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10 Background of the Invention
{;) A satellite communication system generally comprises one or more gateway stations, a
satellite and a number of user stations. The gateway stations provides an interface to the
terrestnal networks and are transmitting and receiving communication carriers at high
15 frequencies to and from the satellite. The satellite is functioning as an amplifier and/or
frequency converter for the communication carriers. 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 is normally governed
by the characteristics of the forward transmission link, i.e. from the gatcways to the user
20 stations. This stems from the requirement toe use smaill 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.

z) 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 ¢ Variations in transmitter gain leading to variations in output power
towards the satellite. | '
‘e - Uplink atmospheric effects such as rain fading and scintillation leading to
large signal variations. _ '
, ‘e Variations in the satellite transponder signal gain.
3 _ '« Downlink atmospheric effects such as rain fading and scintillation.
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satellite d@Wﬁl‘mifP\@aDn@nglsyst em conpri sing a geost ationary satellite (2)
comuni cating with a gateway station (3) applying the i-nvention and at

| east two of hg}r@ gateway, station (d) is described. '['he invention
utilizes t Kl herstanibitionraddsdasistenificagh smation in ke eaeived sigeal dovehomtheat i on

system t o gesp@nddtieir t@fn RhAPBAREAdE of@ia%&rﬁfthhé’ﬁgﬁﬂs%&fﬁd éxb@slsh%ﬂm?f@ﬂm rain
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r egul at ilon safelliad tedooinp e mtenmfap&tlgrmidahuﬂtﬁch:eOﬁQ{ﬁiceﬂfthe system as a whole.

i) " Prior art

Uplink power control systems has been described in several patents proposing various
15 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 designed to compensate
relatively slow variations in the transmission path such as rain fadmg which have time

constants of the order of mmutes

US patent 4,567,485 describes a system where one of the stations in a satellite network
is stabilized by using a satellite generated 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 3
‘D 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 descnbes various methods to compensate variations in the uplmk
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 propos_al, rather than
stabilizing one particular master station as described US 4,567,485, one or two _stati'orfs '

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



6 Decenber 2005 WO 021100002 PCTI NOO2/(102(11 1 Satelli tZBrIlPng i nk Power
Control Field of the invention 5 The present invention per ?Gﬁgb‘?rc?apﬁe.'
field of ﬁgh%kiﬂg e communi cation and in particular to scintillation

resi stant po Pontrol techni gues for geostationary sat el Pictrevooz201
communi cation systens in accordance with claim1,8,15 and 16 respectively.
1lo Background of the Invention A satellite conmunication systemgenerally

conprises one or nore gateway stations, 8 satellite and a nunber of user
' terrestrial

stations. The gat tations provides an interface to the
" networ ks aﬁawge%onﬁ\ﬁig’?iﬁ'?‘t ﬁﬁfglq depased gratbedeumilicaniensae slovevayiag hi gh

15 frequensimesspharicavatiativasriitectficietlly] they alitave adRL Midifohs éynct loni ng as
an anplifier and/or frequency converter for the conmuni Cat¥on carriers.
The user sthigtheaenn statjorifs) niisk exisobvithsnbsthriallyle Sk ShetiR MRl ibtdiiGha, S8l |
nunber of Lafi&ewods SMaN-t ations serving a large population of sna user
stations (fixed or m)blféelj, satellite cost is normally governed by the
char act er i & argSof@he mBGoHOEMRY : LS -lnk i.e.  fromthe_ gateways to
the user 20 sttatiorgd Thi s stlgerésélfri&zgn&%ﬁtetg? 3&%‘&”&!@# %‘%s‘é"“@m%qr ant ennas
on the user™§'4P5 GnRoth gymalg yarcompgased; which in turn requires nore

ar transmssion quality. This.

satellite t.g achj eve a parti cul ,
requires gﬁg}\&%hgﬁ'er"p gfdf VEREs 2 &leﬁwgcq%w@ ar¢ frrnsferredtditfeerd 00gomd syst em
econony. JhBomaniy heazah srion 20 tiedbsalatfioaxposed to a nunber of effects

that influence the signal quality or the signal level along the path from
a gat evay Y'@TU{HE asmitieraariationsknd/ordehg teiPOrdralibn 4N BhSc A Sitiod? are

Var i at i®nSranbfettdBRRA 1089 &4 i variations ip output power ,
towards the satellite. Uplin daft%grrl(li)l'sp gﬁb?%mé‘ﬁt%b%@é%ﬁ’%%“?‘wlﬁ fadi ng and

carel 11 e AL Pl el W ombbaghriibenouspmios i « such
as rain f&uiago e abl'emtf icbinpénsite rapid scintillation effects which oceur especially to
Satellite Earth Stations that see the satellite at a low elevation angle. These
variations are caused by fluctuations in the lonosphere and can cause significant
signal fluctuations over a period of a few seconds so schemes relying on heavy low-
pass filtering to remove induced errors from external reference carriers (typically 10

seconds or more) will not be able to compensate such variations.

Scintillation also exhibits strong frequency dependency rendering compensation
schemes utilizing beacon signals in a different frequency band to the carriers to be
stabilized inefficient.

In a first 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 two other geographically dispersed earth gateway
stations communicating signal carriers via said satellite and a. plurality of uéer
stations, comprising the steps of:

'transmitling a first outbound signai to said satellite from a first géteway; .

receiving said first outbound signal looped back from said satellite in first said
gateway determining the said first outbound signal power level; |



6 Decenber 2005 WO 02/1000412 PCT/ N002100201 2 The severity of these
effects varies with the climatic conditions at the qr %gdm%g%t588§ and
their operating carrier frequency. The atnospheric ef ects are I'ncr eased
for ground earth stations (gateways or user stations) |ocated such that
the satellite is seen at a shallow angl e above the horizon since the
length of the atnospheric path increases with s |ower elevation angles.
Al'l these contributions adds to a significant variation in the received
signal l'evel on the ground which insturn leads to the need of transmtting
slgnalsfﬁ%hﬂﬁ%p $xgessive margin to ensure a mnimum guaranteed quality

| evel - 'S F% thetracts power fromthe to satellite reducing the system
capacity and thus the econom cs of the systemas a whole. Prior art Uplink

power c Lol systens.has beep-described in several patents proposing
Var ous Toriig, BRI G drop learha ssrenchaptewpy siation andvatrleastanthirte

sat el | i igatdwaystdtiohlin the cmesaii @ahhﬂﬂﬁca‘ﬁ}éﬁ%?élﬁmiwn?éé’ia“staréﬂﬁém malipgspheri c
Mo I catlons are

and ot her, di sturbances at the uplink station- st a

concer ngé'c(/jﬁq?waé’ﬁgg@é‘s Agiemninng the siansd pewer lest of ﬁ\ﬁQnﬁPEDl@wa&hﬁP@ndions in

t he trag_ate‘mgiandtmsibnatmmea@vémdmfaaﬁégMﬁW%i?nﬁraga@ - constants of the
y

order of mnutes. 20 US patent 4,567,485 descri bes systéem where one of
the stations in a satellite network is stabilized by using a satellite

gener at espl4Tiacite sKiranpbwarsicldl # lany $60SIRRLAghdl P 84 secbRIhElal 8PP Thi s

stationgis thepn.ysed as a |level.reference Tor the other station$ I n the

net wor kﬁ?Waﬁa_"g{}'érquag‘?)W nFadarst gptowayiwith @ predefieed pominal peweevalon a

satel| | lewckibanef &4 sidrbls2SrenBls of AP Brobfill tALUHGR e RR'plcsARyal | abl e
e and 0

at -a frggu;nc% 1s:'%f.fli"ci ently close to the " frequency e signals to
be st abP'PI'2EGVeEGVelexanpl e, a normal satellite beacon around 3.9 GHz will
not be effective in a nobile satellite comunication systemwth its

conmmuni campatingCa e valds 6L Sigdal @diver 3vdVer B! Shaté bR s A8 GellGaf ' | bes
h link transm ssion path

vari ous thods .to c ensate variations in the uplink
of a sa?glg\”f"i’ ﬁé“é’g‘? Fﬂgggﬁgﬁ'&?ﬁﬂ?mfﬂ%gnm i fist gatewppalation: t wo ot her
stations in the network as beacon stations in the process. In this
roposal. rather than.. stabilizing one particular master station as
Gesor beampling s sieiesite befuesd S, fighssianal power Jevel of said firs
outbound signal from first said gateway and a nominal signal power level of an
outbound signal looped back from said satellite fo first said gateway:;

computing a second difference between said mean signal powerviéw}el of said second

_.signal from said second gateway and said third signal from said third Qateway and a
nominal mean power level of a signal from said second gateway and a signal from
said third gateway;

computing an error-signal formed by the difference of the first said difference and the
second said difference; '

- 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 second aspect of the present invention, there is provided device for up-link
‘power control in a first gateway earth station in a satellite cdmn’_:unication system
:comprising a geo's'tationary satellite, at least two other geographically‘disperéed earth
- gateway stations communicating signal cariers via said satellite and a plurality of
user stations, comprising: '



in locations with favorabl e atnospheric conditions are chosen as references
for the 6 ..Decenber 2005 WD 02/ 10Q0(t (12 3 PCT/ NOO2/ (.1 élZOt ower control
system Al though the proposed methods will conpen$at&c f“Bﬁ/rngan

at nospheric variations quite efficiently, they all have sone shortcom ngs:

t he beacon station(s) nust exist (wth substantially |ess atnospheric
variations than the station to be stabilized; 5 in any of the nethods
described either satellite variationdP |ocal station transnmitter

variations or both remain un-conpensated; atnospheric uplink variations at

“the beagomsiodl LAl ARG ATor 14'S5id 408 Hom 3Ha el each beacon

station to the [oca tation; ermirans VA iAt1ons and/ or | ong
termvari ati ons of the beacon stations are 10 transferred either 100% or

