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Science services

Attached please find the list of Questions assigned to Radiocommunication Study Group 7. The following extract from Resolution ITU-R 5 gives the definition of categories of Questions:

C:
Conference oriented Questions associated with work related to specific preparations for, and decisions of, world and regional radiocommunication conferences:

C1:
very urgent and priority studies, required for the World Radiocommunication Conference to be held within the next two-year period;

C2:
urgent studies, expected to be required for other Radiocommunication Conferences.

S:
Questions which are intended to respond to:

–
matters referred to the Radiocommunication Assembly by the Plenipotentiary Conference, any other conference, the Council, the Radio Regulations Board (see Note 1);

–
advances in radiocommunication technology or spectrum management;

–
changes in radio usage or operation:

S1:
urgent studies which are intended to be completed within two years;

S2:
important studies, necessary for the development of radiocommunications;

S3:
required studies, expected to facilitate the development of radiocommunications.

/AP:
Alternative approval procedure.

NOTE 1 – Where appropriate, Questions maintained (but unmodified) have been editorially updated. In such cases, the version number and date of the Question have remained unchanged.

questions assigned to radiocommunication study group 7

Science services
	Question ITU-R
	Title
	Category
	Page number

	101-2/7
	Performance and reliability of frequency standards and their use in time-scales
	S3
	5

	102-2/7
	Terrestrial standard-frequency and time-signal dissemination
	S2
	7

	104-2/7
	Stability of standard-frequency and time-signal emissions as received
	S3
	8

	110-2/7
	Time codes
	S2
	9

	111-1/7
	Signal delays in antennas and other circuits and their calibration for high-accuracy time transfer
	S2
	10

	118-2/7
	Factors which affect frequency sharing between data relay satellite systems and systems of other services
	S2
	12

	129-2/7
	Unwanted emissions radiated from and received by stations of the science services
	C2
	14

	139-3/7
	Data transmission for Earth exploration-satellite systems
	S2
	16

	141-3/7
	Data transmission for meteorological satellite systems
	S2
	17

	145-2/7
	Technical factors involved in the protection of radioastronomical observations
	S2
	18

	146-2/7
	Criteria for evaluation of interference to radio astronomy
	S2
	19

	149-1/7
	Frequency utilization on the far side of the Moon
	S2
	21

	152-2/7
	Standard frequencies and time signals from satellites
	S3
	22

	201-2/7
	Two-way time and frequency transfer through communication satellites
	S2
	23

	202-1/7
	Protection criteria and frequency sharing between space VLBI and other space research systems
	S2
	24

	203-1/7
	Characteristics and telecommunication requirements for space VLBI
	S2
	25

	205/7
	Radio observations of pulsars
	S2
	26

	206-1/7
	Frequency comparisons of remotely located standards at the 10-15 level of uncertainty
	S2
	27

	207-2/7
	Time and frequency transfer using digital communication links
	S2
	28

	211/7
	Frequency sharing between the space research service and other services in the 37‑38 GHz and 40-40.5 GHz bands
	C2
	29

	213-1/7
	Compatibility of spaceborne active sensors and systems in the services allocated above the band 5 250-5 460 MHz
	C1
	30
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	215-1/7
	Frequency sharing between Earth exploration-satellite systems (passive), space research systems (passive) and systems in the fixed, mobile and fixed-satellite services in the band 18.6‑18.8 GHz
	C2
	32

	218-1/7
	Frequency sharing between active sensor systems in the Earth exploration-satellite service and systems operating in other services at around 440 MHz and 5 300 MHz
	S2
	33

	219/7
	Space operation and space research services frequency bands for telecommand links in the range 100 MHz to 1 GHz
	C1
	34

	221/7
	Preferred frequency bands and protection criteria for space research service observations (passive)
	S2
	35

	222-1/7
	Radio links between earth stations and lunar and planetary missions by means of lunar and/or planetary data relay satellites
	S2
	36

	223/7
	The role of differential GPS networks in timing applications
	S2
	38

	224/7
	Algorithms for ensemble time scales and measurement systems
	S3
	39

	226/7
	Frequency sharing between the radio astronomy service and other services in bands above 70 GHz
	S2
	40

	229/7
	Frequency sharing between the Earth exploration-satellite service (passive) and airborne altimeters in the aeronautical radionavigation service in the band 4 200‑4 400 MHz
	C2
	41

	230/7
	Protection and sharing criteria for radio astronomy measurements from space
	S2
	42

	231/7
	EESS (active) and SRS (active) operating above 100 GHz
	S2
	44

	232-1/7
	Frequency sharing between spaceborne passive sensors and other services in the bands 10.60‑10.68 GHz, 31.5‑31.8 GHz and 36‑37 GHz
	S2
	45

	233/7
	Sharing conditions between active sensor systems in the Earth exploration-satellite service and systems operating in other services around 35.5-36.0 GHz
	S1
	46

	234/7
	Frequency sharing between active sensor systems in the Earth exploration-satellite service and systems operating in other services in the 1 215-1 300 MHz band
	S2
	47

	235/7
	Technical and operational characteristics of applications of space science services operating above 275 GHz
	C2
	48

	236/7
	The future of the UTC time scale
	S2
	50

	237/7
	Technical and operational factors relating to interference mitigation practices at radio astronomy stations
	S2
	51

	238/7
	Trusted time source for time stamp authority
	S2
	52
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	239/7
	Instrumentation time codes
	S2
	53

	240/7
	Necessary criteria and calculation method for establishing coordination requirements relating to space research and Earth exploration-satellite applications in a space-to-space network composed of a space station on a geostationary satellite and a space station on a non-geostationary satellite in the bands 22.55-23.55 GHz and 25.25-27.5 GHz
	S1
	54

	241/7
	Frequency bands and protection criteria for radio astronomy observations from space
	S2
	56


QUESTION ITU-R 101-2/7

Performance and reliability of frequency standards
and their use in time-scales

(1990-1993-1997)

The ITU Radiocommunication Assembly,

considering

a)
that different kinds of frequency standards and measurement systems have different performance levels which are indicated in the ITU-R Handbook (Selection and use of precise frequency and time systems), but that the improvement and development of new standards and measurement systems continue;

b)
that the complete characterization of the performance of frequency standards, which should be based on established and well-documented scientific methods, is essential to future decisions on the use of the standards, in particular as to their incorporation into operational systems;

c)
that different kinds of frequency standards (including those operating in the millimetre, infra-red, and visible regions of the spectrum as well as the microwave and high-frequency standards) have different performance levels;

d)
that the reliability of frequency standards is of primary importance in many applications;

e)
that the characterization of frequency standards and time-scales requires measurement systems with sufficient stability and accuracy;

f)
that the methods in comparing remotely operated standards also continually undergo revision and improvement, in line with increasing needs; and

g)
that while many answers are available in the ITU-R Handbook, new standards and measurement systems are being developed and new analysis techniques are becoming available,

decides that the following Question should be studied
1
What is the accuracy, stability and reliability of frequency standards currently existing and under development?

2
What is the stability and accuracy of state-of-the-art time-scale comparison techniques and how could they be improved to meet increasing demands?

3
As accuracies and stabilities of frequency standards improve, is there a need for improved characterization of related measurement systems in the case of both local and remote clock comparisons?

4
Are sufficiently good reliability measures available and properly applied to meet the needs of the time and frequency users?

5
How can optimum use be made of the newer frequency standards in improving the stability and accuracy of time-scales?

6
What improvements to the guidelines and precautions contained in the Handbook should be investigated?

further decides

1
that the results of the above studies should be included in (a) Recommendation(s);

2
that the above studies should be completed by 2006.

question itu-r 102-2/7

Terrestrial standard-frequency and
time-signal dissemination 

(1990-1993-1997)

The ITU Radiocommunication Assembly,

considering

a)
that the World Administrative Radio Conference (Geneva, 1979) (WARC-79) called for the establishment and coordination of a service of standard-frequency and time signal dissemination on a world-wide basis;

b)
that a number of stations are now regularly emitting standard frequencies and time signals in the bands designated for this service;

c)
that there is a growing world-wide need for time transfer with uncertainties in the order of 1 µs by the use of techniques, which are adequate in terms of reliability, availability and cost;

d)
that  technical means are now available at low cost which enable spread spectrum transmission methods to be implemented in existing transmitters to improve their time dissemination capabilities;

e)
that some areas of the world are not yet adequately served; in particular, the reception of time signals emitted from navigation satellites may be compromised in urban areas;

f)
that mobile telecommunication services such as the Global System for Mobile Communication (GSM) may also be used for terrestrial navigation and could be applied for synchronization purposes,

decides that the following Question should be studied
1
What techniques can be developed, independently or in conjunction with existing national or regional systems, to disseminate time with an uncertainty of the order of 1 µs?

