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This Addendum provides the results of tests, measurements and studies identified in invites ITU‑R 1, 2 and 3 of ITU-R Resolution 127 (Rev.WRC-2000). In Resolution 127, the ITU-R, with the participation of administrations, is invited:

1) and 2)
to carry out additional tests and demonstrations to validate studies on operational and technical means to facilitate sharing in portions of the bands 1 390-1 393 MHz and 1 429-1 432 MHz between existing and currently planned services and feeder links (Earth-to-space) and (space-to-Earth) for non‑GSO MSS systems with service links operating below 1 GHz,

3)
to carry out additional studies, including the measurement of emissions from equipment that would be employed in operational systems to protect passive services in the band 1 400-1 427 MHz from unwanted emissions from feeder links near 1.4 GHz for non‑GSO MSS systems with service links operating below 1 GHz.

A laboratory in the United States recently completed tests, measurements and studies showing that for a non‑GSO MSS transmitter operating in the band 1 430-1 432 MHz (space-to-Earth) the practicable levels of attenuation of out-of-band emissions exceed the value of 73 dB that studies have shown would provide acceptable interference power into EESS (passive) systems operating in the frequency band 1 400-1 427 MHz. Studies performed with the tests have shown that additional attenuation of 10 to 30 dB is achievable through the use of post-transmitter filters on the satellites.

On the basis of those tests and studies of transmitters in the band 1 430-1 432 MHz, it is concluded that for non‑GSO MSS feeder links in the band 1 390-1 392 MHz with earth station transmitters similar to the transmitters tested (similar in power levels, up to 50 W, and at nearly the same frequency), the achievable out-of-band emission levels and additional post-transmitter filtering of 30 dB can practicably result in attenuation levels of unwanted emissions greater than the approximately 119 dB required to produce acceptable interference levels into EESS (passive) systems operating in the frequency band 1 400-1 427 MHz.

The Annex to this Addendum summarizes the results of these recently completed tests, measurements and studies that were requested by Resolution 127 to be completed prior to WRC‑03.

A separate information paper input to WRC-03 provides complete details of the tests, measurements and studies.

ANNEX

Results of tests, measurements and studies requested by 
Resolution 127 prior to WRC-03
1
Introduction

Resolution 127 (Rev.WRC-2000) “Studies relating to consideration of allocations in bands around 1.4 GHz for feeder links of the non-geostationary-satellite systems in the mobile-satellite service with service links operating below 1 GHz” invited ITU-R as a matter of urgency to carry out additional studies, including the measurement of emissions from equipment that would be employed in operational systems to protect passive services in the band 1 400-1 427 MHz from unwanted emissions from feeder links near 1.4 GHz for non‑GSO MSS systems with service links operating below 1 GHz.

Resolution 127 considered that theoretical analyses have indicated that sufficient reduction of out-of-band and spurious emissions could be achieved to protect the sensitive science services in the band 1 400-1 427 MHz. It also considered that it is necessary to conduct additional tests and measurements of feeder-link transmissions from systems having the characteristics, performance and reliability of equipment that would be used in operational systems and that such tests would be completed prior to WRC-03.

A laboratory in the United States with extensive experience with spaceborne communication applications was commissioned to perform the following tasks:

•
determine that a transmitter with the required dynamic range can be realized in the laboratory;

•
determine that the technology is available to implement a spaceborne transmitter with the required attenuation of unwanted emissions;

•
address reliability issues relating to ensuring that the required level of performance is achieved during the lifetime of the satellite.

This report presents a summary of laboratory test and measurement results and studies conducted in response to ITU-R Resolution 127. (The complete laboratory report is Reference 1.) These results indicate the practicability of implementing a spaceborne transmitter that can attenuate unwanted emissions in excess of what is required to protect the passive services in the band 1 400-1 427 MHz from non‑GSO narrow-band feeder links operating in the nearby bands 1 390-1 392 MHz (Earth-to-space) and 1 430-1 432 MHz (space-to-Earth).

