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{57y Abstract: A method and system [or Uplink Power Control in a satellile communication system comprising o geostationary
saleHite (2) communicating with a gateway station (3) applying the invention and at least lwo ather gateway station {4 is described.
The invention utilizes the existing communication signals in the satellite communication system lo compensate for atmospheric
distartion as scintillation and main fading effects. The method is symmetric with regard 10 which gateway that utilizes the invention
in 4 communication sysiem thereby increasing the regulation ol afl communicdtion signals in the system.




'['lie invention ulilii.cs the existing communication si®Rarambef 3008
satellite comruni cation systemto conpensate for atnospheric distortion as
scintil vaoivemosseed rain | ading effects. 't'he nethod i s Syameoez /@ t h
regard to which gateway that utilizes the invention 1in a conmunication
system thereby increasing the regulation ol'all comunication signals in
the system 6 Decenber 2005 WD 02110002 PCT/ N002100201 1 Satellite Uplink
Power Control Field of the invention 5 The present invention pertains to
the field of satellite communication and in particular to scintillation
resi stant power control teggw le élatlo?ng{)y satellite

conmmuni cation systens in accor anc al m 15 and 16 respectively.
to Background of the Invention A satel I i te comuni cati on syst em general ly
conpri ses wiRRd of tHRiRvemtienay stations, a satellite and a nunber of user
stations. The gateway stations provi des an interface to the terrestrial
network® and are transmitting and receiving comunication carriers at high

1s f requenmee;ﬁesm 1ﬁ{?éiltibﬁ(pﬁﬂtélh£t03ﬂé ﬁélﬂldfeate!'ﬁltteccﬁﬁh&(hl:atm and if parditileni ng as
nverter omruni ion carriers.

an anplifier .a reguenc

The user 4Y&F @?Pé'oﬁﬁfﬁ‘ qPPYE%CO& rol' teghtia 'ées ?rngeé’fltg{;%'}?ﬁy ﬁ%ﬁ'ﬁrl sing a smal |l
nunber of chamgmigabespsierst iatacomdarse muibngaien 1,841 §end popaspedtively. of snal | user
stations (fixed or nobile), satellite cost is nornmally governed by the
characteristics of the forward transmssion link, i.e. fromthe gateways to
the usér Hnckgrg of the dnyevtieN; r om t he requi renent to use small antennas

.on the user statlons for cost reasons, which in turn requires nore

‘satellite power. to achi.eve a parti cul transm ssion qualit Thi s
Cequires K FHEIHAOMRINSAIoR ALE eRaral SHRIFES PR O ARKYBYSAUgEbA syst em

economy. Eslemammumbeiaaf L saaond. #he gatee/agxqaﬁsmcbrwidas enuﬂﬁ&eﬂac@n‘o théfects
that inflyenc naI I v ath from
a gat eway lt'efgrre-sf harl ne wor atnd areqtu%srf:h mhle)mcg [he%ﬁﬁll-l[%?(l% mlﬁ] gatnon tcé%l%}"ste ﬂ%é%n

Vari at |=son§rqqnertcream@ mlci frem tgfasaﬁeil@aahmgnqlbtevafunatwmng as an wuplfiar apdiner

~towards thgqadlc§lcbhiter for the communication catriers. The user stations may be fixed or

mobile. In systems comprising a small number of large gateway stations serving a large
population of small user stations (fixed or mobile), satellite cost 1s normally governed
by the characteristics of the forward transmission link, i.e. from the gatcways to the us_ei~
20 stations. This stems from the requirement to use small antennas on the user stations for
* cost reasons, which in turn requires more satellite power to achieve a particular
transmission quality. This requires high power efficiency in the forward link to achieve

good system economy.

25 The communication carriers are exposed to a number of effects that influence the signal

quality or the signal level along the path from a gateway to the user station.
The most important elements are:

30 e Vanations in transmitter gain leading to variations in output power
towards the satelhite. '
«  Uplink atmospheric effects such as rain fading and scintillation leading to
large signal variations. |
‘e Variations in the satellite transponder signal gain.

35 « Downliitk atmospheric effects such as rain fading and scintillation.



Upl i nk at mospheric effects such as rain fading and sci nt$ Degemser 4®¥adi ng to
| arge signal variations. Variations in the satellite transponder signal

gai n. 35wdmMbénk atnospheric effects such as rain fadin -
S T L BB S S e %0 05 100008 ACT] 002/ o020ic N2y . ty *
of these effects varies with the climatic conditions at the ground stations
and their operating carrier frequency. The atnospheric effects are _

i ncreased for ground earth stations (gateways or user stations) |ocated
such that tfie.SaLEgld4 i At g ashald . g? -1.zon ‘si nce
the |l ength o?st_hl;elgjat r}%%ﬁﬁgf?f‘?‘g@%é hwﬁ%érgzisggwﬁgﬁ(ﬂhg gi}/{\iggogﬁ%gtg{lé%sn '

angl es. Al rnd e @pereiing ¢dstier ioermBienetd d hegtraosphgie effecinarevngreased &or groundne

recei v_ed _Sleﬂ'fl@:!;tatl&;!%éat&ﬂa}’sfb‘? us&rs%Bﬂs)WGéaQéH id&hfﬂ’x!{t'ﬂlé @a@gﬁtet@séeh?at peed of
transmtti r;}gﬂ]zl gnal S W t&ean excessi ve mar to ensure a m ni nrum

gl A -
guar ant eed SR angla abous thegrigon3ipeg wea%rtaﬂaef@eﬁmh%mHécr?aéess‘attm lite
reduci ng t hevsykivedomcapaei ty and thus the economics of the systemas a
whole. Prior art Uplink power control systens has been described in several
patents proposing various |s nechanisns to nmaintain‘constant transmit
power fr omAthibesapairibitiensi adds at e$ignifieamtonmamorc gt the nsebyed sl levelesphet i ve

of atnos phg;d'uﬁd AneLHat e 1%1}1\% &J{Jﬂ@gﬁg& gf ﬁénsmgmlg;é altkwith &4 LP&SSiP@?‘%{%‘F y sl ow

applications are concerne ~desi gned conpensate re
vari ati ons'q $Pseie@ mingRuRiguaTagteep qualiyg devel iy mergin derans peveHiamthe tine
const anfes eftelliReeMicHes thekydithehRRity 48d HsRRd &nofhi ROt HE8SRas 44 4 RAsIea

n

system where one of the stations in a satellite network 7is stabilized by
using a satellite generated beacon signal as |evel reference in a power :
control |opgiodRie station is then used as a level reference for the other
stations in t%e network that are slaved to the first station. The system
relies on a satellite beacon for its 25 node of operation, which may not be

avai | abl e @lpliak p6REUBAGY sSofehs Ha8 BLdrYdStPRA 1h el patdr@aMBPSIndalthuef the
signals to be stabilized.. For exarzpl e, a nornmal sat el lite con
ts ~mechanisms to maintain constant transmit power from the satellite in satellite
communications systems irrespective of atmospheric and other disturbances at the
uplink station. Most applications are concerned with and désigned to compensate
relatively slow variations in the transmission path such as rain fading which have time

constants of the order of minutes.

US patent 4,567,485 describes a system where one of the stations in a satellite network
is stabilized by using a satellite generaied beacon signal as level reference in a power

control loop. This station is then used as a level reference for the other stations in the

.
i

network that are slaved to the first station. The system relies on a satellite beacon for its
25 mode of operation, which may not be available at a frequency sufficiently close to the

frequency band of the signals to be stabilized. For example, a normal satellite beacon

around 3.9 GHz will not be effective in a mobile satellite communication system with

its communication carriers around 1.5 GHz.

30 US patent 4,752,967 describes various methods to compensate variations in the uplink
transmission path of a satellite earth station utilizing signals from one or two other '
stations in the network as beacon stations in the process. In this propbsal,- rather than
stabilizing one particular master station as described US 4,567,485, one or two statiori’S

. in locations with favorable atmospheric conditions are chosen as references for the



around 3.9 GHz will not be effective in a nobile satelli®Eeeonhermoeati on
systemwith 1its communication carriers around 1.5 GHz. 30 US patent
4,752,967 describes various nethods to conpensate variations in the uplink
transm ssion path of a satellite earth station utilizing signals fromone
or two other stations in the network as beacon stations in the process. In
this proposal, rather than stabiliZing one particular naster station as
descri be i I ' i ' i ayor abl e
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re ependen

exhi bits strong uency cy rendering conpensati on schenes
utilizing beacon signals in a different frequency band to the carriers to

be stabil. j G : ' j yention,
there s osraaighiisd ShERL idatirlalenty RRERhertl AR ERpeh IR | Sy
eart h st acheoresi ylilizing dieetdn signale imardiffeaentdreqsigsyebamsbigpthiesianigers do be

geost at i gnafiVeFiabfkichi € at least two other geographically dispersed earth
gateway stations conmmunicating signal carriers via said satellite and a.
plurality of user stations, conprising the steps of: transmtting a first

t boundsi I N r I X X 21, V] sai d
Prr ot oula 3fasrelt rihel oA irdifion BEHes bl e PR fof ERCA A 2%
gat eway dentet im anfiratgatewasadrth statiart inardieliita dogimymidatipo epsteinepaiprising
char act ey, 0 f j r : at ewa
tat fon BdoSplchard SEElG, M SIsERR oBRF GLEGBEEAIY diacrfaE baty BERRAY 0% CveY
communi catetions sowmenicklingnsignal comiesd [via eaidnsatblitef andta plurality of user

stations, comprising the steps of:
transmitting a first outbound signal to said satellite from a first géteway; .

receiving said first outbound signal looped back from said satelite in first said

~ gateway determining the said first outbound signal power level;
characterized in:

receiving signal carriers from at !éast a second gateway station and at least a third
gateway station in the same said communication system from said satellite in the first
said gateway station, determining the sigri_a! power level of a signal from said second

gateway and the signal power level from a signal from said third gateway;

replacing the signal power level of any received signal from said second gateway or
from said third gateway in said first gateway with a predefined nominal power value
level if one of said signals are below a first predefined threshold value for that said

signal power |evel;



sai d gateway station, determning the signal power |evel6Beogmief¥)S from
said second gateway and the signal power |evel froma signal fromsaid
third gateway; replacing the signakgpower |evel of any received signal from
said second gateway or fromsaid third gateway in said first gateway with
a predefined nom nal power value |evel if one of said signals are below a

first prSOEPHREA MFASYRING of Meusanab powrhievebeidthe signala frmweid sesprd; - ---- -
- - - - yateway stationand said-third gatewaPstRSENRAN FOQRtddycaimat i ng a mean val ue
of the signal power |evel of the signals fromsaid second gateway station
and said third gateway station in said first gateway station; conmputing a

first di chmpeiie abaispasiersided bbiweeh Sdi@Mmbt BRWAI pbR¥elevel of dafll firdt st
out bound sjgnal fromfirst sajd qqat eway and a_nom nal signal power |evel of

an out bSHIRGUAY G’ GBhL Bt SAKKIFPERY SB P £aMING! isignat goweh lvelsel angat eway;
conput i NGutbo&Rd SigHaldodjeRNRaR Fomaiabaileftaitsl e sdld §h@Ral; pover - | evel of said
second signal fromsaid second gateway and said third signal fromsaid

third gateway and a nom nal mean power |evel of a.signal fromsaid second

gat eway abfpatiry 486dont difErescd btwdd T shidHe8nalgnaFSoiidvatodaicsdc®hd Si gnal
fornmed b ifference of the first said difference and the second said

. the t sald 1C€
differ en§l§lﬂa'd'5%§?idﬁ°9%9%mv apd s taird gigndl fram s31d daikckaigvast and ans
out bound ngingHaR feaf hodP iVel oPaSRMaPRoR Hafl §4doRl gateity! and 4 Qifc;ﬂaltfﬁﬁn
perm ssi bl e r_angae of said power level. In a second aspect of the present
i nvent i ofAd{HEY GAtBWaY;; ovi ded device for up-link power control in a first

