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Summary

Adaptive TDMA is a member of the "shared resource' branch of the fade countermeasure family.
The throughpu of a satellit e dhannel is maximised by varying the datarate and the wding rate used by
a number of transmitters acarding to the signal-to-noise ratio at the recever. The highest passble
transmisson rate and the best coding rate (uncoded) is used on urfaded links. Faded links are asdsted
by choasing kit and coding rates acarding to the fade level to be @murtered. An adaptive methodis
considered to courterad rain attenuation effeds in satellit e links operating above 10 GHz, in particular
in the 20/30 GHz band. The Monte Carlo method hes been used to simulate the system in order to
compute the outage probability which seans to adieve very low levels also when rain fades are
severe. The experimental rain attenuation cata measured at 11.6 GHz in two Italian stations with the
Sirio satellit e have been used .

The alaptive method (FODA/IBEA) has been alrealy largely described ' # ° therefore only short
outlines are made here.

I ntroduction

A prototype of TDMA station hes been developed bythe Marconi Research Centre (UK) for useina
number of advanced communicdions experiments. The station consists of a processor based TDMA
controller and a digitaly-implemented multi-rate modem. The used satellite acces sheme is
FODA/IBEA(), based on demand assgnment of the dannel capadty and able to simultaneously
suppat both strean (isochronows) and datagram (anisochronous) traffic. The system alows individual
data padkets inside aburst to be transmitted at a bit rate (in the range 1-8 Mbit/s) and at a ading rate
chosen acording to the dassof the service (COS) required by the sending appli cation, independently of
other padkets within the same burst. The quality of the service required by the traffic is maintained, as
much as possble, alsoin degp fade condtions by seleding a data bit rate and a awding rate suitable to
gain anumber of dB sufficient to courter the lossof dB due to the signal fade.

At the writing time, FODA/IBEA is going to be tested onthe Olympus stéellite in the framework of
the Italian experiments in the 20/30 GHz band.

An adaptive method knavn in literature is BLC (Burst Length Control). It is the eaiest form of
adaptive @ding to implement, applicable in time-division systems. BLC leaves at the end d the frame
an empty spacefor use exclusively during the rain fade events. This gace remains freein "normal
condtions', i.e. when the power margin onead link is adequate to asaure the required performances.
When the power margin on a particular link becomes unable to owercome the rain attenuation, the
transmisson from/to the stationin dfficulty isincreased in length H times, obtaining a multiplicaion by
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H of its energy and the posshility to introducing a proper coding o the signal. Asalso using efficient
coding schemes of reasonable complexity, the aoding gain is boundd between 5and 7 B, BLC can be
used when rain fades are nat too severe (for an ouage probability of 103 or higher in ayea). Moreover,
the anpty spacedevoted to be the shared common resourec cana be neither 1oo large, otherwise the
frame utili sation becomes too low, nor too small. The number of reserved dots necessary to maintain
reliability of conredions already in use when fade events occur depends on several fadors, such as the
number of stations, the traffic distribution among the stations, the geographicd distribution o the
groundstations relative to the profiles of high rain attenuation regions and the volume of traffic caried
by ground gtations in high rain-attenuation regions. Ancther fador to be kept into consideration is the
relationship between the busy hou, when all the time slots not reserved for resource sharing might be
expeded to be in heary demand, and the time of the day occurrence of significant rain attenuation
events.

FODA/IBEA uses the full frame for smultaneous transmissons of stream and datagram traffic. In
unfaded condtions, the stream traffic canna overcome afixed boundry in the frame, leaving the rest of
the frame to the datagram transmisgons. In faded condtions, data ae sent with a redundancy chosen
acording to the fade level to be @murterad. This redundancy is computed ading on baéh the data
coding rate and, if necessary, onthe data bit rate. It provokes an enlarging d the datain the frame, with
the consequence that some data must wait alonger time inside the station before to be transmitted. By
definition d isochronous traffic, the strean data must be sent at regular intervals of time; therefore their
transmisson canna be delayed, whil e the transmisdgon d the datagram traffic can be. Therefore, as the
drealy adive stream transmisgons must be guaranteed as much as possble, the enlarging d the strean
data saaifices the datagram traffic. In very dee fade mndtions, the datagram traffic may be
suspended, leaving al the avalable space in the frame to suppat the drealy adive stream
transmissons. Infaded conditions, new stream links are nat accepted.

