John E. Zuzek

NASA Remote Sensing Spectrum
Program Manager

Presentation to CORF
25 April 2007




WWRE-07 Issues Related to Remote
- Sensine
Luraa@'larg Exploration Issues

Other Issues




REVIEW andirevise; the international Radio
2gulations vased on an agenda set by the
previous WRC

Previets WRCs held in 1995, 1997, 2000 &
2003, now neld every 4 years, and may be
extended further to every 5 years

Operates by consensus, voting on rare
occasions

Recently a greater emphasis on
consolidated regional positions and
proposals
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- " U.S. Preparai

“IIENRES of therlRAC develops preliminary views and
~ draft propesals

NIHIANGRVards views and proposals to the FCC

FCC =eenimercial Sector

The WAC develops preliminary views and proposals
and advises the FCC on them

FCC Bureaus analyze & modify proposals and
forwards them to NTIA

NTIA & FCC coordinate and reconcile
proposals

-




WRC State Department

| TU-R Study Groups,
Working Parties & technical
Task Groups TR

Adoption of

U.S. preparation Advisory
of E[Jechnical Committee

Inputs
U.S. View and Proposal
U.S. Technical Preparation Preparation




NAHA WRC Web Page

I s/ /AASIERd 0 c. gov/esmiaeme/wrc/index. html

-
U.msals and NTIA Documents
http:// A ﬂ’a.doc.gov/osmhome/wrc/documents.html

FCC WRC Web Page

http://www.fce.aov/ib/wre-07/




JAgEnaa [tem 1.2: Passive sensing
sharinereenditions in 10.6-10.68 and

36-374GHz

Agenda ltem 1.3: Active sensing
allocation extension of 200 MHz near
9.5 GHz

Agenda Item 1.12: Possible changes to
coordination and notification procedures
for satellite networks
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Agenea ltem 1.17: MSS feederlinks

St 1400-1427 MHz and protection of
passive services in this band
Agenda ltem 1.20: Protection of
passive sensors from unwanted
emissions

Agenda Item 7.2: Future WRC agenda
items
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TAGENCa ltem 1.4: Ereguency-related
matters ﬂ IMT-2000 and beyond

Ageﬂﬂﬁ ltem 1.8 HAPS near 30 and
50 GRZ™

Agenda ltem 1.18: Review PFD limits
for HIO ESS systems in 17.7-19.7 GHz

Agenda Item 1.19: Global
harmonization of broadband FSS
allocations for Internet access
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Sonsiders sh g CO nd iiens between FS/MS and passive
SEREPYESIN the bands 10.6-10.68 GHz and 36-37 GHz

FS& MS

Radio Astronomy
E— i

SRS (passive)
o

2}
EESS (passive)

| |

| |
10.68 10.7
GHz GHz

FS& MS
SRS (passive)
EESS (passive)
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LERCONSIdERAlIoCAtIoNS and regulatory Issues related to

UIEREEIligRexplerauen=satellite (passive) service, space
IESEACHMIZISSIVE) Service and the meteorological
SatellIlEssSEIVIEE 1N’ accenrdance with Resolutions 746
(WRE=eEs) and 742 (WRC-03);

o dple 10 6-10,68 €Eplacziplek

Methoed B1-"Reduce mandatory maximum transmitter
power limit fromi -3 dBW to -15 dBW for the FS and -17
dBW for MS

Method B2: Keep existing mandatory maximum power
limit but impose EIRP limit for FS and MS systems

Method B3: Encourage administrations to take all
practicable steps to limit the transmitter power to -15
dBW for the FS and -17 dBW for MS systems
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*O ENS6raTAGH 2 band:
- Methee €l Impose mandatory
maﬁ% ransmitter power limit of -10

dBWHer the FS and MS In new footnote
In RR

Method C2: Encourage administrations
to take all practicable steps to limit the
transmitter power to -10 dBW for the
FS and MS systems and to apply other
mitigation techniques to protect passive

JaYalTaYd: allla¥a\V, a¥atialalda a D) D




IRAC Drogosels: -

NEEPREXISNO|=5 dBVW mandatory power limit on FS and MS in 10.6-
HIeNGENElEZ1End andrencourage reduction of power to -10 dBW in
 fUtlre systems

Impose -1oraBYWAmaximum, power limit on all terrestrial systems in
the S6FeVAElz l9and

FECC/\WAC Progogels:
No changes to'regulations

EGreIgRVIBISE

CEPT: European proposal for mandatory limits given in Methods B1
and C1 of the CPM Report

APT: No proposals as yet but has generally supportive views.

