WO 02/ 100002 PCT/ NO02/ 00201 1 Satellite Uplink Power Control Field of the
invention 5 The present invention pertains to the field of satellite
conmruni cawioan/iasd2 i n particular to scintillation resi starcTpooeroozant r ol
techni ques for geostationary satellite comrunication systens in accordance
with claim1,8,15 and 16 respectively. 1o Background of the Invention A
satellite communi cation system generally]conprises one or nore gateway
stations, a satellite and a nunber of user stations. The gateway stations
provides an interface to the terrestrial networks and are transmtting and

recei ving comruni cation car r%'a%ﬁ%@tUpEg‘lk liéwferr%ﬂﬁﬂcdles to and fromthe

satellite. The satellite is Tunction as an anplifier and/or frequency
converter for the comunication carriers. The user stations nay be fixed or

mobi I e. I n pPyIdUTthedmvehsiond @ snall nunber of |arge gateway stations
serving a |large population of small user stations (fixed or nobile),

satellité cost is normally governed by the characteristics of the forward

transni ssi ophd prBlent inventidnfRitaind€o BRIRIEYSsatelifeREmAiRicatiBn Shdin fiRGculakhi s
stens fromthe, r.ﬁ%w renent to use
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particul ar contramscatRmispsteg)s &l adcyrdahés with elpim rlel;1 hamghl oeegerctiedli ci ency i n
the forward Iink to achieve good system econony. 25 The commruni cati on
carriers are exposed to a nunmber of effects that influence the signal
qual ity or Baekgrowad ofthe Inyestipn he path froma gateway to the user
station. The nost inportant elenents are: 30 Variations in transmtter

gai n | eadi Qg to variations. in output power towards the satellite. Uplink
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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 gateways to the user

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 Variations in transmitter gain leading to variations in output power
towards the satellite.
o Uplink atmospheric effects such as rain fading and scintillation leading to
large signal variations.
e Variations in the satellite transponder signal gain.

35 o Downlink atmospheric effects such as rain fading and scintillation.



WO 02/ 100002 PCT/ NO02/00201 2 The severity of these effects varies with
the climatic conditions at the ground stations and their operating carrier
f r equencywolhao@vrnospheric effects are increased for groumdT/™aERIOb208t ati ons
(gateways or user stations) |located such that the satellite is seen at a
shal | ow angl e above the horizon since the I ength of the atnospheric path
increases with 5 lower elevation anglesp Al these contributions adds to a
significant variation in the received signal |evel on the ground which in
turn | eads Tl sehaitped thesé effeasnegaries withghs clgmatiiscomditionant e gessidseatioas gin - to
ensure a m i t | j i raGt from
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constant transmt power fromthe satellite in satellite "comrunications

syst ens #rrleggeeleyalionanelss-nospheri c and other disturbances at the uplink
station. Most applications are concerned with and designed to conpensate
relatively w variations i.n the.transm ssion.path such as in fading
whi oh have &N BinrEbuREs o b ABRTYFHIRR B B e el BP o887 %405
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for the 1ot Hatellite sedushng thesystrn capacifopnd thhathegeenanisy efithe systere as ppdrole.
station. The systemrelies on a satellite beacon for its 25 node of
operation, which may not be available at a frequency sufficiently close to
the frequelriprrtd of the signals to be stabilized. For exanple, a nornal
satellite beacon around 3.9 GHz wll not be effective in a nobile

satellite communication systemwth 1its comrunication carriers around 1.5
GHz. 30 US Wnlinkpower rentragystems bas brss dosaribed in spversbpaicnts PEapepiag yatieus

vari ati qps mhbcHafRmARS hidkntaih 8RRt $2haRit BaWEr PémahSah@lilelih Satelfikd h st ation
utilizing signals fromone or tvvo.othgr st.ations i.n the network as beacon

h
stations i rCOUHBUBFASIODE SYSI9MRS IFPRECHY o RLAMOSPReLC RAY ofhgy flisturbances at the

uplink station. Most applications are concerned with and designed to compensate
relatively slow variations in the transmission path such as rain fading which have time
constants of the order of minutes.

20

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
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 proposal, rather than
stabilizing one particular master station as described US 4,567,485, one or two stations

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



stabilizing one particular nmaster station as described US 4,567,485, one or
two stations in |ocations with favorable atnospheric conditions are chosen
as referewoag/1b@on2t he WO 02/ 100002 PCT/ NC02/ 00201 3 powercawaommb03yst em
Al t hough the proposed nethods will conpensate slow varying atnospheric
variations quite efficiently, they all have some shortcom ngs: the beacon
station(s) nust exist with substantially3less atnospheric variations than
the station to be stabilized; 5 in any of the methods described either
satel lite vpowatcbnnd,systemmalAlgtoagh dre gropossdrietheds withcompersat stow batymgr enmai n
un- conpens : . [ r stations are
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t he beacon stations are "1 ransferred eit 100% or 50 om each
beacon st at§t#fiprete bestabilizedi station; Sunmary of the invention The

objective of thig inveption is to.conbat not .only the slow varying rain
fading bdt NPRY4 i Treihgs i}s@%@&lt@s&% tawarl?tmdogﬁisww|trafl%%wegf fects
whi ch occurvaiifiesd @l Hoyh femairbanebmpésatedy t h St ati ons that see the satellite

at a low elevation angle. These variations are caused by fluctuations in
t he i onosphamesghredc aphnk sarsgions githé beawoh swiigmadre tiansfemed ¢ithes 10@@6er a peri od

of a few SeW?@froﬁloeaﬁﬁggefEﬁﬁ sfa‘r?lg%{it@&e?&ab&@t‘ﬁn'l owpass filtering to renove

i nduced errors trom external erence carriérs (typically 10 seconds or

nmore) 20 Wipokt 1Rk tr%nﬂRéﬁva&ﬁtiGﬁ“&?ﬁfb?%rﬁg SMk RaNR{ond b H2beacdhni sdtions afel ON
al so exhibits strong frequency dependency render.ing conpensati on schenes
hen W04 030459 Femesach by o 16

utilizing beanskarediedhen WO on IepgiRch peacqn sitgn @l $R%o%Barriers to
be stabilized inefficient. 25 The present invention, in its preferred
enbodi nents, addresses all the shortcomngs in the prior art described

above. Thi SShﬁllﬂﬁ?ngFﬂh%']‘fﬂ'emiOIPSi ng a |arger nunber of beacon stations,
typically 3-5, to estimate | ocal downlink conditions reducing the reliance

on the individual beacon station characteristic; 30 superior nmethod to
estimate | ot olfj@Mve loff BKs MRERRIN 19 RS caiibdl Gobstap theio e h M SratrOfallitg but

15 also to be able to compensate rapid scintillation effects which occur especially to
Satellite Earth Stations that see the satellite at a low elevation angle. These variations
are caused by fluctuations in the ionosphere 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)

20  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.

25 The present invention, in its preferred embodiments, addresses all the shortcomings in

the prior art described above. This is accomplished by:

using a larger number of beacon stations, typically 3-5, to estimate local downlink

conditions 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.



beacon signals determ ned by their current individual behavior.

| npl enenting specific nmechani sns for instantaneous detection and subsequent
suppr essi wo oefio@®@nz oneous or abnormal beacon signals. WO 02CTOO®QA0201

PCT/ NO02/ 00201 4 Inclusion of a local RF reference in the control loop to
enabl e simul taneous suppression of all unwanted effects in the

transm ssion path w thout introducing sepsitivity to other unwanted
detrinmental effects. 5 The variations inposed on the received signal power
| evel al ondntlosios ofja&icapRE eferngg ingthe céniral heppetqieashleo simultaneous suppression
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transmtter gain ing to variations in output power ~towar

satellite. lLIU@GAﬂ@trtlﬁ@“@lrﬂffeﬁ% atmospheric effects such as rain fading and
scintillations leading to large signal variations. ASat is the variations
in the satellite transponder signal gain. LDwus is the downlink
atnmospheric effects such as rain fading and scintillation. 15 The

vari at i ohs Dfe vanatenssimpasgd oreihig receivad sigaalneyearieyg! alaag tesignabpathys gineter vi ng
devi ati ons gypaeqefional |evel values of the different parameters.

