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EUR/13A8/30
DRAFT  RESOLUTION  [EUR/13A8‑3]  [RAS_PROTECTION] (WRC-03)

Protection of the radio astronomy stations from unwanted
emissions of space stations

The World Radiocommunication Conference (Geneva, 2003),

considering

a)
that unwanted emissions from active services may cause unacceptable interference to the radio astronomy service;

b)
that, for technical or operational reasons, more stringent spurious emission limits than the general limits in Appendix 3 may be required to protect the RAS service in specific bands;

c)
that Recommendation ITU-R SM.[BbB] provides compatibility analysis between  passive services and active services in adjacent and nearby bands;

d)
that out-of-band emissions can be controlled to a certain extent in the design process of space stations through careful design methods but that some narrow-band spurious emissions can be generated through some uncontrollable physical mechanisms;

e)
that consultation between administrations may lead to innovative solutions offering the potential for rapid implementation;

f)
that WRC-2000 adopted Recommendation 66 on the studies of the maximum permitted levels of unwanted emissions,

noting

a)
that Recommendation ITU-R M.1583 provides a methodology based on the epfd concept for calculation of interference resulting from unwanted emissions from non-GSO satellite systems of the mobile-satellite or radionavigation-satellite services into radio astronomy stations;

b)
that Recommendation ITU-R S.1586 provides a methodology based on the epfd concept for calculation of interference resulting from unwanted emissions from non-GSO systems of the fixed-satellite service into radio astronomy stations;
c)
that draft new Recommendation ITU‑R RA.[PATTERN NGSO] provides antenna patterns to be used for compatibility analyses between non-GSO systems and RAS stations based on the epfd concept;

d)
that Recommendation ITU-R RA.1513 recommends acceptable levels of data loss to radio astronomy observations, stating in particular that the percentage of data loss caused by any system should be lower than 2%;

e)
that the Bureau is not involved in the consultation procedure defined in this Resolution,

recognizing

a)
that there is an uncertainty in the pre-launch assessment of the levels of unwanted emissions;

b)
that it is necessary to ensure an equitable burden sharing for achieving compatibility between active and passive services;

c)
that Recommendation ITU-R SM.[BbB] does not address all bands where, for technical or operational reasons, more stringent spurious emission limits than the general limits in Appendix 3 may be required to protect the RAS service;

d)
that for some bands where RAS protection criteria are difficult to be met, a consultation procedure may be needed,


resolves

1
that space stations for which complete advance publication information is received by the Bureau as of 5 July 2003, which are planned to operate in one or several space service bands listed in Annex 1, shall comply at any radio astronomy station with the unwanted emission limits of Annex 1 in the specific radio astronomy bands associated to this or these above-mentioned space service band(s);

2
that the radio astronomy stations to be taken into account in applying resolves 1 are those which are operating in the frequency band(s) for which Annex 1 applies and which are notified before the date of reception of the complete advance publication information of the space station referred to in resolves 1;

3
that the limits given in Annex 1 may be exceeded on the territory of any country whose administration has so agreed;

4
that, if an administration considers that the design of any of its space stations can not meet the unwanted emissions threshold levels given in Annex 2 at a radio astronomy station, this administration shall consult with the administration operating this radio astronomy station until a mutually acceptable solution has been found;

5
that the space stations to be considered in the application of resolves 4 are those for which complete advance publication information is received by the Bureau as of 5 July 2003;

6
that the radio astronomy stations to be taken into account in applying resolves 4 are those which are operating in the frequency band(s) where the space station can not meet the unwanted emission threshold levels referred to in resolves 4 and which are notified before the date of reception of the complete advance publication information of the space station referred to in resolves 5;
7
that, in the event that the unwanted emission levels from a space station to which resolves 4 applies and which has been brought into service exceed the threshold levels contained in Annex 2 at a radio astronomy station as defined in resolves 6, the notifying administration of such space station shall consult with the administration operating this radio astronomy station in order to achieve a mutually acceptable solution, taking into account relevant ITU‑R Recommendations agreed by administrations concerned to be used in this consultation process;

8
to invite ITU-R to complete as a matter of urgency and in time for consideration by WRC‑07, the studies in all frequency bands listed in Annex 3;