The spacein the frame devoted in clea sky condtions to the datagram traffic is the common
resource, sharable in faded condtions amongall of the stream transmissons which need to be asdsted.
When the whole common resourceis insufficient to suppat the faded stream links at the requested class
of service the system tries to gain more spacein the frame by requiring those gplicaions which can
work compressed, to compressthemselvestill when the deep fade condtionis overcome.

2. The outage probability (using the M onte Carlo method)

The best way to show the performance of a fade muntermeasure system is to show how much the
system is able to improve the outage probability of a link, i. e. the probability (dencted here by Pg)

that the BER over a link is higher than the target value. The complexity involved in deriving Pg in
closed form is due to the huge number of the posshble system states. In fad, for ead COS. eadt station
can bein ore of the f passble fade levels. So the number of the mutually exclusive states in which the
system can be, for n stations, is ", where f is a number between 6 and 10 (depending onthe
considered COS). The number of the system statesis thus prohibitively high, even for a small n.

In Tab. 1 the fade ranges and the transmisdon parameters (bit and coding rates) are reported, as
function d the BER range relevant to the COS requested by the goplicaion, and d the C/N, (carrier

power to ndse density ratio) available & the recaver. Four classes of service ae envisaged.



(a)-Classof service= 0 (BER < 10°%)

C/No Eb/No Fade Bit rate Code rate Data
range range range [dB] [ [Mbit/s] redundancy
[dBHzZ] [dB] &)
81 12 0 8 1 1
80.5-77 11.5-8 05-4 8 4/5 1.25
76.5-75 75-6 45-6 8 2/3 1.5
74.5-74 8.5-8 6.5-7 4 4/5 2.5
73.5-72 75-6 75-9 4 2/3 3
715-71 85-8 9.5-10 2 4/5 5
70.5 - 69 75-6 10.5-12 2 2/3 6
68.5 - 68 8.5-8 12.5-13 1 4/5 10
67.5 - 66 75-6 13.5-15 1 2/3 12

(b) - Classof service=1 (108 < BER <3 x 107

C/No Eb/No Fade Bit rate Code rate Data
range range [dB] range [dB] [ [Mbit/s] redundancy
[dBHZ] *)
81 - 80.5 12-11.5 0-0.5 8 1 1
80.-76.5 [11-75 1-45 8 4/5 1.25
76.-75 7-6 5-6 8 2/3 1.5
745-735 185-75 6.5- 7.5 4 4/5 2.5
73-72 7-6 8-9 4 2/3 3
715-705 [85-75 9.5- 10.5 2 4/5 5
70 - 69 7 -6 11-12 2 2/3 6
68.5-67.518.5-7.5 12.5-13.5 1 4/5 10
67 - 66 7-6 14 - 15 1 2/3 12

(c)- Classof service= 2 (3x10 ' < BER <3x 10°)

C/No Eb/No Fade Bit rate Code rate Data
range range [dB] | range [dB] | [Mbit/s] redundancy
[dBHZ] +)
81-78 12-9 0-3 8 1 1
77.5-75 85-6 35-6 8 4/5 1.25
745-72 8.5-6 6.5-9 4 4/5 2.5
71.5-69 85-6 9.5-12 2 4/5 5
68.5 - 66 85-6 12.5-15 1 4/5 10

() Dataredunchncy = (8/bit rate) x (1/code rate)




(d) - Classof service= 3 (3x10° < BER <10°%)

C/No Eb/No Fade Bit rate Code rate Data
range range [dB] | range [dB] | [Mbit/s] redundancy
[dBHZ] *)
81-76 12-7 0-5 8 1 1
75.5-75 6.5-6 55-6 8 4/5 1.25
74.5-73 85-7 6.5-8 4 1 2
725-72 6.5-6 85-9 4 4/5 2.5
71.5-70 85-7 9.5-11 2 1 4
69.5 - 69 6.5-6 11.5-12 2 4/5 5
68.5- 67 85-7 12.5-14 1 1 8
66.5 - 66 6.5-6 14.5-15 1 4/5 10