Paraneters associated wth equipnent will have their nom nal |evel val ues
determ ned by the nomnal settings of the controlling paraneters of the
equi pment as known to aARreqsel Txd,IH £dp i+ AAlSet aniDwiRQ Shérei ngs may be
validated on a day with a clear sky. The objective of the present invention
is to mnimze these effects on the signal quality of the comunication
syst em and 4TXe, isike vaiations oetrinsmittsy ghmneadieg tavasiatjord intoptpas powbiser ved on a

day with a Lv%gl@t teél%}% ,gGngQHe EMmHﬁ&Qn!c AERDuch trgllﬁsfadlﬁ% aﬂf use of

Upl i nk Power al n constant si gna power ou

satellite i aeménlla@@nsﬂ@am orfpies sigpak eariatiens PSakiséhe variatiopwisithe patelHiS pl e | s
to equip t h@angﬁérﬁwmgﬁmtgamaz\mﬁq@yﬁsetﬁe abwﬁm@atmgphee@m&@ saéh &amuri ng the
recei ved | efvglng of 4 Scmtll?vt\ﬂ)ncar rier (or a pilot carrier) | ooped
15 »

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 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 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 satellite power and intersystem 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



30 back fromthe satellite. This information is used to adjust the
transmtted level in the opposite sense to elimnate variations in the
signal | ewelozab@m2 it is received on the ground. |n order PCa/NOMIONI0ZE
satellite power and intersysteminterference, it is desirable to 35

mai ntai n the conmuni cation carriers at a predefined constant |evel at the
satellite output independent of the vargations in the transm ssion path.
This is acconplished by WD 02/ 100002 PCT/ NO02/ 00201 5 conpensating for
transm ttercommhéalnhgamdrmmdrj ipdinkfahe catslliteléffects. Thakighavevel infbmariohi on

derved {1 QA DPARBSFL 5L 2! o IPoRBLEVANG AR BEL RS ARM Ul ect s and

signal det 6C I'VEr) vari
i nfor mat i ordem@ttmﬁ{mcltvmr)Nalaatldnsxfsmpé@mﬁmsafseﬁhkplrtqai mfom‘@agnﬁ%@bmmqraﬁl ons

to uplink ata%dsd%o%ln* bit e ﬁi‘t%ﬁﬁ a%ureh@aﬂﬁtﬁﬁlts't&ﬁpmm Sflite wheds. %‘b?a%hée

restricts useful ness o I's schene and hakes it unsuitable for, many
syst ens: $ ﬁh@ llomving pideckeerrighthaksediinessof thinschamsrand makes ?t@e%tgtabke fAbt
const ant, wg;,ytenﬁary consi derably. 10 Receiver gain variations can
|ntroduce sign cant errors in the power regulation accuracy. Uplink and
downlink scintillations are not coherent if the uplink and downlink
frequenci es awe Hiegniib beimeﬂl yplihkf éfércerdndl dosahlink effectb istitdt eomstanndut mayovenent
during scintil l\%ﬁ%ﬁ? . 15 Substantial inprovenents can be achieved
if the satellit as a ea on transmtter operating in the same frequency
band as ithe cemResetar Ban vanatiang car infiodntd ngnifieanterrpes in sha power regulaioa
beacon signal is;tyapgnmtted with a stable signal level fromthe satellite

itself and is only. subject to downlipk effects and rec r.errors.
By conparing 20 Itijlléﬂq?l%‘ &’“ﬁ)‘&lﬂ?m% eg&q%ﬁolgqrgﬁéﬁgt% %‘/k ‘ﬁ"YTﬁ’élkbeacon
signal |evel, dqvajubﬁldies £t taifkantdy didfeeak &ddagdo littk: eramntifmproveh@heduring
conpri ses onI y the ileﬁl red orrponents The beacon signal is received at

t he gat eway wi t PPEaHET P8 ng variations in signal |evel:
15

Substantial improvements can be achieved if the satellite has a 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:
25
ABeacgy = ADwngy + ARX gw

where ARX g, is the gateway receiver chain variations.

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

signal level:
APilg, = ATXgw + AUpgy + ASat + ADwngy, + ARX gy

35
The difference used to control the transmitter gain becomes:



25 ,8BeacGNV = L Dmcw + LRx Gv where ARx Gwv is the gateway receiver chain
variations. 30 The | ooped back pilot signal is received at the gateway with
t he fol | owmorg/1vmnt ati ons in  signal |evel: LPilOW= ATXGA\PE€TAGRSW201 Mat +
LDWGW + LRx cw 35 The difference used to control the transmtter gain
becomes: WD 02/ 100002 PCT/ NC02/ 00201 6 dGai nGW =, 8BDMGMdRXGW -

(LTXGW/ UPGWMdSat +LDWMnGMI RxGW  This regluces to: 5 d&@in cW= - (L TXGWV
+dUpGW +dSat) The comruni cation carriers at the output of the satellite
are: 10 6Psat AGahpROAADWAGYF ARIRGW (ARGt + A, i ABat 6 dBsvnclPARKsF - (dTXGW
+LUpGW +/ Sat) +ATXGW +, 6UpGW +LSat = 0 15 This works well if the frequency
di fference between the beacon transmtter and the conpensated

comuni cat i Bns tedpedsde's are not too |arge 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 tradaMeer WAKer t 84RentdS8Uificiently 25 close
to that of the conmunication carriers to be of any use for scintillation
conpensation. As an exanple, geostationary nobile satellite systens
typically use L- band signals (1.5/1.6 GHz). Between the satellite and the
nmobi | e t er nMiheabmmuhichtentchwiersfatthel entpitionthe batliveers: t he satellites and the
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
signal s 100 be used direct!| yAPopr=4€EpiRei t ABavddldtenceddSaht i on as shown

Which becomes:

APy = - (ATXgy + AUpgy + ASat) + ATxgw + AUpsw + 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
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 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 signals to be used directly for scintillation cancellation 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 comprising several gateways 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 atmospheric

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



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 gwoseayeoni th each 35 gateway transm tting carri eP€TINOGRINE201
satellite, sinultaneous reception of these carriers by any of the gateways
can be exploited to derive the |ocal downlink atnospheric conditions at
the gateway. This information can then in turn be used in an uplink power
WO 02/ 100002 PCT/ NO02/ 00201 7 control systemto nmake it imune to the
downl i nk efd‘oﬁﬁrblssypfeﬁvmiﬂuild’egt mﬁmmlmetoghst dovaylinksdffectsqrreailingha thisgatofaya beacon

Er 2223}; ;e{syrgl} %ratp @2@%?0 %egco% Fanséf&e?fas 91%8 #ta'bfwe of the Drawings 5 Fig.