9
to recommend that WRC-07 review the results of the studies identified in resolves 8 and consider the appropriate measures, in particular the inclusion of new paired bands in Annex 1 or Annex 2, as appropriate, taking into account the impact on all concerned services of implementing or not implementing limits or threshold levels for the bands given in Annex 3,

urges administrations

1
to take all appropriate steps, as from the design phase, to ensure that space stations, which are planned to operate in one or several space service allocations listed in Annex 2, meet the unwanted emission threshold levels given in Annex 2 at any radio astronomy station;

2
to provide the relevant characteristics of systems operating in the bands listed in Annex 3;

3
to contribute to the compatibility studies relating to the active space services and the radio astronomy service operating in the bands identified in Annex 3.

ANNEX  1  TO  DRAFT  RESOLUTION  [EUR/13A8‑3]  [RAS_PROTECTION] (WRC‑03)
Unwanted emission limits 

The unwanted emission limits related to geostationary space stations are given in Table 1-1 in terms of power flux-density (pfd) produced at a radio astronomy station in a reference bandwidth. 

In Table 1-1 the pfd value given in the third, fifth and seventh column (associated with the reference bandwidth contained in the adjacent column) has to be met by space stations operating in the bands indicated in the first column at the radio astronomy station operating in the band mentioned in the second column. 

The unwanted emission limits related to space stations of non-geostationary systems are given in Table 1-2 in terms of equivalent power flux-density (epfd) produced at a radio astronomy station in a reference bandwidth not to be exceeded during a given percentage of time. 

In Table 1-2 the epfd value given in the third, fifth and seventh column (associated with the reference bandwidths contained in the adjacent column) has to be met by space stations operating in the bands indicated in the first column at the radio astronomy station operating in the band mentioned in the second column. The epfd at a given radio astronomy station shall be evaluated by using the antenna pattern and the RAS maximum antenna gain given in draft new Recommendation RA.[PATTERN NGSO]. Guidance on the calculation of epfd can be found in Recommendations ITU-R S.1586 and ITU-R M.1583. The elevation angles of the radio astronomy stations to be taken into account in the epfd calculation are those higher than the minimum elevation angle θmin of the radio telescope. In the absence of such information a value of 5o shall be taken. The percentage of time during which the epfd level shall not be exceeded is mentioned in Note (1) of Table 1-2. 

Table 1-1

pfd limits for unwanted emissions from geostationary space stations
at a radio astronomy station

	Space service
bands
	Radio astronomy
band 
	Single dish continuum
	Single dish spectral lines
	VLBI(1)

	
	
	pfd(2)
	Reference bandwidth
	pfd(2)
	Reference bandwidth
	pfd(2)

	MHz
	MHz
	dB(W/m2)
	MHz
	dB(W/m2)
	kHz
	dB(W/m2)

	1 452-1 492

1 525-1 559
	1 400-1 427
	–180
	27
	–196
	20
	–166

	1 525-1 559

1 559-1 610

1 613.8-1 626.5
	1 610.6-1 613.8
	NA
	NA
	–194
	20
	–166

	2 670-2 690
	2 690-2 700 
(in Regions 1 and 3)
	–177
	10
	NA
	20
	–161

	5 010-5 030
	4 990-5 000
	–171
	10
	NA
	50
	–153

	GHz
	GHz
	–
	–
	–
	–
	–

	21.4-22.0
	22.21-22.5
	NA
	NA
	NA
	250
	–128

	42.0-42.5 
	42.5-43.5
	–137
	1 000
	–153
	500
	–116

	(1)
The reference bandwidth used for spectral line observations has also been used as reference bandwidth for VLBI observations. In VLBI bands, where no spectral line observations are conducted, the reference bandwidth for VLBI observations has been determined using the assumption of Recommendation ITU-R RA.769 for a typical spectrometer channel (3 km/s).

(2)
Integrated over the reference bandwidth with an integration time of 2 000 s.


Notes for the Conference

NOTE A – The frequency band 42.0-42.5 GHz needs confirmation (agenda item 1.32 – Resolution 128).

NOTE B – The pfd values specified for VLBI observations should be updated using the latest version of Recommendation ITU-R RA.769.