CITEL: Proposal from Canada for mandatory limits given in Method
B1 of CPM Report (10.6-10.68 GHz); no proposal for 36-37 GHz
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" Consioers an extension of 200 MHz to existing active
SEnsIEReliecation fiemro9s00-9800 MHz

”» X-Band
= o=~ SAR...

Radionavigation

feslo- Radiolocation
location

FS (some
countries)

SRS (active)

EESS (active) 77?

...used for
9300 9500 9800 10000 topographical mapping

MHz MHz MHz MHz




Agenda. |

~ IRECCOrtance With"Resolution 747 (WRC-03), consider
lJOJrgldmr fle rACIGIeEABRAISErRVICE to primary allocation
StictiSNANIEN: n&) 000=9 200 MHz and 9 300-
19 500 MHZ a axtiending by up te 200 MHz the existing
primany.aile a (@IS 1o the Earth exploration-satellite

ServiceNaetve g‘nd e space research service (active) In

the hanare 600 MHz without placing undue
constraint on e services to which the bands are

allocatea;
For the EESS (@etive) and SRS (active) extension:

Method B1: Extend EESS (active) and SRS (active) into the
9.3-9.5 GHz band limited to wideband (>300 MHz
systems

Method B2: Extend EESS (active) and SRS (active) into the
9.8-10.0 GHz band
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.S, Proposal -
Bxenere EESS (@ctive) and SRS (active) allocation to the

\ 2t5=Ois Glizsandiresulting in a contiguous allocation from
0.3-9.8' GiHZ; exaension to allocation Is limited to wideband
systemsiES800 VIHz)

ForelignRYIETYSE .

CEPT: Proposal for extension of EESS (active) allocation to
the 9.3-9.5 GHz band AND 9.8-9.9 GHz band, limited to

wideband systems
CITEL: Proposal for extension to EESS (active) in 9.3-9.5
GHz band limited to wideband systems

APT: No proposals to date, but has generally supportive
VIewsS
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N GICONEIUE POSSIbIE ehanges; inl response to Resolution 86
Revalviarrakeshy, 2002) of the Plenipotentiary
Conierences orﬂination and notification procedures for

saielliternetveis” (n accordance with Resolution 86
(WRC-03);

NASASgasseenworking with the ITU-BR since 1997 to
attempt termakerit easier to advance publish and notify
active and passive sensors so that these systems will be
listed' ini the Master International Frequency Registry
(MIFR) and cani get international recognition that the
sensor allocations are being used. Such recognition also
would also help protect sensor systems under the Radio
Regulations.

In order to make the registration process easier, It Is
necessary to modify Appendix 4 of the RR.
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US Proposs -
ViBEIiyMpPEndiX 4 offtherRadior REgulations to include new data
elemERESVtReppropriaie descrptions for active and passive sensor
 SyStems
INUEERVACHOES
CreatedMuiev = station classes™ for active and passive sensors of the

EESSand SRS; ~
Foreign Views: =

CEPT: Proposal for modification of Appendix 4 of the RR to allow for
registration ofi active and passive sensors

CITEL: Proposalffor medification of Appendix 4 of the RR to allow for
registration of active and passive sensors

APT: No view on this specific topic but will' probably follow the lead of
CEPT and CITEL




CONBINErS protection of existing| services (including passive
SEVICESHNI 1400-1427 ViHz 1hand) from MSS feederlink

-al ANONSINEL20051392 MHzZ andl 1430-1432 MHz bands

Space Ops (e-9)
1427-1429 MHz

eess (passive) EESS (paSSI ve)

Radiolocation Radio Astronomy Fixed & Mobile

|
™ | 1400 e /0

1390 - MHz MHz 1430 -
1392
i MSS feederlink 52

up & down Az




lErcESIOEFthENesultsiofi ITU-R studies on

comeaueIin, betWeen the fixed-satellite service and
OUREr SEIICES around 1.4 GHz, iniaccordance with
Resolupiply 74’5 (\WRC-03);

