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What is a VSAT ?

VSAT = Very Small Aperture Terminal

Satellite-based Wide Area Network (WAN), with
centrally managed hub

Remote site: less than 1.2m dish antenna

Multi-service platform: Data, telephony and
multimedia communications

Optimal for continent-wide networks of
hundreds or thousands of units

» Small networks integrated in shared hub
service

+ Large networks, in the tens of thousands, for
Internet access
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VSAT Advantages

Full or partial independence from terrestrial infrastructure

Cost savings over terrestrial lines
Nationwide reach, distance-independent
Network management from a single point
Quick deployment, network flexibility
Consistent and rapid response time

Increased network availability
and reliability

Inherent broadcast / multicast platform



VSAT Markets

¢ Enterprise
» Retail; Oil & Gas; Banking; Government
» POS; Back Office; Browsing; Telemetry
¢ Telephony

s Public: Public Call Offices, small businesses,
farmers, private lines

¢+ Corporate: Telephony/Data infrastructure
¢ Internet (IP)

» High-speed, always-on, Internet-access for
consumers, small businesses and schools

¢+ Intranet and IP infrastructure for the enterprise g
¢+ |IP multicast-based services
r BTV
+ Content delivery
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Access Schemes

The Need for Bandwidth Efficiency

Bandwidth (and power) = $

+ Better bandwidth efficiency
translates into Cost Savings

Qutbound and Inbound BW
proportional to: OB

¢ Number of Users
» Bit Rate

s Power/Modulation & Error
Correction Coding

Y N

¢ Type of traffic Fi
¢ QoS (Quality of Service)

Outbound Transmission:
Constant, Single Frequency

Inbound Transmission: Bursty,
Frequency Hopping

All VSATs must share the
allocated inbound BW

AVAVAVA

B6 FF = En
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Maritime Vsat Aircraft Vsat
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Remote Satellite Dish
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FDMA-SCPC inbound/FDMA-SCPC outbound

U7l 4.16 uansnsdiifinisidenseaeanesening

wesiidagldsrezing (remote) wag oad (Hub) Ineglsiu3ns Single Channel Per Carrier (SCPC) @357e: nilaann
VSAT Tugsannil §u uazBndunisansuluds VAT gliuimannaefesnislugiameiuszinlugiamaivosiaies duu
m’iﬁ’muﬂf’hﬁlﬁafﬁf K modulators Wag demodulators Iuvgﬂ‘] VSAT waw KN modulators way demodulators figani
guiifanldanegamnd i VSAT Siuinuay K annndn 1 dmsu Suausudiiil N = 100 wae K = 3 afosfinds

modulators way demodulators 9 hub wag remotetiiaAINUAFBIRI L UNITEIAUSNS
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Figure 4.16 Star-shaped network with a two-way connection being con-
veyed on two SCPC carriers: one from the VSAT to the hub station, and one
from the hub to the VSAT. Satellite fransponder access is FDMA



FDMA-SCPC inbound/FDMA-MCPC outbound
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4.17 Tagmsuvananfafimdndnssudstoya anduluss VSAT nilstesanesnvanedesserliiuinig Carrier
(MCPCQ) Srunulugramesiiduinfusiuau N vee VSAT Wudwaunsifeusieuuuiafmdnduuiesn(outbound )
fiuinsagiimavfeuudamunalugamosdunaziflugiaines VSAT desannsasesiusasmaudsundasmes
rates fidsanguiifiAganinsenisdiuy MCPC 1 susesnisindsdigaiiosnnifunshauuuy demand
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Figure 4.17 Star-shaped network with o fwo-way connection being con-
veyed on one SCPC carrier from the VSAT to the hub station, and multiplexed
with others on one MCPC carrier from the hub fo the VSAT. Satellite franspon-
der access is FDMA
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FDMA-SCPC inbound/TDM-MCPC outbound