‘gateway earth station in a satellite comrunication system conprising a

geostationary satellite, at |east twy other geographjcally dispersed earth
gat enay SPRPYHIATLIRRRAENRhormgd Sy dieatiffergpee @{} eirsh saigidffasgnce|anditBe and a
pl ural it Ye&ind sarPdiffisepéd;ons, conprising: nmeans for transmtting a first
out bound signal to said satellite froma first gateway; neans for receiving

said first outbound signal |ooped back fromsaid satellite in first said
gatevay eeustny thibweh @veRbOsid fisst gatelag eifions S0BouR® WRhalk BMedmount

based on said error signal within the permissible range of said power level.

in a second aspect of the present invention, there is provided device for up-link
power control in a first gateway earth station in a satellite communication system
_comprising a geostationary satellite, at least two other geographically dispersed earth
gateway stations communicating signal carriers via said satellite and a plurality of
user stations, comprising: ‘

means for transmitting a first outbound signal to said satellite from a first gateway;

means for receiving said first outbound signal looped back from said satellite in first

said gateway determining the said first outbound signal power levet;
characterized in:

means for receiving signal carriers from at least a second gateway station and at

least a third gateway station in the same said communication éystem from said

satellite in the first said gateway station, determining the signal poWer fevel of a

signal from said second gateway and the signal‘powe'r level from a signal from said .
third gateway:



characterized in: neans for receiving signal carriers fr@fesembeadiosy
-second gateway station and at least a third gateway station in the sane
said communi cation systemfromsaid satellite in the first said gateway
station, determning the signal powsp |evel of a signal fromsaid second
gateway and the signal power level froma signal fromsaid third gateway,
6 Decenmb&reapgder rsplacingdhe sfonel lP%’]!ﬂl'aI@Y&i@f Ry r%qegf@dlstqy@hmmlm‘ﬁe@nd any

recei vedg %teg?? orffr&.%éeltﬁw@gs%u@y i bRV e\fvé\PWItﬁ%';q nlree RAtEHaY in

said first |ne nom n power va evel 1f one of-

sai d si gRANEr ¥jlue ﬁ/lebwoaequ saig signadfefienkelow mf&gmmeﬂmd di@resmcdqd valat said

si gnal peyRkat B¥RdigndTeaRsr b conputing a nean val ue of the signal power
| evel of the outbound signals fromsaid second gateway station and said

third gateway station in said first gateway station; neans for conputing a

first di He%rng'?&ecdﬁ?ﬂu‘(ﬁﬁ g rﬁ@dn%gldé §itth§' giﬁgl pdeNGEvel & lﬁle oﬂfboﬁﬁt'j glgn‘f;\l%r st

out bound signal fromfirst said gatewa a nom na | evel of
an out b§@Rusad mndm&ﬁyw sheiior Frdoyaid Bird Qﬁm\ﬂ@ylﬁtﬁt@nﬂmsﬁlg gt Qg@M@Way means
for conpuidipg a second difference between said nean signal power |evel of

said second signal fromsaid second gateway and said third signal from said
third gateway and a nom nal nean power |evel of a signal fromsaid second

gat eway ﬁf&éns%ﬁé&ﬁkﬁltnnbraoﬁﬂsﬁaﬁérefnbé ot REnCYRY fi frs@f%p%: 5dB\FerQQJEP'6¥ L@ an error
signal formed by th ference of first sard difference and second said

di f f er enfest oxibghad ﬁtsﬂabfmmérﬁtﬁgrdt grtewamend peasningfsianal Bowerrisyel gheaway
stations oetbbbﬁw&gnaln&wd%ac@ﬂoﬁ%w&ataﬁéﬁiéf.&ngﬁ yerror signal wthin the

perm ssi bl e rangé of said power |evel aspect of the present
invention, there is provided a nethod for up- I|nk power control in a first

gat eway ﬁw%fahg' f&*c’ﬁm&mng % ébc%ﬁ& QiR CUITREH SAY NS a?BwaPiéPét'éf' ng a

geostationary satellite, at |east three other geographi cal di spersed
said second signal from said second gateway and said third S|gnal from sald third
gateway and a nominal mean power level of a signal from said second gateway and

a signal from said third gateway;

means for computing an error signal formed by the difference of first said difference

and second said difference;

means for adjusting the power level of said first gateway stations outbound signals
an amount based on said error Signal within the permissible range of said power

level.

In a third aspect of the present invention, there is provided a method for up-link
power control in a first gateway'earth station in a satellite communication system
comprising a geostationary satellite, at least three other geographically disperséd
earth gateway stations communicating-signal carriers via said satellite and a plurality

of user stations, comprising the steps of:
transmitting a first outbound signal to said satellite from a first gateway;

reCeiving said first outbound signal looped back from said satellite in first said

gateway determining the said first otutbound signél power level;

characterized in: .



earth gateway stations comunicating signal carriers via Bgremseni0bite and
a plurality of user stations, conprising the steps of: transmtting a
first outbound signal to said satellite froma first gateway;, receiving
said first outbound signal |ooped back fromsaid satellite in first said
gateway determning the said first outbound signal power |evel;
characterized in: . 6 Decenber 2005 3t° receivi ng signal carriers from at

| east a meewing sigisbvaryiest fdrh e lmda&‘ecbﬁtagéteway Biafion agatae\r@st attlaﬂrd on in the
same said.co i stemfromsaid satellite in t

on
gat evay %?tﬁ‘f"%a{'?q' 'I"Itﬂé? ??’éeéﬁﬂ‘;’ Gomunicatiog syHen fiom said Fﬂtﬁﬁ'ﬁ 'Hﬁlé‘? f"ﬁ‘ gh pass
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i nst ant amdusng ahmsp@tdreves cliargadévd sighala mean of the changes of all the

signal carriers, and conpute an absolute value of said difference; conpute
a variance for each of said signals by raising the. absol ute val ue change

| evel  sigmaputé am absiuts i ghizabe tiovel figva byl Butraciip thedkaid inetabtamadud i | ter the

It i t t ight f h si I Ki th
| nvor se GG BV R (o GLReBHA Tanehnaen of ol B8 B9°A HEMERGhd oach

si gnal camhpitdah absdlite vamesf daididiffeeeicegonput e a nornal i zed wei ght for each
said signals such that the sumof said nornmalized weights equal 1; conpute
a downlink estimate by first multiplying said instantaneous change | evel

fsi gnal wtdnhpmdaa anEance ai(;eaamarafﬁddlcze@nmitghtaismdthamsalute salud ohé@gihl?ts tg
orm an stan neous do ink estimate; c ute an nal fornme
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recei vedowl:vpaq:se‘tkeback pilot signal 11 and a RF reference signal; adjusting
the power level of sa first gateway stations outbound signals an anount

based on said error signal within the perm ssible range of said power
| evel . compute a weight for each signal by taking the inverse of said variance such that

when muitiplied by the weight, each signal contributes the same variance;

compute a normalized weight for each said signals such that the sum of said

normalized weights equal 1;

compute a downlink estimate by first multiplying said instantaneous change level
signal with the associate normalized weight and sum all said products to form an

instantaneous downlink estimate;

compute an error signal formed as a difference between said instantaneous downlink

estimate and a received looped back pilot signal 11 and a RF reference signal;

adjusting the power level of sa first gateway stations outbound signals an amount

based on said error signal within the permfssible range of said power level.

In a fourth aspéct of the present invention, there is provided a device for up-link .
power control in a first gateway earth station in a satellite communicgtion system
comprising a geostationary satellite, at least three other geographicéliy dispersed
earth gateway stations communicating signal carriers via said satellite and a plurality

of user stations, comprising:



In a fourth aspect of the present invention, there is préobeecrubes 288%i ce for
up-link . .power control in a first gateway earth station in a satellite
comuni cation system conprising a geostationary satellite, at |east three
ot her .geographically dispersed earth gateway stations comunicating signal
carriers via said satellite and a plurality of user stations, conprising:
6 Decenber 2005 3d neans for transm3tting a first outbound signal to said
satel lit LS : or_.: o\ ' j . out bound

o gnal | oaed ke 2hetbou PR |bad BN S arleb® 00t g
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gateway station, filtering any received signal in an individual high pass
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signal from tﬁ'ue Sighal itself producing an instantaneous change | evel
signal; neans for computing a change |evel signal by subtracting said

i nstant aneq .| j r the ch fo.all the
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of said nornalized weights equal 1; nmeans for conmputing a downlink
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means for computing a variance for each of said signals by raising the absolute value
change level signal for each signal to a power in a range of 2 to 5 and filter the result

in a lowpass filter;

means for computing a weight for each signal by taking the inverse of said variance

such that when multiplied by the Weight, each signal contribute the same variance;

means for computing a normalized weight for each said signals such that the sume of

said normalized weights equal 1;

means for computing a downlink estimate by first multiplying said instantaneous
change level signal with the associated normalized weight and sum all said products

to form an instantaneous downlink estimate;
means for lowpass filtering said downlink estimate;
means for computing an error signal formed as a difference between said

instantaneous downlink estimate and a received ‘Iooped back pilot signal 11 and a RF-

reference signal;



means for conputing an error signal formed as a differerftetrmbarefOsai d

i nst ant aneous downlink estimate and a received | ooped back pilot signal 11
and a RE reference signal; 6 Decenber 2005 3e neans for adjusting the
power |evel of said first.gateway thatl ons out bound signals an anount
based on said error signal within e perm ssible range of said power

level . J@&s%eﬁansudgrm&@;bwemevélrbflstaﬁi feedacnayd serbedi amsdued sighthiesses al |
t he shortcom ngs the prior_art described above- Th| Staa%Fonpl i shed by:

usi ng &N angept Pﬂﬁ?ﬁé?" gaid t?ér&eérsngl wigrise RAFPISERIS (Arees) 82¥Fhat e. | ocal
downl i nkyegicondi tions reducing the reliance on the individual beacon station
characteristic; 30 superior nethod to esti mat e local down-link variations
using adaptive weights.to th beacon s, determ . ned by their current
Pl A PBAR BRI A SHETR A SERNPE. srffisee AR sPo1oRETAR aneous

det ect In@{heagﬂ@réul@i‘é%t%@atabownmrs%‘&bmphsmfedejyroneous or abnormal beacon
signals. 6 Decenber 2005 WD 02/ 100002 PCT/ US02/ 00201 4 Inclusion of a | ocal
RF reference in the control |oop to enable sinultaneous suppression of all
unwant gsingkfi/gtSninibdr b€ | btdcansiisss, oypipaty3-hj tohstimalelorddowinhigk sensi tivity

ool vendigRIASauEReLTER. B of PR BeTpR sHaph thaneahwpted on the.

equation: LIPr [yn'lég g thed ATXCX, 1S
t he? (\/aﬁ'%%of)ﬁ‘gtqoléstf) Far gh{s'%—nétk?ﬂl ETmlgllljrn dlitrllg totﬂgaarc{% t oﬁ(gl\gﬁ% [gut put power

t owar dbeddoesigatksideiermineA bR surrt’rré "EFbY'idel behayepheric effects such as rain
fading and scintillations leading to |arge, signal variations. ASat is the
vari at Tmpbmcntmm@@éif‘eltlﬁﬂtaélsmtsrf‘afn@ﬁ@ﬁ@é@@ FP&%OE;&F‘XSU DEEHES i s the

downl i- g, AL ARSI ofiedtls o GbSorfidF Beon kinals. f adi ng and scintillation.



