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Fade Counter measure using Signal Degradation
Estimation for Demand-Assignment Satellite Systems

Nedo Celandroni, Francesco Potorti

Abstract: This paper describes a complete fade counter measure
system, designed for thin route user-oriented and fully meshed
satellite networks. The signal degradation dueto theresidual up-
link attenuation after up-power control intervention, plus the
down-link attenuation, is compensated for by varying the FEC
coding and bit rates of the data. Down and up-link signal
degradations are evaluated separately: the former by collecting
statistics of quantised levels of the demodulated PSK signal, and
the latter by using a narrow band signal level estimator.
M easurement times are optimised using a model to evaluate the
scintillation variance. The performance evaluation of the whole
system in the presence of additive white Gaussian noise
(AWGN), shows that very small link power margins can be
adopted.

Index Terms:Fade countermeasure, Scintillation, FEC, Signal
quality estimation, Power margin

[.INTRODUCTION

Using the Ka band for satellite communicaions entails
solving the rain fading poblem to ensure a acceptable
avail ability of the link. The fade curtermeasure system we
present, which was developed as a prototype and wsed for an
experiment on the Olympus and Italsat satellites [4], is cost
effedive compared to athers uch as gace[10] or frequency
diversity [12, 13,21] and very efficient in the cae of low-
medium fade intensity. Our system is based onthe alaptation
of the energy per information ht to the cannd fading
condtions in order to maintain the quality of data within the
requirements gedfied by the user. The total attenuation o
ead link (uplink plus down-link) is compensated for by
varying the transmisson pawver first, then FEC coding and ht
rates when recessary. A multicarrier access to the satellite
transponder is envisaged to exploit the eitire transponder
bandwidth with limited data rates of ead carier, thus the
modest performance required by the eath stations allows the
antennas to be instaled on the user’'s premises. The
transmisson paver variation must ensure a ©nstant badk-off
a the transponder inpu in oder to control the
intermoduation nase. The power control can thus be used to
compensate for up-link attenuations only, while the tota
compensation is completed by varying the FEC coding and kit
rates aswell.

A key requirement in fade murtermeasure systems is the
need to deted the signal quality quickly and acairately. This
paper describes a fade murtermeasure system using bdh a

signal quality and an attenuation estimator. It presents a
performance e/aluation d the system in the presence of
additive white Gausdan ndse (AWGN), and gves numericd
resultsin terms of link budget margin. The performance of the
estimators is qgudied by wing a scintill ation model derived
from experimental data. The signa quality estimator is based
on the statistics of quantised levels of P demoduated
signals which are dso used for Viterbi deaoders, while a
narrow band signal level estimator is employed to evaluate the
up-link attenuation.

We onsider a user-oriented demand assgnment-time
division multiple acces(DA-TDMA) channel access sheme,
suitable for suppating bdh red-time (telephony and video)
and nonred-time (computer data exchange) appli caion traffic
onafully meshed network topdogy. The system, named FIFO
Ordered Demand Assgnment/Information Bit  Energy
Adaptive (FODA/IBEA) [2-4], was developed and tested on
the Italsat satellite. It is based ona centralised control of the
channel cgpadty assgnment agorithm acording to user
demand. Each traffic station is able to send'recéve data
to/from al the other stations, while a master station is
resporsible for both system synchronisation and the cagadty
alocaion on émand d the traffic stations (see Fig. 1). To
acomplish its task the master sends a reference burst (RB)
which contains the transmisson times of the traffic stations
(alocaions) for bath red-time and nonred-time traffic. The
RB is ®nt at the beginning d ead 20 ms frame. The traffic
stations recave the dlocdions two round trip times after
sending their requests. We aaume for the sake of simplicity
that ead adive station transmits one data burst per frame
containing control information dus any number of data
padets. The burst cortrol information contains per-padet
addresses, FEC coding and Lt rates. Each station measures
the receving paver of the RB and wsesit as areference level,
tracking it by varying the transmisgon power of its own data
bursts. This way the up-link attenuation is compensated for in
the power range of the up-link power control. Any uplink
excess attenuation adds to the total degradation o the signal
in addition to the dtenuation onthe receving station dovn-
link. Due to the delay between the request and the dlocation
of the bandwidth, an acarrate evaluation d the time variance
of the signal degradation is needed to reduce the link pawver
margin. Using the scintill ation model developed in [1] we
optimise both the signa quality and the signa level
estimations in arder to minimizethe power margin.

