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	Next generation geostationary meteorological satellite systems to be launched in the time frame 2015-2020 are expected to also be equipped with high-resolution sensors and microwave sounding units. 

Bandwidths in the order of at least 300 MHz will be required for the downlink of the imager and sensor data from these 3rd generation geostationary meteorological satellites to major ground stations of MetSat systems. The repetition rate of measurements from 3rd generation satellites will be between 5 and 15 minutes, compared to 30 minutes for the 1st generation and 15 minutes for the 2nd generation. The number of spectral channels and the geographic resolution will also be significantly increased.

Frequencies around 18 GHz appear to be suitable for transmission of these high data rate considering in particular that a primary allocation to the geostationary meteorological satellite (space-to-Earth) service exists already in the Radio Regulations in the band 18.1-18.3 GHz based No.5.519. 




Planned Expansion of Meteorological Satellite Service Allocation 

around 18 GHz

1 INTRODUCTION

Next generation geostationary meteorological satellite systems to be launched in the time frame 2015-2020 are expected to also be equipped with high-resolution sensors and microwave sounding units. 

Bandwidths in the order of at least 300 MHz will be required for the downlink of the imager and sensor data from these 3rd generation geostationary meteorological satellites to major ground stations of MetSat systems. The repetition rate of measurements from 3rd generation satellites will be between 5 and 15 minutes, compared to 30 minutes for the 1st generation and 15 minutes for the 2nd generation. The number of spectral channels and the geographic resolution will also be significantly increased.

Frequencies around 18 GHz appear to be suitable for transmission of these high data rate considering in particular that a primary allocation to the geostationary meteorological satellite (space-to-Earth) service exists already in the Radio Regulations in the band 18.1-18.3 GHz based No.5.519. 

2 WRC-07 Preparation

WRC-03 recognised that the bandwidth of the existing allocation of 200 MHz at 18 GHz is insufficient to support the required data rates and that sharing with the already allocated services in the band 18-18.4 GHz (fixed, fixed-satellite and mobile services) is likely to be feasible, considering in particular that the number of earth stations deployed to support these meteorological satellites will be typically less than five per Region. Therefore, an extension of the existing primary allocation to the geostationary meteorological satellite service (space-to-Earth) in the band 18.1-18.3 GHz by at least 100 MHz would be necessary. 

Consequently WRC-03 resolved to invite ITU‑R to conduct sharing analyses between geostationary meteorological satellites operating in the space-to-Earth direction and the fixed, fixed-satellite and mobile services in the band 18-18.4 GHz to define appropriate sharing criteria with a view to extending the current 18.1-18.3 GHz geostationary meteorological satellites allocation in the space-to-Earth direction to 300 MHz of contiguous spectrum. 

In order to be able to conclude on the extension of the geostationary meteorological satellite allocation at WRC-07 it is necessary to determine system characteristics, interference and sharing criteria in the appropriate set of ITU-R Recommendations and to conduct on that basis a number of sharing analyses between geostationary meteorological satellites operating in the 

Space-to-Earth direction and the other allocated services. These activities are currently in progress within the responsible Working Party 7B of the ITU-R.

ITU-R WP7B already dealt with the inclusion of the performance, interference and sharing criteria for direct readout systems in the meteorological satellite (GSO) service at 18 GHz into Recommendations ITU-R SA.1159, SA.1160, and SA.1161, resulting in three Preliminary Draft Revised Recommendations (PDRRs). These criteria subject to refinement/validation at the next WP7B meeting were derived from system parameters and link budget examples for next generation geostationary meteorological satellite systems and will form the basis for the sharing studies with the other allocated services in the band 18.0–18.4 GHz.

Annex 1 contains the background information gathered by ITU-R WP 7B that includes this typical system design with link budgets and the first draft of the performance, interference and sharing criteria.

Furthermore, within ITU-R, a Joint Rapporteurs Group JRG 4A-7B-8A was created to identify appropriate technical and operational parameters to be taken into account in the studies and to propose working methods that are agreeable to all participating Working Parties prior to the October 2004 meeting of Working Party 7B. 

