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1. OBJECTIVE

The objective of this document is to provide additional interference analysis in connection with Umbra's
Application for the authorization of two (2) synthetic aperture radar (“SAR”) satellites (the “Umbra Block
Two Constellation™) and its request for a waiver of the U.S. Table of Frequency Allocations to allow use
of the bands 9.2-9.3 GHz, 9.9-10 GHz, and 10-10.4 GHz for EESS (active) by the Umbra Block Two

Constellation.

The Commission previously authorized Umbra to launch and operate six (6) SAR systems (the "Block
One Constellation").! Although two of these systems are no longer considered operational SAR systems,
they are still included in this interference analysis to provide a worst case scenario. Therefore, together
with the previously authorized Block One Constellation, the aggregate proposed Umbra SAR
constellation would consist of eight (8) SAR systems (the “Umbra SAR Constellation”).

2. BACKGROUND

As early as 2012, the international community recognized a growing demand for increasing radar image
resolution to satisfy needs for global environmental monitoring which could only be achieved with greater
SAR transmission bandwidth.? The ITU conducted studies on possible interference between potential new
global SAR systems and co-frequency and adjacent-channel operations in the 8.7-9.3 GHz and 9.9-10.5
GHz bands by evaluating several representative SAR systems and their probability of interference with

the radiodetermination, fixed, mobile, amateur, and amateur-satellite services operating within the

! See Stamp Grant, Umbra Lab, Inc., IBFS File No. SAT-MOD-20220627-00065; SAT-AMD-20220926-00127
(granted Dec. 1, 2022) (the “License”).

2 See International Telecommunication Union ("ITU"), Resolution 651, Possible extension of the current worldwide
allocation to the Earth exploration satellite (active) service in the frequency band 9 300-9 900 MHz by up to 600
MHz within the frequency bands 8 700-9 300 MHz and/or 9 900-10 500 MHz, WORLD RADIOCOMMUNICATION
CONFERENCE RESOLUTIONS (2012), https://www.itu.int/dms_pub/itu-r/oth/0c/0a/ROCOA00000A0020PDFE.pdf
("WRC-12").
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relevant bands (the “ITU Studies™).® Following the ITU Studies, the U.S. Government supported
expansion of the EESS (active) allocation in the X-Band by up to 600 MHz.*

In advance of WRC-15 and in support of Resolution 651, ITU-R Study Group 7 was convened under
WRC-15 Agenda Item 1.12.° The U.S. delegation participated in the associated September 2015
Conference Preparatory Meeting (“CPM”) and supported Method B, which was later adopted by the ITU.
The relevant excerpt from the CPM Report® is attached hereto as Appendix B for reference. The CPM
Report and the ITU Studies provided the basis for the adopted expansion of the X-band EESS (active)
frequencies at WRC-15. Following WRC-15, the FCC updated its rules to reflect the allocation changes
to the International Table of Frequency Allocations,’” but has yet to modify the U.S. Table of Frequency

Allocations to conform to the international changes.
3. INTERFERENCE ANALYSIS

The Umbra Block Two Constellation would not cause harmful interference when using bands 9.2-9.3
GHz, 9.9-10 GHz, and 10-10.4 GHz for EESS (active) with up to 1200 MHz bandwidth, as demonstrated

by the comprehensive ITU Studies and discussed below. All relevant Table of Frequency allocations and

3 See ITU, Report RS.2313, Sharing analyses of wideband Earth exploration-satellite service (active) transmissions
with stations in the radio determination service operating in the frequency bands 8 700-9 300 MHz and 9 900-10
500 MHz, ITU-R RS (Sept. 2014), https://www.itu.int/pub/R-REP-RS.2313; ITU, Report RS.2314, Sharing analyses
of wideband EESS SAR transmissions with stations in the fixed, mobile, amateur, and amateur-satellite services
operating in the frequency bands 8 700-9 300 MHz and 9 900-10 500 MHz, ITU-R RS (Sept. 2014),
https://www.itu.int/pub/R-REP-RS.2314.

4 See Federal Communications Commission ("FCC"), Proposed Edits to NTIA Draft Proposal on WRC-15 Agenda
Item 1.12, WAC/073 (27.01.14), IWG-3 SPACE SERVICES (January 27, 2014), https://
https://www.fcc.gov/ecfs/document/6017584792/1; National Telecommunications and Information Administration
("NTIA"), Draft Preliminary Views for WRC-15 (August 15, 2012),
https://www.ntia.doc.gov/files/ntia/publications/ai_1.13 ntia_pv_2012-08-15.pdf.

5 See generally ITU, Final Acts WRC-15, WORLD RADIOCOMMUNICATION CONFERENCE (2015), available at
https://www.itu.int/dms_pub/itu-r/opb/act/R-ACT-WRC.12-2015-PDF-E.pdf.

6 See ITU, Report of the CPM on Operational and Regulatory Procedural Matters to the World
Radiocommunication Conference (2015), available at http://handle.itu.int/11.1002/pub/80bfc0d8-en (the "CPM
Report"); see also infra Appendix B.

7 WRC-15 Order, 85 Fed. Reg. 38630 (June 26, 2020) (updating 47 C.F.R. Parts 1, 2, 15, 18, 27 and 95).

Page 4 of 15
RELEASE TO FCC



footnotes in frequency bands 9.2-9.3 GHz, 9.9-10 GHz, and 10-10.4 GHz are included in Appendix A for

reference.
3.1. Representative SAR System

The ITU Studies evaluated the likelihood of interference resulting from a variety of SAR systems and
concluded that potential interference was unlikely. One such representative SAR system, referenced as
SAR-4, is directly comparable to both the previously authorized Umbra Block One Constellation and the

proposed Block Two Constellation.
3.2. Similarity of Umbra Block Two Constellation

Relative technical characteristics of SAR-4 and the Umbra Block Two Constellation are shown in Table
1. By inspection, it is clear that the SAR-4 and Umbra Block Two Constellation systems are materially

comparable with respect to orbit and SAR operations.

Table 1. Technical Characteristics of SAR-4 and Umbra Block Two Constellation

Parameter SAR-4 Umbra Block Two Constellation
Orbital altitude (km) 510 535
Orbital Inclination (degree) 98 97
. 1.0 degree (Elevation 0.5 degree (Elevation
Antenna beamwidth 0.5 deggree((Azimuth)) 0.5 deggree((Azimuth))
Antenna polarization Linear (V / H) Linear (V / H)
Pulse modulation Linear FM chirp Linear FM chirp
Chirp bandwidth (MHz) 1200 1200
EIRP (dBW) 85.5 78.2

3.3. Effective Isotropic Radiated Power

As modeled in the ITU Studies and shown in Table 1, the effective isotropic radiated power ("EIRP") of
SAR-4 exceeds that of the Umbra Block Two Constellation. Therefore, the Umbra Block Two
Constellation has positive margin relative to the analyzed SAR-4 system, with correspondingly lower

probability of interference:

EIRP Margin = 85.5 dBW — 78.2 dBW = 7.3 dB
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3.4. Power Flux Density

As modeled in the ITU Studies and shown in Table 1, the orbital altitude of SAR-4 is lower than that of
the Umbra Block Two Constellation. Therefore, the power flux density (“PFD”) at the surface of the
Earth is lower for any given EIRP from the Umbra Block Two Constellation relative to SAR-4. Each

system’s PFD for the steepest practicable grazing angle is shown in Table 2.

Table 2. Power Flux Density Comparison

Parameter SAR-4 Umbra SAR
PFD at 20° Grazing

The Umbra Block Two Constellation achieves positive margin relative to the analyzed SAR-4 system for

PFD, with correspondingly lower probability of interference.
PFD Margin = -83.2 dBW/m’ — (-89.6 dBW/m?) = 6.4 dB

Finally, both the SAR-4 system and Umbra Block Two Constellation operate within PFD limits set by
ITU Radio Regulations.® The mean PFD for each system, shown below in Figure 1, was calculated

utilizing the required method identified in 21.16 of the Radio Regulation.’
Figure 1. Comparison of Mean PFD Values and PFD Limit

SAR-4 vs Umbra PFD against
Power Flux-Density Limit at 9.9-10.4 GHz
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8 ITU Radio Regulations, Table 21-4, p. 272 available at
https://search.itu.int/history/HistoryDigitalCollectionDocLibrary/1.43.48.en.101.pdf
% Id. at p. 270, Section V - Limits of power flux-density from space stations, 21.16 § 6.
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3.5. Main Beam Coupling

As modeled in the ITU Studies and shown in Table 1, the antenna main beam pattern of SAR-4 has a
greater solid angle than that of the Umbra Block Two Constellation.

The solid angle of the SAR-4 antenna main beam is:
SAR-4 Solid Angle = pi x (1.0 deg) x (0.5 deg) = 1.6 deg
The solid angle of Umbra SAR antenna main beam is:
Umbra SAR Solid Angle = pi x (0.5 deg) x (0.5 deg) = 0.8 deg

The area illuminated by the main antenna beam projected onto the surface of the Earth for the Umbra

Block Two Constellation relative to the SAR-4 system is:
Umbra SAR Relative [lluminated Area =
[Umbra SAR Solid Angle / SAR-4 Solid Angle] x [Umbra SAR Altitude / SAR-4 Altitude] =
[0.8 deg /1.6 deg] x [535 km /510 km] = 0.52

Since the Umbra Block Two Constellation illuminates only 52% of the area illuminated by the SAR-4
system, it achieves a lower relative probability of coupling into other in-band systems during operation,

with correspondingly lower probability of interference:
Probability of Coupling Relative to SAR-4 = 52%
3.6. Probability of Interference with The Radiodetermination Service

ITU Report RS.2313-0 concludes the potential for interference with all radiolocation and radionavigation
services from 9.2 to 10.5 GHz as a 0.00001% chance of interference over an 11-day period for each SAR-
4 system deployed."’