Although the fade cuntermeasure system presented is
rather spedfic in terms of the hardware employed, most of the
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Fig 1. One master and two traffic stations, one of which is in fading
conditions

techniques used and results obtained are of a more general
validity.

In Sedion Il the signal quality estimator is presented. The
results of the scintill ation model developed in [1] are used in
Sedion lll to estimate both the signal quality and the up-link
atenuation veriances. Measurement time intervals are
optimised in Sedion IV, and the performance of the overall
system is down in Sedion V. Conclusions are drawn in
Sedion VI.

1. SIGNAL QUALITY ESTIMATOR

The signal quality estimator that we ae going to describe
is a weighted average of the soft levels of the demoduated
bits. Heredter we asume that binary PXK is being wsed,
althoughextending QP is graightforward.

Fig. 2 illustrates the functional block diagram of the
digital communicaion system considered, where a
convdutional encoder and a Viterbi deaoder are employed.

Soft dedsions are preferred to hard dedsions becaise of
their higher coding gain. Our estimator uses the soft levels
employed by the deaoder, thus requiring very littl e additional
hardware.

The output of the PX demoduator (matched filter
recever) sampled at the instant t, can be expressed as

0 = i\/E—b"' N,
where the plus or minus dgn is sleded depending on
whether the transmitted hitisal or a0 [2(].

The randam variable ng represents the AWGN at the
sampling instant t, with zero mean and Ny/2 variance (N, is
the one-sided nase power density), while E;, is the energy per

X s(t) r(t)

bit of the transmitted signal.

The demoduated analog signal is converted into dgital
datay; (i=1,2,...,Q) at the A/D conwverter based onthe soft
dedsionthreshdds by, by, ..., bg.1, @ srownin Fig. 3.

By using the condtiona probability that the signal
receved fallsinto a generic quantisation interval regardlessof
the value (0 o 1) of the transmitted hit, we can write the
probability for eat quantisationlevel i as:

10 erfc[lOW20 (1-h )] - erfc[lOW20 (- hi_l)] +

=
RR=3 S ertch0?* (L )|-ertdiov@@s n)] & X
where:
o - —
h=Horz 79
) i=Q/2

Risthe Ey/N, ratio expressed in dB and
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Fig 3. Conditional probability density functions of the signal and soft
decision levels

We cdl quality the random variable g that asoociates a
weight g with ead quantisation level. The mean o this
random variable is amonaonic function o the E,/N, value of
the signal receved, so it can be used as an estimator of Ey/N,.
We can evaluate the mean and the variance of q as:

1®=3aRR). oiR)=3 RR-R).

Let us denote by @ the sample mean of q over a large
number of recaeved hits N. For the central limit theorem [7],
the distribution o @ is well approximated by a norma
distribution with mean

1:(R)= 1, (R)
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Fig 2. The channel model considered for the signal quality estimator
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and variance

0Z(R)=?(R)/N .

Thefunction p (R) is monaonic for suitable values of g;,
so it can be inverted and for eahh @, we can find an
estimation d R dencted byli(ﬁ). For sufficiently small

02(R), the distribution d R can be mnsidered as being

normal aswell, with an upper-bounded variance given by

o2(R)= UqZ(R)

RN '
(o, (R)/ARFN

where

Bty /8R = minf[p, /OR] [au /AR }
([1" and [] are the right and left incremental ratios,
respedively, and Ap, =30, ). In[5] asimilar case is anaysed

@)

and the gproximation error of relation (2) is given.
There ae many degrees of freedom for chocsing the
weights even with the mnstraint that ua(R) be mondonic, so

it is possble to chocse them in arder to minimise o2(R) over

the operating range of R, which means minimising the
estimation error. Once this minimisation hes been dore, the
mean o the quality can be used as the agument of R(Q),

which iswhat we cal the quality estimator of the Ey/N, ratio.

A. Practical | mplementation

We used a modem with equally spacel soft dedsion
threshalds, which is a nea optimum choice for a Viterbi
decoder [8]. We minimised the variance of R by simply
minimising the sum of the variances of R taken at the borders
andin the midde of the range of interest.

Unfortunately, in ou prototype modem the reference
levels used to compute the soft dedsion are dfeded by a
naticedle ripple. This impairment does not appredably
degrade the BER performance of the modem and the Viterbi
deder, bu it does affed the charaderistics of our signd
quality estimator by raising the estimation error considerably.
We designed and applied a conceptually simple method in
order to overcome this deficiency of our modem. The method
is of general validity and we recmmend its usage for any
pradicd application. It consists of measuring the probabiliti es
Pi(R) for eat guentisation level by using the modem in
intermediate frequency (140 MHz) loop-badk with AWGN
and then using these probabiliti es instead of the theoreticd
ones given by (1) to oltain the optimum weights g;.

