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Satellite Network Components

Satellite

Network
Operator
Multi
dwelling Satcom Network j MNMC J

Access Provider Sat Network Mngt

eqgpt

—

—
—
L
---___.

AY

NAT Satcom Network i
Service ' N \ ; \
providers Externals R GW or
NAT

networks GW or
NAT

Externals
Service networks
providers

Satcom
Network i
Access Provider

Satcom Network j

Network Service provider

Satellite Communications

Other Services may need different Network Architectures (broadcasting)
T
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Architecture of a Large Network Gateway (Ground) Station

OOwWN CONVERTERS

A5 STATION
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Earth Station Architecture/Functions (Narda/Miteq)

Typical HPA’S Carrler Eg;z;ﬁol 70/140MHz Data
Earth Station up " |Modute = MODEMS =
| Converter Input Iﬁlpuv

. . 70/140 MHz 70/140 MHz H
Configuration Wovegulde Uplink

|

Comkbiner I

Squ—.Pm : Up ConV- : l -
|

H Carrler UPC Doto
Anten na ' ggrver—,er - _;“[:ut E—,

MITEQ 70MHz/140MHz Modulators
L-Band For each carrier
Non-MITEQ

Down Conv. De-Modulators
LNA’s 70MHz

Synthesized — Data
i i r Down 140MH
Folarization (V/H or LARD Converter z o MODEMS Dtput
- | Porer | e Downlink
s Splitters |l g : |
Aritenno
Drilve o |Fower | | l ‘
2 Elevation Mechanisn Splltters Synthesized 140MHz - T]ul—,(;
=} - Polarization (V/H or L/RM L. Down e
= < _‘h) Converter ZOMHz — Output
i
c Azimuth Position Actudltors Manual R
S Ir‘Llﬂlr_u‘tur‘ Antenna Beacon
€ Unit Control Down
E Converter
o T T
(&)
H Elevatlon
2 Tracking System anterna | _pc[Beacon —
= Azimuth Control ~=—Recelver -
() Unit - o
w Howard Hausmar ‘ Sensors Azimuth —_—T Ear‘;rlnﬁr“l:omns I Contr0|
2 I9MAY10 Elevation - / MOﬂItOI‘In
- Beacon Receivers —— N
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Main Functions

Up
Modu‘lator Cof o HPA N/
From/To ————e——— =
Baseband eed
terrestrial «+— Interface |+ 5 Antenna
system proce:ssme et 3
7 Down
Demodulator Corvertar I LNA
| Tracking Drive
_system motors
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1:1 Redundant HPAs

1:1 /PHASE COMBINED HPA SYSTEM
DELAY WATCHED

T?D?m}q 3 WAVEGUIDE
COMTROL

DELAY MATCHED
COAXIAL CABLE Q

CONTROLLERS METWORKED OW RS—485

BUC REDUNDANT SYSTEM '
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“Soft” Redundancy

RF Output to

RF Input antenna feed

e All amplifiers are active, and are phase-coherently combined
e |f one fails, the other provide slightly increased power
e No switches
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Redundant LNAs

e Single Polarization

1:1 System

TRANSMIT  INPUT \
REJECT CROSSGUIDE /

FILTER COUPLER
RF

RFIN || /_\ 69_ _6Q
(WR42F) 1] \4 LNA 2 L= ouT
TESTIN > COUPLED

ouT
-40 dB (-20 dB)

OFFLINE OFFLINE
2 IN ouT
0
)
©
S
= PLATE ASSEMBLY
S |
€
S CONTROL/STATUS
- CONTROLLER
)
°
-
(5°]
(7]
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Redundant LNAs

e Double Polarization

1:2 System
LNA 1
TRANSMIT  INPUT I\
REJECT CROSSGUIDE I/
FILTER  COUPLER
POL1IN |_ /_\ g, Q) POL 1
(WR42F) —1 ] \y LNA 3 J = ouT
TESTIN |\ COUPLED
-40dB | TRANSMIT  INPUT (_%UJB)
REJECT CROSSGUIDE I/
FILTER  COUPLER
POL2IN || /) 4 N POL 2
(WR42F) ] N LNA 2 (/) - ouT
: ety ™ -
c
3 L (-20 dB)
S OFFLINE OFFLINE
S N PLATE ASSEMBLY out
E —
o
o CONTROL/STATUS
o CONTROLLER
o
)
©
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Gateway Feeder Link