15 The variations of these signal |evels can be observed Bagemeesi¥ed by
observing deviations fromnom nal |evel values of the different

paramet er s.wBabgmé.ers associated wth equipnment wll have g h&aide2Re55nal
level values determ ned by the nominal settings of the controlling ,
paranmeters of the equipnment as known to a person skilled in the art. 20
Settings may be validated on a day with a gclear sky. The objective of the
present invention is to minimze these effects on the signal quality of
the comuni cahdl@iosySt BEAI R refirdfice iiGh<C QRN I deplth QRaBY SikRMahBS SRS 1 tY
as observed qn, a da h a c|ear sky. 25 common net hod useé_l many
systens is tQ&aliyaw te%ff GhInSBGHRNTYATIPR PAIR (YBEYOUE BitrodusIRg sPsiEatYsip Affer

si gnal power vawanted déthencaal effbditt.e in order to maxim ze system efficiency.
The basic principle is to equip the gateway with a neasurenent receiver
capabl e of neasuring the received |evel of its own carrier (or a pilot
carrier) looped 30 back fromthe satellite. This information is used to
adj ust t hes t MuesAtdloRd ihpdeld onnhd Rkeivo@ BigRAIR Ve RSL] Alen@iHebigil Bathdd gidkh ONS
in the si gnalb Itgvel ezvhe'n it is received on the ground. In order to

mi ni ni ze sat el 1Tt e"P3WEr and intersysteminterference, it is desirable to -
.35 maintain the communication carriers at a predefined constant |evel at
the satellite output in nde of .t val hatj in t ransni ssi on
path. This is acconpli shggpg@s E'?XGW+AI§’pGWaHJ§EIPZ§)annS D"ggeer%ber 2005 WD
02/ 100002 PCT/ N0O02/ 00201 5 conpensating for transmtter, uplink and

satel | it e el Pands-is HSafhGdidlin @M ahideP AR TR o VARRNRAn LG pO&er eCel Ver

at the gateway al so includes downlink effects and signal detectar
(receiver) VA B sateldiie Aow \i§ fwfﬁ&é"@?ﬁmhﬁle sffeqinsush g adipe and
apportion a séintiédioasirading ob largesitadlaariR@sunBal is iarvashii@msintBe sHidliipk and
satellite ef I.n.- practice~s_ the follow ng. effects stricts the
usef ul ness oﬁrgﬁ%?gdeég}%ﬁggaé%dﬁ RREsS e(lijor'l"”s’nuintkg%'ingslﬁ'tﬂ:‘c eﬁg‘rﬁlsg PR

fading and scintillation.

The variations of these signal levels can be observed and measured by observing

deviations from nominal level values of the different parameters. Parameters associated

with equipment will have their nominal level values determined by the nominal settings

of the controlling parameters of the equipment as known to a person skilled in the art.
“20 Settings may be validated on a day with a clear sky. -

The objective of the present invention is to minimize these effects on the signal quality
of the communication system and give the communication system the same quality as
- observed on a day with a clear sky. |

25 .
A common method used in many systems 1s the use of Uplink Power Control (UPC) to
maintain constant signal pchr out of the satellite in order to maximize system
efficiency. The basic principle is to equip the gateway with a measurement receiver
capable of measuring the received level of its own carrier (or a pilot carrier) looped
30 back from the satellite. This information is used to adjust the transmitted level in the

opposite sense to eliminate variations in the signal level when it is received on the -

ground.

In order to minimize s_atc]lite power and intersystem interference, it is desirable to
"3s  maintain the communication carriers at a predefined constant level at the satellite output

independent of the variations in the transmission path. This is accomplished by



"The ratio between uplink effects and downlink effects i <0 ReeemebRisi08At, but
may vary considerably. Jo Receiver gain variations can introduce :

si.gni fi cant werinaweez n t he power regul ation accuracy. Upli mctaqidenn! i nk
scintillations are not coherent if the uplink and downlink frequencies are
significantly different leading to little or no inprovenent during
scintillation events. Substantial inprovengnts can be achieved if the
satellite has a beacon transmitter operating in the sane frequency band as
t he conmuni catdmenmmgifeffmsdﬁml ixpsikﬂcfandrmthiae efatethe t;ignamheellilﬁaumﬁiosi gnal

Is transmtt e&cnv&%\?\ﬁfr\ &Eabl eﬁ;\;’nf L‘ilSI) lir%rﬁ&eg'ﬁo@ﬂﬁﬁi xl‘:fféc?s a ts?@laf and is

only subj ect recelver errors. onpari ng
20 t he | oopedddsentdr (mmmr)ma@ﬁlw Sumasyﬂt@%ewsem'ﬂqahmf@@a@é@n t%awal!oq &vel ,

downlink ef f gedSarhsinf af'g, el&dh ﬁ@g&éaa,aﬁgm;rsqb upliOAd s%fym@e%as aflpactibe
desired corrponents eacon. si

s recej ve at t at enwa t he

fol I owi ng var that ?'éﬂ‘ﬁé‘“g ﬁff§?‘§FFéF‘Ct% @9@?@ l?SssLoéé]%féé}? ,ef“e-a“ ‘#“E‘F%\%%quwer e
ARX Qw is then@ay §wRynsf €cei ver chain variations. 30 The | ooped back pil ot
signal is received at the gateway with the follow ng~variations in signal
l evel : APi | GW = L1TXG , +AUPGW + Mat + ADWIG W+ LRxGw 35 The difference
used to control et hEhd ratindrivideaupljok affbrcaneiwidinBetlecth ey n2COBSIND BRMRH01102
- PCT/ NO02100201 6 (ﬁ?l{‘ﬁ& Gm, 6RXGW - (JTXG, , +dUPG, , , :

+JSat +dDwn G+, dRx I's redlces to: 5 AGi nGv = - (dTXGM/ UPG\MJSap The
communi cat ffon car r Regesveagaiphari lemrmﬁan dftradyee sgrificantegogyig:the power regulation

accuracy.
» Uplink and downlink scintillations are not coherent if the uplink and downlink
frequencies are significantly different leading to little or no improvement during

scintillation events.

Substantial improvements can be achieved if the satellite has a beacon transmitter

operating in the same frequency band as the communication carrier’s downlink {rom the

satellite. The beacon signal is transmitted with a stable signal level from the satellite

itself and is only subject to downlink effects and gateway receiver errors. By comparing
20 the looped back communication signal level with the beacon signal level, downlink

effects is canceled and the control signal comprises only the desired components.
The beacon signal is received at the gateway with the following vanations in signal
level:
2 '
ABeacgy = ADwngy + ARX guw

where ARX g, is the gateway receiver chain vanations.

30  The loopéd back pilot signal is received at the gateway with the following variations in

signal level:
APilgy = ATXgw + AUpg,, + ASat + ADwng, + ARX gy

.33

The difference used to control the transmitter gain becomes:



- to QPsar =AGai nGW +ATXGW +, 4UpGwv +ASat Wi ch becones: -&Dpeaipbgr@?fREWV +

dUpGW +, 8 Sat) +ATxG,, +dUPG ,, +ASat = 0 15 This works well if the
frequency diwbfen@inge between the beacon transmtter and thep-¢RRSHGA; €d
conmuni cation carriers are not too |large so that. the atnospheric

di sturbances of the beacon signal are identical to the disturbances of the
comuni cation 20 carriers. Disclosure of the Invention Sone systens do not
have a satellite beacon transmtter with frequency sufficiently 25 . close .

to that of the coEMALSAAORNGAE NS 1 MBE, FARRY +USR: § abuagl PARL] AT T on
conpensation. As an exanple, geostationary nobile satellite Systens
typically use L- band signals (1.511.6 GHz). Between the satellite and the
mobi | e term rlisredbtdseot he feeder |ink between the satellites and the
gateways are at C-band (6/4.GHz). The satellite beacon transmitter is
around 4 GHz, which is not sufficiently close to the 30 downlink L-band
signal s tosbe used directly fdGatinti1ldXsonAtaaceSat)i on as shown above.
Therefore there is a need for another solution to this problem The present
invention takes advantage of the fact that in networks conprising several
gateways with each 35 gateway transnmitting carriers to the satellite,

si mul t aneous TheeeRinufibatidh chifies at thébiith@ obthe Yatel@B)re0f the gateways can be
exploited to derive the |Iocal downlink atnmospheric conditions at the

gateway- This. information can then in turn be used in an uplink power 6
Decenber 2005 Wc) 02/100002 &:I/-NOGRHHOLATIx{ +Asl, @lASystem to nmake it
i mune to the downlink effects prevailing at the gateway simlar to the |
use of a beacon transmitter as in the case above. Brief description of the
Drawi ngs 5 FiWghich bs¢rgs: a t ypi cal scenario conprising a geostationary
satellite. 2, a gateway 3 -

APsy = ~ (ATXgy + AUpgy + ASat) + ATXgw + AUpg. + ASat =0

15

This works well if the frequency difference between the beacon transmitter and the
compensated communication carriers are not too large so that the atmospheric
disturbances of the beacon signal are identical to the disturbances of the communication

20 carriers.
Disclosure of the Invention

Some systems do not have a satellite beacon transmitter with frequency sufficiently T
25 close to that of the communication carriers to be of any use for scintillation

compensation. As an example, geostationary mobile satellite systems typically use L-

band signals (1.5/1.6 GHz). Between the satellite and the mobile terminals while the

feeder link between the satellites and the gatéways are at C-band (6/4 GHz). The

satellite beacon transmitter is around 4 GHz, which is not sufficiently close to the
30 downlink L-band signals to be used directly for scintillation cancellation as shown

above,

Therefore there is a need for another solution to this problem. Thejpré'sent invention
takes advantage of the fact that in networks comprising several géteways with each

35 gateway transmifting carriers to the satellite, si,mﬁltaneous reception of these carriers by
any of the gateways can be exploited to derive the local downlink atmospheric

conditions at the gateway. This information can then in turn be used in an uplink power -




enpl oyi ng the invention, other gateways 4 operating on thigecember2908 i te
2, and a number of user stations 5 communicating with the gateway 3. The
user stwbicansiobz may be nobile or in a fixed |ocation. #Atengateasys 3 and 4
communi cate with the user to stations 5 via outbound signals through the
satellite 2 and the user stations 5 conmunicate with the gateways 3 and 4
via i nbound signals through the satellite 2. Fig. 2Aillustrates the

out bound signals 10 transnitted by one 'of the gateways 3 to the 7

sat el | i t eonibl Sheimnotnuika it ﬁimmmﬂhesdmhﬁmkieﬁﬁak preldilidgwunthkigatewtp t he user

stati ons 5 l?rt}og‘euse%gt %F?%gahan?m%{ |1 <E)(r)ralé(ranlgors its outbound signals 10

(signal tra ein 85|gnals 20 transmtted by
t he user statlons to the satellite, which in turn retransmts the signals

21 down IgpeftRsER Fﬁgﬁ fide DrAvi d(%g 2C illustrates the gateway 3

nmonitoring via S|g e out bouhd signals 30 transmtted by other
gateways 4 operating over the satellite. Fig. 3 illustrates the main

conponentrgg of sHog ag%l@mweﬁ&atdomprﬁmgm@e@smmmmeQomgﬁtebvaﬁ@o toits
transmtted . carriers

rT:PI‘ ses an antenn 100 recei vi ng, and 25

e L 11 ng IRYRGNG e iysmitipn . SYer BREWRI LU PEQNATe STRSBETUEE: SR n 200, a

t ransm t tramntehaf user S@0onssi giiﬂrhunieatmgt\mﬁstha(g@teuay poler useosthtials SSraagt i on 400
and an o I ates a first
el ar peafiole diih 8 TEPE T Hhe SHERRNES Qi AR byl Bl ™

r et r ang mstatiogs BylatMb@aﬁalgnat%h@uah&wﬁ@“ﬁ@a|at1d>ﬂ@dm@r§tqtms 8ignals 31 by the
gat eway %o‘rnﬁﬁm@a'i@:)m}ﬁhé eWAD$BUHd A Wia Trﬁ)%u@d 5i Eﬁalgﬁﬁcﬁﬁ;ﬁ%e Sddidetects the

received pilot signal | Ts power |level and the scanner detector 320 finds
the selected TDM signals 31 Is power levels the invention uses to

det er m nq:‘ghmsmsmmbi {hatoutbuad dighgls de tansmhined bj‘/len&‘l@ftlﬁégﬂEWaymuhé of

adj ust ment ntro N n al e 0 35 Fig.

5 i1l ustraf @ge \L‘%%@gh&"b ISHT%S"?l Bgn%\ﬁg?%ﬁvei"{%éon he; usg‘ S? m{'l on to the

f unct nonatadeyi dwedrinaliFimgnitds iskivdiouad signilad( (ritgrwl él)r ef erence signal 600
in the receiving chain 200 6 Decenber 2005 WO 02/100002 PCT/ NOO2/00201 8 to

characterize gal n variations in the receive systemallow ng el em nation of
vari at i ofde- 2B llustrates the inbound signals 20 transmitted by the user stations 10 the satelhite,

which in turn retransmits the signals 21 down hok to the gateway 3.

20 Fig. 2C illustrates the gateway 3 monitoring via signal 31 the outbound signals 30

- transmitted by other gateways 4 operating over the satellite.

