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	Summary: 

	At its 78th meeting in Montegrotto, WGFM directed CRAF and Iridium to meet to discuss the technical aspects of the protection of radio astronomy measurements in the band 1610.6 – 1613.8 MHz from out-of-band emissions of the Iridium NEXT satellite constellation. At its 80th meeting in Trondheim, WGFM decided to give more time for discussions between CRAF and Iridium and a third meeting of CRAF and Iridium was organised. In this document, CRAF answers the questions raised at this third meeting and presents a proposal how to fulfil the decisions in ECC/DEC/(09)02.

	Proposal:

	WGFM is invited to note CRAF’s answers and to provide a way to enforce the protection of radio astronomy measurements, following ECC/DEC/(09)02 with respect to limiting the spfd-level from Iridium in the RAS band 1610.6-1613.8 MHz at radio astronomy stations from 1 January 2016, according to Decides 4, first bullet.

	Background:

	At the 78th WG-FM meeting in Montegrotto, WG-FM tasked CRAF and Iridium to discuss and focus on the technical merits of the proposal made by Iridium for organizing periods of reduced out-of-band emission levels from its satellites into the RAS band 1610.6 – 1613.8 MHz, i.e., on its implementation and operational issues, and how these fit with the operational requirements of the radio astronomy stations.
The basic reference for the discussions is given in ECC/DEC/(09)02, decides 4, first bullet.






Introduction
CRAF and Iridium have met three times in 2014 to discuss technical aspects regarding proposals made by Iridium for organizing periods of reduced out-of-band emission levels from its satellites into the primary RAS band 1610.6 – 1613.8 MHz. Reports and comments on the first two meetings can be found in documents FM(14)091, FM(14)088 and FM(14)094. A report of the third meeting is included in FM(14)161 (Minutes of CRAF/Iridium meeting).
The basic references for the discussions are provided by ECC/DEC/(09)02, decides 4, first bullet, and decides 5, which read as follows:
“4. that, after 1 January 2016,  in order to protect the Radio Astronomy service in the frequency band 1610.6-1613.8 MHz, administrations shall only authorise operation of mobile earth stations under the control of MSS systems provided the following conditions are met:
· that in accordance with Recommendations ITU-R RA.769-2 and ITU-R RA.1513 the spfd-level at radio astronomy stations is limited to -238 dB(W/m²Hz)[footnoteRef:2],[footnoteRef:3] and the data loss resulting from exceeding this limit is ≤ 2% in one or more 20 kHz channels within the frequency band 1610.6-1613.8 MHz at the location of the radio astronomy station from the corresponding MSS system using downlinks in the frequency band 1613.8-1626.5 MHz (space-to-Earth)” [2:  This value is based on an integration time of 2000 seconds.]  [3:  The interference levels given are those which apply for measurements of the total power received by a single antenna. Less stringent levels may be appropriate for other types of measurements (see Recommendation RA.769-2). However, all European observatories are carrying out single dish observations at the time of adoption of this ECC Decision.] 