2
Would it be advantageous to use frequencies in bands additional to those in the designated bands?

3
Do needs exist for further services, using e.g. stabilization of the carrier frequencies of appropriate broadcasting stations, or applying phase modulation to appropriate amplitude-modulated transmissions?

4
Can such refinements as mentioned in § 3 be achieved economically by utilizing the inherent timing capabilities of systems with other primary objectives without conflicting with these objectives?

further decides

1
that the results of the above studies should be included in (a) Recommendation(s);

2
that the above studies should be completed by 2006.

QUESTION ITU-R 104-2/7

Stability of standard-frequency and time-signal
emissions as received

(1990-1993-2000)

The ITU Radiocommunication Assembly,

considering

a)
that the standard-frequency and time-signal emissions as received are less stable than at the source, owing to phenomena occurring in the propagation of radio waves in any medium, e.g. dispersive media, diurnal variation, and multipath interference;

b)
that delays which occur during propagation depend on the geographical location and relative motion of both the transmitter and receiver, as well as on the nature and condition of the medium, and generally differ in different regions of the radio spectrum;

c)
that special techniques of standard-frequency and time-signal emissions may improve the accuracy with which they can be received;

d)
that additional modulation and detection measures can be taken in the transmission and reception to improve the accuracy and/or stability with which the standard frequencies and time signals can be received;

e)
that, when the maximum possible accuracy is desired, GPS/global orbiting navigation satellite system (GLONASS) signals may be preferred,

decides that the following Question should be studied
1
What are the causes of the degradation on the stability and accuracy of the standard frequencies and time signals as received by the users?

2
What is the magnitude in statistical and causal terms of the instability introduced by these effects?

3
What are the most suitable techniques for transmitting and receiving standard frequencies and time signals to obtain the best results in the reception of:

–
standard frequencies and time signals as used by those requiring moderate accuracy with cost effective equipment;

–
standard frequencies and time signals as used by those requiring the maximum possible accuracy?

4
What are the most meaningful statistical and causal analyses for characterizing the transmitted and received stability and accuracy of the frequency and time signals?

5
For what levels of accuracy are GPS/GLONASS signals preferred?

further decides

1
that the results of the above studies should be included in (a) Recommendation(s);

2
that the above studies should be completed by 2006.

question itu-r 110-2/7

Time codes

(1990-1993-1997)

The ITU Radiocommunication Assembly,

considering

a)
the need to provide a complete and unambiguous time reference for a variety of scientific and industrial applications;

b)
that a number of standard-frequency and time-signal stations now transmit time codes giving at least minute, hour, and day-of-year information;

c)
that it is very desirable that such codes be compatible with each other and with commonly available commercial equipment;

d)
that details are not readily available on the various time codes which have been developed for system applications, and that unnecessary proliferation is undesirable,

decides that the following Question should be studied
1
What types and formats can be recommended for the transmission of time code information?

2
What modulation characteristics will best ensure reliable decoding under conditions of noise and interfering signals?

3
What are the currently used time codes, and is the detailed information on them from available sources adequate to enable the selection of the codes best suited to particular systems applications?

further decides

1
that the results of the above studies should be included in (a) Recommendation(s);

2
that the above studies should be completed by 2006.

NOTE 1 – See Recommendation ITU-R TF.583.

qUESTION ITU-R 111-1/7

Signal delays in antennas and other circuits
and their calibration for high-accuracy time transfer

(1990-1997)

The ITU Radiocommunication Assembly,

considering

a)
that there is a need for accuracy in precision time transfer exceeding that currently available;

b)
that the antenna and other electrical circuits are critical elements in the radio signal path at the transmitting, relaying and receiving sites for the accuracies desired;

c)
that there is a need to account for antenna and other circuits delay in radio paths for precision time signal transfer;

d)
that it is desirable to have standard antenna designs of known delay characteristics;

e)
that it is desirable to have international agreement on the measurement technology;

f)
that extensive efforts have been made on the calibration of two-way satellite and GPS time transfer,

decides that the following Question should be studied
1
What methods can be recommended to determine and characterize the delay introduced by the antennas and associated circuits for accurate time transfer over a radio signal path?

2
What are the antenna parameters to quantify the characteristics influencing delay in the passage of time signals, such as wavelength, aperture, bandwidth, impedance, polarization, directivity, dielectric effects, array factors, travelling wave effects, lens effects?

3
What is the delay in standard type dipoles and horns suitable for covering the radio spectrum?

4
What are the environmental effects which could affect delay such as temperature, pressure, humidity and magnetic field?

5
What influence have supporting electrical circuits on signal delay?

6
What is the measurement technology required to address accuracies in the nanosecond and picosecond ranges?

7
What level of agreement exists between calibrated two-way satellite and GPS time transfers?

8
What are the sources for disagreement between calibrated two-way satellite and GPS time transfers?

9
What standardization of calibration methods is possible?

10
What standard reference systems would be useful for calibration purposes?

further decides

1
that the results of the above studies should be included in (a) Recommendation(s);

2
that the above studies should be completed by 2006 at the latest.

QUESTION ITU-R 118-2/7

Factors which affect frequency sharing between data relay
satellite systems and systems of other services

(1990-1996-2000)
The ITU Radiocommunication Assembly,

considering

a) 
that data relay satellites are used to relay mission-gathered data, television and voice communications in manned missions, orbit-tracking data such as position and velocity of the spacecraft, and telecommands for guidance and control of the spacecraft;

b) 
that frequencies between 2 and 30 GHz used by both near-Earth satellite and data relay satellites are shared with other service systems;

c) 
that frequency bands between 20 and 30 GHz are becoming more heavily occupied by existing and planned systems;

d)
that frequency sharing between space stations of a data relay satellite network and terrestrial systems is feasible, provided:

–
that appropriate power flux-density limits are applied to the emissions of space stations of the data relay satellite networks;

–
that appropriate e.i.r.p. density limits are applied to terrestrial service stations;

e)
that interference to stations of a data relay satellite network from the emissions of fixed terrestrial stations may result in levels of interference that exceed the protection level when within view of these stations;

f)
that the use by data relay satellites of interference mitigation techniques such as frequency agility, adaptive interference cancellation and avoidance of mainbeam-to-mainbeam coupling may facilitate sharing with the terrestrial services,

decides that the following Question should be studied
1
What are the services with which, and under what conditions, is the sharing of frequency bands practicable for data relay satellite systems?

2
What are the limits of power flux-density from data relay satellite emissions needed to protect other services sharing frequencies between 2 and 30 GHz?

3
What are the e.i.r.p. density limitations to be applied to terrestrial service stations to facilitate sharing with data relay satellite networks?

4
What are the implications of interference to stations in a data relay satellite network from the emissions of fixed terrestrial stations in contrast to interference from the emissions of non‑stationary, randomly located terrestrial stations?
5
What are the preferred interference mitigation techniques for use by data relay satellite networks operating above 20 GHz?

further decides 

1
that the results of the above studies should be included in (a) Recommendation(s);

2
that the above studies should be completed by 2006.

qUESTION ITU-R 129-2/7*
Unwanted** emissions radiated from and received by
stations of the science services***
(1990-1993-2003)

The ITU Radiocommunication Assembly,

considering

a)
that the radiation of unwanted emissions by space stations or earth stations of the science services could cause interference to other services;

b)
that the radiation of unwanted emissions by other services could cause interference to space stations and earth stations of the science services;

c)
that the various radio services differ greatly in the sensitivity of their stations to interference;

d)
that the specification of acceptable levels of unwanted emissions must take into account the practical aspects of achieving these levels;

e)
that limitations on the level of unwanted emissions should  take into account the probability of simultaneous interference to a station from more than one interfering source;

f)
that there is a need to adopt a standard technique for the measurement of unwanted emissions in order to determine compliance with specified levels of these emissions,

noting

a)
that Appendix 3 of the Radio Regulations specifies only the maximum permitted levels of spurious emissions for transmitters of stations of the space services;

b)
that Recommendation 66 (Rev.WRC-2000) recommends the ITU-R study the question of unwanted emissions resulting from transmitters of all services and all modulation methods, and on this basis to develop recommendations for maximum permitted levels of unwanted emissions,

decides that the following Question should be studied
1
What limits, based upon practical considerations, should be placed upon the power of unwanted emissions radiated by space and earth stations of the science services in order to protect other services?