An analyticd model for the quality estimator using a
modem impaired as described abowve is described in Appendix
Il.

The daraderistics of the signal quality estimators are
depicted in Fig.4. As previously described, the means are
invertible functions of E,/N,, which makes them usable &
Ey/N, estimators. The variances can be viewed as figures of
merit becaise a low variance implies a high estimation
acaragy; the variances are relative to the estimated Ey/N,
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Fig 4. Mean value (arbitrary units) and variance of the signal
quality estimator versus the channel Eb/No. “Theor.” is the
theoretical case, “Model” is the analytical model of our modem,
“Meas.” are the experimentally measured values

value in dB, so their measuring urit is dB2 The theoreticd
variance aqz(R) ohtained wsing (1) is much lower than the
experimentally measured variance for al values of Ey/N, and
also has a different shape. The reason for this difference is
well understood, and in fad the analyticd model acmurting
for the residual ripple of our modem is an excdlent fit for the
values measured. Both the red estimator with which we made
the measures and the anayticd mode use weights q,
optimised in terms of their respedive daraderistics.

The mean values py(R) are shown for the theoreticd case,
the model case and the experimental measures. For this
quantity too, the match between the model and the measuresis
excdlent.

The aurve labelled “BER variance” shows the variance of
the estimation o E/N, obtained using an estimator based on
the Viterbi demder remvered errors rather than on soft
dedsions [5]. The superior performance of the quality
estimator described in this ®dionis clea espedally for high
Eu/N,, i.e., for high quality channels where the variance of the
quality estimator is much lower.

I11. SIGNAL DEGRADATION ESTIMATION

The total degradation d the signal (up-link plus down-
link) is obtained by estimating the Ey/N, ratio available & the
station recever. However, a station must separately estimate
the up-link attenuation in order to compensate for it using up
power cortrol. In fad, a station must keep a power level at the
satellite transponder inpu equa to the RB's level which is
asumed as areference power level.

Asdatais ®ent at a cetain time dter the last estimation o
the signal quality, the signal degradation reedsto be predicted
in order to use the most suitable data transmisson parameters.
Heredter attenuation will be used to mean the signa
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attenuation measured onthe up-link or down-link signal paths,
which is the sum of bulk attenuation plus scintillation [19];
the latter acourts for short term variations. Following the
scintill ation model described in [1], we asume that the future
attenuation hes a mean value equal to the aurrent value for a
range of a few seconds [14]. The time dependent variance
obtained from the same model is used as the basis for
computing a suitable margin that is added to the mean value.
The evaluation d this margin and the strategies to minimise it
are the subjea of the rest of the paper.

Let us assume that ead transmitting station can estimate
its own uplink attenuation and the Ey/N, a its own receving
inpu. Here is how these estimates are used to compute the
corredt up-power control, bit rate and FEC rate to be used
when transmitting to a given station. Each station estimates its
own down-link degradation by measuring the Ey/N, at its
receving inpu with reference to the nominal condtion, i.e.,
when the power level of its own transmisgon at the satellite
transponder is the same & the master RB's power level. All
stations broadcast their estimates. Addtionaly, ead
transmitti ng station evaluates for itself the total degradation o
the link to a given receaving station by compasing the down-
link degradation level of the receving station and the
contribution due to its own uplink degradation. This soond
term is null when the up-link power control is aufficient to
compensate for the whae up-link attenuation. The total
degradation level is augmented with a suitable margin
computed with reference to the future time when the data will
be transmitted on the link. The resulting estimate is used to
compute the FEC coding and kit rate neaded to ensure the
BER performancerequired bythe user [2].

Heredter a denotes the dtenuation and r the Ey/N, ratio.
The sub-scripts u and d refer to uplink and down-link
parameters, respedively. When a caital letter is used, the
above quantities are expressed in dB. For example, for the
down-link attenuation we have: Aq = 10L0gs ag.