Tab. 1 - Transmission characteristics for various classes of services

A Monte Carlo analysis has thus been developed to investigate the P variation (relative to the
stream traffic only) on the amourt of the cmmon resource and/or on the wmpresgon fador of the
application kandwidth. The analysis of the system has been made for the stationary case. Preliminary
investigations of joint attenuation dstributions have been caried ou in Italy as part of the Sirio
programme, using the three stations of Lario (North Italy), Spino d Adda (North Italy) and Fucino
(Centre-Sud Italy). The dtenuation dstributions at 11.6 GHz obtained ower the total five yeas period

during which Sirio was maintained at the longtude of 15° W have been taken as reference Frequency
scding extrapdations of the &owve distributions at 20/30 GHz for Fucino and Lario stations Hhave
been used in the Monte Carlo simulation. From the rain attenuation pant of view, Lario is the worst
station among the ones experimented in the Sirio programme; however locaions having still worse
behaviour may be foundin Italy. The aimulative atenuation dstributions of the stations are computed

using the CCIR interpolation formula®

Ap = A001 Q12 p‘(0.546-0.0043log ¥)

where Ap is the dtenuation in dB excealed for a p percentage of the time and Aoo1 is the
attenuation excealed for 0.01% of the time. All the tests were made for stations of intermediate
climatic charaderistics inside the Italian region, like the Fucino station.  In addition, some tests were
made for stations like Lario (Aooz still derived from Sirio). In Tab. 2 the parameters Aoco1 used for the
simulation are reported, for both types of stations and for both up and dawn-link frequencies,
respedively.

Frequency [GHZz] Aooz [dB] Aooz [dB]
Fucino-like Lario-like stations
stations
30 22.5 59
20 12 29

Table 2. Attenuation exceeded for 0,01% of the time (Aggp) for Fucino

and Lario-like stations. Data frequency scaled from the 11.6 GHz
values of the SRIO experiment.



The Sirio experiment also alowed to investigate on the statisticd dependence among the
attenuations at the various dations. The statisticd dependence of the dtenuation experienced by the
stations has been taken into acourt by introdwcing a fador h, acording to the modd adoped by

Carassa 12 Denating the probability to exceal a cetain attenuation at ead station by P, , the joint
probability P,; to exceed that attenuation at n stationsis

PAJ' — hn—1 F)An

A value of h = 1 smulates the statisticd independence anong the atenuations of the stations,
while avalue of h = 20 has been considered as the maximum station dependence This value of h was

measured between two stations rather close together 1 (Lario and Spino dAdda, 85 Km apart) and
with very similar climatic charaderistics.

The simulation grogram (outage.c) iswritten in C and it runsonan IBM RISC 6000machine. The
simulation parameters are mntained in an inpu file which can be modified by the user acording to
the type of run. They are:

- the number of stations,

- the throughpu of ead station [Kbit/g],

- the type of the station, i.e. Lario-like station a Fucino -like station,

- the type of the up-link (as previous),

- therequired classof service,

- the percentage of the mmmon resource which can be used to asdst the faded stream links,

- the usable mmpresgonfador ,

- the up-link power control value [dB],

- thelink budget margin [dB],

- the number of outages to coll ed before stopping the run.

For eat Pg estimation a sample of 1000 favourable erents was colleded, thus getting a 99.5%

confidenceinterval of +10% for the mean value.

The CPU cost of the outage analysis was rougHy of 300 hous. Another simulation program,
derived from outage.c, has been written in arder to evaluate the probability that the common resource
isused at a cetain percentage (datagram.c). Abou 200 hous of CPU time were spent to evaluate
such a probability.

Thefollowing asaumptions were made in arder to simplify the Monte Carlo simulation:

- al the stations have the same awmulative dtenuation dstribution;

- all the stations have the same performance in terms of EIRP, G/T and the same geometric position
with resped to the satellit ;

- ead station sends data over only ore paint-to-paint link with ore of the other stations;

- al the links have the same caadty;

- the fador h is assimed the same for al the stations;

- only stream type links with guaranteed bandwidth are cwnsidered in the Pg evaluation;

- the datagram cegpadty is e as a wmmon resource to be shared among the stream links, when
faded, in the percentage indicaed in the graphs. No investigation has been made on the available
datagram cgpadty in arder to eval uate the datagram links outage probabilit y.

