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SESSION 2.3 AERONAUTICAL I.ÍOBILE SATELLITE SERVICE (AüSS)

( P r e s e n t e d  b y  D .  D i e z )

l .  FANS conc lus  ion

1.1  From i ts  s tudy  o f  new concepts  and new techno log ies ,  the  FANS

Corun i t tee  conc luded tha t  che  exp lo i ta t ion  o f  sa te l l i te  techno logy  is  the  on ly

now v íab le  so lu t ion  tha t  w i l l  enab le  one to  overcone the  shor tcomings  o f  the

present  conmunica t ions ,  nav iga t ion ,  and surve i l lance (CNS)  sys tern  and to

fu l f i l  the  needs and requ i renents  o f  the  fo reseeab le  fu tu re  on  a  g1oba l  bas is
(page 3 ,  execut ive  summary ,  FANS/4  Repor t ,  Doe 9524) .

2 .  Present  communica t ions  shor tcomings

2.1  The rna jo r  shor tcomings  o f  the  present  corunun ica t ions  sys tem are :

a)  che  l ine-o f -s igh t  p ropagat ion  l im i tac ion  o f  very  h igh

f requency  (VHF)  and/or  the  accuracy  and re l iab i l i t y
l i rn i ta t ions  imposed by  the  var iab i l i t y  o f  p ropagat ion
c h a r a c t e r i s t i c s  o f  h i g h  f r e q u e n c y  ( H F )  ( s e e  F i g u r e  1 ) ;

b )  the  d i f f i cu l ty ,  caused by  a  var ie ty  o f  reasons ,  to  imp lenent
presenc communications systens and operate Chen in a
cons is ten t  rnanner  in  la rge  parcs  o f  the  wor ld ;  and

c)  the  l im i ta t ions  o f  vo ice  cornmunica t ions  and the  lack  o f
d ig i ta l  a i r -g round da ta  in te rchange sys tens  to  suppor t  modern
automated sys tems in  the  a i r  and on  the  ground.

3 .  A M S S  m a i o r  b e n e f i t s

3 .1  The aeronaut ica l  rnob i le  sa te l l i te  serv ice  (MSS)  w i l l  overcome
those I i rn i ta t ions  and w i I l  p rov ide :

a)  g loba l  communica t ions  coverage f rom very  low to  very  h igh
a l t i tudes ,  e rnbrac ing  remote ,  o f f -shore  and ocean ic  a reas ,  \ ^ t í th
the  except ion  o f  ex t re rne  po la r  reg ions  (see F igure  2  and
F i g u r e  3 ) ;  a n d

b)  d ig i ta l  da ta  in te rchange be t ' reen the  a i r -g round sys tens  to
fu1 ly  exp lo i t  the  au tomated eapab i l i t ies  o f  bo th ;  one
app l ica t ion ,  the  au tomat ic  dependent  surve i l lance (ADS) ,  in
wh ich  a i rc ra f t  au tomat ica l - l y  t ransn i t ,  v ia  the  da ta  1 ínk ,
pos i t iona l  da ta  der ived  f ron  on-board  nav iga t ion  sys terns ,  w i l l
a lso  prov ide  g loba l  surve i l lance coverage in  the  areas
s p e c í f i e d  u n d e r  a )  ( s e e  F i g u r e  4 ) .
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3.2 The A.l ' fS S wil l provide four service types, t lro safety and t!¡o

non-sa fe ty  serv ices .  A i r  t ra f f i c  con t ro l  (ATC)  and aeronaut ica l  opera t iona l
cont ro l  (AOC)  are  the  sa fe ty  serv ices ,  and aeronaut ica l  adn in is t ra t i ve
communication (AAC) and aeronautical passenger communication (APC) are the
r ¡ u r ' -  s d r  e L J ¡  u , r e > .

