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Summary and Purpose of Document
The World Radiocommunication Conference Agenda Item 1.2 inter alia addresses the possible expansion of the existing geostationary metsat primary allocation at 18.1-18.3 GHz (via RR No 5.519) by up to 100 MHz to satisfy spectral requirements of the next generation of geostationary meteorological satellites.  This contribution presents an example of the type of meteorological satellite links that may be operating in this band as well as interference and sharing criteria for coexisting in 300 MHz of the 18-18.4 GHz band with the other co-primary services, viz., the Fixed, Fixed-Satellite and Mobile services.

This document is also being submitted to SFCG-24 for consideration by meteorological interests that may not be present at this meeting.

Action Proposed

This document is for information to the SG-RFC and to request support of this portion of agenda item 1.2 by SG-RFC members and their administrations in preparing for and attending WRC-07.

SAMPLE CHARACTERISTICS AND SHARING CRITERIA FOR GEOSTATIONARY METEOROLOGICAL SATELLITES IN THE BAND 18 – 18.4 GHz

Introduction

The meteorological-satellite service (space-to-Earth) shares the band 18.1-18.3 GHz with the Fixed, Fixed-Satellite and Mobile services on a primary basis.  It has been proposed to extend the current 18.1-18.3 GHz allocation to 300 MHz of contiguous spectrum to satisfy spectral requirements of next-generation meteorological satellites.  This expansion could move the upper boundary to 18.4 GHz or move the lower boundary to 18.0 GHz.  This paper presents some of the preliminary proposed characteristics of the future GOES R meteorological satellite series space-to-Earth link and sharing criteria in the 18 GHz band.

Allocated Band

The band 18.1-18.4 GHz is allocated to the Fixed, Fixed-Satellite and Mobile services on a primary basis.  Within this band there is an additional allocation (RR No 5.519) stating that the band 18.1-18.3 GHz is also allocated to the meteorological-satellite service (space-to-Earth) on a primary basis.  The allocations for the 18.1-18.3 GHz and both adjacent bands are shown in the following table.
	Services in lower allocated bands
	Allocated band
	Services in upper allocated bands

	17.8–18.1 GHz
	18.1-18.4 GHz
	18.4-18.6 GHz

	FIXED

FIXED-SATELLITE

(space-to-Earth) 5.484A

(Earth-to-space) 5.516

MOBILE
	FIXED

FIXED-SATELLITE

(space-to-Earth) 5.484A

(Earth-to-space) 5.520

MOBILE

5.519 5.521
	FIXED

FIXED-SATELLITE

(space-to-Earth) 5.484A

MOBILE



5.519 Additional allocation:  the band 18.1-18.3 GHz is also allocated to the meteorological-satellite service (space-to-Earth) on a primary basis.  Its use is limited to geostationary satellites and shall be in accordance with the provisions of Article 21, Table 21-4.

Satellite Usage Overview

The Geostationary Operational Environmental Satellite (GOES) program is a key element in National Weather Service (NWS) operations.  GOES imagery and sounding data support weather forecasting, severe storm tracking, and meteorological research.

The new METSAT series will use the 18 GHz band for the sole purpose of raw sensor data transmission to specific Earth stations.  Currently the United States has three Earth stations supporting the existing raw data downlink in the 1670-1710 MHz band: Fairbanks, Alaska, Wallops Island, Virginia and Greenbelt, Maryland.  These same Earth stations will continue to support this function once the frequency band is changed to the 18 GHz allocation.

Satellite Specifications

Future GOES R meteorological satellite series are expected to have bandwidth requirements of 300 MHz.  This is primary due to transmission of data from high-resolution sensors.  The most likely modulation technique for such high data rate is QPSK.  Table 2 shows a link budget example for GOES R using a bit rate of 150 Mbps and QPSK modulation.

	Parameters
	Value
	Units
	Comments

	
	Long-term
	Short-term
	
	