| .
Baseband | RF equipment
| BUC HPA
Meodulator IF | itch &
g Equipment Combining Switch BUC m 5;';_':;&“
1N & Switching -
BUC HPA
v l | F
Internet | E
— Processor Frequency VSAT
Switch M:N &Timing | Quality Monitor E
1 |
BDC LNA D
web Demodulator IF
Accelerator =y Equipment Distribution BDC Switch Switch &
1:N & Switching Couplers
BDC LNA

e There may be more than one RF chain

Dip. Ingegneria dell’Informazione

University of Pisa, Italy

Beacon Receiver
Equipment

Spectrum Monitor

System Comm
Interface

HUB thermal
System
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Typical VSAT Domestic User-Teminal Architecture

EMS

Sarc][rh/um'oﬂrs

e User Terminal or User Equipment (UE), much simpler
than Gateway Station

Tx
29.50 ~ 31.00
IDU L-Band GHz (Ka)
e . 950-1950 [ .
: MHz : Block Up Converter |
- ; o— > |
10 MHz Re_f; 12vVDC ! BUC Feed
g | | Satellite | | * R <| Dish
Q I ' ¢ >
| Modem | : ! Antenna
“«— ; o] LNB |« i
10 MHz Ref., 12V DC ! Low-Noise Block downconverter |
“ e N
c
S - — Rx
=] g W :
S B —3, 19.7~21.2
= " _— d __
2 GHz (Ku)
g b V'
S 4
2
z
©
wv
T
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RX Power Budget/Gain

oMT IR FILTER
LNA AMP

LOSS=0.40 dB _ LOSS=2 dB VIXER

FP1=19 GHz GAIN=20 dB GAIN=10 dB FP1=16.7 GHz

FP2-21 GHy NF=2.3 dB NF=2.8 dB FP2=17.3 GHz GCONV=-12 dB

Freq=20 GHz 4
Pwr=-80 dBm

i

IF FILTER
EoSS=100d8 (;;@iﬂ:o 1dB (!Zlﬁinzpozds m
FP2=2 GHz NF=2.5 dB NF=3.0 dB @ Output
e 2%% \ - oMT -00.40 P15 B
LNA 20.00
- - AMP 10.00
§ IR Filter -02.00
E Mixer -12.00
é IF Filter -01.50
§ IF Amp 1 20.00
é IF Amp 2 20.00
3 Total (G) 54.10

|
Marco Luise
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Image Reject

Local oscillator

signal
o A
c Unwanted
o) IF passband .
= image Wanted
o signal signal
P i
©
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g . .
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Noise Figure F

Represents the degradation of the Signal-to-noise ratio (SNR) caused by the diverse
electronic components in a radio frequency (RF) signal processing chain

Input‘ {3 ower OutpuaPower _____ |
Sin Sout M/LI Sout  Sin
------- SNR.. =% SNR,,;; = N Nj
Sﬂ in N, out N, s :,".|l _____ out in
N, DUT ." l=
> . Sout >
Frequency G(Gain) = S, Frequency
n
N,y (Output Noise) = G+ N, + Npyr =G+ F * N,
SNRin _ Sin/Nin .
SNRpu: = Gsmjarng. = [+ Flas) = SNRinja) — SNRout[as)
S G-S, S, 1 N
out _ in — _in N - F=1+ DUT ’ NDUT :GNin(F _1)
Nout G'Nin+NDUT |\Iin 14 —DUT in
GN.
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Noise Figure F

Represents the degradation of the Signal-to-noise ratio (SNR) caused by components
in a radio frequency (RF) signal chain

I nput“Power

Sin
------- SNRy, = 2 SNRgye =
Sﬂ in Nl'n out
N, DUT
N~
> .+ Sout
Frequency G(Gain) = S,
n
SNRin _ Sin/Nin

Output Power
A

_____ s S;
Sout J‘LI Nout <_Nm
Nout 'l”|| _____ out mn
i
11
11
11
-—=rN b .
Frequency

N,y (Output Noise) = G+ N, + Npyr =G+ F * N,

SNRoyut  GSin/GFNip

=F, F[dB] = SNRin[dB] - SNROUt[dB]

