LHC 

LX, LY 
RHC 
LHC 

LX, LY LX, LY 

polarization 
adjustment no no yes yes no no yes 

antenna 
gain (dBi) 44 47 49-56 61-62 48-50 8-11 10-14 14-18 34-39 40-45 45-47 47–50 51-54 54–56 56-57 58-59 

figure of 
merit (dBK-1) 17 21 27-33 39-41 25-29 - 15-19 20-23 24-26 26-28 29-31 32-33 32-33 34-33 

max. ang. 
velocity 

Az. 16°/s 
El. 3.5°/s 

Az. 5°/s 
El. 5°/s 

Az. 10°/s 
El. 10°/s 

X axle: 3.5°/s 
Y axle: 3.5°/s 

max. 
acceleration 10°/s2 5°/s2

 10°/s2 3.5°/s2 

monopulse - mono-
pulse antenna 

tracking manually, program track 
manually manually, program track manually, program track 

uncertainty 
rss* error 

1,6 dB 
(95% confidence level) 

not 
applicable 

1,6 dB 
(95% confidence level) 

1,6 dB 
(95% confidence level) 

frequency 
uncertainty 1*10-12 (rubidium standard)** 

___________________ 
*rss = root sum square 
**At the dead-line of this list (10.05.2006) the rubidium standard is not available but will be replaced by summer 2006. 



Measurements	
  at	
  Leeheim	
  (ECC	
  rep	
  171)	
  

•  Tracking	
  Iridium	
  satellites	
  
•  Data	
  recorded	
  with	
  FFT	
  Spectrometer	
  from	
  
MPIfR	
  

•  CalibraJon:	
  on-­‐off	
  measurements	
  on	
  Cas	
  A	
  
and	
  Cyg	
  A	
  

•  Direct	
  (staJc)	
  analysis	
  
•  EPFD	
  (dynamic)	
  analyis	
  



Rec	
  ITU-­‐R	
  RA.769	
  

1610.6-­‐1613.8	
  MHz:	
  
•  Threshold	
  pfd	
  =	
  -­‐194	
  dB(W	
  m-­‐2)	
  
➜	
  spfd	
  =	
  -­‐238	
  dB(W	
  m-­‐2	
  Hz-­‐1)	
  for	
  2	
  000	
  s	
  integ.	
  

Scaling:	
  	
  
	
  
Non-­‐GSO	
  satellites:	
  epfd	
  calculaJon	
  according	
  
to	
  Rec	
  ITU-­‐R	
  M.1583	
  with	
  2%	
  threshold	
  



Calibrated	
  measurement	
  Ir-­‐97	
  

Fig.	
  11	
  from	
  ECC	
  report	
  171	
  

ECC REPORT 171 
Page 15 
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Figure 11: Calibrated spectrogram (left) and average spectrum (right) of Iridium 97 unwanted emissions in the band 

1610.6-1613.8 MHz 

Analysis for the IR-97 observation shows that 456 out of 525 (§ 79%) channels are affected by excessive satellite emissions.  
These are signal above the 0dBi entry level as required for an assessment of compliance with Recommendation ITU-R 769.  The 
gain of the observing system is already incorporated in the calibration factors.   

A third example of the IR-82 transit on 8.3.2010 shows that the previously described  behaviour is typical and that the results are 
reproducible in Figure 12.  The maximum elevation for the satellite was 29° and the satellite exceed the RFI limit of the average 
spectrum in 52% of the available bandwidth.  
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Figure 12: Calibrated average spectra and spectrogram of Iridium 82 unwanted emissions in the band 1610.6-1613.8 

MHz 

The direct analysis (Annex 2) of the thirty Leeheim measurements shows that any single Iridium satellite transit causes 
ground-level interference exceeding the time and bandwidth adjusted Recommendation ITU-R RA.769 thresholds for the band  
1610.6-1613.8 MHz by more than 20dB on timescales ranging from 1 second to 800 seconds. The loss of bandwidth exceeded 
30% in all averaged spectra (median 76%) and a minimum of  11% (with a median of 47%) of all 1 second spectra had to be 
discarded because of spectral contamination by Iridium out-of-band emissions. The measurements in Leeheim also confirm the 
findings of the Effelsberg interference report from 1.3.2006. 

It should be noted that measurements conducted by NRAO on individual satellites run under artificial full-load conditions in 
1998 showed similar results as this static analysis. Changes to some of the operational parameters of the Iridium system were 
made after the NRAO tests (around 2003) to improve compatibility with RAS. 

 



Epfd	
  analysis	
  

! !