2
What levels of unwanted emissions from stations of other services are acceptable at space and earth stations of the science services?

3
In what ways can radio astronomy and passive sensor observations be affected by unwanted emissions from radio transmitters, and from other electrical equipment?

4
What techniques may be employed at space and earth stations of the science services to mitigate the effects of unwanted emissions?

further decides

1
that the results of the above studies should be included in (a) Recommendation(s);

2
that the above studies should be completed by 2006.

QUESTION ITU-R 139-3/7

Data transmission for Earth exploration‑satellite systems

(1990-1993-1995-2000)

The ITU Radiocommunication Assembly,

considering

a)
that the data transmission characteristics of Earth exploration-satellite systems, frequencies and bandwidths, and performance, interference and frequency sharing criteria are established by Recommendations ITU-R SA.514, ITU-R SA.1024, ITU-R SA.1025, ITU-R SA.1026 and ITU‑R SA.1027;

b)
that these systems may require very high transmission rates,

decides that the following Question should be studied
1
What are the efficient spectrum utilization techniques for high data rate transmission of Earth exploration-satellite systems?

further decides

1
that the results of the above studies should be included in (a) Recommendation(s);

2
that the above studies should be completed by 2006.

QUESTION ITU-R 141-3/7

Data transmission for meteorological satellite systems

(1990-1993-1995-2000)

The ITU Radiocommunication Assembly,

considering

a)
that the data transmission characteristics of meteorological satellite systems, frequencies and bandwidths, and performance, interference and frequency sharing criteria are established by Recommendations ITU-R SA.514, ITU-R SA.1025, ITU-R SA.1026, ITU‑R SA.1027, ITU‑R SA.1159, ITU-R SA.1160 and ITU-R SA.1161;

b)
that most operators of these systems have established mutual exchanges with a view to optimizing their operation for the benefit of the world and regional communities,

decides that the following Question should be studied
1
What are the operating characteristics of the different meteorological satellite data transmission systems?

further decides

1
that the results of the above studies should be included in (a) Recommendation(s);

2
that the above studies should be completed by 2006.

QUESTION ITU-R 145-2/7

Technical factors involved in the protection of
radioastronomical observations

(1990-1993-2000)

The ITU Radiocommunication Assembly,

considering

a)
that radio astronomy is based on the reception of natural emissions at much lower power levels than are generally used in other radio services, and may therefore suffer harmful interference at levels which could be tolerated by many other services;

b)
that, for an understanding of astronomical phenomena, radioastronomers must observe both at specific and immutable line frequencies and also in a series of bands throughout the continuum spectrum;

c)
that existing measures to protect the radio astronomy service are based on the assumption that the radio astronomy stations are located on Earth,

decides that the following Question should be studied
1
What are the preferred frequency bands for the radio astronomy service?

2
What are the characteristics of observational techniques in radio astronomy?

3
What are the factors which affect the practicability of frequency sharing between radio astronomy and other radio services?

4
In what ways can radio astronomy observations be affected by spurious and out-of-band emissions from radio transmitters located in other frequency bands and by other electrical equipment?

further decides

1
that the results of the above studies should be included in (a) Recommendation(s); 

2
that the above studies should be completed by 2006.

NOTE 1 – Question ITU-R 230/7 deals with radio astronomy observations from space.

QUESTION ITU-R 146-2/7

Criteria for evaluation of interference to radio astronomy

(1990-1993-2000)

The ITU Radiocommunication Assembly,

considering

a)
that under the Radio Regulations (RR), frequency bands have been allocated to radio astronomy for both line and continuum observations;

b)
that harmful interference to radio astronomy observations may be caused by unwanted signals of very low power;

c)
that other services operate in many of the bands in which radio astronomy has allocations, or use high-power transmitters in bands adjacent to, or harmonically related to, those used for radio astronomy;

d)
that the increasing number of transmissions from spacecraft may introduce problems of interference to radio astronomy and that these cannot be avoided by choice of site for an observatory or by local protection;

e)
that the use of orbiting antennas in radio astronomy, both as array elements and as independent radio telescopes, offers advantages over terrestrial antennas for certain observations;

f)
that in Recommendation 61*, the WARC-79 requests information relating to criteria for harmful interference to radio astronomy;

g)
that in Resolution 63, the WARC-79 invited the ITU-R to continue studies, relating to industrial, scientific and medical (ISM) equipment, to ensure adequate protection of radiocommunication services,

decides that the following Question should be studied
1
What is the practical interpretation for the radio astronomy service, of harmful interference as defined in RR No. 1.169?

2
What are the threshold levels of unwanted signals which, if exceeded for more than specified percentages of time, will cause harmful interference, and what is the dependence of these thresholds on the nature and methods of the radioastronomical observations?

3
What are the levels of interference which may occur at typical observatory sites**, due to various sources of interference, including:

3.1
transmissions of other services operating in the bands used for radio astronomy observations;

3.2
harmonics, intermodulation products, and sidebands from transmitters in other frequency bands;

3.3
other sources of electrical interference including ISM equipment?

4
What is the influence of reflections from aircraft and Earth satellites in increasing the risk of interference?

5
What is the response of typical radio astronomy receivers to signals in frequency bands adjacent to the nominal receiver acceptance band?

6
What special precautions may be necessary, on the part of radioastronomers and the operators of the other services, when a transmitter which is a potential source of interference is on a spacecraft or aircraft within the field of view of a radioastronomical observatory?

7
What are the conditions required to avoid harmful interference to observations involving radio astronomy antennas?

further decides

1
that the results of the above studies should be included in (a) Recommendation(s);

2
that the above studies should be completed by 2006.

qUESTION ITU-R 149-1/7

Frequency utilization on the far side of the Moon

(1990-1993)

The ITU Radiocommunication Assembly,

considering

a)
that some radioastronomical and other scientific experiments are difficult, and perhaps impossible, to carry out on the surface of the Earth by reason of tropospheric and ionospheric absorption and scintillation;

b)
that the development of spacecraft will enable experiments to be carried out in the relatively quiet environment on the far side of the Moon;

c)
that in addition to the establishment of line-of-sight communication links for scientific and other purposes between the Earth and spacecraft, it may be necessary to establish links between stations on the far side of the Moon and other stations either on or visible from the Earth;

d)
that on the far side of the Moon a great degree of isolation from terrestrial radiation is provided at all radio frequencies;

e)
that Nos. 22.22 – 22.25 of the Radio Regulations recognize the necessity of maintaining the shielded zone of the Moon as an area of great potential for observations by the radio astronomy service and for passive space research and, consequently, as free as possible from transmissions;

f)
that the optimum utilization of frequencies on the far side of the Moon requires better understanding of the shielding effects due to the presence of the Moon,

decides that the following Question should be studied
1
In what way does the shielding caused by the Moon vary, as a function of frequency, angular distance from the limb of the Moon towards the centre of the far side, and distance above the surface of the Moon?

2
What are the preferred means and routes for communicating between a station on the far side of the Moon and an earth station?

3
In what frequency bands would radioastronomical measurements have marked advantages as compared with observations from the surface of the Earth, if carried out on the far side of the Moon?

4
What frequency protection criteria should be adopted for a station on the far side of the Moon?

further decides

1
that the results of the above studies should be included in (a) Recommendation(s);

2
that the above studies should be completed by 2006.

NOTE 1 – See Recommendation ITU-R RA.479.

question itu-r 152-2/7

Standard frequencies and time signals from satellites

(1990-1993-1997)

The ITU Radiocommunication Assembly,

considering

a)
that continuing advances in science and technology have increased the requirements for accuracy and service range of standard-frequency and time-signal emissions;

b)
that the work of several Radiocommunication Study Groups describes radiocommunication systems making use of satellites that give extensive coverage and satisfactory stability of signals over the Earth's surface;

c)
that satellite techniques are important for standard-frequency and time-signal comparison and dissemination systems;

d)
that a number of satellite services (e.g. for navigation, meteorology, geosciences, television and communication) may be used additionally for the comparison and dissemination of standard frequencies and time signals,

decides that the following Question should be studied
1
What are the technical factors and quantitative measures to be considered in recommending frequencies and in determining the transmitting, modulating, and receiving techniques which are important to the development of standard-frequency and time-signal emissions from satellites?