10 See ITU, Report RS.2313, Sharing analyses of wideband Earth exploration-satellite service (active) transmissions
with stations in the radio determination service operating in the frequency bands 8 700-9 300 MHz and 9 900-10
500 MHz, ITU-R RS (Sept. 2014), https://www.itu.int/pub/R-REP-RS.2313.
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Given that the Umbra Block Two Constellation has a 52% probability of coupling relative to the SAR-4
system, positive EIRP margin, and positive PFD margin, the probability of interference for each Umbra

SAR system with the radiodetermination service is no greater than:
Maximum System Probability of Interference = 0.00001% x 52% = 0.0000052%

Therefore, the probability of interference with the radiodetermination service for the Umbra SAR

Constellation (a total of 8 SAR systems) is no greater than:
Maximum Probability of Interference = 0.0000052% x 8 = 0.000042%

Due to a PFD margin of 6.4 dB relative to the SAR-4 system, the estimated probability of interference

with the radiodetermination service for the Umbra SAR Constellation is:
Estimated Probability of Interference = 0.000042% / ( 10"( 6.4 dB / 10) ) =0.00001%
3.7. Probability Of Interference with Amateur Service

ITU Report RS.2314-0 summarized the potential for interference with the amateur service in the band 10-

10.4 GHz as a 0.004% chance of interference over an 11-day period for each SAR-4 system deployed.''

Given the Umbra Block Two Constellation has a 52% probability of coupling relative to the SAR-4
system, and positive EIRP margin, and positive PFD margin, the probability of interference with the

amateur service for each Umbra SAR system is no greater than:
Maximum System Probability of Interference = 0.004% x 52% = 0.0021%

The probability of interference with the amateur service for the Umbra SAR Constellation is no greater

than:
Maximum Probability of Interference = 0.0021% x 8 =0.017%

Due to a PFD margin of 6.4 dB relative to the SAR-4 system, the estimated probability of interference

with the amateur service for the aggregate Umbra SAR Constellation is:

Estimated Probability of Interference = 0.017% / ( 10°( 6.4 dB / 10) )= 0.0039%
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3.8. Effects of Pulsed Operation Were Analyzed by the ITU

As shown in Table 1, both the SAR-4 system and the Umbra Block Two Constellation operate in a pulsed
mode of operation with linear frequency modulation. This mode of operation was analyzed by the
comprehensive ITU Studies and demonstrated non-interference with other services operating in the band

10-10.4 GHz."”
In the U.S. Table of Frequency Allocations, US128 specifies that:

In the band 10-10.5 GHz, pulsed emissions are prohibited, except for weather radars
on board meteorological satellites in the sub-band 10-10.025 GHz. The amateur
service, the amateur-satellite service, and the non-Federal radiolocation service, which
shall not cause harmful interference to the Federal radiolocation service, are the only

non-Federal services permitted in this band.

The above footnote is also present in the WRC-07 Implementation Order,"* where it was renumbered

from US58 to US128.

US128 predates the international re-allocation of the 10.0-10.4 GHz frequencies to the EESS (active)
service, which are inherently pulsed, and the ITU Studies discussed above, and the FCC has not yet taken
steps to consider conforming the U.S. Table of Frequency Allocations to the relatively recent international
allocations. The analysis above shows an exceptionally low probability of interference to those services
by the entire Umbra SAR Constellation, and Umbra would be able to operate on a non-interference basis
in the 10-10.4 GHz band consistent with the ITU allocation. Accordingly, a waiver of US128 is

warranted.
3.9. Probability of Interference Summary

As summarized in Table 3, even with eight (8) satellites, the estimated probability of interference with
both the radiodetermination service and the amateur service is lower for the entire Umbra SAR
Constellation relative to the SAR-4 system analyzed by the ITU. Because the risk of interference by the
SAR-4 system to these services was deemed acceptable when allocating the bands 9.2-9.3 GHz, 9.9-10

"' ITU, Report RS.2314, Sharing analyses of wideband EESS SAR transmissions with stations in the fixed, mobile,
amateur, and amateur-satellite services operating in the frequency bands 8 700-9 300 MHz and 9 900-10 500 MHz,
ITU-R RS (Sept. 2014), https://www.itu.int/pub/R-REP-RS.2314.

12 See ITU, supra note 3.

13 See WRC-07 Order, 77 Fed. Reg. 76234 (December 27, 2012)

Page 9 of 15
RELEASE TO FCC



GHz, and 10-10.4 GHz for the EESS (active) service, the lower risk of interference by the Umbra SAR

Constellation must also be acceptable.

Table 3. Estimated Probability of Interference Summary

Service SAR-4 Umbra SAT Constellation
(1x satellite) (8x satellites)
Radiodetermination 0.00001% 0. 00001%
Amateur 0.004% 0.0039%

4. GRANT OF WAIVER REQUEST FURTHERS U.S. SPACE POLICY
The National Space Policy Directive published December 9, 2020 states:

“a robust, innovative, and competitive commercial space sector is the source of

continued progress and sustained United States leadership in space.” "

The Umbra Block Two Constellation is owned and operated by a U.S.-owned and controlled company
and is designed to push the envelope of commercial remote sensing. Grant of the requested waiver would
demonstrate U.S. leadership for remote sensing in the commercial space sector by fully utilizing
frequency bands allocated for that purpose by the international community following considered analysis

and deliberation.

Additionally, the White House released a new United States Space Priorities Framework on December 1,

2021." Priority 2 of this framework states:

“[t]he United States will advance the development and use of space-based Earth

observation capabilities that support action on climate change.”'’

Data from the Umbra Block Two Constellation will achieve the highest feasible spatial resolution when
operating in certain modes. The high-quality data will support global environmental monitoring and

related activities that are in the public interest including maritime surveillance, disaster response, asset

14 National Oceanic and Atmospheric Administration, National Space Policy Directive, at 3 (2020), available at
https://www.space.commerce.gov/policy/national-space-policy/.

15 United States Space Priorities Framework (Dec. 2021), available at https://www.whitehouse.gov/wp-
content/uploads/2021/12/United-States-Space-Priorities-Framework- -December-1-2021.pdf

16 1d.
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monitoring, and foundational feature mapping. Grant of the requested waiver will support action on

climate change by enabling awareness and mensuration of related effects on the environment globally.

Moreover, when evaluating the expansion of the EESS (active) service in the X-band, ITU Resolution

651 considers the fact that:

“...there is a growing demand for increasing radar image resolution to satisfy global
environmental monitoring which can only be achieved with greater transmission

bandwidth.”""’
Finally, Priority 3 of the United States Space Priorities Framework states:

“[t]he United States will foster a policy and regulatory environment that enables a

competitive and burgeoning U.S. commercial space sector.”'®

Grant of the requested waiver directly supports this policy objective by allowing a domestic commercial
space sector to be fully competitive in the international market for commercial remote sensing data, by
using the maximum internationally agreed upon 1200 MHz bandwidth allocated for the EESS (active)
service in the band 9.2-10.4 GHz.

5. CONCLUSION

As shown above and in the Application, and as demonstrated by Umbra's successful operations of the
Block One Constellation, expanded use of the X-band frequencies for Umbra’s proposed SAR operations
would not cause harmful interference to other authorized operations. Further, grant of the waiver
facilitates growth of the U.S. commercial SAR industry, supporting the U.S. space industry and ensuring
its global competitiveness. For these reasons, Umbra respectfully submits that grant of the waiver to
allow operation of our high bandwidth SAR Earth observation payload in the band 9.2-10.4 GHz is in the

public interest.

17 See supra note 2.
18 See supra note 15.
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APPENDIX A

RELEVANT ALLOCATIONS AND FOOTNOTES IN FREQUENCY BANDS

The following allocations and relevant footnotes are published in the Federal Register'’ as of June 26,

2020.

Band 9.2 — 9.3 GHz (International Table)
Earth Exploration-Satellite (active) 5.474A, 5.474B, 5.474C
5.473
5.474
5.474D

Band 9.2 — 9.3 GHz (US Table)
5.474

Band 9.9 — 10 GHz (International Table)
Earth Exploration-Satellite (active) 5.474A, 5.474B, 5.474C

Band 10 — 10.4 GHz (International Table)
Earth Exploration-Satellite (active) 5.474A, 5.474B, 5.474C
5.474D
5.479
Band 10 — 10.4 GHz (US Table)
5.479
US128

Description of footnotes as published:

5.473 In the band 9000-9200 MHz, stations operating in the radiolocation service shall not
cause harmful interference to, nor claim protection from, systems identified in No. 5.337
operating in the aeronautical radionavigation service, or radar systems in the maritime
radionavigation service operating in this band on a primary basis in the countries listed in

No. 5.471. (WRC-07)

5.474 In the band 9200-9500 MHz, search and rescue transponders (SART) may be used,
having due regard to the appropriate ITU-R Recommendation (see also Article 31).
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5.474A

5.474B

5.474C

5.474D

5.479

US128

US108

The use of the frequency bands 9200-9300 MHz and 9900-10 400 MHz by the Earth
exploration satellite service (active) is limited to systems requiring necessary bandwidth
greater than 600 MHz that cannot be fully accommodated within the frequency band
9300-9900 MHz. Such use is subject to agreement to be obtained under No. 9.21 from
Algeria, Saudi Arabia, Bahrain, Egypt, Indonesia, Iran (Islamic Republic of), Lebanon
and Tunisia. An administration that has not replied under No. 9.52 is considered as not
having agreed to the coordination request. In this case, the notifying administration of the
satellite system operating in the Earth exploration-satellite service (active) may request

the assistance of the Bureau under Sub-Section IID of Article 9. (WRC-15)

Stations operating in the Earth exploration-satellite (active) service shall comply with

Recommendation ITU-R RS.2066-0. (WRC-15)

Stations operating in the Earth exploration-satellite (active) service shall comply with

Recommendation ITU-R RS.2065-0. (WRC-15)

Stations in the Earth exploration-satellite service (active) shall not cause harmful
interference to, or claim protection from, stations of the maritime radionavigation and
radiolocation services in the frequency band 9200-9300 MHz, the radionavigation and
radiolocation services in the frequency band 9900-10 000 MHz and the radiolocation
service in the frequency band 10.0-10.4 GHz. (WRC-15)

The band 9975-10 025 MHz is also allocated to the meteorological-satellite service on a

secondary basis for use by weather radars.

In the band 10-10.5 GHz, pulsed emissions are prohibited, except for weather radars on
board meteorological satellites in the sub-band 10-10.025 GHz. The amateur service, the
amateur-satellite service, and the non-Federal radiolocation service, which shall not cause
harmful interference to the Federal radiolocation service, are the only non-Federal
services permitted in this band. The non-Federal radiolocation service is limited to survey

operations as specified in footnote US108.

In the band 3300-3550 MHz, notwithstanding removal of the non-Federal allocations

from these bands in FCC 20-138, secondary non-Federal radiolocation and secondary

19 47 C.F.R. § 2.106.
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amateur license holders operating as of November 9, 2020, may continue to operate on a
secondary basis while the Commission finalizes plans to reallocate spectrum in the 3.45-
3.55 GHz band. Authorization for these operations will sunset on a future date certain,
consistent with the first possible grant of flexible use authorizations to new users in that
portion of the band. The date by which non-Federal stations in these services will be
required to cease operations in the band 3300-3550 MHz will be set by the Commission
in a subsequent decision in its proceeding. In the band 10-10.5 GHz, survey operations,
using transmitters with a peak power not to exceed five watts into the antenna, may be
authorized for Federal and non-Federal use on a secondary basis to other Federal

radiolocation operations.
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APPENDIX B
Appendix B is the excerpt from the Final Report of the Conference Preparatory Meeting 2015 done in
ITU-R Study Group 7 under WRC-15 Agenda Item 1.12.
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Chapter 2

AGENDA ITEM 1.12

1.12 to consider an extension of the current worldwide allocation to the Earth
exploration-satellite (active) service in the frequency band 9 300-9 900 MHz by up to 600 MHz
within the frequency bands 8 700-9 300 MHz and/or 9 900-10 500 MHz, in accordance with
Resolution 651 (WRC-12);

Resolution 651 (WRC-12): Possible extension of the current worldwide allocation to the Earth
exploration-satellite (active) service in the frequency band 9 300-9 900 MHz by up to 600 MHz
within the frequency bands 8 700-9 300 MHz and/or 9 900-10 500 MHz

2/1.12/1 Executive summary

In accordance with Resolution 651 (WRC-12), ITU-R has performed studies of possible extension
of the current worldwide allocation to the EESS (active) within the frequency bands 8 700-

9 300 MHz and/or 9 900-10 500 MHz, taking into account compatibility studies with stations of
incumbent services.

