1., TOOL AND METHOD FOR PLANNI NG ANDY OR DI MENSI ONI NG SATELLI TE

TELECOVMUNI CATI ONS THROUGH A QUALITY I NDI CATOR 5 The invention relates to a
tool to assist in the planning of satgllite telecommunication links. It is
-al so used to dinension these links. Satellite tel ecomunications are a way
of handling high speed traffic between any two subscribers |ocated within
the coverage of the edge to antenna system through a transparent repeater,
link analysis permtting. A Satcom|ink analysis calculation algorithm

normal 1 cal coBIEAND INETHOBFORILXRNING ARBIQRPDARENSIONIE 0 pover or

El RPground req U|re ra terrestrral stat or a given terrestri al
station B to rSAIEILMEE Tel HCOMMUNICATIONS SEHROUGH\A QL‘IAbIT(Y No that is
required by the link, with a user‘@ﬁ&&&sé D and 15 a bit error ratio BER
for a given propagation and inter nvironnment, via a known payl oad
(space segnent) and with a certain systemmargin M A Satcom |link anal ysis
calculation algorithmnormally calculates one of the follow ng quantities:

t he grfound El RP i hhelBWwentiedeaelates taagbokiv assist |()Dheliﬂémmhg ofisatelifle 20 bei ng

t he avera ene cei ved bit of user traf i C t he maxi num bit
rate D fo Wg‘\ﬁcﬁ'ﬁ "UE?-QBWQI“SE‘M‘Na mengion rieﬁ@ EB‘PNO needed for a
given pair (EI RPgrp" r,d, D). The specifications of the nodemfor the ground

segnent can be used to calculate the total received average power to noise
density ratio 25SafeNie rtebp.q:brmdumiyaﬁm aegrcd wayt of hambling rhagh epeedgi ven by

the 1oL Opuit A inl b SRR AR Wi N oS e sl (M
10  antenna system, through a transparent repeater, link analysis permitting.
A Satcom link analysis calculation algorithm normally calculates
the ground equivalent isotropically radiated power or EIRPgunq required for a
terrestrial station A, for a given terrestrial station B to receive a total signal to
noise density ratio C/No that is required by the link, with a user bit rate D and
15 a bit error ratio BER for a given propagation and interference environment,
via a known payload (space segment) and with a certain system margin M.
A Satcom link analysis calculation algorithm normally calculates
one of the following quantities:
e the ground EIRP in dBW needed for a given pair (D, Eb/No), with Eb
20 being the average energy received per bit of user traffic, or
e the maximum bit rate D for a given pair (EIRPguq¢, ED/NO), Or
e the Eb/No needed for a given pair (EIRPgroung, D).
The specifications of the modem for the ground segment can be
used to calculate the total received average power to noise density ratio
25 C/No required by the demodulator. This ratio is given by the following formula
(in logarithmic form):

(EJ (Eb)+ 10l0g10D + M [E1]
No req No

The canonical satellite link analysis formula in linear form for a

transparent (i.e. non-regenerative) repeater is:



transparent (i.e. non-regenerative) repeater is: 2 t tal k I(No)kl =
(€ No)-tthuPi nk+(C/ No)-tth_do ,link (fl_i + other terns (e.qg.:
interference, internodul ation) [E2] The termon the left is calculated from
the result of calculating 5 each of Rhe disturbance ternms { (C/ No)-1 of
“index i ) also called itenms that occur in this inverse sum The m ninmum
nunber of items is n=2 with the wuplink thermal noise (th_uplink) and
downl i nk thermal noise (th _downlink) terns. The condition for success of
the link analysis is as follows: 10 (NOtotal= (No)req [E3] According to
t he nethods of th LLQr arg, Eél_]is calculated in linear scale after
[k
ol

converting each o e ike thechgeatl thm-emaeat's 19, he linear
scale. 15 Sone ca adehon, 2 Noif(hng of tﬁheupbnrkif)q art%adﬁvén"%(ased on a

reverse cal culation, startfng froma received C No point then working back

to the satellite+BtHPtdriBNelyO intBferBhQ e ddbiarbm the{merat i onal gai n.

Then, a convergence |oop repeats the calculation until tthe total CNo is
equal to the required C No. 20 The link analysis calculation is also used
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The condition for success of the link analysis is as follows:

10 (—C—) - (3) [E3]
NoJiotal  \NO/peq

According to the methods of the prior art, [E2] is calculated in
linear scale after converting each of the items from the logarithmic scale to
the linear scale.

15 Some calculation algorithms of the prior art are based on a
reverse calculation, starting from a received C/No point then working back to
the satellite EIRP then to the ground EIRP via the operational gain. Then, a
convergence loop repeats the calculation until the total C/No is equal to the
required C/No.

20 The link analysis calculation is also used to dimension the stations
(in terms of power amplifiers and ground antenna system) for a given
payload and a given traffic bit rate.

The invention relies on a novel approach involving a tool and
device for calculating link analysis and/or dimensioning a link which consists

25 notably in determining a relevant quality indicator, designated QaF

hereinafter in the description. This "total quality figure" is a quality indicator



whi ch corresponds to the English acronym QaF, standing for "Quality
aggregate Figure". This quality indicgtor corresponds to a proportionality
factor, expressed in dBHz/ W between the total signal to noise density
ratio C/No 5 required for the link and the ElIRPground needed for the
carrier of this link. There is therefore an exchange between the ElI RPground
and the total signal to noise density ratio C No required (in dBHz). This

exchange {hich*RoReSBENGY tot Ifl‘i’e rEl'\@Is'ho%c[rﬁf%n ”@BF' Oéiﬁﬁdlﬁgsw "éQlaT

invention relates to a method for™ planning and/ or di nensi oni ng |nks
bet ween aapgregate Figuse". stat ion or items, including at least the follow ng

steps: a) using eX|st I n | ogarithmc sca stallsha
rel ation between l?'ﬁe q&e H‘déﬁ%f)(/aqoéfﬁs%lp&g?a{gec? p%r\%prtnogaﬁ& rf% t he
signal  1éxprassed s& dBHEW, ybét%eﬁ theaetdl %r(a@tblqadneél d&eﬂéut@ rhfid) Io/Nand a
quality indicator QaF, b) deternining the quality indicator QaF fromthe

cont ri%but fQﬂUlT@ﬂ fanethei link and ytpe BIiRRgwurai Iﬁ@edQbeﬁ;r heacamies afi thisalink.n