Table 1-2

epfd(1) limits for unwanted emissions from non-GSO satellite systems
at a radio astronomy station  

	Space service
bands
	Radio astronomy
band 
	Single dish continuum
	Single dish spectral lines
	VLBI(2)

	
	
	epfd(3)
	Reference bandwidth
	epfd(3)
	Reference bandwidth
	epfd(3)

	MHz
	MHz
	dB(W/m2)
	MHz
	dB(W/m2)
	kHz
	dB(W/m2)

	137-138

387-390

400.15-401

(No. 5.208A)
	150.05-153.0
	–238
	2.95
	NA
	10
	–228

	
	322-328.6
	–240
	6.6
	–255
	10
	–228

	
	406.1-410
	–242
	3.9
	NA
	10
	–228

	
	608-614
	–241
	6
	NA
	10
	–228

	1 452-1 492

1 525-1 559
	1 400-1 427
	–243
	27
	–259
	20
	–229

	1 525-1 559
	1 610.6-1 613.8
	NA
	NA
	–258
	20
	–230

	1 559-1 610
	1 610.6-1 613.8
	NA
	NA
	–258
	20
	–230

	1 613.8-1 626.5
	1 610.6-1 613.8
	NA
	NA
	–258
	20
	–230

	2 670-2 690
	2 690-2 700 
(in Regions 1 and 3)
	–246
	10
	NA
	20
	–230

	5 010-5 030
	4 990-5 000
	–245
	10
	NA
	50
	–227

	GHz
	GHz
	–
	–
	–
	–
	–

	21.4-22
	22.21-22.5
	NA
	NA
	NA
	250
	–215

	42.0-42.5
	42.5-43.5
	–230
	1 000
	–246
	500
	–209

	(1)
These epfd limits shall not be exceeded for more than 2% of time.
(2)
The reference bandwidth used for spectral line observations has also been used as reference bandwidth for VLBI observations. In VLBI bands, where no spectral line observations are conducted, the reference bandwidth for VLBI observations has been determined using the assumption of Recommendation ITU-R RA.769 for a typical spectrometer channel (3 km/s).

(3)
Integrated over the reference bandwidth with an integration time of 2 000 s.


Notes for the Conference

NOTE A – The frequency band 42.0-42.5 GHz needs confirmation (agenda item 1.32 – Resolution 128).

NOTE B – The epfd values specified for VLBI observations should be updated using the latest version of Recommendation ITU-R RA.769.

ANNEX  2 TO  DRAFT  RESOLUTION  [EUR/13A8-3]  [RAS_PROTECTION] (WRC‑03)

Unwanted emission threshold levels

The unwanted emission threshold levels related to geostationary space stations are given in Table 2‑1 in terms of power flux-density (pfd) produced at a radio astronomy station in a reference bandwidth. 

In Table 2-1 the pfd value given in the third, fifth and seventh column (associated with the reference bandwidth contained in the adjacent columns) has to be met by space stations operating in the bands indicated in the first column at the radio astronomy station operating in the bands mentioned in the second column. 

The unwanted emission threshold levels related to space stations of non-geostationary systems are given in Table 2-2 in terms of equivalent power flux-density (epfd) produced at a radio astronomy station in a reference bandwidth not to be exceeded during a given percentage of time. 

In Table 2-2 the epfd value given in the third, fifth and seventh column (associated with the reference bandwidth contained in the adjacent columns) has to be met by space stations operating in the bands indicated in the first column at the radio astronomy station operating in the band mentioned in the second column. The epfd at a given radio astronomy station shall be evaluated by using the antenna pattern and the RAS maximum antenna gain given in draft new Recommendation RA.[PATTERN NGSO]. Guidance on the calculation of epfd can be found in Recommendations ITU-R S.1586 and ITU-R M.1583. The elevation angles of the radio astronomy stations to be taken into account in the epfd calculation are those higher than the minimum elevation angle θmin of the radio telescope. In the absence of such information a value of 5o shall be taken. The percentage of time during which the epfd level should not be exceeded is mentioned in Note (1) of Table 2-2. 
Table 2-1

Unwanted emission pfd thresholds from geostationary space stations
at a radio astronomy station

	Space service
bands
	Radio astronomy
band 
	Single dish continuum
	Single dish spectral lines
	VLBI(1)

