FRANCESCO CARASSA (]

Frequencies Above 10 GHz and Future Telecommunication
Satellite Systems ()

1. IstrooucTion

A commen feature of fumre satellize systems, at least for fixed services, wil
be the use of frequencies sbove 10 GHz, parly due to samrarion of lower
frequencies, buc mostly in connection with an easier electromagnetic compatibility
with terresttial rudio relays, the availability of very large frequency bands (fig. 1)
and an casicr possitility of obuining highly dircctive smeanas. A paricular
festure of an enboard directive antenna i the multibesm aateams, shown in
figure 2 and 10 be discused fn the next paragraph. The other side of the
picwre is that frequencies above 10 GHz suffer propagation impairments in
presence of rain, which produce, smong other effects, wn attenuation, capidly
increasing with frequency and particularly relevant in Jocations charscterized by
».,vy rainstorms. As 8 comequence, several experiments have been set up to
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st 106 and 18 GEE. s indicated fn figure 1 which shows also the fregqocacies
experimented by OTS (ESA) and the frequencics to be cxperimented by Olympas
(ESA) and Tabsat (Tl

2. MurTiEAd AvrERus

Whilst s single beam covering the full region o be served Is the optimum
when the same signal interests all vsers s in brodcasting, a mulribeam system
s of interese when esch particular user is imerested in being connected 1o a single
anocher user a3 it is common i telecommunications.
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Fig. 2 « Maltbeam antcness: coc (n): coveinge of # cerraia segho with all the-besms shown
in' the parc, cxch of dhem serving, b scacal, 4 punler of suicms; cxe (b)) ealy 8 few
sgarate bowns s xtbvated (lor Imescee the oaes panioalrly. marked) coch of them seviog:
+ single Mabaratfc oo
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In fgare 2 case ) refers w0 o liibens configusation in which adjacens
beams are used to fully cover & ceruln service region: it i thut expecied that
B vin b cioded o ek e o ) i &4 g
i which separate beams arc used 1o serve, each of them, a parsicularly high-
traffic starion. [ both cases, due 1o the high directivity of cach beam, 3 powes
pain s achieved, which, concerning the onboard multibeam seceiving antenna,
inceeases the power cHiciency on the uplink, reducing in particalue
needed from the earth transmiviers, an, conesTning the multibeam nmummnl
ez, incessen the power cficency on the doven ik, reducing i paciclr
tic powr oceded fom board. Fire 3 shos o csalgaao i wiich
fixed beams ase used on the up- and downlinks: 4 switching m i
o bosnd to send 10 cach downbeam the sppropriate nw--!‘ coming _frem
crh. A sytem of this kind sllows 10 reuse the same frequencies in bon-
djacent beams, thus largely increming the commubication capacity. The
satellite Ttalsat, working in the 20-30 GHz band and 1o be lnunched in 1990,
belongs 1o thix category.

3. Propasamion

A typical rain — anenuation distribution is shown in figore 4 [3]. From
an, engineeing point of view such distribution repore in the abscissie the pawer

Fie ) - A wulibesrs apsem with similae fixed beama o the op sad o the dovirlink
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margin 1o be sdopted to restrict the fractional outage time within the limits
indicated in ordinatsc

Characteristic of rin ateenuation distribations is that the required
nargin is rather low when the accepted catage time iy high (for instance T
ared Tocresses mare aoed e npdy as: the outsge time s decreased (down for
instane 10 a few units in 10-)

Rain anenvation increnses very rapidly with frequency: frequency scaling
methods have boen developed and checked in Eamope up w 20 GHz.  Approxi.
matively attenuarion distributions at 116 GHz as shown in fig. 4 can be scaled
wp in frequency (fig. 3) multiplying the atccnstion vabues scsording o table 1.
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Fig, 4 - Typleal aisemaation dseibotions 4t 116 GHz desived from Sirio dta,

wix 1 — Muliiplying fsctars for sealing in frequency atrenuation data at
1.6 GHz
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Tain anenvation varies considerably from kcaion to location #s repored
in fig. 6. Here, in addition to the Lario distribution meswred wing Sirio,
disteibutions-for other locations are reported, as predicied from sain rate data
a5 earth using the « exponeatial cell » method.  Such method [4, 5] appeass 1o
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Fig. 3 - Saing up i freamey b0 30 Gl the Lario disibation o 116 GHa
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Fig 1« Compariscn betrccn v mibods to prodict rin attenuation disulbution fos rain
rvte dats. The comparion s made over the singhe yest besson data chiaived in Europe from.
i snd OTS, (EXCELL mesn exponental cell metbend).

e pasticulatly sccusate as indicated In figure 7. Prodiction capabilsies of this
type are very important for designing systems swith stations in many locations.
Figure 6 indicares that the Lario location, wsed in the Sitio- experiment and 1o
whidh further reference will be made in the following, is nesr o the worst
conditions 10 e found in haly.