- notransponcer intermoduation nase reduction, dueto ore dtenuated carier, istaken into acourt;



- datareported in Tab. 3 were assumed as the link budget parameters.

Up-link freq. [GHz] (CH1) 28.072255 | Total IPFD [dBW/nZ] -101
Down-link freq. [GHz] (CH3) | 19.475 Input Back-off [dB]I 8
E/S EIRP [dBW] 73 Satellite EIRP [dBW] 55.5
E/S HPA Back-off [dB] 3 Output Back-off [dB] 4.5
Up-power Control Margin [dB] 12 E/S G/T [dB/K] 27.3
Satellite G/T [dBK] 14 Down-link C/No [dB] 90
C/T at satellite input [dBW/K] | -142.5 C/No at E/S receiver [dBHz] ]83.2
Intermodulation C/T [dBW/K] -140 Eb/No at 8Mbit/s [dB] 14
Total Up-link C/T [dBWI/K] -145 Modem impl. margin [dB] 1
Up-link C/(No+lo) [dBHZ] 84.2 Eb/No in clear sky conditions |12
Number of carriers 3 Link budget margin [dB] 1

Table 3. Link budget for the Olympus Kg transponder.

Three carriers at 8Mbit/s access the transponder in FDMA.
The 2.5 mE/Sis equipped with a 70 W HPA.

The FODA/IBEA system implements both the up-power-control (UPC) and the variable bit and
coding rate (VBCR) feaures. Comparisons are made with systems withou UPC and/or withou
VBCR. Systems without VBCR are asaumed to send permanently redundant data, in such a way as to
occupy a bandwidth equivalent to the sum of the strean plus the cmmon resource bandwidth
occupied by the systems working with VBCR. It must be emphasized that the common resource used
by FODA/IBEA is available for datagram traffic (as shown later on) for most of the time, while a
system withou VBCR has no space &ail able for datagram, even under low fade condtions.

The minimum Eb/No nret value is fixed at 6 dB because, for lower values, the modem burst
aqjuisition performanceis poar. This poses alimitation onthe utilised coding rates. In faa, even for
the COS = 0, the minimum usable @ding rate is 2/3. The wmparison with systems withou VBCR
was made by considering the aoding rates: 7/8, 4/5, 3/4 and 23, with redundancy from 1.14 to 15
respedively. For higher redundancy (e. g. 2, equivalent to 1006 of the common resource) a suitable
redundancy was introduced on the bit rate of both the preamble and the data. The sum of the
contributions given by the UPC, the aoding gain and the bit rate redundancy was taken into acourt as
an increment of the link budget margin (LBM). The simulation program was run with equivalent LBM
values and nocommon resourceto oltain Po relative to systems withou VBCR.

In the simulation the transponder is employed withou automatic gain control (AGC) and the up-
link C/No of 84.2 dB is relative to a transponcder gain close to the minimum. The LBM reported in
Tab. 3is1 dB; thisvalue is assumed in al the simulation runs, unlessdifferent values are expresdy
indicated. In order to increase LBM in the present environment, it is necessary to increase the up-link
CI/No by reducing the satellit e input badk-off. This fad may force us to reduce the number of cariers
on the transponcer.

3. Simulation results

In Tab. 4 a summary of the most significant parameters relevant to the various smulations is
reported. All of the simulations were made for the h parameter equal to 1, 5 and 2Q respedively.



Large scde irregularities in the graphs are due to the threshald effeds produced by the discrete nature
of the COS tables. Small scdeirregularities are due to the @nfidenceinterval £10%.

number link total stream capacity for system
of capacity capacity [Kbit/s] datagram overhead(*)
stations [Kbit/s] [Kbit/s] [Kbit/s]

48

64

3072

3326

1794

10

384

3840

3858

494

2

1920

3840

4131

221

Table 4. - Smulation parameters. Channel capacity = 8192 Kbit/s

Depending uponthe number of stations, different aspeds of the system performance ae shown.

