1 METHOD OF OPTIM ZI NG THE RESOURCES USED I N A SATELLI TE OR Al RCRAFT
TELECOVMUNI CATI ONS SYSTEM The present invention relates to a nethod of

optim zing the resources used in a satellite or aircraft tel ecomunications
system The invention can notably be uged in a network planning phase,
during the 5 deploynent of a communi cations system between stations of the
terrestrial segnent, the system using one or nore onboard repeaters, that
is to say present on a satellite or on an aircraft. In a satellite
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15 station modulates the signals according to an appropriate waveform, sends
signals which modulate a carrier wave ascending to the repeater, which
amplifies them, transposes them and retransmits them fo the ground on a
descending carrier wave, a receiving station capturing the descending carrier
wave in order to demodulate the signals. In order to obtain good performance
20 at a minimal cost, the allocation of the resources used in the Satcom links
must be optimized. Several criteria are involved in the performance of these
links and their implementation cost. In order to increase the capacity of the
network, it is possible, for example, either to increase the size of the
antennas on the ground, or to increase the bandwidth (sometimes leased) of
25 the repeater or to increase the Equivalent Isotropically Radiated Power
(Puissance Isotrope Rayonée Equivalente-PIRE) at saturation of the repeater
or its operational gain, each of these options also generating a corresponding
additional financial cost.
The adjustment of certain elements of the communication system
30 makes it possible to optimize the resources used. A first element to be
minimized is the consumption of resources in the space segment, in other
words the allocated bandwidth and the power used. A second element
relates to the size of the equipment on the ground, notably the sizes of the
antennas. A third element to be optimized is the setup of the modems, a



words the allocated bandwi dth and the power used. A second elenent relates
to the size of the equipnent on the ground, notably the sizes of the
antennas. Athird elenent to be optimzed is the setup of the nodens, a 2
good setup nmaking it possible to increase the capacity of the system that
is to say the network spectral efficiepcy, referenced rl. The spectral
efficiency of the network is the capacity/allocated bandw dth ratio of the
repeater, the capacity being the sun1of the useful data rates of all the
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warfighter' 'vgﬂnng{w Esgﬁ)tg&raﬁa ﬁlClency or in increasing the network spectral
efficiency for a given size of antennas. In the case of a heterogeneous set of
antennas, optimization is carried out per antenna class, that is to say per
20 group of connections sharing the same quality indicator (the “iso-QaF” class
of connections will be described and the quality factor “QaF” is defined
below). In order to increase the network spectral efficiency, either the
capacity at constant bandwidth is increased, or the leased bandwidth on the
satellite at constant capacity is reduced. It is also known that the modulation
25 spectral efficiency is to be adapted according to the size of the antenna of the
receiving stations. Notably, the following two articles published by the
MILCOM can be mentioned:
» Jerry Brand, “Optimizing the warfighter's non-processing satellite
transponder utilization”, Military Communications Conference, 2002 ;
30 * Bruce Bennett, “DVB-S2 Technology Development for DoD {P
SATCOM”, Military Communications Conference, 2006.

More generally, it is known that there is a relationship between the
modem parameters and the antenna parameters, but this relationship is not
35 simply expressed and, at present, no method of the prior art makes it



transponder utilization", MIlitary Comrunications Conference, 2002 ; 30 *
Brute Bennett, "DVB-S2 Technol ogy Devel opnent for DoD IP SATCOM', Mlitary
*Conmuni cati ons Conference, 2006. More generally, it is known that there is a
rel ati onship between the nodem paraneters and the antenna paraneters, but
this relationship is not 35 sinply exp?essed and, at present, no nmethod of
the prior art nakes it 3 possible to plan the resources to be allocated in

a Satcomnetwork sinply and in an optiml nmanner. In general, |ink budget
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o Eu/N, (in dB), the mean energy per user bit E, over the monolateral
15 noise power spectral density Ny, at the input of the demodulator;

o AF (in Hz), the spectral bandwidth of the channel corresponding to a
modulated carrier;

o D (in bps), the useful data rate transmitted on the channel;

o B (in Hz), the spectral bandwidth of the repeater;

20 o conso™™ (%), the percentage used by a carrier of the power of the
repeater;

o conso®™ (%), the percentage used by a carrier of the bandwidth of the
repeater;

o PIREsolgs (en dBW), the Equivalent Isotropically Radiated Power

25 transmitted by a carrier from the earth station;

SFD (in dBW/m?), the saturation flux density of the repeater;

IBO (in dB), the back-off at the input of the repeater;

Ayp (in dB), the total attenuation of the uplink;

AAupfs (in dB), the additional free-space attenuation of the uplink with

30 respect to the attenuation of the sub-satellite point (the upper index
corresponds to “free-space’);

o) Au,@nfs (in dB), the attenuation and the losses out of free space of the
uplink (due, for example, to rain, scintillation, clouds, gases,
misalignment and to the precision of the transmitted power level);

35 o Msys (in dB), the system margin.

o 0 o0 ©



o SFD (in dBWnR), the saturation flux density of the repeater; o IBO (in
dB), the back-off at the input of the repeater; o A p (in dB), the total