Fig. 3 illustrates the main components of the gafcway station 3 employing power
control 400 to its transmitted carriers 10, It comprises an antenna 100 receiving and

25 emitting signals, 10,11,31 'to the satellite 2, a receiver chain 200, a transmitter chain
500, signal detectors 300, a power control function 400 and an optional reference signal

generator 600.

Fig. 4 illustrates a first exemplary embodiment of the invention. The TDM signals 30
30 are retransmitted by the satellite 2 and are monitored as the signals 31 by the gateway 3
that employs the invention. The pilot detector 310 detects the received pilot Signal Iis
power level and the scanner detector 320 finds the selected TDM signals 31s power
levels the invention uses to determine the scintillation and to determine the necessary
amount of adjustment of the power control 400 in the transmitting _chaih 500.
s ' - . :
“Fig. 5 illustrates a second embodiment of the invention, in addition to the functions

depicted in Fig. 4, which also includes a reference signal 600 in the receiving chain 200




in the satellite 2 gain in the final regulation |oop. FifggDe@&mdrio0sates a
best node inplenentation of the invention. The receiving neans 5 310, 320
cont ai ni ngwbhe/imeerssary el ectronics for signal conditioni pgraod2bani ng of
the signal can be adjusted by control sequences fromthe mcro controller
52 to receive the different TDMsignals 31 or pilot signal 11 or the

reference signal 600. The Analog to Digigtal Converter 53 converts the

received signals 11,31 to digital formfor processing by control sequences

in the m crdochabdaileghibrarptoisinnthagctine sEtap allebing Rerif@sH dfQAriafichs The
he digital UPC control signal ‘to

Digital to 0 yerter S4.converts t '
anal og forﬁ;ngjﬁl tegﬁ o '3(%6 %n “f%’ 3tt'(5m$°°§1' andard AGC i nput control signal
of the power anplifier via the output means 55 contai n| ng t he necessary

el ectronics ﬁlgré 0L eRA B8 Pmod LA03 tbérpoftgﬁfxﬂ'e’%yj cel %mgﬁme typi cal

control 400 he transmitter cHaln T at
conponent § c;’f Sihepntaisme tbe n%ﬁygsﬁébfﬁ E‘thf{j"CSEfOi i Wl@dlb@mmenfb&@mg afiteps i n

tgeeﬁlt gor i th it rsignhpéanaﬁaa waltb gfng{sﬁgmﬁc@sﬂééxﬂ?ﬁe&hcrﬁelﬁﬁfealep920 E&Eetcgn%e the
i nventi S steps | [
enhanced adéﬁﬁf? S@‘Hﬁ%ﬁ*?ﬁ% el égtpiﬂﬁh%*s&la E%%ffffgfaﬂmwl GRR ThsrAnaiee to
I nventi on 2Pignalqavedarsdednertehd reeavedighdiet i, BlKﬁﬂﬂlgﬁﬁl fofth Jor pdcdskigg syst em
conprises a {. N fac t
nmp gﬁ%ﬁpﬁ'& sgéuenggs Iﬁ\{\@eyr% c%(!)\ltl;ontt%liep 3%96 Qriung hg nglpﬁ/ggb gﬂve(nélo& a

comuni cat i carri e carri

- Time Divilsi dineiRigtal o émabgﬂmwnerﬁmwpn@@ts tiehd@igiTINUBQ contoshsizmabieanalgl 4 i s

recei ved at féﬁ?sﬂé‘a@’f@%oﬁn@&m@h@ asPRBrd H GE Rfput E&ﬁﬁdell?éfgnapmhpg(g\ggﬁ_e mpl Oy' ng

t he i nvention tht e fol ovmng variations 1'n Si
LTXGANL + d@?@m‘?f vig gt ouipul migREAD M@mgﬁlchasﬁasy elegionipNpr nnm»rfagmgeway NN

4 i's recei Vel sigrantd dhe AT ipot ShY poivad doafs] 40D ofShOBRhsnhig¥EdhainsSATDMEANN =
dTXG Nn + | UPGWNn + dSat + JDwnGK, + ARxc,, 6 December 2005 WO 021100002

PCT/ NOO2/ 00201
15 Fig. 7 illustrates the typical components of power control system.

Fig. 8 illustrates the basic steps in the algorithm for an adaptive downlink estimator
according to the invention.

20 Fig. 9 illustrates the basic steps in the algorithm for an enhanced adaptive downlink
estimator.

Preferred embodiment of the Invenﬁon

25 In a preferred embodiment of the invention (fig. 4) the system comprises a number of
' gateways (N1 to Nin) 4 each transmitting a communication carrier or a signaling carrier
that 1s always on (e.g. a Time Division Multiplex carrier, TDM) 30.

The TDM 31 from Gateway N1 4 is received at the gateway 3 at the input of the

receiver chain 200 employing the invention with the following variations in signal level:

30
. ATDMGWA;'T = ATXGWN1 + AUprN1 + ASat + ADWHGW + ARx gy

VSimilarly, the TDM from gateway Nn 4 is received with the following variations in
signal level: 5

35

CATDMgunn = AT X gunn + AUpGuny + A_Séif + ADwng, + ARX gw




9 The gateways 4 are located renpte to each ot her such t%@@cqm@f@@%spherl c
conditions can be assuned to be. independent of each other. Likew se, the
transm tt erwQarimbions are al so i ndependent. By averagi ng ecemoazmuenber
signal levels of carriers 31 and applying s suitable signal processing as
known to a person skilled in the art, the independent terms can be
significantly reduced to an insigni f| cant gnoi se term The resultant nean
value after this process can be expressed as: ATDMvedn = N + LI Sat +
ADWNGM LI'RXGW EO where N denotes the residual noise after the averagi ng
rocess. The i f

G foct od by & PRALMVE Bpuedpeu SRR AL 818 bBE b AR hiffosiHerin fons
scanni ng receépryee aasama@tcebmmdmﬁgmqua@a@thevs Lgkﬁamq, ehpetranémn@awmi!@wnsm in

rapid SUCCGS%!%Wn&Ee@d&P ARk &Jertafﬂﬁrﬁb\ép fﬁﬂ%maﬂgeé @P%M%R%??{Cé the

i. ¢ averaging ss nmust” be rap| to accurately trac

vari at i <_~,nsso|mﬂtﬂ>§e sigeal prqoessig drknayarie: perion skiieddp “F%?tfbﬂ&‘elﬁa ﬁi LEAMShe
carrier frequemnte ggnif‘lamlwxeduaélﬂ&ohﬁ@xmgiuhmknpisbmmswg@ﬁtlsu&ﬂnm&aﬁesmeved at
t he gat eway 3 tth t he fol l,om n riations in signal level. 20 dPl 1Gw =
ATXGNV + LI Up@R°H lfl%%‘fessrcqi‘ttﬁﬁ@%ﬁs‘f_ G, N The differenge, used to control
the transmtter 500 gain, becones: 25 LI Gai nGv =N+dSat +dDwnGmLI RxGw -

( A7XGWLI UPGWMLI Sat +QDwns, + Thi § 48 4 w;, +ﬁg§|n Gv = N (L1 TXGw
+ AUpG ,) 30 The signal |evél vaf¥ations o cBfmuni &4tion carriers at

t he out putt® of the satellite 2 are: 35 4Pc, = AGa| n G, + ATX w + AUpGwn +

~ASal 6 Dec emygtere2Q@endi€d B/ rdSAR0 Ao REAANRLANRLE A bfbcess. The measurement of

each signal level of carrier 31 can be effected by either a set of receivers, one for each
TDM 31 sigdal, a scanning receiver capable of measuring each signal level of carrier
31 in rapid succession or a combination of the two. The scanning receiver and the

15 averaging process must be rapid to accurately track the atmospheric variations duriﬁg

scintiflation events, the actual rate depending on the carrier frequencies involved.

The looped back pilot signal 11 is received at the gateway 3 with the following

variations in signal level:
APilgy = ATXgn + AUpg, + ASat + ADwnGw + ARX gw
The difference, used to cont.rol the transmitter 500 gain, becormnes:
3 AGaing, =N +ASat+ ADWN G+ ORX 6 - (ATXow + AUpgs +ASat + AD%GW + ARXsy)
Thxs reduces to:

AGaingy =N- (ATXgw +AUpsw)

30

The signal level variations of the communication carriers at the outpdt of the satellite 2

Loare:;

35 ' _ APgy = AGam Gw + ATXG, + AUpg,, + ASat




Whi ch becones: L1 Psu= N - (4 TIY4;, ". +J UpG'.) + ATXG Deecmib&ip®f6+ 4Sat
5 Which reduces to d Psa, = N - 4Sar The atnospheric variations and the

gateway 3 §j el variations have been io elimnated a esi dual _ -
error is oﬁlbgra?)ﬁ"ed(@%t ellite signal |evel variations and a_sErgT}IN%%H&(fz%

term An other enbodi nent of the invention illustrated in figure 6, a

ref erence generator. 600 is added to the_receiving subsystem 200 of the
gateway 3 to enable real tinme 15 rreasureml,-(ﬁn of gain changes in the

recei ver chaiym20Qectsi N the first exenplary enbodi ment of the invention

t he averagi ng process and neasurenents of the signal |levels of the TDM
signals 31 fromthe different gateways 4 w | produce an average variation

level signal: 20 d TDWM yip =N _uf2aty s, PMex,., + 4tpd Rysfy The average
value is subjected to a hi 671- pas(s );é‘ial terﬂévﬁﬂlﬂ. acht-gg"F that renoves the

slow satellite 2 variations fromthe estimate, but to pass the rapid
scintill ati oWhicHlpdduced 80 25 renoves the sl ow gain variations of the
gateway receiver system 200 resulting in the follow ng variations of the

| evel signal: QIDM m,n = N +, 6Dwnrw 30 The high-pass-filter is applied on
each received signal |evel of the TDMAJL=sVgnwk beforé averaging the
signal levels. The filter can be inplenented in. the form 35 TMP, = K3*P +

(1- K )* TWMP, | 6 Decenber 2005 WO 02/ 100002 PCT/N0O02/002*1 11 P, =P -
™ P, The atmospheric variations and the gateway 3 signal level variations have been

10 eliminated and the residual error is only the satellite signal level variations and a small

noise term.

An other embodiment of the invention illustrated in figure 6, a reference generator 600
1s added to the receiving subsystem 200 of the gateway 3 to enable real time

Is  measurement of gain changes in the receiver chain 200.

As 1in the first exemplary embodiment of the invention the averaging process and
measurements of the signal levels of the TDM signals 31 from the different gateways 4

will produce an average variation level signal:
ATDMypan = N + ASat + ADwng, + ARx g

The average value is subjected to a high-pass filter with a cut-off that removes the slow
satelhite 2 variations from the estimate, but to pass the rapid scintillations. This also
25 removes the slow gain variations of the gateway receiver system 200 resulting in the

following variations of the level signal:
ATDM‘M@E}; = N + ADW”GW

30
The high-pass filter is applied on each received signal level of the TDM 31 signal .
before averaging the signal levels. '

" The filter can be implemented in.the form:
35 _ ' |
| TMP, = K *P + (1- K,)* TMP,,



where TMP, is a tenporary variable at a current tine t,6Recgmbg 2005
coefficient set to be between 0 and 1, P is the current neasured power of
TDM 31 whi ciwd éeeseosmanni ng 5 detector 320 is tuned to at ti mectryNnddyeden is

t he previous sanple value of the tenporary variable TMP and P, is the
desired high-pass filter value of TDM 31 signal power |evel. The nmeasured
variation of the |level of the reference signal injected at the input of the
recei ving system 200 is: 10 ARec,,. = 4Rx~,,. This value is added to the
TDM estinmate to give the follow ng valbeg:P-18 ATDM Me, 0, = N+ dDwnr™: +
4Rxc;,, The | ooped back pilot signal 11 is received at the gat eway 3 with
the followwng wvariations in signal level: 20 25 dP,lc,,. A4TXc; w + 4UpGw
+ dSal + 4DwnehereTMiRxs 2 wmpTracy darfisbde atracaurepistane t.oK cisrataosfficienb eetitp has i tter

500 gain, beCQt'ffﬁ/%cn 6\@% Qé’tl%"ctﬂ'@ﬂf'%s]%ower of %M%MHP?E& scannmg
W-dSal +dDK ric; nﬁé Thi.s reduces 4Gin Ow = A7 Xc dSal +
4§

d Upc"d 30 5Th€e[F‘é9’é?20dﬁ 19 gt praeitohd P fs ﬁér%’ﬁ?ﬁﬂ?ﬁﬁﬁl‘e&‘@@iﬁ Q‘félif'rfeé?Poéqujnal s

at the out put vaabldTEMPSH @), ts th€ d&sited highFass fikethathd 63 TDN FTsiénal podettotel W +
dSal 35 6 Decenber 2005 WO 02/100002 12 Wi ch becones:  PCT/ NOO2/ 0020 | AP&,

= N- (4 T(-,N. + 4Sat + d Upcu .) + 4 TXGv + d UpGW+ ASat
: The measured variation of the level of the reference signal injected at the input of the

receiving system 200 is:
AReg. = ARx g,
This value is added to the TDM estimate to give the following value:
15 ATDM v =.N + ADwng,.+ ARx ..