Surellte communication systems at frequencies sbave 10 Glfz can be clas
sified i bigh-availability systems (outage time per lisk 104 or & few units
in 107 and low-avallsbility systems (ontage vime per link 10 or o few
waits in 107,

An interesting boundary between the two is (in each station) the outage
peobability ot which the increase of attenuation with frequency s exsetly com-
pensaicd by the increase in aniemna gain. The above boundary is reporied in
table 2 for various italian Joations (reference frequency 116 GHz)

High svailablity is requived in « nerwork oriensed tysicms » i, sysiems
10 b Intcgrated in the terresrial nerwork. [n such conditions adaptior methods
must be wsed gt leust in unfavoured Iocations and oy bigh frequencics,

These methods profit of the limited extension of heavy rainstorms und
inclile, on one hand, site diversity. (fig. 8) and, o snother hand, the shared:
resource metbods us indicated in the followiog table 3.
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Tavi: 2 — Outage probability st the boundary defined in the text.
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This can be

Adaptive methods can gain: — in power; — in probabili
the Hinke of stafstically indepen

ih reference 1o site diverity i
cat in this chse the overall link ootage probabilicy. Po equals. Por’,
being Pon. the outage probability of the single station. For a.fixed Po the single
station mu be thus desigoed to bive By, = VPo, A gain in probability is
thus ochieved, The gain In power margin is evaluated indisoctly by finding on
the aennation disuibution the difference between the power margins cortespond-
ing to Po and 10 P, tespectively.

Conteol af satelle ansmited power <an be spplicd wing, rovard sations
In diialy e to by i 3 e v ot e by switching a
n porwee amplifier in the beam in difficulty. Such a = hised resource »
.mm is cleuly a method gaining dircctly in power margin, and caly indirectly
fn probabllity. In practice the addivions] power margin which cun be made
svalile b Exilzd {or itnce 10 4B) 30 shus mesds of- s type wie of,
modest help when the frequency s incrensed, especially in unfivoured locations.
I cldition the considered method can belp only downlinks.

Adaptive coding is another shared resource methad. It consists in introduc-
ing a proper bighefliciency coding in the (up or down} links subjected to heavy
rain, expanding, in such links the allotied fime in timedivision systems of the
allotted bandwidth in frequency division systems. Tt bs thas a method which
ains i pawer margin and only indircctly in probability.  As before irs advantapes
at high froqucacics and/or in unfaveursble Tocations are limired.

Frequency diversity is & shared resoutce method which consists in using
movally vy Woh fropencio, h.. in swiiching the lioks subjected t heavy
rain 10 8 lower backup freq Concerning the high frequencics the system
o I prbubli o olcatod Gt crpen o Bguets 9 pd 10 (21, P s
the link overall outage probabilty, Fu s the intrinsic outage probability of each
higher requency link, Fu, is the intrinsic outsge probability of cach backup link.
S s the mumber of stations, | the number of stations which may. be sssivted
simaltaneously.

To evaluate the performance of shared ressarce methods it is necesary @
know the joint attenuation probability distributions. A model which we wsed
{also in figures 9 and 10) is the following: suppene thut tain eccurs in the
e anly for & fraction 1/h of the toral time and that over dhis fractin
of time m amcnuation at the warious mations. be suadstically indepersdens
Over the ol observation time h = 1 means siistical independence whilst
B> 1 meawres the stativionl dependence.  From the Sirio experiment o few
first data have been collected which seem 1o indicatc h = 20 for 2 distance of

ke and b = 2-4 for distances of 500 600 km.

Using figure 7 with b= 20 {pessimistic asumption), Po = 410! for a
Full eanthesatelliteearthlink, table 4 has been derived for a system working
2030 GHe with o backup hand at 1214 GHz, in which all stations behave
like Lario (fig. 4 and 6).
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Fig, 9 - F,, versas By i various consitions,

From wble 4 or from figures 9 and 10, it fs scen that frequency diversisy
alows the high-fsoquency sysicm to be designed o1 & Jowavailabiliy

So far for highavailability systems and in particular « network oriented
systems v« User oriented systems », i systems with stations directly ser op
ies can srcepe lower availability, for instance wutage times of the
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order of several units dn 10, Lo, above the threshold reporied In table 2. Tn such
conditians millimeter wave (c.g. 40-50 GHz) can be sdvantageous, provided that
the inctease in antenna gain be exploited.

4. Nerwork Ommesren Sysvens

Applicatians on intercontinental routes should preserve theit present role
of consituting 3 worldwide communication network, sccessible by all countries,
including developing and isolated countrics. On the heavy-trafic. roures, l
transatlantic routes, optical cables will stromgly compere, bus suellites can furiher

sheir coonomic performance, wsing for instance the technique of the
meationed case b) of figure 2. Therefose, at the moment, there are no appateat
ressons to abandon, an these routes, the maditional policy of equally dividing the
naffic between cables and sarellites.