Report ITU-R RS.2274 shows that an EESS additional spectrum requirement is for consecutive
600 MHz. Sharing studies were performed for all incumbent services and were based on
characteristics of future wideband EESS synthetic-aperture radars (SAR) as described in
Recommendation ITU-R RS.2043.

The results of sharing studies with the RDS are contained in Report ITU-R RS.2313. The results of
sharing studies with the FS, MS, ARS, and ARSS are contained in Report ITU-R RS.2314. The
results of compatibility studies related to unwanted emissions into the SRS, RAS, EESS (passive),
and SRS (passive) are contained in Report ITU-R RS.2308.

The following methods to satisfy the agenda item have been developed:

. Method A — Primary EESS (active) allocation in the frequency band 9 900-10 500 MHz
with 2 options: Method A1 (with two sub-options) and Method A2.

. Method B — Primary EESS (active) allocation in the frequency bands 9 200-9 300 MHz
and 9 900-10 400 MHz with 2 options: Method B1 and Method B2.

. Method C — Primary EESS (active) allocation in the frequency bands 9 200-9 300 MHz
and 10 000-10 100 MHz, and secondary allocation in the frequency band 9 900-
10 000 MHz.

. Method D — No change to the Radio Regulations (NOC).

Methods A, B and C would impose that systems operating in the new EESS (active) allocation shall
not cause harmful interference to, nor claim protection from radars operating in the radio
determination service. In addition, the extension frequency band shall only be used by EESS
(active) systems requiring a bandwidth of more than 600 MHz. The protection of stations of the
RAS in adjacent frequency bands is addressed in Recommendation ITU-R RS.2066. The protection
of stations of the SRS in adjacent frequency bands is addressed in Recommendation

ITU-R RS.2065.

2/1.12/2 Background

The growing demand for higher resolution radar images to satisfy global environmental monitoring
raises the need to further increase the bandwidth used for linear FM chirp radar transmission of the
next generation of EESS SAR.
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Resolution 651 (WRC-12) invites ITU-R to conduct and complete compatibility studies addressing
EESS (active) and existing services in the frequency bands 8 700-9 300 MHz and

9 900-10 500 MHz, and unwanted emissions from stations operating in the EESS (active) in these
frequency bands into stations operating in the frequency bands 8 400-8 500 MHz and

10.6-10.7 GHz.

During the study cycle for WRC-07, studies were performed by ITU-R under WRC-07 agenda

item 1.3 to investigate the conditions for the extension of EESS (active) allocation by 200 MHz
above or below the former allocation 9 500-9 800 MHz (prior to WRC-07). Based on the results and
conclusions in Report ITU-R RS.2094, WRC-07 decided to extend the allocation to the frequency
band 9 300-9 900 MHz. This was possible because the overall sharing conditions were found to be
acceptable if certain conditions are obeyed. These conditions are regulated by RR Nos. 5.475A,
5.476A, 5.477,5.478, 5.478A, and No. 5.478B to protect other radio service in countries mentioned
in these footnotes.

Space-borne radars operating in the EESS (active) in the band 9 300-9 900 MHz have demonstrated
their important contributions to a large number of scientific and geoinformation applications, which
is also recognized in Resolution 673 (Rev.WRC-12).

2/1.12/3 Summary of technical and operational studies, including a list of
relevant ITU-R Recommendations

ITU-R Recommendations: ITU-R RS.1166, ITU-R RS.1280, ITU-R RS.1859, ITU-R RS.1861,
ITU-R RS.1883, ITU-R RS.2017, ITU-R RS.2043, ITU-R RS.2065, ITU-R RS.2066;

ITU-R SA.509, ITU-R SA.609, ITU-R SA.1016, ITU-R SA.1020, ITU-R SA.1022,

ITU-R SA.1157, ITU-R SA.1743; ITU-R RA.517, ITU-R RA.611, ITU-R RA.769,

ITU-R RA.1513, ITU-R RA.1631; ITU-R M.628, ITU-R M.629, ITU-R M.1041, ITU-R M.1044,
ITU-R M.1372, ITU-R M.1461, ITU-R M.1583, ITU-R M.1732, ITU-R M.1796, ITU-R M.1824,
ITU-R M.1849, ITU-R M.1851; ITU-R F.699, ITU-R F.758, ITU-R F.1108, ITU-R F.1245,
ITU-R F.1336, ITU-R F.1403, ITU-R F.1777.

ITU-R Reports: ITU-R M.2050, ITU-R M.2076, ITU-R M.2081, ITU-R M.2128, ITU-R RS.2094,
ITU-R RS.2178, ITU-R RS.2274, ITU-R RS.2308, ITU-R RS.2313, ITU-R RS.2314,
ITU-R SM.337, ITU-R SM.1138, ITU-R SM.1535, ITU-R SM.1541, ITU-R SM.1542.

2/1.12/3.1 Estimated spectrum requirements

The studies on EESS (active) spectrum requirements in the frequency range around 9 600 MHz are
summarized in Report ITU-R RS.2274. The amount of estimated spectrum required for the next
generation of EESS (active) synthetic aperture radars (SAR) systems around 9 600 MHz is a
contiguous 1 200 MHz.

2/1.12/3.2 Possible frequency bands for extension of the Earth exploration-satellite (active)
service allocation

The ITU-R has examined feasibility of allocation of the frequency bands 8 700-9 300 MHz and
9 900-10 500 MHz for the EESS (active) in all or portions of these frequency bands and carried out
sharing studies with respect to incumbent services.
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2/1.12/4 Analysis of the results of studies

2/1.12/4.1 Sharing studies with incumbent services

It is important to note that EESS radars using the high-resolution mode transmit in the direction of
the measured object only for very short time intervals, i.e. for less than seven seconds per exposure.
It has been shown that the next generation of wideband spaceborne radar systems will have
transmission characteristics similar to those already used in the current allocation. It is assumed that
the conditions for sharing with radiolocation and other services within the existing allocation of

9 300-9 900 MHz will be close to that in the candidate extension bands.

2/1.12/4.1.1 Sharing between EESS SAR and systems operating in the
radiodetermination service

The frequency range 8 700-10 500 MHz is used by many different types of radars: airborne radars,
shipborne radars, and beacon/ground-based radars. It is important to note that Report ITU-R
RS.2094 provides results, which demonstrate the compatibility between spaceborne SAR systems
and radars operating in the frequency bands 9 300-9 500 MHz and 9 800-10 000 MHz with radar
system characteristics described in Recommendation ITU-R M.1796 (2007 version), and that EESS
(active) systems have been operating in the frequency band 9 300-9 900 MHz with no report of
interference. Radar systems, characterized in Recommendation ITU-R M.1796, that operate on
frequencies anywhere within the frequency band of 9 300-10 000 MHz are assumed to be
compatible with EESS (active) systems.

ITU-R has reviewed in Report ITU-R RS.2313, the proposed SAR characteristics in
Recommendation ITU-R RS.2043 and the SAR characteristics in Report ITU-R RS.2094, and
determined that those characteristics are similar with similar effect on radar receivers. It was,
therefore, not necessary to repeat these studies performed in the frequency bands 9 300-9 500 MHz
and 9 800-10 000 MHz. The studies in Report ITU-R RS 2313, under WRC-15 agenda item 1.12
focused on radars, identified in Recommendation ITU-R M.1796-2, operating in the frequency
bands 8 700-9 300 MHz and 10 000-10 500 MHz, which were not considered in previous studies in
Report ITU-R.RS 2094.

It is also shown in the Report ITU-R RS.2313 that the sharing conditions remain similar for any
EESS SAR chirp transmission bandwidth of between 600 and 1 200 MHz, and also remain similar
to the sharing conditions of current EESS SAR systems in space operating at lower chirp bandwidth
in the existing EESS (active) allocation in 9 300-9 900 MHz.

Recommendation ITU-R RS.1280 is about the selection of active spaceborne sensor emission
characteristics to mitigate the potential for interference to terrestrial radars operating in frequency
bands 1-10 GHz. Sensor transmitter power, antenna gain pattern, pulse width, pulse repetition
frequency, and chirp bandwidth (if frequency modulation is used) are all possible characteristics
that can be adjusted during the design of the spaceborne sensor to improve compatibility with
terrestrial radars.

In the frequency band 9 000-9 200 MHz, airport surface detection equipment radars, operating in
the ARNS, are used to aid air traffic controllers in preventing collisions on the airport surface and
reducing runway incursions. These safety of life critical systems require special measures to ensure
their freedom from harmful interference in accordance with RR Nos. 1.59 and 4.10.

The aggregate average I/N of —6 dB should be used as the required protection level for

radiodetermination radars from all interference sources, including the proposed SAR. However, the
effect of pulsed interference on incumbent systems is difficult to quantify and the interference level
is strongly dependent on receiver-processor design and mode of system operation. In general, some
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radar features can help suppress low effective duty-cycle pulsed interference (of the order of 1%!9
in the radar receiver). Techniques for suppression of low-duty-cycle pulsed interference are
described in Recommendation ITU-R M.1372.

Test results provided in Report ITU-R M.2081 show that some radars can tolerate high peak I/N
low-duty cycle pulsed interference like those produced by SAR systems or other radars systems, but
the report should not be considered as a replacement for the interference protection criteria in
Recommendation ITU-R M.1796.

The results of those peak interference measurements are also summarized in the CPM Report
developed under WRC-07 agenda item 1.3 as follows:

“The test and analysis results show representative radionavigation and radiolocation
radars do not suffer any degradation to their performance from representative EESS
(active) waveforms at an I/N of +40 dB for shipborne systems, I/N of +54 dB for
airborne systems, I/N of +50 dB for ground-based systems, and an I/N of +28 dB for
ground-based meteorological radars.”

This shows that the improvement through radar processing gain could be significant.

It should be noted that the test measurements for some ARNS radars did not take into account the
required probability of detection and displayed occasional strobes on the radar screen at I/N of
+50 dB. Since the effects of pulsed linear chirp SARs into RDS system receivers are difficult to
quantify and are dependent on receiver/processor design and mode of operation, and further, due to
the safety critical aspects of ARNS radars in the frequency band 9 000-9 200 MHz, more radar
performance measurements are required to adequately model these systems.

The method provided in Recommendation ITU-R RS.1280 should be used to assess the SAR pulsed
interference to the RDS radars. In the case of no available measured data and to comply with the
safety aspect requirements, this Recommendation recommends using a 0 dB value for the radar
processing gain.

