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Frequency Offset in MHz from RX Frequency
Bandwidth Advantage: -0.0032 d8

Group to use: Link List Edit Variables... {8 variables in rows

Group Item D2D link 1 ' D2D link 2 D2D link 3 TDD UL D20 link4 | D2D link 5 D2
ForwardPath.Wanted Signal Power Calc.TX power (dBW) 6.0 -6.0 00 -60 -6.0 0c
ForwardPath.Wanted Signal Power Calc.TX peak gain (dBi) 16411966 15295486 0.0 14631114 15560594 0.C
ForwardPath.Wanted Signal Power Calc.TX relative gain (dB) 0.0 00 00 00 00 oc
ForwardPath.Wanted Signal Power Calc.Path loss (dB) 151845671 152.350164 0.0 152.462773 152234999 0.C
ForwardPath.Wanted Signal Power Calc.RX peak gain (dBi) 22526198 21.538124 0.0 20926781 21.779296 0
ForwardPath.Wanted Signal Power Calc.RX relative gain (dB) 0.0 0.0 0.0 00 00 0c
ForwardPath.Wanted Signal Power Calc.RX feed loss (dB) 0.0 0.0 0.0 0.0 0.0 0.C
ForwardPath.Wanted Signal Power Calc.Signal strength (dBW) -118.907507 -121.516555 no signal -122.904878 -120.895109 no
ForwardPath.MultipleLinkCalc.C/N (dB) 11910981 9.298869  -3000.0 7909139 9921923 -3
ReturnPath Wanted Signal Power Calc.TX power (dBW) 0.0 0.0 0.0 00 00 0c
ReturnPath, Wanted Signal Power Calc.TX peak gain (dBi) 22.526198 21538124 0.0 20926781 21.77929 22
ReturnPath.Wanted Signal Power Calc.TX relative gain (dB) 0.0 00 00 00 00 oc
ReturnPath.Wanted Signal Power Calc.Path loss (dB) 152.594676 153.099203 0.0 153.211672 152,984021 15
ReturnPath Wanted Signal Power Calc.RX peak gain (dBi) 16411966 15.295486 0.0 14631114 15560594 15
ReturnPath.Wanted Signal Power Calc.RX relative gain (d8) 0.0 0.0 0.0 00 00 0L
ReturnPath.Wanted Signal Power Calc.RX feed loss (dB) 0.0 00 00 0.0 00 0c
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Consistency
with Radio
Regulations (RR)

Radio Regulations

» Radio Regulations have legal status of international
treaty

» Defines which services can transmit on what
frequencies subject to specified constraints, as in
Article 5 =

« Satellite services include:
= Fixed-satellite service (FSS)
= Mobile-satellite service (MSS)
o Space operation service

» For satellite services, also direction i.e. uplink or
downlink

» Identification of PRIMARY or Secondary service
» Can be differences between ITU Regions:
= Region 1: Europe and Africa including Russia
= Region 2: Americas
= Region 3: Asia including Iran and China.
e Important to check associated footnotes
e Other Articles need to be considered including:

o Article 21: power flux density (PFD) limits to protect
terrestrial services

= Article 22: equivalent power flux density (EPFD) limits
on non-GSO systems to protect GSO networks
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1 710-2 170 MHz

Allocation to services

Region 1 Region 2 Region 3
1710-1 930 FIXED
MOBILE 5.384A 5.388 5.388A
5.149 5341 5385 5.386 5.387
1 930-1 970 1 930-1 970 1 930-1970
FIXED FIXED FIXED

MOBILE 5.388 5.388A

MOBILE 5.388 5.388A
Mobile-satellite (Earth-to-space)

MOBILE 5.388 5.388A

1970-1 980 FIXED
MOBILE 5.388 5.388A
1980-2 010 FIXED
MOBILE 5.388
MOBILE-SATELLITE (Earth-to-space) 5.351A
5.389A 5.389B 5.389F
2010-2 025 2010-2 025 2010-2 025
FIXED FIXED FIXED

MOBILE 5.388 5.388A

MOBILE 5.388
MOBILE-SATELLITE
(Earth-to-space)

5.389C 5.389E

MOBILE 5.388 5.388A

20252110

SPACE OPERATION (Earth-to-space) (space-to-space)

EARTH EXPLORATION-SATELLITE (Earth-to-space) (space-to-space)

FIXED
MOBILE 5.391

SPACE RESEARCH (Earth-to-space) (space-to-space)

5.392

se

www.transfinite.com



pevelopfiing | ThHe Fili ng

Initial submission: the Advanced Publication Information “API” or
Coordinate Request “CR/C” filing

= Inform other administrations (countries) & operators of characteristics of
proposed system

When checks are complete: the Notification filing

= Record final system parameters in the Master International Frequency
Register or MIFR

See Appendix 4 for parameters and Articles 9 and 11 for process
Submitted by administrations, on behalf of operators

Position in queue gives a degree of priority over later filings

Can be up to 7 years between initial submission and operations for
unplanned bands

Filing contains information such as:

s Orbit parameters using Keplerian elements, identification of orbit planes,
whether sun-synchronous etc.