As dissance decreases 10 continental and national dimensions, satclites are

w [ [N
Fi 10 - F,, vens Py in vasious sondsticas.
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in & more. difficul situaiion and must look for applications for which they are
pariiculacly suited.

Such spplications. are bused on the following propery of the sscllive:
= npﬂ'bll\ly o PRI ey artian % v the overall communication
may happen in developing countrics; — capability of comnecting
isolated haz eapahility of facing emergency situation duc to matural
dissers or o outsges in the werrestrial cetwork: — partkalar atitode 1o
distribute television programs to the earth transmitiers of 1o local cable nerworks,
ete. Also wansmission of live television programs, pickedup in particalat locations
and sent to swudios via satcllite, wing wansporuable carth nations, has proved
10 be & highly sppreciated solution.

3. Uses Onewmn SysTeMs

The wost exiensive {and broadband) service offesed disectly 1o the users by
sstelltes wil be television brosdeasting (sssociated 1o audio and dava broadcasting)
This scovice takes advantage of (wo impormant faces: first of all thar savellies
are able o fully cover the sclected region, serving equally well highly popelaiad
it and isolaicd locations; secondly, that today powerful satellites may be put

ioto ocbit, capable seceived by very small termiinuls (60 centimerers
diamercr anieonas)
Figure 11 shows, 1o the condhusions of tbe World Adinistrative

secording 10

Rudic Condersaie of 1977 (WARC. 77), somae coveinges of mitonal relevision
sutellfcs in Evrope; exch country has available five celevision channels for the
equivalent in terma of audio programs and data), The coverages exceed largely
the national boundaries o that an elfective insernational ielévision system il
be set up. 11 is possible that, taking ako advantage of the progresses in the
carth teceivers, a true curopean television be orgariied. The signals are trans.
mitted by the satellite around 12 GHe; the feeder frequencies (up-ink) are shout
18 GHz, Tn each channel (having o bandwidih of 27 Mz} is s possible
lllnun slicmatively: 1) a PAL television sigaal with Frequency mo-
dulation; 2) 4 olor television signal with the same definition a3 above, but
minlxﬂ on o timedivision basis with luminance and chrominance information
in analog form and sudio sncl dawa in digial form; this s the MAC standand
defined by the European Droadcasting Union (EBU) in severl vession; 3) a bigh-
definition calor televison signal with a double number of fincs with respect
10 the previous standsrd and an aspect ratio of sboar 3:3; it can be allocated
in the same channel using advanced redundancy reduction techniques and is
particularly suited for presendations an large screen.

It appears of importance, in establishing a satellie relevision service, 1o give
something new in qualit of the programs and of the picture; concerning the lattes,
it is likely thar passing directly o high-definition television would be an im-
poruns siep, alsa in view of the developments which will follow in broadbsad
services based on optical fibers in the wer plant. With rospece to this pant,




Fig, 11 - Coverngen of cumspean browdessting tseles.
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satellite broadcasting is an important anticipation, which must also be used to
Inwestigie the interest of users on having avallsble o lage number of high-
definition programs, as will be the case with the broadband fiber network.

mstead of wnilatetal services like broadcaing, bilareral interactive ser-
wices are taken into consideration 1o be provided by sstellites disectly to the users,
it becomes much more diffieslt 10 preserve the simplicisy and econcay of e
canth eerminals,  Indeed the fact that the power 10 be transmdied from carth
ie » relevant cost factor 5o the terminal bocomes particularly eritical.  On the
otber hand, systems of this type are of high interest for husiness users oace agaia
10 anticipate new services of to achieve ecanoenic and functional advantages from
peculiar characierisiics of satellite spstems, Nk the capabilicy of reaching
any point I the coverage orca, Saclites are pareiculadly subied for providing
jong-to-mulipoine services fand viceversa), 13 required for instance 1 connect
the beaduarters of big enterprises with their peripheral offices, factories or selling
points. They are ot theis best when providing wiicband services from the center
10 the pesipbery (ke in instructional video-conferences 1 describe far instance
chameteristics and maintenance procedures of u new car 10 the various agencics)
ind marrow band services in the reserve direction.