NOTE 1 – See Recommendation ITU-R TF.1153 and Chapter 2 Part B and 6.3 of the ITU-R Handbook “Selection and use of precise frequency and time systems”.

further decides

1
that the results of the above studies should be included in (a) Recommendation(s);

2
that the above studies should be completed by 2006.

question itu-r 201-2/7

Two-way time and frequency transfer
through communication satellites

(1993-1997-2001)

The ITU Radiocommunication Assembly,

considering

a)
that the two-way exchange of timing signals through communication satellites has great potential in terms of accuracy and stability;

b)
that the experimental results on the short-term time stability are consistent with theory;

c)
that long-term time stability studies are now being made;

d)
that systematic variations in the delays of the transmitting and receiving elements for this technique need to be better understood and documented;

e)
that many of the world timing centres are implementing this technique because of its apparent potential,

decides that the following Question should be studied
1
What are the performance levels that can be achieved in practice when using the two-way satellite time and frequency transfer technique with respect to the following:

–
the time stability provided by this technique;

–
the time accuracy of this technique;

–
the frequency comparison capability of this technique; and

–
comparisons of the performance of the two-way technique with similar results from alternative methods, such as use of GPS satellites?

2
What are the causes and cures for systematic delay variations that may be perturbing this technique?

further decides

1
that the results of the above studies should be included in (a) Recommendation(s);

2
that the above studies should be completed by 2006.

NOTE 1 – The operational use of two-way time transfer and a standard data format has been described in Recommendation ITU-R TF.1153.

question itu-r 202-1/7

Protection criteria and frequency sharing between
space very long baseline interferometry 
and other space research systems

(1993-1997)

The ITU Radiocommunication Assembly,

considering

a)
that there are requirements to use spacecraft for conducting very long baseline interferometry (VLBI);

b)
that space VLBI observations usually require wideband data transmission in the space‑to‑Earth direction;

c)
that space VLBI systems require precision uplink and corresponding downlink phase reference signals which need to be protected from interference;

d)
that there may be a potential for mutual interference when space VLBI systems are operated in the same frequency bands used by other space research systems,

decides that the following Question should be studied
1
How do the technical and operating characteristics of space VLBI systems affect the feasibility of sharing with other space research systems?

2
Under what conditions is it feasible for space VLBI systems to share frequency bands with other space research systems?

3
What frequency bands are suitable for sharing between space VLBI systems and other space research systems?

further decides

1
that the results of the above studies should be included in (a) Recommendation(s);

2
that the above studies should be completed by 2006.

question itu-r 203-1/7

Characteristics and telecommunication
requirements for space very long baseline interferometry

(1993-1997)

The ITU Radiocommunication Assembly,

considering

a)
that the angular resolution of measurements made by very long baseline interferometry (VLBI) techniques is limited by the distance between two observing stations;

b)
that, compared to the largest possible distance between two observing stations on Earth, this baseline distance may be substantially increased by locating one or more of the observing stations in space;

c)
that VLBI measurements made in space eliminate the limitations of ground-based observations caused by absorption, path length fluctuations and atmospheric noise contributions;

d)
that space VLBI will provide invaluable knowledge of physical parameters leading to highly accurate determination of:

–
radiosources structure;

–
deep-space navigation;

–
geodynamics;

–
astrometry;

–
satellite's orbit parameters;

e)
that the transmission of wideband space VLBI data from space-to-Earth is required;

f)
that space VLBI systems require the transmission of highly accurate time/phase reference signals from Earth-to-space and space-to-Earth,

decides that the following Question should be studied
1
What are the technical telecommunication characteristics and operational requirements of space VLBI systems?

2
What are the orbital characteristics of spacecraft engaged in space VLBI?

3
What are the frequency bands most suitable for the precise time/phase transmission?

4
What are the frequency bands and bandwidths most suitable for the wideband data transmission space-to-Earth?

further decides

1
that the results of the above studies should be included in (a) Recommendation(s);

2
that the above studies should be completed by 2006.

qUESTION ITU-R 205/7

Radio observations of pulsars

(1993)

The ITU Radiocommunication Assembly,

considering

a)
that radio observations of pulsars are important not only for astrophysical purposes, but also for the purpose of precision timekeeping;

b)
that the emissions received from pulsars are very weak, and that radio observations of pulsars are particularly vulnerable to harmful interference;

c)
that the mean power flux-density received from radio pulsars decreases with increasing frequency, and that the galactic background emission also decreases with increasing frequency;

d)
that the pulses are dispersed by propagation in the interstellar medium, and that this dispersion decreases as the square of the frequency;

e)
that multipath scattering in the interstellar medium causes pulse broadening which decreases approximately as the fourth power of the frequency;

f)
that the most stable pulsars for timekeeping are those with millisecond periods, for which the effects described in § c), d) and e) cause the greatest observational difficulties;

g)
that an increase in observing bandwidth can lead to improved sensitivity;

h)
that many frequency bands allocated to the radio astronomy service are shared with active services which transmit in the same frequency band,

decides that the following Question should be studied
1
What are the preferred frequency bands for the observation of radio pulsars?

2
What are the threshold levels of unwanted signals, which if exceeded for more than specified percentages of time will cause harmful interference to radio observations of pulsars?

3
What is the feasibility of frequency sharing between the radio astronomy service and other services, in the particular case of radio observations of pulsars?

4
What are most appropriate pulsars for use in precision timekeeping?

further decides

1
that the results of the above studies should be included in (a) Recommendation(s);

2
that the above studies should be completed by 2006.

question ITU-R 206-1/7

Frequency comparisons of remotely located standards at
the 10-15 level of uncertainty

(1993-1997)

The ITU Radiocommunication Assembly,

considering

a)
that the frequency stability of primary frequency standards and some commercial frequency standards are at the 10-14 level or better at one day averaging times, and can soon be expected to improve to the 10-16 level;

b)
that present systems for frequency transfer depend on time transfer methods which at best are stable to the order of one nanosecond and hence require integration over many days to achieve results in frequency transfer at 10-15 level of stability;

c)
that inter-comparisons at the 10-15 level are necessary in order to utilise effectively the improved performance of the newer frequency standards;

d)
that any programme of routine inter-comparisons requires methods that are reproducible, stable, and which can readily be implemented;

e)
that any new method should achieve results in one day so that variations in the frequency standards can better be analysed and understood,

decides that the following Question should be studied
1
How can frequency be transferred at the 10-15 level within a time period of one day using methods of low complexity that can readily be implemented?

2
How can means of self calibration and self monitoring be implemented in such methods to ensure reproducible and accurate frequency transfers?

further decides

1
that the results of the above studies should be included in (a) Recommendation(s);

2
that the above studies should be completed by 2006 at the latest.

QUESTION ITU-R 207-2/7* 

Time and frequency transfer using digital
communication links

(1993-1997-2001)

The ITU Radiocommunication Assembly,

considering

a)
that the performance of time and frequency transfer in digital communication links has been improved and offers additional capabilities for standard time and frequency dissemination;

b)
that a variety of digital communication systems, based on both optical and RF technologies, are available which enable long-distance communication, standardized interfaces and low timing jitter;

c)
that time and frequency transfer via digital communication systems offer promising methods for national and international time and frequency transfer;

d)
that evolving applications for standard time and frequency reference signals require time and frequency services with improved coverage, accuracy and reliability of reception;

e)
that time and frequency transfer can be made simultaneously available without impacting the data carrying capacity of digital communication services,

decides that the following Question should be studied
1
What are the performance characteristics required of digital communication technologies to support specific time and frequency transfer applications?

2
What standardized digital communication methods, interfaces and formats meet both the transmission technology requirements and are compatible for use in time and frequency transfer?

3
What are the optimum digital communication systems and configurations available to support national and international two-way and common-view time transfer applications between timing centres?

further decides

1
that the results of the above studies should be included in (a) Recommendation(s);

2
that the above studies should be completed by 2006.
qUESTION ITU-R 211/7*
Frequency sharing between the space research service and
other services in the 37-38 GHz and 40-40.5 GHz bands

(1993)

The ITU Radiocommunication Assembly,

considering

a)
that new allocations were made on a primary basis to the space research service at the World Administrative Radio Conference for Dealing with Frequency Allocations in Certain Parts of the Spectrum (Málaga-Torremolinos, 1992) (WARC-92) in the 37-38 and 40-40.5 GHz bands;

b)
that the bands, or portions thereof, are also allocated to the fixed, mobile, Earth-exploration satellite, fixed-satellite and mobile-satellite services,

decides that the following Question should be studied
1
What are the technical and operational characteristics of the space research systems in these bands?