" attenuation of the uplink; o AAUPfs (in dB), the additional free-space
attenuation of the uplink with 30 respect to the attenuation of the
sub-satellite point (the upper index cgrresponds to "free-space"); o AuPnfs
(in dB), the attenuation and the | osses out of free space of the wuplink
(due, for exanple, to rain, scintillation, clouds, gases, msalignnent and
to the precision of the_transm’tted power |evel); 35 o Msys (in dB), the
systemmargin. 4 One purpose of the invention is to propose a sinple nethod
meking it possibl e Qoeoptiipwseeot ige dhvertiphi mt@f propesé %wm@ risteddi N a
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onboard power as a ction of W ng terns: qual ity cat or
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o an informational term 3dB, ( endi ng an dem ra ers 0 aterm
K (in dBwWHz) dep&rarersinght hﬁag%r%ﬂ Sé‘?%” O(“rr:E HﬂrFFEﬂ &8 Peux
density and bandw di)h};umwon af comuscmrtzll %entlwrdm CdBd ( ithe d&nﬂhmt&ﬁi eifi zi ng
the consunption of nbo ower ttr on _the one hand, to the
upvard - nor e whi cPROSERBo B B8 2 httdrhl BR B BRoER S and on ¢ he
o a quality indicator QaF’ (in dBHz/W) depending on the antenna
system (onboard and on the ground) and on conditions of

15 propagation and interference of the medium,
o an informational term 34z (in dB) depending on modem
parameters,

o a term K' (in dBW/Hz) depending on onboard parameters
(maximum incoming flux density and bandwidth),

20 o a corrective term Cgyg (in dB) characterizing the consumption of
onboard power attributable, on the one hand, to the upward
noise which is amplified and transposed on board and, on the
other hand, to the noise generated on board, notably by
intermodulation products;

25 » modifying at least one of the parameters QaF’, K', Jgg in order to

tend toward the cancellation of the absolute value of the term
expressed in a logarithmic scale Egg.

According to one implementation of the optimizing method, the
30 difference Ege (in a logarithmic scale) between the onboard bandwidth
consumption and the onboard power consumption is equal to:
QaF’ + K - 34g- Cap [EQ]

According to one implementation of the optimizing method, the
35 satellite or the aircraft comprises at least one repeater, and the parameter K,



ot her hand, to the noi se generated on board, notably by internodul ation
products; 25 » nodifying at | east one of the paraneters QaF', K, 3d6 in
order to tend toward the cancellation of the absolute value of the term
‘expressed in a logarithm c scale EdB. According to one inplenmentation of the
optim zing method, the 3o difference EdB (in a logarithm c scal e) between

t he onboard bandw dth consunpti on and ghe onboard power consunption is
equal to: QaFF + K - sdB - CdB [EQ According to one inplenmentation of the
optim zi ng rrethod the 35 satellite or the aircraft conprises at |east one
repeater, c?ﬁf equAl cExpressed in dBWHz, is equal to K =DFmax
+101oglo(47 %{ﬁ ?Hmr q his] o B being equal to the spectral
bandwi dt h of t Ké=DpeattdP] quoﬁl’fﬂﬂeﬂném@auﬁ(ﬁ)t@ml‘gell di st ance belB@ds] t he

onboard system a ion DFi nax bei ng equal
to the maxinum fBﬂ%?H'Eiﬁgﬁ?V"iﬁ%]@E%%ﬁr’)‘g’@?‘ raﬁltﬁ {ep%ﬁCfeE 'he repeater in the
direction of tdedtbeangmoui ru:gtlwrdistasd:aﬁaiebmee{n Ihlnes onkoatcheystear endrthal gebrai c

sum of the edge and the upward geographi c advant age of
the earth stati Oﬁ%n%ﬁﬁﬁp@%é{t %lté{ k| ng 10 into account a "breathing" space

of the syst emCduBFtngm Wagmueitﬂ thei maxiewph diunetenisdy edinissiblenatrthe iriptiei ng
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conponents are corrpens br eat I ng EFI nk, 15
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0 one |rrpl enment atl on of opti.m zi'ng nethod, araneter "sdB I's equal
to No +181og10( elito account a breathlng space of the system dle'to chance (this is
explained below),
o “margin” being additional losses with respect to free space losses (of
which some components are compensated for by the “breathing”
space) of the uplink,
15
K' therefore being homogeneous with a maximum PIRE spectral
density in the bandwidth B of the repeater and transmitted from the

ground.

20 According to one implementation of the optimizing method, the

: E
parameter J4g is equal to ~N—b+1010gm(e)
0
o Ep/Ng, being the mean energy per user bit E, over the monolateral
noise power spectral density Ng, at the input of the demodulator of the
receiving station,
25 o e being the modulation spectral efficiency.

According to one implementation of the optimizing method, the
parameter QaF, expressed in dBHz/W, is equal to the quantity that is taken
from the noise density (C/NO) requis in dBHz (with a system margin here), in

30 order fo find the value of PIREgq (dBW).
In fact, there is the equation QaF = (C/NO) requis - PIREsq1  (Se€e below)

. E
Where, by notational convention, (C/NO) requis = ~N—b+1010g10(D) + Msys
0

and where, by purely notational convention, the following two prime values



O o Eb/No, being the nmean energy per user bit Eb over the nonol ateral

noi se power spectral density No, at the input of the denodul ator of the
‘receiving station, 25 o e being the nodul ati on spectral efficiency.
According to one inplenentation of the optim zing nethod, the paraneter
QaF, expressed in dBHz/ W is equal to tge quantity that is taken fromthe
noi se density (C/ No) requis in dBHz (wwth a systemnmargin here), in 30
order to find the value of PIREsoi (dBW. In fact, there is the equation QaF