50150 f X i Ok t .. kan: .k i-nents _.of the
Trvent i BARERE RecaRE Bard i Uil i et e DBl 1l oA RABERH Pet) 27
to be aidgateweydpleninirg thesaid fst thdundtsignal pékerdéxetwhi ch occur especial ly
to Satellite Earth Stations that see the satellite at a | ow el evation

angl e. These variations are caused.by fluctuations in the ionosphere and
can cawharaitenrefiimant signal fluctuations over a period of a few seconds
so schenes relying on heavy | ow pass filtering to renove induced errors
fromexternal reference carriers (typically 10 seconds or nore) will not
be abl eneansctonpeceiving signaeh cardeisafroronat. legsti amsetdrmt gateway statiex landi ats st rong

freque 0; endering.conpensatlon schepes utilizin acon

1 griar J6et € REREBAGHY e 1P BRRAF PR REIRES vbigm, BoRLsBRr T D eq

i nef fi ciatallite ih rthe firstrstid gafesay sthtioh adgteratning the signtal powet feeeleof a provi ded
a net hqd. f pzLink power ~control in. a fifrst teway. earth station in a
arel | arelotliid Ser SR B ar St fis o8heidovis” Rogbfr iiard o 84l o) o

| east tthicd gatheay;geogr aphi cal |y di spersed earth gateway stations

" communi cating signal carriers via said satellite and a. plurality of user

stations, conprising the steps of transnitting a first outbound signal to
sai d s&ieansifperaplasinathe; signal pawenieyel ofami wicatyed asighaf fromtsamlgdrondd si gnal

| ooped gaelayf 6romam alafli SRbe) Sy Insdid ird gatdvihy with a predefined nominal
power value level if one of said signals are below a first predefined threshold value
for that said signat power level: '

means for computing a mean value of the signal power level of the outhound 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 leifel of an
outbound signal looped back from said satellite to first g'ateway;

- 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 signal from said third gateway:;

. means for computing an error signal formed by the difference of first said difference
and second said difference; |



gateway determ ning-the said first outbound signal power |evel; 6 Decenber
2005 characterized- in: 3a receiving signal carrbebscémbaratod®ast a second
gateway station and at least a third gateway station in the sane said
comuni cation systemfromsaid satellite in the first said gateway
station,. determning the signal poweBclevel of a signal fromsaid second
gat evay and the signal power level froma signal fromsaid third gateway;
repl aci ng the signal power |evel of any received signal from said second
gat ewaymeans fo*rcm:i;@ng thé pbﬂelgmvelvﬁysalmr salgdteWaysHtatgmB entbound tsigraispr edef i ned

or aco | AT L bRBHG o0 erst oBAS: Siniiahe cRpRikER, fee dSaftbluce 71 g

mean valewd. of the signal power |evel of the signals fromsaid second
gateway station and said third gateway station in said first gateway

" station; conputing a first difference between said first signal power |evel

of sai dinf & third aepédicafntieSpreserit mvambnfihese iss pravideadt @ westhach tbrauptink nal

o e SR il in B arBiey SR8 Al BRREe BRI YR o

si gnal Wsﬂg%%eo@fah&ﬁ&@ stellitadat leabigrtated other gabgtapically dlignereadhy and

said thir , naI romsaid third gat .and. a ngm.nal r level
of a si %8”%83’8%"53{‘@)\% %rﬁ‘? 8 Vi ?é:{gweaagg%e&p KM gat evay:
COITputléngséﬂsﬁtm[ﬁH com@rising tiex steps bfy the difference of the first said
difference and the second said difference; adjusting the power |evel of
said first-gateway stations outbound signals an anpunt based on said error
si gnal wardshiifting Refirftsutbamiddighal fonged sditellied feorpaviiest gakawedly; .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.comunication

syst em ree@ivipgi S4id Oirst 9aMHSLIAY | gRl Yedeal badle front shidasitellitaoinofisersaid
geographl cal d| S erseﬁ ear tth % tevvay stFt | onﬁ ‘{?im'runl cating si gnal -
carri er%aW’%V fSpid sl PUIPAYPE SIGNBL BT ' \feer stations, compri sing:

6 Decenber 2005 3b

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, -ﬁlten‘ng 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 signat;

compute an absolute change level signal by subtracting the --'é'éfd instantaneous
~change level signal from a mean of the changes of all the signal carriers, and
compute an absolute vaiue of said difference;

compute 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; ' '

compute a weight for each signat by taking the inverse of said variance such that
when multiplied 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; '



means for transmtting a first outbound signal to said satellite froma
first gateway, neans for receiving said first ou hrurabsrgnalsl ooped back
fromsaid satellite in first said gateway determ ning the said first

out bound si gnal power |evel; characterized in: nmeans for receiving signal
carriers fromat |least a 'second gatewpy station and at .least a third
gateway station in-the sane said comunication system from sai d.

satel li n_the first _sajd t eway,.station rm ni ng t he signal power

ovel | spipuld'e diuink sl ny 3 RtiogiRo, s rrinede haros Rl T eve

from assgnghaﬁth fthe mssadiate. norinhlized WeiyRWayd saraaH sé:arprbawt@co Rgmt e si gnal

power of an ei ved signal fromsaid second gateway or from said
"o gl e G - - -

third Yateway with a predefined nomnal. . power val ue
level if one of said signals are below a first predefined threshold value

R P e e L R L B

st at i oestinetessmidch telbived gRipewdyciSHiRt saRal T & 8 R refdrerbatsi@y st ati on;
nmeans for conputing a first difference between said first signal- power

| evel of said first outbound signal fromfirst said gateway and a nom nal

si gnal aﬂ}nm&nig t?&vﬁd)we?f fe@él ofQud ey gsteRag Hhdtions CRAsbupACd gl Bh smdlingat el lite
to fi rg neans nput i ng % second di fference between said nmean
si gnal ' %%% n?@ FOB?'Q"%'&Y'&"@BE(B’EH"§ ipiedRnge ghsad PAWEIBYHd gat eway and sai d
third signal from said third gateway and a nom nal nean power |evel of a

signal  fr om S con ateway and a sigpal fromsaid third gateway;
means FbP Bﬁ% 8§e@|'WP°‘F'o¢‘ﬁBﬂ'%9mﬁ"W§ of devre fecuRdink  r st said

di f f er power cernbl %e@oﬂdt gﬁledlaﬁ'éamrﬁﬂﬁ&w irb a [RASINE SdonwfiHication Ngy8fem f or
adj ustin ﬂ t he power | evel first gateway stations outbound signals

an anp e q grrsiafiogapy g@?lﬁ‘?r @ﬁé?a%thq?ﬁnoq‘%gﬁﬁﬁfﬁ?@g?iﬁl dspapRt of said

pover bsrtebately aialtibhs demaﬁmgﬁng>§|?h£|a:am&§ O sdid ¥BliiteOdhd 4 Eﬁﬁﬁny s provided
a net ho forwﬁg link power control in.a first gateway earth station in a

sat el | PEEEE SRR COMPEHRINGY st em
means for transmitting a first cutbound signal to said satellite from la first gateway;
means for receiving said first outbound signal looped back from said satellite in first -
said gateway determining the said first outbound signat power level;

chéracterized in:

means for receiving signal carriers from at least three other gaf;way 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 fitered version of the signal from the signal itself producing an
~instantaneous change level signal;

means for computing a change level signal by subtracﬁng said instantaneous change
. level signal from a mean of the changes of all the signal carriers and computing an
absolute value of said difference.

means for computing a variance for each of said signals by raising the absolute value
change level signal for each s:gnal to a power in a range of 2 to 5 and filter the result
m a Iowpass fi Iter



conprising a geostationary satellite, at |least . three other geographically
di spersed earth gateway stations conmunicating % grRalem®ahit i2@ip$ via said
satellite and a plurality of user stations, conprising the steps of:
transmtting a first outbound signal to said satellite froma first

gateway; receiving-said first out bourf si gnal | ooped back from said
satellite in first said gateway determining the said first outbound si gnal

power dl awesins fommamﬁaglezwdughnfor eeaeerghﬁlgoaﬁtlaﬁiﬁghhéﬁfvéf&ro? shldPrRinck ﬁaSt a
secon gat eway station. in the sane
said co%ﬁ?@%\"ﬁ F"é’@ |%<an¥ %W?aﬁtdeg‘é‘c%g"qlﬁgnﬁ"ﬁuﬁeﬁ e papgvanangey gat evay

station, fllterlng any received signal in an individual high, pass filter
of the ubt.racting a |l ow. EER filtered version of the Ssignal from
the si gna |ts qoﬁ" PYA R Fﬁﬁ"zﬁﬂ“{ (3B 5l slanatRughdhaithe pumelol conput e
an absolsaidsmonhalirgd Welgtts eqiigrial by subtracting the -said instantaneous .
change |l evel signal froma .nean of the changes of all the signal carriers,
and conpute an absolute value of said difference; conpute a variance for

each of nsmnd fsi gombstiry ar @ovéling égﬂmaeé)%glﬁ}gtemﬂwn%: Igg@gﬁgtabga\sﬁgbﬁ: %ngl for

each si 0 a ran 2 o5 and'f

Iomassgﬁﬂ l?ve?éﬁﬁ%\ﬁ?'g'ﬁ‘ g tefl forraalizrd sweight andsurakll sgidimedudiy er se of
sai d vatafannansmdmtaﬂmrusdmmmm&maaél ed by the weight, each signal
contri butes the sanme vari ance; corrpute a normalized weight for each said
signal s such that the sumof said hornalized weights equal 1; 6 December

2005 . Beanofopliwpass ARG SHid @SiIRR 8RNt i TSt mul tiplying sai d
i nst ant'aneous change | evel signal with the associate-normalized wei ght and

. sumall said products to forman instantaneous downlink estimate; conpute

an erronneangrfai doRfpiEAg 88n Berfbrl SRINGNGEMR] RCR St eﬁdéStb%%;jéhe g downl i nk
esti mat.e an ‘;Fg‘f‘-‘t“ﬁ@eg | poped back pil ot signal and a reterence

signal ; Anggp GRiPateang| a reived foops bgek EM)*‘Q@tahﬂ ambadift bound-

si gnal srefunemigﬁal based on said error signal within the pernissible range
_of- said.power level. In a fourth aspect of the present invention, there is,

provi dedesndRY Lifst r{gofhe%vJer el of said first gateway stations outbound SIgnals

an amount based on said eror signal within the. permissible range of said power
level.

- The present invention, in its preferred embodiments, addresses all the shortcomings
in the prior art described above. This accomplished by:

using a larger n‘umbcr of beacon stations, typically 3-5, to estimate Iocal downlink
CQnditions reducing the reliance on the individual beacon station characteristic;

30 superior method to estimate local down-link variations using adaptive weights to the
beacon signals determined by their current individual behavior.