2
What are the appropriate criteria by which the space research service can share these frequencies with the other services which are also allocated to these bands?

further decides

1
that the results of the above studies should be included in (a) Recommendation(s);

2
that the above studies should be completed by 2006.

QUESTION ITU-R 213-1/7* 

Compatibility of spaceborne active sensors and systems
in the services allocated above the band 5 250-5 460 MHz

(1994-2000)

The ITU Radiocommunication Assembly,

considering

a)
that operation of active sensors used in the Earth exploration-satellite service (EESS) is based on the emission and detection of radio signals;

b)
that these active sensors operate on a primary basis in the band 5 250‑5 460 MHz which is also allocated to the radionavigation and radiolocation services on a primary basis;

c)
that there is a need for radar altimeters on board spacecraft to operate with a wider frequency band of at least 320 MHz, and a need has been identified to expand the bandwidth available for spaceborne synthetic aperture radar (SAR) from 210 MHz to 320 MHz;

d)
that there is a need to secure a supplementary allocation of 110 MHz above the
band 5 250-5 460 MHz currently allocated to the EESS (active) to allow future altimetry and SAR programmes to continue;

e)
that the safety aspects of the radionavigation service are recognized in Radio Regulations (RR) No. 4.10;

f)
that the compatibility of spaceborne active sensors and services operating above the
band 5 250-5 460 MHz is a desirable objective,

noting

1
that the French-US satellite Topex-Poseidon is currently using the band 5 140‑5 460 MHz for altimetry with the band 5 140-5 250 MHz under RR No. 4.4;

2
that the follow-on French-US satellite Jason will be using the same band 5 140‑5 460 MHz for altimetry with the band 5 140-5 250 MHz under RR No. 4.4,

decides that the following Question should be studied
1
What are the technical characteristics and performance criteria for spaceborne active sensors to be used in the bands above 5 250-5 460 MHz?

2
What are the interference criteria for spaceborne active sensors in decides 1?

3
What are the technical characteristics and performance criteria for systems operating above the band 5 250-5 460 MHz?

4
What are the interference criteria for systems in decides 3?

5
Can spaceborne active sensors operate compatibly with other systems in common bands without constraints on the parameters of either the sensors or those  systems in the bands above
5 250-5 460 MHz?

further decides

1
that the results of the studies should be included in one or more Recommendation(s);

2
that the above studies should be completed by 2003.

QUESTION ITU-R 215-1/7* 

Frequency sharing between Earth exploration-satellite systems (passive),
space research systems (passive) and systems in the fixed, mobile
and fixed-satellite services in the band 18.6-18.8 GHz

(1995-2000)

The ITU Radiocommunication Assembly,

considering

a)
that the characteristics of passive sensors of Earth-exploration satellite systems, frequencies and bandwidths, and performance and interference criteria are established by Recommendations ITU-R SA.515, ITU-R SA.1028 and ITU-R SA.1029;

b)
that Resolution 712 (WRC-95)** recognizes (considering f)) that the allocations to the Earth-exploration satellite service has a secondary status in Regions 1 and 3 in the band 18.6‑18.8 GHz is complex and not uniform worldwide, that this band is vital for sensing ecologically important data,

decides that the following Question should be studied
1
What are the possibilities and conditions for frequency sharing between systems operating in the services which have allocations in the band 18.6-18.8 GHz?

further decides

1
that the results of the above studies should be included in (a) Recommendation(s);

2
that the above studies should be completed by 2006.

Question ITU-R 218-1/7*
Frequency sharing between active sensor systems in the
Earth exploration-satellite service and systems operating in other
services at around 440 MHz and 5 300 MHz

(1997-2000)

The ITU Radiocommunication Assembly,

considering

a)
that the characteristics of Earth exploration-satellite systems (active), frequencies and bandwidths, and performance, interference and frequency sharing criteria are laid down by Recommendations ITU-R SA.577, ITU-R SA.1166 and ITU-R SA.516;

b)
that Resolutions 721** and 727 of WRC-97 resolved to consider provision of up to 6 MHz of frequency spectrum to the Earth exploration-satellite service (active) in the frequency range 420 to 470 MHz;

c)
that Resolution 712 (Rev.WRC-95)** has been maintained because of the need for extra bandwidth for active sensors at around 5 300 MHz,

decides that the following Question should be studied
1
What are the possibilities and conditions for frequency sharing between active sensor systems in the Earth exploration-satellite service and systems operating in other services at around 440 MHz and 5 300 MHz?

further decides

1
that the results of the above studies should be included in (a) Recommendation(s);

2
that the above studies should be completed by 2006.

question ITU-R 219/7

Space operation and space research services frequency bands
for telecommand links in the range 100 MHz to 1 GHz

(1997)

The ITU Radiocommunication Assembly,

considering

a)
that there is a shortfall in telecommand (uplink) frequency allocations compared with available telemetry (downlink) frequency allocations in the 100 MHz to 1 GHz frequency range;

b)
that Recommendations ITU‑R SA.364 and ITU‑R SA.363 state that bands of frequencies below 1 GHz are technically suitable for use for some types of telemetring, tracking and telecommand of development and operation of low-orbit (for example, below 2 000 km) satellites, for all weather links and optimum when communications must be established regardless of satellite orientation;

c)
that Recommendation ITU-R SA.609 contains protection criteria for telecommunication links for near-Earth satellites;

d)
that Recommendation ITU-R SA.1017 provides the preferred method for calculating link performance in the space research service;

e)
that Recommendation ITU-R M.1185 provides a method for deriving coordination distances for mobile earth stations in the mobile-satellite service operating below 1 GHz and that this method may be used for also deriving coordination distances for earth stations in the space operation service operating below 1 GHz;

f)
that demands increase in the telecommand links for operation of the little LEO satellite space services;

g)
that specific sharing conditions with respect to the options noted by WP 7B have not yet been studied,

decides that the following Question should be studied
1
What specific frequency bands should be allocated for telecommand uplinks in the space research and space operation services in the frequency range between 100 MHz and 1 GHz?

2
What are the technical and operational restrictions that these services must use for preventing interference to other services sharing in this range of frequencies?

further decides

1
that the above studies should be completed by 2006.

question ITU-R 221/7

Preferred frequency bands and protection criteria for
space research service observations (passive)

(1997)

The ITU Radiocommunication Assembly,

considering

a)
that there are requirements to use spacecraft to conduct space research service (passive) observations;

b)
that space research service (passive) observations may be conducted in the same frequency bands utilized by Earth-based passive observations;

c)
that presently, protection requirements for space research service (passive) systems have not been determined,

decides that the following Question should be studied
1
What are the typical technical and operating characteristics of space research service (passive) observation systems?

2
What are the preferred frequency bands for space research service (passive) observations?

3
What are the protection criteria for space research service (passive) observations?

further decides

1
that the results of the above studies should be included in (a) Recommendation(s);

2
that the above studies should be completed by 2006.

question itu-r 222-1/7

Radio links between earth stations and lunar and planetary missions
by means of lunar and/or planetary data relay satellites

(1997-2003)

The ITU Radiocommunication Assembly,

considering

a)
that many space research spacecraft and space stations will require continuous communication with earth stations;

b)
that the technical characteristics and operational requirements of inter-planetary links via lunar and/or planetary data relay satellites are different from those of direct links between earth stations and stations on lunar and planetary missions;

c)
that there are many advantages in the use of lunar and/or planetary data relay satellites to transfer data to or from stations on lunar and/or planetary missions;

d)
that relay stations can communicate with several spacecraft and space stations that have no line-of-sight links to the earth stations;

e)
that these lunar and/or planetary data relay satellites are used for radiocommunication with manned as well as unmanned space stations;

f)
that the orbital requirements for such relay stations will vary based on the mission requirements,

recognizing

1
that there is a shielded zone of the Moon for radio astronomy observation referred to in No. 22.22 of the Radio Regulations,

decides that the following Question should be studied

1
What are the preferred frequency bands and bandwidth?

2
What are the orbital requirements of lunar and planetary data relay satellites?

3
What are the operational requirements for radiocommunication links between earth stations and space stations by means of lunar and/or planetary data relay satellites?