In order to allow operation with small wnd ecovensic earth suations, satellive
effcincy must b impsoved: in this sespect the multberm rechnique bat again
o fundamental role. Various schemes may be invest far instance, effi.
clency and simplicky sre. sinuluneously achieved by i figure 12,
in which the gain of she maltibeam amenn is wsed in the upliok to improve

BRANCHING FILTER

- Simple st with & molibcem aeane o8 the uplink (sing diffren frogoences
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i difficaly. power budger, while she global coverage in the downlink allows
w0 distribute 4 common signal w0 all easth stations in 4. poiatromultipoin:
systems [6].
An impormant remark conceening sarellize sysiems sorving directly the ba-
siness users 13 vhat in some applications it could be considesed ap sccepable, for
reasons; an ouiage time as large o 0.51%. Tn such condivians, as
mentioned in paragraph 3, frequencicr well above 10 GHz could provide very
interesting poss because the incresse i rain atenaation could be well
compensatcd by the lncrease In anenna. gain.

6, MOBILE. COMMUMICATIONS

Mobile communications may only be performed wsing radio, and suielites
can have & fundumentsl tole in this sica. For matitime sesvices the Tnmarsat
orpanisacion has already set op & global m|mﬂ( representing tadsy the hackbane

ications, and can likewise provide sero-
bl Kprssnc ol bl e i th. adgion

Concerning land mobile services, satclites e preserdy in a eritical sivation
m the highly developed areas, whete: the i ey
reasons for x;..n arise from the fact that mobile systeme tend 10 vee com-
mlmh Tow fieg Jer 10 avoid pointing problems which incvitably
el ik high-direerivity, of highfrequency saiensas,
and o alleviae the difficulties of propagation in presence of obstadles, particu-
larly buildings. La faca tervesteial lind mobile systoms ate prescntly wsing v
most frequencies sround 900 MHz and satellite for mobile services operate
around 13 GHz. The band
and large communication capacidies can enly be achieved; — partly by reducing
the band of cach clementary signal through redundancy reduction (for voice the
reduction from 64 ro 16 kbit/s is a well exuablished result); — mosily by revsing
the ssme freguencies as many mes as possible
Terrenlal cellolar spstems (fig. 13) solve the Iatter. peoblem using,
high traffic sones, cell dimension down to the onder of one kilometer, Such
a dimension is mainly consrolled by the conditions of visibility of the base station
and by the rammitted power. In satellite sysems multibeam antennas produce
lh: same cffect, but the dimension of # « cell » is propartional to the beamwidch,
. en the ratio hetween wavelength and sarcllive atenna dimension, At 1.3
Gz, even sing in spsce 3 30 m antenna diameer, o beamwidth fs obualacd
of half a degree which produces on carth, from ibe geostationary orbit, a foorpeint
dimension of 300 km. This means on one hand that large efforts mwst be
devoed 10 set up very large anteoims in space (deployeble: anienass. aid, mooe
recently, alio inflaable antennss have been comidered and experimented) and,
on the other and, that, in spite of these efforts, sarcllites will remain very far
from dhe spectrum cfficiency of cellular systerms.




Fig. 13 - Terrestrial celbalar system.

In spite of the mentioned difficulties, sawellitc can play an imporuany role
for land sobil services in remote and. scacely develoged areas andyor in de
weloped regions (ws an aliemative to the public collular system) 1o complete e
eavemge o the eellar sywem and set op private networks within wansporiation
entreprises.

However, satclliis conkd have moch betiée pesspectives having svailable
Targer frequency bals. Tndeed there i 2 gencral peed thar, in mm..;ru
queacy assignments, lusge considerstion be given to mobile systems, which,
alieady undeclined, may be only ser up using radia waves. Anothee .ppw
is 1 study the possibility of using with satelliies much higher frequencies. This
requires first of all 10 solve the problem of developing & suitable antenna for the
Iand velicle. Active pased Aray sntennas can be o possible solution, being
capsblc of contingous pointing at the sasellite,  Alio the muliibesm onboud
sovcaa cn b mch easly el A1 e sane time i we necded
concerning propagation in presence of buildings, trees, etc. In this respect an
interssting possibility could be the e of um, eliipiea) inclined orbits in
which the satclice is used only around the zeni

7. Cowcrusions

requencies sbave 10 Gz are of high latesent for furre saselite telecom:
munication systems.  They ate aneusted by rain by an amounc that, at high
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frequencics, in unfavaurable bocation and in m..mm,.hq systems, reqires. the
adoption of adiptive methods 0 overcome the problem of o high power
margins. When s comparatively low munm, s acéepiable, the inerease: of
attenation with frequency can be compensstod by the Imressed anteans. gain.
Alibough resulis obtained by Sirio and OTS. provided dara which can bo
estrapolated in frequency with 4 cestain confidence; experiments directly. carried
wut ar higher frequencies are needed.  Olympar of ESA will allow experiments
at 2030 GHx, and Dialsac ac 40-50 GHz. Also mobile system could possd
use frequencies well above 10 GHz provided that the problem of ponting g
wobile antenna be solved and the propagation amid the buildings be assured
by using a satcllite at the senith.
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