With a view to permitting a timely implementation of geostationary meteorological satellite systems in this band a decision on the potential extension of the allocation to the meteorological satellite service is required in the timeframe of WRC-07. At the same time this WRC-07 constitutes the only possibility in the foreseeable future to increase the spectrum allocated to the meteorological satellite service such that it matches with the foreseeable spectrum requirements. 

3 Future Activities

All Organisations operating geostationary Meteorological Satellites would benefit in the long term from the required additional spectrum for the meteorological satellite service for next generation meteorological satellite systems. Every effort should be made by the meteorological and space science communities to support the preparatory work in view of extending the allocation to the meteorological satellite service at 18 GHz at WRC-07.

This support would also require the space science community to raise awareness in their regional preparation process for WRC-07 about the requirements for future meteorological satellite systems.

Annex 1

ITU-R Working Party 7B 

Background INFORMATION regarding WRC-07 Agenda item 1.2, Resolution 746 (18 GHz) 

Next generation geostationary meteorological satellite systems are expected to have bandwidth requirements up to 300 MHz. This is primarily due to transmission of data from high resolution sensors.  Frequencies around 18 GHz appear to be suitable for transmission of these high data rate considering in particular that a primary allocation to the geostationary meteorological satellite (space-to-Earth) service exists already in the Radio Regulations in the band 18.1-18.3 GHz based No.5.519. WRC-03 recognized that the bandwidth of the existing allocation is insufficient to support the required data rates and that sharing between geostationary meteorological satellites and the fixed, fixed-satellite and mobile services is likely to be feasible in the band 18-18.4 GHz, considering in particular that the number of earth stations deployed to support these meteorological satellites will be typically less than five per Region. 

WRC-03 resolved to invite ITU‑R to conduct sharing analyses between geostationary meteorological satellites operating in the space-to-Earth direction and the fixed, fixed-satellite and mobile services in the band 18-18.4 GHz to define appropriate sharing criteria with a view to extending the current 18.1-18.3 GHz geostationary meteorological satellites allocation in the space-to-Earth direction to 300 MHz of contiguous spectrum.  In order to conduct the required compatibility studies, it is necessary to include system characteristics, interference and sharing criteria in the appropriate set of ITU-R Recommendations.  

Typical system designs for the next generation meteorological satellites focus on a geostationary satellite transmitting data into a relatively large direct data readout earth station.  A carrier frequency around 18.2 GHz has been assumed.  The system is expected to have bandwidth requirements up to 300 MHz.  Therefore, 300 MHz of spectrum shall finally be identified within the entire band 18.0 – 18.4 GHz under consideration.  Two options for an extension of footnote No.5.519 are currently under consideration, either from 18.3 – 18.4 GHz or from 18.0 – 18.1 GHz. For the time being, both options will be considered and further decisions will be taken upon the availability of the results of compatibility studies. 

The high data rates are primarily due to transmission of data from high-resolution sensors.  For the link budgets it is assumed that the entire available bandwidth of 300 MHz will be used.  The most likely modulation techniques for such high data rates are QPSK or 8PSK.  In order to have some error detection capability and to operate at lower signal-to-noise ratios, it is also likely that some form of channel coding will be used.  As a starting point, rate ½ convolutional coding has been assumed.  Other likely candidates are turbo coding or concatenated coding.  For all channel coding techniques suitable for very high data rates, the required Es/No will not vary be more than a few dBs so that the assumed rate ½ convolutional code appears to be a good choice in the middle.

Regarding on-board RF subsystems, Travelling Wave Tube Amplifiers (TWTA) are commonly available up to several hundred Watts.  Pointable antenna systems with diameters up to about 1.5 meters provide sufficient gain for high data rate transmissions.  Economical and practical reasons (satellite mass, deployment mechanism, signal blockage, etc.) may lead to antenna diameters between 0.3 and 1.2 meters.  For this assessment, a 50 to 100 W amplifier and a 0.5 to 1.0 m parabolic antenna have been assumed.