4. Al.rSSP

4.1  The progress  toward  us lng  sa te l l i te  communica t ions  fo r
aeronaut ica l  sa fe ty  i s  be ing  rea l i zed  th rough the  prepara t ion  o f  S tandards  and
Reconmended Prac t ices  (SARPs)  and gu ídance mater ia l  by  the  ICAO Aeronaut ica l
Mob i le -  Sate l I i te  Serv ice  (AMSS)  Pane l .

4.2 The A¡,tS S Panel has adopted che systen defined in the INMARSAT
Systen  Def in i t ion  Manua l  (SDM) and the  Aeronaut ica l  Rad io ,  Inc .  (ARINC)
Charac ter is t i c  741 .  Both ,  the  SDM and the  ARINC 741 r¿ i1 l  be  cont inuous ly
amended as SARPS develap.

4 .3  The A. ! ÍSS Pane l  was  a lso  lasked to  p repare  a  sunnary  doc l rment  on
t h e  s y s t e r ¡  a r c h i t e c t u r e ,  d e s i g n  c h a r a c t e r i s t i c s ,  b e n e f i t s  a n d  a p p l i c a c i o n s  o f
AMSS,  to  be  recommended fo r  p rornu lga t ion  by  1CA0 in  the  fo rm o f  an  adv isory

- . L :  - L  - ^  ̂ 1  w i l l  b e  a v a i L a b l e .

5 .  A . I " ISS mai  o r  e lenents

5 .L  The rna jo r  e lements  o f  the  AMSS are  the  space segment  (sa te l l i tes ) ,
g round ear th  s ta t ions  (GESS)  ,  and a i rc ra f t  ear th  s ta t ions  (AESs)  (see
F i g u r e  5 ) .

5 . 2  S p a c e  s e s m e n t

5 .2 .1  AMSS sa te l l i tes  operace a t  36  000 km a l t i tude  above the  Equator  in
a  Seosta t ionary  o rb i t .  More  than one- th i rd  o f  the  ear th 's  sur face  is  v is íb le
f rom th is  a l t i tude ,  and th ree  sa te l l i tes  approx imare ly  equa l ly  spaced in
Iong i tude can prov ide  g loba l  coverage.  No l ine-o f -s igh t  rad io  coverage is
ava i lab le  f rom geos ta t ionary  sa te l l i tes  a t  the  po la r  reg ions  where ,  a t
la t i tudes  grea ter  than approx ina te ly  80  degrees ,  the  pa th  to  the  sa te l l i te
approaches the  hor izon  (see F igure  3) .

5 .2 .2  INMARSAT -  2  F l .  f i r s r  sare l l i re  ro  neer  ICAO A. f , tS  S Srandards  r ¡as
launched success fu l l y  on  31  October  1990,  and p laced on  s ta t ion  ac
64.5  degrees  eas t  over  the  Ind ian  Ocean.

5 . 2 , 3  A  n u ¡ n b e r  o f  o r g a n i z a t i o n s  a r e  p l a n n i n g  t o  l a u n c h  s a r e l - t i t e s  i n
inc l ined  (  non-  geos  tac ionary  )  o rb i ts  tha t  \ r i1 l  a lso  prov ide  coverage o f  po la r
reg ions .  The f i rs t  o f  these shou ld  be  opera t iona l  in  the  la te  1990s,
prov id ing  coverage o f  the  Norch  Po lar  reg ion ,  I t  i s  no t  an t ic ipa ted  tha t
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cont inuous sate l l i te  coverage of  lhe exEreme SouEh Polar  region wi l l  be

available in che. tineframe covered by FANS.

