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Abstract. Rain attenuation countermeasure systems for geostationary satellite transmissions have been proposed that use a
variety of methods. This paper presents a technique which only requires a burst modem that is able to vary its bit and coding rate

on a sub-burst basis coupled with a convolutional encoder/Viterbi

decoder. A complete method for predicting the attenuation at

thereceive time is described for two different DA-TDMA systems, using centralised and distributed control, respectively. The
method is used for choosing the up power, bit and coding rate of the data to be transmitted. Its performance is evaluated on the

basis of experimental results.

Introduction

The Ku band (14/12 GHz) is currently being used for
geostationarysatellite communication systems. Migration
towards the Ka band (30/20 GHz) is not problem free,
because of the much more serious rain attenuation
experiencedat thosefrequencieslt is thereforenecessaryto
usesomekind of rain attenuationcountermeasuréo ensure
an acceptable availability of the link [7-12].

The fade countermeasursystemwe proposeis not very
complex and is cost effective compared to some methods su
as space or frequency diversity. Only a modbat is ableto
changethe transmit power andthe bit and codingrateson a
sub-burst basis isequired.Sucha modemhasbeenusedfor
the developmentof the FODA/IBEA system [2-4]. Our
schemeis based on the adaptation of the energy per
information bit to the channelfading conditions,in orderto
maintain the quality of dataithin the requirementspecified
by the user.The total attenuationof eachlink (up-link plus
down-link) is compensatedor by varying the transmission
power, coding and bit rates. A multicarrier accessto the
satellite transponderis envisagedto exploit the entire
transponder bandwidtiith limited dataratesof eachcarrier.
The modest performance requiredthg earthstationsallows
the antennasto be installed on the user’s premises.The
transmission power variation must ensumoastantback-off
at the transpondeiinput to avoid excessiveintermodulation
noise. The power control can thie usedto compensatdor
up-link attenuationsonly, while the total compensatioris
completed by varying the coding and bit rates as well.

A very importantproblemin fade countermeasursystems
is the need to detect the sigmpiality quickly andaccurately.
In fact, the countermeasurbasto be madebeforethe signal

user.

A performancesvaluationis presentedbf both the signal
quality and the attenuation estimatorsused in the fade
countermeasure system adopted by two similar chaueeks
schemes.The signal quality estimatoris based on the
statistics ofquantisedevels of the PSK demodulatedsignal,
while a narrow band signal level estimatoris employedto
evaluatethe up-link attenuation.We assumethat we are
operatingin the presenceof additive white Gaussiannoise
(AWGN) alone: this means that the satellite channel
&erruption is only dugo thermalnoise. No attemptis made
to consider interference noise as well.

The channel accessschemesconsideredare user-oriented
demand-assignmertystemsoperatingin TDMA, used for
LAN interconnection. They support both real-time (telephony
and video) and non real-time (computer data exchange)
application traffic.

One of the two systems, named FODA/IBEAfo Ordered
DemandAssignment/InformatiorBit Energy Adaptive) [2,
3], was developed and tested on the Italsat satellitebésisd
on a centralisedcontrol of the channelcapacity assignment
algorithm, accordingto user demand. The other system,
named FEEDERS (FadéthvironmentsEffective Distributed
EngineeringRedundantSignaling) [5], is an evolution of
FODA/IBEA, based on an almost entirely distributed
algorithm for the channel capacity assignment. A
comparativestudy of the performanceof the two systemsis
reported in [6] from the point of view of the delay experienced
by the non real-time traffic. Her@ comparisons madefrom
the point of view of the fade countermeasuresystem
performance.

Both schemes need a mastéation responsibldor system
synchronisatiorand,in the centralisecdcase,for the capacity
allocation on request of the traffic stations. To accomptish

degradation effect on the bit error rate (BER) is detected by thi#Sk the mastersendsa referenceburst, which containsthe