Implementing specific mechanisms for instantaneous detection and subsequent
~“suppression of erroneous or abnormal beacon signals.



power control in a first gateway earth station in a sat elq PeecralafiA®BP cat i on
system  conprising a geostationary satellite, at .l|least three other

geographi camMqgodiveper sed earth gateway stations conmuni cati pgymidiRabor
carriers via said satellite and a plurality of user stations, conprising:
means for transmtting a first outbound signal to said satelllte froma
first gateway; neans for receiving said first outbound signal |ooped back
fromsaid satellite in first said gateway determ ning the said first

out bound si gnhiclugionef alleeaERF réﬂﬁérﬁ&ﬁﬁthc@dﬁbﬂooﬁ%%bﬂ@ﬁnﬂhﬁﬁﬁédﬂs @Qpp?éﬁﬂﬂ
e ane. said

carrlersfrom Ieas ot,he at.eway statlon in

communi cat i on fg}} efioﬁfegtéll h% ‘Pé%f‘}'%sé“'f/lﬁ‘? {hf’l"tr'gfmé'éﬁ“aﬁ SESHILY Pt on,
filtering anyurr\wmd\,cbmmcrgaiadffacts. an individual high pass filter of the form
of subtracting a low pass filtered version of the signal fromthe signal
itself producing an instantaneous change |evel signal; neans for conputing
a change |l evel signal by subtracting said instantaneous change | evel

si gnal from aTheeniabénd iposdtbmyte refeiedd sigiud psivgnizivelcaldry e Sighalpah Ritdng
an absol ute Uﬂhg% Siogai d difference. nmeans for conputing a variance for
each of said si gnafl lby rai sing the absolute value change |evel signal for
each signal to a power in arange of- 2 to 5 and filter the result in a

lowpass filter; 6 Decemberprd002 A¥o¢ TEARSHL.OL ASUMUALRE, .ght for each
signal by taking the |nvers§ggf sai d varlpance such tﬁast ‘%ﬁ en multiplied by

t he wei ght, each signal contribute the same variance; neans for corrputl ng a
nor mal i zedo vvedl@h&.,, fsahe ﬁ&tzﬂﬂoﬁﬁirﬁr&isﬁﬂﬂérsgaﬁmébdhﬁ% vhiiRiohY e ot

fooet mutci prona® o R adea B e et Rttt ka??%h?%én
associ at ed ncacmllﬂtzcgd lewdirgto tangd sfamal wdratieas. o Jan milhetvmattcmsﬁﬁ)ltha atellite
st ant aneouSr AL ia P EAEAD e AWihe Bl AURASA AL SHL A0SR gVt | Nk

estimate; neans ing an &rror signa as a Fénte
bet ween sai d a‘i“ﬁ%ﬁ%ﬁ%@!@ﬂ@“doml ink estimate and a recei ved | ooped back
pil ot si gn_al 11 and a RF. reference signal;

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 persb'n skilled in the art
20 Settings may be validated on a day with a clear sky. .

The objective of the present invention is to_hlinimize these effects on the signal quality
_ of the communication system and give the communication system the same quality as . }
¥D -~ observed on a day with a clear sky.
25 . - '
A common method uscd in many systems is the use of Uplink Power Control (UPC) to
maintain constant signal power out of the satellite in order to maximize system
efficiency. The basic principle is to é_:quip the gateway with a measurement receiver
capable of rheasuring the received level of its own carrier (or a pilot carrier) Jooped
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 lt is received on the
ground.

~ In order to minimize satellite power and infersystem interference, it is desirable to
35 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



.
[ ad
“h

means for adjusting the power level of said first gatewaf BeeMRHLO%Ut bound

signals an ampunt based on said error signal wthin the. perm ssible range
of . sai d powd¥O 0¥ewal2 The present invention, in its preferredPEROGHEML S|
addresses all the shortcomings in the prior art described above. This
acconplished by: using a | arger nunber of beacon stations, typically 3-5,
to estimate Id' cal downlink conditions reducing the reliance on the

i ndi vi dual' beacon station characteristic; 30 superior nmethod to estinate

| ocal down- | i ckmpenshtg fmﬂrausmmtgr aghkipk andsandlighefects oThera g dexshinforgatipe

det ermi ned by sLheife o meeﬂat‘,e.b d%@éwﬁ&ﬁnglrudes! ARIATR YRS 2880l C
mechani sms for I nstant aneous etec subsequent. = suppr.essi on of
erroneous or abietonEcebet viiatioph iwpl DEEmsHEs empiosabipfogmiatian kprpportion a

PCT/ NC0210020Fix4d himehmtf o fat ?nelaﬁlfré‘dl vBEatroﬂé & @R 2 sﬁtBﬂ:t@@ﬂ’édl:O lin practicet 0
enabl e simult eﬁﬂ upg essi on unwa ed ffec

transni ssi on C?Sr{‘?sr“aﬁﬁ ?F??f’ ?rBe B?cig}aﬂe%“mwtgl&e for
detri nment al efxﬂ@g}&ysterﬁs The vari ati ons [ rrposed on the recel ved si gnal power

l evel. along the signal path is given by the equation?® d Pr x05 =d TX cw +
(c)Up c,a + A Sax + AD wn us where io 6TXG,, is the variations in
transnitter gaine | 8adraiy batwesar ipink®ffcisand dopulinkpeffsts istnghepnsant. hat may

-satellite. 6UPGWI g, al%,rl% g{,nlagg, at mospheric effects such as rain fading and

scintillations leading to |[arge signal, variation ASat i s . the variati.ons
in the sat#l|ite® Reeugadifeyarigtighasaryaiaduce Smﬁ;&anf &TqrR & His\Romepegulation
at m)spherl c effect Ecc‘il as rain fading and scintillation. is The

' t f th l I .S b
{21 ati ons. 1 omhowPl g?@e}gﬁx@m&t‘]&?gpﬁ@%@ﬁﬂ? B i1 g acRBEK Y1 19

Par amet er s associ afrequernaics lareedgnifinamty dnﬂbxlenhiamhngtceinmlermonpmmbrdvememdlﬂahges '
determ ned by the ngs of the controlling paraneters of the
equi pnent as knomg(?mﬂnﬁiogreg%é{gskl lled in the art _ 20 Settings may be
validated on a day with a clear sky. The objective of the present invention

is to mnim zeupisaal fhHeeimecdd6e &nenak i@kt Yite has 2 beacon transmitter
operating in the same frequency band as the communication carrier’s downlink from 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 variations in signal

- level:
- ABeacg, = ADwng, + ARX gw
where ARXx g is the gateway receiver chain variations.

10 - The loopéd back pilot signal is received at the gateway with the following variations in .

signal level:
APilg, = ATXgw + AUpa. + ASat + ADwng,+ ARX gu

33
The difference used to control the transmitter gain becomes:



of the communication system and give the communi cation sySPeRMYRS 2997e
quality as observed on a day with a clear sky. 25 A common net hod used in
many syst emwg @/dobwzuse of Uplink Power Control (UPC) to mepdfR00z6008t ant .
signal -power out of the satellite in order to maximze system efficiency.
The basic principle is to equip the gateway with a neasurenent receiver
capabl e of neasuring the received level of dts own carrier (or a pilot
carrier) |l ooped 30 back fromthe satellite. This information is used to

adj ust the transmiGhed,! enswi &), 4 hRx P PABIXLS+ AEPSH+ NBad AmvmAtEenRay) at i ons
in the signal level when it is received on the ground. In order-to
m-nimze.satellite power and intersysteminterference, it is desirable to
35 mai ntai n thhiscadlmeemiocati on carriers at a predefined constant |evel at
the satellite output independent of the variations in the transm ssion
path. This is acconplished by 6 Decerber 2005 WO (12/1(10002

PCT/ N0412/ 6(12(11 5 conpensat i Aganar ¥ A&+ &bpsuipfibatk and satellite
effects. The signal level information derived fromthe receiver at the
gateway al so includes downlink effects and signal detector (receiver)
variations. Sinple systens use enpirical information to apportion a fixed
amount of t heTheaotlmuiRAtioH @frieryA Hetutpansl thesatdflltd 44k: and satellite effects-
In practice s the following effects restricts the useful ness of this
schenme and makes it unsuitable for nany systens: The rati o between
uplink effiects and downl i nk eliPegtdGagicnatdTagnsnbpt, +AGH may vary

consi derably. 10 ' Receiver gain variations can introduce significant errors
in the power regulation accuracy. Uplink and downlink scintillations are
QSD coherent‘“%ﬂﬁHémW§F$nk and downlink frequencies are significantly
different leading to little or no inprovenent during scintillation events.
15 Substantial inprovenents can be achieved if the satellite has a beacon

transmitter operating®is T héd o 4YRsqdeindl) badseat dUPe tdvatdH cation

carrier'sislownlink fromthe

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

26 carriers.
Disclosure of the Invention

) Some systems do not have a satellite beacon transmitter with frequency sufficiently L
:) ' 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. The,pré'sent invention
takes advantage of the fact that in networks comprising several géteways with each
35 gateway transmitting carriers to the satellite, simultaneous reception-of these carriers by
| “any of the gateways can be exploited to derive the local downlink atmospherie
- conditions at the gateway. This information can then in tﬁm.be used in an uplink power



satellite. The beacon signal is transmtted with a stabl g%‘?cgeﬂéqerlzggl%l from
the satellite itself and is only subject to downlink effects and gat eway
recei veWaeewp#?2 By conparing 20 the | ooped back communiRsayNQ#R/Wkinal | evel
with the beacon signal level, dowmlink effects is canceled and the control
signal conprises only the desired conponents. The beacon signal is received
at the gateway with the following varidations in signal Ilevel: .25 L1BeacGw
=tl DmG , + LRx Gv where dRxGw i s the gateway receiver chain variations.
30 The | comtw! spsten pi ineke 8 igmathe Isthe dowinlinkdefitcts prevayngeatabe gateway he

fol| ol oAbl AOTS. i bSbBIAknhRNEl s in s Ricfiole = dTXOW + 15UDGW + LSat +

, 6DWNGWM ference used to control the transnitter gain
becones: 6 Decenber 2005 WO 02/ 100002 PCT/ N002100201 6 !l Gai nGw

=dDwnG, , , BridPd¥criptidnoff @ldDrawdaggdDwncw+Lt R) CGN  This reduces to: 5
I'Gain GN = - (d7XGN +dUpG,,, +ASat) The conmunication carriers at the

output*of the satellite are: io | Psat =ui Gai nGWN +dTXGW +LUPGw +dSat Wi ch
becones: Fx@sashc(Wthiso%hB@\tdmﬁ&imgagcattaTvoﬁMWJsa&BitPBa gatdwgal = 0 15

Thi's wor ké‘gﬁ@&lﬂga g ﬁwgntfiorne%lfﬁ te@J &ﬁ & Qr%ﬁn@% s %hﬁe ‘?@E%dtar ansmi tter

and the cOMLm catt arr ers re no ge so that the
at nos pherignbatiof usaristations 5 gomquaéag vithshgygateway  Thdaiser &%10“5 & maye

di st ur bangesoBile 418 mﬂéﬁﬁh"ﬁ{b a?&véi@@rdn%rﬁcon%éﬁ&a@é%tﬁ iR udehe | nvention
Sone systens do not have, a sate % eacgn transmtter with frequency

suf fi dP enfteyyens Soyia optbgugd %lsnac fhﬁ'fmtﬂh thgatelhtend pndchie s S@HPRS &1 s to be of any
use for seinithithit@e MBth the gateways 3 and 4 via inbound signals (hrough the satellite 2.