The looped back pilot signal 11 is recetved at the gateway 3 with the following

variations in signal level:
20 APig.. = ATXg, + AUpg., + 4Sat + ADurr;(;.;+ ARX Giw
The difference, used to control the trans'm_itter 500 gain; becomes:
4Gaing. =N+ ADwn Gut AR G - (ATXgu + AUpG + ASat + ADwig, + ARGl
This reduces to:
AGaing, =N- (ATXg, + ASat + 4Upg,,)
30
The level of the variations of the communication carrier signals at the output of the

satellite 2 is:

APy, = AGain g, + ATXg, + AUpg. + ASat |

35




s Wiich reduces to: AP~"r = Nio Wich is only a small n&R3ecanhein?00s the
di scl osure of the two exenplary enbodi nents of the invention the noise term
is small. %Ozi“r{]u"g{der to reduce the noise termfurther the follow ng
steps can be applied to the nulti TDM estinmate cal cul ati onSCT/NOIFROT ¢
the power |l evel of the TDM 31 froma gateway 4 falls bel ow a predefined
threshold (Thrl), its nmeasured val ue of power level is replaced by a
constant value in the averaging process td linmt the effect of a faulty
gateway 4 on @ﬁma]&§gf§;nance. 20 2. If the instantaneous val ue of any X
particul ar power I'sVelof 'a TDM 31 signal deviates fromthe instantaneous
average value of all the power levels of the TDMs (3 1) by nore than a

second predefined val ugp( Th§2) 474t Wd | repl d a cqpstant value in
t he averagi ng process. 9%‘1’? sNr e(%%égvﬁs%ﬁgtggfﬁ?“ﬁgl‘F‘f}f“f"ﬁe‘p&%ﬁ"f’%‘gg‘g that a | ocal
uplink scintillation event ata gateway 4 can have on the 25 power
regulations 3. If the absolute value of the |evel difference between the
current aver .yalpe of all TDMs (31) and the average one processing
sanple earlie f"!” ®W% third threshold (Thr3), the average is filtered
by a lowpass filter with a suitable bandwidth. If Thr3 is exceeded, i.e.
a.scintillation event is detected at th§P30_ ateway 3., the bandw dt h of
the filter is increased to enable a fast tracking node to accurately track
and suppress the scintillation as long as the condition is satisfied. The

| ow- pass f.sltmich%&w@séaﬁlﬁe}é@t§fﬁﬂ be of the form 35 D, = K2 *D + (I-
K2)* D, 1 6 Decenber” 2005 WO 02/ 100002 PCT/ NO02/ 00201

In the disclosure of the two exemplary embodiments of the invention the noise term is
small. But in order to reduce the noise term further the following steps can be applied
to the multi TDM estimate calculations:

1. If the power level of the TDM 31 from a gateway 4 falls below a predefined
~ threshold (Thrl), its measured value of power level is replaced by a constant
value ini the averaging process to limit the effect of a faulty gateway 4 on the
performance. ‘
20 2. If the instantaneous value of any particular power level of a TDM 31 signal
deviates from the instantaneous average value of all the power levels of the
TDMs (31) by more than a second predefined value (Thr2), it will be replaced
by a constant value in the averaging process. This reduces subst’antially‘the-
effects that a focal uplink scintillation event at a gateway 4 can have on the
5 power regulatio.n.

3. If the absolute value of the level difference between the current average value of
all TDMs (31) and the average one p_robessing sample earlier is below a third
threshold (Thr3), the average is filtered by a low-pass filter with a suitable
bandwidth. If Thr3 is exceeded,‘ i.€. a scintiliation event is detected at the

30 gateway 3, the bandwidth of the filter is increased to enable a fast tracking mode
to accurately track and suppress the scintillation as long as the condition is

satisfied.

The lbw-pass filter in step 3 above can be of the form:
35
D\ =K, *D+ (1- K)* D'



13 where D1 is the filter output at the current sanple & PgeemberniiOps g
paraneter that can be set to one of two different values between 0 and |

dependi ngweyzlig@eabsol ute rate of change of the third di pbengassodaei ng
above or bel ow the predefined threshold Thr3, and thereby enable fast

tracking node, Dis the prevailing third difference and D1 _1 is the
previous 5 sanple filter output. There e several possible inplenentation
of the invention in an existing gateway earth station. The invention

requires t hghgatif\ehe HiRPSIHhT £ thel RrlRt s%ﬁﬁ)@@ﬁﬁe@‘cl{zl ég@&:@&etemagmec%trol '
ation,. such

If this is not alread part of the ex

functi onal i PRELRTYRH ’cg@reé’éﬁf“'é%llft‘f’?ﬁ"dtﬂ}d fﬂ@’qﬂ @Bl%ltbﬁ"laliﬁ)“éc'?tteamg%ff
“the shel f Lmhéﬂﬂﬁrcﬁffbxeﬁceﬂﬁlx@Mebﬂbel&Nﬂﬁé §1@ﬂct&lﬁdlthﬁdhdldil"[hﬂ(?aﬁd there'Blye UPC
controller, &h sual | roI 3(11 3% gpgna revog y, Is
control | ed 'E)'i? 35‘&:'1‘?%{]% m%n Il reva ing thir r%’&ﬁlgp 6h¥srﬂaﬁp an de

sel ect ed st osdogple filter caltmeed | oop or open | oop configuration, usually by a
command setting in the UPC controller. 15 Yet an other enbodi nent is shown
in fig.7, the overall control stemis as before but” the downlink
estimation fRerpagscrrianassble :mérrmn@@@naf thennygngieniie AREXSHANE 289Wa3 a basi ¢

esti mat or Oéartﬂn%mbhnkhé/ﬁ%rﬁldnqecﬁui@kl&@g tkéfﬁm‘hﬁér@d&"bé cé;ﬁb!chﬁe'lé@%ﬁicl
Si gnal s determ nedl% hei r. curr.ent §§V| ual Vi or E‘%pown as

functional EA1BERUrolE g 5t dlaepdy Hf“@ﬂ §§'S|“i“\gt"bsf 'GraiC Quality, can nput s
are the ioevid schizved teouddh\the inchisipnalfa semdael of € thedhély URGconaatiad asgindenaot or

. 320. 2s Eac te I i j dual
:hi gh- pass f‘??efrgm ?(I'I e% %/Ieasr}t@e% (r:éng%’ﬁsub I‘aC?I ggalw RHQ‘ ﬂa@’fhgg’ lé{r ed
versi on of sipeal $i gniat lsfqootmltlfhieb}sthgnaﬂput s$iguad UGainthel lwupqyear cmetp@l@geh@s t he

| nst ant a”eoéé%cte‘&hé‘ﬂg?n b Blob&Viebp W S kn" 16§ PESH duaiidn! &Eﬁgﬁﬁ by heb M RaReiabue.
30 Bl ock 10 E&ute I nstant a s variance. This bl ock” takes as input the

si gnal s out'}ﬁ‘lﬁ“‘—"EJ (FOBIBSE: 101. It conput es the difference between the
change ifn. each of the signals and the nean of the

Yet an other embodiment is shown in fig.7, the overall control system is as before but
the downlink estimation is made adaptive. The steps of an algorithm (fig. 8) of a basic
estimator of downlink variations using adaptive weights to the TDM 31 signals

determined by their current individual behavior are shown as functional blocks:
20

Block 101: High-pass filter signal levels.
The inputs are the levels of the TDM 31 signals as detected by the scanning detector -
320.

25 Each detected TDM 31 signal level is passed through an individual high-pass filter. It
takes the form of subtracting a low-pass filtered version of the signal from the signal
itself. The output represents the instantaneous change in level with respect to a longer-

term mean value.

30 Block 102: Compute instantaneous variance.
This block takes as input the signals output from block 101.
. It computes the difference between the change in each of the signals and the mean of the

changes of the other signals. it then computes the absolute value of éalid difference.

35 Block 103: Low-pass filter variance.
This block takes as input the signals output from block 102.



changes of the other signals. It then conputes the absol@Pecerabere208 sai d
difference. 35 Block 103: Lowpass filter variance. This bl ock takes as

i nput th out put from bl ock 102. 6 Decenber 2005 00002
PCT/ NO0O2 002%”'%('?4 It produces a | owpass filtered versi Jf %g‘fzﬁéﬂvarl ance.

The output of the filters are estimates of the current variance of each
carrier with respect to the average of @LI the TDM 31 carriers_ 5 Block
104: Conpute relative weights. This blo takes as input the signals output

f bl ocky SUc, when -
mul 01 pl i o Bo0yceS fERTRIS e Ll of B ARG FRAGIHE S FREREET " ¢, e
relative \Aérﬁtgmtgs efrthe Plltment wesignse ob¢achivarries WithnrespecotoBhcowlerdp@5if aNidenal i ze .

wei ghts. ThipvBhQekidr@kes as input the signals output fromblock 104. It
normal i zes the weights such that the sumof the weights is | while
mai ntaining the relative ratio. I.e. the normalized weight is equal to the

rel ative wBlght10di Coapdict¥latiewei mmkof the relative Wﬁ' ghts. |'5 Bl ?th 1?6
Conmput e downl i.nk esmate ck.ta t the signals outpu rom
bl ook 101 413 H4dR ef@é.mwm@&m@eoytvaﬂﬁ ok B i mace by Tirst
mul tiplyinl cphwuteawe#eiglhefugmhs@aimch tleumwhbh mi{nﬁl&&l Ug}rilfﬁd’lwbﬂgﬁt a&&g@@c}at ed

i t
nor mal | Zedcwl%orm%h%t é%ml%' &%Keﬂag?e wg*éﬁks are h?:rslrlg\{eéslen |tl8r0 e are

then sumed to e |ns ant aheous
Low pass filter Estimate This bl ock takes as |nput the signals out put from

bl ock 1Q6. Btdckgogdugﬁﬁa@el‘,m&m@ss filtered version of the downlink
const ant 25 0 zed (a few seconds or less) to the

esti mat e.
characteri :étp'iscpio g:‘etalfeﬁé‘s é'lﬂ“hf"ﬁelslgé'f’ S(S’HPPR"EQ%@@F k dte enmbodi ment of the
i nvention Itswahales the Weights SuchTihhtthé sSurdbf ﬂi&hﬁagﬂg is Nﬂhﬁé ﬁnianr@éminE%eESt | mat or

shown in flg:;:.8 rg}/o ald Itl“le(:']norma ze%l \Qelgﬁ:"tvlg Qct]ua??o & re Emvc WClgﬁt & Pscleg y the
sum of the relative weights.

Block 106: Compute downlink estimate

This block takes as input the signals output from block 101 and block 105.

1t computes a downlink estimate by first multiplying the level changes output from
block 101 with the associated normalized weights output from block 105. The

20 resulting products are then summed to form the instantaneous downlink estimate.

Block 107: Low-pass filter Estimate
This block takes as input the signals output from block 106.
It produces a low-pass filtered version of the downlink estimate. The time constant is

25 opumized (a few seconds or less) to the characteristics of the scintillation.