transmissiontimes of the single stations (allocations),
computedaccordingto specific algorithms for real-time and
non real-time capacities,respectively.In the first casethe
allocations are&eomputedby the masteralone,andthe traffic
stationsreceivethe allocationstwo roundtrips after sending
their requests. In the secondse the traffic stationsmonitor
all the requestsaand computethe allocationssimultaneously,
so they cantransmitonly one roundtrip after sendingtheir
requestsin both systemseachactive station transmitsone
burst per frame, containing control information plus any
numberof datapacketswith individual parameterssuch as
address|ength, applicationtype, data coding and bit rates.
The power of the receivedreferenceburstis assumedas the
referencdevel, andall the stationsdo their bestto track it
with their own burstsby varying their transmissionpower.
The master estimatesits down-link attenuationusing a
beacon receiver, and its uplus down-link attenuationusing
a narrow-band carrier envelope estimator; the up-link
attenuation is then obtaindécbm the difference.Any up-link

for, dueto the insufficient powerreserveof the transmitting
station. A suitablemargindueto the predictionerrors must
be consideredin additionto the degradatiorevel computed.
The evaluation of this margiandthe strategieto minimise
it are the subject of the rest of the paper.

Let us denoteby A a genericattenuationand by R the
Ep/Ng ratio. The subscriptsu and d refer to up-link and
down-link parameterstespectively The abovequantitiesare

expressed in dB when a capital letter is used. For example, f

the down-link attenuation we havey, =10 LOg,,a,.

We divide the attenuationrangeinto belts eachwith an
amplitudeof 1 dB for the down- and 2 dB for the up-link
attenuationscentredat attenuationvaluesAn. We consider
the processV(t, An), which gives the attenuatiordifference
betweentwo instantswhosedistanceis t . For eachpair of
valuest and A the processW is assumedo be Gaussian
with distribution N(U, 0y, ). In [1] dataobtainedby the
CSTS (Centro Studi sulle Telecomunicazioni Spaziali)

residual attenuation, after up-power control, contributes to thénstitute, on behalf of the ASI (ltalian SpaceAgency) are

total degradatiorof the signal, in addition to the down-link
Ep/Ng degradationof the receiving station. To compensate
for link degradationdatais maderedundantby reducingthe
codingrate first, and then reducingthe bit rate as well, if
necessary. This countermeasurewas developed in the

analysedand the attenuation evolution is modelled as a

fractional Brownian motion process whose variance tduist

parametedependon the attenuationitself. The scintillation

effect is also kept into accountwith a constantparameter
added to the process variance.

FODA/IBEA system by using a modem prototype, which can Let us firstly deal with the Ep/Ng predicted by the

dynamicallychangethe databit rateson a sub-burstbasis.
The sub-burstis the sequenceof dataaddressedo a certain
station within a data burst.

Signal degradation prediction

The compensation for botlp- and down-link attenuations
must be madeby consideringthe total degradationof the
signal, i.e. the resulting Ep/Ng available at the receiving
stationinput. Sinceall the stationskeepa constantpower
level at the satellite transponder inpilie up- and down-link

receiving station. We defing, asthe value of Ep/Ng at the
receiving station input when the referencepower level is
receivedat the satellite transponderWe then considerthe
procesAR(Ag, t) defined,similarly to W, asthe difference
betweentwo values of Ry at two time instants whose
difference igt . To evaluatethe variance 0z (K, 1) of the
processARy, we considerthe approximaterelation which
gives the resultingep/Ng:
r=ryrd/ (ry+rq). @
If we neglect the variation of the equivalent noise

attenuation contributions can be estimated separately. \Whent€mperaturewith ag, we have Iy =r, / ay, where I'y is

stationT is going to transmitto anotherstationR, T asks
for an allocation. The size of the allocation neededby T
depends on the up-link attenuation of T amdthe down-link
attenuationof R. A prediction of the attenuationlevels is
necessanpecausehe allocationwill be grantedto T only
some time after the request. At the time it makescaest,T
then needs to know what the attenuation lewels be at the
time it receivesthe allocation. In order to allow the
prediction, each station predicts its own down-link
degradationfor the receiving time, and broadcaststhis
information to all the othestations.Station T thus addsthe
down-link degradationof R to its own up-link degradation

predicted for the transmitting time. The total degradation levelyithin the same interval, can be assumed to be Gaussian, lik

is used to computthe codeandbit ratesof the transmitting
signal, needed to ensure the BR&formanceaequiredby the
user[2]. The up-link degradatioris actually any attenuation
portion which the up-link power control has reaimpensated

the reference value in clear sky conditions. The condifoa
constantreferencepower level receivedat the satellite input
implies that I, is equalto the clearsky value I, , so the
referenceEp/Ng at the station input is: ’