O
Fig. 2A illustrates the outbound signals 10 transmitted by one of the gateways 3 to the
satellite, which in turn retransmits the signals 11 down link to the user stations 5. The

15 gateway also normally monitors its outbound signals 10 (signal 11).

Fig. 2B illustrates the inbound signals 20 transmitted by the user stations to the satellite,

which in turn retransmits the signals 21 down link 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 gafeway station 3 employing power
) control 400 to its transmitted carriers 10. It comprises an antenna 100 receiving and
) 25 emitting signals, 10,1 1,3'1 Ato the satellite 2, a receiver chain 200, a transmitter chain
500, signal detectors 300, a power controt 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 11s
power level and the scanner detector 320 finds the sélected 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 _ch'aih 500.
s _ 7 ' ' , .
" 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



conpensation. As an exanpl e, geostationary nobile sat el | BtiRecsyesRg0s
typically use L- band signals (1.511.6 GHz). Between the satellite and the
nmobi | e t er MG woaski | e the feeder |ink between the satell iteEsnemtde .
gateways are at C-band (6/4 GHz). The satellite. beacon transmtter is
around 4 GHz, which is not sufficiently close to the 30 downlink L-band
signals to- be used directly for scintillagion cancellation as shown above.
Therefore there is a need for another solution to this problem The, present
i nvention tWwkderagguangaigyaodtions e fleatcceatysiem alipwing klemisationiofivadativayer al
gat eways W t arriers to the satellite,

si mul taneousmrtggg%%l?%rgg%&“ﬁ%sghgf;lr%ghléégrp%yﬁ' any of the gateways can be
exploited to derive the |Iocal downlink atnospheric conditions at the

gat eway. Thi Bigi 6iiRkiFRES 2 Bed Mbdk MaPleitniadbh fﬁﬁ r
Decenber 2002;0 Oo) 1o oGS Aoae MaplchitnidbR o o TR egﬁ‘ii Bege O

i mune to’th oniaknIRg theeeessry Flacipaigs Stgﬁé' paditigayng adfniag of thet he
use of a beasigml taralnsadiister bycont! e&mems@mabmmmﬁrdc@imﬂ@fsmommth@f t he

oatel | te. 2, ey RN SRl XPbEGloi SRR ek viPRbercegthwal SR bR BIE
operati ng on[)tf-';lﬁét @mrtsrai.’etdnvees the received signalstidr3 lob digieal foinafor preceSsing
o5 s e 2010 i 88 B o TR,

a fixed |l oc t eways

stations 8 vidE Bigiteldn M@M@“@ﬁ%ﬁ%ﬁ@eﬁm@l HPLCeccmtl@heﬁgmﬂéo andog

St ations 5 Eﬁﬂmmbf@ﬁjﬁcﬁﬁﬁeetiﬁ%@) egﬁﬁtﬁiﬁﬁVﬁG% A th%nﬁbps: &ﬁ%&”&f& hapal s
ough the Sat!@"ﬁ' ite A_i_l lustrat he out bo I s 10

& nsmitted 3P é"‘é‘f‘h‘% ?fé‘Ptj'afP%wa S cgniaiing, cﬂg%ﬂswrue{eétmms&{rntﬁrf?ﬂm
retransmnts thhsigsil gnelesAGC inimwnf tHergowed comen! UO@ b BHeatdndsttd? chAinS0015
gateway al so nornmally nmonitors its outbound signals 10 (signal 11). Fig. 2B
illustrates the inbound signhals 20 transnmtted by the user stations to the
satel |itas KigiTciHustratesithe typécal eersporieststafepmiayuahtsolzysietown | i nk to the
gateway 3. 20 Fig. 2Cillustrates the gateway 3 nonitoring via signal 31

t he out boUn%.sisggal s 30, transmtted by other gateways 4 operating over the
satellite. Fit ustiaigsdhe Basastensdn by Heemihpoles ar gdailfm’@hie“@gtlb@ﬁyn@t)@u on 3

enpl-oyi ng paeedrding 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 Nn) 4 each transmitting a communication carrier or a signaling carrier
that is 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
. ATDMount = ATXguns + AUpeuns + ASat + ADWNG, + ARX gu

_ Slmllarly, the TDM from gateway Nn 4 is received with the followmg variations in
signal level ’

.3? '

ATDMgunn = ATX gunin + AUpguna + AS&! + ADwng, + ARX g



- power control system Fig. 8 illustrates t

control 400 to its transnmitted carriers 10. It conpri ses &ddeeembenda0d00
receiving and 25 emtting signals., 10, 11,31 to the satellite 2, a

recei ver chaionao@e2a transmtter chain 500, signal detectoPGI/80MMRIDOWEr
control function 400 and an optional reference signal generator 600. Fig.
4 illustrates a first exenplary enbodi nent of the invention. The TDM
signals 30 30 are retransmtted by the savellite 2 and are nonitored as
the signals 31 by the gateway 3 that enploys the invention. The pilot
detector 310 detects the received pilot signal 1 is power level and the
scanner detec [ t s I . t he
i nvention useﬁ%ﬁﬁgatjgﬂ n’%‘i’%g%?%g?g:@?%tt?l@?atl o%ll %r%g ﬂt?aéﬁ?fe%glfg _n?alctc ﬁ‘g&@"%
necessary angbe asyumpd to be irdeperdent peeashwiher coikewiie, hggrapsmitigevariations are
transm tting g8pindenAlent3By Fldtaging lovbUShiRb&Ssighat RALRGFRAPREA TRk Qgplj(ilﬂg
invention, in adglltlon to the functions degl cted . in, Fig, 4, which also

| ncl udes. 2 °r oHERRAIEa! BRCHSIBEES KAOVRL 7 BEispy SKljeg Hhihs abthe thdepaden 85005
WO 02/ 100002 &b NgaRbic2aa9 leddcédiccdrpingsighifichzenaisd termi s headebwltant intari hatue

recei ve syste l.owi ng_elem nation.of. variations in"the satellite 2 gain
in the final ‘?ﬂé’:gh % EOS%SSICS%p. ef*[i’?ge.sseg%f"l | ustrates a best” node inpl enentation
of the invention. The receiving neans s 310, 320 contai ning the necessary

el ectronics for signal condifgp,ng 204 As0 PSRl Rearsignal can be

adj usted by control sequences rofi'the mcro contrdller 2 to receive the
different ¥DM signals 31 or pilot signal | for the reference signal 600.

The Anal 0og t owhdst Bi dedbteS@RBEIHEE] RBscGidY Rictavetddihg §16€4sY EThestheRBtemehiol t 0

82T por for i ngEhERRAIARET B g} B IR PP G Eb R AR cach

Converter 54 THoR/AErtigna hescainging sdcelRE capalile of meagmalg dach sigadldevel bbearier :
sui table for QQH@%% 'fsiﬂ&eésﬁ’onaorsé %@%E&g&% th RH%. ﬁ%@a&%ing g&gﬁkr 9L e power

amplifier via the oufput means 55 contal ni ng the necessa ectronics for
interfacing avawghiggnedess wusthe rapd torppenrasty trank the wenospben wnagows ¢iringhe

transnitter cR@iiNa®@Pevehd, filGctuhl fded H@eﬁ%ﬁ?nggg ic%l:ﬂ‘igt g%léue;ﬁﬁﬁtﬁ g{g@;&fego g:‘ i

for an adaptive downlink estimator according to the invention.
The looped back pilot signal 11 is received at the gateway 3 with the following

variations in signal level:
APilg, = ATXgw + AUpg, + ASat + Z\thsw + ARX gu
The difference, used to cont—rol the transmitter 500 gain, becomes:
O 35 AGaing, =N +ASat+ADWN .+ ARX g - (ATXgy + AUpe, + ASat +AMGW + ARXG.)
Ttus reduces to:-

AGaing, =N - (ATXgw + AUps)
30

The signal level variations of the communication carriers at the output of the satellite 2 '
- are: '

35 . ‘  4Psy = AGaing, + ATXg. + AUpg, + 4Sat



20 Fig. 9 illustrates the basic steps in the al gorithm f & Deagcerabdraifed
adaptive downlink estimator Preferred enbodi nent of the Invention 25 In a
preferred eghpgi of the invention (fig. 4) the systemc i .
nunber of gateagggE(N | to Nn) 4 each transmtting a connunicéb?%%m%grrier
. or a signaling carrier that is always on (e.g. a Tinme Division Miltiplex
carrier, TDM 30. The TDM 31 from Gateway Ni 4 is received at the gateway 3
at the input of the receiver chain 200 e oying the invention with the
foll owi ng vargatJ j.n..signal level: 30 ATDMGANL = ATXGMWN1 + L UPGANL1 +.
ASat + ADwnGﬁyﬁhﬁﬁgaﬁgg§inilarly, the TDM from gateway Nn 4 is received
with the following variations in signal level: 35 ATDMOAN,, = ATXGM\f +
LIUPGMIN + A S a t + ADWDgWM GRX 64 3 0Q5 .02 0002
PCT/ NO0O2/ 00201 9 The gatemé?s 4 gv%%Togg?g r%ﬁ%ﬁe %%ﬁéad%igther such t hat
t he atnospheric conditions can be assumed to be. independent of each
ot her. Li kew WhichtrBducks @isnmitter variations are also independent. By
averagi ng over a nunber signal levels of carriers 31 and applying suitable
signal processing as known to a person skilled in the~art, the independent.
terns can be significantly reduced taPan=ingfSgni ficant™ noise term The
‘resul tant nean value after this process can be expressed as: LTDMvan = N +
dSat +.6 DMmGy + ARX Gv i 0 where N denotes the residual noise after the
aver agi ng pr od¥sdmospherigyagaiongend thersateveay? spppldgvel comations have beesr 31 can
be effectqd RYinfihiB®hndthRebsi@lal EREEL VRISthe 9Ll OSigRA Vel VAAidas FADNGhall @
scanni ng recei ver capable of measuring each S|gnaF | evel of carrier 31 in.-
rapi d succesd6i¥ ©f-a conbi nation of the two. The scanning receiver and the
M§ averagi ng process mnmust be rapid to accurately track the atnospheric
\églr, :, ?2:, O??egu%éﬁngt?lgrs esrﬁf?ﬂln di’{?é@‘gf’ R0 i11(\3123/1(1atﬂ)tnsi’llugtrr]zﬁedle ﬁltf'ijgadr'e 5,‘%} r%fegeer&%ng%lng to? QO(S he

is added to the receiving subsystem 200 of the gateway 3 to enabie real time

15 measurement of gain changes in the receiver chain 200.

As in 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:
ATDM e = N + ASat + ADwng,.+ ARx ;.