“5. that the compliance with the conditions 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 revision of ECC/DEC/(09)02 in 2012 that included these decisions was supported by CRAF and Iridium. 
RAS requirements
There are 24 radio astronomy stations in Europe (plus 1 in South-Africa, which is also member of CRAF) that will have observing capability in the band 1610.6 – 1613.8 MHz in 2016, see Annex 6 of document FM(14)091.
Different types of observations are performed in this band:
Solar observations for the monitoring of ‘space weather’ and solar activity. The observations are performed during daytime when the sun is above the horizon, on a daily base.
Pulsar timing observations. Numerous pulsars are observed on a daily base or in monthly campaigns. Due to the relatively uniform distribution of the pulsars over the sky, the observations are distributed over the day.
Spectral line and continuum observations. The OH spectral line is widespread and can be observed throughout our galaxy and in other galaxies. OH sources are variable on timescales, which can vary from hours to several years and have to be monitored regularly: megamasers in galaxies, stellar envelopes, comets and star forming regions. For continuum measurements the band 1610.6 – 1613.8 MHz provides one of the RAS windows in the L-band.
In Annex 6 of document FM(14)091 a specification is given for each type of observation, which observatories are performing them and with what characteristics.
Most of these observing programs started decades ago. However, since the late 90's the quality of the measurements is seriously affected by the unwanted emissions of the Iridium satellites into the band 1610.6 – 1613.8 MHz. 
The lead time of radio astronomical observations varies greatly among telescopes. Some telescopes apply day-to-day scheduling. Several telescopes prepare longer-term schedules ranging from 3 days to 4 months. But all telescopes apply dynamic scheduling or rescheduling with lead times of 1 minute to 1 day.  Observatories are autonomous in preparing their observing schedules. Only the scheduling of VLBI observations is coordinated. CRAF does not have any influence on the scheduling.
The duration of observations varies also greatly among telescopes and per observing program. Some telescopes observe a daily series of many short observations of 10-30 minutes each. Other observations have durations of 1 hour up to 58 hours continuously. Observations in this band can take up to 70% (e.g. at Nançay in France) of the annual observing time per telescope, over a period of many years. Observations are often concentrated in campaigns that can last up to several weeks.
It is not possible for the RAS to avoid observations in the band during a fixed daily time interval. The scientific objectives of many of the research projects depend critically on the measurement of time-variability of the 1612 MHz OH spectral line, on widely varying timescales, and the availability of the sources in the sky. This requires round-the-clock scheduling possibilities.
Due to the duration and/or the number of successive observations, the RAS requires sufficiently long periods of interference-free observing time (i.e. when Iridium will operate in a bandwidth limited RASP mode).
Data loss due to interference and idle times due to notification periods result in a non-optimal use of telescopes. Telescope time is a costly resource.
incompatibility of Iridium proposals with RAS Requirements
The table below shows the amount of data loss to be expected for three RAS protection (RASP) modes of the NEXT satellite constellation, based on simulations of the performance of the Iridium NEXT satellites and the expected amount of traffic, combined with EPFD simulations.
	
