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In an ideal world, coordination results in the
greatest spectrum efficiency, but outcome
depends on good faith negotiation by the
par:··

,,>/,"'" , '5'11f1!!filil::!if '

IiI;;'this proce~c:/ing, th'e~applica~tsh~
in~eQtives,an(J the propos~diS~i$te "

·y,,"i'! ," :~9 ,',' .., ,'i:}~!#0i'- '-~r~!:

va'sPly,differeliltstages of .j, ,'i'pment.
~j. '} " " iiiJi,ii;;,: "I,

,,{

s,

=>_alJAflefault solutioiJrlfiJCfor regL!lCJ~
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siness decisidf!rj·
'V'·'(7WiFP"·'P'·""' .'-"

it a diversity of servtce-6fferings

spectrum fa

y neutral
is "best~~

selection d~~!cF(

• avariety of orbits wilf'pe

.~ ovide sufficient a
s'ervices'f1,

+eprovide eq~lable access to~
Afa;i>pli~nts.•..•.

• ' .•.••••• \.. .Cc

• b~lBibn

The default solution should meet the following
objf:liJ1i.l~$':
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s~:fC)I1\ (2)
"'h,2.'-""'-"<':<'·' ._,_, ._, .. :..-":-<- .. .. .-. .. ,:.•·..•.. i

(cont.)

• provide regulatory certainty, to permit investment in
'11iI'S

;·;···:·_,.~·;:I:·:mftw¥~~!1~r.: .
.• ":e>ncouragecoordina~il!t'1Kfi) permit opti'-·"i..-
.. tile spectrum .

;·"'·:';iYtLi.'

.'0~e compati~J~ with non-U.
.7~jjermi;\=oPE!uition in foreig

wl.tb.. non-.lliS. licensed syst
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Band Segmentation fails to meet numerous
objectives for the default solution:

x •••g availal.lilit~, .. "",;'
'esign for a "a··iW!iet'V·'of

~,~~~

ncertaintyre
b", ·····1'···•·•..··.·'.tF"·lIhr

.'·. allj)@···'·t',·····,,··,,·.·····,,··'·.·.!·,a'K' .' .Ij.W;;; 'rc ng ope a ·'0·...5·
• ·Iil)· '. )y."" . I r '•.'.'.

scenarios

~r!!8'oesdnot gl.larantee !(;i~Rs1!es access to
spectrum tC?support ·eco.n.omical,ly-viall

• l/"~".i!the spectrum isn,!: uflifie~t f .
•• avallaJ:>JJ,ty of spectrum d~ J '. eswlth bme/c

.. '~,usin~I'needS\' . .'.. J .~
imitsltzss'rrier sizes and acce&sI.;etho~s

';
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(2)

(cant.)

,,,+,=_,,,,,,,,.@,,,/%"'-

iti,gation
eqrum righ

ies a'nd sharin

• does not make efficient use of the spectrum
""'qecreases amoun ,~m a system cancu
when no interfere i ' Clresult

• reduce~ useable sp "i'~\rtam, due to need for,'
• impedes developmeht,by operators of m()

;,,-"""'\: . -,,' . . !

efficientisolutions '

\i/,.~taiisc~[agesrtJse of interfer'
•'~co~l~;fes hording of exc

,llIlff~'iservice in foreign t
ensed systems
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;,!;~~,eneity

'liii!~~

licensed syste ".•'a disadvan:
/id-i);

ountries,,~!:!~,t.,r,L1~ ~l'rad0 pteda..ltfar
egimes: ", __

,,'.---- ~,~

• orbit-planning h,as been rejected internationally, with full
U.s. concurrence and support

•

Forced Homogeneity fails to meet a number of
objectives for the default solution:

• It is not technology neutral:
iilkes busine~s de~~S'~~~~~ayfrom the licel'!~e~

places them In t~~t~"EI,II~Ofthe FCC
• thwarts the buslne~~iiplanof a number of a
• there is no rationale"'i:riteriaby which th

a "winning design;" no syst;.tsiinherelt
• preventirdiversity of serviG_illlt~ings,and a

'~, . ..:!TIjfFEkdt " ~,l.V/';"'4 .' J :tl~.,

"'~~ntral'\~",:l:t.0 compete" ,., ..~iB
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The Virtual Geo proposal fails to meet a number
of objectives for the default solution:

• fails to ensure equal access to the spectrum
.;:'~'<;~~;:'::#11t)1)!

ensure sufficl: '. ~lltess to the spe;cbirp'r'i
, ." . iii"".? ;', .i.'
" " ..' ,',,' ..(~;'~:;~7:""~]? .,,~~

;.fa,ils to pre~ent spect~;i;~~'warehousing
>.\ .. ;::<',.:':,:,'.. ' '_,' -':':"f 1" ..,"

• fails to facil.i~atecoordinatio

if~~:~,~~'.,~~t~~~~~~Ou7af " :'''~~i~~ the
,.:- .... IjF_:: .~:::: 'V~

•:!IBIf:III~~u~f~ti~,,~:~~a~oGi~~~m~'lff'"
~_i5"" ~,__.--\,*,,"''-'

• fails to facilitate sharing with non-U.S. licensed
systems that do not employ the same orbit

~Idge
9 - V209149 © SkyBridge L.P. .. o.n.P.J~ot<;I,~~"""'"r
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Virtual Geo's Orbit is Not Superior to Other NGSO
Orbits:

• The transmission delay impedes interactive
~~Clftions and us~}P-transpare~,

itectures.
)'

• The orbit is;;I'l0t optirriumtor,gloi~al ser
Virtual Geo'i~C?ncedes,theC~~z9rbiti·

0

lN1J~P'propriatJ!la'or regional GSIBIilIit'services.
"'. ~.i, Slit; '.

.. >·'i"'"
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The chief benefit Virgo ascribes to its orbit is its
ability to accommodate a large number of
systems. However,

,.,'>:7':<....·Y'P4kii

• The numberpf system'sltSays nothing a
;,:c,,<JV' '_'. '> _.,<if-:

$orts of ser~lces can be pro.i:J:• .edr and
, .'. . "II •. ". . .••••('1'
·.·.·Itha~(lotl:l\~n demonstra ' ':'t Inaxima

ViJ:do~cons"'nationsyield a Ii.·at~r capa
acke.constella ,; 'is of anygth
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,u~al(4)

The problem Virtual Geo claims to solve does not
exist:

~he current ap i· can be accommqdii,tlted
~ 'It . ..' .J' '. '., :. '~" ""_':!ir.¢"J{;::~>:2>::>

r the method of:! ,,'I:;fl1g in-line even~~is~i{i:i
't':,':">'.' ."h!rt~~#~~lRmJ2b~;z:'::::J;:>:::'. ::,-"'ici::~:;;·',H:;'-;

• The deman~forfuture~~~tryof Virgo-oi!iIj~I;:i~I!,~~\'"
speculative~tbest.

\..;:: -f"f M -~'~'i-j,-,:,

Theisp~pftulJileqUirementl
shod' "]i.flthrown aside
spect;Rij/li,~llllflaclassOf,~JSJl'st_h1sf,or whiG/1tirJ(Ji

'. ";i4'kiiijpUQ!iiw4t2i1"\::'- . , ~:,;:",:,l. ",.: :--'0:'.>" .

f,uturedemand has beenaemonstrated. ~'Tfie

marketplace should decide.
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ordination am,g...g
•

Spectrum sharing via avoidance of in-line events
solves the above problems:

• supported by majority of applicants

-- s equal andstlllfftl!tit access to the~fS'
H0~yjt,~' '*'y

.l~ spectru l11iefficient\,,\:.,
• only sa~~lIites in interrer.ence configurati

steps t~itigate .'.-'
,•.Jeaves,;gerators free to u.
~., ..,.~.~,

-'of th~,,~lme as possible
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vents (2)
." ..- .....

(cont.)

a;pt
,K;:ith

~;4J»

tlosition
d td· coordi

,censes in an e
gulatory regim

ensed sY$t~Q';l$
'" "4hIiJ;i$if5,:Plii"'3!!yi',i

• is technology neutral
Rermits technolo9; .,'_,
the market, not tl;liri0&.~1Iftssion

. ·~llgJ'_'. jB1ff~t*

• sUitabl~ for all prdp~~easystems
-~atellite divefsi~y is 'not r~quired
";,I;tmiform transmittel'j~QQwer is not:

,.' ' *' .. .....~),.., .

