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“ Up-link
» the link from E/S to satellite
s Down-link
» the link from satellite to E/S

** Free space loss
» loss between E/S and satellite
» both in up-link and down-link
» at long distance transmission 5
= f, radio frequency L (47Zfd j
= d, transmission distance C
= ¢, light speed

» free space loss in dB
[L]|=92.45+201Igd+201Igf
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other loss & influence
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s Communication link design
» to get E/S parameters
= from desired transponder and carrier parameters
> to get carrier parameters
= from desired transponder and E/S parameters

» to adjust carrier power and Eb/N, margin
= from desired E/S and carrier parameters

¢ Link parameter adjustment
» for transponder resource
= to match BW and power percentages
» for link design
= to match E/S and carrier parameters

» for earth station
= to match antenna size and HPA power
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“* Link margin verifying
» estimated carrier C/N

» link margin

» availability
= under the interference and rain fade condition

¢ Carrier link optimization
» optimization for link margin
» adjusting SFD for raising total C/N
» power adjustment for star network

e ——
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“ EIRP

P.G
(EIRP), = TL I 1
= P, output power f ﬁ‘
= G, antenna gain Le
= Lg, feed loss
» EIRP in dB

[EIRP]=101Ig P, + 1019 G, - 10 Ig Ly

< EIRP,
» EIRP of the E/S
< EIRPg
» EIRP of the Satellite
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4

L)

» Figure of merit for receive system

» The ratio of antenna receive gain to thermal noise
» G, antenna receive gain

2
G:n(ﬂf Dj
C

= f, radio frequency
= D, antenna diameter
= ¢, light speed
= 1, antenna efficiency
» T, equivalent thermal noise of receive system

L)

L)

o0

 G/TindB
[G/T]=10IgG-101Ig T
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< FD
» Power flux densit
y PT

(W /m*)

» The power at the unit area from a FD =
omni-directional radiation power (P+)
which pass through a transmission
distance (d)

And*®

* SFD
» saturated power flux density of the EIRP
satellite transponder SFD = ¢ (W/m?)
» the FD that happen to drive the 47Zdu

transponder output power at the
saturated point
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“ SFD

> saturated flux density for the EIRP ,
satellite transponder SFD = i = (W/m)
» the FD that happen to drive the u

transponder output power at the
saturated point

Saturated
output
power

U/L distance

EIRP,
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* FGM
» Fixed gain mode

» SFD vs. G/T for LaoSat-1
= SFD = - (70 to 93 + G/T)
= SFD = -71 to -94 dBW/m? for C-band
= SFD = -82 to -105 dBW/m? for Ku-band

» Galin step setting relative to proper SFD
= for SFD at around -90 dBW/m?
= gain step set at 4dB for C-band
= gain step set at 15dB for Ku-band

« ALC
» Auto level control mode
» Only for single carrier usage in Ku-band

Page 13




Introduction
Transponder Specifications
C/N and C/(N+l) Calculation
C/T and C/N Interference and rain fade
Earth Station and Carrier Parameters

Target for Link Design
Antenna size Carrier parameter BW and power

Link margin Carrier monitoring and management

Sample of Link Budget
Satellite, E/S and carrier parameters

C/N and margin Statistics for resource
Link Budget Optimization
Conclusion —

Page 14 s
— 2 A¥ ;




—

“ C/N
» ratio of carrier power (C) noise power (N)
» showing transmission performance of the communication link

» Equivalent thermal noise

P

e kB
= Py, noise power
=k, BOSSMAN constant
= B, bandwidth

o CIT
» ratio of carrier power (C) thermal noise (T)
N =kB T,
CIN=C/(kBT,) =C/T/kB

Page 15

e ——



 C/TindB
» U/L and D/L
[C/T], = [EIRP] - [loss] - [G/T¢]
[C/T]p = [EIRPg] - [lossp] - [G/Tg]

“ C/NindB
» both in U/L and D/L
[C/N] = [C/T] - [k] - [BW,] = [C/T] + 228.6 - [BW,|]
=k, BOSSMAN constant
= BW,, carrier noise bandwidth

¢ Total C/T and C/N
» to get U/L and D/L C/T (or C/N)
» and then the total C/T (or C/N)

Page 16 >
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“ CIT

» C, carrier power 1 _ 1 + 1

> T, equivalent noise temperature C/T (C/Tu (C/T)
< C/N 1 1 1

> N, noise power C/N (C/N)u (C/N)d
< CIN, . . .