El RP d.t I P d. 20
The. et hod"eansitigiel§E 4" stetfior dEWRabitE} SRRyt and AFedtpbab &r om t he
qual ity i RéisealeNsitiabtisl @/Noreaafted "(lrﬁ@BHzF)Th@' Rchangeid expralsséd byl ates to a
device for planning and/or dinmensioning [inks between a plurality of

stations the relatignd tioaed belowyst em the device being suitable for
executing the steps of the nethod 25 nentioned above. The nethod accordi ng
to the invention in particular offers assistance in the planning and

di mengg oni ng of t{ige sahw@ritiohe rdlftbscasmui ¢aéthed |fonkplardningardndiad ar, it
offers the follow ng advantages: The quality indicator QaF Is |ndependent of
t he mdendws{wnmggmks between a plurality of station or items, including at least

the following steps:

a) using an existing link, in logarithmic scale, to establish a relation
between the ground equivalent radiated power, EIRPgyoyng, the signal

15 to noise density ratio required (C/No)req for a link, and a quality
indicator QaF,

b) determining the quality indicator QaF from the contribution of the first
type disturbing items that are linear in EIRPgouna @and the second type
items that are non-linear in EIRPgound.

20 The method can include a step c) for determining the EIRPgroung
from the quality indicator QaF determined in step b).

The invention also relates to a device for planning and/or
dimensioning links between a plurality of stations in a telecommunication
system, the device being suitable for executing the steps of the method

25 mentioned above.

The method according to the invention in particular offers
assistance in the planning and dimensioning of the satellite
telecommunication links. In particular, it offers the following advantages:

o The quality indicator QaF is independent of the modem and of the

30 E'Rpground.



30 EIRPground 4  This indicator establishes an exchange relation in

particul ar between the foll owi ng quantigies: bit rate D, Eb/No ratio, system
margi n, receive antenna surface area and El RPground for a given payl oad
(characterized by its coverage, its nerit factor (@ T)sat, its saturating 5
flux density SFD and the EIRP at repeater saturation) and for a given
propagation and interference environnment. This relation is useful when it

comes to Sat com Weiidatdf BBIabRGHeY 8n dichho68IRGH Shi riicRaP BlASHAN! ages

of the present invention w one nore apparent fromreadi ng the
descri ption t hatthé &llowisg qbiantitiese bit rpleady EbiNm thtioe systgny margin, reoeivef
illustration and no negns |imting, gg%? attached figures which
represent: fig@ENNa R UERESHIAFY a?ﬁlgm gewd wi®h 8 pWPRIiRAYIRRA st at i ons

involved int h‘?ci%b@fé‘i‘?zb&"ﬁél ?@%bVériage, &8 méritoratri G/ saned Eﬁf‘u@étiﬁq ock
rdi ng S

di agram of the nmethod accordi to the 1nvention, figure 3, the ructure

of the Basic "biiuxetensity Sii2eaddhe [HRP atrepeaterrmsatunation) aingd dora givarne
architecture of the EItRP%r@.n al cul ati.on al r%gtl'ithmlv\“h' 20 fli rst type
terms only, fi QipRAggtionand nferfelp(Ce epvironRpfle TRIF iatan 'SHSEYIMIEN st and
second type telhtEmed tP9aR oM nbdrRasdHifetfirgr € of the "butterfly" operator
for the cases where there are first type and second type terns, 25 figure

7, different quality indicator curves according to receive antenna surface
P o ot o beRufis Shid8Rrishis 88 HavbRtdlies' & hdSIREEAERTeNiSH Wi o' ' o
10 become more apparent from reading the description that follows of an

exemplary embodiment given by way of illustration and by no means limiting,
with attached figures which represent:
¢ figure 1, an exemplary architecture with a plurality of stations involved
in the Satcom link analysis,
15 e figure 2, a functional block diagram of the method according to the
invention,
e figure 3, the structure of the basic "butterfly" operator used in the
method,
o figure 4, the architecture of the EIRPgouna Calculation algorithm with
20 first type terms only,
¢ figure 5, an exemplary ground EIRP calculation with first and second
type terms,
« figure 6, the architecture of the "butterfly” operator for the cases where
there are first type and second type terms,
25 e figure 7, different quality indicator curves according to receive antenna
surface areas and satellite coverages.

In order to better understand the invention, the description below
is given within the context of a satcom link.
30 Figure 1 gives an example of point-to-point links which illustrates

the presence of seven disturbing items in the link analysis:



Is given within the context of a satcomlink. 30 Figure 1 gives an exanple

of point-to-point links which illustrgtes the presence of seven disturbing

“itens in the link analysis: 5 ltem1: (C/No)i = Uplink thermal noise Item
2: (C/'No)2 = Downlink thermal noise I[tem3: (C/No)3 = Uplink jammer Item

4: (C/'No)4 = Uplink adjacent systeminterference 5 (exanple: Skynet

Term nal ) Iltem5: (C/No)5 = Downlink adjacent systeminterference

(exanpl e:  SkyngemSptelNb},8) UplidieRefal %8%18)6 = Gound segnent
ltem 7: (C/ No

I nt er modul ati on (1M ground) )7 = Space segnent

i nt er nodul atd opef! M(ege), = BolintiHk ¢hetmat nadideunct i onal bl ock di agram of the
I npl ementation of the nethod according to the invention. The Iink planning

and di mensi ani hgmed:dCYNo); = Ypliflojanewaerpl e, inplemented in a centralized
net wor k managenent center 1, or NMC (i.e. the 15 set of communication units

(CU) that are Heaphi(CYNopf= pplink atfacpnt systémrikterferensene and the sane
repeater, each communication unit CU physically _belonging to a Satcom
statidn). The centralized managened€xayeplee Skive Temynades the 1ist of