2/1.12/4.1.1.1 Sharing of the Earth exploration-satellite (active) service with the
radiolocation service

The sharing studies focused on RLS radars G20 and A12 in the frequency band 8 700-9 300 MHz,
and RLS radars G4, A4 and S2 in the frequency band 9 900-10 500 MHz described in
Recommendation ITU-R M.1796-2.

2/1.12/4.1.1.1.1  Effect of radiolocation systems on the new generation of EESS SAR

In the frequency bands 8 700-9 300 MHz and 10 000-10 500 MHz, the simulations results show that
in any case the impact of radiolocation systems into the new generation of SAR is more than 13 dB
below the interference protection criterion.

2/1.12/4.1.1.1.2  Effect of EESS SAR on radiolocation systems in the frequency band
8700-9 300 MHz

Dynamic simulation results have shown that in case of main-beam to main-beam coupling the peak
I/N can reach values as high as 60 dB. However, these values are obtained for very low percentages
of time in the order of 0.00001% over 11 days.

19° As shown in Report ITU-R M.2081 values of up to 2.5% have also been observed for maritime
radars.
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The radiolocation systems identified by ITU-R for sharing studies (system A12 and G20), which
operate in the frequency band below 9 300 MHz, operate also in the current allocation in the
frequency band 9 300-9 900 MHz. Therefore for comparison, simulations have also been performed
with SAR-2 (EESS systems already using the current EESS frequency band 9 300-9 900 MHz).
EESS SAR systems using chirp transmission bandwidth of between 600 and 1 200 MHz would
create up to 3 dB higher interference. Therefore, if no interference has been noticed until today on
either radars A12 or G20, it may be expected that no harmful interference event will be observed
after the extension of the allocation to EESS (active).

2/1.12/4.1.1.1.3  Effect of EESS SAR on radiolocation systems in the frequency band
10.0-10.5 GHz

ITU-R studies show that all considered radiolocation radars would be affected with interference
levels that significantly exceed the specified I/N threshold value of I/N = -6 dB in the worst case
radar location and when the radar is pointing toward EESS SAR with the maximum possible gain
and when SAR conducts measurements into the radar location point at times when the distance
between SAR and the radar would be minimal. Probable excess would be between 29.3 dB and
74.6 dB. This study shows that threshold maybe exceeded in any moment when SAR is over the
radio horizon. The value of exceedance will depend on the location of the radar and measurement
points and the percentage of time it will occur is low and will be even lower taking processing gain
into account as shown in Table 2/1.12/4-1.

The results of the dynamic study presented in Report ITU-R RS.2313 and summarized in
Table 2/1.12/4-1 are showing the probability of such event to occur.

TABLE 2/1.12/4-1
Summary of studies results in the frequency band 10-10.5 GHz

10-10.5 GHz
Service affected RLS
Maximum I/N average 68.6 dB-PG
% of time that maximum average I/N occurs over 11 days | 0.00001 x n
% of time that I/N,y-PG=—6 dB is exceeded over 11 days | 0.005 x n
% of time that I/Nay= —6 dB is exceeded over 11 days Much lower than 0.005 x n (depending on PG)

PG : radar receiver processing gain in dB (the effect of pulsed interference is difficult to quantify and is strongly
dependent on radar receiver-processor design and mode of system operation. In general, numerous features of
radars can be expected to help suppress low duty-cycle pulsed interference. Techniques for suppression of low-
duty-cycle pulsed interference are contained in Recommendation ITU R M.1372 (see also Recommendation
ITU-R M.1461 and Report ITU-R M.2081). Report ITU-R RS.2094 show that such processing gain can be
significant).

n: number of wideband SAR (SAR-4) systems operating in the considered frequency band
2/1.12/4.1.1.2 Sharing between the Earth exploration-satellite (active) service and the
radionavigation service

The RNS comprises allocations particularly dedicated to the MRNS and the ARNS.

2/1.12/4.1.1.2.1  Frequency band 9 000-9 200 MHz

There is a lack of ITU guidance as to how much processing gain the radars that operate in the
frequency band 9 000-9 200 MHz can achieve and, due to the safety critical aspects of ARNS radars
in the 9 000-9 200 MHz frequency band, it is difficult to ensure the protection of those systems
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based on the sharing studies in Report ITU-R RS.2313. Therefore this frequency band is no longer
considered for the extension of EESS (active) allocation.

2/1.12/4.1.1.2.2  Frequency band 9 200-9 300 MHz

The frequency band 9 200-9 500 MHz is used for the global maritime distress and safety system
(GMDSS) in most countries which needs to be protected in accordance with RR Nos. 1.59 and 4.10.

Systems used in the MRNS in the frequency band 9 200-9 300 MHz are also operated in the current
EESS (active) allocation in the frequency band 9 300-9 500 MHz without any reported interference.
ITU-R studies show that the sharing conditions remain similar for any SAR chirp transmission
bandwidth between 600 and 1 200 MHz in the frequency band 9 200-9 300 MHz and that they are
similar to the sharing conditions of SAR systems operating at lower chirp bandwidth in the
frequency band 9 300-9 900 MHz.

Report ITU-R M.2081 includes test results between specific RNS and RLS systems and EESS
systems in the frequency band 8 500-10 000 MHz. The results of studies with an MRNS radar in the
frequency band 9 200-9 500 MHz show that it is compatible with EESS systems represented by the
test waveforms at peak I/N level of 40 dB. Other test results documented in Recommendation
ITU-R M.1796 confirm these results for maritime radars. The simulation results contained in Report
ITU-R RS.2313 show that the peak I/N would never exceed 37 dB in such radars, which
corresponds to an average I/N of 26.8 dB.

The frequency band 9 200-9 500 MHz is currently used by GMDSS Search and Rescue
Transponders (SART). Administrations who intend to use this frequency band for EESS (active)
will need to provide all necessary measures for protection of the SART systems.

The compatibility of EESS (active) with Search and Rescue Transponders (SART) operating under
the GMDSS in the band 9 200-9 500 MHz (see RR No. 5.474) has been assessed. It has been shown
that the EESS (active) emissions are below the trigger level of the SART transponder and therefore
sharing with SART in the band 9 200-9 300 MHz is feasible.

2/1.12/4.1.1.2.3  Frequency band 9 900-10 000 MHz

RR No. 5.478 additionally allocates to the RNS in some countries the frequency band

9 900-10 000 MHz. As mentioned in section 2/1.12/4.1.1 above, the current studies are focused on
radars, identified in Recommendation ITU-R M.1796-2 and operating above 10 GHz, which were
not considered in previous studies (Report ITU-R RS.2094).

2/1.12/4.1.1.2.4  Effect of radionavigation systems on the new generation of EESS SAR

In the frequency bands 8 700-9 300 MHz, the simulation results presented in Report ITU-R
RS.2313 show that the impact of RNS systems into the new generation of SAR (called SAR-4 in the
studies) is more than 46 dB below the interference protection criteria.

2/1.12/4.1.1.3 Summary of studies with the radio determination service

Studies showed that in the frequency band 9 000-9 200 MHz sharing would be difficult due to the
safety aspects of the relevant services. Since the band 9 000-9 200 MHz is excluded from
consideration to satisfy the contiguous spectrum requirement for EESS SAR, an allocation in the
frequency range 8 700-9 000 MHz would not provide a contiguous extension to the current EESS
(active) allocation. Therefore this summary addresses the frequency band above 9 200 MHz only.

Studies showed that, in the frequency band 9 200-9 300 MHz, compatibility between radars and
EESS SAR is feasible, assuming the radar parameters in Report ITU-R RS.2313, and the sharing
conditions are similar to the ones in the band 9 300-9 500 MHz.
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The frequency band 9 200-9 500 MHz is currently used by GMDSS SART. Administrations who
intend to use this frequency band for EESS (active) will need to provide all necessary measures for
protection of the SART systems.

Compeatibility studies between EESS (active) and the SART, operating under the GMDSS in the
band 9 200-9 500 MHz, show that the EESS (active) emissions will be below the trigger level of
the SART transponder and therefore sharing with SART in the band 9 200-9 300 MHz is feasible.
The sharing conditions are similar to the ones in the band 9 300-9 500 MHz.

In the band 9.9-10 GHz, sharing conditions have already been studied before WRC-12 and
conclusions are still applicable to SAR systems with chirp bandwidth between 600 MHz and
1.2 GHz.

ITU-R studies show that, in the frequency band 10-10.5 GHz, all considered radiolocation radars
would be affected with interference levels that significantly exceed the specified I/N threshold value
of I/N = —6 dB in the worst case radar location, when the radar is pointing toward EESS SAR with
the maximum possible gain and when SAR conducts measurements into the radar location point at
times when the distance between SAR and the radar would be minimal. Probable excess would be
between 29.3 dB and 74.6 dB. This study shows that the threshold may be exceeded in any moment
when SAR is over the radio horizon. The value of exceedance will depend on the location of the
radar and measurement points, and the percentage of time it will occur is low and will be even
lower taking processing gain into account as shown in Table 2/1.12/4-1.

Table 2/1.12/4-2 summarizes the overall results of the effects of EESS SAR systems into RDS radar
receivers. The percentage of time given in this table is based on the dynamic analyses and its
assumptions provided in Report ITU-R RS.2313.

In case of multiple SAR systems (where n = number of SAR systems) operating in the frequency
bands 9 200-9 300 MHz and/or 10-10.5 GHz, the probabilities calculated in the studies have to be
multiplied by n to obtain the aggregate probability as the probabilities corresponding to each SAR
system are statistically uncorrelated.

TABLE 2/1.12/4-2

Summary of studies results

9200-9 300 MHz 9.3-10 GHz 10-10.5 GHz
Services affected RNS RNS/RLS RLS
Maximum I/N average 26.8 dB-PG Sharing condition already 68.6 dB-PG
% of time that maximum /N 0.00001 xn | Studied before WRC-12 0.00001 x n

average occurs (over 11 days) and conclusions still

applicable to SAR systems

% of time that I/N,,-PG=—-6 dB 0.00004 x n with chirp bandwidth 0.005 x n

is exceeded (over 11 days) between 600 MHz and

% of time that I/Na.y=—6 dB is Never 1.2 GHz Much lower than 0.005 x n
exceeded (over 11 days) (depending on PG)

PG : radar receiver processing gain in dB (the effect of pulsed interference is difficult to quantify and is strongly
dependent on radar receiver-processor design and mode of system operation. In general, numerous features of
radars can be expected to help suppress low duty-cycle pulsed interference. Techniques for suppression of low-
duty-cycle pulsed interference are contained in Recommendation ITU R M.1372 (see also Recommendation ITU-R
M.1461 and Report ITU-R M.2081). Report ITU-R RS.2094 shows that such processing gain can be significant).

n : number of wideband SAR satellite systems operating in the considered frequency band
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2/1.12/4.1.2 Sharing between EESS SAR and systems in the fixed service

The conditions for sharing with the FS have already been determined for the frequency band

9 800-9 900 MHz resulting in RR Nos. 5.477 and 5.478B. Sharing studies have been performed
with the FS allocated in the frequency bands 8 700-8 750 MHz and 10-10.5 GHz (see Report
ITU-R RS.2314).