The average value is subjected to a high-pass filter with a cut-off that removes the _s;low _
P satellite 2 variations from the estimate, but to pass the rapid scintillations. This also L
Q 25 removes the slow gain variations of the gateway receiver system 200 resulting in the
following variations of the level signal:

ATDM pean = N + ADwnig,,

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 S _
TMP, = K *P +(1- K,)* TMP,,



The | ooped back pilot signal 11 is received at the gat enfyPerehen 2%
followng variations in signal level: 20 1PiJGy = QIXGny + AUPGNV + |, Sat +
dDwnGwV + LR¥Ww®we/kdoen2di f ference, used to control the transm tper/noddumgai n, .
becones: 2s dGai nG w =N+JSat +JDMmMGOwHJRxGw - : :

(17XCM-dUpGMLSat +dDwnG NHVWRXGWN  This reduces to: AGai nGv =N- ‘
(ATXGMLUpGW 30 The signal |evel variatiops of the communication carriers
at the output of the satellite 2 are: 35 dP, = d&inG'. + 2TXG'. + -UpG'.
+ 4Sal 6 Decenber 2005 WO 02/100002 PCF,N®O2MB201 10 Whi ch becones: d-
Ptiu, = N- (ATXi;,, + AUpGH ) +,4 TXG, + d UpGWN + ASat s Which reduces
to: APSa, =IV - iSat The atnospheric variations and the gateway 3 signal

| evel vari ati evisrdiBVB ibetampoparg|viaoablataba cament time ty &giislaadefbicientset ol y t he |
e o o Btk Yaha ¥ OF At AR MbucRBbbver 0TI § PBlctrile Slaifng

enbodi nent of the invention 1llustrated 1| ure o, reference generator.
600 is addeddelscions2(isduied; toqt Sty IMBm B o Rievienesapile xalye of the EHaYRY
real tinme is YRR ENVEUNIGT, 19 HeSRAIKIER-pas filiRe vAIRE OF TEM GhaighaPpdwerAével N
the first exenplary enbodi nent of the Invention the daveragi ng process and
measurenents of the signal levels of the TDM signals 31 fromthe different
gat eways 4 Wrht npaaded eartation vé thedevel af klat referenkce yighaldnfpotdd:at 8@ idpiMikhe = N
+ ASat + ADwmn(- . .. + . average value is subjected to a hi gh=pass
filter with a‘egﬁmizﬁsfyé&%ﬁ{%omg’mves the slow satellite 2 variations from
the estimatte, but to pass the rapid scintillations. This al so

ARegw = ARx G\

5

This value is added to the TDM estirnate to give the following value:
15 ATDM‘Mem, =N+ ADW??(;W+ ARx Gw

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

variations in signal level:
20 APl = ATXg., + AUpg. + ASat + ADwn(;..',+ ARx ;e
The difference, used to control the transrﬁ.itter 500 gain, becomes:
AGaing, =N+ ADwn G+ AR G - (8TXgy+ AUpg + ASat + Ay, +A4RxGu)
This -r_c&uces to: .
AGain g =N~ (ATX;. + ASat +4Uper)
30
The level of the variations of the communication carrier signals at the output of the

satelite 2 is:

APy, = AGain . + dTXg, + AUpg, + 4Sat
35 I



25 renoves the slow gain variations-of the gateway recei vgro%cﬁﬂbgﬁg%
resulting in the followng variations of the level signal: L TDM Mean N +
dDwmnGW 3. 0 i@hnpass filter is applied on each received gj | of
the TDM 31 Etggg*(ﬂmgef ore averaging the signal |evels. The f?#?@?)l"gg(ﬁxge |
i mpl enented in. the form 35 TMP, =K3*P+(|-K,)*TMP,., 6 Decenber 2005 WO

02/ 100002 PCTI NO02100201 it P, =P-TMP, whe TMP, is a tenporary variabl e
at a current time t, K, is a coefficient s to be between 0 and 1, P is
the current ngagul gdopuer of TDM 31 which the scanning s detector 320 is
tuned to at tine t, ,., is the previous sanple value of the tenporary
variable TMP and P, is the desired high-pass filter value of TDM 31 si gnal
power |evel The measuregpyany afren, of v t e mef e signal
injected at the input oé?)&t' hév ?eémgl vflﬁgh{:?/és}%e?nhfﬁf&)}{(’i'E:A%"ifﬁel4" = d Rx cw.
15 20 25 This value is added to the TDM estimate to give the foll ow ng

val ue: dTBM Mem = N+ ADmr".+ dRx,-,", The | ooped back pilot signal 11 is
received at tg%i&g}eax\c@ el with the followng variations in signal level: d
Pi1G,. = A TX(;™ gpGw + dsat + ADwnc;,;, + d R<:rw The difference,
used to control the transmtter 500 gain, beconmes: 4GinG = N + ADwna". +
4RXG'. - (ATXG, . +AUp(iw+dSat +AD-, nc; k+Aﬁ1s»Z,(=)N Thi s reduces to:

1w Which is only a small noise term.

‘i;.) 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 féllowing steps can be applied
to the multt TDM estimate calculations:

15

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 in 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 powér 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 substantially the
effects that a local uplink scintillation event at a gateway 4 can have on the

25 power regulation.

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

3 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 ibw—pas-s filter in step 3 above can be of the form:

Di=K *D+(1-K)* D'y



AGain G= N- (A M,., + ASat +, J Upc,d 30 The level. of élPreemharZ0Pens of

t he comunication carrier signals at the output of the satellite .2 is:

AP, = 4CGaiwo ooguzd TXGW + d UpG V + dSat 35 6 Decenber 2085r/nB6/cM2ai100002
PCT/ NO02/ 00201 12 \Wich becomes: dP& =N (dTX7"' + dSat +d Upcw) + dTXf;"
+ ,4Up( + 4Sat 5 Which reduces to: AP Nto-Wiich is only a small noise term
In the disclosure of the two exenplary eg—podi ments of the invention the
noise termis small. But in order to reduce the noise termfurther the
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i nst ant arreosampleditggeutpal ue of all the power levels of the TDVs (31) by
nore than a second predefined value (Thr2), it will be.replaced by a
constant value in the aver aqi ng process. This reduces”substantially the

ef fects t hatf hgre|asesaveiahpessible implementalionefl e dpention INANBIERE ZAEYWRYY have on

the 25 poweeariieghtici. TAL invdntibn feqhifd tﬁégﬂle%%&/fé{:ﬂézﬂi@teﬁfo Be@patdy of elditkdic ence
bet ween the current ﬂ.Vﬁ.r age. \{%‘.' udg of fm'l T %'Slh tand#f% aver age one
pr ocessi ng SaMsPEelalihis v et par qfifc eistg bSRlaget sehdynciianas
aver age. ies bé httdeved thipugh thevingladen 61 4 stendand bEF the shelf WBCeontroller as known to
, a person skilled in the art. The UPC controller, which is usually controlled by the pilot -
O signal 11 only, is controlied by the output signal 4Gain .- The power control can be
selected to be in a closed loop or open loop configuration, usually by a command setting
in the UPC controller.

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 signais
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. |
O | |
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 é&_id difference.

15 Block 103: Low—pasé filter variance.
This block takes as input the signals output from block 102.



bandwi dth. If Thr3 is exceeded, i.e. a scintillation eveftDacenereded at
the 30 gateway 3, the bandwidth of the filter is increased to enable a fast
t racki ng : accurately track and suppress the scint] ' | ong
as the cg‘%ﬁﬁugﬁ&i s satisfied. The lowpass filter in stggjl.’%tdgg@\’/fg?can be
of the form 35 D, =Kz *D+ (I- K2)* D,_, 6 Decenber 2005 WO 02/100002
13 PCT/ NO02100201 where D 1 is the filtgr out put at the current sanple tine
t, K2 is a paraneter that can be set t 4one of two different val ues

bet ween 0 i | change. .of -t h hird

di fference” _P#\%C%g%ggg"pgrgs @@?%@vg?rﬁgﬁ%rf @f;#%ége'?ﬁ?ee%@%ﬁngr@? -rg?a{%d t her eby
enabl e f aststimaiekphdierepdent vBripacet @actpeastien with gesptit taithd iavéragentadl dwd D = |
i's the previgu1asadpl € filter output There are several possible

i npl ementation of the invention in an existing gateway 3 earth station.
The invention requires the gateway transmtter to be capable of electronic

gai n cond r @lock fo4t hjoﬁllju&ﬂ&ﬁftivawcm part of the existing installation,
such functignal.ity can i.0o be achi eved t hrough the inclusion of a standard
of f the sh?lﬁfs ‘ @gFﬁ?sdPP‘ﬂﬁh%ggﬁ%&ﬁp%‘gm‘aq’&%&% “skilled in the art. The
UPC cont r ollf @mpundsi cweight fios sadhl sjgrabmichahatadhdmwymuhipligd bythe vediginatheil edchonl vy,
I's controll : ' | - n I be
cS%.gB%ﬁﬁttgg% Osgag'falnéégp@kh&%ﬂti@?%eﬁg%g%fei%gg\ﬁ%rgg BF {2 va%?rfkﬁ. by a

sel ected to 00p Or open i'guration, us
command setting in the UPC controller. 15 Yet an other enbodi nent is shown

in fig. 4 BEKONB RokmaiPAWQhngystemis as before but the downlink
daptiive- The steps of a orithm (fig. 8) of a basic

estination_'sdg%g({e 3 n. al
estimtor ofS 6 3 Anpu theongnalsoHputdrm dlesk Wi ghts to the TDM 3. 1
i gnal s deltatfofinakzbshie Woights satti thantheisaal ofithieiNeidhel 18V viiileah&nGiANEHhaS

functional bl ocks: 2 k_101:  H gh- fil ignal |evels  The input
Care the T olatEeien be RSl BN keiab bF PR e BRI ot o

sum of the relative weights.
s
Block 106: Compute downlink estimate
This block takes as input-the signals output from block 101 and block 105.
[t 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 optimized (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 sjaécial event detector. The steps of
the enhanced estimator are shown as blocks in fig. 9. The steps‘ 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 immediate action to prc\}ent errors to

be induced in the control loop:

Block 201: High-pass filter signal levels. 7 ,
35 The inputs are the level of the TDM 31 signals from the scanning detector 320.
" 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