4
What are the technical characteristics for radiocommunication links between earth stations and space stations by means of lunar and/or planetary data relay satellites?

5
What are the requirements for sharing with other services?

further decides

1
that the results of the above studies should be included in one or more Recommendations;

2
that characterization of the present and future relay systems for Mars missions should be provided by 2006;

3
that a description of a conceptual lunar relay system should be provided by 2006.

qUESTION itu-r 223/7* 

The role of differential GPS networks in timing applications

(1997)

The ITU Radiocommunication Assembly,

considering

a)
the growing interest worldwide in the development of networks devoted to land navigation and vehicle localization with uncertainties at the 1 m level or better, based on the Differential GPS (DGPS) technique;

b)
that a relevant number of components and low cost instruments and devices, e.g. mobile telecommunication systems, are available that can use the correction data supplied in real time by a control centre;

c)
that GPS-disciplined oscillators are used in increasing numbers in telecommunication applications;

d)
that the GPS signals are regularly measured in the timing centres for the international traceability of their local time scales;

e)
that the GPS antenna coordinates of most timing laboratories are known relative to each other with uncertainties within a few centimetres and that the local coordinated universal time (UTC) time scales are maintained in close agreement with the international time scale UTC,

decides that the following Question should be studied
1
Which measurement protocol is suitable for determining differential timing errors and which rate of update is adequate to the users’ needs?

2
What are the formats already in use for providing differential position information and to what extent can differential timing information be included?

3
What are the transmission media that could be used for transmitting the relevant information that allows a wide coverage area and a simple interface at the user side?

4
What uncertainty can be obtained using such systems for time scale dissemination and for syntonization of oscillators?

5
How could timing centres support the realization of the DGPS navigation networks?

further decides

1
that the results of the above studies should be included in (a) Recommendation(s);

2
that the above studies should be completed by 2006.

qUESTION ITU-R 224/7

Algorithms for ensemble time scales and measurement systems

(1997)

The ITU Radiocommunication Assembly,

considering

a)
the requirement for national timing centres to generate, in real time, a local time reference in agreement with UTC to better than 100 ns as requested by Recommendation S5 (1993) of the Comité Consultatif pour la Définition de la Seconde and to fulfil the stringent demand coming from users;

b)
that the new integrated navigation systems under development in Europe, USA and Japan will rely on accurate and reliable time scales, both space and ground based, generated by clock ensembles that should be maintained in very close agreement;

c)
that atomic clocks based on different physical principles and performances are now available or under development in the timing centres and that new synchronization techniques with high resolution in the short term are being examined,

decides that the following Question should be studied
1
How ensemble time scale algorithms can be adapted to fulfill the present and future needs with particular reference to the real time availability and to the optimization of the different clock contributions?

2
Are currently used characterizations for measurement systems adequate for both local and remote clock comparisons?

further decides

1
that the results of the above studies should be included in (a) Recommendation(s);

2
that the above studies should be completed by 2006.

question itu-r 226/7

Frequency sharing between the radio astronomy service
and other services in bands above 70 GHz

(1997)

The ITU Radiocommunication Assembly,

considering

a)
that a large number of atomic and molecular spectral lines are observed at frequencies above 70 GHz, and that many of these lines are of great importance to astronomy but only few fall within bands allocated to radio astronomy;

b)
that these spectral lines along with continuum observations provide unique information about star formation, including the formation of planets in other solar systems, the existence of pre‑biological molecules and extra-terrestrial life, the physics and chemistry of the interstellar medium, the history of the universe, and about other astrophysical processes of great interest;

c)
that Doppler-shifted lines of great interest for the study of the early universe have been detected at frequencies well outside the bands allocated to radio astronomy;

d)
that sharing between radio astronomy observatories and ground-based transmitters is facilitated in the mm-wave and submm-wave spectral regions by topography, by the atmospheric absorption bands, and by the natural attenuation provided by atmospheric gases;

e)
that there are only a small number of mm-wave and submm-wave observatories operating worldwide;

f)
that several large mm-wave and submm-wave telescopes, which will incorporate the most advanced technology, are planned or are under construction, and that they represent large collaborative scientific investments by the participating countries; 

g)
that mm-wave and submm-wave observatories are, wherever practicable, located in isolated remote sites, to take maximum advantage of extremely dry atmospheric conditions and a low interference environment;

h)
that geographical sharing between the radio astronomy service and other services may be feasible with the creation of protection zones by national administrations; and

j)
that there is extensive development being carried out to provide radiocommunication services at mm-wavelengths, e.g. for the transmission of large volumes of data, and for mass market devices such as vehicular radars,

decides that the following Question should be studied
1
What are the services with which the radio astronomy service can share frequency bands above 70 GHz?

2
What are the conditions for frequency sharing between radiocommunication services above 70 GHz using active and passive systems?

further decides

1
that the results of the decides above should be the subject of a report to be prepared as a contribution to the Report of the Conference Preparatory Meeting to the WRC‑07.

QUESTION ITU-R 229/7

Frequency sharing between the Earth exploration‑satellite
service (passive) and airborne altimeters in the aeronautical
radionavigation service in the band 4 200‑4 400 MHz
(2000)

The ITU Radiocommunication Assembly,

considering

a)
that the Earth exploration-satellite service (passive) is allocated on a secondary basis in the band 4 200-4 400 MHz by 5.438 of the Radio Regulations;

b)
that this band is allocated on a primary basis to the aeronautical radionavigation service;

c)
that around 4-7 GHz only passive microwave radiometers onboard the Earth exploration-satellites can monitor the whole Earth sea surface temperature (SST) continuously;

d)
that the 6-7 GHz band may be overly contaminated due to emissions from the fixed service and the fixed-satellite service and that the 4-5 GHz band is a promising band to monitor SST,

decides that the following Question should be studied
1
What are the technical and operational characteristics of the passive spaceborne sensor systems in this band?

2
What are the appropriate criteria by which the Earth exploration-satellite (passive) systems can technically co-exist with airborne altimeters?

further decides

1
that the results of the studies be included in (a) Recommendation(s);

2
that the above studies should be completed by 2006.

QUESTION ITU-R 230/7

Protection and sharing criteria for radio astronomy
measurements from space

(2000)

The ITU Radiocommunication Assembly,

considering

a)
that space-based radio telescopes provide information which cannot be obtained with ground-based radio telescopes, particularly as they enable observations: 

–
with angular resolution not achievable with ground-based interferometry (Space VLBI); 

–
with unprecedented sensitivity in measuring the cosmic microwave background radiation;

–
at frequencies below approximately 10 MHz where the Earth's ionosphere blocks radiation; 

–
in some millimetre and submillimeter bands, where the Earth's atmosphere significantly attenuates (or completely blocks) radiation; 

b)
that space-based VLBI, cosmic microwave background observations, very low frequency observations and observations in the atmospherically-opaque millimeter and submillimeter bands may be the only means to provide answers to certain fundamental questions of modern astronomy;

c)
that frequency sharing and protection criteria for radio astronomy observations with space-based radio telescopes may differ from those for ground-based radio astronomy due to the location of the space-based telescopes in orbit, their distance from the Earth, and their orientation relative to man-made emissions;

d)
that, unlike ground-based radio telescopes, space-based radio telescopes are located in close proximity to transmitters and receivers which are used for space operations and for data transmission;

e)
that highly successful space radio astronomy missions have already been flown and launch and operation of more such missions are envisaged in the future;

f)
that relevant technologies are being developed to enable such missions (deployable antennas, cooling systems, high data rate recording, transmission and processing systems, accurate pointing and stabilisation of space based radio telescopes, etc.) and that such technology may be used by other telecommunication services in the future;

g)
that there are no specific provisions in the Radio Regulations for the protection of space-based radio astronomy, nor are there appropriate sharing criteria for such observations,

decides that the following Question should be studied
1
What are the appropriate frequency bands in which space-based radio astronomy observations could be conducted?

2
What are the appropriate performance protection and sharing criteria for radio astronomy observations from space?

further decides

1
that the results of the above studies should be included in (a) Recommendation(s);

2
that the above studies should be completed by 2006.