i'o conp ionary satellite 2, a
gateway 3 enploying the |nvent| on ot her gat eways 4 operating on the sane

satellite 2 ﬁqqie@crgﬁm?bfqﬁewwﬁ;ggl ons 5 comunicating with the

gat eway 3. T e user stations 5 may be nobile or in a fixed |location. The
gat eways’3 and 4 communicate with the user io stations 5 via outbound

tSIh gnal ts t hrggy ghsﬁdé;@ Stgpihll dcbarid @ﬂﬁ)risbfg atgt‘e‘ﬁﬁtaﬁérﬂiry edtéllife 2 caogasrwuyczat E Wi t SA
e gatevays an Vi1 a inbo r.o S i

i |lustrates® ﬁ@‘B&f@dBﬁﬁ“’QPgﬁ&%gTﬁ aﬁ%‘?ﬁr tfflggonb 68?{86 ﬁel! ]f?eze gad gwayg 3to
t he sat el Inungher whiseh statiofsus mmmUnmalmg wgh tlfeegamvgnyaﬂ g'h tsatctatiohs Mknayo t he
user stati T I d signals
10 (signal 0[%1 §blll—e Jﬁn%gxg?}l r At ehg%t E—:Wa?? gé%ggy gné’?cake;\gltgkﬁgﬁfsggnpt t edgby

t he userio stmtlom§ th@omth@ma&l@al& thepugh dliei sekelliita 2tand the wser stadensts t he signal s
21 down |'i ndontudibe gﬁt‘iﬁﬁ@% atéwayd® drd v13§130|uh&'§1ghﬁrs @frolidethe hteM@y2 3

nonitoring via signal 31 the outbound signals transmtted by other
gateways 4 operating over the satellite. Fig. 3 illustrates the main

conponent s ®f. 1A elhg&taew&;e cﬁﬂtlﬁiuh@ BigBak TP It@yisMtef Oy@ihe of thitgatiwadO0 té thei t S

transmtted triers, 10 es. an tenn recei vin n 25
emtting sis(jﬁezllltg i c&in@inf%ra{l ltsstilfaéiglnfﬂts ?f : aqlr egce)lﬂ\l/eel%ser EVRS S%Og,hea

t ransm tis ergatdvedynal §0dhrmsllg nednitdestitsotutresing Gignala 1p¢sienalddnt rol functi on 400
and an optional reference signal generator 600.

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 gateway 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 11s
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 chain 500.
35
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



Fig. 4 illustrates a first exenplary enbodi nrent of the invention. The TDM
signals 30 30 are retransmtted by the satellite 2 and are nonitored as

t he signawe @hodwy2t he gateway 3 that enploys the inventi eaT/Nde/op2oiot
detector 310 detects the received pilot signal 11 s power level and the
scanner detector 320 finds the selected TDM signals 31 Is power |evels the
invention uses to determne the scintillgtion and to determ ne the
necessary anount of adjustnment of the power control 400 in the
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i nvention, i 4 to. t 11087 picted in Fig. 4, which also
i ncl udes a 1}13]?(:2?33(%%{@02;'%%1%51 ﬂg%&ﬂ%&@g@&}@g ving chain 200 WD 02/ 100002
PCT/ NO02/ 00201 8 to characterize gain variations in the receive system
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anplifier via the output neans 55 containing the n\%ge‘ecssar%/ eI.ecgonl cs for

i nt er f aci nPMBIHET ¥iajths PutPyt MEANSASEONRHNIDS Bie NERSSP Riactrepist fEIInEHaCIRE ¢ he
transm tt ertheBighal okt AGE ihp@ of the pdwigtcoatralsiO0he thepnsmiitteaeeh@anent s 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
i |1 ust r atesFightilbatates theapscal momipenentyol powen doptrobgysienmhanced adapti ve
downlink estimator. Preferred enbodi nent of the Invention 25 In a

preferred enbodi nent of the invention (fig. 4) the systemconprises a
nunber of 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 Invention

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
ATDMgunt = ATXgunt + AUprN1 + ASat + ADwng, + ARX gw

Similarly, the TDM from gateway Nn 4 is received with the following variations in
signal level:
35
ATDMgunn = ATXgwnn + AUpgunn + ASat + ADwng, + ARX gy



gateways (Ni to Nn) 4 each transmtting a communication carrier or a
signaling carrier that is always on (e.g. a Tine D vision Miltiplex
carrier, WoMz/18@02 The TDM 31 from Gateway N 4 is recei vedcaiNoh®ogat enay 3
at the input of the receiver chain 200 enploying the invention with the
followi ng variations in signal level: 30 ATDMGAN1 = LTXGAN1L + %JPGMNL +
8Sat + LDMmGW + ARX Gv Sim larly, the TDM fromgateway Nn 4 is received
with the followi ng variations in signal level: 35 LTDMOMIn = dTXGMn +
LUPGMN + LSat + dDwnGw + LRX Gy WD 02/100002 PCT/ NO02/ 00201 9 The

4
dondt 1) ons T REAE AL RIREE o ERE BBl Rt sBUAFRal BRLp BN RRRIRRE® |
t ransmi t t ercapdeiasguneaddo e éndegengdsnt @fd@ ple atheh tLikPyise Ve aayismutieswaria@onsiiber

signal levelg i%e;fe%ﬁédt%? a@&a@ﬂ&o@&@ﬁﬂnﬁ&r%gﬁﬂ'lé@@i &f &kﬂ&@hl%@%gﬁh@ as
known to a person, skil art he |nd]§eél ndent terns can

signi fi cantqtgﬁawsaw@éloprpeﬁsgﬁg RN 9 2 RFEOMTiled indhgart, %lnﬂ%ﬂ@%ﬁ?%an

val ue aft edantbeisnicae§ sedbiddd Reandx§pEssad nake AkDIVNE aguktall meah Satue+ dDWnGW
+ LRx Gw Hagt ere N denotes the residual noise after the averaging
T

process. SERPSAESAD 8F SXRISRI & gnal | evel of carrier 31 can be

effected by either a set of recei vers one for each TDM 31 signal, a

scanni ng recei ver capable 2asur Gh | vel of carrier 31 in
rapi d succession or a corrblmh-a Y&h o ‘%gt \/\%Bbvg‘ﬁ“é é\(yzqgﬁﬁl ng receiver and the

15 averadi ng process nust be rapid to accurately track the atnospheric
variations Whdrk mgden%&lsrﬂsé Jeklahal%ls%\aﬁei fhe al&8giAE tprdtesd. qh@nﬁaaﬁaﬁbmmmn the

carrier frequenci i nv Th C [ I ot .Si naI 11 cei ved
at the gat Gl Sandi ey eherTi %eaﬂsf& Hifed 85 3 167 of BRIV OIoeRi o7 54550 b | Gw
= dTXGW + dUB’m Hsipi®i] a scathhinp Edbkivet [RepdBI¥ 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 during

scintillation 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:
20
APilgy = ATXgw + AUpey + ASat + ADwng,, + ARX gw
The difference, used to control the transmitter 500 gain, becomes:
25 AGaingy, =N +ASat+ADwn g, + ARXx gy - (ATXGyw + AUpgy, +ASat + ADwng,, + ARXgy)

This reduces to:

AGaingy =N - (ATXgw + AUpsw)
30

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

arc:

35 APgy = AGaing,, + ATXGw + AUpr + ASat



The difference, used to control the transmtter 500 gain, becones: 25

dGi nGW =N+LSat +dDWnGMLRXGW - (dTXGM-dUPGM-dSat +dDMGMLRXGW  Thi s
reduces two od@aoontsW =N (dTXGMLUpGN 30 The signal | evelpcravomtobmns of

t he communi cation carriers at the output of the satellite 2 are: 35 dP, Sq,
= AGain cw + ATXG + dUPGW + ASat WO 02/100002 PCT/ NC02/ 00201 10 Which

becones: A PS', = N- (ATXGN+ d Upcw) tod TXX,w + A UpG + ASat 5 Which
reduces to: APSa, = N - ASat The atnospheric variations and the gateway 3
si gnal | evéWVhichbeadmesns have been io elimnated and the residual error is
only the satellite signal level variations and a small noise term An
ot her enbodi nent of the invention illustrated in figure 6, a reference

generator 600 is addedfso=thediEoei4iing) suisyst ettr200 4 t he gateway 3 to
enable real tinme 15 measurenent of gain changes in the receiver chain 200.