El RPgroufd val yes, _far each link that wll be . distributed to each |ocal
managenent Cent'&f ﬁ'r@{N?g‘Ppﬁ'gh@'ﬂa{]@cﬁ\ﬁt?ﬁt?@dn{ KEFNC& nowi ng 20 t he
emtter subsystem gain between the AL Q) ' frequency) out put of
the station's nodem and the stati or‘égaéh{éé%r'fgﬁgﬂu%%p{té)t he | ocal managenent

center wll oCopgmre: (CMeofs!-RBas thdSedriént ihfettodulation éw\@éuﬁ‘dﬁ ch will be used
to configure the nodem corresponding to the Iink. The centralized network

nmanagenent wenftém TAT/NOY; NBpESS 8eyment Merttodulatiorn@ieddye) th aid in
10
Figure 2 is a functional block diagram of the implementation of the
method according to the invention.
The link planning and dimensioning aid tool is, for example,
implemented in a centralized network management center 1, or NMC (i.e. the
15  set of communication units (CU) that are endpoints of point-to-point links via
one and the same repeater, each communication unit CU physically
belonging to a Satcom station). The centralized management center NMC
provides the list of EIRPgung Values, for each link, that will be distributed to
each local management center that is attached to a station. Then, knowing
20 the emitter subsystem gain between the IF (intermediate frequency) output of
the station's modem and the station's antenna output, the local management
center will convert the EIRPgoung into transmit IF power which will be used to
configure the modem corresponding to the link. The centralized network
management center can, if necessary, provide the operator with aid in
25 graphic and tabular form, showing him the sensitivity of the quality indicator
to the following parameters: receive antenna surface area, coverage and/or
operational gain of the repeater, interference level, elevation angle of the

stations, attenuation margins, etc.



25 graphic and tabular form showing himthe sensitivity of the quality
indicator to the follow ng paranetersg recei ve antenna surface area,
coverage and/or operational gain of the repeater, interference |evel,

el evation angle of the stations, attenuation margins, etc. 6 The
centralized nmanagenent center conprises a processor for executing the
various steps of the nethod according to the invention, and the | ocal
nmanagenment cent er s Theecantrlized UinaRadeehh cehRgT eoMpasdy @C pRscsBor f&at com

pl anni ng notably involves determ ning the ElIRP9round of 5 each link and the
consunpt i ofxgeutingetheassious stepoef thegnothedrgsording de therinventionpand the

ol Low ng e BRMAdenfl et B oRE Afpdeel WS pr6GARMES Procelsefic v’
linear in El RPg,ousdtcdn-pr’gagnﬁmrthbg invelveendétebuining thé BIRP L, aef t hat are

non-linear in ElRPg, ound, 3 - determning the quality indicator QaF from
the resdl t §2agh link ahd the cansumptien /f thengspHeces| frpg aianidenloymRNhg i nt o

account the results.0 . jred.. i Ly Lndicator QaF
in practice repr esZﬁtgsurﬁh@ﬂH%b%te@g @%&ﬁﬂwgh%ﬁpﬁ&ﬂ ?§H® ré'ée@gﬁ{&%aof

usef ul i nf gonpirises, fohakample, she fellewWihgstepspass per Waft of station EIRP
consuned per |ink. The qualitﬁ I.ndi cator QaF .corresponds to an EIRP

|
st andar di zé¢ 99"%’@?@5‘3 the ?@f_‘tfi gtien At e items g']a(tgtr?. gnear intEiRPEmNo ( t ot al
signal to ol aﬁtgﬁjﬁ\ﬂﬁhé the F@)&ﬁtﬂb%@@ﬁf éaﬁ)fj %st?tﬁ éfe%rgqfr?éartiH%{RFEl RPground 20

The nmet hod”i ncl'udes a”step i garlt mc scale relati di™'s
est abl hshe@ + detepmiriing thekqbalityiredicatoe QaFRRyndbe desulfseoftiodad 2si gnal t o noi se

el Y L2l Qb RIS BY eile, Ll T3 i SBctod IS RURL oY an PO 0und =

(C/No)required.

The quality indicator QaF in practice represents the number of

15  kbps (kilobits per second) of useful information that it is possible to pass per
Watt of station EIRP consumed per link. The quality indicator QaF
corresponds to an EIRP standardized by calculating the linear scale ratio of

the C/No (total signal to noise density ratio) required by the link over the

ElRPgrQund.
20
The method includes a step in which a logarithmic scale relation is
established for each link between the EIRPgqng, the total signal to noise
density ratio required by the link and a quality indicator QaF.
C
EIRPground = [—) - QaF [E4]
No req
25 The items included in the link analysis can be of two types:

e "p" first type terms that are linear in EIRPgoung,

e "n-p" second type terms that are non-linear in EIRPgroung-



No req 25 The itenms included in the |link analysis can be of two types: "p"
first type terns that are linear in ElIRPground, "n-p" second type terns
that are non-linear in EIRPground. 7 By considering these two types of
itens, the canonical equation [E2] bedonmes: C1l p C-1nC
(i=INOotal (No)y + 1 P+1(No [E5] To obtain the quality indicator QaF, the
nmethod will factorize the 5 EIRPgro"r,d in the first type itens, unlike the
second type itenms in which the EIRPgro" nd cannot be factorized. The nethod
considers all the first type terns as a product (in linear scale) of the
El RPgr ound Bandoasideriag | theisei hgo ofypebeof dtmms,i the i camenafal t dguationi §B2) fi r st
type itens, To determ ne the quality indicator values, there is defined a
10 "butter]ble§7 Berator (by anal ogy with the basic Fast Fourier Transform
FFT operator). Figure 3 represents an exenplary structure of this operator.
Butterfly( Rl, R2, SI %] R2) 101 ?8 ofgl+sign . 10(-I (R -R2)r10l))
os.e g

[E6] Wth: sign = ype of ti‘gv\%]di sturbing itens.
woe gld i o IWa Noespond to di sturbing itens

15 R and R2 are e
involved in the groupln S tHe i deiAtildual Jquallty factor of the itemi,

a detail ed exanpl e i's gl ven bel ow in the descri pti on In the figures, the
letters AandBre e_oper at ers.D and C the
butterfly operator 503 ﬁ‘?oqblﬁgyéﬁ“g‘a? tﬁﬁ Wei ﬁ?cf?{@ p ni ng
tool depen&IRPytNEin 'tﬁ@ﬁb‘stqgiﬁ@%ﬁﬁé?-udﬁﬁé th@%elcbﬁeetypé litdp®s in which the
EIRPgroung cannot be factorized. The method considers all the first type terms
as a product (in linear scale) of the EiIRPgoung and a parallelizing of the

contributions of the various first type items.