2
Summary of test results

2.1
Determination that a transmitter with the required dynamic range can be realized in the laboratory (Reference 1, pages 2-24)

Output spectral plots taken on various combinations of evaluation hardware show that it is feasible to implement a GMSK transmitter which will meet the ITU requirements regarding unwanted emissions (i.e. when transmitting in the band 1 430-1 432 MHz, no emissions allowed above 86 dBsd in the adjacent 1 400-1 427 MHz band).

Table 1

Hardware combinations tested 

	Config.
	GMSK data source
	RF upconverter
	Power amplifier

	1
	signal generator
	N/A
	50-W TWTA

	2
	breadboard
	breadboard
	50-W TWTA
and 0.1-W SSPA


No extraordinary methods beyond standard good RF practice were required to achieve these measured results. A high performance spectrum analyser was used to make the spectrum measurements. The signal-free noise floor of the analyser was measured at least 6 dB below the measured minimum signal, verifying adequate dynamic range for the measurements.

Post-TWT filtering was not required to attain the 86 dBsd requirement. The use of such filtering would increase margin towards the ITU requirement. Spectral degradation of the GMSK signal floor post-SSPA or post-TWTA was within 1 dB of similar measurements taken before the power amplifiers.

2.1.1 Configuration 1 (Reference 1, pages 2-10)

A commercial signal generator was configured to produce a shaped, phase modulated carrier at 1 430 MHz, with a data bandwidth of approximately 100 kHz and a carrier frequency of 1 430 MHz. Since the modulation was not precisely constant amplitude, spectral regrowth was noticeable at the output of the TWTA. However, the regrowth was not significant at 3 MHz from carrier frequency. Spectral attenuation results for Configuration 1 are summarized in Table 2.

Table 2

Spectral attenuation vs. TWTA input back-off (signal generator)
	Input back-off from SAT
(dB)
	Relative output power 
(dBm)
	Density at 1 430 MHz
(dBm/3 kHz)
	Density at 1 427 MHz 
(dBm/3 kHz)
	Spectral Attenuation 
(dBsd)

	0
	17.3
	–9.0
	–102.3
	93.3

	2
	17.1
	–9.2
	–102.1
	92.9

	4
	16.6
	–9.6
	–103.3
	93.7

	10
	12.9
	–9.4
	–101.6
	92.2


2.1.1
Configuration 2 (Reference 1, pages 11-24)

A modulator breadboard (S/N 002) was connected first to the 50-W TWTA, and then to a medium-power (100 mW) SSPA. The breadboard generated a GMSK modulated L-band carrier (at 1 430 MHz). Discrete spectral lines were observed at 2 MHz and 3.6 MHz away from 1 430 MHz and were approximately 69 dBsd below the peak of the modulated spectra. Measured spectral attenuation at the output of the breadboard was approximately 90 dBsd at 1 427 MHz (relative to spectral density at 1 430 MHz). Little degradation was observed in the spectral attenuation when passed through the TWTA and there is no noticeable spectral regrowth, indicating that the breadboard modulation is constant amplitude, as would be expected with properly implemented GMSK. Similarly, little degradation was observed in spectral attenuation when passed through a medium power (100 mW) SSPA. The amplifier was operated at 1 dB output compression, and spectral attenuation was 92.2 dBsd at 1 427 MHz, relative to spectral density at 1 430 MHz. 

Spectral degradation through a properly operating power amplifier is minimal and does not appear to be a limiting factor in meeting requirements at 1 427 MHz.

Spectral attenuation results for configuration 2 are summarized in Table 3.