CPM RepoFFprovides only one method to satisfy the
Agenda Item which is to suppress the secondary FSS
allocation for MSS, feeder links in the frequency bands
1390-1392 MHz (Earth-to-space) and 1430-1432 MHz
(space-to-Earth) which was enacted by WRC-03




StippreEssion of thie secondary FSS allocation for MSS
" feeder links iithe frequency bands 1390-1392 MHz
(Earth=teEspace) and 1430-1432 MHz (space-to-Earth)

EGIEIGIMIE) S
CEPT: Propoesal to suppress the FSS allocation for MSS
feeder links near 1400-1427 MHz

CITEL: Prepesal to suppress the FSS allocation for MSS
feederlinks near 1400-1427 MHz

APT: No proposals but generally supportive of
suppressing the FSS allocation for MSS feederlinks




CONBINES Protecton oifpassive sensors from unwanted/out-of-band
amissiens NI specified bands (ite., 1400-1427 MHz, 23.6-24 GHz,
Shereil.5 GHz, 50.2-50.4 GHz and 52.6-54.25 GHz)

&D\ Satellite

Communications

{0*

Microwave Relays

s

A IS
i
L

AN ?
(@

Numerous bands

Passive service band Active service band

boundary
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ioacensider the results of studies, and
IIOPESEIS fielFregulatory measures
[egaraiiaegstiae protection of the Earth
explelEtion-satellite service (passive) from

unwamnted 'emissions of active services in
accordance with Resolution 738 (WRC-
03);

The'intent of the CPM Report Is that each
band pair could be treated separately

Method 1: Establish, in an EESS (passive)
band, a mandatory power limit for
unwanted emissions from a sinagle
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Vietiaoea 2: Establish, in an EESS
~ (PEssIvE) band, a non-mandatory power
limit e tiwanted emissions from a
singlesransmitter of a specified service

IN an adjacent or nearby band.

Method 3: Strongly encourage
administrations to take all practicable
steps to limit unwanted emissions in
EESS (passive) bands from active
services In adjacent and nearby
frequency bands (similar to radio
astronomy footnote 5.149)




1 400-1 427

Active service band

Active service

1 350-1 400 MHz

FS, MS and RLS

1 400-1!*12

1427-1 429 MHz

FS, MS and SOS (E-s)

1 400-1 427 MHz

1 429-1 452 MHz

FS and MS

23.6-24 GHz

s o-23.550GHz

1SS

31_3-31REHA

30-31 GHz

oo E-S

31.3-31°5"GHz

31-31.3 GHz

FS (except HAPS)

50.2-50.4 GHz

50.4-51.4 GHz

FSS (E-s)

50.2-50.4 GHz

47.2-50.2 GHz (Regions 2 & 3)
49.44-50.2 GHz (Region 1)

ESS

52.6-54.25 GHz

51.4-52.6 GHz

FS
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RAC Progosal -

- Otiers orp gEloy-aneiseliitions ranging from NOC in some bands
LONIMESTeRRINWaNEC EmISsions for certain active services in

S certain passiveNsands. Seme bands require mandatory unwanted
Emissionin [tSystich as, fier the FSS (E-S) near 50.2-50.4 GHz.

FCC/\WA®: saIS'
FCC oppo as anyAlimits on unwanted emissions, either mandatory

OF NOR- mandHFory that are different from US regulatlons WAC
supported non-mandatory limits in most bands.