• pl.ilc:;:es'U.
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Elements that need to be defined:

""'--~'*""~.

o fipecuum~"angement

Doefinition of nin
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SkyBridge has proposed two possibilities:

"~,~,,=~"ii,"I~"

r,sep.a
tellatlon,

e optimum
each pair 0

approach"}

o "arbitrarily" select a benchmark angular
tion, say~mpleapprQ,-_L"

o

17 - V2091417 © SkyBridge L. P.
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.I ••~.Event"\4····· .
••~i~~' pproach

Simple Approach:

~-~~~

1. Select a default angle (e.g., 100) applicable
to in.IJi&&-l3vents bet~~ost system$.~.E ..;'I'"

, ~d~f*!;'L<Si4j:)±t '

2. Provide aj,.methodSffortaki"9 into
""i9lJ-;power";ilinks. . .

": ..." ...•:.: .•.1%,: 1':;0'/; ;~-!.,!;. 'j "i'

1f1~;,,,:~.~r f~; ~~. .~;.i{ . hii :1:
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r>"'"y~t'" .
~y~1!~1~tiJ9h .(2)

10° is an appropriate balance for the angular
separation between most systems.

~~,~~

interference ., z.~t- Iler, and
8e of the terl

o A
>j~

mal!
. .

o AI1Y larger,i@nd we over~

op~fa·tio~oflf!,e systems
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Co-existing
constellation ISkyBrldge Boeing i HNet , Virgo , HUnk KuBs I Pentrlad

Reference
constellatIon

SkvBrldge r--j--- -

5 98.5 96.6 99.1 98.8 95.5 99
10 93.5 88.97 96.2 95.4 82 95.3
15 86 81.2 91.2 89.4 ! 62 88.7
20 75.7 73.2 I 83.9 , 81.2 41.6 , 78.6

Boeing _ .._-
5 98.6 99.4 97.3 97.8

10 94 95.7 89.8 92.2
15 86.6 f,~83.5 73.2 73.3
20 75.2 66.8 53.5 57.5

HNet
5 97.2 98.2 98.4 98.3 97.4 98.4

10 90.5 92.7 93.8 i 93.2 89.8 i 93.6
15 82 83.8 '.87.2 85.2 78 I 86.4
20 71.6 73.1 79.4 63.7 I 77.4

W
5 99.2 99.4 99.6 100
10 97.2 98.7 98.2 97.9

93.8 93.2 96.3 ,,>97.1
89.4 87.9 94.3 f4l3.3

I
97.7 99 97.9 99.3 99.4
91.1 93.8 92.6 96.9 97.5
80.8 81.8 84.6 93.4 92

0 68 64.9 76.2 87.7 88
uBs
5 96.7 98.7 97.3 .> '·,:lS98;S·"'l" 99.6 97.7
10 87.8 95.8 91.4 .94,>'" I 97.2 92.7
15 75 90 84 86 ! 93 85
20 60 80· 76 76 86 75

Pentriad
5 98.4 95.7 87.9 99.3 96

10 91.1 88.9 63.3 97.5 84.6
15 83 72 48 94 63

~Idg.
20 65 60 35 I 86 33

20 - V2091420 © SkyBridge L.P. '.. .on :"J~I~",!",nr



i;( :< "'''i:i!Hk?f¥Rllttff1#t'''W" ;~'"

.. is/is ~ot~n issue .~'lJ'd?wnlink. Th.
constrain all systems tQ.,Slmllar power

+",pn the UPIi~~, however,~y
'P'b6n9btai,ne' ..S) f

.. ,;.

10° separation may be insufficient to protect a
system against another system using
significantly higher power levels and higher off-
axi .

giD:r ... '!,;; ...·...-~_" ',:i,,<
;b4~ __ H:_;I:·_:_:::;i:.::i

It is ';L:.·;;~Jf!neces~f!r1r.t9:,!rifineanf!/t~,!1jf!i~tfle
separa~ri!ll"0anglefor t1fie!~#ili'!·iifentialcase fw1f@ree,.,."" ~~",i0"

10° does not adequately protect a system from a
"high-power" uplink of another system.

~Idg.
21 - V2091421 @SkyBridgeL.P.....·, .. , o,nAl~°!l!'.c~rn~.o,nr



Defining "high-power" uplink:

"an on-axis EIRP in excess of 18 dBW/m 2 /40 kHz

~i"""'-'

"""

system termin

"

an off-axisil:IRP at l()'O'~or above, in ex
10 dBW Im~2/40 kHz "."