Fr =Tucde/ (@d Tuc + rdo)- @)

We limit our analysisto the linear case,i.e. we suppose
that the amplitude of the down-link attenuationdifference
processhyg, is small enough to justify the relation

dR,
ARy =Wy A (3)

Assuming that dR/dAg, is constant within each
sufficiently small interval of Ag, the distribution of ARy

the distribution oWy Thus, considering(3), we canassume
that the variance diR; is
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Figure 1. Mean and variance of the signal quality
estimator. Theoretical and real cases.
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wheregy,? is obtained fronthe attenuationprocessmodel
described in [1].

Let us now see the effect tfe up-link attenuatioron I .
Due to the multicarrier access to tin@nsponderthe satellite
HPA (high power amplifier) mustperatein the linear zone,
without automaticgain control. We can thus considerthe
satellite transponderas a linear device, so ry =ry./ ay,,
rd =rd./ (ay, ag), where a, is the residual up-link
attenuation after up—fJower control, i.e.
A, =Maxu, (A, — A, )], where[0, A, ] is the up-
power control range.

From (1) and (2) we have

R=R -A,, ©)

i.e. the dB contribution of the residual up-link attenuation
be simply subtractedfrom the referenceEp/Ng, to get the
resultingEp/Ng available at the receiving station input.
As data is sent at a certain tiragter the last estimationof
the signal quality, the signal degradation needsto be
predicted, in order to choose the most suitable data
transmission parameters. We observed #Hatear prediction

uncorrelationbetweenthe estimationerror and the process
evolution, the resulting variance is:
ol=0:+0?, (6)

where 07 is 6u2(7) when the processA, is consideredand
is obtained from (4) when thgrocessR, is consideredBoth
the varianceson the right handside of (6) dependon the
allocation scheme and on the measurement interval time [1].

The R processis evaluatedwith the soft level quality
estimatordescribedin [1], whose performanceis shown in
Figure 1, whileeachstationestimatedts A, by measuring
the differenceof powerlevels betweenits own burstandthe
referenceburst. A narrow-bandcarrier envelopeestimatoris
usedfor this purpose.This devicemostly usesthe hardware
alreadyemployedfor the demodulationjn particularthe fast
AGC, which builds the datareferencelevel. The module of
the demodulateddata is low-pass filtered, squared and
convertedinto dB. The dB variance of each signal level

sample, is [1]
2N, [

l |

O VB, O
where @, is the ratio betweenthe signal and the low-pass
filter bandwidths. In our prototype modem tigg, valuewas
fixed at 64 asa compromisebetweenthe noise excisionand
the ability of the AGC to reachthe steadystate level even
whenthe output sampling instant occursat the end of the
shortest burst in play.

Results

As already mentionedyoth the varianceson the right hand
side of (6) depend otihe measuremenime. We thus needto
find the time that minimisesthe resulting variance,on both
down and up sides separately.Our results also include a
computationof the bestmeasuremeriimes for the estimate

carof the up-link and of the down-link attenuations.

Tablel reportsthe valuesof the parametersisedfor both
the centralised (FODA/IBEA) and tlikstributed(FEEDERS)
systems.

An Ep/Ng ratio at the receiverinput equalto 12 dB is
chosen as the reference value in clgr conditions;it gives

actually worsens the results with respect to the assumption & BER of 168 with uncoded data. Using coding tBER can

stationarinessThis is dueto the particularbehaviourof the
attenuationprocess.In fact, wheneveran inversion of the
process tendency occufshich actually happensrery often),
the error on the prediction is bigger than the one made
consideringthe processas being invariant since the last
estimation.

We then proposethe following simple procedure,where
only the last estimationof the processs consideredand its
variance is predicted for a suitable time. In summary, thirst
process estimatiorX is producedtogetherwith its variance
O at theinstantt , thenthe varianceis propagatedor the
instant t + T in which datais sent. Assuminga complete

be maintained foER/Ng thatdropsto 6 dB. By reducingthe
dataratefrom 8 to 1 Mbit/s a further gain of 9 dB can be
obtained, so the gain in the code plus bit rate variai®id
dB, which addedo 10 dB of up power control rangegives a
25 dB span for the fade countermeasures considered. FRjures
and 3 report these variancestogether with the optimum
measurenterval times as functionsof R and A, for the
two systemsconsidered,and for both down- and up-link
cases, respectively.