Sunlugamesidunazialugiawesdl VSAT anunsaanasunisléfiuandugui 4.18 Tnsnmsudsnansiafimdnd
maLdeusieviavmaangului VSAT vulusnisuesn MCPC wilsse Tuglatmesduuas VSAT demodulator
aunsavnauisnsdnaaiiviniy pmggegeuesaiete Lwil:ﬂumammﬂﬁmﬁqqﬁu 9M3IAIIUABINITNEIIUIN
Lﬂéaadaﬁmmﬂm§ULﬁuﬁu
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| transponder
band

Figure 4.18 Star-shaped nefwork with a two-way connection being con-
veyed on one SCPC carrier from the VSAT to the hub station, and time
division multiplexed (TDM) with all others on the MCPC carrier fransmitted
by the hub. Satellite fransponder access is FDMA

utilised
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FDMA-MCPC inbound/TDM-MCPC outbound

Srunlugaimesi VSAT annsnanaandondsdaliitutuuandusui 4.19 Tasnsudananfafimdndnissudstoya
vugflsuinisuudn K 9anmn VSAT ugsanndidugliiuinig MCPC senfen iunsionsouuusiammdnd
vudsirirorauanssulumunailugawmes VSAT fesogludnanfuuds uenaniidesandrmnsdssiugetu VSAT
\nSesdadyadediusyansnmuiniu sndudesdianiduings N demodulators Wit fremsimunaudesnis
voseuisndudmsunisds VSAT it
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Figure 4.19 Star-shaped network with time division multiplexed (TDM)
two-way connections conveyed on fwo MCPC carriers: one from the VSAT
to the hub station, and one from the hub fo the VSAT. Satellite transponder
access is FDMA
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TDMA inbound/TDM-MCPC outbound

VSAT annsasinfisesdayannmniiiienluy TOMA lalag VSAT nindaazdedyay (burst) muanaud
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53u¥19A1v09 TDMA Wl VSAT ln 9 fidsshesountsyieu TB / TF anuques VSAT agwiiudnnudndidssioniae
a1 Tulaseasnaves TDMA

inbound outbound
I /\ /\ e
transponder
band

/
e x

Figure 4.20 Star-shaped network with TDMA
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VSAT ldsutssleminnanuannsalunadonlosnnudiingifeaiu fe FOMA azdesdsiesnniniigatu uiueufy
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Figure 421 Comparison of bit rate and carrier power for FDMA and TDMA Ripma = Repma T_B
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FDMA-TDMA inbound/FDMA-MCPC outbound
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Figure 4.22 Star-shaped nefwork using a combined FDMA-TDMA inbound
scheme, and an FDMA-MCPC outbound scheme
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Fixed assignment versus demand assignment

N13MMUAANNABIN TIN5 WRNABNABINTTENIN VSAT Tnensiednaendans1iitiaunsal VSAT dvwinanad Welileu

funsimuauuuaidusdudeahaulaneyeiwansenurensivungUuasAuuag

Fixed assignment with FDMA (FA-FDMA)

wietneUsznaudne L VSAT Gausiaziadotnsonvdsdynnld 1U8sliuing K #idnsdn Re fadumsddlsiuins L = KN anniign
wazgluinmannaeagldfumsinassiunuuduesnaiiey wuudisinsualewass fusuudignldlag VSAT e MHnuey
(lvusns ") uasdsadlaildldnuidle VAT lifinislénu @l¥usnns "Ban) mndsdifatunnugiiaesadostuduuuudiidnass
Tty VSAT agmelufuiaietng 5Uil 4.24 uandliisuinnsivunnsiivharuegnsls FOMA Tunsdlil K = 1