According to the fradional Brownian motion [17] model
proposed in [1] for the scintillation pocess a difference
processM(t, to) = A(ty) - A(t,) can be defined which ony
depends on the differencet = t; - t; for t below afew semnds,
so it can be written as W(t). The process W(t) can be
considered Gausdan with dB variance &% which is a
function d the bulk attenuation A, (expressed in dB) and o
the time interval t. Althoughthe model defines a dependence
of gy’ on the bulk attenuation, we foundthat in pradice the
total attenuation (bulk attenuation dus <intill ation) can be
considered instead, because the resulting error is negligible.
Consequently, in the following we will consider oy’ as a
function d the total attenuation A and the time interval t. This
model is siitable for predicting the dtenuation variance for t
upto 3 a 4 susingtherelation

ow? = V(A) 1), (4

Let usnow look at the dfeds produced by bah the down-

and uplink attenuations on the signal degradation urcertainty.
We define Ty, and Mo, as the down- and uplink Ey/N, in clea

sky condtions, respedively. First we ded with the Ey/N,
estimated by the recaving station. Dencting byr the Ey/N, at
the recaving station inpu, we have the goproximate relation
r,ry

—ud 5
r, +ry ®)
Negleding the variation d the euivaent noise
temperature with ag, we have that r, =r, /a,. Let r, be the
reference Ey/N, at the stationinpu, i.e. the value of r when the
reference power level isrecaved bythe satellit e. We have

r=

I’u rd

rr =< ° (6)

ay ruC + rdc

Let the process W, (Aq, t) be the difference d the recaving
station input between two values of E/N, at two time instants
whose differenceist — for t nat longer than afew seconds —
when the reference power level is receved at the satellite
transponcer and the down-link attenuation is Ag. We have to

evaluate the dB variance a\,zvr (R,t) of the processW; as a

function d the reference Ey/N, and the time differencet.

We limit our analysis to the linea case, i.e. we suppose
that the amplitude of the down-link scintillation dfference
processW is gnall enoughto justify the relation

w =w, B (7)
dA,

Asaming that dR/dAy is constant within sufficiently

small i ntervals of Aq, the distribution d W, can be asumed to

be Gausdan, like the distribution o Wy, with a variance given

by [7]
R Of
Z(R,t)=0} (R, )] - 8
oy (R,H)=0y (R )%E 8

Let us now examine the dfed of the up-link attenuation
on r. Due to the multicarier accessto the transponcer, the
satellite high pover amplifier (HPA) must operate within the
linea zone, withou automatic gain control (AGC). We can
thus consider the satellit e transponcer as a linea device, and
hencewe have

where a, isthe residual up-link attenuation after up-power
control, i.e.

A, =max[0, (A, - Al
where [0, A, ] is the up-power control range. From (5) and
(6) we get

R=R -A,, (©)
i.e. the dB contribution d the residual up-link attenuation can
be smply subtragded from the reference E//N, to get the
resulting Ey/N, avail able & the recaving station inpu.

We can now evauate the variance of the dtenuation
prediction at a future time t. We use the last estimation X of
the dtenuation process as a prediction. Its varianceo? ,

estimated for the instant t, is propagated to theinstant t + 7 in
which data, sent with the transmisson parameters chasen
acording to X, are recaéved. Asauming that the estimation
error and the scintill ation process evolution are independent,
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Fig 5. Temporal scheme for estimating up-link attenuation and reference Ey/N, (down-link). Legend: Ms:
master station, Rs: receiving station, Ts: transmitting station, ERSNR: Estimated Reference Signal to
Noise Ratio (Eu/N,), Tm: measurement time, T,: round trip time

the propagated variance of either A, or R is

o:=0}+0’ (10
where o/ is given by (4) with t = T when the process A, is
considered, and by (8) after substituting the variance given by
(4) when the processR; is considered.

The process R, is evaluated using the soft level quality
estimator, while A, can be estimated by measuring the power
level of the signal receved using a narrow-band carrier
envelope estimator. Most of the hardware required for such a
device is dready in placein a modem that includes a fast
AGC for buil ding the data referencelevel. We a&sume that the
demoddated signal is low-pass filtered, sguared and
converted into dB using a look-up table. After elaborating the
signal thisway, the dB variance of ead sampleis
2

ra,

where ay istheratio between the bandwidths of the signal and
the low-passfilter.

o, =(10og,€)’ (11)

Ead traffic station lroadcasts its R, estimate to al the
other stations. The transmitting station estimates its own A,
and computes R at the receaving station wsing relation (9).
Then it deaeases R by a margin value M, which depends on

the variance of the R estimation which we denate by oi?.

The value of o7’ is estimated by summing the variances of
the up-link estimation d the transmitting station and the
down-link estimation d the recedving ore. Indeed, since
scintill ation is a locd phenomenon mainly attributed to
tropospheric turbulence [19], the most reasonable asumption
is a complete uncorrelation between processes W, and W,
since the two processs are related to scintill ation at different
geographicd locations.