= Antenna parameters such as dish size, peak gain, beamwidth, gain pattern

= Link attributes such as power / power density, bandwidths, frequencies,
thresholds

Tools such as SpaceCap from the ITU to create, edit, view

Separate databases for some examinations, such as EPFD
examination against limits in Article 22
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A= GENERAL CHARACTERISTICS OF THE SATELLITE NETWORK OR SYSTEM, EARTH STATION OR ISUO Vse

=
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8 RADIO ASTRONOMY STATION
z
£
&
Ad4b4 For each orbital plane, where the Earth is the reference body:
A4dbda the angle of inclination (i) of the orbital plane with respect to the Earth’s equatorial plane
(0° << 180°)
Ad4b4b the number of satellites in the orbital plane
A4dbdc the period
A4db4d the altitude. in kilometres, of the apogee of the space station
Adbde the altitude. in kilometres. of the perigee of the space station
Adbaf the minimum altitude of the space station above the surface of the Earth at which any satellite
transmits
A4db4g Not used
A4b4h the initial phase angle () of the i-th satellite in its orbital plane at reference time # = 0. measured

114520273
114520273
114520273
114520273
114520273
114520273
114520273
114520273
114520273
114520273
114520273
114520273
114520273
114520273
114520273
114520273
114520273
114520273
114520273
114520273
114520273
114520273
114520273
114520273
114520273
114520273

from the point of the ascending node (0° < @; < 360°)

99 o

1
2 99 113 53
3 99 225 53
4 99 338 53
5 99 a5 53
6 99 56.3 53
7 99 67.5 53
8 99 788 53
9 99 90 53
10 99 101.3 53
1 99 1125 53
12 99 123.8 53
13 99 135 53
14 99 146.3 53
15 99 157.5 53
16 99 168.8 53
17 9 180 53
18 99 191.3 53
19 99 202.5 53
20 99 213.8 53
21 99 225 53
22 99 2363 53
23 99 247.5 53
24 99 258.8 53
25 99 270 53
26 99 2813 53

- orbid ~ nbrsatpl v right asc - inclin ang ~ prd ddd -~

0DOC0O0O0O0ODOO0O0O0OO0ODO0O0O0O0O0O0OO0O0O0O0O00

prd_hh

Steam 1
+ prd_mm -~ apog v apog exp -~ perig v perig
1 48 1150 o 1150
1 48 1150 0 1150
1 48 1150 0 1150
1 48 1150 0 1150
1 48 1150 0 1150
1 48 1150 0 1150
1 48 1150 0 1150
1 48 1150 0 1150
1 48 1150 0 1150
1 48 1150 0 1150
1 48 1150 0 1150
1 48 1150 o 1150
1 48 1150 0 1150
1 48 1150 0 1150
1 48 1150 0 1150
1 48 1150 0 1150
1 48 1150 0 1150
1 48 1150 0 1150
1 48 1150 0 1150
1 48 1150 0 1150
1 48 1150 0 1150
1 48 1150 0 1150
1 48 1150 0 1150
1 48 1150 o 1150
1 48 1150 0 1150
1 48 1150 0 1150
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ITU checks

“wmm | ITU Checks n \"a

VisualyseEPFDV3 (V3.9.1.0) - STEAM-1

le Edit View Run Window Help

AAD D O © ZRE O0H s nli» &89
in Schedule MR A sTiaM-12
vye . . 0 Ereqienii fmesssene Ono Fatiem SN 08 EPFD Down, 10.700, 40.000, 3.000, FSS o~ o
* The ITU checks filings against the Radio o | : . -
I . I Down fo* P
Regulations < Aisan 10700 1w s muRsis o - “o

. A
» Checks frequencies and services consistent — jusn ome o ms mwasia ©nl -
I4AtStat 11700 0450 BSS ITU-RBO.1443  40. > ” .

With Ar‘ticle 5 I« AtStart 11700 0600 BSS [TU-RBO.1443 40 ‘ T

|4 At Start  11.700 0900 BSS ITU-RBO.1443 40.

|4 At Start  11.700 1200 BSS ITU-RBO.1443 40. C
o Checks PFD against thresholds in Article 21 i i e o0 3 e ol
. . . . . s ll; AtStart  11.700 3.000 BSS ITU-RBO.1443 40, »~,)
° Checks EPFD agalnst Ilmlts In ArtICIe 22' *NA(S(an 10.700 4000 FSS ITU-RS.672 Ls-20 40. E, " -~
-~ |

where EPFD statistics calculated using

Probability that EPFD is Exceeded

- o -
algorithm in Recommendation ITU-R S.1503 e 7
= Example of this here = P f’f = .
e Publishes its findings: | *
C Al PP -
= Favourable o ” - e
-~ -~
= Unfavourable % . e -
L . - - -
» EPFD examination can lead to a qualified T R | -
EPFD [ -~ -~

favourable finding -

EPFD examination of STEAM-1 filing using algorithm in
Recommendation ITU-R S.1503 and EPFD limits in Article 22 using:

« EPFD SRS database

e EPFD PFD mask database L.
I‘?f‘f’,,‘,,’f"”‘” TE www.transfinite.com



Coordination

winether | Coordination and Consultations

Administrations

@8 \isualyse (x64) V7.10.103 - System

File Edit View Simulation Model Output Propagation Temain Results Tools Window Help

VDARD D ARSI ID@IT AR AQAQEFE ©Qamri b » @ @ o [ ¢ o e v 0 b B %5 RN ) QT B BERM &Y X80

« Administrations check new filings for potential
issues

Degradation in C/N due to interference Link List ~  EditVariables... | [“Variables in rows (1)

[ sysalink 1| sysAlink2 | sysBlir

* International Frequency Information Circulars ST ETEESTEETT
janted Signal Power Calc.TX peak gain (dBi) 350 350 35.0

/anted Signal Power Calc.TX relative gain (dB) 0.0 0.0 0.0
/anted Signal Power Calc.Path loss (dB) 179.59493 179.59493 180.5594
37.175678 37.175678 37.17567
/anted Signal Power Calc RX relative gain (d8) 0.0 00 00
/anted Signal Power Calc.RX feed loss (dB) 0.0 0.0 0.0

/anted Signal Power Calc.Signal strength (dBW)  |-127.419252 -127.419252 -128.383

(IFICs) are published by the ITU every two weeks
e Procedures in Article 9 including whether required

° C d i i i i i A p p d i 5 terfering Signal Power Calc.TX power (dBW) -200 -200 -200
O O r I n a t I O n C r I t e rl a I n e n IX terfering Signal Power Calc.TX peak gain (dBi)  35.0 35.0 350
terfering Signal Power Calc.TX relative gain (dB) 0.0 00 00
terfering Signal Power Calc.Path loss (dB) 180.550429 180.559429 179.5949

= For example, No. 9.12, non-GSO to non-GSO, the 10 :
th reshold / Condition is ba ndwidth Overlap ‘31,Forward,c/u—svsAunkLForwardvc/(Nu)fsvsAlinkzvrorwardc/NasysAlinkz.Forv

terfering Signal Power Calc.RX peak gain (dBi) |37.175678 37.175678 37.17567
terfering Signal Power Calc.RX relative gain (dB) |-40.199534 -40.199534 -40.1995

terfering Signal Power Calc.RX feed loss (dB) 0.0 0.0 0.0
. . . . . . . ] syste B ba id: | terfering Signal Power Calc Signal strength (dBW) -168.583285 -168.583285 -167.618
[ J d b d h ey JultipleLinkCalc.C/N (dB) 19.419835 19.419835 18.45533
COO r I n at I 0 n I S etwe e n A m I n I St rat I O n S W I t I/N Statistics 100 JultipleLinkCalc.C/(N+1) (dB) 19.390867 19.390867 18.41919
S u p p o rt fro m O p e rato rS \ lultipleLinkCalc.I/N (dB) -21.744198 -21.744198 -20.7796

Link List ~  EditVariables...  []Variables in rows (1)

SysA link 1 SysA link 2 SysB link
E/N statistics Percentage bad steps 0.0 0.0 00

= Can request support from ITU
¢ Methodology and data to be agreed between the o i et 55 00 s anes.. s
parties involved e e
* Ongoing process & can also be consultation
meetings to manage aggregate interference: e e © ¢
o Resolution 609: RNSS into ARNS
= Resolution 76: Non-GSO into GSO

Analysis of avoid-pointing as coordination method between non-GSO satellite
networks based upon document WP 4A/383 from the cycle WRC-19 to WRC-23
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Coordination Techniques and Methodologies

ITU-R Recommendations are a useful source of
information and standards:

s @ain patterns e.g. 5.1528

Gatawajn3ystem A

= Thresholds e.g. $.1323 ; : }[
= Modelling methods e.g. S.1325 T
= Mitigation methods e.g. S.1431 %B

Range of techniques available to facilitate
coordination between satellite systems:

= Avoid pointing

= Geographic separation

= Frequency separation £ o1 ]
= Time separation B o
= Use of alternate polarization N N N N N | |

- Management of EIRP/PFD o IrarrEE
= Improved antenna discrimination

o Orbit parameters Analysis of separation distance between non-GSO constellation

= Acceptance of higher levels of interference gateways based upon document WP 4A/383 from the cycle WRC-19

s Etc. to WRC-23

/N over all links

TRANSFINITE .
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Novel Space Applications @

e In most cases, can operate new systems under

existing Radio Regulations World Radiocommunication
= Very flexible system

« If not, would require modifications to the Radio Conference 2027
Regulations (RR) (WRC-27)

» Modifications to the RR occur at World
Radiocommunication Conferences (WRCs), which
occur every 4 years

« Agenda for next WRC-27 contains a many satellite
topics

 WRC-27 will discuss and agree the Agenda for WRC-
31

e Could operate under 4.4

4.4 ...shall not cause harmful interference to, and shall not
claim protection from harmful interference...

e Should only be used under exceptional
circumstances

e Changes to ITU-R Recommendations typically
guicker, not tied to the WRC cycle

Analysis of the Agenda
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