If several devices are cascaded, the total noise factor (Ft) can be calculated as :

ip. Ingegneria dell’Informazione
niversity of Pisa, Italy

F—1

F3—1

Fn_l

F; + e

Gl *GZ

G1*G2*Gp—q
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RX Noise Computation

oMT IR FILTER
LNA AMP -
LOSS=0.40 ¢B _ LOSS=2 dB VIXER
FP1=19 GHz GAIN=20 dB GAIN=10 B FP1=16.7 GHz
FP2=21 GHe NF=2.3 dB NF=2.8 dB FP2=17.3 GHz GCONV=-12 dB

Freq=20 GHz
Pwr=-80 dBm

@ Output devices with loss L dB, then F=L)

OMT 0.41
LNA 2.71
Freq=18.5 GHz
AMP 273 Pwr=15 dBm
IR Filter 2.74
= Mixer 2.80 IF FILTER
S ] IF AMP 1 IF AMP 2
= IF Filter 2.82 LOSS=1 50 dB GAIN=20 dB GAIN=20 dB
9 EP2=2 GHy NF=2.5dB NF=3.0 dB
S IF Amp 1 2.87 o
€ P=3
£ IF Amp 2 2.88 g Z=_ 70 Ohm
8 . -
=
©
wv
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Noise Figure & Noise Temperature

Npur = GKgTpyr =GN, (F -1)

(Remember that internal noise N, is always referred to the device input...)
Evaluating noise through the noise temperature(s) gives

N. =kgT., = Ty =T (F-1)

ref ref

And the relation between the Noise Figure F and the Equivalent Noise Temperature
Thyris

F =14 our

ref

Usually, T,,=290 k
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Noise Figure & Noise Temperature

Represents the degradation of the Signal-to-noise ratio (SNR) caused by components
in a radio frequency (RF) signal chain

Input‘ {3 ower OutpuaPower _____ |
S Y
Sin Sout out <t
------- SNR:. = — SNR,,;; = A N Nj
Sin in Nin out Nyue :, | b out in
N, DUT ." l=
N N B PN
g G(Cain) = Sout >
Frequency (Gain) = S, Frequency
n

N,y (Output Noise) = G+ N, + Npyr =G+ F * N,

SNRin — Sin/Nin

=F, Flag) = SNRinap) — SNRout[aB
For cascaded devices, the total equivalent noise temperature (Tt) can be calculated as :

T, T3 Tn
T =T, +—=+ +
T 1 G1 G1*Gy G1*Ga*Gn—1
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LNA - 1-dB Compression Point

An amplifier keeps a constant gain for low-level input signals. At higher input levels, it
goes into saturation and its gain decreases. The 1 dB compression point indicates the
power level that causes the gain to drop by 1 dB from its small-signal value.

Pin DUT Pout
Output Power [dBm] \&“Q
Py ¢ \Ge@i,’/region of saturation
] P 1?3””"7/3:
| OP14p =1P14p+ (G )gp —1 ...[dBm]
&@"i IP1qp = OP1qp — (G )gp+1 ..[dBm]
.*&& ! |
3 |
é 1Pron » [Input Power [dBm]
£ If several devices are cascaded, the P45 can be calculated as :
2
§ 1 1 Gl Gl * GZ
3 = + + + ...[dBm]

[Ptotar 1Py 1P, IPg
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LNA — 39-Order Intercept

The 3r-Order Intercept Point (IP3) relates nonlinear products caused by the third-

order nonlinear term to the linearly amplified useful signal

Input Signal Out Pout

IMD5= Py, — IM-
Pin Pout M3 ’ ' ’
| L1
s Frequency ':____E R : Frequency

A
O1P; \x
IMD;
0IP; = + Poy¢ ... [dBm]
Output Power [dBm] &
A 1IP; = 0IP; — G ...[dBm]
Y
2
k]
©
§ » [nput Power [dBm]
£
£ If several devices are cascaded, the IP3 can be calculated as :
2
3 ! L + ...[dBm]
© = . m
’ IP3¢ota1 IP3; IP3, IP3;
S ——
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LO Phase Noise

e Oscillator with phase noise:
c(t) =v2C cos(Qr ft+0(t)) = cglt)=v2C -V

— rapid, short-term, random fluctuations in the phase of the LO signal, caused by
time domain instabilities

[
»

Amplitude

o) 30 dB/Decade
S~
Q
3
N—
2 sl:lﬂ = Pmlrps
o
=z i 20 dB/Decade
2 |
g 1
< | . 0 dB/Decade