bit rate R

frequency

no traffic active active

Figure 4.24 Fixed assignment FDMA (each VSAT fransmits af most K =1
carrier)
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Fixed assignment fifofAeauSeuieuarlilifinstaturiosonailumsfsandlsiuinms ednlsimuarugfidoansdmiy
detne VSAT winfu LRe Hulsif Tunsdifienudoanmsideuganisuienoraiatufinesia flddideuderu VSAT dsuamn
wosidawaivansuwisioanmsaiumadeudelunaifefufumesitadu 4 luedeteiouseisomaiiuanuges VSAT
fetratuinnsaniaietny VSAT veaguil 4.16 fe Nt = 8 esidagldse VSAT, N = 50 VSAT wazgedis K = 4 {lyiuinng
SCPC #io VSAT ustagsnonsdsiisnsndn Re = 128 kbs - 1uazdasnsuuusdion b = 200 kHz wuufnimsiuaUsunes
defadfildazudseenidu L = KN = 4 x 50 = 200subbands yndunuusiazgninassliuniledliuing 128 kbs one 1
Fafunuqueietnefioantsiie LRe = 200 x 128 kbs - 1 = 25.6 Mbs - 1 wazkuufiasiifosnisde Lb = 200 x 200 kHz
=40 winFsnd. ausiiwositagldatinaefiedl = 0.1 erlang Aafumnudunisarasiiausliitu K = 4 VSAT esgues
Y9AD AVSAT = NtAt = 0.8 erlang Aanuunaziuvasnsudenyindu: E4 (0.8) = 8 x 10-3 = 0.8%

inbound
J=ki A=k

eutbound
123

utilised
transponder
band

Figure 4.16 Star-shaped nefwork with a two-way connection being con-
veyed on two SCPC carriers: one from the VSAT to the hub station, and one
from the hub to the VSAT. Satelliite transponder access is FDMA
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Wiendnidesnsuienla 4 wesivagldudazauaislasunisinassvessdnnnisdeasusuente K = 8 feliusiu KN = 8 x 50 = 400
AliUN1s SCPC wav1efifioan1saugazilu KNRe = 8 x 50 x 128 kbs - 1 = 51.2 Mbs - 1, Wagkuuminvinsualaunasi

#99N15A® 80 MHz

Demand assignment with FDMA (DA-FDMA)

w3eneUsENaume N VSAT BnATadaudagsanisenviinsdsdyain K gliusnisuaznisuiatungudesveninud L wineuil
L <KN. dusuudmaniignldlneg VSAT Aildauey 3U7 4.25 wandbiiiuinnisimuaausesnsieuegialsdnsu FOMA Tunsdlil
gl K = 1 ndwugliuinisifiuniidwiuiiaunsasessuiuudiaiariieunadieniidnasstianniuasinisUniuiseiu VSAT:

bit rate A,

Tunandldnuliansaasidliuinisselnild

no traffic active active

Figure 4.25 Demand assignment FDMA (K = 1)
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fhoghatufinsaniaietne VSAT vesguil 4.16 Bnadadhomesiidadld Nt = 8 VSAT Terminal uazgean K = 4 fl¥u3nns
SCPC #ie VSAT usiarsnonsdsiisng1dn Re = 128 kbs - 1 uaADIMIUULAIAY b = 200 kHz auufdn user terminal
Msudnde 71 = 0.1 erlang mﬂﬁ?usl,ﬁ traffic intensity K = 4 VSAT channels fia AVSAT = NtAt = 0.8 erlang @uu@a1 N = 50
VSAT nanlumsiinds K VSAT a¥na traffic intensity L subbands @ A = NKAt = 50 x 4 x 0.1 = 20 erlang n1sUaRuAIY
inasndulumasienasdannsoinuliediussiuildlnednguivuuusoualngfisme foghatunsld (4.5) uagsu L = 35
subbands n13isAElsu3nsnTg block ANaLhasufe E35 (20) = 7 x 10-4 = 0.07%

n3Benazgnudeniiosnninesidalianunsainfesdygnu K vieilosnnn VSAT liansaithisieslademils
L Funuudld anuthasfuvesnmsGeniiazgnuientuimunlng: Polocked = E4 (0.8) + E35 (20)= 8 x 10-3 + 7 x 10-4
~ 0.87% Arwiaietisiideanmsneuiite LRc = 35 x 128 kbs - 1 =4.48 lwnzlud - 1 uwaskuudiaindesnisie Lb = 35
x 200 kHz =7 wnzidsnd. deudenuthaudulunisuiennisSeniiiindudndesmstmunaudiosnis
Feanansuszndald 100 (1- L/ KN)% = 100 (1 - 35/200) = 82.5% vosuwuuminvinsualounas