Finaly, the resulting R is used to chocse the gpropriate
FEC coding and kit rates of the data to transmit acording to
the BER required.

IV.OPTIMISING THE MEASUREMENT TIME

Both the variances on the right hand side of (10) depend
on the measurement time interval which we denaote by 1, The
measurement error deaeases while the variance of the
scintill ation processincreases with an increasing measurement
time, so the derivatives of af and 0,2 with resped to 1, have
oppaite signs. It turns out that their sum o can be
minimised, which we do for both dowvn and up sides
separately. Fig. 5 shows the temporal schemes for estimating
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the reference Ey/N, and the up-link attenuation. While in the
up-link cese we have to estimate the atenuation variance d
the future data transmisson time, in the down-link case the
estimation hes to be made for the moment when data ae
receved.

A. Down-link Case

The predicted variance of R, can be expressed, using (10),

as
G =0n(R,b,1,)+04 (R, Ty +7,/2), (12
2
where 02 = GQ(R'),
brTm
o is the bit quality variance shown in Fig. 4, b, is the

average bit rate of the bit sequence amployed for the
estimation, that is, the reference burst, a\f,r is taken from (8)

and 14 is the delay between the estimation d R and the
recetion d data with coding and kLt rates based on that
estimation. We take & least one sample per frame, asaiming
that 1, is many frames long, and that the estimation d R, is
recomputed orce per frame by taking the moving average of
samples over the interval T, Then, ead estimation can be
considered asreferring to atime 1,/2 in the past, and the delay
between measuring and datareceptionis 14 + T/2.

B. Up-link Case

A, is estimated by the traffic stations by comparing the RB
power level recaved with the power level receved o their
own busts. The RB always has the nominal power level at the
satellite inpu becaise we asaume that the master never
experiences svere fading, so that its up-power reserve is
enoughto compensate for any uplink attenuation. Whenever
the arrent master deteds an excessve fade level, its role is
taken by ancther station. In ead traffic station we have
A, =P, + A, , where AP is the difference in dB between

the station transmisson paver needed in clea sky conditions
and the power currently transmitted as a best effort to track
theRB level; A, istheresidual up-link attenuation.

In the cae of the master station, A, + Ay can be evaluated
as AP + AP, where AP is the difference between the
power level of the RB currently receéved and the nomina
level for clea sky condtions. In arder to estimate A, aone,
the master uses a bea®n recever to measure Aq. The beaon
recaver operates in continuows mode, so its bandwidth can be
made narrower than the one of the signal level estimator
which operates on adua datain bust mode.

Relation (11) is also applicable to samples of the beamn
recever outpui.

The predicted variance of A, as estimated by the master
using (10), is

5I€IM :USZM(Rr’ns,w)+O-/2\,(AJ'Trt+TmM /2)! (13)
where 7. isthe measurement time interval of the master,

o, =[03(R)+a5(R)I/n,,

where 04? and gy, are the variances of the signal and the
beaon level estimators, respedively and n, is the number

of samples (one per frame) in the measurement interval time
of both the signal and the beaomn levels. The second
addendum on the right hand side of (13) is the variance
contributed by the datenuation processevolution, gven by (4),
between the measurement and the up-link power adjustment
time made by the master. We take one sample per frame,

asaiming that the etimation d &7,, is computed orce per

TDMA frame by taking the moving average of samples over
theinterval 7, . Then the estimation refers to atimer,, /2

ealier in the past. The term 7, which is the satellite round
trip time, is added because the data receved have experienced
an uplink attenuation at atime 1 ealier.

As far as the variance of the A, prediction made by the

traffic stations is concerned, from (10) we obtain
Gn =0uw +0Z(R,RN,)+0% (AT, +T,12),
where

o =[ow (R)+05 (Rl/ng,
where gy® and o are the variances of the signd level
estimated by the traffic station when the master reference
burst or its own bust is receved, respedively and ng is the
number of samples (one per frame) taken in the measurement
time interval 7 . The last addendum of (14) is the process
evolution gven by (4), where 1, is the delay between the
estimation d A, andthe datarecetiontime.

(14)

V. RESULTS

Table | reports the values of the parameters used, most of
which were chosen because they are the ones implemented in
our experimental modem.