EoreIgnViewss

CEPT: Proposal for mandatory unwanted emission limits in all
relevant band pairs based on ITU-R studies

APT: No proposals as yet but is of the view that limits on
unwanted emissions could be supported if such limits do not
create an undue burden on the active services

CITEL: Canada proposed mandatory limits for the FS in all bands
being considered.
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IONECOMMENMENErCoUnEINtems for inclusion in the agenda for the
IEYARVRIGEANENO GIVENISIVIEWSION the: preliminary agenda for the
SIEEYUEACONErehEe and onfpossible agenda items for future
RENLE account Resolution 803 (WRC 03);

CONTErENCES, el

United States:
DrahiNeepoesalto SURPTAIF2.2 (allocations above 275 GHz) and ADD

AlFconceming possible revision of RR 5.565.
Draiit propesal te consider SRS (E-s) allocation within 22.55-23.05

GHZz

CEPT:
Drafit propesal te keep Al 2.2 (allocations above 275 GHz) or, as an

alternative, ADD! All concerning possible revision of RR 5.565
Draft propoesal te consider SRS (E-s) allocation within 22.55-23.55

GHz

APT:
No proposals available at this time




Agenda Item Information

Cconcern

TUE olated matters for
IMT-2000 and beyond

No identification of bands
affecting remote sensing

HAF 30 and 50 GHz

oy

T

No change to footnote
protecting 31.3-31.8 GHz
passive sensing band from HAPs

Review PFD limits for highly
Inclined orbit FSS systems in
17.7-19.7 GHz

No relaxation of satellite
downlink PFD limits in 18.6-18.8
GHz passive sensing band

Global harmonization of
broadband FSS allocations for
Internet access

No identification of satellite
uplinks near remote sensing
bands




Exploratio:

sident’s Visien for Space Exploration
Complete ISS
Bﬁtj@Lunar and Mars Exploration with

Robotic Missions

Continue Manned presence from ISS to
Moon, Mars and Beyond




NASA’s Exploration Readmap

Lunar Outpost Buildup

7th Human
Lunar

Space Shuttle Ops

Orion Development

Ares | Development

Ear|y Design Act|v|ty Lunar Lander Deve|0pment

] Ares V Development
Im Earth Departure Stage Development

Surface Systems Development




Lunar Reconnaissance @rhiter (LRO)

Launch in late 2008 on an Atlas 401-
Centaur into a direct insertion trajectory
to the moon. Co-manifested with
LCROSS spacecraft.

On-board propulsion system used to
capture at the moon, insert into and
maintain 50 km mean altitude circular
polar reconnaissance orbit.

1 year mission with extended mission
options.

Orbiter is a 3-axis stabilized, nadir

pointed spacecraft designed to operate |

continuously during the primary i |

mission. - B ¢ e
. . : -l 4 j*;'sa*. . ‘:-1". "% -3

Investigation data products deliveredto |~ s - AR

Planetary Data Systems (PDS) within 6 The Mini-RF demonstrates an

months of primary mission completion. Synthetic Aperture Radar (SAR)
capable of measurements in X- and S-
Managed by Goddard (GSFC) bands. It uses new comm technologies

to locate potential water-ice.




High Prlorlty Lunar Exploratlon Sites

North Pole

/7 Aristarchus Plateau
f-{‘};:
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‘Oceanus
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R
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@ Surveyor Sy Vi

M. pollo ' South Pole

Near Side

= South Pole-Aitken /+ -

W j;a_sfm_ Floor 4}“’7
- 2 i_{:;fat;»

Far Side




Possible South Pole @utpost

The lunar South Pole is a likely
candidate for outpost site

Elevated quantities of hydrogen,
possibly water ice (e.g., Shackelton
Crater)

Several areas with greater than 80%
sunlight and less extreme
temperatures

Incremental deployment of systems —
one mission at a time
Power system
Communications/navigation
Habitat
Rovers
Etc.




LUNAR-MARTIAN SPECTRUM COORDINATION MEETINGS
LUNAR VACINITY FREQUENCY PLAN

Band | Forward |  Agency | Return |  Agency | Notes
Operational direct from/to Earth (link 1)
S-Band 2025-2110 MHz All 2200-2290 MHz> All
Roskosmos Roskosmos
ESA ESA

X-band 7190-7235 MHz ISRO 8450-8500 MHz*! ISRO
JAXA JAXA
CNSA CNSA

Ka-Band 20/30 GHZ* NASA 25.5-27 GHZ® NASA
Lunar Relay Trunk Line (link 2)

Ka-Band | |  NASA | | NASA |

Lunar relay to/from Orbiter or Surface (link 3)
Orbiter to/from Surface (link 4)
Orbiter to Orbiter (not shown)