= (C/'No) requiS..-4 Pl i..(see below) Were, by notational convention,

(< No) requﬁég isﬂ)'“ﬁ%i%’é%( D) + Msys 0 and where, by purely notational
conventi on, Qae=fQafF eMgpg etwo pK me- Kot Mgs 6 are used in the text: QaF =
QaF - Mby5 et K = - K + Mby5 The Satcom stations of the terrestrial segnent
can be placed on 5 the ground or on a naval or air carrier such as a

hel i copter for exanphe Satcemestations of &% terrestamipeagment caratengacdw ohol | owi ng

det ai | ed 5de BUh8brynvER l%’aéf iBPBdH B b | reference to
t he appendg‘?%rawi ngs in a %(c : rl‘ggr-naﬁ%éuﬂrg}'% S 'gﬁwéf%ﬁrﬁ@faagram
illustrating the functioning of the optimzing method according to the

invention, - figureQthdrs féattfeP it ahpp&dt peMbadihgNtH FWIdWinghGetieat i on of
network spectral. effjci ech, referenced Tl, as a function of the nodul ation
spectral ef PESGINCD, IvENP¥nYaY &f noprliniting ceXxainplea WiBs referense itpdheat or 15
QaF. The nebppehdeatdraings rowhigh: i nvention is based on the use of the

fol | owi gy eaual ! A0, ECYULNALET biorkl' oA HEDE Indisbiotig drone ! &i ned
optimizing method according fo the invention,
- figure 2 is a graphical representation showing the variation of network
spectral efficiency, referenced n, as a function of the modulation
spectral efficiency, referenced e, for different values of the indicator
15 QaF.

The method according to the invention is based on the use of the
following equation (equivalent to the equation [EQ]) which will be explained
below:

20

Ep=0aF -K-3,;-C, [E16]
where:

» the antenna parameters (the size and the merit factor of the ground
receiving antenna, the gain of the Rx and Tx antennas of the satellite) are

25 grouped in a quality indicator QaF;

» the onboard parameters, notably the saturation flux density SFD et le
input back-off IBO, to which is here added system margin by notational
convention, are grouped in the term K;

» the informational parameters which are the modulation spectral efficiency

30 e and the ratio Ex/Ng are grouped in the term Jgg ;

= the unbalance in consumptions of onboard resources is referenced Egz ;

= Cgg is a corrective term, sometimes negligible, characterizing the
consumption of onboard power attributable to the upward thermal noise
(or even to the interference noise) which is amplified and transposed on

35 board.



where: ~ the antenna paraneters (the size and the nerit factor of the ground
receiving antenna, the gain of the Rx and Tx antennas of the satellite) are
25 grouped in a quality indicator QaF;, the onboard paraneters, notably the
- saturation flux density SFD et le input back-off IBO to which is here
added system margin by notational convention, are grouped in the termK;, 7
the informational parameters which are Yhe nodul ati on spectral efficiency
30 e and the ratio Eb/No are grouped in the termsdB ; the unbalance in
consunptions of onboard resources is referenced EAB; CdB is a corrective
term sonetinmes negligible, characterizing the consunption of onboard power
attributable to the_upward thermal noi squ%or,even to the interference

noi se) which is ar‘rp@?'g‘? NG A tthggﬁgm%lcp trafis. (fhgrefiuaion edehermEeon t he
techni cal cosedt inadifferant Wagsdaueptiraizidgthe] regaircbe ofacShatcbrisystement ways for

tinzing th f a Sat tem In a first when_ th
paranret er s on the gofnkr At eV 81 BTGkt 3e TEUFH T Whar is to

say for éxaopbeardipemametensras fixad, tHahés teepmafoerexanplawterdantenssisbhdd, t he
f th ' 6 ' [ ' . t.h t
o order tof oafiRsiar FeC Bl EBAE Togshile YR B ot S8 HeltRlioh e B SRR G0 °
this, it ispegapledpiadjesttitberndien paranmeiens inadrdeo tie mapamizesther saasity Eb/ No) ,
until the dj r ; b ; | -val ue.
An example. of MEreREErEAS “%3?-9@?38%%?%3@?%?%Qﬂ?#'?égf'séééfsde”‘.°?“§%%h5”i 3
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processqp UgasktahtidInF bt BBsNRIvALANni ng phase, the nethod meking it
possi ble to tend towards akgg?i red val ue of EdB by neans of successive 15

modi fi cations of tHaNR¥aEWRI®aF theemethod eoresnandindtortiys Hegh caseis givahpl e, be
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t he possible to tend towards a desired value of Eqg by means of successive
15 modifications of the modem parameters. A tolerance Tol can, for example, be
fixed with respect to the desired value so that the difference Eq4g obtained at
the end of the complete execution of the method is distanced at most by the
value Tol from this desired value. Advantageously, the desired value of the
difference Egg is zero, which results in stopping the iterations when the
20 absolute value of the difference Eq4p is less than or equal to the tolerance Tol.
It is also possible to search for the minimum of the absolute value of the
difference Egg among all of the configurations of pairs (e, Ex/No) available for
the modem used.
The method according to the example comprises the following steps:
25 o calculation of the quality indicator QaF (1)
e calculation of the parameter K (2),
o calculation of the corrective term linked with the amplified upward
noises (3),
o choosing the pairs of values for e and En/Ng, for example from a table
30 of configurations of the modems on the ground (4)
o deriving from this a value of Jgg (5}
e calculating the difference Egp using the equation [E16] (6),
¢ as long as the value of the difference Eqg is greater than Tol (7):
» modifying the modem parameters e and Ey/No, (4)
35 = recalculating the parameter J3gg using the values of e and of Ex/Ng