Table 3

Spectral attenuation vs. TWTA input back-off (breadboard modulator)

	Input back-off from SAT
(dB)
	Relative output power 
(dBm)
	Density at 1 430 MHz
(dBm/3 kHz)
	Density at 1 427 MHz 
(dBm/3 kHz)
	Spectral attenuation
(dBsd)

	0
	17.3
	–7.9
	–99.5
	91.6

	2
	17.0
	–7.9
	–99.2
	91.3

	4
	16.5
	–9.1
	–99.5
	90.4

	10
	12.4
	–7.8
	–97.0
	89.2


2.1.3
Post-amplifier filter

No tests were performed with post-amplifier, high power filters, as all tested configurations met the 86 dBsd spectral interference requirement without filtering. The laboratory has direct experience in specifying high-power, flight bandpass filters at a similar L-band frequency for another satellite program. Based on interpolation of existing filter specifications and the same vendor’s response to specific requirements, 10 to 30 dB of additional attenuation can reasonably be expected with the use of a post-power amplifier filter.

2.2
Availability of technology to implement a spaceborne transmitter

A summary of path-to-flight issues (Table 4) addresses potential beginning-of-life (BOL) performance issues as the modulator-transmitter design evolves into space-qualified hardware from the breadboards measured on this task.

Table 4

Summary of path-to-flight issues

	Building block
	Comments
	Projected
performance delta

	L.O. carrier
	Breadboards use either laboratory test equipment synthesizer or RFIC source; flight equivalent likely would use crystal oscillator with multiplier chain
	No expected degradation

	Digital modulation
	Breadboard uses 16-bit dual DACs; breadboard uses 10-bit DACs, which are available as flight qualified
	No expected degradation

	RF upconverter/modulator
	Breadboard uses RFIC or RF mixers and hybrids; flight equivalent would use similar technology
	No expected degradation

	Output power amplifier
	Breadboard uses 50-W TWTA; flight equivalent would use smaller TWTA or SSPA
	No expected degradation

	Post amplifier filter
	None used in breadboard measurements; high power flight filters from other satellite programs show availability if necessary
	Additional 30 dB of positive margin towards ITU spectral density interference specification


A small number of building block components can be assumed to have the potential to contribute to degradation of spectral density attenuation of a GMSK modulator-transmitter as a flight hardware configuration evolves from the breadboard designs tested under this task.

From discussions with a developer of the satellite regarding likely limitations on the mechanical design of the flight modulator-transmitter, it was understood that the anticipated vehicle which will be used to launch the satellite has sufficient capacity to minimize the need to impose stringent size (volume), weight and power constraints. The result of this excess launch capacity is a positive simplification of the flight hardware design, as a wider selection of components becomes available to choose from.

2.2.1
L.O. carrier

Tested hardware configurations No. 1 and No. 3 use Agilent test equipment synthesizers to generate the L‑band carriers. Agilent synthesizers typically have excellent carrier phase noise performance, above what would be expected in a flight L.O. However the breadboards (configuration No. 2) use a commercial quality RFIC synthesizer, and the measured GMSK spectral performance did not appear to be limited by the performance of that L.O. source (synchronized against a laboratory 10 MHz standard), as spectral attenuation performance was very similar in all configurations measured at the laboratory.

Specified and measured performance of space quality oscillators indicate that at a distance of 3 MHz from the centre frequency, the phase noise of a multiplied crystal oscillator should typically be better than –140 dBc, which would provide greater than 40 dB of margin over what is needed to avoid contributing to degradation of the GMSK spectrum.

2.2.2
Digital modulation

The projected 100 kbps data rate is well within the range of available space-qualified digital ICs in bipolar or CMOS technologies, thus the translation of the digital designs used in the GMSK breadboards to flight qualified implementations is straightforward, with the exception of the 16-bit dual D-to-A converters used in the output stage of the testbed digital modulator.

The 12-bit high-speed DACs used in the breadboard modulator are available as space-qualified devices for use in the flight modulator design, thus no degradation of the performance of the digital subsection is expected as compared to the tested breadboard.

2.2.3
RF upconverter

Test configuration No. 3 uses conventional RF components (double balanced mixers, passive hybrids, passive splitters) to configure the RF upconverter/modulator. The implementation is identical to those used in space military and commercial hardware and has no flight performance degradation issues.