AIEUNLY
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Fixed assignment with TDMA (FA-TDMA)

[

JUN 4.26 uananisiviuansilunisiwessaiu TDMA nsvina1u VSAT ynsdsazdsdyeyiad burst laniziaian time slot. a1
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mueyRusindendatumegaweanisue uneLAsTiFIY FOMA awinsa
duiluvgulengliusnisazds burst sendu K subbursts wiazyedag

TDMA frame
duration

donpaosiudasdyaanie nieuldnudmiumesidagly
WaNa1saua AUl L = 50, K = 4, Nt = 8 kag At = 0.1

Erlang Anutnazndulunstaiudmsuinesivane E4 (0.8) = 8 x 10-3 =

0.8% wisloumududanAlsAANTsEansdsiuialrladnainuaIuise /
a a P | P a X o A o o 7 e
WieuAsalarea VSAT A1vad Re agfauiudunuiady L wWietisuny c@ @7 @7 %
Ly es e
1A59519 FDMA i allc s i

Figure 4.26 Fixed assignment TDMA
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Demand assignment with TDMA (DA-TDMA)

SUl 4.27 wansTinmsutsasnan L vealsulng N VSATs fu N> L. VSAT I 4 fifesnsiaended ({l¥usnig D" 91n
anuz "Un" weaglsiuinig) annsadrfanantefldiliiesuumsuriomndeldnuegudiiaunsauials
Anuglasmsifinszegim burst ntusesiunsiionseduaunty AdidesinsuAsuulas burst uunaAY
sidunsmeldnseuguueaadetnessuunisinns (NMS) fiaanisu

Wosananudesianisiudideyanin VSAT Mamune1aiiuainugfiaue Re n1sudennsasrdsionaiatuilesnin
w5 TOMA wilusng burst 993liiu3nns fegatuaugn3otie KL = 4 x 50 = 200 9e37iia15alulasese FA -
TOMA drssiundenldimuluyadmsumesiidadliviauntainnudunisfudsioyarianunfia A = N x 8 x 0.1 = 0.8 N

erlang tne?l N Aoduau VSAT Tuiasevie dmsunisileuiiisuiu FA - TDMA auansaian N a

wieliussganuihazdulunisuden 0.8% dwsumesiida duunefanisud E200 (A) = 0.8% @

donA&eIiU A = 178 erlang At N = 178 / 0.8 = 222 sUsiindunu VSAT luiaSetwanunse
dinTuldlaetade 222/50 = 4.4

TDMA frame
oy duration

L active VSATs
L<N

o N

no traffic active acthg

Figure 4.27 Demand assignment TDMA
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Demand assignment with TDMA (DA-TDMA)

Y

SUl 4.27 wanedimsutstasnan L vaamlsalng N VSATs fu N> L. VSAT I 4 fifesnisisenasd(@lsuinns "Ja" 9naniug
Yo' vesflvuing) annsadidasaladliiliidesuumsimiemnidaldnusgudfamnsaiisldnmglaensifiuszezna
vosdnyayas burst ntiusesiumsideusoduiumniu Asifesimsudsundas burst ununauazsidunsmeldnisaauny
YoaLA3eI8sTUUNNTIANTS (NMS) flaaniisu

esaneusesnansiudetoyain VSAT dumaoiaiiuagiiiaus Re nisufienmsmsmasionafintudosaninsy
TOMA Wisiluse burst vesilsiuinns feghatunmgieiete KL = 4 x 50 = 200 Yosiifiansalulasesng FA - TDMA
Prastunfeuldrudunadmiumosidadlitmundeinnudunisiudeioyaiamunio A = N x 8 x 0.1 = 0.8 N erlang lagf

N Faduau VSAT TunSete dwsunisiSeuiisuiu FA - TDMA aasanansaidion N g
dielussaariniasndulunisuion 0.8% dwmsumesiiva dwnefnisud £200 (A) = 0.8%
Fadenndeatiu A = 178 erLangﬁ'ﬁ‘lfu N = 178 /0.8 = 222 Favsdinsmu