2/1.12/4.1.2.1 Effect of EESS SAR on systems operating in the fixed service

The studies basically confirm the results obtained in Report ITU-R RS.2094, showing that stations
of the FS would be protected with large margins from 16 to 20 dB. Only when the FS station is
pointing towards high elevation angles (higher than 30°) and the azimuth pointing angle is around
90° or 270° the fractional degradation performance criterion of 10% would be exceeded, due to
main-beam to main-beam coupling possibilities. However, statistics provided to the ITU-R by
several administrations for the frequency ranges around 8 GHz and 10/11 GHz indicate that the
elevation angle for those frequency bands would not exceed 24°.

Taking into account Recommendation ITU-R F.699, containing description of FS antenna gain
pattern some administrations propose the following limits for pfd created by EESS (active) space
station near the Earth’s surface:

—129 dB(W/m?) in 1 MHz, for 0° < o < 5°;
—113 dB(W/m?) in 1 MHz, for 5° < o < 6°;
—112 + 25 - log(a. — 5) dB(W/m?) in 1 MHz, for 6° < o < 53°;
—69.6 dB(W/m?) in 1 MHz, for o > 53°;
where:
o arrival angle of interference caused by EESS (active) space station.

Taking into account the short-term nature of the interference and Recommendation ITU-R F.1245,
some other administrations propose the following limits for pfd created by EESS (active) space
station near the Earth’s surface:

—113 dB(W/m?) in 1 MHz, for 0° < o < 5.7°;

—109 + 25 - log(a. — 5) dB(W/m?) in 1 MHz, for 5.7° < o, < 53°;

—66.6 dB(W/m?) in 1 MHz, for o > 53°;
where:

o arrival angle of interference caused by EESS (active) space station.
Some other administrations are of the view that no pfd limits are needed.
Some other administrations need more time to think about the exact value for a pfd limit.
2/1.12/4.1.2.2 Effect of fixed service stations on systems in the Earth exploration-satellite
(active) service

Study results in Report ITU-R RS.2314 show that the SAR receiver protection criterion would be
met with a margin between 8 and 13 dB depending on the frequency band, when considering a
deployment of several thousands of FS links. The margin obtained is lower than the margin
obtained in Report ITU-R RS.2094 due to the larger number of FS links considered, the SAR mode
of operation, as well as the SAR characteristics.
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2/1.12/4.1.2.3 Conclusion on compatibility between stations of the fixed service and EESS
SAR

Sharing between the EESS (active) and the FS is feasible with appropriate sharing conditions.

2/1.12/4.1.3 Sharing between EESS SAR and systems operating in the mobile service

The MS is allocated in the frequency bands 8 650-8 750 MHz and 10.0-10.5 GHz and through

RR Nos. 5.468 and 5.469 as well as Nos. 5.480 and 5.481 in the upper and lower extension
frequency band, respectively. The only identified usage of these frequency bands by the MS is with
regard to ENG/OB in the frequency band 10-10.5 GHz.

2/1.12/4.1.3.1 Effect of EESS SAR on systems operating in the mobile service

The studies in Report ITU-R RS.2314 show that the protection criterion for electronic news
gathering/outside broadcasting (ENG/OB), which is limited to a long-term criterion, would be met,
due to the low percentage of emission activity of the SAR system. An additional short-term
protection criterion was also considered, and would be also met with margins in the order of 22 dB,
even when considering the worst case azimuth and elevation angles up to 40°.

Details on timing and corresponding geometries can be found in the Recommendation
ITU-R RS.2043.

2/1.12/4.1.3.2 Effect of systems operating in the mobile service on EESS SAR

Study results show that the SAR receiver protection criterion would be met with a margin of 16 dB
when considering a deployment of several hundreds of ENG/OB transmitting at full power.

2/1.12/4.1.3.3 Conclusion on compatibility between systems in the mobile service and
EESS SAR

Sharing between the EESS (active) and the MS is feasible.

2/1.12/4.1.4 Sharing between EESS SAR and stations operating in the amateur and
amateur-satellite services

The amateur service is allocated in the frequency band 10.0-10.5 GHz and the amateur-satellite
service in the frequency band 10.45-10.5 GHz. Both services are allocated on a secondary basis.

With regard to the amateur service, the study of effect of EESS (active) emissions into amateur
station receivers indicates that the interference may exceed an I/N of —6 or —10 dB, but for a very
limited period of time in the order of 10 times 4 seconds over 11 days, which in total represents
0.004% of the time.

The study of the impact of amateur transmitters into the SAR receivers shows a margin of 24 dB.

With regard to the amateur-satellite service, the study of the influence of an EESS (active) sensor
into an amateur-satellite receiving earth station indicates that the interference may exceed an I/N of
—6 or —10 dB, but for a very limited period of time representing 0.0015% of the total simulation
time of 11 days, which represents two periods of about six seconds every five to six days. The
studies of the impact of the EESS (active) sensor into the amateur-satellite receiver, as well as of the
amateur-satellite transmitter or the amateur earth station transmitter into the SAR receiver indicate
very large margins.

Sharing between the EESS (active) and the amateur service/amateur satellite service is feasible.
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2/1.12/4.2 Compatibility studies related to unwanted emissions

2/1.12/4.2.1 Studies on unwanted emissions into stations of the space research service

A total of 15 earth stations are operating in the frequency band 8 400-8 450 MHz under the SRS
(deep space) worldwide. There are also earth stations operating in the frequency band
8 450-8 500 MHz under the SRS (near-Earth) in some countries.

Besides sharing with radio services potentially affected by an extension, studies in Report ITU-R
RS.2308 deal with compatibility conditions of unwanted emissions from wideband EESS systems
into nearby SRS systems in the adjacent frequency band 8 400-8 500 MHz.

Recommendation ITU-R SA.1157 gives the protection criterion of deep space SRS earth stations at
—221 dB (W/Hz) for the 8 400-8 450 MHz frequency band. Recommendation ITU-R SA.609 gives

the protection criterion of near-Earth SRS earth stations at —216 dB (W/Hz) in the frequency range

1-20 GHz.

Dynamic analyses show that unwanted emissions need to be attenuated by 74 dB for routine
operations of deep space SRS missions, and 31 dB for all operations of near-Earth SRS missions in
order to meet the protection criteria given in relevant ITU-R Recommendations related to SRS
systems. Additional 44 dB of attenuation to EESS (active) OOBE is needed to protect SRS (deep
space) missions during the critical events.

In addition, unwanted emissions from EESS (active) systems can exceed the SRS receiver damage
threshold by:

a) 71 dB if the extension is in the frequency band 8 700-9 300 MHz;

b) 9 dB if the extension is in the frequency bands 9 000-9 300 MHz and the
9 900 MHz-10.2 GHz; and

C) 2 dB if the extension is the frequency band 9.9-10.5 GHz.

Thus, as shown above, damage to the SRS receivers is a serious concern if the additional 600 MHz
frequency band is in the entire frequency band 8 700-9 300 MHz.

The attenuation needed to protect SRS (deep space) operations and to protect the SRS receivers
from damages should be computed based on the OOB characteristics of actual EESS (active)
hardware and not on the theoretical OOB characteristics.

Mitigation techniques have been proposed to avoid any harmful interference to the SRS receivers,
particularly during critical events, or to reduce the risk of damaging or saturating the receivers.
They are defined in Recommendation ITU-R RS.2065. In case the mitigation techniques are not
effective, operational coordination will be needed between SRS and EESS operators for which the
mechanism is described in the same Recommendation.

2/1.12/4.2.2 Studies on unwanted emissions into stations of the radio astronomy service

There are RAS stations operating in the frequency band 10.6-10.7 GHz in some countries.
Threshold levels of interference detrimental to the RAS are given in Recommendation

ITU-R RA.769. The threshold for harmful interference in the frequency band 10.6-10.7 GHz with
an antenna gain of 0 dBi is the spectral pfd of —240 dB (W/(m? Hz)) for 2 000 s integration time.
Recommendation ITU-R RA.1513 recommends a criterion of 2% be used for data loss to radio
astronomy observations of the RAS due to interference from any one network for evaluation of
interference.

The percentage of data loss was assessed for cases when a SAR-4 system illuminates a RAS
observatory whenever a satellite is in visibility of the RAS station. The percentage of data loss,
under technically feasible attenuation conditions rejecting unwanted emissions in the order of 30 to
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40 dB, may exceed the 2% criterion in the first worst case situation; but it would never and under
any circumstances exceed 2.7%. This assumes that SAR performs an acquisition over the RAS
station any time it is possible, which would never be the case in practice, as an image of the same
area is taken once in a while. Therefore, in reality, the 2% criteria will probably never be exceeded.

Reducing the data loss to 2%, as required by Recommendation ITU-R RA.1513, would make it
necessary to attenuate the unwanted emissions by 63 dB with regard to the peak envelope power of
the SAR pulse. If this would be impossible, particularly in the case of an extension into frequencies
above the current allocation, additional mitigation techniques would become necessary. One of
these possible mitigation techniques would consist in limiting the number of image acquisitions of
areas where RAS observatories performing observations in the 10.6-10.7 GHz frequency band are
located.

There may be a risk of damage to sensitive RAS receivers in case of main beam to main beam
coupling. The method to avoid damage is described in Recommendation ITU-R RS.2066. It should
be noted that the application of this Recommendation will also solve the problem of the exceedance
of the 2% of data loss to radio astronomy observations.

Study results are provided in Report ITU-R RS.2308.

2/1.12/4.2.3 Studies on unwanted emissions into stations of the Earth exploration-
satellite (passive) and space research (passive) services

The SRS (passive) and the EESS (passive) are also allocated in the frequency band 10.6-10.7 GHz.
As SRS (passive) systems are sensors used around other planets, no interference to stations of
the SRS (passive) would be possible from space borne SARs, thus, no study required.

Microwave radiometers and microwave radiometer imagers are operating in meteorological
satellites under the EESS (passive) in this frequency band in some countries. Recommendation
ITU-R RS.2017 provides performance and interference criteria for satellite passive remote sensing.
The permissible interference power received by an EESS (passive) sensor is =166 dBW in the
reference bandwidth of 100 MHz in the frequency band 10.6-10.7 GHz.

The effect of unwanted emissions of SAR systems using high resolution spotlight mode, which are
operated for very small fractions of time, into EESS (passive) sensors used in the frequency band
10.6-10.7 GHz has been analysed in Report ITU-R RS.2308. Due to the attenuation of unwanted
emissions, as well as the difference in orbital characteristics of SAR systems compared to EESS
(passive) systems, no effect is expected in EESS (passive) sensors and no specific regulatory
conditions would be required.