The reference Ey/N, ratio, equal to 12dB in clea sky

PARAMETER NAME VALUE

R, =R, (cleasky Ey/N;) |21 B

Ref. burst Ey/N, inclea sky (18 B

Traffic burst Ey/N, 12dB max(clea sky), 6dB min
frame length 20ms

Referenceburst bit rate 2 Mbit/s

Referenceburst length 1000 bt

b, (average RB datarate) 50Khit/s

data bit rate variable: 8, 4, 2, IMbit/s
data codingrate variable: 1/2, 213, 45, 1
T (roundtrip time) 250ms

Ty 1,250ms (51)

1, (full A, compensation) 250ms (13)

T, (partia A, compensation) | 750ms (31;)

ap, (data pow. lev. filter) 64
a, (beaon paw. lev. filter) [512

Table I. Numerical values of the parameters
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condtions, gives a BER of 10° with urcoded data. This BER
can be maintained for Ey/N, droppgng davn to 6dB by using
lower FEC coding rates, and the gain in reducing the data rate
from 8 to 1 Mbit/s is 9 dB. Thus the gain in the FEC coding
plus bit rate variations is 15 dB, which added to 10dB of up-
power control range gives a total 25dB operating range for
the fade @murtermeasures considered. This means that the up-
link degradation d the sending station dus the down-link
degradation d the recaving station canna exceal 25dB. The
bit rate of the reference burst is 2 Mbs, which gves an E,/N,
of 18dB in clea sky. Since due to the burst preamble
aqquisition performance of our experimental modem, we did
nat use Ey/N, values lower than 6dB, in the following we
considered a maximum down-link degradation o 12 dB.

In order to simplify the presentation d the numericd
results, we did na acourt for the up-link and dovn-link
attenuations separately in the coomputation d R, which would
have required many results to be expressd as functions of
two variables. We dedded to use asingle independent variable
instead, with the assumption that

Ag=0.5A, (19
with reference to the same station wsing the longterm
frequency scding formula given in [11]. Therefore, the
variance of the down-link estimation R, is expresed as a
function o a single variable, while ared system using this
fade wurntermeasure policy would use the exad computation
instead. In the following, we will comment on the aror
introduced by this asaumption on ow numericd results.

We used the values for V(A), V(Aq), and H(A,), H(Ay)
ohtained in [1]. Corredions to apply for different frequencies,
elevation anges and dsh dameters can be found in [16],
while [18] gives information abou the dependence of
scintill ation onseason and aher fadorsin clea air condtions.

0.2 10

0.15

0.1

Variance

0.05

Signaldegradation [dB]

Fig 6. Variances of the signal degradation on the down-link
(R,) and on the up-link (A,) versus R, degradation and A,
respectively. The optimum measurement times and the
master up-link attenuation variance are shown as well

A. Predicted Variances

The variance 5; of the down-link estimation R; is plotted
in Fig. 6 versus the R degradation. The R, degradation is
intended as the difference from the reference (clea sky)
condtion. c'f,i is obtained by minimising relation (12) with
resped to 1, for al values of the R, degradation. The resulting
optimum value of 1, is aso potted in Fig. 6. The quality
estimation variance aqz(R) used for the evaluation o Eé is

computed acording to the analyticd model that is mentioned
in Sedion II. A plot of aqz(R) is dwown in Fig. 4 under the
label “Model variance’. Choaosing the theoreticd variance
instead with the weights optimised for the quality defined in
(1) would na produce any appredable improvements. In fad,
the contribution d the quality estimator to the total estimation
error islessthan 10%.

The variance of the master reference level &7, is
obtained by minimising (13), and it is plotted in Fig. 6 versus
the up-link attenuation d the master station. The optimum
measurement time 7,  is only slightly dependent on the up-
link attenuation, so a cnstant value was assumed, equal to
0.12s. Also, G2, doesnat vary significantly for attenuations
below the full up-link compensation limit (10 dB) where we

suppcee that the master operates, so heredter we asume that
it is constant and equal to itsvalue & 10 dB.

The variance 5,§u , as computed by ead traffic station, is
then oltained by minimising relation (14) after substituting
(15), andis plotted in Fig. 6 versus A, itself. Asfor the master
reference level, the optimum measurement time interval 7,

has a very small variation range, so heredter we assume the
constant value of 0.18s.