The 18 GHz band will be primarily used for meteorological direct data readout systems.  This corresponds to very few main earth stations being deployed in locations with elevation angles above 5 degrees.  Most climatic zones of interest will have rain attenuation rates of less than 13 dB for elevation angles above 5 degrees and a link availability in excess of 99.9%.  All the above assumptions result finally in a typical earth station antenna diameter of around 8 meters. For comparison, a case with an antenna diameter of 6 m has been included.

Table 1 shows link budget examples for several typical cases where the elevation angle for direct readout stations is above 5 degrees.  The data in the first column are currently the ones with the highest likelihood for practical implementation.

3.1.1 Table 1.  Link budget examples for meteorological satellite systems operating at 18 GHz

	Carrier frequency 
	18.2 
	18.2 
	18.2 
	GHz

	Maximum bandwidth
	300
	300
	300
	MHz

	Minimum elevation angle
	5
	5
	5
	deg.

	Permitted PFD on surface of earth
	-115
	-115
	-115
	dBW/m2/MHz

	
	
	
	
	

	Satellite RF power
	20
	50
	100
	W

	Satellite antenna gain (1 m/ 0.5m parabolic)
	43.0 
	43.0 
	37.0 
	dBi

	Satellite EIRP
	56.0 
	60.0 
	57.0 
	dBW

	Distance satellite - Earth station
	41343
	41343
	41343
	km

	Free space propagation loss
	210.0 
	210.0 
	210.0 
	dB

	Polarisation loss
	0.3 
	0.3 
	0.3 
	dB

	Long term downlink loss
	210.3 
	210.3 
	210.3 
	dB

	Rain margin for 99.9% availability
	13.0 
	13.0 
	13.0 
	dB

	Short term downlink loss
	223.3 
	223.3 
	223.3 
	dB

	Earth station antenna diameter
	8.0 
	6.0 
	8.0 
	m

	Earth station antenna gain for 50% efficiency
	60.7 
	58.2 
	60.7 
	dBi

	Short term signal power level at receiver input
	-106.6 
	-105.1 
	-105.6 
	dBW

	Receiver system temperature
	300
	300
	300
	K 

	PFD on surface of earth
	-130.9 
	-126.9 
	-129.9 
	dBW/m2/MHz

	Receiver noise power density
	-203.8 
	-203.8 
	-203.8 
	dBW/Hz

	Signal to noise density ratio (C/No) - long term
	110.2 
	111.7 
	111.2 
	dB/Hz

	Signal to noise density ratio (C/No) - short term
	97.2 
	98.7 
	98.2 
	dB/Hz

	Required C/No for QPSK, R=1/2 coded
	92.6 
	92.6 
	92.6 
	dB/Hz

	System margin - long term
	17.6 
	19.1 
	18.6 
	dB

	System margin – short term
	4.6 
	6.1 
	5.6 
	dB


These data have been used for proposed updates to the relevant ITU-R Recommendations.  Regarding modifications to Recommendation ITU-R SA.1159, the minimum elevation angles are given by the Radio Regulations, although in practice typical elevation angles are expected to be above 15 degrees for most direct data readout stations.  A system availability of 99.9% is commonly required although a trend towards 99.99% is noticeable.  Bit error rates around 10-7 are standard practice for systems using channel coding (see Table 2).

Data (see Table 4) from the link budget, in particular the margins and the signal-to-noise ratios have been used in connection with the algorithm of Recommendation ITU-R SA.1022 to determine the permissible interference power densities for long and short term conditions (see Table 3).  The required signal-to-noise ratio is based on QPSK modulation with R=1/2 convolutional channel coding and technical losses of 2 dB.  For determining the long-term permissible interference, it was assumed that one third of the short-term margin could be used up (q=1/3) and for the short term permissible interference excess, the entire long term margin could be used up (q=1).  A short-term interference excess probability of 0.1% was considered adequate in line with a system availability of 99.9%.