2/1.12/5 Methods to satisfy the agenda item

2/1.12/5.1 Method A: Primary Earth exploration-satellite (active) service allocation in the
frequency band 9 900-10 500 MHz

2/1.12/5.1.1 Method A1: Add a primary allocation to the Earth exploration-satellite
(active) service in the frequency band 9 900-10 500 MHz

Option 1

This method will impose that EESS (active) shall not cause harmful interference to, nor claim
protection from the RLS allocated in the frequency band 9 900-10 500 MHz. In addition, the
extension frequency band shall only be used by EESS (active) systems requiring a bandwidth
greater than 600 MHz that cannot be accommodated in the frequency band 9 300-9 900 MHz. The



32
Chapter 2

protection of RAS stations in the frequency band 10.6-10.7 GHz will be ensured through
Recommendation ITU-R RS.2066 incorporated by reference in the RR.

Option 2

Same as Option 1 with the addition that the amateur-satellite service operating in 10.45-10.5 GHz is
provided a transitional time period during which secondary amateur-satellite service systems are
afforded equality of rights with EESS (active) for amateur-satellite service systems advanced
published prior to the date of entry into force of the primary EESS (active) allocation.

Advantages

— Resolution for spaceborne radars with synthetic aperture will be higher to satisfy global
monitoring of environment and increase of mapping system resistance to interference
and weather condition changes.

— Provides additional 600 MHz primary allocation for the EESS (active) to be used by
EESS (active) systems that need a bandwidth wider than the bandwidth available within
the existing allocation in the frequency band 9 300-9 900 MHz.

— Provides explicit protection of RLS stations by a footnote like the current RR
No. 5.476A.

Disadvantages

— Some administrations are concerned about the potential of interference to radiolocation
systems in the frequency band 10 000-10 500 MHz despite the explicit regulatory
protection by making EESS (active) secondary to RLS.

2/1.12/5.1.2 Method A2: Add a primary Earth exploration-satellite (active) service
allocation in the frequency band 9 900-10 500 MHz subject to inclusion of
technical and regulatory constraints into the Radio Regulations

Same as Method A1 (Option 1) except that the protection of FS stations is to be ensured through a
provision in the RR with a pfd-limit.

Advantages

— Resolution for spaceborne radars with synthetic aperture will be higher to satisfy global
monitoring of environment and increase of mapping system resistance to interference
and weather condition changes.

— Provides additional 600 MHz primary allocation for the EESS (active) to be used by
EESS (active) systems that need a bandwidth wider than the bandwidth available within
the existing allocation in the frequency band 9 300-9 900 MHz.

— Provides explicit protection of RLS stations by a footnote like the current RR
No. 5.476A.

— It specifies provisions for the protection of FS stations.

Disadvantages

— The pfd limit for the protection of FS stations may put undue constraints on EESS
SARs.

Some administrations are concerned about the potential of interference to radiolocation
systems in the frequency band 10 000-10 500 MHz despite the explicit regulatory
protection by making EESS (active) secondary to RLS.
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2/1.12/5.2 Method B: Primary Earth exploration-satellite (active) service allocation in the
frequency bands 9 200-9 300 MHz and 9 900-10 400 MHz

2/1.12/5.2.1 Method B1: Add a primary allocation to the Earth exploration-satellite
(active) service in the frequency bands 9 200-9 300 MHz and
9900-10 400 MHz

Add a primary allocation to the EESS (active) in the frequency bands 9 200-9 300 MHz and

9 900-10 400 MHz. This method will impose that systems of the EESS (active) shall not cause
harmful interference to, nor claim protection from the RDS systems using allocations in the
frequency bands 9 200-9 300 MHz and 9 900-10 400 MHz. In addition, the extension frequency
band shall only be used by EESS (active) systems requiring a bandwidth greater than 600 MHz that
cannot be accommodated in the frequency band 9 300-9 900 MHz. The protection of SRS stations
in the frequency band 8 400-8 500 MHz will be ensured through the Recommendation ITU-R
RS.2065 incorporated by reference in the RR. The protection of RAS stations in the frequency band
10.6-10.7 GHz will be ensured through Recommendation ITU-R RS.2066 incorporated by reference
in the RR.

Advantages

— Resolution for spaceborne radars with synthetic aperture will be higher to satisfy global
monitoring of environment and increase of mapping system resistance to interference
and weather condition changes.

— Provides additional 600 MHz primary allocation for the EESS (active) to be used by
EESS (active) systems that need a bandwidth wider than the bandwidth available within
the existing allocation in the frequency band 9 300-9 900 MHz.

— Provides explicit protection of RLS and RNS stations by a footnote like the current RR
No. 5.476A.

— As compared to Method A, allocating 600 MHz in the frequency bands 9 200-
9 300 MHz and 9 900-10 400 MHz to EESS (active), provides more flexibility for
administrations to continue operating and developing more reliably their radiolocation

services without any constraints envisioned, in the unallocated frequency band 10 400-
10 500 MHz.

— Provides better protection for radio astronomy services by more frequency separation of
RAS stations operating in the band 10.6-10.7 GHz from the out-of-band emissions of
EESS (active).

— Provides explicit protection from unwanted emissions of EESS (active) systems to SRS
stations operating in the band 8 400-8 500 MHz and RAS stations operating in the band
10.6-10.7 GHz.

Disadvantages

Some administrations are concerned about the potential of interference to radiolocation
systems in the frequency band 10 000-10 400 MHz despite the explicit regulatory
protection by making EESS (active) secondary to RLS.

2/1.12/5.2.2 Method B2: Add a primary Earth exploration-satellite (active) service
allocation in the frequency bands 9 200-9 300 MHz and 9 900-10 400 MHz
subject to inclusion of technical and regulatory constraints into the Radio
Regulations

Same as Method B1 except that the protection of FS stations will be ensured through a provision in
the RR with a pfd limit.
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Advantages

— Resolution for spaceborne radars with synthetic aperture will be higher to satisfy global
monitoring of environment and increase of mapping system resistance to interference
and weather condition changes.

— Provides additional 600 MHz primary allocation for the EESS (active) to be used by
EESS (active) systems that need a bandwidth wider than the bandwidth available within
the existing allocation in the frequency band 9 300-9 900 MHz.

— Provides explicit protection of RLS and RNS stations by a footnote like the current RR
No. 5.476A.

— Provides better protection for radio astronomy services by more frequency separation of
RAS stations operating in the band 10.6-10.7 GHz from the out-of-band emissions of
EESS (active).

— It specifies provisions for the protection of FS stations.

Disadvantages

— The pfd limit for the protection of FS stations, may put undue constraints on EESS
SARs.

— Some administrations are concerned about the potential of interference to radiolocation
systems in the frequency band 10 000-10 400 MHz despite the explicit regulatory
protection by making EESS (active) secondary to RLS.

2/1.12/5.3 Method C: Primary Earth exploration-satellite (active) service allocation in the
frequency bands 9 200-9300 MHz, and 10 000-10 100 MHz, and a secondary Earth
exploration-satellite (active) service allocation in the frequency band 9 900-
10 000 MHz

Make a primary EESS (active) allocation in the frequency bands 9 200-9 300 MHz and

10 000-10 100 MHz and a secondary EESS (active) allocation in the frequency band 9 900-

10 000 MHz subject to inclusion of technical and regulatory constraints into the RR to ensure
protection for the RLS, RNS and the FS having allocations in these frequency bands. The protection
of FS stations is also to be ensured through a provision in the RR with a pfd-limit. The protection of
RAS stations in the frequency band 10.6-10.7 GHz will be ensured through Recommendation
ITU-R RS.2066 incorporated by reference in the RR.

In addition, the extension frequency band shall only be used by EESS (active) systems requiring a
bandwidth greater than 600 MHz that cannot be accommodated in the frequency band 9 300-
9900 MHz.

Advantages

— Provides additional 300 MHz allocation, 200 MHz primary allocation and 100 MHz
secondary allocation, for the EESS (active) to be used by EESS (active) systems that

need a bandwidth wider than the bandwidth available within the existing allocation in
the frequency band 9 300-9 900 MHz.

— Provides explicit protection of RLS and RNS stations by a footnote like the current RR
No. 5.476A.

— Allocating 300 MHz in the frequency bands 9 200-9 300 MHz and 9 900-10 100 MHz
to EESS (active), provides better protection for radio astronomy services by more
frequency separation of RAS stations operating in the band 10.6-10.7 GHz from the
out-of-band emissions of EESS (active).
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As compared to Methods A and B, allocating 300 MHz in the frequency bands 9 200-
9 300 MHz and 9 900-10 100 MHz to EESS (active), provides more flexibility for
administrations to continue operating and developing more reliably their radiolocation
services without any constraints envisioned, in the unallocated frequency band 10 100-
10 500 MHz.

Allocating 300 MHz in the frequency bands 9 200-9 300 MHz and 9 900-10 100 MHz
to EESS (active), provides more flexibility for administrations to operate and develop
more reliably their fixed services without any probable constraints, especially stations
with elevation angles near 30°, in the unallocated frequency band 10 100-10 500 MHz.

It specifies provisions for inclusion of a pfd limit for ensuring the protection of FS
stations.

With additional allocation of 300 MHz (900 total bandwidth) to EESS (active), the
spectrum requirement for SAR systems for having picture resolution below 0.3 m is
more or less provided.

Disadvantages

2/1.12/5.3
Advantage

Depending on the value of the pfd limit for the protection of FS stations, it may put
undue constraints on EESS SARs.

This method does not provide adequate spectrum to allow for the implementation of the
currently planned systems which are expected to achieve picture resolution of 25 cm or
better.

Method D: No change to the Radio Regulations (NOC)

No effect on incumbent services.

Disadvantage

Does not meet the requirements for an extension of the current worldwide allocation to
the EESS (active) identified in Report ITU-R RS.2274.
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2/1.12/6 Regulatory and procedural considerations

2/1.12/6.1 Method A - Primary Earth exploration-satellite (active) service allocation in the
frequency band 9 900-10 500 MHz

2/1.12/6.1.1 Method Al: Add a primary allocation to the Earth exploration-satellite
(active) service in the frequency band 9 900-10 500 MHz

ARTICLE 5

Frequency allocations

Section IV — Table of Frequency Allocations
(See No. 2.1)

Options 1 and 2

MOD
8500-10 000 MHz

Allocation to services

Region 1 Region 2 Region 3

9900-10 000 EARTH EXPLORATION-SATELLITE (active) ADD 5.A112
RADIOLOCATION
Fixed
5.477 5478 5.479 ADD 5.B112 ADD 5.C112

Reasons: Provides an additional 600 MHz allocation to the EESS (active) for high resolution
SARs as requested by Resolution 651 (WRC-12) and justified in Report ITU-R RS.2274.
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Option 1
MOD
10-11.7 GHz
Allocation to services
Region 1 Region 2 Region 3
10-10.45 10-10.45 10-10.45
EARTH EXPLORATION- EARTH EXPLORATION- EARTH EXPLORATION-
SATELLITE (active) SATELLITE (active) SATELLITE (active)
ADD 5.A112 ADD 5.A112 ADD 5.A112
FIXED RADIOLOCATION FIXED
MOBILE Amateur MOBILE
RADIOLOCATION RADIOLOCATION
Amateur Amateur

5.479_ ADD 5.B112 ADD 5.C112

5.479 5480 ADD 5.B112
ADD 5.C112

5.479_ ADD 5.B112 ADD 5.C112

10.45-10.5

EARTH EXPLORATION-SATELLITE (active) ADD 5.A112

RADIOLOCATION
Amateur
Amateur-satellite

5.481 ADD 5.B112 ADD 5.C112

Reasons: Provides an additional 600 MHz allocation to the EESS (active) for high resolution
SARs as requested by Resolution 651 (WRC-12) and justified in Report ITU-R RS.2274.