Runs with 48 stations were made cnsidering 64 Kbit/s links with COS = 0. In Fig. 1 Pg is
reported, for Fucino-like stations, as a function d the amourt of the used common resource and the
station dependence fador. Four systems are compared with all the combinations of the UPC and
VBCR fedures. It is evident that the full FCM system needs only 50% of the common resourceto gve
the maximum improvement of Pg while the same system withou UPC would need a common

resource greder than the dlowable one to read the maximum gain. This tendency is even more
obviousin the cae of Lario-like stations (Fig. 2). A s expeded, the dependence of Pg on the fador h

is higher if the ommon resourceis snaller.

In Fig. 3 Pg isreported, for Fucino-like stations, as function d LBM, for an avail ahility of 50% of
the common resource This graph allows an evaluation d how big the LBM must be, once a ceain
Po is required. The mmparison among the four systems is graightforward. For a Po o 10* the

UPC+VBCR system gains abou 10 dB on the UPC system and 18 dB on the system withou any
FCM. The cmparison with the VBCR system would be more fair only allowing a higher amourt of
the mmmon resource.

For the 10 and the two stations runs (Figs. 4-6), H.261 \ideoconference aplicaions are
considered, with COS = 1 (high quality video) and rates of 384 and 1920Kbit/s, respedively. Such
applicdions are suppcsed to be cmpressble in bandwidth, for the VBCR systems, by a fador
between 1 and 6in the 384 Kbit/s case and by a fador between 1 and 15in the 1920 Khit/s case,
respedively. The results of these runs are reported in Figs. 7to 9 In generd it can be seen that by
increasing the cmpresson fador of the gplicaions the common resource occupancy is saved for a
higher percentage of the time. In fad, for a cetain compresgon fador the gain increases only upto a
certain percentage of the common resource occupancy. Conversely the graphs alow an evaluation o
the percentage of time during which the gplicaion is compressd at the various levels, once the
percentage of the cmmmon resource made avail ableis fixed.

Conclusions

FODA/IBEA dlows bath stream and padket traffic to be acommodated in the same network. In
addition stations can operate with reduced powver margins snce the system adapts the transmitted hit
energy in red time to counterad fade wndtions. Such a system will allow the use of smaller eath
stations and so will im prove the e@namics of user-locaed satellite communicaions networks.

) reference burst + two control slots + stream slot preanble + control sub-burst



The system performance analysis has been made using a Monte Carlo simulation. This gudy shows
that, using the FODA/IBEA system, the outage probability of a link can be reduced to acceptable
values even in Ka band, when transponders with good rformances (i.e. with spot coverages), such as
Olympus, are employed. The mmmon resource, i.e. the caadty allocaed for datagram is sarcdy
used bythe faded stream links.
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Outage probability — 48 Fucino-like stations
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Figure 1. Four systems are compared: with and without VBCR, with ahdgwithdit Four systems are
UPC. 48 Fucino-like stations are considered.

Outage probability — 48 Fucino-like stations
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Outage probability — 10 Fucino-like stations

Outage probability — 2 Fucino-like stations
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Figure 4. The FODA/IBEA
system is compared
with two systems
with fixed bit and
coding rate, one of
them with UPC. 10
Fucino-like stations
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Figure 6. The FODA/IBEA
system is compared
with two systems
with fixed bit and
coding rate, one of
them with UPC. Two
Fucino-like stations
are considered.

Outage probability — 10 Lario-like stations
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Figure 5. The FODA/IBEA
system is compared
with two systems
with fixed bit and
coding rate, one of
them with UPC. 10
Lario-like  stations
are considered.
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2 Fucino-like sations

Outage probability

Outage probability — 10 Lario-like stations
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Figure 7. Performance of the
FODA/IBEA system

loaded with
applications allowing
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factors. Two Fucino-
like stations are
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Figure 9. Performance of the
FODA/IBEA  system
loaded with
applications allowing
different compression
factors. 10 Lario-like
stations are

considered.
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P{uzagel datagram space — 48 Fudnodike stations
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Figure 10. Didascalia 10.

100

P{usage} datagram space — 48 Lario-like stations

Percentage of the common resource used

Figure 11 Didascalia 11.
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