The best mode embodiment of the invention is shown in fig. 9. This is an enhanced
version of the estimator shown in fig. § by adding a speéial event detector. The steps of
the enhanced estimator are shown as blocks in fig. 9. The slepsl are the same as in fig. 8

30 except that the block 208, 209 and 210 has been augmented to the steps. These blocks
detect anomalies in the TDM 31 signals and take |mmedtate action to prevent errors to
be induced in the control loop:

Block 201; High-pass filter signal levels.
35 The inputs are the level of the TDM 31 sigrals from the scanning detector 320.
" Each detected TDM 31 signal level is passed through an individual high-pass filter. Tt

takes the form of subtracting a low-pass filtered version of the signal from the signal



itself The (5

t he enhanced estimator are shown as blocks in fig. 9. THeDetambkera085t he
sane as in fig- 8 30 except that the block 208, 209 and 210 has been
augnent ed wo ot/hmomt eps. These bl ocks detect anomalies in popNORMI@L
signals and take inmedi ate action to prevent errors to be induced in the
control |oop. Block 201: High-pass filter signal levels. 3s The inputs are
the level of the TDM 31 signals fromthegcanning detector 320. Each .
detected TDM 31 signal |evel is passed through an individual high-pass
filter. It itselfeShé haphaepreedntsthbinsaiideguacianpe maseel Wilhirespedt wweriengen- of
t he signal fromthe nal 6 Decenmber 2005 WO 02/ 100002 PCT/ NO02/ 0020 t 15
eaZ‘?‘gsents t he i nstantaneous change in level wth respect
to a | onger- term mean val ue. Bl ock 208: Detect carrier presence. The

i nputs are tﬂ]Bcl?ﬁ(%”ﬁe?ecfEé?ﬁk:t&‘é Seanni ng detector 320. Each detected TDMVB1

signal level 1's conp pre-setthreshold. If the level is above the

t hr eshol ds aTci\qanws @P t%f—’sf‘ééﬁ*ﬂl%ﬁ@@ thi seanping detegipalB29s set to one, otherwise

dtois set tEacﬁaétected Qiﬁhppiﬁggﬁgevem%;ﬁréd‘!%taé}ﬁ& %Qﬂ@ﬁm\t@ﬂf%@ve]m s

bl ock takes as in s out put. from block 201 and the l.ifiers
From bl ock b9t BdrsseFys afahe exsotiiie wi B usdilis Stde e RE i Bonstied

It conputes tbherodi fference between the change in each of the qualified
signals and the nean of the changes of all the TDM 31 qualified signals.
It then conputes the absolute 15 value of said difference. The said
absol ut e walBleck 2% Fempud weldntancaasyeuarceof n where n typically is in the

range 2 to %rﬁ@nmsa@ﬁn&s mnm%é@ algf%uaﬁ&n%v@eklz@blaﬁdw dallfiers @&kt mat i on

process. Block 203: Lowpass filTer variance. 20 This Iock takes as input
t he signal s RRAKAPE- @berﬁlgﬂa&wthelzahﬁefs Al IR ase PoGessels filtered version
of the vari anesnpulrtahodiffiréiie ®bivida thd dHaaps irdgaeh of the qualified signals and the

mean of the changes of all the TDM 31 qualified signals. It then computes the absolute
15 value of said difference. The said absolute value is then ratsed to a power of n where n
typically is in the range 2 to 4 dependent on how many TDMs arc available for the

estimation process.

Block 203: Low-pass filter vaniance.
20 This block takes as input the signals output from block 202.
' It produces a low-pass filtered version of the variance. The outputs of the filters are
estimates of the current variance of each carner with respect to the average of the TDM

31 carriers.

25 - Block 204: Compute relative weights.
This block takes as input the signals output from block 203.
It computes.a weight for each TDM 31 signal such that when multiplied by the weight,
they each contribute the same variance. [.e. the relative computed weights are the
inverse of the variancece computed in block 203.

30 |
Block 209: Detect abnormal carriers.
This block takes as input the signals output from block 202.
The instantaneous variance of each TDM 31 signal is compared to a pre-set threshold.
If the variance of level is less than the threshold a second qualifier associated with the

35 signal is set to one, if it is greater it-is set to zero.




estimates of the current variance of each carrier with r@é&ssemnben?q0fe
average of the TDM 31 carriers. 25 Block 204: Conpute relative weights.

Thi s bl ockybhakgsue@s 1 nput the signals output from block 20 tes.a .
wei ght for each TDM 31 signal such that when nultiplied by%ﬁ@%@ﬁ@ﬁf, -

they each contribute the sanme variance. |.e. the relative conmputed wei ghts
are the inverse of the variancece conputed in block 203. 30 Bl ock 209:
Det ect abnormal carriers. This block tak as input the signals output from

bl ock 202. R Mgt gﬂﬁll?r?%?a‘hﬁﬁor‘ﬁ?a%@r%ﬁs. of each TDM 31 signal is conparéd to

a pre-set threshol d. e variance of level is less than the threshold a
second qual ilthisslogkstakes astimppt fia signalcouts fronyblark 264 eed theceomd, quatifiérs i s
greater it iffonsBlock 0% Fighal SwikSQRBRE HuARRE i B2fnt sddbt 3{? 0201 16
Bl ock 210: S%gﬁses% abno rr“%hj carriers. Thi sqbl ock takes as I nput e

si gnal s outp Mg St‘}F%‘ELq fessaualie zera @i oeked fram duther prassssck 209,
Signals with second qualifiers equal to one are passed to the output;

signhals wt dwaualifiers equal to zero are blocked from further
AR RLI

processing. 5 Bl ock _ f’ze wei ghts. This bl ock takes as input the
si gnal s out giits ilpdntaktsesknia the signatorwimitifwesbloble 20@i ght s such that the sum

of .t he wei gt forindli L |8 .iRi Tl ' o B SN I

normal i zed Weii ght s&_e(f{\rﬂgé levslggﬁ spgﬂhﬁgﬁggﬁﬁﬂﬁf\t}%ﬁb@%ﬁé\éﬁ%f gjih\llllg(rjneaémg?“_&gtl}get he sum

of the rel af§¥vetaiignhl-¢. thangmalizgbweighimsin @uabiarthe rtativctwaighte divididdybl ock

t akes asid nphetsubrher the gabe gyt from bl ock 201 and bl ock 205. It conputes

a downlink estimate by first nultiplying the |evel changes output from Is

bl ock 201 with the associated nornalized wei ghts output from bl ock 205. The
Block 206: Compute downlink estimate.

This block takes as input the signals output from block 201 and block 205.

It computes a downlink estimate by first multiplying the level changes output from
15 - block 201 with the associated normalized weights output from block 205. The

resulting products are then summed to form the instantaneous downlink estimate.

Block 207: Low-pass filter Estimate.
This block takes as input the signals output from block 206.
20 It produces a low-pass filtered version of the downlink estimate. The time constant is

optimized (a few seconds or less) to the characteristics of the scintillation.

The best mode embodiment of the present invention is to replace, in a conventional
Uplink Power Control system, the usual use and configuration of the pilot signal 11
35 detector with a configuration including a “Multi channe! Scintillation and Fading
Processing Receiver”. This box will together with the traditional UPC equipment
perform the preferred steps of the embodiment as described in the exemplary-

embodiments above.

30 The Muiti channel Scintillation and Fading Processing Receiver as shown in fig. 6
comprises carrier signal inputs 11, 31 with their respective receivers 310,320. The
Analog to Digital Converter circuit 53 converts the signal levels of the carrier signals 31
and the level of the pilot signal 11 to binary form suitable for processing by the micro

- controller 52. The micro program running in the micro controller 52 performs the
35 mecessary steps of the invention as described above in the exemplary embodiments of |
"' the invention. The output of the micro program is fed through the Digital to Analog
converter 54 to the AGC input of the UPC unit via the output means 55. The micro



resul ting products are then summed to form the instant arf®BasemabRUFCOAK
estimate. Bl ock 207: Low pass filter Estimate. This block takes as i nput
t he si gng%& 2z@}’@ut fromblock 206. 20 It produces a | ow pass filtered
ver si on ? Gwnl i nk estimate. The time constant is JptNRZERM A few

seconds or less) to the characteristics of the scintil lation. The best node .

enbodi nent of the present invention is to replace, in a conventional
Upl i nk Power Control system the usual Idse and configuration of the pilot

signal 1 | _25 detect urat.i on incl | ti channel |
St 11 at PORThirad e ot Frgivetald G eteiting P Senal vy nieiiendbit o wi ¢ n
t he tradi tamhht:RlBl?éf exapae PO® siignal pad fler seatidi mcafveﬂﬂnnsatsaﬁﬁ DM B

embodi ment .iag &3 g ;nan% .Lt%ysf;qrgaﬂhg@ AgNE R The MLt
channel SCI T fsl on and F apl %chesm n ecelve r§s IGRRERE £ g. 6
conpri ses wtem iorthe igra icontnglier §2 isto lglthv\pmrﬂfmgleasmeﬁpenkx signald ¢ evergr S

310, 3205 ThMmBb0eh LshiimuldPhopbRRYEL! 6 pswef%us‘iﬁw% il fud fiaps! gnal

| evel s of %&B&ﬁ rr| er si gnal s F'eve ot signal 11 to
bi nary for ke relgxed, Wd@é‘é’&‘iﬂﬂi}“b?nqetf@f{*ﬁceﬁ‘éor@%trol ler 52. The micro
program runni ng |n the mcro controller 52 performs the 35 necessary st eps

Cnvent i on. TS BURR SHek REOSE S Y SO P TrRY LGt M B g tal to
Anal og coselestedam tﬁ&smﬁatstmﬂsﬂkﬁtamaimﬂbaséd brhe:cbil?é‘dmgnal quiahtytfhen aut put neans
o5 Theu ™ Qi FGEIRR 42005 10-02pLO000RRITLNIIRLA02PH Lupropiay T sads

the pilot recelver neasur si gnal
and t he RAhebedsignalquwbity %uogldd?e t&n@luﬂheswmﬁp aehieecibe best rg@Banteasur i ng TDM

31 signal sthigN§! $he R’P@eﬂae%t;e ¥ie¥al 600 i) e%féariﬁ tHe e SigRAll amlw 4 ir&divbarr eal

time progra stemin th cro controller 52 isto'let the program ‘
nmeasur e th‘é’“B}eFﬁlat g5t Ha F1gaal @%P?taﬂgﬁéﬁh‘%nﬁb@eﬁﬁ'{a&?rn continuously regul ation
of the power. Wilst the scanning rate of the TDMs 31 an be rel axed to be
conpl eted once per second or |ess The gateways 4 chosen to be part of the

scheme (preieLARL Ynad bén%ﬁ?stof@xe ﬁljgg)elllxlt ﬂlvlgr?tion is the symmetry in the preferred

embodiment when the invention is applied on several gateways in the same

communication system. If we also implement this invention in a gateway 4, regarding it
as gateway 3 as described in the preferred embodiment, and uses the gateway 3 as
gateway 4 both gateway 3 and 4 will regulate their outbound signal power levels and

20 thereby increase the total signal quality by regulating the signals that are used to
regulate the uplink power in the communication system. '