To determine the quality indicator values, there is defined a
10 "butterfly" operator (by analogy with the basic Fast Fourier Transform FFT

operator). Figure 3 represents an exemplary structure of this operator.

Butterfly( R1, Rz, sign) = min (R4, R2)~10logso(1+sign .10C(R1-R2V10y — [Eg]
With:

sign = = 1 chosen according to the type of the disturbing items.

15 Rj and R, are expressed in dBHz/W and correspond to two disturbing items
involved in the grouping, Ri is the individual quality factor of the item i, a

detailed example is given below in the description.

In the figures, the letters A and B represent the operator inputs and the

letters D and C the butterfly operator output.

20 The algorithms implemented in the planning tool depend on the
items concerned.
For the linear items

The items are grouped in pairs and the sign +1 is used in the operator
designated "butterfly"
25 R1 // R2 = Butterfly (R1, R2, +1) [E7]



The itens are grouped in pairs and the sign +1 is used in the operator
designated "butterfly” 25 RlL // R2 = @utterfly (RL, R2, +1) [E7] 8 wth a
repetition of the recurrent "Butterfly"” pattern until the itens are used up
to synthesize all the contributions of the first type itens, represented Rt
For the non-linear itens grouped in a single termRNL 5 EIRP9b""a = - R +
Butterfly ( (CNo)regq, RNA -1) [E8] 1 wth (] P1( CNo)J ) -RNL Figure
4 represewith d fepetitien of tHehechrrehetButieriy'epattern until thetitsms aee ubdd upi nk
analysis in the case where there are only first type itens. The 10 nethod,

knowi ng t ieesyipesize efl thg F%f”@lé’f‘%‘?%?fn@§ fir ﬁtetYE? e r%orﬁﬁﬁﬁ'@ R ng the

rel atlon d by using the relation [E7]:
QaF = ; ﬁﬁ@an@rﬁ (s d 6 represent the use of the
operator to determine the link analysis in the case where first type itens
and second type itens_c t 5 in, the syste The od can determ ne
the EIRPOro"r, &Ry - gﬁ é%\“@%’ ((@gg}g)_reqe el Jusi ng&t'tﬂe rel ation [E4] and
thefollovvlngtvvorelatdos(sqe figure 5): 20 Rt = RL /I R IIl........ I
Rp [El O obtai S|n QaF)-lRtR 1 - p/ RNA) [Eli] in linear scale
W|th p= C (No \?req u%mg the/rel atlons [E10] and [ E8] explained |ater

I n the description i;eié‘*flgurje 6). 25 Figures 4, 5 and 6 show an exenpl ary
concat enati on of the basi c

Figure 4 represents the use of the butterfly operator to determine
the link analysis in the case where there are only first type items. The
10 method, knowing the value (C/Ng)req determines the EIRPy,, Value using the
relation [E4] and the following formula obtained by using the relation [E7]:
QaF=R1//R21/........ // Rn [E9]
Figures 5 and 6 represent the use of the operator to determine the
link analysis in the case where first type items and second type items coexist
15 in the system. The method can determine the EIRPgouna in two equivalent
ways:
o either using the relation [E4] and the following two relations (see
figure 5):

20 Rt=R1//R21/........ /I Rp [E10] obtained using [E7]
QaF=Rt(1-p/Rn) [E11] in linear scale

with p= (%)
req

e or using the relations [E10] and [E8] explained later in the description

(see figure 6).
25 Figures 4, 5 and 6 show an exemplary concatenation of the basic
"Butterfly" operator. The resuit of this concatenation is called "Fast Butterfly
Transform", or FBT, in figure 5. This transform is applied only to the first type

items.



"Butterfly" operator. The result of this concatenation is called "Fast
Butterfly Transformi, or FBT, in figgre 5. This transformis applied only
to the first type items. 9 Figure 6 shows an exanple of how EI RPground is
calculated for a set of seven disturbing itenms, with five first type itens
and two second type itens. The EIRP9, 0"nd value is obtained by applying the
relation [E8]. 5 Fromthe inplenentation variants described above, it
energes that: The greater the QaF, the lower the EIRP required at fixed
useful bit rate D (or in an equivalent manner, the greater the bit rate D
at fixed 10 El RATIgUre\6 ahayvsan exanepleofrhoveERPrigurie calculated forguired) is
obt ai ned | g £t ] ’ MR f le. .76 dBW
cpr oad i oot seys ERlurbing S i SRS tvBe js apl Mo S el
figure > féme. Th@EﬂRPg,g{gaJValed)is obtaiidchbyegdplyiry therretatiohr{E8her j ammer spread
in the sane repeater band. According to one inplenentation variant, the
qual ity indicator is used to dimension the links and in particular the
recei ve antennas. r + ho ibb8" a5 ' t he steps
20 descri bed bel oﬁvﬁ%ﬁé%ﬁ‘ﬁ"%@%nﬁﬁﬁca @érrﬂ | s'bté"gper]tgsséd'k gesm%vg%gnct i on of
t he receithat: antenna surface area of a station. This gives a curve that can
be |likened to % hi gh- asszgutterworth filter defined b%( a sIo&a}, .a gain and
ifh ixpd gpeful dit

a -3 dB cut - bf f' N€aPEE athegalrnthe f‘i’gWin@@aE'Rfué?‘_iL{iS?df ak : _ downl i nk
interference ite Biol tr SXRIRARSht thanh&e thelghebPthd BYR4te! BHtFika" M
10 EIRP),

¢ A zero QaF (i.e. same EIRP figure as C/No required) is obtained for a
jammer of transmit density 0 dBW/Hz (for example: 76 dBW spread in
a repeater of 40 MHz bandwidth),

e A negative QaF (i.e. EIRP figure > C/No figure required) is obtained

15 for a stronger jammer spread in the same repeater band.