5 . 3  G r o u n d  g a r t h  s t a t i o n  ( G E S )

5.3.1 The GEs consLsts of  a  d lsh antenna and e leccronics dedlcated to

conmunLcations operaEions through the satelllte to and from the atrcraft' It

provides the interface between ¿he satellite and fixed terrestrial voice and

data netlrorks such as conmon ICAO Data Incerchange Network (CIDIN), the publlc

s\ritched telephone neEwork, priva¡e networks, and dedicated lines that might

be used for  Eine-cr l t ica l  appl icaEions.  A GES may or  may not  be located at  ¿n

ATS facility, depending on óperatlonal requlreÍIents and arrangenents made

betveen the sate l l i te  serv ic ;  provÍder  and the c iv i l  av iat ion author i ty  (see

F i g u r e  5 ) .
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s . 3 . 2 The GES antenna typically is 9 co 13 rnetres in diameter and

opera tes  a t  C-band (4 /6  CHz f ro rn /uo  the  sa te l l i ce ) .  A l te rna t ive  feeder

fiequencies, for example at Ku-band (ú/La GHz), perrnic smaller antenna

and f reedorn  f rom poten t ia l  te r res t r ia l  in te r fe rence,  bu t  a t  the  expense

preater  e f fec t  o f  ra in  ac tenuat ion .

5 . 4  A i r c r a f t  e a r t h  s t a t i o n  ( A E S )

5 .4 .1  The AES is  compr ised o f  an  on-board  t ransn i t te r  / tece ive t  un i t  tha t

inc ludes  nodu la to rs ,  demodu laEors ,  s igna l  p rocessors  and vo ice  codecs ;

in te rna l  concro l le rs :  one or  nore  rad io  f requency  Power  a rnp l i f ie rs ,  and the

antenna sub-sys tem (see F lgure  5  and F igure  6) .

6. AMSS channels and band

6.1  The rad io  l inks  be tween sa te l l i ce  and a i rc ra f t  a re  imPle¡nented

using three types of channels for packet daEa which have been given the letter

designations P, R and T; and a fourth, designated C-channel , which designaces

a circuic-¡rode channel for voice and data (see Figure 7).

6 -2  The P-channe l  i s  a  t ime d iv is ion  nu l t ip lexed cont inuous  P¿cket
da ta  channe l  f rom GES Eo AES wh ich  car r ies  s igna l l ing  and user  da ta .  A i rc ra f t

must  cont inuous ly  mon i to r  th is  channe l  a f te r  log-on  to  a  GES.

6 .3  The R-channe l  i s  a  rnu l t ip l -e  access  channe l  ,  used in  the  AES to  GES

di rec t ion ,  h 'h ich  car r íes  s igna l l ing  and user  da la .  I t  uses  the  "s lo t ted

a loha"  p ro toco f  to  permic  randorn  access  by  mul t ip le  a i rc ra f t .  A  GES

cont inuous ly  mon i to rs  i t s  R-channe ls .

6 .4  The T-channe l  i s  a  reserva t ion  t ime d iv is ion  nu l t iP le  access

(TDMA)  channe l  used f ro rn  AES to  GES on ly .  A  GES rece iv ing  a  reques t  f rom an

AES th rough the  R-channe l  fo r  T-channe l  capac i ty  reserves  t ime s lo ts  fo r  AES
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t ransmiss ions  accord ing  to  message length .  The send ing  AES then t ransmics
nessages in  the  reserved t ime s lo ts  accord ing  to  p r io r i t y .

6 .5  The C-channe l  i s  a  cont inuous ,  fu1 l -dup lex  f requency  d iv is ion
mul t Íp le  access  (  FDMA)  channe l  used fo r  vo ice  and da ta  and is  a l loca ted  on
dernand th rough an  R-channe l  f rom the  AES,  o r  ass igned d i rec t l y  by  the  CES.

6 . 6

5 . 6 . 1

6 . 1  . 2

Rates

The P,  R and T  channe ls  work  a t  ra tes  rang ing  f rom 600 b i ts /s
10 500 b i ts /s ,  us ing A-BPSK modulat ion for  channel  rares of  2  400 bí ts /s
l e s s ,  a n d  A - Q P S K  m o d u l a t i o n  f o r  c h a n n e l  r a t e s  h i g h e r  r h a n  2  4 0 0  b i c s / s .
C-channels work at  rates f ron 6 000 b i ts /s  to  21 000 b i ts /s .

o ,  /  ó a n o

to
and

6 . 7 , I  C o r u n u n i c a t i o n s  b e t w e e n  a i r c r a f t  a n d  s a t e l l i t e  o p e r a t e  i n  t h e  1 . 5
to  1 .6  GHz f requency  band,  a l loca ted  fo r  th is  purpose because o f  i t s  su i tab le
rad io  characcer is t i cs .