As in the fj r,sh exenpl ary enbodi nent of the invention the averagi ng process
and neasur¥EAredUsEs he signal level s of the TDM signals 31 fromthe

different gateways 4 w | produce an average variation |evel signal: 20
ATDM\ea,, = N + ASat + ADwnc,, + ARgPng&bg average value is subjected to a
hi gh-pass filter with a cut-off that" ¥enov Lihe slow satellite 2

variations fromthe estimte, but to pass the rapid scintillations. This

also 25 re . gali Latd Qto L al, g [ESRIDeE system 200
eaul i ng. rCambict ShAED AP BaleAS o Yarl by Ol AUl FER KR Wan = N ¢
LDWnG, , 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
is added to the receiving subsystem 200 of the gateway 3 to enable 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:
20
ATDMygan = N + ASat + ADwng,, + ARX Gy

The average value is subjected to a high-pass filter with a cut-off that removes the slow
satellite 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  yean = N + ADwng,,

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,,



30 The high-pass filter is applied on each received signal |evel of the TDM
31 signal before averaging the signal levels. The filter can be

i mpl ementwo o2nodobe form 35 TWMP, = KL1*P + (1- K1)* TMP, _PCIWD®@2/0080002
PCT/ NO02/ 00201 11 P ,=P-TMP, where TMP, is a tenporary variable at a
current time t, KL is a coefficient set to be between O and 1, P is the
current neasured power of TDM 31 which tihe scanning 5 detector 320 is tuned
toat tinet, TMPt _1 is the previous sanple value of the tenporary
variable TMP and P', is the desired Mi=gh-pseis’s filter value of TDM 31 si gnal
power |evel. The neasured variation of the |evel of the reference signal
injected at the input of the receiving system 200 is: 10 4ReG,, = ARx Gw
Thi s val ue Wheradydistagtemperanpiareable aratcarest gngs Khis aroeffivignhgetvabee: 15

AtTDl\AhNEQ’ t %e%vé%mm A5 ,tpﬁis/ﬁ@%f ltﬁ@nﬂh@aéu%% te!%@ KD la@_twrﬁ&}gmlelscalﬂllaiﬂgg Or ecei ved
a e gat eway W T ol lLow n varrations In sjgn evel :

APi | G, .= W@Nﬁodm&@ Asape §, é/\t;ie R’F%Ylou?ﬁ%m&]‘ef‘iag}eéﬁé@ eHPetTY o
control thevariaBRSINPtagd P53Qh@adsired hRboyms filtdGailie SSTHMN HsigdaMpo s levdRx G

- (ATXG, + 4 Ups,, + ASat + ADwmncw + 4Rxa,,) 25 This reduces to: AGin cw

=N (ATXGwn + ASat + A UpG ) 30 The level of the variations of the
conmmuni cat i Bie measniedrvasingomdSthaievehe theitgberenef sigiad injededatithe mpat ¢fshe

receiving system 200 is:
AReg. = 4ARx G\,
This value is added to the TDM estimate to give the following value:
15 ATDM ven = N + ADwng,, + ARx .\

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

variations in signal level:
20 APlle. = ATXGW + AUpr + A4Sat + ADW”GW'*‘ ARX(,‘W
The difference, used to control the transmitter 500 gain, becomes:

AGaing, =N+ ADwn g, + ARx g, - (ATXGw + AUpg, + 4Sat + ADwng,, + ARxg,,)
25
This reduces to:

A4Gaing, =N - (ATXg, + ASat + AUpg,,)

30
The level of the variations of the communication carrier signals at the output of the

satellite 2 is:

APSH, = AGain Gw + ATXGW + AUpr + ASat
35



APsa, = d Gain Gv + ATXGv + A UpG, + ASat 35 WD 02/ 100002 PCT/ NO02/ 00201
12 Wiich becones: APs,,, = N - (ATXGW+ ASat + 4 UpGy) + ATXG, + d UpG\,
+ ASat Swéhiabooozduces to: APs,n =N to Wiich is only a $taiNonoei®e term
In the disclosure of the two exenpl ary enbodi nents of the invention the
noise termis small. But in order to reduce the noise termfurther the
follow ng steps can be applied to the multi TDM estinmate cal cul ations: 15
1. If the power level of the TDM 31 froma gateway 4 falls below a

pr edef i ned Whivthéebehes:( Thrl ), its nmeasured val ue of power |evel is replaced
by a constant value in the averaging process to limt the effect of a
faulty gateway 4 on the performance. 20 2. If the instantaneous val ue of
any particul ar power 4PevelN -of Tk, FOIMB T Hipgnat 4THevi dUes. £ d8m t he

i nst ant aneous average val ue of all the power |levels of the TDWMs (31) by
nore than a second predefined value (Thr2), it will be replaced by a
constant’val ue in the averagi ng process. This reduces substantially the

ef fects thawhahlredaestp! i Nk scintillation event at a gateway 4 can have on
the 25 power regulation. 3. If the absolute value of the level difference
bet ween the current average value of all TDVMs (31) and the average one
processing sanple earlier is below a tksdN 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 the 30 gateway 3, the
bandwi dtth oWhidhds phlytasmallsndisgdemased to enabl e a fast tracking node to
accurately track and suppress the scintillation as long as the condition is

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:

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 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 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 below 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

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



satisfied. The lowpass filter in step 3 above can be of the form 35 D,
= K2 *D + (1- K2)* D,_1 WO 02/100002 PCT/ NO02/00201 13 where D't is the
filter ouwpuk/1edoot he current sanple tine t, KZ is a paranecgaNadhavzean be
set to one of two different values between 0 and 1 depending on the
absolute rate of change of the third difference being above or below the
predefined threshold Thr3, and thereby ignable fast tracking node, Dis the
prevailing third difference and Dt_1 is the previous 5 sanple filter
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as known to a _person s in t art.” The UPC contr ol
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out put signal AGin G . The power control can be selected to be in a

cl osed | oop.or | 00 f.iqurati ua a command setti in
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downlink v
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dot 1 i med beyachived thyougheihe mq%mcm efgetatigenkall e shels Uibeemtzeder ankaonorial

bl ocks: 20 Blggek, swﬁed 1H'tﬁg1arpalsh% Upd E&{troilleawlcﬁ RUBLALy RGolIAPHY theilet t he
| evel s of the TDM 3 gnal ﬁqc&%&et ect ed t he scanni ng detector  320. 25

Each det ect%&“ahbk/losé’ sﬁ“rj’ﬁgP |0§tpb‘é§‘§% Aﬁ?f’mwg PP EPRIFRN PRi gh- pass
filter. It seletk@sobbén b ologedloop BbbperCibbmgoriidugatopassially by arcemsnyvmdsewing of

the signal frpMpe%oatgng!
15
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 said difference.

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



itself. The output represents the instantaneous change in level with
respect to a longer- termnean value. 30 Bl ock 102: Conpute instantaneous
vari ance.wohnaodmbock takes as input the signals output freoriNeelodl. |t
conputes the difference between the change in each of the signals and the
mean of the changes of the other signals. It then conputes the absolute
val ue of said difference. 35 Block 103: j4ow pass filter variance. This

bl ock takes as input the signals output fromblock 102. WO 02/ 100002

PCT/ NOO2/ 00R @ilodutés d lowppasd fittesedavetsbmt qifths viridncer €he wetpst afnhofiltérharevar i ance.