	
	
	pfd(2)
	Reference bandwidth
	pfd(2)
	Reference bandwidth
	pfd(2)

	MHz
	MHz
	dB(W/m2)
	MHz
	dB(W/m2)
	kHz
	dB(W/m2)

	1 670-1 710
	1 660-1 670
	–181
	10
	–194
	20
	–166

	2 655-2 670
	2 690-2 700
(in Regions 1 and 3)
	–177
	10
	NA
	25
	–161

	GHz
	 GHz
	–
	–
	–
	–
	–

	22.55-23.55
	22.21-22.5
	–146
	290
	–162
	250
	–128

	22.55-23.55

24-24.05
	23.6-24
	–147
	400
	–161
	250
	–129

	30-31.3

31.8-32.3
	31.3-31.8
	–141
	500
	NA
	NA
	NA

	(1)
The reference bandwidth used for spectral line observations has also been used as reference bandwidth for VLBI observations. In VLBI bands, where no spectral line observations are conducted, the reference bandwidth for VLBI observations has been determined using the assumption of Recommendation ITU-R RA.769 for a typical spectrometer channel (3 km/s).

(2)
Integrated over the reference bandwidth with an integration time of 2 000 s.


Table 2-2

Unwanted emission epfd threshold levels(1) from non-GSO satellite systems
at a radio astronomy station

	Space service
bands
	Radio astronomy
band 
	Single dish continuum
	Single dish spectral lines
	VLBI(2)

	
	
	epfd(3)
	Reference bandwidth
	epfd(3)
	Reference bandwidth
	epfd(3)

	MHz
	MHz
	dB(W/m2)
	MHz
	dB(W/m2)
	kHz
	dB(W/m2)

	1 670-1 710
	1 660-1 670
	–246
	10
	–259
	20
	–231

	2 655-2 670
	2 690-2 700
(in Regions 1 and 3)
	–246
	10
	NA
	25
	–230

	GHz
	GHz
	–
	–
	–
	–
	–

	21.4-22

22.55-23.55
	22.21-22.5
	–233
	290
	–249
	250
	–215

	22.55-23.55

24-24.05
	23.6-24
	–235
	400
	–249
	250
	–217

	30-31.3

31.8-32.3
	31.5-31.7
	–231
	500
	NA
	NA
	NA

	(1)
These epfd threshold levels shall not be exceeded for more than 2% of time.

(2)
The reference bandwidth used for spectral line observations has also been used as reference bandwidth for VLBI observations. In VLBI bands, where no spectral line observations are conducted, the reference bandwidth for VLBI observations has been determined using the assumption of Recommendation ITU-R RA.769 for a typical spectrometer channel (3 km/s).

(3)
Integrated over the reference bandwidth with an integration time of 2 000 s.


aNNEX  3  TO  DRAFT  RESOLUTION  [eur/13a8-3]  [ras_protection] (wrc‑03)

Further compatibility analysis between
space services and the RAS service

The number of potential interference situations, due to unwanted emissions from space services into radio astronomy service bands, may be high, particularly if non-adjacent band interference is also taken into account. A partial list of such bands and situations, where compatibility studies should be conducted or continued is given in Table 3-1. These studies should determine if spurious emission limits more stringent than the general limits contained in Appendix 3 of the Radio Regulations may be required to protect the radio astronomy service from unwanted emissions of the space services, taking into account the impact on all concerned services of implementing or not implementing such limits.

TABLE 3-1

Band pairs to be considered for further studies

	Space service bands
	Radio astronomy band 

	MHz
	MHz

	137-138
	
150.05-153.0
(No. 5.208A)

	387-390
	
322-328.6
(No. 5.208A)

	400.15-401
	
406.1-410
(No. 5.208A)

	620-790
(No. 5.311)
	608-614

	1 670-1 710
	1 660-1 670

	2 655-2 670
	2 690-2 700

	2 670-2 690
	2 690-2 700 (in Region 2)

	GHz
	GHz

	10.7-10.95
	10.6-10.7

	21.4-22.0
	22.21-22.5

	22.55-23.55
	22.21-22.5

	22.55-23.55
	23.6-24

	24-24.05
	23.6-24

	30-31.3
	31.3-31.8

	31.8-32.3
	31.5-31.7
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