Question ITU-R 231/7

Earth exploration-satellite service (active) and space research service (active) operating above 100 GHz

(2000)

The ITU Radiocommunication Assembly,
considering

a)
that the need has been identified to operate active spaceborne sensors of the Earth exploration-satellite service (EESS) and space research service (SRS) in frequency bands above 100 GHz;

b)
that these instruments would enable:

–
dual frequency cloud profiling with high accuracy and sensitivity for meteorological and climatological purposes; and

–
radar altimetry measurements with high horizontal resolution for several applications: cartography, geology, oceanography, etc.

c)
that new technological advancements will enable the implementation of active measurements above 100 GHz and therefore the related instruments are expected to be developed in the near future;

d)
that EESS (active) and SRS (active) currently do not have any allocations above 100 GHz, despite the fact that these services are likely to be among the first active services that will be ready to operate at these high frequencies,

decides that the following Question should be studied
1
What are the technical and operational characteristics and the performance requirements of these spaceborne active sensors?

2
What are the frequency bands most suitable for the operation of these instruments, taking into account also the possible sharing scenarios? 

further decides

1
that the results of the above studies should be included in (a) Recommendation(s); 

2
that the above studies should be completed by 2006.

Question ITU-R 232-1/7*
Frequency sharing between spaceborne passive sensors and other
services in the bands 10.60-10.68 GHz, 31.5-31.8 GHz and 36-37 GHz 

(2000-2002)

The ITU Radiocommunication Assembly,
considering

a)
that the bands 10.60-10.68 GHz, 31.5-31.8 GHz and 36-37 GHz are allocated on a primary basis to the Earth exploration-satellite service (passive);

b)
that the band 10.60-10.68 GHz is also allocated on a primary basis to the fixed and mobile services with limits on transmission characteristics in some countries as given in RR 5.482;

c)
that the band 31.5-31.8 GHz is also allocated on a secondary basis to the fixed and mobile services in Regions 1 and 3 with some countries within Region 1 allocating the band to the fixed and mobile services on a primary basis as given in RR 5.546;

d)
that the band 36-37 GHz is also allocated on a primary basis to the fixed and mobile services;

e)
that the band 10.60-10.68 GHz is essential for land and sea surface temperature, soil moisture, wind intensity and precipitation over the sea (in combination with the other windows between 1 and 40 GHz);

f)
that the band 31.5-31.8 GHz is essential for determining the surface temperature of the Earth and will be jointly used with the 50 to 60 GHz bands for temperature sounding of the atmosphere;

g)
that the band 36-37 GHz is essential for the study of the global water cycle;

h)
that the performance and interference criteria for satellite passive sensing are contained in Recommendations ITU-R SA.1028 and ITU-R SA.1029,

decides that the following Question should be studied
1
What are the technical and operational characteristics of passive spaceborne sensor systems in this band?

2
What are the criteria by which passive spaceborne sensor systems can share with other services in the bands 10.60-10.68 GHz, 31.5-31.8 GHz and 36-37 GHz?

further decides

1
that the results of the above studies should be included in (a) Recommendation(s);

2
that the above studies should be completed by 2006.

QUESTION ITU-R 233/7*
Sharing conditions between active sensor systems in the
Earth exploration-satellite service and systems operating in
other services around 35.5-36.0 GHz

(2000)

The ITU Radiocommunication Assembly,

considering

a)
that the characteristics of Earth exploration-satellite systems (EESS) (active), frequencies and bandwidths, and performance, interference and frequency sharing criteria are laid down by Recommendations ITU-R SA.577, ITU-R SA.1166 and ITU-R SA.516;

b)
that the frequency band 35.5-36.0 GHz is allocated to Earth exploration-satellite service (active) on a primary basis with constraints by footnote 5.551A,

decides that the following Question should be studied
1
What is the sharing conditions between active sensor systems in the (EESS) and systems operating in other services in the band 35.5-36.0 GHz?

further decides

1
that results of the above studies should be included in (a) Recommendation(s);

2
that the above studies should be completed by 2006.

Question ITU-R 234/7

Frequency sharing between active sensor systems in the
Earth exploration-satellite service and systems operating in
other services in the 1 215-1 300 MHz band

(2000)

The ITU Radiocommunication Assembly,

considering

a)
that the characteristics of Earth exploration-satellite systems (EESS)(active), frequencies and bandwidths, and performance, interference and frequency sharing criteria are laid down by Recommendations ITU-R SA.577, ITU-R SA.1166;

b)
that WRC-97 allocated the frequency band 1 215-1 300 MHz to the spaceborne active sensors of the EESS with footnote constraints 5.332 on a primary basis;

c)
that No. 5.332 states that in the band 1 215-1 300 MHz, spaceborne active sensors in the Earth exploration-satellite service and space research service shall not cause harmful interference to, claim protection from, or otherwise impose constraints on operation or development of the radiolocation service, the radionavigation-satellite service and other services allocated on a primary basis; and that wind profiler radars operate in the radiolocation service;

d)
that ITU-R studies show that sharing between spaceborne synthetic aperture radars and terrestrial radars is feasible except for frequency-modulated pulsed radar;

e)
that mitigation techniques may be applied to the spaceborne active sensors if required to improve sharing feasibility between spaceborne active sensors and radiolocation radar systems operating in the band 1 215-1 300 MHz,

decides that the following Question should be studied
1
What are the possibilities and conditions for frequency sharing between spaceborne active sensor systems in the EESS and systems operating in other services in the 1 215-1 300 MHz band?

2
What are the possible interference mitigation techniques that could be used by spaceborne active sensors to facilitate sharing in the 1 215-1 300 MHz band?

further decides

1
that the results of the above studies should be included in (a) Recommendation(s);

2
that the above studies should be completed by 2006.

question itu-r 235/7

Technical and operational characteristics of applications
of space science services* operating above 275 GHz**
(2000)

The ITU Radiocommunication Assembly,

considering

a)
that the spectrum in many of the frequency bands used for space radiocommunication is increasingly congested and this problem is expected to get worse; 

b)
that some current space research, Earth exploration and astronomical systems utilize frequencies above 275 GHz and additional ones are planned;

c)
that communication links are being used or planned for some satellite systems for inter-satellite communications at frequencies above 275 GHz;

d)
that extensive research has already been done and standards established on the hazards of radiation at frequencies above 275 GHz through the International Electrotechnical Commission in standard IEC 60825-1 and the American National Standards Institute in standard ANSI Z136.1‑1993; 

e)
that at frequencies above 275 GHz, sharing between services is not precluded;

f)
that the study of Questions by Radiocommunication Study Groups includes the following:

–
use of the radio-frequency spectrum in space radiocommunication;

–
characteristics and performance of radio systems;

–
operation of radio systems,

decides that the following Question should be studied
1
What are the technical and operational characteristics of systems operating at frequencies above 275 GHz within the science service?

2
Are sharing studies required for systems operating at frequencies above 275 GHz within the science services?

further decides 

1
that the results of studies above 275 GHz should be brought to the attention of the other Study Groups;

2
that the results of the above studies should be included in (a) Recommendation(s);

3
that the results of the studies should lead to the formulation of appropriate Recommendations by 2006.

Question ITU-r 236/7*
The future of the UTC time scale

(2001)

The ITU Radiocommunication Assembly,

considering

a)
that the procedures for maintaining the Coordinated Universal Time (UTC) time scale are described by Recommendation ITU-R TF.460;

b)
that UTC is the legal basis for time-keeping for most countries in the world, and de-facto is the time scale used in most others;

c)
that Recommendation ITU-R TF.460 states that all standard-frequency and time signal emissions should conform as closely as possible to UTC;

d)
that Recommendation ITU-R TF.460 describes the procedure for the occasional insertion of leap seconds into UTC to ensure that it does not differ by more than 0.9 seconds from the time determined from the rotation of the Earth (UT1);
e)
that the occasional insertion of leap seconds into UTC creates serious difficulties for many operational navigation and telecommunication systems today,

decides that the following Question should be studied
1
What are the requirements for globally-accepted time scales for use both in navigation/telecommunication systems, and for civil time keeping?

2
What are the present and future requirements for the tolerance limit between UTC and UT1?

3
Does the current leap second procedure satisfy user needs or should an alternative procedure be developed?

further decides
1
that the results of the above studies should be included in (a) Recommendation(s);

2
that the above studies should be completed by 2006.