Option 2
MOD
10-11.7 GHz
Allocation to services
Region 1 Region 2 Region 3
10-10.45 10-10.45 10-10.45
EARTH EXPLORATION- EARTH EXPLORATION- EARTH EXPLORATION-
SATELLITE (active) SATELLITE (active) SATELLITE (active)
ADD 5.A112 ADD 5.A112 ADD 5.A112
FIXED RADIOLOCATION FIXED
MOBILE Amateur MOBILE
RADIOLOCATION RADIOLOCATION
Amateur Amateur

5479 ADD 5.B112 ADD 5.C112

5.479 5480 ADD 5.B112
ADD 5.C112

5.479_ ADD 5.B112 ADD 5.C112

10.45-10.5

EARTH EXPLORATION-SATELLITE (active) ADD 5.A112

RADIOLOCATION
Amateur
Amateur-satellite

5.481 ADD 5.B112 ADD 5.C112 ADD 5.D112
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Reasons: Provides an additional 600 MHz allocation to the EESS (active) for high resolution
SARs as requested by Resolution 651 (WRC-12) and justified in Report ITU-R RS.2274.

Options 1 and 2

ADD

5.A112 The use of the frequency band 9 900-10 500 MHz by the Earth exploration-satellite
(active) service is limited to systems requiring a necessary bandwidth greater than 600 MHz that
cannot be fully accommodated within the 9 300-9 900 MHz frequency band. (wrc-15)

Reasons: To limit the number of systems as well as the duration of transmission of SAR systems
in the extension frequency band.

ADD

5.B112 In the frequency band 9 900-10 500 MHz, stations in the Earth exploration-satellite
(active) service shall not cause harmful interference to, nor claim protection from, stations of the
radiolocation service. (WRC-15)

Reasons: The EESS (active) primary allocation is made secondary with regard to the RLS allocation
in this frequency band, to ensure protection of stations of this service from harmful interference.

ADD

5.C112 Space stations operating in the Earth exploration-satellite (active) service shall comply
with Recommendation ITU-R RS.2066-0. (wrc-15)

Reasons: It ensures protection of RAS stations in the frequency band 10.6-10.7 GHz.
Option 2

ADD

5.D112  In the band 10.45-10.5 GHz, stations operating with networks or systems in the
amateur-satellite service for which information for advance publication has been received by the
Bureau prior to 1 January 2017 shall have an equality of right to operate with stations in the Earth
exploration-satellite service (active); after that date, new stations in the amateur-satellite service
will operate on a secondary basis. (WRC-15)

Reasons: To ensure that secondary amateur-satellite service operations in the frequency band 10.45-
10.5 GHz that are advance published prior to the entry into force date of the primary EESS (active)
allocation in 9 900-10 500 MHz are treated on a co-equal basis with EESS (active) operations.

Options 1 and 2

SUP

RESOLUTION 651 (WRC-12)

Possible extension of the current worldwide allocation to the Earth exploration-
satellite (active) service in the frequency band 9 300-9 900 MHz by up to
600 MHz within the frequency bands 8 700-9 300 MHz
and/or 9 900-10 500 MHz

Reasons: The extension by 600 MHz has been approved by WRC-15.
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2/1.12/6.1.2 Method A2: Add a primary Earth exploration-satellite (active) service
allocation in the frequency band 9 900-10 500 MHz subject to inclusion of
technical and regulatory constraints into the Radio Regulations
ARTICLE 5
Frequency allocations
Section IV — Table of Frequency Allocations
(See No. 2.1)
MOD
8500-10 000 MHz
Allocation to services
Region 1 Region 2 Region 3
9900-10 000 EARTH EXPLORATION-SATELLITE (active) ADD 5.A112
RADIOLOCATION
Fixed
5.477 5478 5.479 ADD 5.B112 ADD 5.C112 ADD 5.D112

Reasons: Provides an additional 600 MHz allocation to the EESS (active) for high resolution SARs

as requested by Resolution 651 (WRC-12) and justified in Report ITU-R RS.2274.

MOD
10-11.7 GHz
Allocation to services
Region 1 Region 2 Region 3

10-10.45 10-10.45 10-10.45
EARTH EXPLORATION- EARTH EXPLORATION- EARTH EXPLORATION-

SATELLITE (active) SATELLITE (active) SATELLITE (active)

ADD 5.A112 ADD 5.A112 ADD 5.A112
FIXED RADIOLOCATION FIXED
MOBILE Amateur MOBILE
RADIOLOCATION RADIOLOCATION
Amateur Amateur

5.479_ ADD 5.B112 ADD 5.C112

ADD 5.D112

5.479 5.480_ADD 5.B112
ADD 5.C112 ADD 5.D112

5.479_ ADD 5.B112 ADD 5.C112
ADD 5.D112

10.45-10.5

EARTH EXPLORATION-SATELLITE (active) ADD 5.A112

RADIOLOCATION
Amateur
Amateur-satellite

5.481 ADD 5.B112 ADD 5.C112 ADD 5.D112

Reasons: Provides an additional 600 MHz allocation to the EESS (active) for high resolution
SARs as requested by Resolution 651 (WRC-12) and justified in Report ITU-R RS.2274.
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ADD

5.A112  The use of the frequency band 9 900-10 500 MHz by the Earth exploration-satellite
(active) service is limited to systems requiring a necessary bandwidth greater than 600 MHz that
cannot be fully accommodated within the 9 300-9 900 MHz frequency band. (wrc-15)

Reasons: To limit the number of systems as well as the duration of transmission of SAR systems
in the extension frequency band.

ADD

5.B112 In the frequency band 9 900-10 500 MHz, stations in the Earth exploration-satellite
(active) service shall not cause harmful interference to, nor claim protection from, stations of the
radiolocation service. (WRC-15)

Reasons: The EESS (active) primary allocation is made secondary with regard to the RLS
allocations in these frequency bands, to ensure protection of systems of these services from harmful
interference.

ADD

5.C112 Space stations operating in the Earth exploration-satellite (active) service shall comply
with Recommendation ITU-R RS.2066-0. (wrc-15)

Reasons: It ensures protection of RAS stations in the frequency band 10.6-10.7 GHz.

ADD

5.D112  In order to protect the systems of the fixed service the power flux-density values
produced on the surface of the Earth by a space station of the Earth exploration-satellite (active)
service shall not exceed the following values:

—129 dB(W/m?) in 1 MHz, for 0° < o < 5°;
—113 dB(W/m?) in 1 MHz, for 5° < o < 6°;
—112 + 25 - log(a. — 5) dB(W/m?) in 1 MHz, for 6° < o < 53°;
—69.6 dB(W/m?) in 1 MHz, for o > 53°;
in any 1 MHz of the frequency band 9 900-10 500 MHz for the indicated angle of arrival a.,

assuming free-space propagation conditions. (WRC-15)

SUP

RESOLUTION 651 (WRC-12)

Possible extension of the current worldwide allocation to the Earth exploration-
satellite (active) service in the frequency band 9 300-9 900 MHz by up to
600 MHz within the frequency bands 8 700-9 300 MHz
and/or 9 900-10 500 MHz

Reasons: The extension by 600 MHz has been approved by WRC-15.
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2/1.12/6.2 Method B - Primary Earth exploration-satellite (active) service allocations in the
frequency bands 9 200-9 300 MHz and 9 900-10 400 MHz

2/1.12/6.2.1 Method B1: Add a primary allocation to the Earth exploration-satellite
(active) service in the frequency bands 9 200-9 300 MHz and
9900-10 400 MHz

ARTICLE 5

Frequency allocations

Section IV — Table of Frequency Allocations
(See No. 2.1)

MOD
8500-10 000 MHz

Allocation to services

Region 1 Region 2 Region 3

9200-9 300 EARTH EXPLORATION-SATELLITE (active) ADD 5.A112
RADIOLOCATION
MARITIME RADIONAVIGATION 5.472
5.473 5474 ADD 5.B112 ADD 5.C112 ADD 5.D112

9 900-10 000 EARTH EXPLORATION-SATELLITE (active) ADD 5.A112
RADIOLOCATION
Fixed
5.477 5478 5.479 ADD 5.C112 ADD 5.E112

Reasons: Provides an additional 600 MHz allocation to the EESS (active) for high resolution
SARs as requested by Resolution 651 (WRC-12) and justified in Report [ITU-R RS.2274.
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5.479 ADD 5.C112 ADD 5.E112

5.479 5.480 ADD 5.C112
ADD 5.E112

Chapter 2
MOD
10-11.7 GHz
Allocation to services
Region 1 Region 2 Region 3

10-10.45 10-10.45 10-10.45
EARTH EXPLORATION- EARTH EXPLORATION- EARTH EXPLORATION-

SATELLITE (active) SATELLITE (active) SATELLITE (active)

ADD 5.A112 ADD 5.A112 ADD 5.A112
FIXED RADIOLOCATION FIXED
MOBILE Amateur MOBILE
RADIOLOCATION RADIOLOCATION
Amateur Amateur

5.479 ADD 5.C112 ADD 5.E112

10.4-10.45 10.4-10.45 10.4-10.45

FIXED RADIOLOCATION FIXED

MOBILE Amateur MOBILE
RADIOLOCATION RADIOLOCATION
Amateur Amateur

5479 5:479-5.480 5479

Reasons: Provides an additional 600 MHz allocation to the EESS (active) for high resolution
SARs as requested by Resolution 651 (WRC-12) and justified in Report ITU-R RS.2274.

ADD

5.A112  The use of the frequency bands 9 200-9 300 MHz and 9 900-10 400 MHz by the Earth
exploration-satellite (active) service is limited to systems requiring a necessary bandwidth greater
than 600 MHz that cannot be fully accommodated within the 9 300-9 900 MHz frequency

band. (wrc-15)

Reasons: To limit the number of systems as well as the duration of transmission of SAR systems
in the extension frequency band.

ADD

5.B112 In the frequency band 9 200-9 300 MHz, stations in the Earth exploration-satellite
(active) service shall not cause harmful interference to, nor claim protection from, stations of the
radionavigation and radiolocation services. (WRC-15)

ADD

5.C112 Space stations operating in the Earth exploration-satellite (active) service shall comply
with Recommendation ITU-R RS.2066-0. (wrc-15)

Reasons: It ensures protection of RAS stations in the frequency band 10.6-10.7 GHz.