The out put .t foigl ter re. } E r i each
carrier wt anFn é‘ge%é)gtﬂl‘et%r%ﬁgvagr{/ag&%%éggp %grﬁgI %vﬁltg?es%%{\}ltgiﬁeca\éﬁagg;&gal “Bl ock
104: Conput EDMeB htarvierswei ghts. This bl ock takes as input the signals output
fromblock 103. It conputes a weight for each signal such that when

mul tiplied by the weight, they each contribute the sane variance. |.e. the
rel ati vereBé’ﬁkéO%fr%Offlh‘ée relatsteseeightst he variance. io Bl ock 105: Nornalize

wei ght's.  Thikis Bloek kaled k& mpasthe Riguhls blus frgmablsclolgzput from bl ock 104. |t

normal i zes the wejights. h that. the su f.the ights is 1 il e

ol & ot ngtteREPTERR gL Tt gartosiehal Sudt el e RUER bE sl MsSpeh o ¢ e
rel ati ve wedaplibude thecdiexhe bvgridrive. 1.suthe oflativeeweightatirevtbe waiephtod thelariBhaeck 106:
Comput e downl i nk estimate This bl ock takes as input the signals output from

bl ock 101 and bl ock 105. It conputes a downlink estimate by first
mul ti pl yiongBlogk 10&MNermahaeyeightsut put from block 101 with the associ at ed

normal i zed yik BlYcR t4dek Byinpflfﬁ@s@h@l@%uﬂﬂ%froﬂlﬁo@@l@?sU| ting products are
t hen summed to fqQrmthe i. stanog\e%ggous do llnkﬁ%@'ﬁtl mat Bl ock 107:
I

Low pass [ 11tngFmatzes fiecesiats suoh e SBET He Vot 15 nehils BARENBES. 11 om
bl ock 106. relative ratio. Le. the normalized weight is equal to the relative weight divided by the

sum of the relative weights.
15
Block 106: Compute downlink estimate
This block takes as input the signals output from block 101 and block 105.
It 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. 8 by adding a special 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 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 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



It produces a | owpass filtered version of the dowlink estimate. The tine
constant is 25 optimzed (a few seconds or less) to the characteristics of
t he sci ntwioleatiba2 The best node enbodi ment of the inventipam/N@29hman i n
fig. 9. This is an enhanced version of the estimator shown in fig. 8 by
addi ng a special event detector. The steps of the enhanced estimator are
shown as blocks in fig. 9. The steps arqsthe sane as in fig. 8 30 except
that the bl ock 208, 209 and 210 has been augnented to the steps. These

bl ocks detieseif. dihewatpuespraseith eheibithiddnedig oizdnge dmkkvelakich tespesdicd bngeti on t o
prevent er rtg{[glrﬁegnvgl%ei nduced in the control |oop. Block 201: Hi gh-pass
filter signa evel's. 35 The inputs are the |level of the TDM 31 signals
fromthe scanni ng detector 320. Each detected TDM 31 signal |evel is passed

through an gk yhgusdiedicIicPpRSedck! ter. It takes the formof subtracting a
| ow- pass filtered version of the signal fromthe signal W 02/ 100002

PCT/ NOD2£ 00Dlep1inpyts aje; the signaly fromythe seannpng etecti320t he i nst ant aneous change
in level WEdth/eeRAITIHM3A siganldevel i &nipat®bto aityer thidsesld. XQBe Iebeltiect

carrier presence. The.inputs are the sigpals fromthe scanning .detector
350, Bach GRSt Tisdrrevad »eraan eriard o fisTanal ARt € SpP TRV 85RO o
If the | evetoze®. above the threshold a qualifier associated with the signal
is set to one, otherwise it is set to zero. to Block 202: Conpute

i nstant aneous variance. This block takes as input the signals output from
bl ock 20% aBleck RE2:depanpyte Bpstantaneons vgriaede. 208. Only signals with qualifiers

equal to onpLigbRcRiAesaSRPut tht sEAIPYLGS: irb@ HlbdK BI1emaehdgianeen fdie change
in each of thekegoall i ed iltgvnt?ls and the. nean of the changes of all the
TDM 31 qual §1P§ p@ﬁ»é?lgl}w QUG BIHAL L AT BRSFEE 15 val ue of said
di f f er ence. It to@paias thealifakhdecberdddnahé shangein ¢azh D€ chelquakifipdyigialoindtheher e n
typically is_in e Jrange nde n_haow fany. TDVE. ar vaj | abl e
o the ”estriyl BEclPRREac B rATITINRNSPRIRY, [Tk Pl if AiBlu

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 outputs 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 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.



20 This block takes as input the signals output fromblock 202. It produces
a lowpass filtered version of the variance. The outputs of the filters are
est i mat eswofoetib@mozur rent vari ance of each carrier w th repoamoomoiohe
average of the TDM 31 carriers. 25 Block 204: Conmpute rel ative weights.
This bl ock takes as input the signals output fromblock 203. It conputes a
wei ght for each TDM 31 signal such that y¢hen nultiplied by the weight,

t hey each contribute the same variance. |.e. the relative conmputed wei ghts
are the i rBletls2l®@fSuppesyabmoamalaaeria@onput ed in bl ock 203. 30 Bl ock 209:

Det ect abn | . LS o ' t i eyt put from
bl ock 202. Oﬁlﬂg{JﬁOﬁ@%ﬁ?éﬁg}gﬁ@%gl bz&a]%é%&gfﬁgrgﬁo%ﬁhgﬁ eg%g é&(l:lglgplt@sar ed to
a pre-set tiondlskd09. $ignalpevithgecendomalifiers equedl to ang are passhdip thaeuttteshol d a

second qualdif{.8f wills $Qehdhesli él}dﬁlhf% zeRrare bIREd FonSBkthérofgsingf 1t IS
greater it 1S set to zero. WO 02/ 100002 PCT/ NO02/ 00201 16 Block 210:
Suppress’abnornal carriers. This block takes as input the signals output

from bl ock BI@ék 208 Ndimaieeapighgual i fiers from bl ock 209. Signals with
second qual jf.i ers ual to one ar ass tq th utput; signals with
second quaIqufE{(’gk Hf's ?18“95?81‘%8?61(3 B@Bﬁ%@&%?%‘%@urther processing. 5

Bl ock 205: INoommlizzethasieggittssuchithas the mokof thk esights isr pulilet haeingigngthe out put
from bl ock - NQr.ngRlLi ' : s i ghts
is 1 while ‘ﬁ%a?h’? g%“r?r 25%@%@%@i%‘%@%@Saﬁl‘flh%m%ta‘%lé‘{‘%?‘éngﬁ%‘éﬁ%?%\ﬁt s are

equal t dot Hie panaf theaelggvgwebth vi ded by io the sumof the relative
wei ghts. Bl ock 206: Conpute downlink estimate. This bl ock takes as input

coti mat e byBPHF SUOHAATIYE JONEATERel changes out put from
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
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 exemplary

embodiments above.

30 The Multi 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 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



15 bl ock 201 with the associ ated normalized wei ghts output from bl ock 205.
The resulting products are then sunmed to formthe instantaneous downli nk
est i mat e. woBl2ae#00207: Low pass filter Estimate. This bl ockdrakmr/oamii nput

t he signals output fromblock 206. 20 It produces a | ow pass filtered
version of the downlink estimate. The tinme constant is optimzed (a few
seconds or less) to the characteristicsjgf the scintillation. The best nobde
enbodi ment of the present invention is to replace, in a conventional