320 25 Each detected TDM 31 signal level is passed throudhDeagenmbati2@02ual

hi gh-pass filter. It takes the formof subtracting a | ow pass filtered
versi on of wichengw@pal fromthe signal itself. The output repr/eeemiccer he

i nst ant aneous change in level with respect to a |l onger- term nmean val ue. 30
Bl ock 102: Conpute instantaneous variance. .This bl ock takes as input the
signals output fromblock 101. It conputegsthe difference between the
change in each of the signals and the nean of the changes of the other
signals. |t ideh ThewyhtsepréenshholnstadansbusachafigsiailévetlWithaespectao addngdr-ock
103: Low pasg filter yari ance. This block takes as input the signals output
from bl ock 169" "§BeReber 2005 WO 112/ 100002 PCT/ NOO2/ 011201 14 It
produces a | owpass filtered version of the variance. The output of the
filters are ARt 2 t variance of each carrier with respect
1o the aver aBg)%%fzﬁgtllﬁétFﬁlfec_aH%\‘}lq %ﬁ%grri ers. 5 Block 104: Compute relative
wei ghts. Thi hoinpek apmthesignals figsn the ssanypg detestopd?but from bl ock 103. It

tCErmut es ha \Aeéctg;hjelt)a‘c&rd '??MB 1SdigiapleverLis hoﬁllalaqted\eds' ts%rémlx ]ftﬂljt@iﬁoﬁﬂ Ilmeﬁtbm Ve g[lth ,
e eac cqQntri.putg e Sa varl ance .. e ne r.el.ati ve | LS. are e
v so of ¢ ARG 4R GOl A G st aatcA Rt e SENalds T {S Orer RS IR Ttk og

as input thetodegmal s out put fromblock 104. It normalizes the weights such
that the sumof the weights is | while nmaintaining the relative ratio.
|.e. the normalized weight is equal to the relative weight divided by the
sum of the rBlogki20Z GempuednstargarBpugkariadee. Conput e downl i nk estimate This

bl ock takes fgisbRKakeds ?A;ﬂx’i‘ﬂfle%igﬂdis%n%lftrfﬁ?ﬂ Bloek 501 g ﬁa@qlluﬁiif?é‘rkfréﬂﬁ- It
copputes a downl | nk estipmate b_?/ f1r.st I'ti plying the | evel changes out put
Qﬁfn bl ock Blegk W% @iy sieaals ydthqualifisisequnlito o8e s RIAESSSut put from bl ock

105. The 20 R esmbitehithciitfisatSbaweed (heRhangBadatipoff e quiliTRd sighRAhddROUS
downl i nk est rlngz?r;[ of the changes of all the TDM 31 qualified signals. [t then computes the absolute
15 value of said difference. The said absolute value is then raised to a power of n where n
typically is in the range 2 to 4 dependent on how many TDMs are available for the

estimation process.

Block 203: Low-pass filter variance. ‘
20 This block takes as input the signals output from block 202.
' It produces a low-pass filtered version of the variance. The 6utputs of the filters are
estimates of the current variance of each carrier 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. l.e. the relative c.omputed weights are the
inverse of the variancece computed in block 203.
30 -_
Block 209: Detect abnormat 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 itis set to zero.



Bl ock 107: Lowpass filter Estimte This block takes as ifpgcemher 20qmal s
out put from bl ock 106. It produces a | owpass filtered version of the

downl i nk egld §oBepz The tine constant is 25 optim zed (a fewﬁiﬁgﬁgﬂ%gr

| ess) to the characteristics of the scintillation. The best I ment
of the invention is shown in fig. 9. This is an enhanced version of the
estimator shown in fig. 8 by adding a special event detector. The steps of
t he enhanced estinmator are shown as blocks’in fig. 9. The steps are the

same as in fie.98 SERbndhal bl ock 208, 209 and 210 has been
augnented to t_ﬁe st'eplgﬁ%Tﬁes% o?: sgrs'det ect anomalies in the TDM 31

signal's and ThiR®lqcktelssas enput thesignals quiraw fiem block 204 aud thosetandiguetifiens ¢ he
control | 0opfroll6dk ABL SighaBheiEsold diaBtieSi 0 o @\é%é?a()s?‘?ﬁg%gn@%g@ﬁet s are

the | evel of .t h? TDF}/I 31 n@ﬂgﬂﬁ#s from the scannin etec .

det ect ed TDOM'SRIE PR sFCqnduplifiers saual tyzare ars Riecked fromifithe arocessine- pass
filter. It takes the formof subtracting a | owpass filtered version of
the signal f Slanal 6 enber 2005 WO f2/1()01102 -

- PCTI NO(lZ/()%‘%gi ?g'llgb‘i%fail_ézﬂ”e%?' ‘out put represents the instantaneous change
in |level w thhg &dakes @s inpubthgsignalseutputrfram batki2i0.Bl otk 208: Det ect
carrier presgA§Snaled BE W (Rl Bart ' S E -1 he,scanni ng. det ect or
550, Each oy nommalief e WML Sod ot iEiin SO GRAT! L SanE RO AIRShEC) o
If the | evelTlaive 5, d.a the nosmalized| weights ansl aapalde the sdasivatverighs dividedebysi gnal

is set tooortﬁes.ghlwrtm@gmivg“ieﬁ%hsﬁt to zero. i0o Block 202: Conmpute
I nst ant aneous variance. This bl ock takes as input the signals output from

bl.ock 201 and the qualifiers from block 208. Only signals with qualifiers "
é\qﬁal t 0 onBlacle2f6:doespad dowhlikosspniaes t he di fference between the change

[ h of -t L fJ ' | s. t fot. f all th
TOM 31 qual | PsGOek kP gs R 3RS sl i e o S8 O e ot sai
di f f erence. Irepmpuéisia dowolink estivatatey fisst mibiplyiag skedieve chapgsentped fromvher e n
typical I'ys i Slbdk 3018witRB@ssocdiRed ndRREDIENE AT SN TR bibEVBo&r §pvai | abl e

~for the estimation process. )
. resulting products are ther 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
D 3 Uplink Power Control system, the usual use and conﬁgu;ation of the pilot signal 11
’ 25 detector with a configuration including a “Multi channel 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 exemplaryA
embodiments above. '

30 The Multi channet Scintillation and Fading Processing Receiver as shown in fig. 6
comprises carrier signal inputs ! 1, 31 with their respective receivers 310,320. The
Analog to Digital Converter circuit 53 converts the signal levels of the éarricr 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 . necessary 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



Bl ock 203: Lowpass filter variance. 20 This bl ock takes &d2eqeApher 208%
signals output fromblock 202. It produces a | ow pass filtered version of
the variance. The outputs of the filters are estinmates of the current

variance WP ¥R arrier with respect to the average of tREIABR0029]
carriers. 2s Block 204: Conmpute relative weights. This block takes as input
the signals output fromblock 203. It conputes. a weight for each TDM 31

si gnal such that vvhen mul tiplied by thelfeight, they each contribute the

sanme vari ance. e relative ut ed I nver of the

vari ancece E‘tﬁ’ﬁ‘fﬁf@&s e pilgjeReedrss 3 Y@g? ?)g'g“%el if’%gﬁ%‘f’hﬂgﬂ"j;ﬂri ers.

Thi s bl ockamaﬁesma&ferw]twﬂhml gniaths smhmgtreéaifm‘BQO odasutihg. TOME3 1

i nst ant ane e,of ea 31 §l.9na red..tq a pre-set

thr eanor d. St YsL2 158 o o330 implnchy &8l lgESPRERGEN S Aol Socond

qualifier amnmaﬁlemmmdmntrhﬁer Bsis 40 lghthie pregremtmeasursithe pilét signal £1 gvempt er

L2115 SEU 1D0mZRS binin GoRBRBIAG e AR SROAINAOMAPETLRAREIAR U iel© Bl ock
lock ta t the

210: Suppress abnor mal carrle kes as 1 npu signal s
out put froW%%ka‘?bWeéﬁwdt‘%be%blﬁiﬁd@E}%P#l"lsé?@l qrdessi bl ock 209. Signal s
with second quallflers equal to one are passed to the output S|gnals W th

second qua i S e to zero ar bl ocked, fr her in 5

B oon 205 This slebra5 e hoten ¢ BE B oF e seke e psre by 41Tl TSGR oot put
from bl ocksddfed ot basisrofal statisticdl vaalysis bided o&tredrettetMgﬁahQueﬂnyrfmﬁla he wei ghts
I S 1 Whlol e f‘l%{f?b&ﬂ)[é S I]Sed g‘; %8[’1%& oPmml ! P%’lo’i‘]ﬂ}. ﬁﬁe r(%t i vet S are

equal to t ve Wel g e sSum O
wei ght s. Bﬂt@cb@stm:ai thpml@uttbbmusedkn éstat:hqn@to achieye theosdst reardtmmt as i nput

@ si gnal gabittw dhe RFGETDRINRE Kigh Q6N it Qs RF signal path by a directive RF

coupler that gets its signal from a standard signal generator.

15 One of the main benefits of the present invention 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 iy 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 signai quality by regulating the signals that are used to

regulate the uplink power in the communication system.
O
25

30

.35



It conmputes a downlink estimate by first multiplying the 8 Beedmisha00es
output from is block 201 with the associ ated nornalized wei ghts out put
from bl ock 205. The resulting product§ ar e then sutmed to formthe

i nst ant aneous downl i nk estimate. Bl ock 5 Low pass filter Estimate. This
bl ock takesParntsp@ilailms si gnal s out put from bl ock 206. 20 It produces a

| ow- pass fyltered versi on of the downl ink estimate. The tinme constant is
optim zed f\‘a f%/c}/ nds or | ess t he characteristics of the

sci nti | | at MEKOTIvE tp"W%rd-“é’" f te“'6¥ eISFIPRE & RtEIR RTBIFR t o

repl ace, i systenc@mpdsitg Dgeuistatidzhy smbllﬁmmmasmnbmed g@y&bﬁmllyﬁhmrmhh use and
confi gur at f l,gyration

i ncluding a béh'gwl\fétl%lStath&";\S o%lr?lnefuc%t%nlg%{@ﬁlﬂ:ég{n%%g%%%@%&@@te%nhQ roc Sfl % Recei ver™"
This box wriP¥ONE.GHEPTRNG HR $8PstIhe traditi onal UPC equi pnent - performthe
preferred steps of the enbodi nent as described in the exenplary

enbodi nent Scintillation and Fadi ng Processing
Recei ver . gasrégmﬁl\@m f§s? q—tggunlgg,lgkél tgpﬁ@ga%nlte ﬁomaf‘rsk %atewag' i nputs 11, 31 with
their respective recel vers 310, 320 The Anal og to Digital Converter

circuit 53ree@nw@§atoerr§tbetbsurgrwdnauh&sbeh sa&ffromld%a{emteqﬁ fisl SRfdatewd) and the
| evel of th i | ot %[}a% oblnay%{ ormsuitable for processing by the

mcro conft o fmnlgﬂ?fzsa °l'ﬁb8‘f“85fﬂ”8'd’r° '¥Fining in the micro controller 52
~perfornms the 3s necessary steps of the invention as descri bed above in the
exenpl ary @ahedhizgmm:s of the invention. The output of the mcro programis
fed through the Digital to Analog converter 54 to the AGC i nput of the UPC
njit via the output means 55 The micro 6 Decenber 2005 WD 02/100002
T1 NO02/ O¢@ding sighalprmoigrsfram atdehst 4 seeoii Jatdwaly eReb/aid 28 bastrBRiRLG-ewWyt he