B Power Margins

Asauming urcorrelation between processes W, and W, we
have

0f=0g +0, . (16)

Denating by p. the probability of error, we assume that we
know the relation pg(R) at the data decder for ead type of
FEC coding. The average p. for a given value R of the

channel Ey/N,, which is estimated with a variance aé given
by (16), is

(R-R)?
= e 1 B 202
P(R) = pe(R)\/Z_Taﬁe dR. 17)

Substituting pe given by (17) in the inverse function o
p«(R), we get the eyuivalent value Re(pe(ﬁ)). The margin to

be gplied onthe estimated valueR isthen
M(R)=R-R.. (18
We have mnsidered the caes of no FEC coding and 12
convdutional coding. Intermediate purctured coding rates of
4/5 and 23 gve results very close to the 1/2 coded case. For
the uncoded case we have [20]
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Fig 7. Margin to take into account over the estimation of the
total signal degradation and BER versus channel E,/N,.
Uncoded and 1/2 coded cases

p, = %erfc(lOR’ 20) . (19)

For the 1/2 coded case, by interpolating the decoder
results [2], we obtain a very good fit using the approximating
function

Pe = 10 (L6R+ 3), (20)
which is linear in logarithmic scale. Since M increases with
the absolute value of the derivative of the function pe(R), the
margin does not depend on R in the 1/2 coded case where this
derivativeis constant.

In Fig. 7 the margin M is plotted as a function of the
channel Ey/N, R for both the uncoded and the 1/2 coded cases,
using (17), (18), (19) and (20). The function pg(R) for both
cases is shown aswell.

In the case of clear sky, the channel Ey/N;, is the reference
one, that is 12 dB; we assume data with no FEC applied
(uncoded) are being sent. In this case, the margins M for
different values of the variance ox? are plotted in Fig. 7 versus
R, forming a family of concave curves. The variance o’ to
use is obtained from (16), and depends on the up- and down-
link degradations. Since we assume clear sky (unfaded)
conditions corresponding to a null signal degradation, from
Fig. 6 we get a variance of 0.015 for the down-link and 0.045
for the up-link which, using (16), give a total value for o’
equal to 0.06 dB The corresponding curve for the uncoded
case in Fig. 7 gives a margin of 0.1dB for Ey/N, equal to
12 dB.

At the other extreme, we consider the case of the
maximum value of total degradation which can be
compensated for by the system, i.e. A, + Aq = 25 dB, where A,
is relative to the sending station, while Ay is relative to the
receiving station. Since Aq cannot be greater than 12 dB and
the Ay estimation error is prevalent with respect to A, in (9)
(See Fig. 6), the worst case is for a down-link degradation of

12 dB and an up-link degradation of 13 dB. From Fig. 6, we
have a variance of 0.18 for the down-link degradation and
0.07 for the up-link degradation for a total variance 0.25 dB?
for the estimation of the channel Ey/N,. In such a deep fade
condition, we would use a 1/2 FEC coding rate, thus obtaining
amargin of about 0.5 dB.

The assumption (15) introduces a negligible error in the
margins estimated above. In fact, using (15) is equivalent to
introducing an error in the evaluation of R, [22]. Taking as an
example a difference of 3dB on the down-link attenuation
with respect to (15), we obtain (see Fig. 6) an error of 0.03 in
the R, variance, and consequently (see Fig. 7) an error less
than 0.06 dB when evaluating the necessary power margin. It
should be noted that thisis important only when considering a
fixed margin; no error is introduced when the system
dynamically evaluates the necessary margin because in this
case (15) is not used.

If amargin that is variable with the channel degradation is
applied, the average margin turns out to be close to the
minimum value of 0.1 dB, because most of the time the
system works in amost unfaded conditions. On the other
hand, a gross value of 0.5 dB can be applied in any conditions
thus simplifying the procedure. This value is much lower than
in any other system proposed, for example the one described
in[9].

In all the cases considered, the second error term in (10),
that is, the uncertainty on the evolution of the scintillation
process, is much greater than the error produced by the first
error term in (10), that is, the inaccuracy of the attenuation
estimators. Optimising the measurement time interval played a
major role in reducing the variance of the estimators. As a
proof of the consequences of this observation, we used a
Kaman filter to estimate the attenuations. The result was a
reduction in the required margin M by less than a tenth of dB,
which is negligible for al practical purposes.

This is the reason why the cost of more sophisticated
methods for reducing the accuracy in the estimation of the
reference Ey/N, (such as those proposed in [6, 15]) is not
justified by improvements in performance.