difference EdB is zero, which results in stopping the iterations when the 20
absolute value of the difference EdB is | ess than or equal to the tol erance
"Tol. It is also possible to search for the m ninum of the absol ute val ue of
the difference EdB anong all of the configurations of pairs (e, Eb/No)

avai l able for the nodem used. The net hgd according to the exanple conprises
the following steps: 25 <calculation of the quality indicator QaF (1)

cal cul ation of the paraneter K (2), calculation of the corrective term
linked with the arnc)S | fied upward noises (3), choosing the pairs of val ues
for e and Eb/No, forexanple froma table 30 of configurations of the
modens on the grwoumdcidldhlatingearvaluagf fireodiffefeingedE gdbpe of 3dB (5)

| cul at ' t | th
Cal e of 1 patitfe dhd bPHRNGEAHBN T 1H BReBHR UBerct o Daosd® 418 odem
par anet er s éﬂérthe ElﬂllNof vales3&, "Equ@)aiscth!IaaU‘naigng he ppssibleeteacBigBe ubeng t he

| f | t
L2055 °%, ity SRCRRCP witPhn, AEREA UL (O iale et Ieffidger ence
close to zeﬂ@d aefﬁaeaﬂ%ahaadymst%ﬂdjes (e, Eb/NO is that making it possible
to achi eve thg métwwwwo@éﬁw Be® gﬂ%ﬁeﬁ‘ﬁ‘n@ﬂ s?%%%%ﬁfcfémcgg%@%@ and

earth antennas) a repeater a I nsta can_not ably
be applied WA W'-@’@é‘m&l p‘é‘ﬁ‘tﬂﬁl @n‘@? dipy diegrgnodyiation narametersniati ng it

possi bl e t oex@fiply théenomgel abf Qﬁbdlﬂéﬁdf?tsﬂé@s faMd w¥agnhRnéinenpoahgr of
nmodul atlon states, and the channe! CtOdI ng 10 paraneters such as the

encodi ng°r aPAEMGRLs SUGHAR theRCOdR FAtBhe nodem paraneters and the onboard

pﬁr anet er sf are alrelndy sktwed catbewhgnahée mﬁbdeﬁﬂlﬁjaraml&té)e arsethd enbgardi m zi ng
the size o

(ne o ze o bR ERea ey PR el 1 PR Be TRROR: Biblgngy, L
the size of the antennas on the ground. An iterative method acting on the
QaF indicator can be used for obtaining this result. An example of this

15 method is given below:
e calculation of the parameter K and the parameter Jgg,
¢ choosing a value of earth antenna Rx diameter, deriving from this the
indicator QaF (the explanatory details of which are given below),
o calculation of the difference Egg using the equation [E16],
20 ¢ as long as the absolute value of the difference Egg is greater than one:
* modifying the value of the antenna diameter,
» recalculating the indicator QaF,
= recalculating the difference value Eqg
At the end of the execution of this method, the difference Egg is substantially
25 equal to zero, which means that the chosen size of the antennas is minimal
under the fixed constraints of modem and repeater parameters. -

A similar method could be used for optimizing the characteristics
of the repeater under the constraint of a fixed antenna system and fixed
modem parameters, in which case it would be necessary to act on the

30 parameter K.

More generally, it is possible to seek an optimal solution by fixing
only one or two of the parameters QaF, K and Jg, the criterion
corresponding to the optimum choice of the parameters remaining the
elimination of the difference Egz.

35 The overall optimizing of the network is obtained by proceeding



15 nethod is given below calculation of the paranmeter K and the paraneter
sdB, choosing a value of earth antenna Rx dianmeter, deriving fromthis the
“indicator QaF (the explanatory details of which are given bel ow),
calculation of the difference EdB using the equation [E16], 20 as |long as
the absol ute value of the difference Edg is greater than one: * nodifying
the value of the antenna dianeter, recalculating the indicator QaF,

recal culating the difference value EdB At the end of the execution of this

thod, the, djf > i ' 5 |t Mhicch
That the cralibth€pRAfnyor'each IREIRK Las i fid SR usc- et Ree oot rar nt s
of nmodem antp akpédberlinsarvenieh ehare Ahs isaimeaQafre({the dsaroei Indetitefagke dbff the
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necessary twea@%r%mq pamedinkpiralablitt —K. of Nbtesfegring, &f ligtermedulgtipp@sibl e t o

seek an @pt b aid 8BwhWatd gbﬂ@tapﬂfb' Adfiagds)t Wo of the paraneters QaF, K
and 3dB, the criterion corresponding to the optinum choice of the

paranmeters remaining the elimnation of the difference EdB. 35 The overall

optim zing pf otd REUNBEIStAR] Qg aécmﬂphy[megmdr,ngn %expiéidtionn®s gRkhm zi ng
of each |soB(¥aF class. In this case "iso-QaF class" refers to all of the
| i nks whi chSR¥ e the sane QaF (the sane merit factor of the receiving