4 JAXA 4 JAXA
UHF 435-450 MHz ISRO 390-405 MHz ISRO
NASA 5 NASA
S-Band 2025-2110 MHz JAXA 2200-2290 MHz JAXA
Ka-Band NASA 25.5-27 GHz® NASA
Surface to Surface (link 5)°
UHF 410-420 MHz NASA 410-420 MHz NASA Under study
IEEE 802 868,915 MHz,2.4 GHz 868,915 MHz,2.4 GHz Under study
Lunar Relay to Lunar relay Cross link (not shown)
Ka-Band | |  NASA | | NASA |

Notes: 1.Stress is put on the respect of the 10 MHz/mission SFCG limit (Recommendation 5-1R5) as a prerequisite to be able to share the band.

2. To be proposed as new ITU allocation at WRC-10. Exact frequency still under discussion.

3. Coordination required among all different users of the band: SRS for lunar missions, SRS for non-lunar missions, EESS. The specific issue of manned
missions protection criteria will be discussed at SFCG.

4. Sharing with Earth-based radars needs to be checked.

5. Suitable for interoperability, but the band needs to be used wisely, since it is widely used for nearly all the space missions. Application of the SFCG
Resolution 24-1 is necessary (6 MHz/spacecraft limit and no emission when it is not necessary to transmit).

6. Bands selection still to be discussed at a later stage.



LUNAR-MARTIAN SPECTRUM COORDINATION MEETINGS
MARS VACINITY FREQUENCY PLAN

Band | Forward | Agency | Return | Agency | Notes
Operational direct from/to Earth (link 1)
ESA ESA Not for new missions
1
S-Band 2110-2120 MHz ISRO? 2290-2300 MHz ISRO? igg
CNSA? CNSA?
X-band 7145-7190 MHz Al 8400-8450 MHz Al TBC for CRSA and
Ka-Band 34.2-34.7 GHz NASA 31.8-32.3 GHz NASA
Mars Relay Trunk Line (link 2)
NASA NASA
X-band 7145-7190 MHz ESA 8400-8450 MHz ESA
Ka-Band 1 34.2-34.7 GHz NASA 31.8-32.3 GHz NASA Now to 2025.
Ka-Band 2 NASA NASA Beyond 2025.
Mars relay to/from Orbiter or Surface (link 3)
Orbiter to/from Surface (link 4)
NASA NASA
UHF 435-450 MHz ESA 390-405 MHz ESA
ISRO ISRO
X-Band Near 7145-7190 MHz® NASA Near 8400-8450 MHZ® NASA
Ka-Band Near 34.2-34.7 GHZ® NASA Near 31.8-32.3 GHZ® NASA
Surface to Surface (link 5)
UHF 435-450 MHz 390-405 MHz
IEEE 802 868,915 MHz,2.4 GHz* 868,915 MHz,2.4 GHz" Under study

Notes: 1. The IMT-2000 allocation in this band creates usage problems in a number of countries.
2. These bands have generic SRS allocations and therefore the deep-space protection levels may not be achievable (Utilization of these bands is subject to
SFCG Recommendation. 14-2R5).
3. to communicate with Earth and the relay. These bands are separated from the allocated bands to prevent self interference on the relay. These bands need
to be chosen among those listed in SFCG Recommendation 22-1R1
4, The use of terrestrial Short-Range IEEE bands is still to be discussed at a later stage. No critical sharing situation.
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CIEUDSAT launched in April 2006 —
~ cleudprefiling radar operating in the
94.0-04.1"GHz EESS (active) allocation

Infermation on orbital' parameters and ephemeris
data can e found on the CLOUDSAT web site:
ntp://clelidsat.atmos. colostate.edu/

Through agreement with IUCAF, orbital
Information Is also available from the Space

Frequency Coordination Group (SFCG) web site:
http.//sfcgonline.org
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Nhere Is currenily a secondary EESS

active)rallocation in the band 432-438
MHz fer USe in remote sensing of rain
forésts down to the ground through the
Vegetation canopy

NASA Is interested in flying a dual-band
sensor called the Microwave
Observatory of Subsurface and
Subcanopy (MOSS) using 1 MHz
bandwidth somewhere in the 100-150
\IH oquency band (nominally a