According to one implementation variant, the quality indicator is
used to dimension the links and in particular the receive antennas.
For this, the method proceeds, for example, with the steps
20 described below:
The quality indicator QaF is expressed as a function of the receive
antenna surface area of a station. This gives a curve that can be likened to a
high-pass Butterworth filter defined by a slope, a gain and a -3 dB cut-off
antenna.
25 The individual quality factor of the downlink interference item R; is expressed

in the following logarithmic form:

Ro = Ry + 20 logrol —2— ) [E12]
D_3

with:
Ry being the individual quality factor of the uplink thermal term item

30 = gain of the filter in the bandwidth.



R2 =R + 20 logo( O0) [E12] O0-3 wth: R being the individual quality
factor of the uplink thermal termitemg30 = gain of the filter in the
bandwi dth. 10 O being the dianmeter of the antenna of the receiving station
0.3 being the paraneter called dianeter of the -3 dB cut-off antenna. 5
Fromthis, the "frequency" response of the abovenentioned filter R //R2 can
be deduced in linear scale: 2 QF=R ( ~20~2 ) [E13] 3 The calculating and
the appearance g§ theeind frRy difRetdiof thE aarirdf the FetdviigditaidH bance terns
of the link analysis. The log-log scale of figure 7 reveals two areas: An
area where the #&henheing dhet pararsetpreaaktad tdiametdre of - thedB3adB - citfoffint enna
di aneter: the upl '&nk thermal noise is domnant and it is that which inposes
the anal ysis, 18" Zarea where the antenna dianeter is less than the -3 dB
cut-off antenna dianeter: the downlink thermal noise is domnant. If the

receive_grqund antennp dianeter is e to the -3 .dB cytf- off antenna
i et of - G ik 118 Jefidrey SaspRnea et thaAaoemanianesiliss o e an 20 i s

bal ance be Jdceq ivmheaksddier mal noi se di sturbance and the downlink
t hermal noi se di sturbance. Each QaF variation curve (according to the square
of the dianeter o2
QaF =R ( ——— ) [E13]
D" +3B74

The calculating and the appearance of the filter can be

10  generalized to N disturbance terms of the link analysis.

The log-log scale of figure 7 reveals two areas:
e An area where the antenna diameter is greater than the
-3 dB cut-off antenna diameter: the uplink thermal noise is
dominant and it is that which imposes the analysis,

15 ¢ An area where the antenna diameter is less than the -3 dB
cut-off antenna diameter: the downlink thermal noise is
dominant.

If the receive ground antenna diameter is equal to the -3 dB cut-
off antenna diameter, then the linear relation QaF = 0.5 R1 applies and there

20 is a balance between the uplink thermal noise disturbance and the downlink

thermal noise disturbance.
Each QaF variation curve (according to the square of the diameter
of the receive antenna) can be parameterized by:
- the coverage of the satellite channel and/or the operational gain of the
25 repeater,
- the friend and/or enemy interference level,
- the elevation angle of the stations and/or the total noise temperature,
- etc.
These curves are configurable and presented at the request of the

30 operator in order for the latter to choose, from the value field determined by



of the receive antenna) can be paraneterized by: - the coverage of the

satellite channel and/or the operational gain of the 25 repeater, - the
friend and/or eneny interference |leveq, - the elevation angle of the
stations and/or the total noise tenperature, - etc. These curves are

configurable and presented at the request of the 30 operator in order for
the latter to choose, fromthe value field determned by 11 the calculation
tool according to the invention, the rel evant conbi nations of di nensioning

par anet eithy dalotfatidmaiool @gperithg to the ifeatish] Ditaltelévshti domBiRbtiond ef exanpl e:
bit rates, BER and jamrer level) and to the degrees of freedom of the

future néiMEPRIOPNGoRAGERLEN ¥alue shakraspeng: todb@ermﬁj@tmﬁi reAuremest 5 base
of groundy &%&Sﬁ}ﬁé)bu =SS naﬁxm%ér%b&?b W&kﬁ&é&gr%’éstd?ﬁ%eefd%l ows is
us y ‘N0 neans |mt|ngrran e

given in‘an trativeé an er, inorder to
provi de af libmfaturemelwoﬂt & thendepibydad (fdrhexampleo coveragesand indtalledt hod
accordin o the |nvent|on proceed. Table 1 gives the quantities on the
li nk Qnal%s@%g grq),urf 8MenBRg)-of  space tel ecommunications. Al the fol | owing

guantities are either calculated by the tool or entered by the user, apart
fromthe Boltzman constant. 15 12 Table 1 Uplink attenuation Aup dB
Downl i nk at t enuafTihenexXeimplarg Bracticze capplichtion dtabfioloyes i ghwebe dnipard B

illustrative and by no means limiting manner, in order to provide a better
understanding of how the various steps of the method according to the
10  invention proceed.
Table 1 gives the quantities on the fink analysiss in the field of
space telecommunications.
Ali the following quantities are either calculated by the tool or
entered by the user, apart from the Boltzman constant.
15



the transmt station Geographi c advantage of AvGeodown dB the receive
station Boltzman constant 1 O ogK=-228.6 dBWHz/K Received power at G n
saturationBZ dBW saturation by the sggellite antenna at edge of area
Saturating flux density at DFSBZ dBW nR edge of area EIRP of a carrier
El RPsat dBW transmtted by the satellite Power received by the G n dBW
satellite antenna Operational gain of the Gop dB repeater EIRP of a
carrier EIRPsatBZ dBW transmtted by the satellite at edge of area Merit
factor of the station's (G T)ground deléK Rx antenna Free space

attenuati gp ation

Miown mar int enna

adi mensi onal - e L -
Uplink attenuation Aup dB ® ®
Downlink attenuation Adown dB ® o
Geographic advantage of AvGeoy, dB ® ®
the transmit station
Geographic advantage of AvGeOgown dB ® ®
the receive station
Boltzman constant 10logK=-228.6 | dBW/HzZ/K
Received power at Ci . dBwW o
saturation by the satellite In_saturationBz
antenna at edge of area
Saturating flux density at DFSgz dBW/m? ®
edge of area
EIRP of a carrier EIRPg4t dBW ®
transmitted by the satellite
Power received by the Cin dBW o
satellite antenna
Operational gain of the Gop dB [ J
repeater
EIRP of a carrier EIRPgataz dBW ®
transmitted by the satellite
at edge of area
Merit factor of the station's | (G/T)ground dBi’lK o
Rx antenna
Free space attenuation ® °
(fs.) A dB
Non free space ° °
attenuation or attenuation Maown dB
margin on descent
Receive system T K PS
temperature sys
Re_geive antenna n adimensional L
efficiency
Receive antenna diameter o meter PS
Distance between the d meter ®
satellite and a station