The varianceof Ry is obtainedby minimising (6), using
the measurement time as a parameter and takenqeasured
valuesfor the bit quality varianceshown in Figure 1. The



valuesof the measurementime, which appearin Figures?2
and 3, are rounded up the closestmultiple of the reference
burst repetition period.

Eachtraffic stationestimatedts A asthe excesspower
(with respectto the clearsky condition)it must transmitto
receive its own burst at the same povesel asthe reference
burst. The master uses a beacon receiver to measdavits
link fade, and the power level available at its receiverto
estimateits up- plus down-link fade.In orderto expresshe
variance of the master reference level as a functiensifigle
variable we assume

A =05 A, ©

using the long-term frequensgcalingformula givenin [10].
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Figure 2. Variance of the Ep/Ng at the station input
when the reference power level is receved at the
satellite and corresponding optimum measure time.

PARAMETER FOL

RB bit rate

TB header bit rate

data bit rate

data coding rate

RB length

frame length

RB repetition period

average RB bit rate

trt (round trip time)

fm (measure interval time)

Ep/Ng prediction interval time

1,250 m:

Ay prediction interval time (Ay < Ap,)

Ay prediction interval time (Ay > Ap,)

750 ms

Ruc = Rdc

RB Ep/Ng in clear sky

TB Ep/No

Tablel. Values of the parameters. used RB: Reference

Figure 3 showsthat the variance of

the masterdoesnot vary significantly
for attenuationsbelow 10 dB, i.e. below the full up-link
compensationlimit, within which we supposethat the
master operates.We can thus assumethat this value is
constant and equal its valueat 10 dB. The varianceof the
A, prediction computed by each traffic station is then
minimisedtaking the measurementime as a parameterand
assuming (7).

Let us now see how the variancesof the predictionsare
used in practice. Each traffic station broadcastsits R
estimateto all the others.The sendingstation estimatesits
A, and computesR using relation (5). Then it decreasks
by a margin value M, which dependson the chosen
probability p, that the BERfalls below the specifiedvalue.
Denotingthe varianceof the R estimationwith 0%, we
have M = Ko, where K is such thaterfc(K ) = p..

We assuméhat thereis a completeuncorrelationbetween
processe¥\, andAR, Thus we have

Of =0g +0,.

Finally, the resultingR is usedto choosethe appropriate
coding and bit ratesof the datato send, accordingto the
required BER. Fronan implementationpoint of view, since
all the above calculations must bwdein real-timefor each
individual transmissiona set of look up tablesis employed
to get a fast result.

In orderto provide a quick meansof evaluation,Figure 4
showsthe value of the margin M for two levels of the
probability pg that the BER is greater thdhne one specified

by the user. In Figure 4a we assume that the receiving static

has no attenuation at alR =18 dB), andM is reported here
asa function of the sendingstation up-link attenuation.In
Figure 4b we assunthat the sendingstation experiencesn

up-link attenuation lower than 10 dB (full compensation), and

M is reported as a function of the receivistgtion reference
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Conclusions

We have shown the performanceof a complete fade
countermeasureystem, applied in a centralisedand in a
distributed controlfDMA accessscheme The most relevant
characteristic of our systera the useof a margin, which is
variedwith the attenuationjn the estimationof the overall
signal to noise ratio. This margin varies from valokseto
1 dB to valuesof almost2.5 dB. Using a margin which is
madevariablewith the attenuationallows us to savemore
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3, 2-
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Up-link attenuation [dB]
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Figure 4. Estimation eror margin M: no down-link
attenuation (@) and up-link attenuation Ap, (b).
Centralised (continuous lines) and distributed (dotted
lines) cases for up- and down-links are shown for two
different values of Pg.

than 1 dB on average. In fathe systemspendsmost of the

time in almost unfaded conditions and the value of the margir

averagedover a long time is very close to the minimum
value. In the distributed case,the lower averagebit rate of

data used to estimate signal degradation is compensatey for

the shorter propagationtime of the attenuation process
variancesThis explainswhy the resultsfor the centralised
and the distributed case are so similar.
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