25

30

35




sel ected on basis of a statistical analysis based on recébDeeemberg2is
quality froma io selection of possible stations 4 over a period of m ninmum
1 nonth. The stations 4 with the best1 signal quality should be used in the
schene to achi eve the best resultant gt ability- The RF reference signal
600 i s inj @ettesdtsnClbémBF signal path by a directive RF coupler that gets
its signal{froma standard signal generator. is One of the main benefits of
t he presenlit,I anenti_op is the s_ﬁrmetr in the preferred enbodi nent when the
i nvent i on VENYHBT PR« Bawes SOURHT 2 gt 2 pRkonds Asatelits MMRTICE?bn syst em
| f we al sosysteplcemprisingtddesstativneny sateifite] sleast yyat @vagedgrapheglyrdtiparged ¢arthas
gateway 3 gl L i : - i L e gateway 3
as gat em@a%ﬂ\'f\g g%ﬁ@%gﬁ”&'\%‘g”@ﬁ%ﬁ@%@gﬁ {?vu?%ﬁ%&%@@%n&?éﬂgﬂf@?ﬁﬂ si gnal
power | eveitaionhdomrising sioficrease the total signal quality by regul ating
the signals that are used to regulate the uplink power in the

comuni cat ) ; re 200 Patents Clains 1. Method
for up-lin aﬂ%“&%%?‘é%ﬁ‘ﬁ%i“ﬁ?ﬁ@%' E)iS%% g{gg@{%ef{/?/aya @rgtgg[%ﬁwg)f’ati onin a satellite
conmuni cation systemconprising a geostationary satetlite, a least two

ot her geogeednrgtaldlfiyst BitBRME SRk RRpdd bacH AER WRY sabIRE iGNt sS@ AR cat i ng si gnal
carriers vcie sai d.s | urali tly of user stations, conprising

atellite and a
the steps © e:rmkmrngrtlhserﬁai%tﬁfsrtl&&gowgP’g?a?Bﬂ'ferﬂ)EUﬁd signal to said satellite froma
first gateway; receiving said first outbound signal |ooped back from said
satellite dygrabtefimlisal d gateway determning the said first outbound signal
power |evel; characterized in: receiving signal carriers fromat |east a
second gateway station and at least a third gateway station in the same
sai d comueadeddriyi s@naispsiesiohr a fwastal seeadigetelvay statian anti et 1Bdst sthirg gatdwaat eway
station, detgl Kt Qehel iR ShFHfbatBRYRlert FHELaiPLatdins IndehssBuhhRLpal d second

gateway and the . .
station, determining the signal power fevel of a signal to from said second gateway and the

signal power level from a signal from said third gateway;

replacing the signal power level of any received signal from said second gateway or from said
third gateway in said first gateway with a predefined nominal power value level if one of said

signals are below a first predefined threshold value for that said signal power level;

computing a mean value of the signal power level of the signals from said second gateway

station and said third gateway station in said first gateway station;

computing a first difference between said first signal power level of said first outbound signal
from first said gateway and a nominal signal power level of an outbound signal looped back

from said satellite to first said gateway;

computing a second difference between said mean signal power level of said second signal
from said second gateway and said third signal from said third



signal power level froma signal fromsaid third gatewayd Deeghbei20§5t he
signal power |evel of any received signal fromsaid second gateway or. from
said third gateway in said first gatelgay with a predefined nom nal power
value level if one of said signals aré below a first predefined threshold
value for that said signal power |evel; conputing a nmean value of the
signal power |evel of the signals from sai d second gateway station and
said third gateway station in said first atevva station uting a first
di f 1 er encedRatRIERN 2 TR FIeAQ PO InYeliof  SRRAT TR el Scsprehaieiay 8P £ SBT bound
si gnal f ripym $ai¢ bird gevehygat eway and a nomi nal signal power |evel of an
out bound signal | ooped back fromsaid satellite to first said gateway;
conputing a second difference between said nmean signal power |evel of said
second si gfPIPUINGAYATSETTSESHAY BacRepouridhatst gaid A aff?fan%ei A He seFdwh sai d
third 6 Deserdwerer2805. 19 gateway and a nonminal mean power |evel of a
signal from said second gateway and a signal fromsaid third gateway,;
conputing an error signal formed by the difference of the first said
di f f er enceadsina theranes isuel of ssis fiist gpipvey Batiors owjund sivnels antpenoyoiiaped @vel  of
sai d firstsagpdreneynabidin 188 erRisbibie Valde B SitAdoweRiBvéinOUNt based on said error
signal within the perm ssible range of said power level. 2. Mthod
according to claiml| characterized in the step of., filtering all said
recei ved ségnal levels of signals in said first gateway that are above said
first D adahidiedoris S0k dNadgizl iy gh pass filter of the form
TMPt = K1*P + (1- K1) where TMPt is a tenporary
variable at a current tinet, Kl is a coeff|C| ent set to be between 0 and
1, P is t Héteningratl esitt raveigerimigpdl ipe@ivarf sighaisin gaidfirst datevwgathetery absverseddirsti ng at
time t, T |+ f the tenporary variable TMP
and P't |ﬁdﬁgne&j‘é§rf%@% ‘/ﬁf”g“’h'ggg'%%?& terﬁ&gﬁ%@ of said signal power |evel
(31). 3.

TMPt= K1*P + (1- Kq)* TMPy4

P'=P-TM P

where TMP, is a temporary variable at a current time t, K, is a coefficient set to be between 0
and 1, P is the current measured power of signal the gateway is receiving at time t, TMP,, is
the previous sampie value of the temporary variable TMP and P, is the desired high-pass

filter value of said signal power level (31).

3.

Method according to claim 2 further characterized in the step of:

replacing the output of the said high-pass filter with zero if said received leve! of signal is
. below said first threshold value.

4.
Method according to claim 1 characterized in the step of:

replacing the current received signal power level with a constant nominal value in the

averaging process if the received signal power level deviates from the current



Met hod according to claim2 further characterized in thé Beegmismr 208%pl aci ng -
t he output of the said high-pass filter with zero if said received | evel of "
signal i's below said first threshold | ue. 4. Method according to claim!|
characterized in the step of: replaci the current received signal power

| evel with a constant nomi nal value in the averaging process if the.

recei ved Sé\ﬂgsﬁe SB%BW&QM%II ol RL&R kLN LBEeGf SGtal Qno‘%ﬁ@[ﬁ}?@ bowd?05 20

aver age si ower el of sald second received power si gnal and
sai d thi rd 'W'I“b’i‘)%’?“ﬁ“g"r?&?or\ﬂnpfeﬁe?ﬁ%’@’"?%aﬂV%!”%econd predefined threshol d
val ue. 5. Met hod according to claim1 characterized in the step of:

| ow-pass f4ltering the mean value of the signal |evel of said second signal
fromsaid second gateway and the signal level of said third signal from
the sai d tMethed ﬁcﬁgg'éW'WﬁWh@a‘Ft@fﬁe%é}stﬁeS“Fﬁ‘Pft er of the form U, = K2*D +°
(1- K2)* Dt-1, if athird difference between said current nmean val ue and

Eﬂfezﬁlo? dng\glraassaflitgr?ng% %regn i_‘fﬂ gf%r?e ﬂ@'%ﬁ elveq of (saa%lec%%d :gnal? an‘%"é’ﬁe S%cndrn?gnt
sanpl e ti ngatgway japd the S&"p‘d@‘@h@&@ﬂ thiget signgl Gonk iheeiﬁfd\l@ltwt%\faywtb adovf-pass ent

val ues betmwestheGorand 1 dependi ng on the absolute rate of change of the
third difference being above or below the said predefined third threshold
value; Dis the prevailing said third difference and Dt_1, is the nean
val ue of one processing step eddFErD61- k&tihad according to claim5b
further characterized in the step of: replacing said paraneter K2 with a
second val ue bet ween if said nmean val ue exceeds said third

t hreshol d /31§ f”geré'?f‘&b'i’%w?‘?“aﬁ{q RYTeat megn yalug |25 jtih gaid meappERS T fP€ or di ng
t o cl ai m Igrodeseing dhepcduaiica Gttetawzetlird thrdshald sdlep andivhere ORPULE figr euto e dth

di T erencepbgiMhrnR ihid 19614 pAEhEEARER T Vale V& Lind0H VAL bRl ARl S

0 and 1 depending on the absolute rate of change of the third difference heing above or below
the said predefined third threshold value; D is the prevailing said third difference and D'.4, is

the mean value of one processing step earlier.

6.
Method according to claim 5 further characterized in the step of:

replacing said parameter K, with a second value between 0 and 1 if said mean value exceeds
said third threshold value to enable tracking of scintillations.

7.
Method according to claim 1, 5 or 6 characterized in the steps of:

computing a fourth difference between an injected reference signal level and said signals
nominal value of the signal level; and

computing an error signal formed by the difference between said low-pass filtered signals said
third difference and said fourth difference; and

adjusting the power level of said first gateway stations outbound signals an amount based on

_ said error signal within the permissible range of said power level.




nom nal val ue of the signal |evel; and conputing an errof Dscgmbér 3086ned by
the difference between said | owpass filtered signals said third
difference and said fourth difference,,and adjusting the power |evel of
said first gateway stations outbound Signals an anmpbunt based on said error
signal within the perm ssible range of said power. |evel. 6 Decenber 2005
21 8. Device for up-link power control in a first gateway earth station in
a satellite conmunication systemconpri-sing a geostationary satellite, a

| east two ot her geographically dispersed earth gateway stations

conmmuni cabevige ©F gmiidk maver catrsl iv iadirg gtewayaeaetnl statien énal satel|ite woraininigatiof user
stations, sfﬁﬂ?&dn‘?dn@ﬂ a%@é@act:oﬁé}g shbRASoebd:! otﬂerfdeBQrE éélifpﬁﬁ%‘?se Iegml to
said satellite or

froma first nmeans rec sal d |rs
out bound SPIgHA Stla%ﬁe‘iﬂ’"lﬂ%l?atf”ﬂo?‘ﬁ’? FRMERA FaiY gateliter ?’Pds? Pluglity ofgusebway
det er m ni wgtidnaecosmrising:i r st out bound si gnal power |evel; characterized in,
nmeans for receiving signal carriers fromat |east a second gateway station
and at least a third gateway station in the sane said comruni cati on system
from sai dMearsdpl trangmitting afiest pitbaind signal to sgisksaiplile faamg fistgatayeyer mi ni ng the
signal power level of a 5| gnal from said second gateway and the signal

ipovver ! ev%lear]: R cel\ﬂ]ngl sald ffrst ou b%t?‘r% %;nd'zna?f:p%f% Wafyom saécgégtﬁlded%fréaéagl ng the

si gnal power 1eve recerve M sald or from
sai d thi réatg\wewwminrmgéiw&ardffrstg@tbw@w pawvertevgl pr edef i ned nomi nal power
value level if one of said signals are below a first predefined threshold
val ue for tha d signal power |evel; neans for conputing a nean val ue
of the si 9;56%13? | evel of the outbound signals from said second gateway
station and sald third gateway station in said first gateway station; means

for computij.ng ar rteberl\ﬁﬁg sq;!nfaf c%?r?e%cf?onpgttl%?é] sét%h&jgété\& tsta?;blg Qr?rJ at RAYE] t]h#d3 vel of

said first outbound fromfirst sard nom na i gnal
power | evEteWY Hafios B’Slﬁﬁ‘ﬂ’e %Id@?%mupﬁﬁﬁé&yﬁ% If’of“r%ﬂ'ﬂ %‘%i?”ﬂe boipefist gad to first
sai d gat eyatywaynasaios, dermieinghatsigngl ppwsde@nef akigrbEfe@nsd Sebmb@itwagatd Mean

Si gnal po%%ighﬁ\ﬁg\l\ler%veﬁ?cinga signal from said third gateway;

means for replacing the signal power level of any received signal from said second gateway
or from said third gateway in said first gateway with a predefined nominal power value level if
one of said signais are below a first predefined threshold value for that said signal power
level,

means for computing 2 mean value of the signal power level of the outbound signals from
said second gateway station and said third gateway station in said first gateway station;

means for computing a first difference between said first signal power level of said first
outbound signal from first said gateway and a nominal signal power level of an outbound
signal looped back from said satellite to first said gateway;

means for computing a second difference between said mean signal power level of said
second signal from said second gateway and said third signal from said third gateway and a
nominal mean power level of a signal from said second gateway and a signat from said third
gateway,; '



second signal from said second gateway and said third sifghatenfiban?08ai d
third gateway and a noninal nean power -l evel of a signal fromsaid second
gateway and a signal fromsaid third teway; 6 Decenber 2005 22 neans for
conputing an error signal formed by t difference of first said difference
and second said difference; neans for adjusting the power |evel of said
first gateway stations outbound signals an anount based on said error
signal within the perm ssible range of said power |eve

accor di ng TE"eI%; ”@“Wa?rhﬁrf%rﬁ'gi‘@ofoi“?f‘d byelitp Liffegince iof f"étrﬁ'f’gd'ﬁ?rﬁn%?a?rﬂ

recei ved ssegoral saldeNfietedic@f signals in said first gateway that are above

said first predefined threshold value with a high-pass filter of the form
TMPt= K *P + (1- Kt)* TMPt_1 where TMPt is a tenporary variable at a
current ti'feang forreiusting heqeweripiel @ seid Siest gatewaystatingrathppedsiorglsgm@mpuntp s t he
current neRssd @OsanOMRF sighal FitGNRE péhifssBRIrBVRGf b&id pRLievéing at tinme t, TMPL.t
is the previous sanple value of the tenporary variable TMP and P't is t he
desired high-pass filter value of said signal power |evel. 10. Device
according ®#o claim9 further characterized in: neans-for replacing the

out put of pdvReSadditl 18BRRASShatdcltigtaii th zero if said received | evel of
signal is belowsaid first threshold value. 6 Decenber 2005 23 11. Device
according to claim8 characterized in: nmeans for replacing the current

recei ved gnepnalor fitaneg all saikiecaivet lsigaal dayals tohsignatsansaid firsvgelaway that arelagovev er agi ng

process i fsa‘dhﬁstb%@@ﬁn\é@@wéh&@%lumwhléf?ﬁfé:‘sg itk Bt Ak RFm{ rOm the current

average ‘signal power |evel sal d second received power |evel signal and
said third power |evel S|gnal with nore than a second predefined threshold
val ue ' TMP= Ki*P + (1- Ky)* TMP,,

where TMP; is a temporary variable at a current timé t, K, is a coefficient set to be to between
0 and 1, P is the current measured power of signal the gateway is receiving at time t, TMPy,
is the previous sample value of the temporary variable TMP and P, is the desired high-pass
filter value of said signal power level.