efficiency Receive antenna dianeter f neter D stance between the d neter
satellite and a station 13 Uplink thermal noise disturbance: P1 = (CNo)l =
El RPground - Aup + (G T)satBz + AvCGeoups 1 O ogK [E14] 5 The follow ng
linear and uniformrelation then applies: G AvGeoup RL = Gain = [E15] T
satBZ Aup K Characteristics of the transparent repeater: 10 The
characteristics given in the transparent repeater specifications are
usually as follows: Table 2 Merit factor of the satellite Rx antenna at

(G T)satez dBi/K edge of area Satellite EIRP at saturation at edge of

El RPsat ur ati onsz dBW area | pput. back-off IBO dB Qutput back-off OBO dB

M ni mum satUPURk thermalhnojsa disturbangeiye of DFSBznin dBWn2 area Wavel ength
of carrier on uplink Xup m Attenuation relative to maxi num gai n ATNsat dB

arrier on Xup 1 in A _
Gop (ner e THeT Sl eE R o A, 0 e Rarheie T JOSBRDI TEIAEY (ne” O "

5
The following linear and uniform relation then applies:
AvGeo
R = Gain = [—G-) ZTup [E15]
T /satBZ Aup K
Characteristics of the transparent repeater:
10 The characteristics given in the transparent repeater specifications

are usually as follows:

Table 2

Merit factor of the satellite Rx antenna at (G/T)sataz dBi/K
edge of area

Satellite EIRP at saturation at edge of|  EIRPguurationsz dBW
area

Input back-off IBO dB
Output back-off OoBO dB
Minimum saturating flux density at edge of DFSgzmin dBW/m?
area

Wavelength of carrier on uplink Aup m
Attenuation relative to maximum gain ATNsat dB

In the linear or quasi-linear area of the repeater, the operational
15 gain Gop (here including the antenna radiation patterns) is supplied by the

following relation in logarithmic scale:



following relation in logarithmc scale: 14 (ElIRPsaturationBZ- OBO _

(G n_saturationBZ - 1BO + CGopBz wtt# C n_saturationBZ = DFSaz - 1 d og(
476 /| Xup2 ) 5 DFSBZ = DFSBZmin + ATNsat there is also the relation in

|l ogarithm c scale: EIRPsat = Gn +Gop wth: 10 CGn = ElIRPground -Aup Gop =
GopBZ + AvGeoup + AvCGeodown hence the followng two relations in logarithmc
scal e: 15 ElIRPsat = ElI RPground -Aup + AvGeoup + AvGeodown + GopBZ [ E16]
GopBz=El RPsat urati onBZ- OBO+l BO- DFSBZmi n- ATNsat +1 A og(4zt/ Xup2) [E17]

Downl i nk &é]&? noi se d| stur bance: 20 P2 = (C/No)2 = EIRPsat BZ - Adown +
(G T)grou siur@oRln@BON= (P giturafiERB] R G GpEPsat = El RPsat BZ +
AvGeodowr\K 5 The conbi nation of [E16] and [E18] gives: P2=E |

RPgr ound- J Adovm+AvGeoup+AvGeodovm+Gosz+(G/T )ground-1 A ogK [E19] 15

Mor eover, (G To rottdrn % cal %eﬂtpxs parating the two terns: T =

terrperature of +?§ fn receive (see state of the art) G-=
recei we antenna gain.

DFSgz = DFSgzmin + ATNsat

there is also the relation in logarithmic scale: EIRPsat = Cin + Ggp
with:
10 C|n = EIRPg(ound b Aup

Gop = Gopaz + AvGeo, + AvGEOdown
hence the following two relations in logarithmic scale:
15 EIRPsat = EIRPground - Aup + AVGeOup + AVGeOdown + GopBZ [E16]

Gopez=EIRPsgaturationsz~OBO+IBO-DFSgzmin—ATNsat+10log(4n/Ayp?) [E1T]

Downlink thermal noise disturbance:
20
P2 = (C/No), = EIRPgat8z — Adown + (G/T)ground + AvGE0gown — 10logK
[E18]
with:
EIRPgat = EIRPgat8z + AvG€04own
25 The combination of [E16] and [E18] gives:

I::'2=E|RPground"Aup"Adown"'AVC':'QOUp"'AV(-?'eodown"'GopBZ"'(G/T )ground—10logK
[E19]



5 1f (GT)ground is calculated at the input of the station's |ow noise
anplifier LNA, then the line | osses1denoted LIl ne between the foot of the
antenna and the LNA nust be subtracted fromthe receive antenna gain. The
free space attenuation Af.5. on the downlink path is then conmbined with the
receive ground antenna gain G so that the wavel ength of the down carrier 10
di sappears. The free space attenuation forrmula (in linear scale) is reviewd
bel ow.  Aflossover,((GIM)fhulg €arl B2 @hickitzted by sephrdting thottenrtarmé: di aneter 0 and
of efficiency ri, the receive gainin the axis is (in |linear scale): 15
G=Tj 4 2 = 21(T 6 enErdjurerafrihe isystem Agysf iol receivegnode (bee dtatacddhe Af.s. G =
ri ( 0) 2 [E22 This relation is independent of the frequency. By

conbi ni ng the@ | ations [E19] and [E22], the following relation in

| ogarithmc,_s réf%f bé{r%ﬂﬁgl 0 P2 = EIRP9round - Aup - Mlown +AvCeoup +

AvCGeodown+ éo Sys- ogK +10l ogrl -201og d -12 dB+20log O -
1-1ing wi (Gnq oungllé;&é‘laﬁl%télﬁét/%rlnbﬁleof&ﬁé%kétldn% RAINGISE ahgAficy LR\ st at i on.
25 The term"-3 ut-of f antenna” is used denote the recei ve ant enna

di anet er teAahedine Bebes iepdtaEbpgrskiweentine foat antie Bntdiha Biid 3h@ti ng the
foll owi ng equation in logarithmc form 16 201090-3 = (G T)satBZ + Miown -

Av Geodownl-N&opest belsllM@'m%frOMhegQCewemrm@rw gdin. dB + Linme [E23] 5 the
follow ng_ is_obtained: R2 + 201 0gO 201090 3 [E12] (already cited) and
the unifo rﬂﬁ@&ﬁl%cérﬁﬁwaﬁpﬂo‘ksa an|the dewnligk @t it then combined with

the receive ground antenna gain G so that the wavelength of the down carrier
10  disappears.