	1610.6 MHz
	1613.8 MHz

	8.5 MHz RASP mode (close to default)
	1.51%
	71.52%

	6.5 MHz RASP mode
	0.50 %
	1.63%

	4.5 MHz RASP mode
	0.22%
	0.46%



Iridium indicated that the 8.5 MHz RASP mode has a similar performance with respect to out-of-band emissions as the default mode (which uses the same bandwidth) in which Iridium NEXT is envisaged to operate.
In the 4.5 MHz and 6.5 MHz RASP modes it will in principle be possible to protect RAS sites within the 2% maximum data loss limit as expressed in ECC/DEC/(09)02. It must be noted that the results of the simulations still have to be validated with measurements on real satellites.
Iridium has to this date made the following three proposals:
1. March 2013: Three days advance notification of RAS observations with unspecified limitations on the maximum duration of RAS protection and number of notifications. Iridium also indicated that RAS protection of notified observations is to the discretion of Iridium.
April 2014: 24 hours advance notification, with the limitation that no RAS protection is possible for the hours 12:00 – 18:00 UTC on each day. 
September 2014: Full protection for RAS observations during the time window 23:00 – 07:00 UTC, applicable every day with no requirement for advanced notification, and protection for RAS observations during the time window 07:00 – 23:00 UTC, subject to 15 hours advance notification for up to two periods each month of 24 hours duration each and for up to two periods of 48 hours duration each (this proposal appears to be a variation of the temporary coordination that was agreed in the framework agreement of 1999, for the period until 1 January 2006, after which no coordination would be needed anymore thanks to new techniques and system improvements of the Iridium constellation).
During the discussions about proposals 2 and 3, it appeared that additional limitations are applicable by Iridium. Due to the unspecified limitations involved in proposal 1, this proposal has not been assessed in detail. 
Based on the typical observation scenario that CRAF presented to Iridium in March of this year (see FM(14)091 Annex 6), CRAF made an assessment of the impact of proposals 2 and 3 on the various observatories (see Annex 1). It was assumed that no additional limitations will be applied by Iridium. Additional limitations will increase the amount of interfered observing time and with that, the data loss. The dynamic scheduling of observations will also result in additional interfered observing time and data loss.
The results in Annex 1, combined with a data loss of up to more than 70% for interfered observing time, clearly show net data losses far in excess of the 2% limit as indicated in ECC/DEC/(09)02. 
Therefore all proposals made by Iridium up to date are incompatible with ECC/DEC/(09)02, and therefore unacceptable to CRAF.
CRAF’s proposal to achieve compatibility with IRIDIUM
CRAF proposes that the Iridium NEXT satellites operate continuously in an RASP mode with a maximum bandwidth of 6.5 MHz over the geographical area where the radio observatories are located. 
Iridium has indicated that during 25% of a day the full capacity of the 8.5 MHz default mode is needed. This peak in traffic is 350% above the average traffic for the remaining 75% of a day, which can be accommodated in 2.5 MHz. This means that in principle a reduction in the peak capacity of 23.5% (from 8.5 MHz to 6.5 MHz bandwidth) for the 25% of the day, where it is said to be needed, can be compensated by moving high peak traffic to low traffic hours. Possibilities to achieve this are the introduction of hour dependent pricing of the traffic.
The radio observatories in Europe and South Africa are in a geographical area that consists of 1.5% of the Earth’s surface. Iridium NEXT satellites will have the ability to be switched over to RASP modes at a geographical resolution of 2 degrees, which means that the area where the satellites operate in bandwidth limited RASP mode is approximately the same as the geographical area containing the observatories. 
Taking into account the relative small reduction in capacity for a fraction of the day and the relatively small geographical area for which the RASP mode should be applied the impact on the world-wide traffic volume of Iridium can be estimated to be less than 0.2%, if no high peak traffic is relocated to low traffic hours.
This proposal is based on the expected performance of the satellites, which is based on simulations performed by Iridium. CRAF did not get the opportunity to validate the simulations in detail due to the use of confidential information. Validation of the performance of the Iridium NEXT satellites has to be done by means of measurements with the Leeheim station.
CRAF’s position with respect to a possible agreement

Any agreement will touch upon the basic principle of the Radio Regulations regarding allocations, according to which services operating under a secondary allocation cannot cause harmful interference to services operating under the primary allocation category, even if it concerns neighbouring bands. 
CRAF is therefore of the opinion that the RAS, which has a primary allocation in the band 1610.6 – 1613.8 MHz, should not be forced to sign an agreement limiting its operations in that band, in response to demands from another spectrum user having a secondary allocation in an adjacent band.
Iridium proposed to set up a series of bilateral coordination agreements between the US administration and national CEPT administrations, as seems to be common between satellite network operators. However, for the reasons mentioned above, the nature of any agreement concerning the matter at hand would be completely different from coordination agreements between satellite network operators, who usually operate their networks under the same allocation. Moreover, a series of bilateral coordination agreements of CEPT administrations with the US administration will cause coordination issues between different CEPT administrations.
ConClusions
Assessment of the Iridium proposals for the protection of radio astronomical observations in Europe shows that the data loss will be much larger than the limit mentioned in ECC/DEC/(09)02, decides 4. Especially daytime observations will be strongly affected. Moreover, any notification procedure with a lead time of more than 10 minutes seriously limits observatories in applying their dynamic scheduling procedures, resulting in additional data loss or costly idle time of the telescopes. 
It is CRAF’s view that the only technical solution to limit the amount of data loss in the band 1610.6 – 1613.8 MHz to a maximum of 2%, in accordance with ECC/DEC/(09)02, decides 4, first bullet, is to limit Iridium NEXT operations above Europe to RASP modes of 4.5 MHz or 6.5 MHz total bandwidth.
CRAF therefore proposes that in accordance with ECC/DEC/(09)02, decides 4, administrations should only authorise operation of mobile earth stations under the control of Iridium if the NEXT satellites will be operated at all times in RASP mode with a bandwidth of 4.5 MHz or 6.5 MHz over the part of Europe where the radio observatories with observing capability in the band 1610.6 – 1613.8 MHz are located.
CRAF is also of the opinion that proper regulatory account should be taken of the fact that the RAS is operating under a primary allocation in this band whereas Iridium is operating under a secondary allocation in an adjacent band.
Analysis of Impact of Iridium’s proposals on Radio Astronomy observatories in EUrope
	