antenna, substanti ahbyekplairaiTencdneli introdactidn, ptiepagalahoa betwekn tther ef ore
Lh e B bl eV oL R BoBbl TR AL e, ©
equati on [ E¢6jredpmdridartp the optipluanat tevmsiof tigé vea of besaurcesABiedphatingdtiei n t he
L ot SRR B08 ot Rt AP LRSI Oy She SRR o,
use of resoandése pBycamdagr Lagd (e a carrier) of the onboard spectral bandwidth by
the term conso®”, the optimum can be conditioned to the achieving of the
15 following criterion (for each iso-QaF carrier class):
conso™ = conso”™” [E1]
which criterion, transposed on a logarithmic scale (in decibels in
this case), is equivalent fo the elimination of a difference Egg between two
consumption values conso®™e and conso™"g. A Satcom system is
20 therefore optimized when

BW PwW
E4p =conso p" —consoy’ =0 [E2]

On the one hand, the spectral consumption conso®" is defined as
the ratio of the spectral bandwidth AF of the communication channel to the
25 spectral bandwidth of the repeater B:

conso™ = % [E3]

Moreover, the modulation spectral efficiency e is equal to the quotient of the
data rate D of data transmitted on the communication channel over the

spectral bandwidth AF of the said channel:
30 e= D [E4]
AF
which makes it possible to express the onboard spectral consumption as a
function of the data rate D, of the spectral bandwidth B of the repeater and of

the spectral efficiency e as follows:



percentage used (by a carrier) of the onboard power by the term consoBw,
and .t he percentage used (by a carrier) of the onboard spectral bandw dth by
the termconsoBw, the optinmm can be conditioned to the achieving of the 15
following criterion (for each iso-QaF carrier class): conso BW=conso PW

[ EL] which criterion, transposed on a logarithmc scale (in decibels in

this case), is equivalent to the elimmgtion of a difference EdB between two
consunpti on val ues consoBwdB and consoPwdB. A Satcom systemis 20 therefore
optim zed when EdB =consoaB - consodB =0 [E2] On the one hand, the spectral
consunption consoBw is gdefibed as the ratio of the speci)[%gllt bandw dt h AF of
t he comuni cati on cHéfifiel tp 'the 25 spectral bandw dth he repeater B:
consoBw = SF [E3] B, Moreover, the nodul ati on spectral efficiency e is equal
to the quotient of Hhisclattgneypressienpiransppaed intadesibelsels eavivalentciothani cati on
channel ovefllblithg foBeeld:al bandwi dth AF of the said channel: 30 e= D [E4]

AF whi ch makes it possible to express the onboard spectral consunption as a
function of the data rate D, of the spectral bandwi dth B of the repeater and
of the 8pectral effirspgneyl Odogs Mol 0, (B)6 10bengeBW = [E6]1 [E5] B e this
| atter expression, transposed into decibels, is equivalent to the follow ng
formula: 5 conso7B = 10 10910 (D) -101ogl0 (B) -1010gl1l0 (e) [E6] On the
other hand, the powen thershemhawd) the R nsanfgionbedriso  Eaninbéedsgisessed as

ga]; gpr;t Ie?? g%n ;b%,\lepg%égge& r&“%@&&c?ignogf Ehr}ee p WY qgans?rlliﬁgaoérql%hgngro%dOnboar d
PIREsolys and of onboard parameters as follows:
10
consoly = PIREsol , + K, [E7]
f; f
where K; =IBO-SFD-162.1- A — AA Y,

In fact, a geostationary satellite is placed at a distance d, = 35,786 km from
the earth’s surface at the sub-satellite point, in order words at the point of
15 zero latitude and of the same longitude as that of the satellite. Now, the
attenuation of the power of a signal transmitted by a station separated by d,
from the satellite is proportional to the surface of a sphere of radius d,,
which, on a logarithmic scale, translates as 10.log(4ndy?) = 162.1 dBm?2
Taking the difference between dy and the real distance dy, separating the
20 transmitting station from the satellite into account, the additional free space
attenuation is determined as AA,," = 20 log (dyp/do).
By expressing this additional free space attenuation, on a linear scale, as
follows: A/—\upfs = (dyp/do)?, the flux @ received by the satellite corresponding to

the carrier transmitted at PIREsolgs can be written on a linear scale as:
PIREsol 45

4ndg.ALS AT

25 O=

and therefore the onboard power consumption is written as:

pw @
conso- — =grp  such that SFD = SFDeoc — AvGeoy, where:

IBO
o SFDeoc {in dBW/m?2), is the saturation flux density of the onboard zone
repeater (the lower index corresponds to “edge-of-coverage”;
30 o AvGeoy, (in dB), is the upward geographic advantage.