The free space attenuation formula (in linear scale) is reviewed below:

=( Zn—d )2 [E20]

For a parabolic antenna of diameter & and of efficiency n, the receive gain in

the axis is (in linear scale):

From this, the following can be deduced: Ass. G =n ( % )2 [E22]

This relation is independent of the frequency.
By combining the relations [E19] and [E22], the following relation in

logarithmic scale is obtained:
20 P2 = EIRPground — Aup — Mdown +AVGeOp + AVGEOdown* Gopaz —1010gTsys —
10logK +10logm -20log d ~12 dB+20log & - Ljine
with:
d = distance between the satellite and the receiving station.

25 The term "-3 dB cut-off antenna" is used to denote the receive antenna
diameter denoted @.; which corresponds to the balance R1=R;.

By stating the following equation in logarithmic form:



(0-3 )2 (G 16 d2 Tsys Miown Linme [E24] T /satBZ GOpBZ tlI AvGeodown 10 R, //
R2 is sinplified fromthe ratio 0/0.3 and fromthe Butterfly operator, by
factorizing RL. By plotting in log-l1og scale the curve Rl//R2 versus 20l ogO
~a high- 15 pass filter is obtained i@ he domain of the antenna surface
areas with a cut- off antenna 0-3, a gain corresponding to the asynptotic
value R, and an area attenuated by asynptote R2 = a+b02, or a slope of 10
dB per decade or 3 dB per octave if the X axis is graduated in 20l og(0). 20
More general ly, the nethod according to the invention can be wused in any

| i nk di mensi oning. The dinmensioning entails in particular finding good
trade-offs between the follow ng quantities: a) the repeater operational

gai ns (| iANegCo (GE)emret MyowanbivERessmh eBepazo 1010@T 9dgtllagtiennas, and to an
edge attenuator setting), 25 bé the antenna size of the installed base of
ground segnent stattéMeg dcy12 @B Yhmend El RP [&&3]1 i nk (1inked with the
antenna size which gives the station EIRP and the nunber of |inks), d) the
user bit rate per link (linked with the Eb/No performance of the ground

nmodens  l{he fBlowing i§ bbiiifed:nt erference | evel (conpliance with ITU
coordi nati on agreenments or intergovernnental agreenents) or eneny

interference |evelR§FdRe20logt-20i6gBt; an OjE24t @ireally ichednet wor k
managenment and planning 5 center in finding a good di mensioning, the nethod
accor di ng@héthengnifairegauivalenhegdationeindinear farmeappligsant age of presenting to
the operator: i) an indicator independent of the points c) and d); it is the
QaF whi ch

16 d* T, M Ly;
(D )2 _ (G) , sys “‘down “line [E24]
sat

T GopBZ n AvGeogown

10
R4/l Ry is simplified from the ratio &/J.3 and from the Butterfly operator, by

factorizing Ry.

By plotting in log-log scale the curve R4//R; versus 20logd, a high-

15  pass filter is obtained in the domain of the antenna surface areas with a cut-
off antenna .3, a gain corresponding to the asymptotic value Ry, and an
area attenuated by asymptote R; = a+b@?, or a slope of 10 dB per decade or

3 dB per octave if the X axis is graduated in 20log(J).

20 More generally, the method according to the invention can be
used in any link dimensioning. The dimensioning entails in particular finding
good trade-offs between the following quantities:

a) the repeater operational gains (linked to the coverage and therefore to
the edge antennas, and to an edge attenuator setting),

25 b) the antenna size of the installed base of ground segment stations,

¢) the ground EIRP per link (linked with the antenna size which gives the
station EIRP and the number of links),
d) the user bit rate per link (linked with the Eb/No performance of the

ground modem),



establi shes the EIRPgrou"d, D, Eb/No and Margin exchange relation, ii) The
sensitivity of this indicator to thelgoints a), b) and e): it is the 10
famly of QaF variation curves which is doubly paraneterized by the
coverage (operational gain of the payload) and the threat/interference

| evel . Wthout departing fromthe scope of the invention, the nethod al so
15 applies in a systemusing an aircraft as comuni cation node, either in

t ranspar ent ehole (fdendainterfergaae elgvel otcomplianaet miths gakle moondineti¢mnboar d

el copt ot or aeasPE ok GrachShnrfERRY pbtoufhST Br el PrererdhSs ot i ons

[EI] to [E4] IeveMiardsley).i ntroduced are used, except for the relation [E4]
in which the 20 extrene right termtakes into account the separation of the
upl i nk and downlTihRsgisbR)oReratoriafethecnriwoes Managamentaar® Planning o her

e B et i Riind' doodfi ARG, thExfbiBa bocbrdiil Rothd BiveRlighn o

) di .
and/ or di nensi oni n S between a Pl urali ions” or ens in a

wi r el ess Had theqaniculseadwantays bEprasentingltothesdpdrast 5 the fol | owi ng steps:
a) for each _existing link, to establjsh in logarithmc¢ scale, a relation
eIy

bet ween t hel)gr ouAB ! ndapepdanteidhe poirts ©) aneiol)i bifthe @Ak Whighal to
noi se density rat} : i No) rgg i ; 144 ndi cat or
QaF, 10 b) deter%éfﬁalbhg %L{eh%%'gaigfw 9 %dFégg%rgnéh“E&p}rﬁ%g?ﬂag@%?ﬁHt%éQUti on of
the first tiype @hetsensitivily iof ¢his indigatosrte the pointsia), B) BRgrejuitds ainel t he
second type iteps fhat .are nan-linear in ElRPgroynd 2 -The pethod as

i mld | b ol ai niermibe A CRF ARTBIRN FHNERAWhICH forep iR PouaatRrZedsot) 1 or
determ ning the {HRPasutadef (BpidiBnaraghiny 6Moiheat payibad) dst@r mhaed in

threat/interference level.