Upl i nk Poweprogiant reads thegtiletrectilver 3iluatasuseg dredignahfeveglnfabe piotefgnahEl pi | ot
signal 11 | I gur al | | ngl udi . ' nnel
Scintillat %‘ﬁ tgeﬁgﬁ%fgfeﬁé\é E@’o%%@a?r%n%@%e%%‘?’@‘g% te%%‘ﬁ‘%%%’% é‘fP%’éE? her with
the traditioensl levple Brpbgsheay to impl¢menhthaemall mplitaskinggedgimeprogaem

erbodi ment @steHEiRGhd RRGo tonttdIRr $2 8Bl Ne pRERAIHIBALS tHREANEsigRQ 1ThGeMI ti
channel Scintillation and Fading Praq

i cessing Recejver as shown in fig. 6
conpriseé cHi0msdp oéiagh%ntmﬂwbsreﬂl,au@a05&}@ ROVRR Whilst hrecaniypg Faé%%‘]'I ‘bgr s
310, 320. THEDMAAl :adetrolakdiot Rl cobpleted brese pet seeuhd obBsonverts the signal
| evel s of the carrier signals 31 and the level of the pilot signal 11 to
binary formsuitable for processing by the mcro controller 52. The mcro
pr ogr am r unfiengatewaysvechuisen o eopert ofl theschste fprefapabip at leest3) sheddbsary st eps

of the inv j [ . I ] : j of the
Cnvent i on. TG R esre 3 B REAP MRk RE o KRR ARG oy '
Anal og leorsgkctien ogppsmblet fietionsxt qvepyperisid effipinigman Jrinenthi Bhe satigrs pwithneans
55. The msitg@bws%él%%i%heﬁmlﬂél%ﬁd Qﬂlgglc%hegn% t@%_@lﬂéfdﬁh_é%ﬁ%e%u'l’tj@ntm | ot A~
receiver asuri e sigha vel . of . ot si an e
of or ence GOUMED g REsefornge Samml o0 § niisya heb Sieadlutii hee diraBe REL{ gnal
| evel s. Theconpkt thanyett its sigpaldmnt stahéard Bignkl ganktatdraski ng real tine program
systemin the mcro controller 52 is to | et the program neasure the pil ot
signal 11 every 5 100ns to obtain continuously regulation of the power.

Wi | st the scanning rate of the TDWs 31 an be relaxed to be conpl eted once
per second ©re pltbe maitheenghitsaidljesprgsanh byentiarois e syametny intthe peedereade

(pr ef er abl YerdbodiRasitwih (BARWLAidHS aSElAUnAEvanl BRASIE SO 1 skt | st cal

anal ysis based on received nal gualit roma,. . o
y communication system. ﬁj vge ﬁso ﬂnﬁemeglt tltus 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



io selection of possible stations 4 over a period of mnimum 1 nonth. The
stations 4 with the best signal quality should be used in the schene to
achi eve twe dasdooz esul tant stability. The RF reference sipgmaN0@0020i1s
injected in the RF signal path by a directive RF coupler that gets its
signal froma standard signal generator. 15 One of the main benefits of the
present invention is the symmetry in thqgpreferred enbodi nent when the
invention is applied on several gateways in the sanme comrunication system
If we also inplenent this invention in a gateway 4, regarding it as
gateway 3 Lbed in the preferred enbodi nent, and uses the gateway 3
as gat evva;a/ﬁ%g‘g%ﬂ?nait eway 3 and 4 will reqgulate their outbound signal
power |evels and 20 thereby increase the total signal quality by regul ating
the signal sjthat are used to regulate the uplink power in the

comuni cation system 25 30 35 WD 02/100002 PCT/hKDZ/?gZOl 18 Pat ent
Cains 15 Methet hgrapriink poyvericarirgloes figsh Batpwpy sathstations (3)gae &felitear t h
station (3)coninénisaionlsksted cofPmIingiacRbbtatiosyy saclieqRPl 4 Rastigwa ogeest at i onary
satellite (26) . Iﬂlﬁzai.t t Wo %t&ﬂerte%go%agh' al | ¥Q}1dis ersed earth eway
stations (48 oétﬂ?ﬁﬁ 1 diSPerydsaih ateray Sfatio S@G?m nicaling §20alCarTeTs }2) and
a plural it yviebaidsatellisd @) andis p[usdlity ob oyr issitiogs (Shecostpeimgadhe steps aff ansmi tti ng
a first outbound signal (10) to said satellite froma first gateway (3);
receiving said first outbound signal (11) |ooped back fromsaid satellite
(2) in fior stransmitting garswaibousy sigasldd f tisaig setedite fiom 4 firss gatgwehOlnd si gnal
(10) power level; 15 characterized in: receiving signal carriers (31) from
at |least a second gateway station ( nd at ast a, third_gatgway.station
(1) Tntne Senengary oo mumedems ysbendishion sl s eih BT hd he
first said gadveway) détadmiaing(tBg said éitse buboumdsipiet (50)gpoaler peekr | evel of a
signal (31) 20 fromsaid second gateway (4) and the signal power |evel from

a signal (31) fromsaid
15 characterized in:

receiving signal carriers (31) from at least a second gateway station (4) and at least a

third gateway station (4) in the same said communication system from said satellite (2)

in the first said gateway station (3), determining the signal power level of a signal (31)
20 from said second gateway (4) and the signal power level from a signal (31) from said

third gateway (4);

replacing the signal power level of any received signal (31) from said second gateway
(4) or from said third gateway (4) in said first gateway (3) with a predefined nominal
25 power value level if one of said signals (31) 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 (31) from said second

gateway station (4) and said third gateway station (4) in said first gateway station (3);
30

computing a first difference between said first signal (11) power level of said first

outbound signal (10) from first said gateway (3) and a nominal signal power level of an

outbound signal looped back from said satellite (2) to first said gateway (3);

35 computing a second difference between said mean signal power level of said second
signal (31) from said second gateway (4) and said third signal (31) from said third



third gateway (4); replacing the signal power |evel of any received signal
(31) fromsaid second gateway (4) or fromsaid third gateway (4) in said
first gatwoag/1(@p2wi th a predefined nom nal 25 power val uedrenaiz/onfoione of
said signals (31) are below a first predefined threshold value for that
said signal power level. conputing a nean val ue of the signal power |evel
of the signals (31) fromsaid second gabeway station (4) and said third
gateway station (4) in said first gateway station (3); 30 conputing a
first diffeaevws (Wpinteenominhldméan giwesilevehbf 4 dighal fonesail scehd ghtesay @) i r st

out bound Sia%ﬁ%{ﬂ%%g%{aysgf@tyrﬁ%&e%v%%?@gat eway (3) and a nom nal signal power

| evel of an si gna oope ack fromsaid satellite (2) to first
said gateway (3); 35 conputing a second di fference between said nean signal

power | evel i { : i . and
e iy g coftipu ?‘ggg&f?%}# Toffed it LifO- b SREORT (Rl aRnd the 3

gat eway {4)seeiy saiddifeiease nean power | evel of a signal from said second
gateway (4) and a signal fromsaid third gateway (4); conputing an error
signal formed hy the differ e. the first.said difference and the s
second sai cr}*%mﬁlg%ﬂ’ém@ et Lﬁdfﬁi}f%aﬁg‘%%%a?%% atfoé’%?) Qytbound fighals an amquat ..
stati ons ( dasaldrbaaiherrai sigrmal sithin thepenntissibla sagge@f sadipdwer lesel. si gnal wit hin
the perm ssible range of said power level. 10 2. Method according to claim
1 characterized in the step of: filtering all said received signal |evels
of signabs (31) in said first gateway (3) that are 1s above said first
predefined 4 hreshold value with a high-pass filter of the form TMP, = K1*P
+ (1- K)* ITMP, ., P _,=P-TM P, 20 where TMP, is fa tenporary variable at a
current ti dethod pecording to.¢la | chaagterzad ip ghesigep of:

filtering all said received signal levels of signals (31) in said first gateway (3) that are

15 above said first predefined threshold value with a high-pass filter of the form:
TMP, = K *P + (1- K|)* TMP,

Py\=P-TMP,

20
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 (11,31) the gateway (3) is
receiving at time t, TMP,,, 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).

25
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
30 (31) is below said first threshold value.