22 - V2091422 © SkyBridge L.P.
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~~

. II
nt~nly wh
'er and a re

on angle is ins
lays botl1 a hi

attern.

Both prongs of the definition are important:
• A terminal with a relaxed antenna pattern may not

adversely affect other systems if its power is low
i~may be the c:;~ LEO). ,.

'", .), .<F"·, ··!;.rrgf~"::.':_:·<>"::··'.";'

erminalwith a hitit111:xy))) xis power (Sl;!,~;"~r~~I)
HEO) may not adversely ,affect anotherl!lli~*~~ti!ii)
antenna peru~ormanceordi~Jj},~t~r is hi,n_02=cnbb ....

23 - V2091423 @ SkyBridge L.P.
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_
.

=-

+ I)uring in-Hne events with a~oth~r sys.
~ystems canliemploy a larg~.II$e~~~lratio......... 20.. 0 ·.m•••. ,.,.. ...i~'-~ .'as· ..,. -"... "*,. ,

. ". ~;"J~."",

'\...

If a system employs "high-power" uplinks:
• The system can decrease its power and/or increase

its antenna diameter and/or performance to reduce
". 1t,axis power d "

24 . V2091424 © SkyBridge L.P.
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"E t"___ ven

,.,q" "-J;)~t~i'~{tApproach

~,"""",,",,,,,,",,,,,,,,,,!,~;4'I"-

y I'ith th,
'~,

As an alternative to the "simple" approach of
selecting a single benchmark separation angle, it
is also possible to customize the angle based on
th':~;l . ! dget and PlitlJlR'S1a,nce objecti
eil(J:"m:stem;

>~'.~ Biased on It'l"ethodologi;esvused w.ithin t
" pevelop thelegime for GSQrt ..

,;,.:r~\'O'ids~the!"Jed to deal se
.~ . ,'ilI~;'

ed ~~..(~lik:s
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.' ._ven't"
~.:,~tf'ERrOach (2)

1. Determine sync loss threshold of the victim system (I/NTH).

2. Select an initial value for the angular separation of the
systems (start with a small angle).

total'

dlradatio
increase due

ting the distrib6fio~"df~i
jP,#7 . ,',c~'

system.
3. R'ili~l~.etJriJpletesimulati

levels created by the intel:lfert,

4. .Con'l..olve it wittJ,~~the rain fade to g\
".,:dif!l;lbution. .0.'

"<:t;:,,,,~:::" fi4 '.,_.~ _H'~'" "

5. Co
to
inti

6. If the unavailability increase is greater than 7 0/0, select a
larger angular separation and repeat from step 3. If it is less
than 7 0/0, select that angle. ~

tSk~ldge

26 - V2091426 © SkyBridge L.P. . a.n.I\I~I..'".'mpany



No: Select
the a value

Is the
unavailability
increase larger
than 10%?

% of time when sync
loss occurs

Simulation

VN level
creating sync

Computation I loss

Victim link:
-Budget link
-Performances
objectives

Interference
environment
generated by the
interfering
system

Angular
separation

a

Yes: Increase the a value

27 . V2091427 © SkyBridge loP.
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~_.~pi,,#p'~

;,1g,

lim

ro~ides 9

Simulations should represent "typical"
operations, not worst-case:

+ Assume one full-time, full-power terminal per center
. ill beam of the·" .""" .ing satellite

) .,,"",
ifu1li~,,:r"

$sume int~rfering ~l,X$,\:!FI1 terminal is C~-In ...

with the victim earth' Slation
;,., "'iR7:ii"V " L ";\;

/,n:;'r", ";

+ Assume "best-elevation" tl"
·>;;,i;n>

ITU­
ona
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It will be easy for each operator to program its
system to adhere to the plan:

~_~i~'

~

"?-line eve~ts will b;~'rqlctablein adv

• The patternrpf events wi'll. b~. rep&~titive

29 " V2091429 © SkyBridge L.P.
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,,,",,;:-, ,,' , _.ng
~Xvents(2)

Available Ku-band segments come with various
sharing conditions. They are not fungible.

NGSO FSS up-link bands

GHz

12.7

GHz

12.2

NGSa FSSgateways/ user terminals

FSS down ass down

MvD1mP1n t?