E 1 [

1 T »

! | Offset from carrier [Hz] 1p r Frequency

1/f flicker noise Ky .
transition 20, Sc(f)in dB = 10 x log [S(f)], dBc/Hz
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Effect of Phase Noise on Data Constellations

QPSK Constellation Diagram QPSK Constellation Diagram
1 5 T T T T T 1 5 T T T T T

e e

= 2

5 L

Bt g

i o
(%]
c
2
e
= : : : : ; ®  AWGN & PN
g : & AWGN only : : : © PN only

15 L i L I 1 A5 1 i \ 1 I

S -1.5 -1 05 0 05 1 1.5 -1.5 -1 05 0 05 1 15
2 In-phase In-phase
z
©
n

I
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LO Phase Noise

e Oscillator with phase noise:
c(t) =v2C cos(2z f t +0(t)) = cCga(t) =+2C -V

— rapid, short-term, random fluctuations in the phase of the LO signal, caused by
time domain instabilities

Offset from the Analogue DRO Digital DRO PLL Internal Ref. PLL External Ref.
carrier (Low-Cost) (Quartz) (10 MHz USO)

100 Hz Not specified Not specified -70 dBc/Hz -65 dBc/Hz
1 KHz -55 dBc/Hz -65 dBc/Hz -75 dBc/Hz -75 dBc/Hz
- 10 KHz -70 dBc/Hz -80 dBc/Hz -80 dBc/Hz -85 dBc/Hz
s
)
s 100 KHz -85 dBc/Hz -100 dBc/Hz -85 dBc/Hz -95 dBc/Hz
5
g 1 MHz -95 dBc/Hz -100 dBc/Hz -95 dBc/Hz -105 dBc/Hz
S
(]
=
]
)
©
v
|
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Anatomy of a Ka-Band VSAT (Professional) Terminal

The transceiver consists of the following sub-systems:
Waveguide feed
Septum polarizer (POL) with OMT
Diplexers (DPX)
Low Noise Block-down-converter (LNB)
5W Block Up-Converter (BUC)
Monitor and Control facility (M&C)

Courtesy: Skyware

=

Fly Away 20/30 GH:z 20/30 GH:z
Terminal Air Interface waveguide L-Band IFL cables
(to modem)
Key features:

Integrated Waveguide Feed (POL+OMT+DPX)
Operation on arbitrary polarizations:
LHCP or RHCP electronically switchable
X- or Co-polar electronically switchable
Wideband operation with electronically switchable frequency sub-
bands
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Anatomy of a Ka-Band VSAT (Professional) Terminal - TX

RX out-B 14.025 GHz

19.2-212GHz 14525 GHz
=MCEIET 43 MCSEE & x
BPF amp 2 BPF amp 1

WG BPF
29.0 - 31.0 GHz MA=NE %
—<

e
DRV Pre-DRV

19.2-2126Hz SEPTUM ut

29.0-31.00Hz POLARZER 1 [} i

RX out-A
X onloff
19.2-212GHz ol

WG BPF
300 -306 GHz

Wavequide Feed
y
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Anatomy of a Ka-Band VSAT (Professional) Terminal - TX

. Lock Loop
detect fiter
TX key-ine 3
HMCEI N o0t
- SP
14.025 GHz / 5 le—>
14 525 GHz vCo synth
=MCEST 42 =MCSES &
BPF amp 2 BPF amp 1 MCF
10/50 MHz REF
WG 8PF 8FF
29.0 - 31.0 GHz 04 -310 Gz 14.025 GHz

IF amp-2 IF amg-1

AMGRE432 =MCEST
DRV Pre-DRV g m\'!o::'m SOrSE0M BGA2709 IFL
k—<}(—<]<- + |:v Diplex |€——
| % WG BRF N-type
235 -300 GHz
[72)
c
=) WG BF
- 20 -5 Gz
©
=
c
>
S
£
o
o
2 TX band
= TX on/off Gaintemp ;
] switch Gain set
§ control control

ip. Ingegneria dell'Informazione Marco Luise
niversity of Pisa, Italy 6. Back to the Earth: Ground Station & User Terminal