QUESTION ITU-R 237/7

Technical and operational factors relating to interference
mitigation practices at radio astronomy stations

(2001)

The ITU Radiocommunication Assembly,

considering

a)
that radio astronomy stations are designed to detect natural emissions at extremely low power levels; their operation may therefore be degraded by interference at levels that could be tolerated by other services;

b)
that a variety of mitigation techniques may be used to reduce the susceptibility of radio astronomy stations to the effects of interference in observational data;

c)
that the use of mitigation techniques entails in many cases a loss of data and observing time, a loss of observational flexibility, and a general reduction in the level of service to users of radio astronomy stations;

d)
that recent technological developments create new possibilities for mitigating interference by means of digital techniques and operational procedures,

decides that the following Question should be studied
1
What are the technical and operational characteristics of the mitigation techniques that are being identified for use by radio astronomy stations?

2
What are the consequences and the technical limitations for the use of identified mitigation techniques and which of these techniques may be applied in practice?

further decides 

1
that the results of the above studies should be included in (a) Recommendation(s);

2
that the above studies should be completed by 2006.

QUESTION ITU-R 238/7

Trusted time source for time stamp authority

(2001)

The ITU Radiocommunication Assembly,

considering
a)
that the importance of time stamping is increasing due to global development of electronic commerce;

b)
that the time provided from Trusted Third Party (TTP) used for time stamping service needs to be coordinated all over the world;

c)
that time provided from TTP needs to use a clock of very high reliability, availability and trustworthiness, as contained in ITU-T Recommendation X.842;

d)
that transfer of time and frequency information by digital telecommunication networks as described in Opinion ITU-R 94 could be techniques used in timing provided by TTPs;

e)
that a Time Stamp Authority (TSA) is a TTP that produces the time which satisfies the condition mentioned above;

f)
that Coordinated Universal Time (UTC) determined by Bureau International des Poids et Mesures (BIPM) and International Earth Rotation Service (IERS) as described in Recommendation ITU-R TF.486 is the international time reference; 

g)
that each UTC(k) generated by timing centres  can be used in real time and a time difference with UTC is regularly published by the BIPM,
decides that the following Question should be studied
1
For each timing centre, what means are appropriate in order to provide certified UTC(k) time to the TSA?

2
What are the methods for TSA to achieve the above certified time at the required accuracies? 
further decides

1
that the results of the above studies should be included in (a) Recommendation(s);

2
that the above studies should be completed by 2006.
Question ITU-R 239/7

Instrumentation time codes

(2001)

The ITU Radiocommunication Assembly,

considering

a)
that Recommendation ITU‑R TF.1011, Systems, techniques and services for time and frequency transfer, includes various dissemination/comparison methods involving the use of instrumentation time codes and signals for local and long-distance time transfer; 

b)
that Recommendation ITU‑R TF.583, Time codes, addresses other forms of time codes used between pieces of equipment via hardwired or other types of connections;

c)
that time codes and metrological signals used for the dissemination or comparison of time and frequency signals via hardwired or other means are not sufficiently standardized for reference or use;

d)
that the increasing capability of modern time transfer systems by satellite or other means will require commonality in measurement accuracy and precision,

decides that the following Question should be studied

1
What are the various instrumentation time codes and signals in use within timing centres and systems?

2
Are there common or standardized time codes and signals sufficient for instrumentation needs?

3
What options should be considered regarding the future needs in establishing common standardized time codes and signals for instrumentation and interfaces into modern telecommunication systems? 

further decides
1
that the results of the above studies should be included in (a) Recommendation(s);

2
that the above studies should be completed by 2006.

QUESTION ITU-R 240/7

Necessary criteria and calculation method for establishing coordination requirements relating to space research and Earth exploration-satellite applications in a space-to-space network composed of a space station on a geostationary satellite and a space station on a non-geostationary satellite
in the bands 22.55-23.55 GHz and 25.25-27.5 GHz

(2003)

The ITU Radiocommunication Assembly,

considering

a)
that the Radiocommunication Bureau (BR), at the request of the Radio Regulation Board (RRB), requires the necessary criteria and calculation method for establishing coordination requirements concerning geostationary (GSO)/non-geostationary links operating space research and Earth exploration-satellite applications in 13.4‑14.3 GHz, 14.5-15.35 GHz, 22.55-23.55 GHz and 25.25-27.5 GHz; 

b)
that the Rule of Procedure No. 5.392 provides the approach for which the Bureau shall proceed when examining inter-satellite links, i.e. space-to-space links between GSO space stations and the non-GSO space stations, in the bands 2 025-2 110 MHz and 2 200-2 290 MHz with respect to RR No. 11.32;

c)
that space research service (SRS) inter-satellite links (ISLs) are limited to data relay satellite systems;

d)
that these SRS ISLs between GSO data relay satellites and non-GSO satellites use, or are planned to use, the SRS frequency allocations 13.4-14.3 GHz and 14.5-15.35 GHz and the inter‑satellite service (ISS) frequency allocations 22.55‑23.55 GHz and 25.25-27.5 GHz; 

e)
that the only space services allocated in the bands 13.4-14.3 GHz and 14.5-15.3 GHz are the space research, the Earth exploration-satellite (active), the mobile-satellite and the fixed-satellite services;

f)
that the SRS in the bands 13.772-13.778 GHz is co-primary with the fixed-satellite service under RR No. 5.503;

g)
that the only space service allocated in the bands 22.55-23.55 GHz and 25.25-27.0 GHz is the inter-satellite service;

h)
that the band 25.25-27.5 GHz ISS allocation is limited to space research and Earth exploration-satellite applications and for industrial and medical activities in space under RR No. 5.536,

decides that the following Question should be studied
1
For the bands mentioned in considering g), what are the necessary criteria and calculation methods for establishing coordination requirements between a network consisting of a GSO space station communicating with a non-GSO space station and other GSO networks, namely:

1.1
GSO/non-GSO inter-satellite link vs. GSO/non-GSO inter-satellite link?

1.2
GSO/non-GSO inter-satellite link vs. GSO/GSO inter-satellite link?

1.3
GSO/non-GSO inter-satellite link vs. GSO link?

further decides

1
that the results of the above studies should be provided as an advice to the BR;

2
that the above studies should be completed by 2005.

question ITU-R 241/7

Frequency bands and protection criteria for
radio astronomy observations from space

(2003)

The ITU Radiocommunication Assembly,

considering

a)
that there are requirements to use spacecraft to conduct radio astronomy observations;

b)
that radio astronomy observations from space may be conducted in the frequency bands utilized by the space research service (passive);

c)
that protection requirements for space-based radio astronomy systems have not yet been determined,

decides that the following Question should be studied

1
What are the typical technical and operating characteristics of space-based radio astronomy observation systems?

2
What are the technically preferred frequency bands for space-based radio astronomy observations?

3
What are the protection criteria for space-based radio astronomy observations?

further decides

1
that the results of the above studies should be included in (a) Recommendation(s);

2
that the above studies should be completed by 2006.

_______________







*	This Question should be brought to the attention of Radiocommunication Study Groups 1, 4, 6, 8 and 9.


**	Unwanted emissions include both spurious and out-of-band emissions.


***Science services include space operation, space research, Earth exploration-satellite, meteorological-satellite and standard frequencies and time signals services, radio astronomy and radar astronomy.


* 	This Recommendation was suppressed by WRC-2000.


** 	Propagation data for this study will be required from Radiocommunication Study Group 3.


*	This Question should be brought to the attention of Study Group 13 of the Telecommunication Standardization Sector.


*	This Question should be brought to the attention of Radiocommunication Study Groups 4, 8 and 9.


*	This Question should be brought to the attention of Radiocommunication Study Group 8.


* 	This Question should be brought to the attention of Radiocommunication Study Groups 4, 8 and 9.


** 	This Resolution was suppressed by WRC-2000.


* 	This Question should be brought to the attention of Radiocommunication Study Groups 8 and 9.


**	These Resolutions were suppressed by WRC-2000


*	This Question should be brought to the attention of Radiocommunication Study Group 8.


* 	This Question should be brought to the attention of Radiocommunication Study Groups 8 and 9.


*	This Question should be brought to the attention of Radiocommunication Study Groups 8 and 9.


* 	The phrase “Space science services” refers to Earth exploration-satelllite (EESS), space research (SRS), space operation (SOS), and meteorological satellite services (MetSat).


** The frequency spectrum above 275 GHz is currently not allocated (see also No. 5.565 of the Radio Regulations).


* 	This Question should be brought to the attention of the Bureau international des poids et mesures (BIPM), the International Earth Rotation Service (IERS), Study Group 13 of the Telecommunication Standardization Sector and Radiocommunication Study Group 8.
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