10 consod' = PIREsoldB+ K1 [E7] where KI =IBO SFD- 162.1-Aups -AA fp In
fact, a geostationary satellite is placed at a distance do = 35,786 kmfrom
the earth's surface at the sub-satellite point, in order words at the point
of 15 zero latitude and of the sane |longitude as that of the satellite.
Now, the attenuation of the power of a f$fgnal transmtted by a station
separated by do fromthe satellite is proportional to the surface of a
sphere of radius do, which, on a logarithm c scale, translates as

10. Iog(4zqurgt)se uéﬁgn Sﬁg%btajg@#'ﬂg i he difference between do and the real
th ns

di st ance du p se arati mtting station fromthe satellite into
account , '&d%ﬂisiqfﬁﬁléﬂ Ade apadditional katkaeil tnangin tewvdowi thedsystemMAopf s = 20

| og (dOp/ dO)breﬁbheeX@é;fé‘?ﬁ:llﬁ@ 6rh'r§né’<§m| 5}’3@@?" FbF eé(aﬁﬁ’é\g CtHEMHHAingOn 2
| i near scale,, as follows: & do) 2, lu recelveg by the
satel lite cBPeBBAJRIIHAS fo-%%aéaqre d b fisnPraasionto HhRHEITBSERN be
witten gn vkl RessttertRhE expected, cmhesalnﬁﬁémﬂﬁ ncﬂzé‘sdlﬂ A pr/éﬁudt@d afyd

therefore the onboar ower cggsu'gﬁh R F C) consoPw = SFD
such that SED2L SFB8bHE ese B r ereI BC?’tB %t@@éd@m(mr%vwﬁb)beens t he
saturation pmmdeibfmj ’myenothetfhﬂ recbivet brzboerd is dngedrahahtfbRseeneThanidex

d A dB t h d
geoar aphi o W10 dh % SES8bIE" 4 HRRRA g b FTECE by B e S ™
cust omary taba\em fermuladdind oorseduanily dh fthedommulat of ‘&K”I By bbmbmlbanméo
b th ; tL
_breat hep_ deRaRdBRe el KR REAChe FERERIELSY cbhsd B PATELEIRTS, oo on
5 level is b@le?(QFeSlSﬁdrﬁSefﬁﬁ@\uﬁed if the scintillation is not as high as
predicted, or if rain is not present in the path where a statistical rain

mar gi n had eg_Fh {)o;}/ Edl(jlogm(é)hefblgghf(esf L{ﬁéﬁs%?dig\gregl]on“?g]ard I s higher

t han for eseér

15 On adding a system margin Msys and by putting K = M, +10log, (B)+ K|

the difference Eg4g can be rewritten:

E =10log, (D) -10log,,(e) - PIREsol j, + M, — K [E9]

20 Moreover, a patent application published under Number
FR2877785 mentions the use of a quality indicator QaF to facilitate the
establishment of a Satcom link budget, the name QaF being chosen with
reference to the expression “Quality Aggregate Factor”, for “total quality
figure”. As a reminder, this quality indicator QaF is a coefficient of

25 proportionality between the PIRE;, and the power ratio of the power of the
signal to the total noise density C/Ng on reception of the said signal. Thus, on
a logarithmic scale, the indicator QaF is expressed as the difference between
the PIREsy and the required (C/No)eq (in which a system margin is
incorporated here) in order to comply with a binary error rate making it

30 possible to carry out a demoduiation:

PIREsol.,, = (-A(;;J — QaF [E10]
2 S req

The higher the value of this indicator QaF, the less is the required
PIREsq in order to obtain a C/Ng ratio sufficient to be able to demodulate the
signal on reception. The indicator QaF depends on interference having an



why it is possible to overload the back-off IBO by several decibels in the
above formula and consequently in the fornmula of "K'. By conbination the 1o
‘expressions [E2], [E6] and [E7], the difference EdB of consunption val ues
can be expressed as follows: EdB

=[ 10l og, , (D) - 1010g,, (B)-10l0g,, (e)]-[ Pl4gEs0l,, +K,] [E8] 15 On adding a
system margi n Msys and by putting K=My,. +10log,o(B)+K, the difference EdB
can be rewitten: EBB =10l og, o(D)-10l1log, o(e)- Pl REsol dB +MLys - K [ E9] 20

Mo , t.ent | i i bl i d d Nunb FR2877785 ti
e RO B LA i R SR R
Sat com | i nkthieushjellite bhairorafie TQeR) ity mditadeeaqualtto theedifemmce heiwebp

expression g i § €ga =, f y ual | i " As a
e nder ¢ iesequiés FEMGET a0 IR RIRE o ol ieBlreB 4 psse Bdidns s oma i ¢
bet ween t heraf¢iRAsed Qafd. t he power ratio of the power of the signal to the

total noise densit } Sa C
| ogari t h'ﬁi c scal e, y%&cwﬁnﬁﬁggﬁgg%ﬁg?ﬁégims@% [g"l@]'[?ﬁfge (?Iﬁépgﬁcqzed'aget ween
t he PI REsO1bgi@enhthe sgusyaationy vadyes§api ke axreesseds ast @ fuRation ©fithe

i ncor por at egy&1Ry Mdi¢dtoPO@ET: to conply with a binary error rate making it 30
possible to carry out a denodul a iép : PIREsold6 =~ C -QaF [E10] N, reg The

hi gher the val ug)gf —t&hi soibpdi D Fi+arhe_ {®mss. 8 the egyired PIREsoi in
order to obt &l n@a C/ No rat ?16’(53-15 MGijent t8 be a%]IO(eegto de!mdﬂl ate the signal
on reception. The indicator QaF depends on interference having an 12 effect
on the |inkNawd the power & ok th signal sneauaide the adoductiafdhgrdaiadaien@ ibn  t he
satel lite ORitdhhGh I 4 kP Eat Qi I ' ance between
herequir et QRS mealDEndig Ao ool BER RhicHeinsbBsddBncd oBlAMRE o gi .
i s refer ensedle Qgsults inppxpigRdingithig Raverdx pe dellvsis [E9] and [E10], the
difference EdB between the consunption values can be expressed as a

function of the qu%jdﬁg(ig;%gralto%g”% : [E12]