10.
Device according to claim 9 further characterized in:

means for replacing the output of the said high-pass filter with zero if said received level of
signal is below said first threshold value.




12. Device according to claim8 characterized in: nmeans & Becémber WEs
filtering the nean value of the si gnal | evel of said second signal from
said second gateway and the signal \ég of said third signal fromthe said
third gateway with a | ow pass fllter f the form Dt= K2 *D + (1- K2)*
Dt-1if athird difference between said current nean value and the said
mean val uemof one processi ng step earlier is below a third threshold

val ue, i@f’ is the filter output at the current sanple tine t; K2
is a para '8‘?a%”@@'“@éo%{a"?‘lsr%‘f‘raﬁ?tﬁi'ﬁg'rbf two different values between 0 and
| depending on the absolute rate of change of the third difference being

above or helgw,, PeESclgﬁgQ ?QFe%gr%f:é g éﬁn% progiltlg\feﬁﬁip'% c%nytgrllt"ﬁgﬁ'ling Jaﬁ;}g ‘id“ﬁe

pr evai l i ng sal erence an ue o
processi nghes%"éﬁf?‘g@&r"’l"icﬁs if theyeceiyed sigaal gevereyetlgviplgs fpm ithe curent grerpger
char act er isasl power lgveEdTSaifl S6coh@ Rt @we Ak HgiaRamisald tid priveNew! sigepnd val ue

bet ween OmﬁtEqwo{lelh%n aggécgnJT;ﬁ?éEflné/ﬁL}égTiJ(\?%ged.s said thi _rd thresho! d Value to
t . \ (

enabl e tracki ng of scin tions vVice according to claim8, 12 or
13 characterized in: nmeans for conputing a fourth difference between an
injected reference signal level and said signals. nom nal value of the
si gnal 005 24 means for conputing an error signal

f ormed by\qewbe%FCP?dg‘PgecgaéJ"T%etpaégﬁnzse " 1 owpass filtered signals said third

difference and said fourth difference; and neans for adjusting the power

| evel of %@aﬁsfofiﬁﬁpa@é‘ﬁlf’e\‘lﬁ%hé%&h%@%Qﬁeél@@éb%&ﬂd%ﬁ%%m based on

said error a gna with q% Fl)ovver l evel . 15.
Met hod f 0P8 FEIOPHRABRNAN H5iHdng) ’e‘iehoféalﬂltr}‘rgts'ga%{tﬂ@%'iﬁ Sid third gafey@y ¥ih i n a
sat el | i t e adowpasaifitabf tbaforrsyst em conpri sing a geostationary satellite, a
| east three other geographically dispersed earth -gateway stations

comuni cating signal carriers via said satellite and a plurality of user
D'= Ko "D + (1- Kp)* D'y

if a third difference between said current mean value and the said mean vaiue of one
processing step eariier is below a third threshold value; and where D', is the filter output at the
current sample time t; K; is a parameter set to a first value of two different values between 0
and 1 depending on the absolute rate of change of the third difference being above or below
the said predefined third threshold value; D is the prevailing said third difference and D'y4 is

the mean value of one processing step earfier.

13.

Pevice according to claim 11 further characterized in:

means for replacing said parameter K; with a second value between 0 and 1 if said mean

value exceeds said third threshold value to enable tracking of scintillations.

14,

Device according to claim 8, 12 or 13 characterized in:

means for computing a fourth difference between an injected reference signal level and said
signals nominal value of the signal level; and



stations, conprising the steps of., transmtting a first6decboba®idgnal to
said satellite froma first gat eway; receiving said first out bound si gnal

| ooped back fromsaid satellite "in fli st said gateway determning the
said first outbound signal power |evel5” characterized in: receiving signal
carriers fromat |east a second gateway station and at least a third

gateway Skaids@h cbapat.ngaﬁarrm s@aal%rfﬁgawné GRLrbRR bekRks Bid ﬁ)ﬁrﬂé@ﬁﬂgmﬁ atellite,

in the first filtering any received signal in an
i ndi vi dual S‘ﬁiﬂ%ﬁa'ﬂé'g@ dfffef‘%é‘? a’l?fsatdﬁ%‘”f“t?lﬁﬁieﬁ?e &fbtracting a |ow pass filtered

version of the signal fromthe signal itself producing an instantaneous

change | evﬁllaang'ftg'aﬁhstm Q-Léﬁ)g%vgr [Q{éle(\ﬂ;‘g?lglf}é %t&{é@?&ﬁor‘s%%%louﬁ sg:#ﬁg‘[s aR%mﬁbH? tracting

t he sai d instantaneou roma mean he changes of
the change®s8y OufAd ¥1oesignzswatin bappimisshle ranag of eAipRAE” kil absol ute val ue of
said difference; conpute a variance for each of said signals by raising the
absol ute val ue change |evel signal for each signal to a power in a range
of 2to 5 and filter the result in a |lowass filter; conmputée a weight for
each si gnalethyd ferueriinl pewrs cprifpbip adirsp gatewdydatinstatinndea safelfite communigaon :

mul ti pli edsyeigmtca@pierigdhdeoste®mbry Shigne! a I@éﬁﬂﬁréé%!ﬁ&%e&d?ﬁ;h&@l’%téﬁ@l@b@nce 6
Decenber 200

ute a nor Ilze i gnal s such
Dharthe SR gReus RS o g e LB s R A T
esti mat e bsatiops, semprisingithel sjepagf.- sai d i nst ant aneous change Ievel signal with
t he associ at ed nor mal i zed wei ght and sum all said products to forman
i nst ant aneous , wr? i nk estimte: nP an error signal formed as a
sk o

di fferencé raBé’f’W@% ?‘ﬂbquﬁgf"a?ﬂ'?r?é‘t? E?\/fﬁ?m%fﬂﬁgégef”’?)‘mte and a received

| ooped back pilot signhal 11 and a RF reference signal; adjusting the power

| evel of Sr@céidlrrgssratdgi?sttﬁmunﬁts@ﬁél%ﬁﬁ %PR&H%@EQ&E\L" i %@\R{a ased On

said error signal range o evel .
Devi ce for elfﬁpi”i“ﬂﬁ’eﬁé\ﬂéfs%ﬁml&”éﬁ'gi‘%P%E”ﬁ‘fl*%'t gat enay earth station in a
"satellite conmmuni cation

characterized in;

receiving signal carriers from at least a second gateway station and at least a third gateway
station in the same said communication system from said satellite in the first said gateway
station, filtering any received signal in an individual high pass filter of the form of subtracting a
low pass filtered version of the signal from the signal itself producing an instantaneous
change level signai;

compute an absolute change level signal by subtracting the said instantaneous change level
signal from a mean of the changes of the changes of all the signal carriers, and compute an
absolute value of said difference;

compute a variance for each of said signals by raising the absolute value change level sigral
for each signal to a power in a range of 2 to 5 and filter the result in a lowpass filter;

compute a weight for each signal by {aking the inverse of said variance such that when
multiplied by the weight, each signa! contributes the same variance;



system conprising a geostationary satellite, a |east thré&eoember 2005
geographi cally dispersed earth gateway stations conmuni cating signal
carriers to via said satellite and a %urality of user stations,
conprising: mans for transmtting a fiTst outbound signal to said satellite
froma first gateway; means for receiving said first outbound signal |ooped
back frOmc%ﬁipdtesaaf{oﬁhéhkéoqvéugfhtfo'réa%E s§n@bi§nal£§kﬁ\’f@yth€‘§$rﬁBf@aﬂ'n@ﬂnatl121% said first
out bound si gnal qpower eve characterized in: means for receiving signal
carriers f¥ URlthast three ot her gateway station in the sane said

communi cati on systemfrom said satellite in the first said gateway station,

filtering @mpute a%ﬁzh[\ﬁ?@stﬁﬁﬁ@@;} fir tﬂ]uﬂiglyﬂﬁgg&a ingtﬂﬁgnéah?&a ieslﬁvefl §grfa?¥vlttpf the

formof subtractin version o romthe
si gnal itskB$ ?SSB?‘@EQ?JE‘WW@"Z&FIWP'H@@Q%F%@'&%’ REPriRg o foayan ‘“é@’@ﬁ@l"“s nmeans for
conput i ng dawalrkrgematevel signal by subtracting said instantaneous change
level signal froma mean of the changes of all the signal carriers and
conputing an absolute value of said difference; 6_Decenber 2005 26 neans
f or conputieRguls 20 grrgiadel ferged éxg Hiffgeneedietivesn gﬁléﬂngtabt?"qow diwnink he absol ute

val ue changgmatkeN@h rezkigitbode® badk Pt s ?hﬂﬂ&bn& HRA rdIreRde sighala range of 2 to 5
and filter the result in a | owass | ter. nmeans for conputing a weight

for each si gnal by taking the inverse of said variance such that when
mul ti pl i echdiwptinges paweglevs! obsedist gatgway stations eutipurdsigrials apameuntdesednpe; neans

for  conpulianroPsisll WRir thE PerRbiBE karky@ br &RAGR WAL Si gnal s such that the sum
of said normalized weights equal 17 means for conputing a downlink

estimate by first multiplying said instantaneous change |evel signal with
t he associtéted normalized weight and sumall said products to form an

i nstant an%§e%pglllr'\%w@%c}nﬁ@rqnea fr&?g@@a Qefrthl m% %{e‘ll{&%&%ﬁ???éﬁﬂoq downl i nk

estinmate; neans utin an error na ( erence
bet ween sa‘iyﬂe’i“ﬁ@’f’é‘l’ﬂ@ﬁé@ﬂ%ﬁnoﬂﬁfwtﬁ'ﬁﬁ ae'gfﬁt then geograpeiedlly diseerseSoped back
pi | ot si greahh gdtewatstaAiohcortiudicating Sighdl@adkrs tORARSIdEatklid@hdls pluR@itybhe power

| evel of qggrcgtgtlioﬁg%mg&}s%\gay stations outbound signals an anount

mans for transmitting a first outbound signal to said satellite from a first géteway;

means for receiving said first outbound signal looped back from said satellite in first said

gateway determining the said first outbound signal power level;
characterized in:

means for receiving signal carriers from at least three other gateway statibn in the same said
communication system from said sateffite in the first said gateway station, filtering any
received signal in an individual high pass filter of the form of subtracting a low pass filtered
version of the signal from the signal itself producing an instantaneous change level signal;

means for computing a change level signal by subtracting said instantanecus change level
signal from a mean of the changes of ali the signal carriers and computing an absolute value
of said difference;



based on said érror signal within the perm ssible range éDesambep2itsr
| evel . ' ' ‘ ,

26

means for computing a variance for each of said signals by raising the absolute value change
level signal for each signal to a power in a range of 2 to 5 and filter the result in a lowpass
filter.

means for computing a weight for eaéh signal by taking the inverse of said variance such that
when multiplied by the weight, each signal contribute the same variance; means for
computing a normalized weight for each said signals such that the"'sur_n-rof said normalized

weights equal 1;

means for computing a downlink estimate by first multiplying said instantaneous change level
signal with the associated normalized weight and sum all said products to form an
instantaneous downlink estimate; '

means for lowpass filtering said downlink estimate;

means for computing an error signal formed as a difference between said instantaneous

downlink estimate and a received looped back pilot signal 11 and a RF reference signal;

means for adjusting the power level of said first gateway stations outbound signals an amount

based on said error signal within the permissible range of said power level.