	Telescope
	Regular observations
	E-Merlin[footnoteRef:4] [4:  E-Merlin observations: 60 obs/year, campaigns of 6 obs/2 months. Uniformly spread over day. 14 hr/obs. E-Merlin consists of the following observatories: Jodrell Bank, Cambridge, Darnhal, Defford, Knockin and Pickmere] 

	VLBI[footnoteRef:5] [5:  VLBI observations: 36 obs/year, campaigns of 10 obs/4months and 6 obs uniformly spread over year. Uniformly spread over day. Length: 6x2hr, 24x12hr, 3x18hr, 3x24hr. The European VLBI network consists of the following observatories: Badary, Effelsberg, Hartebessthoek, Jodrell Bank, Medicina, Noto, Onsala, Robledo, Sardinia, Svetloe, Torun, Westerbork, Zelenchukskaya, Evpatoria and Ventspils.] 

	Obs hours
	% of obs time interfered proposal 2[footnoteRef:6] [6:  Proposal 2: 24  hr notification without limitation in the amount of notifications. RAS protection from 18:00 until 12:00 UTC after notification. No RAS protection possible from 12:00 until 18:00 UTC. Continuous notification is assumed, giving continuous protection each day from 18:00 to 12:00 UTC.] 

	% of obs time interfered proposal 3[footnoteRef:7] [7:  Proposal 3: Protection for RAS during the time window 23:00 to 07:00 UTC every day without notification, protection for RAS during the time window 07:00 to 23:00 UTC, subject to 15 hr advance notification for up tot wo perdios each month of 24 hr duration each and for up tot wo periods each year of 48 hr duration each. No additional limitations are assumed.] 


	1
	Bleien, Switzerland
	Daily, 7-14 hours centred at 12:00
	
	
	3833
	50
	88

	2
	Effelsberg, Germany
	· Monthly campaign of 72 hours, 60 obs, uniformly spread. 30 min/obs.
· 36 obs/year, clustered in 3/month, Uniformly spread over day. Lengths: 12x1 hr, 14x12hr, 6x24hr, 3x36hr, 1x48hr.
	
	yes
	1266
	25
	32

	3
	Humain, Belgium
	Daily, between 06:00 and 18:00 with interval of 2 hours. 30 min/obs.
	
	
	1095
	50
	76

	4
	Jodrell Bank, UK
	· Monthly campaign of 72 hours, 60 obs, uniformly spread. 30 min/obs.
· 36 obs/year, clustered in 3/month, Uniformly spread over day. Lengths: 12x1 hr, 14x12hr, 6x24hr, 3x36hr, 1x48hr.
	yes
	yes
	2106
	25
	46

	5
	Metsähovi, Finland
	Daily, between 06:00 and 18:00 with interval of 2 hours. 30 min/obs.
	
	
	1095
	50
	76

	6
	Nançay, France
	Daily, 20+10 observations/day, uniformly spread over day. 30 min/obs.
	
	
	5475
	25
	62

	7
	Ondrejov, Czech Republic
	Daily, between 06:00 and 18:00 with interval of 2 hours. 30 min/obs.
	
	
	1095
	50
	76

	8
	Sardinia, Italy
	Monthly campaign of 72 hours, 60 obs, uniformly spread. 30 min/obs.
	
	yes
	786
	25
	27

	9
	Westerbork, Netherlands
	· Monthly campaign of 72 hours, 60 obs, uniformly spread. 30 min/obs.
· 72 obs/year, uniformly spread over year and day. 14 hr/obs.
	
	yes
	1794
	25
	42

	10
	E-Merlin only (5 observatories)
	
	yes
	
	840
	25
	36

	11
	VLBI only (11 observatories)
	
	
	yes
	426
	25
	18
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