As the band is shared with several other services, an appropriate apportionment of the interference levels is required.  For this purpose, the interference criteria are translated into sharing criteria by means of Recommendation ITU-R SA.1023 (see Table 5).  Regarding the apportionment of long-term interference between space and terrestrial systems, it can be expected that approximately equal contributions will arise from space and terrestrial services around 18 GHz, perhaps even more from space systems.  It is therefore suggested, as a preliminary starting point,  to assume 50% for each of these sources.  Regarding the number of short term interferers, 2 NGSO FSS satellites are considered appropriate for space services and 2 FS links coupling at rare occasions via the troposphere or ducting may be reasonable for terrestrial systems (see Table 6). 

Table 2.  Meteorological Satellite Performance Criteria for 18-18.4 GHz

	Frequency 
band
(MHz)
	Satellite
service
	Modulation
	Applicable elevation angle
(degrees)
	Minimum BER/C/N
	Required time availability
(%)
	Function and
type of
earth station

	18 000-18 400
	Meteorological
	Digital
	 5
	1  10–7
	99.9
	Direct data 
readout


Table 3.  Meteorological Satellite Interference Criteria for 18-18.4 GHz

	Frequency 
band
(MHz)
	
Function and type 
of earth station
	Interfering signal power (dBW)
in the reference bandwidth 
to be exceeded for no more 
than 20% of the time
	Interfering signal power (dBW)
in the reference bandwidth 
to be exceeded for no more 
than p% of the time

	18 000-18 4000
space-to-Earth
	Direct data readout
	–137.5 dBW per 10 MHz
	–116.3 dBW per 10 MHz 
p  0.1


Table 4.  Basis for Interference Criteria in 18-18.4 GHz

	Link parameter
	Value
	Notes

	Down-link e.i.r.p.
	56 dBW
	

	Down-link loss
	Long-term
	210.3 dB
	Free-space, polarization, and antenna pointing

	
	Short-term
	223.3 dB
	5 dB excess path loss due to atmospheric attenuation

	Down-link G/T
	35.9 dB(K–1)
	

	Down-link C/N0
	Long-term
	110.2 dB/Hz
	

	
	Short-term
	97.2 dB/Hz
	

	Data rate
	300 Mbit/s
	

	Required C/N0
	92.6 dB/Hz
	BER  1  10–7

2 dB technical losses, QPSK, R=1/2 coding

	Margin
	Long-term
	17.6 dB
	

	
	Short-term
	4.6 dB
	

	Receive antenna gain
	60.7 dBi
	

	Receiver noise density
	–203.8 dB(W/Hz)
	

	Interference criteria
	Long-term
	–137.5 dB(W/10 MHz) 
	q  1/3

	
	Short-term
	–116.3 dB(W/10 MHz)
	q  1


Table 5.  Meteorological Satellite Sharing Criteria for 18-18.4 GHz

	Frequency
band
(MHz)
	Function and
type of
earth station
	Interfering signal power (dBW)
in the reference bandwidth
to be exceeded for no more
than 20% of the time
	Interfering signal power (dBW)
in the reference bandwidth
to be exceeded for no more
than p% of the time

	
	
	Space
	Terrestrial
	Space
	Terrestrial

	18 000-18 400
	Direct data readout
61 dBi antenna
	–140.5 dBW
per 10 MHz(2)
	–140.5 dBW
per 10 MHz(2)
	–116.3 dBW
per 10 MHz(2)
p  0.05
	–116.3 dBW
per 10 MHz(2)
p  0.05


Table 6.  Parameters used to derive sharing criteria

	Frequency
band
(MHz)
	Function and
type of
earth station
	Long-term apportionment between categories of interferers
	Short-term apportionment between categories of interferers
	Equivalent
number of
long-term
interferers
	Equivalent
number of
short-term
interferers

	
	
	Interfering
signal path
	Interfering
signal path
	Interfering
signal path
	Interfering
signal path

	
	
	Space-Earth
	Terrestrial
	Space-Earth
	Terrestrial
	Space-Earth
	Terrestrial
	Space-Earth
	Terrestrial

	18 000 – 18 400
	Direct data readout
	50%
	50%
	50%
	50%
	1
	1
	2
	2