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

35 replacing the current received signal power level (31) with a constant nominal value in

the averaging process if the received signal power level (31) deviates from the current



between 0 and 1, P is the current neasured power of signal (11,3 1) the
gateway (3) is receiving at tinmet, TMPlL , is the previous sanple val ue of
t he t enpowerog/1vmnt able TMP and P, is the desired high-pas3/Nokwerival ue
of said signal power level (31). 25 3. Method according to claim2 further
characterized in the step of: replacing the output of the said high-pass
filter wth zero if said received | evel 2gf signal 30 (31) is below said
first threshold value. 4. Method according to claim1 characterized in the
step of. 33vemgt atgmapder lewdl bErdid seoad verdived goakr poslsigiab(Bd]) agBddidwi th a

constant n I [ P | ' si gnal
pover 1 evel TG Byietd sl T Fv U AR RS RCTRE AR BEEREES God01 20
average signal power |evel of said second received power |evel signal (31)
and said tfird povver level signal (31) with nore than a second predefined
t hreshol d val ue. Met hod according to claim 1l characterized in the
step of.5| &W@a@gcwthém ﬁﬁmi‘ h&h ‘i‘fé%%ﬁ“%“gilll]éh%?teﬁﬂ% signal |evel of said
second signal (31) fromsaid second gateway (4) and the signal |evel of

said third si naI romth thir at y (4), Wt l.oW pass
filter of tlﬂ‘éf ﬁf‘efi ‘E‘*PERE%’%E &f)s*ﬁﬁagl,evg'i ‘ffes\é\i‘%tsﬁé‘?’%ﬁ‘ S&#‘PP @ﬁ%ﬁ‘%’ “‘g’éfmeen
sai d currerntccmiagatawdyL(é) ani:lthelsgnalalwhquﬁaaidwlatdm'gm‘l (dndromptheceskthitd st ep
earlier I .and where Dt is the filter

out put 15 a@%‘ﬁaﬁ/(%Wgﬁsoé'g;agﬁsﬁﬁlfr%%@tgﬁﬂ2 is a paraneter set to a first
val ue oftotwo different values between O and 1 depending on the absol ute
rate of change of the third diffg{eRrgephging,) phpve or bel ow the said
predefined third threshold value; Dis the prevailing said third
difference and Dt_1 is the mean val ue of one processing step earlier. 20
6. 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
15 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.

20 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.
25
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

30 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

35 adjusting the power level of said first gateway stations (3) outbound signals an amount

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



Met hod according to claim5 further characterized in the step of: replacing
said paraneter K2 with a second value between 0 and 1 if said nean val ue
exceeds swiod2tiboorl t hreshol d value to enabl e tracki ng of ®cTmaod2loatoions. 25
7. Method according to claiml, 5 or 6 characterized in the steps of:
conputing a fourth difference between an injected reference signal |evel
and said 30 signals nom nal value of the signal level; and conputing an
error signal fornmed by the difference between said | owpass filtered

signal s saigd thi rd difference and said fourth difference; and 35 adjusting

the pover Igxgl. (3 a;?g E\'Néxséon% L i o h%g%a&rﬂtaﬁbﬁ gﬁé’iﬂ% s%le%ﬂé" s an

anount based 6n°s ror range of said
power Ievelconmr@@lhm@m@nPMN@DQ@%Q&]@OH@H}’ Sa@““@é?{] ,caeleﬁ%rtWlethernk power

contr ol '% %ﬂ St al9PiSNREdRAkh Rafttva Isfano&s%z omhuhRhehd libfal cGRIECDFat i on

system co egst ati opary ellite , a least two other

geogr apht cali? 931‘HF3§?}B%S@H%? P‘(‘a‘r"’élé?( ggwr §tla%\?ri‘5cﬁfi CORPriEdE NI cat i ng si gnal
carriers (30) 5 via said satellite (2) and a pl urallty of user stations
(5), conprisin nmeans. f.or rans 4B rst 10) to
Sal 0 sat ol IR forgrnaninge i puthaynd iyt O sl RRH R AR N 1 ¢
out bound si@pal (11) | ooped back from said satel I|te (2) in first said
gateway (3) determ ning the said first outbound signal (10) power |evel;
characterized in: 15 neans for receiving signal carriers (31) fromat |east
a secondo ganeanaforgeeaiving s¢id firgeytheund sigaalt(1 b) loppadibagh fonnsaidsaieliited2) 4y in
the same sgyg sﬁmwﬂn Q8eYiniRhé §£M§§bﬂtboﬁﬁd ﬁghalt(eo)(p%)wt Revehe first

sai d gateway station deternmining the signal power l'evel of a signal
(31) fromsaid second gateway (4) and the signal power |evel froma signal
(31) fromchadagtetibéd @: gat eway (4); 20

15 means for receiving signal carriers (31) from at least a second gateway station (4) and at
least a third gateway station (4) in the same said communication system from said
satellite (2) in the first said gateway station (3), determining the signal power level of a
signal (31) from said second gateway (4) and the signal power level from a signal (31)
from said third gateway (4);

20
means for replacing the signal power level of any received signal (31) from said second
gateway (4) or from said third gateway (4) in said first gateway (3) with a predefined
nominal power value level if one of said signals (31) are below a first predefined
threshold value for that said signal power level.

25 means for computing a mean value of the signal power level of the outbound signals
(31) from said second gateway station (4) and said third gateway station (4) in said first
gateway station (3);

means for computing a first difference between said first signal (11) power level of said
30 first outbound signal (10) from first said gateway (3) and a nominal signal power level

of an outbound signal looped back from said satellite (2) to first said gateway (3);

means for computing a second difference between said mean signal power level of said
second signal (31) from said second gateway (4) and said third signal (31) from said

35 third gateway (4) and a nominal mean power level of a signal from said second gateway
(4) and a signal from said third gateway (4);



means for replacing the signal power |evel of any received signal (31) from
said second gateway (4) or fromsaid third gateway (4) in said first

gat eway (Wp ozfivéwoa predefined nom nal power val ue |evel iPCTIN@®200203ai d
signals (31) are below a first predefined threshold value for that said
signal power level. 25 neans for conputing a nean value of the signal power
| evel of the outbound signals (31) frompsaid second gateway station (4)
and said third gateway station (4) in said first gateway station (3);
neans for casmstfongnaputingah ectof fighnfoembebywdendiKedetcd off fitst saigdeter¢nke) power
| evel of saj 30 f1i ound signal (10) fromfirst said gateway (3)
and a nom nanlg1 ng S1aldg&lﬁgluetn%?eiveI of an out bound signal | ooped back from
said satellite (2) to first said gateway (3); neans for conputing a second

di fference ggﬂggg% | (31)
fromsaid slgcon d?lgg\}\gy 4;2 vgérfgaggﬁp&\mﬁﬁmk Eﬁ%aygta?&isgb% ?lg?n&gfaal I%ﬁat hird
gat enay § 4)anaamo ﬁawa r sigial withiy ghe laﬁrmaswwage o} i R It ond

gateway (4) and a SI gnal fromsaid third gateway (4); WO 02/100002

PCT/ NO02/ 00201 22 neans for conputing an error signal fornmed by the
difference of first said difference and second said difference; neans for
adj usting the power |level of said first gateway stations (3) outbound
signals s gn amount based on said error signal within the permssible
range of said power level. 9. io Device according to claim®8 characterized
in: neans floevige aqcerdlmggtomlalns&pl@aracé@éied@u signal levels of signals (31) in
said first gateway (3) that are above said first predefined threshold
value with a high-pass filter of t 1 ) * TIMP, _,
P =p TVP, MeHdar figmingal s r@ﬁiﬂé"r“ﬂ-‘f‘%‘l éf‘rv.ek%m?élgaﬁlwk)uflls@ﬂtﬁr§.a%eway ® isa
coef f.i ci entthatdre bboveaaidiroeprademed tldshold vdué &ith lachighipass miltenetht fath: power

of signal (31) the gateway (3) is receiving at tinet, TMP, , is the

previ ous sanple value of the tenporary variable TMP and P, is the desired
hi gh-pasis filter value of sai d BB *PowerK)eTdP. (31) .

=P-TMP,

where TMP, is a temporary variable at a current time t, K, is a coefficient set to be
20 between 0 and 1, P is the current measured power of signal (31) the gateway (3) is
receiving at time t, TMP,, 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).

10.

25 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 (31) is below said first threshold value.