V1. CONCLUSIONS

We have described the concept and the implementation
details of a complete fade countermeasure system. We have
discussed the performance of the system when applied to a
centralised control TDMA access scheme, based on demand
assignment of capacity alocation. Numerical results are
obtained based on the characterisation of the scintillation
process in the Ka band described in [1], and on the
performance measured of the estimators built in our
experimental modem. The value of the margin to take into
account in the signal degradation prediction is small in al the
cases considered. An accurate dynamic value of the margin
can be computed from the estimated attenuation, thus
obtaining an average margin in the order of 0.1dB.
Alternatively, a fixed margin of 0.5dB can be used for tota
channel attenuations up to 25dB, assuming an up-power
control range of 10 dB.
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The margin acourts for two terms, namely the aror in
estimating the dtenuation and the aror in predicting the
evolution d the scintill ation process Our results indicae that
the latter term is largely dominant, which means that more
sophisticaed methods for estimating the reference Ey/N, [15]
and the up-link attenuation would na significantly reduce the
power margin. This would be no longer true if a more predse
charaderisation d the scintill ation processthan that described
in [1] were available, or if a low-orbit (LEO) system were
considered where the signad delays invaved, and
consequently the variance of the scintill ation process would
be much lower.

coding besed onthat estimation, rate of bit
stream employed for the etimation

APPENDIX |: LIST OF SYMBOLS

Vi, by
Ebr NO: r: R
Pi(R), o

a, Ue(R)

a‘! AI a’d1 au
W(t), ow?
g, » T,

uC

R

Fun T Ty s Ty,

Ue ?

W, g2

W, O-\ild

0321 ab

0%, Tm

~2
O-RT il Td! bl’

digital datum at the A/D conwverter, soft
dedsionthreshald

energy per bit, one-sided ndse power
density, Ey/N, value, Ey/N, valuein dB
probability of a soft dedsion quantizaion
level i, weight of a quantization level
randan  variable  assciated  with
quantization levels (quality), andits mean
number of receved hits, sample mean o
quality

estimated value of R based on q (quality

estimator), and its variance

attenuation value, attenuation value in dB,
down-link and uplink attenuations

scintill ation dfference process and its dB
variance

down- and uplink Ey/N, in clea sky
condtions

reference Ey/N, at the station inpu (the
value of r when the reference power level
is recaved by the satellit ), same value in
dB

E/N, onthe up- and dawn- links, the same
for clea sky condtions

scintill ation dfference for the r, process

andits dB variance
down-link scintill ation dfference and its

dB variance

residual up-link attenuation after up-power
control, up-power control range (dB)

last estimation d the dtenuation process

(used as prediction), its variance, and the
variance due to the propagation d the
estimationto time t

dB variance of a sample of AGC output,
ratio between the signal’s and the AGC
low-passfilter’s bandwidths

dB variance of the etimation d R,
measurement time interval

predicted variance of R, delay from
estimation d R, to reception d data with

A, » OPqr residual up-link attenuation, transmitted
power minus transmisson powver in clea
sky condtions (dB)

AP nominal recéved RB level in clea sky
condtions minusreceved RB level (dB)

o f,,M, T, variance of A, predicted by the magter,
measurement time interval of the master

Giu, T variance of A, predicted by traffic stations,
and their measurement time interval

T, Ty satellite round trip time, delay from
estimation d A, to datareceptiontime

P«(R), M(R) bit error probability, margin to apply to the

estimated R versus R itself

APPENDIX II: QUALITY ESTIMATOR FOR THE
EXPERIMENTAL MODEM

The model takes into acount the ripple that affeds the
reference level of the demoduated data of our experimental
modem. It consists of superimposing a sinusoidal wave over
the reference level whase frequency is much lower than the
bit rate. The probabiliti es of the various quantisation levels
PY are then ohtained by averaging ower one observation
interval.

From (1) we have

oy L RERd10"(; - )|-erfdio( -h )] B
RV(R)= 2T Eﬂ‘erfo[lopﬂ"(n +h_,) 1] erf 1OW20 (r+h) Ht

where r, =1+ ksin(_r—nyt+¢) ,

T is the measurement time interval in which N bits are
considered, yis the number of cyclesin the interva T, and k
is the amplitude of the sinuisodal wave. The integral in the
above euation is independent of ¢ if yis an integer or y» 1,
i.e. if Ty isaninteger number of cycleslong a islongenough
to make the mntribution d the last fradion d the gcle
negligible. The latter is our case, so we car assume ¢ = 0 and
y=1 withou significantly affeding the result. We then made
the cdibration d the mefficient k by equating the mean value
of the quality

(J) qupl(n

to the measured value & 10 dB. The resulting value of k was
0.12.
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