VSAT Turdetnsanunsaifsmuldlnetiads 222/50 = 4.4

no traffic active

Figure 4.27 Demand assignment TDMA
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Random time division multiple access

Msulanauuugunaithiisiatenssio ALOHA fiaeslnun: ALOHA Uay ALOHA WU slotted ALOHA Vsat anunsasinlstasls
naoaralaiin1sBelaslug wilu S-ALOHA VSAT azaslutianainidnisdslasiug Tu Time slot inmunlagluauladn VSAT du 9

o w 1 = 1 1 a U A 1
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sedefwiniinvestoya nsuszautoyasening VSAT IfnandyaadidsasduaniuassuiasdusennsdadfiafnFus
Tneteruiiadsiulnomesidaglifideudedu VSAT amemvestormenaliinsatueugnvoaufiain Sudniuluidos
wadaauysallaeTniians mndlvuslvafuluasdesdinmsaesenluvansuiain Wesondldlildsunsuszanunudeniy
uieafuburst vesgliuintsgnasiat uuuudu

Touszansamnisdsvediuslanea S-ALOHAIAY ngnaund S uanududuauufinde

dsdnsasarnuenwiafin snsedevss
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dawaudn Re Tngauu@inAuewiaing L Onszagaiuiais

Tuazsns10nids Re = L / The: (R)=5§ (E) = SR,
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anunsawanslel 39 S uegiivuSinanisldnuiiausiaewde 6 (uwiaiase
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Figure 4.30 Principle of S-ALOHA
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N-1
[ (1 e %) (4.21)

As N becomes infinite, the above expression becomes:

§=Ge© (4.22)

aun1smaiuanslugun 4.31

v

Vauanuazeadan nInaunAdmsy
VSAT $muaulal §1if wirfu 1/ e = 0.368 w3 37% Faudunde ALOHA filifimssyyasgnunuiisng  S=Ge ™™

In3U7 4.31 auduldimgneunfiasuiussauiuegemiadiudunsdiidiuiures Vsat Al
9

Fahlugiduldsiindneiu will throughput 19nI1A1EwER
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/ \\\.::-....\
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Offered traffic G (packets per packet length)

Figure 4.31 Throughput S versus offered traffic G for VSAT inbound link using
S-ALOHA multiple access scheme



919A1Aa throughput ATiA1 ALOHA silsl VSAT a1adauuudsilutisnatlafld dofives S-ALOHA 1umgwadigsndn ALOHA filsifinisszy
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Figure 432 MNumber of VSATs in the network as a function of the packet
generation rate for various packet lengths (in bits). A practical throughput
5 =0.1 is considered, and a transmission bit rate 7. = &4 kixs~!
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Selective reject ALOHA
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Frequency/Time Division Multiple

Access — Random Access (RA)
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=— Collision
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Access Schemes
Automatic Dedicated Access

¢ A “private” frequency is
allocated to a single VSAT
¢ Collision free, high throughput

channel for batch applications
and file transfer

¢ When a DA is required by a : :
VSAT, initiate requestis sentin | 34
RA mode, triggered =
s According to IP-socket or IP t |
address 34
+ According X.25 destination el
address |2
# Throughput based 25 14 17 | 34
¢ Then, a DA frequency is | an |
allocated 17. 34
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Access Schemes
Automatic Partial Dedicated Access

e RA B f
; : 11 17
¢ Partial allocation for better P
utilization of DA channel 14 17
¢ Optimal for Constant Bit Rate gl
(CBR) applications, such as voice 14 17 | 15
Guarantees fixed response time 25 [z .
DA can be flexibly divide into 1;7
PDAs ——
25 | 14 Rl
i [52]
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Access Schemes
Dual Bit Rate

¢ Support of dual bit rate f
improves space segments - DA i PDA
utilization 11 17 15

# Any 2 bit rates can be L i
supported :- 17

¢ Each VSAT supports two bit :- 14 17

rates with multiple access

17

modes —

+ Lower bit rate for RA and L

higher bit rate for DA 25 14 17

¢ Each Receiver Cage at the 17
hub can handle two bit rates S P P
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