10. 25 Device according to claim9 further characterized in: neans for
repl aci ng the output of the said high-pass filter with zero if said

recei ved wioexeabooot signal (31) is below said first threshecd/NnGd20e201\WO

02/ 100002 PCT/ NO02/00201 23 11. Device according to claim8 characteri zed
in: 5 nmeans for replacing the current received signal power |evel (31) with
a constant nom nal value in the averaging process if the received signal
power |level (31) deviates fromthe current average signal power |evel of
sai d second received power |evel signal (31) and said third power |evel
signal (31);with nore than a second predefined threshold value. 10 12.

Devi ce accordl ng to claim8 characterized in: means for |ow pass filtering
the nmean vaParcepiccendingstiogham § ehamctasized i:d second signal 15 (31) fromsaid
second gateway (4) and the signal |evel of said th| rd signal (31) fromthe

said third gateway (4). with a | ow f||tero = K2 *D +
(1- K2)*5D”Eean5§QT ‘FPla%.mgI‘uti'erWPF ‘feégé?fiﬁg%ﬂ%@h e¥%\‘| gl)c\‘ﬂrﬂi‘éﬁf’nsﬁ@én val ue and

the said nﬁﬁimluﬂluaﬁleqﬁ tlmwzerdgirfgqﬁssasmiftbé mpe@ed kllgﬁéﬂ plosJeb&IveN@a) didmatels
threshol d v g'l rl lof LidQue cﬁl%recelv d le arrpl
time t; K2 f"én § %‘Fa?ﬂ’e?vee?agfe?lg’i’% PSWF F%? variae di fl%"évreénetve ap
bet ween 0 &Ad) alnddsapbthdd pgwenlevélesigiab (1) wathrmagre then acdeaomyeproflefired tlurhshcrﬂd
difference Rajng above or below the said predefined third threshold val ue;
Dis the prevalllng said third 25 difference and Dt-1 is the nmean val ue
of one pPocessing step earlier. 13. Device according to claim11l further
characterized in: 30 rreans for repI acing said paraneter K2 with a second
val ue exceeds said third threshold

val ue bet n.0 and ai
val ue to endbiie %cparém%qtg Gk estiarzet s
means for low-pass filtering the mean value of the signal level of said second signal

15 (31) from said second gateway (4) and the signal level of said third signal (31) from the
said third gateway (4) with a low-pass filter of the form:

D'( = K2 *D + (]- Kz)* th-l

20 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

25 difference and D', is the mean value of one processing step earlier.

13.
Device according to claim 11 further characterized in:

30 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:
35
means for computing a fourth difference between an injected reference signal level and

said signals nominal value of the signal level; and



14. Device according to claim8, 12 or 13 characterized in: 35 neans for
conputing a fourth difference between an injected reference signal |evel
and sai dwsignaéee2 nom nal val ue of the signal |evel; and \RWOTONBREODE2

PCT/ NO02/ 00201 24 neans for conputing an error signal formed by the

di fference between said lowpass filtered signals said third difference
and said fourth difference; and 5 neans 24or adjusting the power |evel of
said first gateway stations (3) outbound signals an anount based on said

error signal within the permssible range of said power level. 15. 1o
vethod Tor HRuls! e dafifthe GR2HLPLihd? (Brmldd R hO BRI BRATdI SO PIhals®) [0 @
satellite ‘conmuni catl on®system €onprising a geostationary satellite (2), a

| east t hr edfiltaredsignajesmd dptd & Hetepcaandpaidsionrtb differensst awhy stati ons (4)
comuni cating signal carriers (30) via said satellite (2) and a plurality
of user stations (5), conprising the.steps of: 15 transmtiing a fjrst

out bound? si gADs fpriashustige W%S@er?ﬁ%‘lfﬁﬁm{eww %If‘t“{j’ét(é}/\%y{’((‘ﬂ’%;“gr}a cei ving
said first fuirheinndased @nahid(ctby sigasipeithih aekpdrmaRibiaiadgs af @id pdveer(&el.i n
first said gateway (3) determining the said first outbound signal (10)
power |evel; 20 characterized in: receiving signal carriers (31) from at

| east a second gateway station (4) and at least a third gateway station
(4) in the game said communication systemfromsaid satellite (2) in the
first said gateway station (3), filtering any received signala@a}:@l) in an

i ndi vi dual Msthedder ynakik powercentel ippdirptagaigwity earthstatieni Gyina sagslit§ass
filtered velorfini®dtidn§steimBotlprising® gebhatisragy sdtelliteS@), fa 1DAP i€ dtBerdnN

i nst ant aneous chﬁngﬁ |.evel signal ; con%Ie ‘@n absol ut e change Ieve@il gnal
by subt r act§NgraPREILHAEPSTH ALY STQRY &) cpmpinicafigy sienglcafers (0hn  of

t he changesviatait Ba&teltia()asd apluablity bfiesesisgnahs Garcongrsing3hg steps3ef: and conput e
an absolute value of said difference; conpute a variance for each of said

signals (31) by raising the absolute value change |evel signal for each
signal tio argewettinga fastroathpandsignal(d0btoan setellite fronhafirst sateway (3)a

receiving said first outbound signal (11) looped back from said satellite (2) in first said

gateway (3) determining the said first outbound signal (10) power level;
20 characterized in:

receiving signal carriers (31) from at least a second gateway station (4) and at least a

third gateway station (4) in the same said communication system from said satellite (2)

in the first said gateway station (3), filtering any received signal (31) in an individual
25 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 signal carriers (31),

30 and compute an absolute value of said difference;

compute a variance for each of said signals (31) 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.

35
compute a weight for each signal by taking the inverse of said variance such that when

multiplied by the weight, each signal contributes the same variance;



| owpass filter. 35 conpute a weight for each signal by taking the inverse
of said variance such that when nultiplied by the weight, each signa
contri butwe i2heowane vari ance; WO 02/ 100002 PCT/ NOCO2/ 0020PcT2OMONIt € a
normal i zed wei ght for each said signals such that the sumof said
normal i zed weights equal 1; 5 conpute a downlink estimate by first

mul tiplying said instantaneous change | egel signal wth the associ ated
normal i zed wei ght and sumall said products to forman instantaneous
downl i nk estinmate; conpute an error signal fornmed as a difference between
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15
16.
Device for up-link power control in a first gateway earth station (3) in a satellite
communication system comprising a geostationary satellite (2), a least three other
geographically dispersed earth gateway stations (4) communicating signal carriers (30)

20 via said satellite (2) and a plurality of user stations (5), comprising:

mans for transmitting a first outbound signal (10) to said satellite from a first gateway

3);

25 means for receiving said first outbound signal (11) looped back from said satellite (2) in

first said gateway (3) determining the said first outbound signal (10) power level;

characterized in:

means for receiving signal carriers (31) from at least three other gateway station (4) in
30 the same said communication system from said satellite (2) in the first said gateway

station (3), filtering any received signal (31) 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;

35 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 (31) and computing an

absolute value of said difference.



an i nstantaneous change |evel signal; 35 neans for conputing a change | evel
signal by subtracting said instantaneous change |evel signal froma nean
of the chwogesomh2al | the signal carriers (31) and conput ipag/Naov2/0atsol ut e
val ue of said difference. WD 02/100002 PCT/ NC02/ 00201 26 neans for
conputing a variance for each of said signals (31) by raising the absolute
val ue change | evel signal for each sighnak to a power in a range of 2 to 5
and filter the result in a lowass filter. 5 nmeans for conputing a wei ght
for each simgeals flryconghiting atvasanaefer sxeh of sawl siignaw(mhbpraisin@thetahsulumhen
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| evel of sadadl fiarmstizegoweghty equatli ons (3) out bound signals 20 an anount

based on said error signal within the perm ssible range of said power

level. 25 30 35 _ ) ) o o
10 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 (3) outbound signals

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

25

30

35