Data	
  loss	
  over	
  the	
  sky	
  (elevaJon	
  vs	
  azimuth)	
  for	
  a	
  30s	
  integraJon	
  Jme	
  for	
  the	
  
channel	
  at	
  1610.6199	
  MHz	
  (4.7%)	
  and	
  the	
  channel	
  at	
  1613.7878	
  MHz	
  (43.5%).	
  	
  
(Fig.	
  16	
  from	
  ECC	
  report	
  171)	
  



ECC/DEC/(09)02	
  

DECIDES	
  
4.	
  that,	
  ajer	
  1	
  January	
  2016,	
  in	
  order	
  to	
  protect	
  the	
  Radio	
  Astronomy	
  service	
  in	
  the	
  frequency	
  
band	
  1610.6-­‐	
  1613.8	
  MHz,	
  administraJons	
  shall	
  only	
  authorise	
  operaJon	
  of	
  mobile	
  earth	
  
staJons	
  under	
  the	
  control	
  of	
  MSS	
  systems	
  provided	
  the	
  following	
  condiJons	
  are	
  met:	
  
•	
  that	
  in	
  accordance	
  with	
  RecommendaJons	
  ITU-­‐R	
  RA.769-­‐2	
  and	
  ITU-­‐R	
  RA.1513	
  the	
  spfd-­‐level	
  
at	
  radio	
  astronomy	
  staJons	
  is	
  limited	
  to	
  -­‐238	
  dB(W/m2Hz)2,3	
  and	
  the	
  data	
  loss	
  resulJng	
  from	
  
exceeding	
  this	
  limit	
  is	
  ≤	
  2%	
  in	
  one	
  or	
  more	
  20	
  kHz	
  channels	
  within	
  the	
  frequency	
  band	
  
1610.6-­‐1613.8	
  MHz	
  at	
  the	
  locaJon	
  of	
  the	
  radio	
  astronomy	
  staJon	
  from	
  the	
  corresponding	
  MSS	
  
system	
  using	
  downlinks	
  in	
  the	
  frequency	
  band	
  1613.8-­‐1626.5	
  MHz	
  (space-­‐to-­‐Earth);	
  
⋮	
  
5.	
  that	
  the	
  compliance	
  with	
  the	
  condiJons	
  for	
  use	
  of	
  radio	
  frequencies	
  by	
  current	
  and	
  future	
  
MSS	
  systems	
  in	
  the	
  band	
  1613.8-­‐1626.5	
  MHz	
  (space-­‐to-­‐Earth)	
  and	
  the	
  degree	
  of	
  interference	
  in	
  
the	
  frequency	
  band	
  1610.6-­‐	
  1613.8	
  MHz	
  caused	
  by	
  this	
  usage	
  shall	
  be	
  monitored	
  regularly	
  (e.g.	
  
once	
  a	
  year)	
  by	
  a	
  competent	
  body	
  and	
  the	
  results	
  be	
  reported	
  to	
  the	
  ECC;	
  

 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 

 
 

The harmonisation of the bands 1610-1626.5 MHz 
and 2483.5-2500 MHz for use by systems in the 
Mobile-Satellite Service  

approved 26 June 2009 

amended 02 November 2012 

ECC Decision (09)02 



Iridium	
  NEXT	
  

•  New	
  satellites	
  built	
  by	
  Thales	
  Alenia	
  Space	
  
(France)	
  

•  To	
  be	
  launched	
  from	
  2015	
  
•  Equipped	
  with	
  addiJonal	
  payloads	
  
•  SJll	
  intermods	
  due	
  created	
  in	
  analogue	
  beam-­‐
forming	
  network	
  

•  In	
  default	
  mode	
  sJll	
  above	
  RA.769	
  levels	
  
➜	
  coordinaJon	
  needed	
  to	
  switch	
  to	
  so-­‐called	
  
RASP	
  mode?	
  



RASP	
  mode	
  

•  3	
  day	
  noJficaJon	
  Jme	
  
•  Maximum	
  of	
  12	
  subbands	
  
•  Europe:	
  12:00	
  –	
  18:00	
  high	
  traffic	
  (>12	
  subbands)	
  
•  Nearly	
  half	
  of	
  daily	
  revenue	
  is	
  generated	
  in	
  the	
  6	
  
busy	
  hours	
  of	
  the	
  day	
  

•  RASP	
  mode	
  can	
  be	
  tolerated	
  for	
  short	
  periods	
  to	
  
limit	
  impact	
  on	
  quality	
  of	
  service	
  and	
  revenue	
  

•  Switchover	
  to	
  RASP	
  mode	
  up	
  to	
  Iridium?	
  