15 By dividing this power by the noise density Nq received at the demodulator of
the receiving station and by integrating the system margin Mgy in it, the
following is derived:

(_Q_J =[EL] +10logjo (D) + Mgy, [E13]
Ng req 0./4B

By combining the expressions [E11] and [E13], the difference Eqs between
20 consumptions is expressed as follows:
E, = QaF—K—%—]Ologm(e) [E14]
' 0
The terms Eu/N, and 10 logqo(e) can be gathered into a single term Jg4g, the
term Sgg thus grouping the informational parameters related to the modem.
Also, the difference Eqg between the consumption of onboard power and the
25 onboard spectral consumption can be expressed as follows:

E,=QaF -K-3, [E15]

E
where 3, = —>+10log,,(e)
N,

and where K= Msys +1010g10(B) -SFD + 1BO - 1010g10 (41Td2) + —AA{fp

30 Knowing the two parameters of the first order high-pass Butterworth filter,



EdB =QaF- K+10l og, o(D)- +M-, -10log,o0(e) [EIl] NOre( E) g Now, the power C
of the signal is equal to the product of the data rate Din 1o bits and the
“mean energy per user bit Eb, which, transposed on a logarithmc scale,
results in expressing this power C as follows: (CdB = (Eb)dB +101og, o(D)
[E12] 15 By dividing this power by the 430ise density No received at the
denodul ator of the receiving station and by integrating the system margin
Msys init, the following is derived: NO Teq = NO dB+10logI 0( D) +Msys [E13]
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Al so, the difference e consu ower and the
25 onboar d #wdink; the gualﬂmm«mlc@t@rémf pan ﬁ;ﬂe&#@t@dae twelapergtiorsd Bstar- K- sdB

[ E15] V\@eféal%‘:@lﬁtnon &0dther A&%?ém%'ﬁ?er% quwﬁLgatlga;[EV%gﬁs A% q9koth(®) - SFD

+ | BO - ameters of the first

order hi gh g%@@n&l@tle@r ltttﬂefmﬂﬂ"é’ﬂ aqeprdipgftoniag E“Hef‘ AGECEPHANRS dPMd pat ent

appl i cati oncgignbass dpERRDAE/85, Wwhich are the gain of the filter
(referenced R1) and the -3 dB cut-off dianeter of the said filter, and

knowi ng the antenna di aneter of the receiving station of the link, the
qual i ty i ndThattenmm QiF (imadBWEHzR|stich dhaidkKi=n- Knhlg peaatbeomserplfaedfas the

thus  adionstrdtdladisly’ oh B a“hﬁﬁa%%ow&f%%a 4 1 WROSE RERULE ¢ ot es
few cal cul gtdund iopandtB,ahat isThesaydhat WHith qormesgBi$it) ansncdminigdtuxiat= -
KeMBys, canyhe hiafied RFSLRL BF,LNESFD-IBO. The equations [EO] and [EObis] are
thus obtained again from the demonstrated expression [E15].
If the upward noise (thermal noise and possible interference
15 and/or possible onboard intermodulations) is not negligible in terms of
onboard power consumption, the equation [E15] is refined by adding a

corrective term Cyg
Ep=0aF -K-3,5-Cp [E16]
AF

where Cgg= 1010 1+ —
¢8 g10( (C/No)up)

20 where (C/No), is the signal to noise density ratio obtained by all of the
upward noises (at least the thermal noise) and possibly the noises generated
on board, notably by intermodulations.

Figure 2 gives an example showing the variation of the spectral
efficiency n of a Satcom network as a function of the spectral modulation

25 efficiency e for different values of the indicator QaF. '

Each value of the indicator QaF corresponds to a different curve
11, 12, 13 in increasing order of QaF. The higher the QaF indicator, the
greater is the capacity of the Satcom network, since the indicator QaF
increases with an improvement in the performance of the antenna system

30 used.

Moreover, each of the curves 11, 12, 13 passes through a
maximum spectral efficiency value of the network n11, 12, n13. Each maximal
value 11, n12, M3 is obtained by choosing an optimal modulation spectral
efficiency e, eopt11, €opt12, €opt13, corresponding to the balance between the



1o spectral density of maxi mum PIRE which would be transmtted fromthe
ground in band B, that is to say that which corresponds to an incom ng fl ux
at the satellite of value DFmax =SFD-1BO. The equations [EQ and [ ECbi s]
are thus obtained again fromthe denonstrated expression [E15]. If the
upward noi se (thermal noise and possible interference 15 and/or possible
onboard internodul ations) is not negligifple in terns of onboard power
consunption, the equation [E15] is refined by adding a corrective term CdB:
EdB=QaF - K - sdB - CdB [ E16] where CdB= 101o0gl10(1+ AF (C/ No) up 20
where (C Nogpecﬂrdl%&A&%nﬁst%ﬂabnaOthe%&ﬁefﬂ%eﬁsampﬁaﬁ' ?be@éaheeﬁkofamﬁbh of the

upward noi ses, (at |eas her nal " nol se) poss noi ses gener at ed
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fact, when H&Peas!@é%é%ﬁﬂféf@né@ﬁ%&rEFhe?ﬁéth@U%@Mmﬁhg fo trRsihvéRsh faReot | nal
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p055|ble to reach these optimal values eggt11, Sopt12, aNd Eept13 quicKly.