	Frequency
	18.0
	GHz
	

	Elevation angle
	15.24
	degrees
	Elevation angle

	Distance
	40934.44
	km
	Computed using elevation angle

	Bandwidth
	300
	MHz
	

	Power
	7.85
	dBW
	

	Tx Antenna Gain
	52.9
	dBi
	

	Isolator loss
	1.0
	dB
	

	High power RF filter/equalizer loss
	0.5
	dB
	

	10 ft. of cables & connector losses
	0.6
	dB
	

	Required EIRP
	88.65
	dBm
	

	Number of polarizations
	1
	
	Circularly polarized

	Free-space loss
	209.79
	dB
	Calculated for above frequency and distance

	Atmospheric Loss 
	1.0
	dB
	

	Rain loss
	0
	25.4
	dB
	99.99 % availability, annual average weather statistics

	Pointing loss
	0.3
	dB
	Estimate

	Polarization loss
	0.1
	dB
	Estimate

	Ground antenna receive gain
	68.2
	dBi
	

	Received signal power
	-54.3
	-79.7
	dBm
	Calculated

	Power Flux Density
	-127.7
	-153.1
	dBW/m2 per 1 MHz
	At 15.24 degrees elevation

	ITU PFD Limit
	-105.0
	dBW/m2 per 1 MHz
	Reference: ITU RR21-7, pg. 247

	Received Energy per bit (Eb)
	-136.1
	-161.5
	dBm/Hz
	Calculated

	Receive Noise Spectral density
	-171.9
	dBm/Hz
	

	Eb/No (actual)
	35.8
	10.4
	dB
	

	Theoretical Eb/No for BER of 10-7
	5.6
	dB
	QPSK, R = ½ coding

	Implementation loss
	3.0
	dB
	

	Link Margin
	27.2
	1.8
	dB
	


Table 2.  Sample Link Budget parameters

The Meteorological satellite link parameters presented on table 2 are for a worst-case link for the GOES constellation because the path contains enough atmosphere to make the link susceptible to rain attenuation.  The link is designed to have enough power to counter a 26.4 dB atmospheric loss (absorption and rain) while providing 99.99% data availability.

Interference Criteria

This study uses the methodology of Recommendation ITU-R SA. 1022 to determine the interference criteria for systems in the Earth exploration-satellite and meteorological-satellite service for direct readout systems.

Table 3 presents the interference criteria for direct readout systems, in which all of the interference enters the receiving Earth station directly.  The procedure in Rec. ITU-R SA.1022 provides for interference in the uplink but in this case there is no corresponding uplink signal.

	Link Parameter
	Value
	Notes

	Downlink e.i.r.p.
	58.7 dBW
	

	Downlink   loss
	Long-term
	211.2 dB
	

	
	Short-term
	236.6 dB
	

	Downlink G/T
	41.5 dB/K
	

	Downlink C/No
	Long-term
	117.6 dB-Hz
	

	
	Short-term
	92.2 dB-Hz
	

	Data rate
	150 Mbit/s
	

	Required C/No
	90.4 dB-Hz
	BER = 1 x 10-7

2 dB technical losses, QPSK, R = ½ coding

	Margin
	Long-term
	27.2 dB
	

	
	Short-term
	1.8 dB
	

	Receive antenna gain
	68.2 dBi
	

	Receiver noise density
	-201.9 dBW/Hz
	

	Interference criteria
	Long-term
	-140.2 dBW/10MHz
	q = 1/3 and Mmin = 1.2 dB

	
	Short-term
	-104.7 dBW/10MHz
	q = 1 and Mmin = 1.2 dB



For a margin of 10 dB for rain attenuation (99.5% availability), the above table provides an interference criteria value of -138.1 dBW/10MHz (Long-term) and -124.1 dBW/10MHz (Short-term).  Some of the values used for the input parameters have been estimated since the frequency band 18.1 – 18.3 GHz is not being used by present NOAA GEO satellites.  The analysis techniques in Rec. ITU-R SA.1022 only require theoretical numerical values.

Sharing Criteria

The extension of the current 18.1-18.3 GHz allocation to 300 MHz of contiguous spectrum, either to 18.4 GHz or to 18.0, requires appropriate apportionment of the interference levels. This study uses the methodology of Recommendation ITU-R SA. 1023 to apportion the permissible level of total interfering signal power between terrestrial and space-to-Earth signal paths.

Table 4 shows the parameters used to derive the sharing criteria for the terrestrial and space-to-Earth signal paths.

	Parameter
	Space-to-Earth path
	Terrestrial

path

	Long-term apportionment btw categories of interests
	50 %
	50 %

	Short-term apportionment btw categories of interests
	10 %
	90 %

	Equivalent number of long-term interferers
	1
	1

	Equivalent number of short-term interferers
	1
	2



Table 5 shows the calculated sharing criteria for the terrestrial signal paths and space-to-Earth signal paths using a satellite in geostationary orbit.

	Parameter
	Space
	Terrestrial

	Interfering signal power (dBW) in the reference bandwidth to be exceeded for no more than 20% of the time
	-141.1 dBW/10MHz
	-141.1 dBW/10MHz

	Interfering signal power (dBW) in the reference bandwidth to be exceeded for no more than p% of the time
	-124.3 dBW/10MHz
	-124.2 dBW/10MHz



Table 1.  Band allocations








Table 3.  Direct data readout system performance used as a basis for interference criteria of stations operating with satellites in geostationary orbit.  Frequency band 18.1 – 18.3 GHz





Table 4.  Parameters used to derive the sharing criteria





Table 5.  Divided sharing criteria using a satellite in geostationary orbit
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