I  545 -  1  555 MHz f ro r0  sa te l l i te  to  AES
|  6 4 6 . 5  -  1  6 5 6 . 5  M H z  f r o m  A E S  r o  s a r e l l i t e

Channe l  spac ing  is  such as  to  p rov ide  su f f i c ien t  separa t ion  to
reduce adjacent channel incerference and ensure channel tuning in the presence
of  Dopp ler  sh i f t  due to  the  re la t i ve  ve loc i ty  be tween the  a i rc ra f r  and the
s a t e l l i t e .

6 ,7 ,3  Transrn i t te r  and rece iver  tun ing  inc rements  a re  normal ly  2 .5  k {z ,
there fore ,  the  number  o f  channe ls  ava i lab le  in  10  MHz is  approx i r ¡ace ly  400:
Channe ls  can be  e f f i c íen t ly  reused when sDot  beams are  i rnp lemented.

6 . 1  . 4 The est imate for  AMSS for  rhe year  20lO is  for  14.5 ro 17.5 ¡ , fHz of
the  exc lus ive  a l lo tment  in  each d i rec t ion ,  wh ich  is  cons iderab ly  more  than the
10 MHz now a l lo t ted  in  each d í rec t ion .  S ta tes  shou ld  p rov ide  rnax imum suppor t
to  ICAO a t  the  nex t  In te rna t iona l  Te  lecomr¡un i  c  a t  ion  Un ion  ( ITU)  Wor ld
Admin is t ra t i ve  Rad io  Conference (Malaga-1992)  ( f tARC-92)  when request ing  rhe
r e q u i r e d  b a n d .

1 . Al'f S S aoplications

7, l  Au tonat ic  dependent  surve i l lance and d i rec t  p i lo t -cont ro l le r  da ta
l ink  communica t ions  us ing  packet  t ransmiss ion  are  l - i ke ly  to  be  the  f i rs t  ATS
app l ica t ions  o f  A I "1SS,  espec ia l l y  in  ocean ic  and remote  areas .

7 .2  In  h igh-dens i ty  cont inenta l  a reas ,  the  in tegra t ion  o f  ADS and SSR
data could enhance the SSR surveil lance function by providing coverage at 10¡,,
a l t i tudes  and b l ind  areas  and improv ing  the  ground.  t rack ing  o f  a i rc ra f t ,
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i nc rease the  leve l  o f  surve i l lance redundancy ,  and a l low the  in tegr i t y  o f  the
nav iga t ion  sys tem to  be  mon i to red .  A I , f  S  S w i l l  a lso  permi t  che  d i rec t  d ig í ta l
da ta  in te rchange be tween a i r  and ground exper t  sys tens  wh ieh  w i l l  inc rease ATS
capac i ty  a ld  improve a i rspace u t í I i za t ion .  ATC experC sys tems v ¡h ích  w i l l
per fo r rn  rnuch o f  che  cur ren t  con t ro l - Ie r ,s  rouEine  l ¡o rk ,  w i l l  be  the  on ly  !¿ay  to
e f f i c ien t ly  cope w i th  the  inc rease o f  a i r  t ra f f i c  fo recas t  fo r  the  near  fu tu re
( fo recas ts  fo r  Cent ra l  Europe show tha t  by  the  year  20OO a i rc ra f t  movements
w i l l  b e  1 0 0  p e r  c e n t  g r e a t e r  t h a n  i n  1 9 8 7 ) .

1 .3  AMSS v i l l  a lso  prov ide  g loba l  AOC,  AAC and APC cor runun ica t ions
coverage (vo ice  and da ta)  .
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