5 systemis |limted by bandwi dth (EdB >0), in other words a portion of the
avai.l abl e power is not used. That is why it is necessary to increase the "e"
paranmeter and therefore the quantity sdB , which reduces the difference EdB
I nversely, when the nodul ation spectral efficiency e is higher than the
optimal value, the Satcomsystemis |imted by power (EdB <0), which neans
10 that a portion of the avail able bandygdth is not used. That is why it is
necessary to reduce the paranmeter "e" and therefore the quantity ads, which
increases the difference EdB . The method according to the invention nakes
it possible to reach these optimal \GILABSSeoptl!|, eoptt2, and eoptl3
quickly. 15 CLAIMS 1. Method of optim zing the resources used in the

t el econmmuni cati ons arried out .via an onboard sg nt,,, fornmed .by. a :
satellite or by anMe ri’?%PgPPﬁmEéq reg‘.plé{{qegﬁgse(gl? '%{Yﬁ‘é t@'@PP%‘t"r‘mﬁ%{t'%grrent
conprising at | eaatriedooet wiadem ontivardcegrientdfdrmedhby 4 tateditprarsiep aat | east

betueen the  congiRan BMEetLSRERRE of ik el #68riche ERRBAR led

onboard power asoaefrondeinochafaaterzeicoin thwitigcorpnses @t deagtathet fpllowitige at or

QaF dependi ng ons%%. antenna system 10 onboard and on the ground, and on
pag

conditions of propagation and interference of the nedium o an
i nformational tefmexPBesEpeniicgdiffarensgerinpsoasehpetien & betwead Wépending

on onboard par anet eghstHfdliohS dfNBnbdB BARIWRRAMRG fthe!X cHREhbloRNek t he
bandwi dth, 15 o a corrective term CdB characterizjng the consunption of

onboard power att re"haRsBIPeWMes asiffungtien AT His TOHOWIAIR™S: anpl i fied and

transposed on board; a gudithyindcaasér @St dependihgt Be Y AMeMis PafemK . 3 in
order to_ tend toward 'Igihe cancel | ati on of , t he, absol ut. of 'the term 20

val %le
expressed in a | ogar PRRAFTE apd Q0 B 9roindnand 00 Gondiient, @f RLRRIAIY ¢ o
G aim 1, characterizeddinmtetferncehs the medium,

o an informational term Jgs depending on modem parameters,
c a term K depending on onboard parameters such as the
maximum incoming flux density and the bandwidth,
15 o a corrective term Cqg characterizing the consumption of onboard
power attributable to the upward noise which is amplified and
- transposed on board;
= modifying at least one of the parameters QaF’, K', Jq4g in order to
tend toward the cancellation of the absolute value of the term
20 expressed in a logarithmic scale Egs.

2. Optimizing method according to Claim 1, characterized in that the
difference Egg between the onboard bandwidth consumption and the
onboard power consumption is equal to:

25 Eqp = conso?];)v —consogg‘/ = QaF' + K - 34s- Ca

3. Optimizing method according to one of the preceding claims, the satellite
or aircraft comprising at least one repeater, characterized in that the
parameter K’, expressed in dBW/Hz, is equal to
30 ‘
K'= DFpy +10log(4nd?)—10log o (B) + margin,

B being equal to the spectral bandwidth of the repeater,



di fference EdB between the onboard bandw dth consunption and the onboard
“power consunption is equal to: 25 EdB = consoB -consodB = QaF + K - 3dB -
CdB 3. Optim zing nethod according to one of the preceding clains, the
satellite or aircraft conprising at | east one repeater, characterized in
that the paranmeter K, expressed in dBWgiz, is equal to 30 K =DFmax

+10l og(47rd2)-1010gl10(B)+margin, B being equal to the spectral bandw dth of
the repeater, 16 d being equal to the distance between earth station Rx and

the i mput of TheoTousEd 46 tuf o gE¥Ehvéeh, bifin Bt oot rRCERESHR £ ™
respect to freystgmace | osses of the uplink. 4. Optim zing nmethod according
t f th i; i , i L. dihat t 3dB i
caual to N +1ORouEoTe 9 BB ENEEREhh B achilscibEl of B RHATE e, 70 °
over the nonoll@Peaisr aRdi se power spectral density No, at the input of the

dermodul atsor of t haaffgebiingladdiiéidlW0ssed Bith M8shdla BOFeY @Ehe@ |<§£.%§,t6fa'
ef ficiency. 12{'%%9%)86' m zi1 ng net hod according to one of the preceding

clainms, chara in that the paraneter QaF, expressed in dBHz/W is
equal to the quantity that is taken fromthe noise density (C/ No) requis in
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. . E
in that the parameter Jgg is equal to Fb+1010gm(e)
4]

10 Ew/No, being the mean energy per user bit E, over the monolateral noise
power spectral density No, at the input of the demodulator of the receiving
station,

e being the modulation spectral efficiency.

15 5. Optimizing method according to one of the preceding claims, characterized
in that the parameter QaF’, expressed in dBHz/W, is equal to the quantity
that is taken from the noise density (C/NO) requis in dBHz in order to find the
value of PIREsq (dBW).