11.7

--1325 IU5 14,0 14,512,75

NGSa FSS gateways

Gsa FSS down
FS

10.7

NGSa FSS gateways NGSa FSS gateways I user terminals

GSa FSS up Gsa FSS up Gsa FSS up
FS Radiolocation

Space science

NGSO FSS down-link bands

The spectrum arrangement should provide each
system equal access to bands with similar
sharing conditions. ~SkB "d

t ~I ge
30 - V2091430 © SkyBridge L.P. . o.~A1c.ot'Cl.oo.rnpony



Each similar band segment needs to be split
among the two or more systems involved in a
given in-line event.

-~¢'-

hemselv
'JJW

'sl
~

• default
• based o'P, for example, dat

~ ....:i:,btAll/I

'<".::l3ierm'i'-licep$;~esto agree
on;;lll.dividiW' preferences
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Q,,,,~!:.,,urirrg

"~lEyents(4)h1i;4t>1f't'f'/;h",><:,I:::,<,; 'i'''i'; ':c: , ..•.• " .. . . .

Example for Two Systems:

_ ~_ ~_ ~ GHz

NGSO I&Sdown-link bands

127

II SistemAI
I ISistemB I

GHz

122

NGro FS'; gateW<lys / user terminals

11.7

.-=J-=:JJ
13.75 14.0 14.5

NGro FS'; gateW<lys

.. ~
1275 13.25

10.7

NGSO I&S up-link bands

NGro FS'; gateW<lys NGro FS'; gateW<lys / user terminals
-x#~""'

32 - V2091432 © SkyBridge L.P.
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rste,ns

Most of the time, systems will be unconstrained.

__",,~iii''''-

~rldge
t ~ an A1c.a!<lI.'.<>rn",:,nr.." ... ".......,..

··~bility

iS~".bility
oe such a

indi ' ates that

© SkyBridge L.P.

diversity>
,",'~~'

• Design to operate in less bandwidth
• Virgo proposes to operate in less than half the allocated

spectrum.

During in-line events, systems can cope with the

nte.c~...•;.t.~,,qi•.........••..•·.c'A'f~eqUency,~ints via a
e~"~"Tques. ...
..... )tS~teliite di~~rsity ..

'iT Circular g.it systems hair
7"

~Ii~'or~;' .~Ystems should
. • i •• Den t •cates that its syste

tion of the Virgo s

33 - V2091433
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irgo

Virtual Geo not only states that it can operate in less than half of
the spectrum, but offers to do so.

. __'does nothfn·g·'··~I:I.l'a..t:tjL.'''..c·4ihote VirtuaiGeo.l~S..:llif/IJJljness~;;:;. ' "."<+,~;u,,,!jJ'1ff4;J"" "d;r.,,,,,,,,/~,,,,,

objectiveYfilr its patented orbit, add completely disruptrthe
technical and business plans of the other applicants.

Virgo would be constrained only in the event of in-line
con.fi,fl:li•...·...•._'[Q~s invo~ving thr'r.cO~e !!ystems, the l!~'!Iltf!ll:~.~of
Whle'!J.il:lJi!1 Geo fInds so rs· ~·.'!iI~ll1atIt has propqA~ed;slg'1Ql1';
th.f3possibl1lty. (Virtual Geo f!lfBt!. ComtfJ

" '\\)h~

+. Virgo can oper.·.a.·..•.t... e under OptibnIII. ·w.itho.u.t any '''''.'~.c.
,.,":"> '" ,.', ',", " ,,'Gf.j'\'

. lJ1odificationsa,~~d without any signili~ant.reducti~·

\:~C1~0!tR tctct"V:ir~.ocl'cUldhave greater'~ '> ~cc~ss un
th~n~u~aerl.~ ... i.rilNn proposal, and . ~ss'htlaIlY ne

.....~_. ~ tati!al~requirements. .! ' 4
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Avoidance of In-Line Events

• Accommodates all proposed systems in an equitable
~t, without req!~ignificantSystA~h~'~

odificati.ons
, '~;~!liJ;j

• Is simple to).implemerifjayoiding. long-
':"':>0-'" '. ".~ , .. .', .L;;

involvemenlUn administerin;iittu:!.,·shari
It)

,,,":od;
~S'SJ~
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