Anatomy of a Ka-Band VSAT (Professional) Terminal - RX

+3V3 €—|
19.2-212GHz

X-input -~
PR Ve +5V €— S
BPF LPF TPSSE1E0
192 -21.2GHz 2GHz
ADE2
oy o e RSSI "
fhe it S s ot RSS! output
oo o "
18.25 /19.25 GHz - type
9,125 /9.825 GHz
g MGFeast cENT N-type
: T F-type
UA=1000 § g X2 [¢&— VCO F Triplexer
e F output
e e 950 - 1950 MHz
<
GFizE P
s
18.25/19.25 GHz et 52 E“F"‘:W
ok det 4 pole 50 Mrz MCF REF mutipier 50750 Mtk
18.2-212GHz L o
2-21. 219, x5
Y-input 1821936z Boen Mcu [Y]’ . BPF 5 P
BPF LPF \lr
19.2-21.2 GHz 2 GHz St SEF

(7,]

g aaisvEns TCXO 30 M=z 3 pom
i MGE L84 -\C78 SaSTe2

.E Band select

=

£

g

% Receiver
Q

=

=

)

(5°]

(7]
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Anatomy of a Ka-Band VSAT (Professional) Terminal - RX
192-212GH s I

susTers
l_l:_l‘ 4 —\.l,:’st
- Intema! > I
REF

Band select

X-input < SMP.
MGFLo8s - CTEY ShSTE2Y e S
BPF LPF TPS34160
5 192 -212GHz 2 GHz
ADTI12
BPF R RSSI >
18.2 - 19.3 GHz = detector RSSI output
F
18.25 / 19.25 GHz e
MGF 4351 \ll \J, e
9.125 /9,825 GHz
g VGF 33T =MCENT 8A210 SR N-type
A= 1000 g %‘ x2 l¢ VvCO LF SPDT Y S| Tri-plexer f—>
3 v Y IF output
= . 1\ 950 - 1950 MHz
— > ( to optional
G narrow band RX
synth £0 MH
1325 /1925 GHz €« < 'REF = t
" ok det - 4 pole SO MrZ MCF REF nmulipier
@ BPF ,T\ 10 /50 MH2
S 19.2-212GHz 18.2-19.3 GHz X3 ¢
5 e [T | [¥ o
2 A 1
=] / A\
E BPF LPF
£ 192-212 GHz 2 GHz IEn se=
3 TCXO 30 M2 3 pom insg]
o
(4]
=
]
)
©
n
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Receiver Subsystem

Transmitter Subsystem

Feed

Typical Requirements of a Universal Ka-Band (5W) Transceiver

Parameter Value Comments

Receive (Downlink) range
IF output range

LO frequency

LO frequency tolerance
LO phase noise

Noise figure

Conversion gain

Power Consumption

Parameter Value Comments

Transmit (Uplink) range
IF input range

LO frequency

LO phase noise
Conversion gain

RF output spurious

Power Consumption

Frequency range
Polarisation

XPD

19.2 -21.2 GHz
950 — 1950 MHz
18.25/19.25 GHz
0.7 ppm /3 ppm
0.9 deg
1.3dB
60 dB
3.6 W

29.0-31.0 GHz
950 — 1950 MHz
28.05/29.05 GHz
1.3 deg
58 dB
EN 301459 and FCC 47
62.4 W

19.2 - 31.0 GHz
RHCP/LHCP & co-/x-polar
26 dB

Commercial & military

Switchable via M&C

In/Ext Auto-detect

1KHz — 1 MHz

150 mA @ 24 V DC over RX IF supply

Commercial & military

Switchable via M&C
100 Hz — 100 KHz

With 53 dBi antenna

1.3 A @ 48 V DCover TX IF supply @ RF full, CW

Parameter Value Comments

Switchable via M&C



Overall Specifications

Parameter Value Comments

Transceiver Output Power 5W

G/T @ 20.2 GHz 17.0 dB/K 30 deg elevation angle
EIRP @ 30 GHz 50.5 dBW P1dB
Polarization RHCP/LHCP & co-/x-polar Switchable via M&C
Tx Band Switching Yes

Temperature (operational) -25 to +55 degC

Temperature (storage) -40 to +80 degC

Terminal weight 19.2 Kg Without transport case

EIRP = P, — Lt + Gt ...[dBW]
EIRP = 7 — 0.2 4 43.7 = 50.5 dBW

G
T Gr — Lr — 10log(T ) ... [dB/K]

G/T =40.2—-04—-228=17.0dB/K
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