S| gnal | ev, { £ nal and
the scanni ﬁétto{? éi éfé&?%ggs' sl.ggi coﬁieng@@gtjo%:lsyslt%ﬁ/ﬁgr&lgg’ d @Eﬁeﬁi% rflrhg H%?sa@a?.%at%ags t way to
i npl ement  t@HEn.Sgerminipg theistaaalieower '?‘@é?fatﬁ'gﬁé’ thf@Qﬁa’ﬁﬁewéﬂétﬁW?haﬁdH@ mcro
cont rol | ersigrdl posvet 1ovel B6m bRYNAIHREY QA thiREgwwayt he pilot signal 11 every 5 |
OOrs to obtain continuously regul ation of t%e power. Wil st the scanning
rate of the TDMs 31 an be relaxed to be conpl eted once per second or

| ess:' Theeparinathssonal pdves isnelobanyaeqrivet sighal from seidisesnnd gpewarordtomsaigt | east

5) shoul d thgy 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
statton 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
g:) 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 '



E

sel ected on basis of a statistical analysis based on recéiReagnieg2805
quality froma io selection of possible stations 4 over a period of m.ninmm
| nonth. The stations 4 with the best $|gnal quality should be used in the
schene to achieve the best resultant stability. The RF reference signal

600 is injected in the RF signal path by a directive RF coupler that gets
its signal froma standard signal generator. is One of the main benefits of
t he present |nvent|on S, the synmetry in the referred enbodjnment when the
i nvent i on STEUHAM S oBPaLBeA RaveriaYeL ol “?'rf" iosefpnd Q?E??ﬁ%ﬁ?‘lc%??'@h system
I f we al sofronmskidttédgateways | nvention in a gateway 4, regarding it as
gateway 3 as described in the preferred enbodi ment, and uses the gateway 3
as gateway 4 both gateway 3 and 4 w || ulate their outbound signal
pover | everaneHies SueTEh S8k rnstidhe ersrsecba frstsaiferearnd PeBsPdgul at i ng
t he si gnal saifl Biisreedee used to regulate the uplink power in the

communi cation system 25 30 35 6 Decenber 2005 18 Patents Clains 4. Method
for up-link power control in a first gateway earth station in a satellite
comuni cat P&usting g pewsrdeyainfisaif figgt %t@‘%ﬁ’ﬂ'ﬁ@ﬂsﬁqﬁww@&*’éﬁaﬂ famoury bpsedon t wo

ot her geogeapiidiaigh vithis PRIPERRsHN faRge @abipaYerddval | ons comuni cating signal
carriers via said satellite and a plurality of user stations, conprising
the steps of, transmitting a first outbound signal to said satellite froma
first gat eday; receiving said first outbound signal |ooped back from said
satellite jpimbd g&grmllgc,g%t%,\,écte%h%m Blpgrt he 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 sane
ajiyd commufitetieg aliaidsycivedsipna fevalabithighalk & daid fiest giaﬂawahaatfaims stiovs sa?id:lfrgat eway
station, | i i elo) .a signal to fromsaid second
gat enay an@fegﬁ%ﬂg%lﬁéa’ €apI)L?)‘:Jv@{rpl hé@e%% P%%&ghesflag?]al fromsaid third gateway;
repl aci ng the signal power |evel of any received signal fromsaid second
gateway or from said TMPE K*P + {1- Ky)* TMP,

P'=P-TMP,

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, 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 (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 level 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 fevel deviates from the current



third gateway in said first gateway with a predefined nogiBadenmpen@tOyal ue

| evel if one of said signals are below a first predefined threshold val ue
for that said signal power |evel; conpébi ng a nean val ue of the signal
power |evel of the signals fromsaid séCond gateway station and said third
gateway station in said first gateway station; conputing a first difference
bet ween sai | 1 . ~Sa| [T | ON¢ from
Firot sa d ol el ARE et by uEil rifenal bl ] s M0 fEiber, 10

| ooped bac lévelsigghvathimeratheny sgooed predefined ihreshgidivaluet eway; conputing a second
di fference between said nean signal power |evel of said second signal from:
sai d secong gateway and said third signal fromsaid third 6 Decenber 2005
19 gateway and a nom nal mean power |evel of a signal from said second

gat eway andlethod peaqrding t plaim telietecteriraddn Bigtstemef; conputing an error signal
formed by the difference of the first said difference and the second said

di fference; adjusti.ng.the power vel of said fjrst gate st.ation
out bound. <Py Rlehe s, e e ot B Sl vt ssid SSctpecioral Toim Ao Reeond
per m ssi bl gatpwaygnddhe signall lepewépaidl tirdIsignd. frovithé eald éhird gatdvaygwittoa Evepass |
characteri geiotiRe iR Sstep of: filtering all said received signal |evels of
signals in said first gateway that are above said first predefined
threshold value with a high-pass filter of the form TMPt= K1*P + (|- Kt)*
TWt _1 PPt=P - TM Pt where TV, EK,&D ¢y By variable at a current tine
t, Kt is a coefficient set to be between O and 1, P is the current
measured power of signal the gateway is receiving at time t, TMPt_t, is the
E; evi ous shfpfhisd \differrace petwren seithrorantymeay valls andrie seisdmpen valge ohdnglesi r ed
{i gh- SQSS prf)béslﬁiﬁg stégleftﬁer?é b@ﬁﬁt%gméhomgﬁé;'érﬂ\gmeregﬁﬂﬁ th;—;?ﬂlter d\llﬁiuh_@dat o
accordi ng al, m urther. characterized_i e.step. of . replacin e
output of TRET Prip s C8us RARRFGT TS aeliahd b Bio Gt () BR bRGGET o1
si gnal is 0ped bdersadiop ¢ the absolytegeteaif dhapgé ofidhe third difference being above or below

the saild predefined third threshold value; D is the prevailing said third difference and D7y, 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 befween 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.



Met hod according to claim1 characterized in the step of :6 Pegaraker¥§o% he

- current received signal power level with a constant nom nal value in the
averagi ng process if the received si gr@ll power |evel deviates fromthe
current 6 Decenber 2005 20 average signal power level of said second
received power |evel signal and said third power [|evel signal with nore

t han a second predefined threshold value. 5. Mthod according to claiml
characterized in the step of: lowpass filtering the nmean val ue of the
signal level of said second signal fromsaid second gateway and the signal
| evel of s[éﬁivuetfdniwdinlsbcg\rwlcoritmbimat first gatevehytdaitn diatigpain eveetellii ¢dmmauricatienpass
filter s&ﬁ@mfcgﬂhﬁﬁsmgta geﬁstgt?onag shtellifs; al@st t\nBotﬁer i!;eog’rzfphﬁaﬂymlgpgrsgb bhgr ence

bet ween said current "nean val ué and the said nmean one _processing
step ear | 9%BPWRE SEEPRSWFANTPYIGRENG HpRA warr@fwwé"d %ﬁ%i"t%\ﬁ@?é’ B“'ia“‘iysdt%@ filter
out put | s s#tiond, bengiking.ent sanple tine t; K2 is a paraneter set to a first
val ue of two different val ues between 0 and 1 depending on the absolute
rate of change of the third difference bei ng above .or below the said

pr edef i ned"qahs fogtransrilyg s fiisteyibpiend qsna%’foﬁﬁ@sﬂel&teapmuarf@sts@?wast hird difference
and Dt-t, is the rrean val ue of one proce55| ng step earlier. 6. Method

accordlngto aimb araterl Ste ci.ng said
par amet er v fcfrﬁecéaw'sn CS("i"r?}d.'ﬁ\S/t i 8 O?Peg%(? Iiﬁo B erlrl'ltaea'r?p{/gtl él?@ exceeds

said thir (ﬂﬂ%ﬂbéﬁ@'ﬁ@"\%ﬁ@ﬂﬁﬁ@ﬁ@bh@ sngr@bmwwlewﬂ: sci nt| |l ations. 7. Method
accordi ng to claiml, 5 or 6 characterized in the steps of: conputing a
fourth dlf nce pbetween an injected reference signal level and said
nal s ?arlze‘i’/g?l ue of the signal level; and conputing an error signal
med by the di fference between said Iowpass filtered signals said third

Pt 61 ent guangies R U odldt REARE oo AR QbR OB o] of

said first gatewa ons out bound signals based said error

si gnal wi @ﬁﬁewax Pféy I9hdp Hessams id eomyauirRtiahsstepbliwr spidarlitedn McEREH 2005

gateway station, determining the signal power level of a signal from said second gateway and
the signal power level from a 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 ievel if
one of said signals are below a first predefined threshold value for that said signal power
level; '

means for computing a 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 io 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 signal from said third
gateway,; ‘



21 8. Device for ‘up-link power control in a first gatewdyDeegrelherd08%i on in
a satellite comunication systemconprising a geostationary satellite, a

| east two ot her geographically di spersezg earth gateway stations

comuni cating signal carriers via saidSatellite .and a plurality of user
stations, conprising: nmeans for transmtting a first outbound signal to
said satellite froma first gateway; neans for receiving said first

out bound sin%nal fI oolgeq. back from[]ﬁjgi d satellite in first said ,g%t eway
det er mi ni n§FRe L EPRPTING S 50t BEMRILOTIE P inp BIErnFR OISt <G Pere®ei 960 i n:
means for sewed saithdiffgegeeal carriers fromat | east a second gateway station
and at least a third gateway station in the sane said comrunication system
fromsaid satellite in the first said ateway station, determning the
si gnal powBFRIEERdIysiingihe peyyes feveloh paid stpatanay statingiutayndsianalsan @mepgnal
power | evebadedomsaid sirgregnalfwithimtissepetimistible targa bEssaypowdevsd. f or repl aci ng the
signal power |evel of any received signal fromsaid second gateway or from
said third gateway in said first gateway with a predefined nom nal power
value leveP- if one of said signals are below a first~predefined threshold
val ue for Dbate #abding tOdam speMatterize@¥el ; nMeans for conputing a mean val ue
of the signal power |evel of the outbound signals from said second gateway
station and said third gateway station in said first gateway station; .
neans for Bemsenfitgring dlisaid recdived sigrahleecibheftsigneln inssaidiirstigateay thghare apwyaer
| evel of sadighirsd gredefindathregioRCiafe WA highQakd reSlr yRAbah:0at eway and a noni nal
signal power |evel of an outbound signhal |ooped back fromsaid satellite
o.first said gateway, neans for conputing a second difference between said
eAn signal power |evel of sai tMPsé&g®nd(isKgnEMPfrom said second gateway and
said third signal fromsaid third gateway and a nom nal nean power |evel
of a signal fromsaid second gateway and a signal fromsaid third gateway;
6 Decenber WBgB3Mppis gdefRroraryvarebipghia Fusgnilimesk Kole aspejficignt seltoesitopotwepe
di ff er ence 0odndfti P the airtbntinédsaree poweransigns erqatwapisdedtivinget ahe e TMPRans for
:g] ;rs‘r:) qu'? ti?ﬁe%%%ﬁs Laq'Xp% va?Je o?ﬁu'e(iientlpl)c{résrg vg%%f%% asntdq;‘tlisotﬂg dgslljrteg) Ri&l?—gassél gnal s
filter value of said signal power level. :

10.