Without departing from the scope of the invention, the method also
15 applies in a system using an aircraft as communication node, either in
transparent mode (onboard repeater), or in non-transparent mode (onboard
processing). The aircraft is, for example, a drone or an airplane, helicopter or
any other device having the same functions. The relations [E1] to [E4]
previously introduced are used, except for the relation {E4] in which the
20 extreme right term takes into account the separation of the uplink and
downlink analysis if the repeater is non-transparent. Other interference terms

will be added.



step b). 3 - The nethod as clainmed in claim1, characterized in that, to
determne the quality indicator QaF in the case of first type itens, the
first type itenms are 20 grouped in pairs and the operator Butterfly( R1,
R2, sign) = mn (R, R2) 1d ogi o(1+sii$ .10(-1 (R - R2)101)) is applied, with
sign=+1, and this operator is repeated until there are no nore first type
items. 4 - The method as clained in claim2, characterized in that, to
determ ne the 25 EIRPground for a network conprising first type itenms and
second type itens, the relation established in step a) is used, together
with the following two relations: GRAIMSRL 1/ R2 /1........ /Il Rp [El Q
obt ai ned by using Butterfly RL, R2, sign) = mn (RlL, R2)-10loglo(1l+sign
.10("J(R1-R2y10p) with sign=t1 C30 QaF = R (1 - p/ RNL ) with p= NO)"q
19 5 - The Awhdbdddsr Plan and/sr! @it ' i ' i o obtain
the ElIRPground, the fgjl I oﬁvﬁg IS usﬁﬁgﬁggﬁ%%&\&@%? d:p%ﬁuﬂ“érogl y(

( C/ No) r egStatigpg. or items in aswipglese tggcommuni¢ation systemsinghiding @t fedskl,

m)-lglogghgfféwoé*@grﬁt%é)é-l(Rl- R2)n01) C1 and No ( ] P] RNL 6 - The net hod

as claimed characterized in that the system conprises a

satel lite (ia)for enans@asiiy linkpast establishan SloghiitHhsicCoeMe] H Melaion10 Sat com
antenna (transmt and receive), the quality indicator is expressed as a

functi on of befweenihe geound eanivalont radiated pawer, BIRRadiw theusignahdo ar ea
where the uRbidakqbAgh Ptic"RlgtfrelS(CIRBY B8 Yor HMnRNafd SRqUAIRY SndilSiodown | nk
QaF,
10 b) determining the quality indicator QaF from the contribution of the first
type disturbing items that are linear in EIRPgqung and the second type

items that are non-linear in EIRPgoyng.

2 -The method as claimed in claim 1, characterized in that it includes a step
16 c) for determining the EIRPgung from the quality indicator QaF determined in
step b).

3 —~ The method as claimed in claim 1, characterized in that, to determine the
quality indicator QaF in the case of first type items, the first type items are
20 grouped in pairs and the operator Butterfly( R4, Ry, sign) = min (R4, R
10logg(1+sign .100IR- R0y 55 applied, with sign=+1, and this operator is

repeated until there are no more first type items.

4 — The method as claimed in claim 2, characterized in that, to determine the
25 EIRPgoung for @ network comprising first type items and second type items,

the relation established in step a) is used, together with the following two

relations:

Rt=R1/R2/....... // Rp [E10] obtained by using Butterfly

( Ry, Ry, sign) = min (R4, Ry)~10logso(1+sign .1001R1-R2V0D) "with sign=+1

(C)
_ . _\No
30 QaF= Rt(1-p/Rn) withp= req



thermal noise is
ant enna di aneter.
characterized in
satellite (i.e.,

dom nant are defined, an area being associated with an

15 7 - The nethod as clainmed in one of clains 1 to 5,
that the telecomunqgati on systemis a regenerative

wi th onboard processing) and the uplink and the downli nk

are treated separately, each with one or several disturbing itens in the

analysis of its |

ink. 20 8 - The method as clained in one of claine | to 5,

characterized in that the
segnent with stations

t el econmuni cati on system conprises a terrestrial
conmmuni cating with each other and an air segnent

whi ch serves_as a comunication relay. 25 9 - A device for dinensioning
and/ or pl &miThg Methad as clajmegeihclaimi 2ir charagtesized dndhabrio obtaim the el ess

tel ecom’ru@'lﬁgt i on tﬁ%g@gmwﬁgh@gé%#ng the central station and the renote

stati ons bein

gowdiu

of one of clai mRA,,}L=7Rt30Butterfly( (C/No)req, Ry -1)

5

10

15

20

25

30

Where Butterfly( Ry, Ry, sign) = min (Ry, Rp)~10logso(1+sign .10¢R!- R2/10h)

and( Zn: [K(I:_j_l )—1= RnL

jep+ 0]
6 — The method as claimed in claim 1, characterized in that the system
comprises a satellite (i.e. transparent repeater), the stations comprising a
Satcom antenna (transmit and receive), the quality indicator is expressed as
a function of the receive antenna surface area of a station and the area
where the uplink thermal noise is dominant and an area where the downlink
thermal noise is dominant are defined, an area being associated with an

antenna diameter.

7 — The method as claimed in one of claims 1 to 5, characterized in that the
telecommunication system is a regenerative satellite (i.e., with onboard
processing) and the uplink and the downlink are treated separately, each with

one or several disturbing items in the analysis of its link.

8 — The method as claimed in one of claims 1 to 5, characterized in that the
telecommunication system comprises a terrestrial segment with stations
communicating with each other and an air segment which serves as a

communication relay.

9 — A device for dimensioning and/or planning the links between a plurality of
stations in a wireless telecommunication system comprising, the central
station and the remote stations being equipped with a processor suitable for

executing the steps of one of claims 1 to 7.

ocessor suitable for executing the steps