The signal generator and breadboard both utilize RFIC modulators. In the case of the RFIC modulator, a path to flight is expected to be available through the specific vendor’s space qualified fabrication process. In the worst case, this component may require individual qualification if no equivalent heritage part built in the same fab process is located before the design is fixed.

2.2.4
Output power amplifier

The 50-W TWTA used in the testing of all modulator breadboards has extensive flight heritage. Satellite transmitter requirements are understood to be significantly lower (1-W space, 10‑W ground) than the tested TWTA, however the measured performance of the spectral interference pre- and post-TWTA shows that there is insignificant performance degradation of the GMSK waveform in this major component, even at the higher (50-W) power level.

1‑W or 10-W L-band solid-state amplifiers were not readily available to support these tests, however no significant difference in degradation is expected if SSPAs were selected for use over TWTAs. The 100 mW SSPA that was tested with the breadboard had slightly less spectral interference degradation as compared against the performance seen with the 50-W TWTA.

2.2.5
Post-amplifier filter

No tests were performed with post-amplifier, high power filters, as all tested configurations met the 86 dBsd spectral interference requirement without filtering. The laboratory performing this task has direct experience in specifying high-power, flight bandpass filters at a similar L-band frequency for another satellite program. Based on interpolation of existing filter specifications and the same vendor’s response to specific F requirements, 10 to 30 dB of additional attenuation can reasonably be expected with the use of a post-power amplifier filter.

2.3
Reliability issues related to ensuring that the required level of performance is achieved over a seven-year period when on orbit. (Reference 1, page 28)

Well-understood and documented environmental and ageing effects affect the long-term, on-orbit satellite payload performance. The breadboard test results performed thus far require extrapolation to ensure compliance with ITU requirements at the end of the seven-year mission life (EOL) due to normal ageing effects and exposure to radiation, temperature and the space environment.

The same process through which components are selected for the flight design is also critical to ensuring compliance with overall performance specifications at EOL.

2.3.1
Analogue components (including oscillator)

Long-term stability of the master crystal oscillator in space environments is well understood and generally not a problem in the satellite if specified prior to acquisition for flight. Typical frequency drift of less than 10–8 is reasonable to expect and well within the necessary performance to stay within ITU requirements. Phase noise degradation does not occur to the levels where it would impact spectral interference, other than in the event of catastrophic component failure.

2.3.2
Digital components (GMSK shaping)

Digital circuits have less sensitivity to ageing and temperature effects as compared with analogue circuits, and most necessary digital circuit building blocks are available in space qualified versions. The most common problem with digital circuitry in space is the effect of single event upsets (SEU) due to radiation. Where necessary, the selection of rad-hard digital devices (such as processors, memories and gate arrays) or the use of selective mechanical shielding provides the means to mitigate sensitivity to radiation. The breadboard digital modulator will be used to process a constant flow of data, and as such is much less sensitive (from a system and practical user standpoint) to the effects of SEUs.

2.3.3
RF components (upconverter)

The most common degradation seen in RF components is a loss of gain in active amplifiers as characteristics change over time and exposure to radiation. The satellite industry mitigates these effects upon the overall system through the choice of properly designed and tested components with minimal sensitivity to these changes.

2.3.4
Power components

As with the above RF components, the satellite industry has much experience in designing and producing power amplifiers for 10-15 year life in orbit, and a graceful degradation is expected in a properly designed power amplifier. The use of redundant blocks mitigates unexpected random failures due to components or workmanship issues.

3
Summary
Spaceborne transmitters, with 90 dBsd attenuation of unwanted emissions, are practicable without the use of post transmitter filters. With the use of post transmit filters an additional 30 dB of attenuation of unwanted emissions is possible. No extraordinary methods, beyond standard good RF practice, are required to achieve these results.

ReferenceS

[1]
“Final Report, Evaluation of containing unwanted emissions for a proposed non‑GSO MSS global telecommunications system”, 6 May 2003, Rev.A, 16 May 2003
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