ADD

5.D112 Space stations operating in the Earth exploration-satellite (active) service shall comply
with Recommendation ITU-R RS.2065-0. (wrc-15)

Reasons: It ensures protection of SRS systems in the frequency band 8 400-8 500 MHz.
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ADD

5.E112 In the frequency band 9 900-10 400 MHz, stations in the Earth exploration-satellite
(active) service shall not cause harmful interference to, nor claim protection from, stations of the
radiolocation service. (WRC-15)

Reasons: The EESS (active) primary allocation is made secondary with regard to the RLS
allocations in these frequency bands, to ensure protection of stations of these services from harmful
interference.

SUP

RESOLUTION 651 (WRC-12)

Possible extension of the current worldwide allocation to the Earth exploration-
satellite (active) service in the frequency band 9 300-9 900 MHz by up to
600 MHz within the frequency bands 8 700-9 300 MHz
and/or 9 900-10 500 MHz

Reasons: The extension by 600 MHz has been approved by WRC-15.

2/1.12/6.2.2 Method B2: Add a primary Earth exploration-satellite (active) service
allocation in the frequency bands 9 200-9 300 MHz and 9 900-10 400 MHz
subject to inclusion of technical and regulatory constraints into the Radio
Regulations

ARTICLE 5

Frequency allocations

Section IV — Table of Frequency Allocations
(See No. 2.1)

MOD
8500-10 000 MHz

Allocation to services

Region 1 Region 2 Region 3

9200-9 300 EARTH EXPLORATION-SATELLITE (active) ADD 5.A112
RADIOLOCATION
MARITIME RADIONAVIGATION 5.472
5.473 5474 ADD 5.B112 ADD 5.C112 ADD 5.D112

9 900-10 000 EARTH EXPLORATION-SATELLITE (active) ADD 5.A112
RADIOLOCATION
Fixed
5.477 5478 5.479 ADD 5.C112 ADD 5.E112
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Reasons: Provides an additional 600 MHz allocation to the EESS (active) for high resolution
SARs as requested by Resolution 651 (WRC-12) and justified in Report ITU-R RS.2274.

5.479 ADD 5.C112 ADD 5.E112

ADD 5.F112

5.479 5.480_ ADD 5.C112
ADD 5.E112 ADD 5.F112

MOD
10-11.7 GHz
Allocation to services
Region 1 Region 2 Region 3

10-10.45 10-10.45 10-10.45
EARTH EXPLORATION- EARTH EXPLORATION- EARTH EXPLORATION-

SATELLITE (active) SATELLITE (active) SATELLITE (active)

ADD 5.A112 ADD 5.A112 ADD 5.A112
FIXED RADIOLOCATION FIXED
MOBILE Amateur MOBILE
RADIOLOCATION RADIOLOCATION
Amateur Amateur

5.479_ ADD 5.C112 ADD 5.E112
ADD 5.F112

10.4-10.45 10.4-10.45 10.4-10.45

FIXED RADIOLOCATION FIXED

MOBILE Amateur MOBILE
RADIOLOCATION RADIOLOCATION
Amateur Amateur

5479 5:479-5.480 5479

Reasons: Provides an additional 600 MHz allocation to the EESS (active) for high resolution
SARs as requested by Resolution 651 (WRC-12) and justified in Report ITU-R RS.2274.

ADD

5.A112  The use of the frequency bands 9 200-9 300 MHz and 9 900-10 400 MHz by the Earth
exploration-satellite (active) service is limited to systems requiring a necessary bandwidth greater
than 600 MHz that cannot be fully accommodated within the 9 300-9 900 MHz frequency

band. (wrc-15)

Reasons: To limit the number of systems as well as the duration of transmission of SAR systems
in the extension frequency band.

ADD

5.B112 In the frequency band 9 200-9 300 MHz, stations in the Earth exploration-satellite
(active) service shall not cause harmful interference to, nor claim protection from, stations of the
radionavigation and radiolocation services. (WRC-15)

ADD

5.C112 Space stations operating in the Earth exploration-satellite (active) service shall comply
with Recommendation ITU-R RS.2066-0. (wrc-15)

Reasons: It ensures protection of RAS stations in the frequency band 10.6-10.7 GHz.
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ADD

5.D112 Space stations operating in the Earth exploration-satellite (active) service shall comply
with Recommendation ITU-R RS.2065-0. (wrc-15)

Reasons: It ensures protection of SRS systems in the frequency band 8 400-8 500 MHz.

ADD

5.E112 In the frequency band 9 900-10 400 MHz, stations in the Earth exploration-satellite
(active) service shall not cause harmful interference to, nor claim protection from, stations of the
radiolocation service. (WRC-15)

Reasons: The EESS (active) primary allocation is made secondary with regard to the RDS
allocations in these frequency bands, to ensure protection of stations of these services from harmful
interference.

ADD

5.F112 In order to protect the systems of the fixed service the power flux-density values
produced on the surface of the Earth by a space station of the Earth exploration-satellite (active)
service shall not exceed the following values:

—113 dB(W/m?) in 1 MHz, for 0° < o < 5.7°;
—109 + 25 - log(a. — 5) dB(W/m?) in 1 MHz, for 5.7° < o, < 53°;
—66.6 dB(W/m?) in 1 MHz, for o > 53°;

in any 1 MHz of the frequency band 9 900-10 400 MHz for the indicated angle of arrival a,
assuming free-space propagation conditions. (WRC-15)

Reasons: It ensures protection of FS stations in the frequency band 9 900-10 400 MHz.

SUP

RESOLUTION 651 (WRC-12)

Possible extension of the current worldwide allocation to the Earth exploration-
satellite (active) service in the frequency band 9 300-9 900 MHz by up to
600 MHz within the frequency bands 8 700-9 300 MHz
and/or 9 900-10 500 MHz

Reasons: The extension by 600 MHz has been approved by WRC-15.
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2/1.12/6.3 Method C - Primary Earth exploration-satellite (active) service allocations in the
frequency bands 9 200-9 300 MHz and 10 000-10 100 MHz and secondary Earth
exploration-satellite (active) service allocations in the frequency band 9 900-
10 000 MHz

ARTICLE 5

Frequency allocations

Section IV — Table of Frequency Allocations
(See No. 2.1)

MOD
8500-10 000 MHz

Allocation to services

Region 1 Region 2 Region 3

9200-9 300 EARTH EXPLORATION-SATELLITE (active) ADD 5.A112
RADIOLOCATION
MARITIME RADIONAVIGATION 5.472
5.473 5474 ADD 5.B112 ADD 5.C112 ADD 5.D112

9900-10 000 Earth exploration-satellite (active) ADD5.A112
RADIOLOCATION
Fixed
5.477 5478 5.479 ADD 5.C112 ADD 5.F112

Reasons: Provides an additional 300 MHz allocation to the EESS (active) for high resolution
SARs as requested by Resolution 651 (WRC-12), taking into account that with such additional
allocation (900 MHz total) picture resolution below 0.3 m is more or less provided.
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5.479 ADD 5.C112 ADD 5.E112

ADD 5.F112

5.479 5.480 ADD 5.C112
ADD 5.E112 ADD 5.F112

Chapter 2
MOD
10-11.7 GHz
Allocation to services
Region 1 Region 2 Region 3

10-10.451 10-10.451 10-10.451
EARTH EXPLORATION- EARTH EXPLORATION- EARTH EXPLORATION-

SATELLITE (active) SATELLITE (active) SATELLITE (active)

ADD 5.A112 ADD 5.A112 ADD 5.A112
FIXED RADIOLOCATION FIXED
MOBILE Amateur MOBILE
RADIOLOCATION RADIOLOCATION
Amateur Amateur

5.479_ ADD 5.C112 ADD 5.E112
ADD 5.F112

10.1-10.45 10.1-10.45 10.1-10.45

FIXED RADIOLOCATION FIXED

MOBILE Amateur MOBILE
RADIOLOCATION RADIOLOCATION
Amateur Amateur

5479 5:479-5.480 5479

Reasons: Provides an additional 300 MHz allocation to the EESS (active) for high resolution
SARs as requested by Resolution 651 (WRC-12), taking into account that with such additional
allocation (900 MHz total) picture resolution below 0.3 m is more or less provided.

ADD

5.A112 The use of the frequency bands 9 200-9 300 MHz and 9 900-10 100 MHz by the Earth
exploration-satellite (active) service is limited to systems requiring a necessary bandwidth greater
than 600 MHz that cannot be fully accommodated within the 9 300-9 900 MHz frequency

band. (wrc-15)

Reasons: To limit the number of systems as well as the duration of transmission of SAR systems
in the extension frequency band.

ADD

5.B112 In the frequency band 9 200-9 300 MHz, stations in the Earth exploration-satellite
(active) service shall not cause harmful interference to, nor claim protection from, stations of the
radionavigation and radiolocation services. (WRC-15)

ADD

5.C112 Space stations operating in the Earth exploration-satellite (active) service shall comply
with Recommendation ITU-R RS.2066-0. (wrc-15)

Reasons: It ensures protection of RAS stations in the frequency band 10.6-10.7 GHz.

ADD

5.D112 Space stations operating in the Earth exploration-satellite (active) service shall comply
with Recommendation ITU-R RS.2065-0. (wrc-15)
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Chapter 2

Reasons: It ensures protection of SRS systems in the frequency band 8 400-8 500 MHz.

ADD

5.E112 In the frequency band 10 000-10 100 MHz, stations in the Earth exploration-satellite
(active) service shall not cause harmful interference to, nor claim protection from, stations of the
radiolocation service. (WRC-15)

Reasons: The EESS (active) primary allocation is made secondary with regard to the RLS
allocations in these frequency bands, to ensure protection of stations of these services from harmful
interference.

ADD

5.F112 In order to protect the systems of the fixed service the power flux-density values
produced on the surface of the Earth by a space station of the Earth exploration-satellite (active)
service shall not exceed xxx(*) dB(W/m?) in any 1 MHz of the frequency band 9 800-10 100 MHz
for any angle of arrival, assuming free-space propagation conditions. (WRC-15)

NOTE — (*) value should be provided to WRC-15.
Reasons: It ensures protection of FS stations in the frequency band 9 800-10 100 MHz.

SUP

RESOLUTION 651 (WRC-12)

Possible extension of the current worldwide allocation to the Earth exploration-
satellite (active) service in the frequency band 9 300-9 900 MHz by up to
600 MHz within the frequency bands 8 700-9 300 MHz
and/or 9 900-10 500 MHz

Reasons: The extension by 300 MHz has been approved by WRC-15.
2/1.12/6.3 Method D: No change to the Radio Regulations (NOC)

SUP

RESOLUTION 651 (WRC-12)

Possible extension of the current worldwide allocation to the Earth exploration-
satellite (active) service in the frequency band 9 300-9 900 MHz by up to
600 MHz within the frequency bands 8 700-9 300 MHz
and/or 9 900-10 500 MHz