Device according to claim @ 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.



based on said error signal within the pernissible range &fPe&nRPassRRP

l evel . 9. Device according to claim8 characterized in: neans for filtering
all said received signal |evels of si%ﬁals in said first gateway that are
above said first predefined threshold value with a high-pass filter of the
form TMPt= Kl*P + (1- K )* TMPt_1 where TMPt is a tenporary variable at a
current tiffe t, K, is a coefficient set to be to between 0 and 1, Pis the
current sur ed gateway is receiving at tine t, TWMPt 1
is the pre Vﬁugc%op(ﬁﬁﬂtgcgygg #Tﬁeeqef'errpor ary variable TMP and Pt is the
desired high-pass filter value of said signal power level. 10. Device

accor di ng héungkd é(]aa%mwetaaﬁénteé&a&@d:é@{a! B&Er Iel Witk @R8nstRf ndnfiidl 3@ t he
out put of the sai r wth zero if said received | evel of

oahal 15 Rt RpoRr LS fuad A e 6% Botie RLPe STTR 5998 Devi ce
accor di ng signaigioaiente @l otwaidsetawireetted powarsaalsighelrand ezl tdd pover leyelsignele nt

recei ved Sfi@iNgdre RGHE%e %M? ed nE@th?esﬁ&F%l t nomnal value in the averaging
process if the recel ve(? power [evel deviates fromthe current
average signal power Ievel of said second received power |evel signal and
said thirdzpower level signal wth nore than a second predefined threshold
val ue. 12 I ar 8 characterized in: nmeans for |ow
pass fil te[?’el%lj]g %%éﬂ: clg’np?cgapacfelnge‘r]e 'signal |evel of said second signal
from said second gateway and the signal |evel of said third signal from
the said trhﬁarnﬁifcﬁww rwednb the&néaﬁ%lﬂé‘@ﬂhé h;bﬁa@fevélfoféd‘hesef:@fdrﬁgna flom K2 *D +
(1-- K2)* |f eren edtsl%\e f{ E’ nean val ue and

Uhe sal d mBR 00 gBeup Fithe o BB Pl B ekl e e Blp E6RR{ B o
tdﬁeshol d alew-pass fitercbftledore: D't is the filter output at the current sanple
time t; K2 is a paraneter set to a first value of two different val ues

- between 0 and 1 depending on the absolute rate of change of the third

di fference bei ng above or bel o' K "D+ (1- Ka)™ D'y

if a third difference between said current mean value and the said mean value of one
processing step earlier 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’ is
the mean value of one processing step earlier. '

13.
Device according to claim 11 further characterized in:

iy,

O

means for replacing said parameter K with a second vaiue between 0 and 1 if said mean
value exceeds said third threshold value to enable tracking of scintitlations.

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



the said predefined third threshold value; Dis the prevd PeegmBei#0bnhird
difference and Dt _1 is the nean value of one processing step earlier. 13.
Devi ce according to claim 11 further cg racterized in: means for replacing
said paranmeter K2 with a second val ue between 0 and 1 if said nmean val ue
exceeds said third threshold Value to enable tracking of scintillations.

14. Device n&@ﬁé)lbﬂttdﬂﬁ)uﬁr@ afﬁb&bf@l%*nai fornelby bk RAERE bevb&Rshid 1B-pIRANS el OF
an | nj ect ed reference signal |evel

computing & f eren
and said §’l|gﬁan% stth'(Sér?&%{?nc\?gPﬂ@a'%)ﬁe?W@ YPUYH evel ; and 6 December 2005 24
means for conputing an error signal formed by the difference bet ween sai d

| ow- pass finehgy ﬁﬂedp.&hrﬁbﬂﬁé §ov§ié|‘1|edeltohédidj%r§'gfa{e%?§l§ﬁ’on§Bﬁbéﬁh dighQ¥'58 Bmount

di fference t|hust| n ower | evel of said first gateway
stations oa?ﬁfgt?ﬂaa‘gieﬁ?fé‘lgga'% misgble Ep9e Af RIGRIVETIFSY signal within the
perm ssi bl e range of said power level. 15. Method for up-link power
control inqg first gateway earth station in a satellite communication
system conprising a geostationary satellite, a |east three other

geogr aphi cHiefyd ¥ @%st@wef coRirglin iElaRieyay eaih %@n PSRt eamiticatiopnal
carriers vsﬁt@nﬁc&h;ﬁ&h@b bédseatiorly @temlteuraaéastmreefotms@e*ograemaéuyeiaﬁersaorrprl sing

the steps Qéf:rth g}aﬁe@\ﬂzg?aﬁgns Q&m%anﬁ {;Jtuﬁéfﬁ ?%nggv satelhra azn‘:i1 a alugﬂ l‘ ls'eF‘ e froma

first gateway;” receivin ound- & gnal T oope romsaid
satel |ite PAIMSCOMPETIGE YuUERSRLy determining the said first out bound si gnal
power |evel; characterized in: receiving signal carriers fromat |east a
second gat vva tat nd at ast a.t station in the sane
said comu fgé}gytggﬁrprswl % pae %‘?“ﬂ? r?Tg?fsﬁV\q%/‘?‘Pé( first said gateway
tAtion, fiIterlng any received signal in an individual high pass filter of

the  orm Ofecsih cifridnBund slsREDE biddRAALiMBIH N 1 sdducdizgnal f rom the

signal itself produc Cg an j nstant aneous change | evel signal; conpute an
absol ute cﬂ%ﬂﬁ@"]gé%?a' firghrdioowid sinkRowet IBYRS t he sai d i nst ant aneous change
| evel signal froma nean of the changes of the changes of all the signal

carriers, aﬁgac&gmq,tte an

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 signal;

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 signat carriers, and compute an
absolute value of said difference;

compute a variance for each of said signals by raising the absolute value change level sigrial
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 taking the inverse of said variance stich that when
multiplied by the weight, each signal contributes the same variance;



‘absol ute val ue of said difference; conpute a variance for® Baeamiar 2887 4
signals by raising the absol ute val ue change | evel signal for each signal
to a power in a range of 2 to 5 and fidder the result in a |lowass filter;
conpute a weight for each signal by taking the inverse of said variance
such that when nultiplied by the weight, each signal contributes the sane
vari ance; confpulsecninaiize® @0iQht2&r eacigzid siynals Bach M4titzeslim/ e isgil horfralize@ach sai d
~signals su&? ﬁtg%atpe sum of said normalized weights equal 1; conpute a
downl i nk esStTma y first multiplying said instantaneous change | evel
.signal with the associated normalized weight and sumall said products to

form an i nednfpdteal@Quasink baMERE b rsBRllipifg®aidGiEEneoRtheideMvesdighamdithf or med as
a differen gast?%t. een sail.d inzqhgant aneoaﬁs .govaI i né)f esti.nz%‘? and a received

| ooped back® BFEF S gL =ef veightFng sta gl s3id produeds ©fYRAninsIgfi e g t he power
- level of seevniinkssstigateeway st ati ons out bound signals an anpbunt based on
said error signal within the perm ssible range of said power |evel. 16.

Device for up-]ink power control jn a first gateway. earth station in a
satel |ite EBIFMEANCHPT Bone! Badsmediitmes beiteen EdeTeyansaspvakel | t o, a

| east t hr eestiokteend geagiva@ lvbesl Hagk piosyigiebBicand kR lefegmbesignal;st at i ons

communi cating signal carriers to via said satellite and a plurality of

user stations, conmprising: mans for transmtting a first outbound signal to
sai d sat el P94singthe Rewer fqVeLaf sy ptaniepay stalions owtapund sigarly AmamaUt besed Pt

out bound ssainador sigep @ithih aelpeitissiflcSandd of 8di€pdwdreevein first said gateway
determ ning the said first outbound signal power |evel; characterized in:
eans for receiving signal carriers fromat |east three other gateway
§t.ation in& he sane said conmunication systemfromsaid satellite in the
first sai dogiitk@nap-lisk govie? Bontrbl ih b st diBewai) Yarth Q510N VSl satéIfe 8dmrhihicliod Ndi vi dual -
hi gh pass filter of .the fotrF] of stuEFra%tl a Low Bas%&éjered ver si on of
the si gnal YFFOFPTRENG 9ngstarnay sptefiieny a?tﬁge%ﬂt FESPYAR ¥eFfdnge | evel

si gnal ; neeanb ghlewaxyatpns cogmenicivgignal euers Bivimssdid djelisadrdraggdralitgofsai d

i nst ant aneUs4RANIEmbRYRE Signal froma mean of the changes of all the
signal carriers and conputing an absolute value of said difference;

mans 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 level; '

characterized in:

\D means for receiving signal carriers from at least three other 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 signal;

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



6 Decenber 2005 26 neans for conputing a variance for eachDetembgrd09bgnal s
by raising the absolute value change |evel signal for each signal to a
power in arange of 2 to 5 and filter e result in a lowass filter.
means for conputing a weight for each Srgnal by taking the inverse of said
vari ance such that when nultiplied by the weight, each signal contribute
the sane variance; neans for conputing a normalized weight for each said

signal s such t at the sumaof s |ze ans for
conput i ng. DRI CIBUG VREPISS By S Par P i Fisee L e ol e
change | evlevel signgjifeileah signat he paweioe i sangd ofdiorbednd fiket teeegiitin alodpassm al | sai d
products tgeforman instantaneous downlink estimate; nmeans for | owpass
filtering said downlink estinmate; means for conputing an error signa

formed as a difference between said instantaneous downlink estimte and a

recei ved | oegedotasiputiglzoteight fpnedch bihnaligl tkinBfher infetgearmeid gdrignad sucinbains f or
adj usti N9 bish AQNAEd hPKE Weflhy 82hdichdicBhiflfl REBimS LALRADRAROUNT ST gnal s

an anount on sal ror erm ssible range of said
power |ev epomputlng a normafized weight for each sald signals such that the sum-of said normalized

weights equal 1;

means for computing a downlink estimate by first multiplying said instantaneous change level
signal with the associated normatized 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 hack pilot signal 11 and a RF reference signai;

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