RAS	
  sites	
  Europe	
  +	
  South-­‐Africa	
  +	
  EVN	
  



Lead	
  Jme	
  of	
  observaJons	
  

•  Varies	
  greatly	
  among	
  telescopes	
  
•  Some	
  telescopes	
  apply	
  day-­‐to-­‐day	
  scheduling	
  
•  Several	
  telescopes	
  prepare	
  longer-­‐term	
  
schedules	
  ranging	
  from	
  3	
  days	
  to	
  4	
  months	
  

•  All	
  telescopes	
  apply	
  dynamic	
  scheduling	
  or	
  
rescheduling	
  with	
  lead	
  Jmes	
  of	
  1	
  minute	
  –	
  1	
  
day	
  

Ø 3	
  days	
  noJficaJon	
  not	
  acceptable	
  



Status	
  in	
  Europe	
  
•  CEPT	
  WG	
  FM	
  has	
  tasked	
  CRAF	
  and	
  Iridium	
  to	
  
have	
  technical	
  discussions	
  whether	
  ECC/DEC/
(09)02	
  can	
  be	
  obeyed	
  

•  First	
  meeJng	
  in	
  January	
  2014:	
  
–  CRAF	
  prepared	
  typical	
  observaJon	
  scenario	
  (sent)	
  
–  Iridium	
  will	
  perform	
  simulaJons	
  
–  CRAF	
  receives	
  detailed	
  descripJon	
  of	
  simulaJon	
  
algorithm	
  for	
  validaJon	
  (high-­‐level	
  descripJon	
  
received)	
  

•  Next	
  meeJng	
  in	
  April?	
  
•  Report	
  at	
  WG	
  FM	
  (end	
  of	
  May)	
  



To	
  be	
  conJnued….	
  

Europe's radio astronomers want action over
Iridium interference
Mar 20, 2014 by Toby Youell

Iridium's plans for its new constellation of satellites appear to scuttle radio astronomers'
hopes that they will be able to use the 1610.6–1613.8 MHz band without restrictions.

Satellites developed for US giant Iridium do not take account of radio frequency interference mitigation
solutions proposed by the Electronic Communications Committee (ECC), according to Europe's Committee
on Radio Astronomy (CRAF). This means the current interference caused by Iridium's mobile satellite service
(MSS) to radio astronomy activities in the adjacent band is likely to continue, CRAF says.

The FCC is not carrying out its duty according to the Radio
Regulations and is ignoring the existence of CEPT and the ECC. It is
a scandal

The Iridium network of satellites has prevented scientists from fully understanding star forming regions for
decades, CRAF says, and the forthcoming launch of the company's NEXT satellite constellation suggests that
this is unlikely to change in the foreseeable future.

Dr Axel Jessner, from CRAF, says that Iridium's national regulator, the Federal Communications Commission
(FCC), has failed to enforce international treaties that protect radio astronomers from interference and ignored
formal protests from European states and the ECC.

Radio astronomy restricted

Radio astronomers have a global primary allocation for the 1610.6–1613.8 MHz band, and use it to observe a
part of the water molecule called the hydroxyl radical (•HO). When data from the band is compared to two
other bands, scientists can determine the pressure, temperature, and the density of molecular gas in regions
where stars and planetary systems are forming.

However, tests carried out in 2010 at the Leeheim observatory in Germany found that as much as 90–100 per
cent of data could have been lost when a receiver reaches a time interval of 600 seconds. This is much higher
than the internationally accepted level of data loss of two per cent that radio astronomers are expected to
tolerate (laid down by the ITU in ITU-R RA.1513-1).

The findings from the tests, undertaken by an independent consultant employed by Iridium and
representatives of CRAF, helped to inform ECC Report 171, approved in October 2011.

Jessner, who is also a member of the Max Planck Institute of Radio Astronomy in Bonn, told PolicyTracker that
the interference makes the data incomplete. He said: “It is like a colour: if you go out on to a nice spring
meadow with lots of flowers, just imagine somebody blinds you to the colour yellow”. 

The report found that the interference was caused by non-linearities in Iridium's satellite transmitting elements.
Iridium has a secondary allocation in the adjacent 1613.8–1626.5 MHz band for the space segment. Sixty-six
low earth orbit satellites use this band to provide data and voice communication services to the company's
664,000 subscribers. 

Iridium's licence, granted by the FCC in 1995, states: “We also remind Motorola [who then owned Iridium]
that it will have to terminate operations if unacceptable interference should occur to Radio Astronomy
observation.”

In 1999, Iridium drew up a framework agreement with CRAF which committed it to exploring "existing
factors, new techniques and system improvements which will remove the need for operational restraints from

Europe's radio astronomers want action over Iridium interferenc... https://www.policytracker.com/headlines/iridium-could-flout-itu-r...
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