> Ny, noise power spectrum density = t

CIN, (C/N)u (C/N,)d

% The relationship between T, N & N,
N = N, BW, = kT BW,
[C/N] = [C/Ng] - [BW,] = [C/T] + 228.6 - [BW,]
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+» Adjacent satellite interference (ASI)
» up-link interference
= up-link power from interfering E/S to interfered satellite

» down-link interference | 8 —t
= down-link power from A B

interfering satellite to

| ol
_ N N
interfered E/S
» figure for ASI \\ /

= A, interfered system \V /

= B, interfering system \\ k

= B, orbital space \<
between interfered and L
. . . / N
interfering satellites '

Al A2 El B2
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“ Inter-modulation interference (IMI)

» up-link interference

= 3rd order inter-modulation product caused by HPA at multi-carrier
operation

» down-link interference
= 3IM product caused by satellite transponder at multi-carrier operation

¢ Cross-pol interference (XPI)
» Interference caused by insufficient cross-pol discrimination (XPD)

*» Adjacent carrier interference (ACI)
» Interference caused by less guard band between adjacent carriers
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s C/(N+I)

» C/N including interference
% C/(N+l) in dB
C/(N+1)], = [C/N], - [ASIy] - [IMI]
[C/(N+1)]p = [C/N]p - [ASIp] - [IMI)]
[C/(N+)]ota = [C/Nrorar - [XPI] - [ACI]
¢ C/(N+]) estimate

» Impossible to get accurate result

» data validity
=3.0+2.3=5.3
=>3+2.3=(251t03.4)+23=(4.8t05.7)=5
» estimate

= 1dB for C-band and 2dB for Ku-band

= case by case for small antennas with narrow orbital space, and
improper conditions

— e
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¢+ Attenuation

» normally in Ku above band
= fading carrier level
= raising noise floor

» time availability
= 99%, 99.5%, 99.9%, 99.95%, even 99.99% available in a year
= depending on rain zone, rain height, antenna El, freq. & pol., etc.

s Compensation
» UPC and ALC at U/L
» allowance at D/L

» Estimate
» (6 and) 5 dB at (U/L and) D/L for rain fade
> 1 to 2 dB at total for thermal noise
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“* Antenna gain
» antenna size
» frequency

» efficiency
= 60%, 65%, or 70%

*» HPA power
» plentiful margin

o G/T
» system T

= 85k for C-band
= 120k for Ku-band
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* Modulation type
> BPSK, QPSK, 8PSK and 8QAM

* Coding rate
» FEC at 1/2, 2/3, 3/4, 5/6, or 7/8, etc.
> R-S at (204, 188)

» required Eb/N, depending on coding rate and decoding type
= according to MODEM manual



0:0 Pb
> bit error rate

% Eb/N,
» ED, signal energy per bit
» N,, noise spectral density

% Eb/N, vs. C/N

E_KEJE
N, \N/R,

= B, noise bandwidth
= R, information rate

Page 26



+» Bandwidth

> Information rate

» coding rate
= higher than information rate after encoded
= dividing by 1, 2, 3, or 4 for BP, QP, 8P, or 16P
» noise BW
= 1.2 times of coding rate
» occupied BW
= 1.4 (or 1.3*) times of coding rate
» allocated BW
= equal and wider than OBW with guard band
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CHINA Ay
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| sat point . _
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0B oo 7 S for whole
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i g Working point
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* 0.5 to 1 dB output back-off (OBO) for full BW carrier
» to avoid AM/PM distortion

“ 3dB OBO for transponder in multi-carrier utilization

» carrier back-off as the ratio of allocated BW to XPD BW
= OBOyp5y = 3 + 3 (dB)
= OBOy gy, = 3 + 6 (dB)
= OBOy/;0gw = 3 + 10 (dB)

» balancing power percentage with the bandwidth percentage
= for multi-carrier system assigned by a single consumer
= less back-off for the carrier from large antennas to small ones
= more back-off for the carrier from small antennas to large ones

» higher payment for higher power assignment
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* E/S parameters

» to get antenna size and HPA power

» from desired transponder and carrier parameters
*» Carrier parameters

» get modulation type and coding rate

» from desired transponder and earth station parameters
 Carrier power

» to be balanced with carrier bandwidth

» or to be adjusted as more power or less power
» from desired transponder, E/S and carrier parameters

Page 31




¢ Clear sky

» to get carrier C/N
= from desired transponder, earth station and carrier parameters
» to get C/(N+I)

= from C/N and interference which mainly relative to Rx antenna size
and orbital gap

» to get link margin
= at least 1dB for C-band
= 2dB or above for Ku-band




* Rain fade condition

» rain attenuation

= relative to availability
» U/L power

= compensated by UPC and/or ALC
» D/L EIRP

= reserved margin
» thermal noise

= about 6k for 0.1dB attenuation

= 1to 2 dB?
» adaptive coding and modulation
» link margin

= about 5dB for Ku-band?

e ——
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“ One transponder per sheet
» only for satellite operator
» carriers listed one by one
» sequenced by center frequency

<+» Rx antenna 2 at SCC
» carriers’ C/N monitored at SCC

» for comparing occupied and allocated power of the carriers
= allocated power, specified by satellite operator
= occupied power, actually launched by user

*» Bandwidth and power resource statistics

» balancing total BW and power resource for a group of carriers of
one user
» statistical data of occupied resource for whole transponder
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carrier pal

1 = 1 = 1 ' 1 ' 1 ~
l_ Out-Routel In—Routel  D¥B-S2 TOTAL NOTE
?
i |PE#fs (degE) | 128.5 | 128.5 | 1285 | 128.5 |
1 BEESNBREER ‘
3 | BRBEE (dB) -1 -16 | -16 -16 BESFDRBELBALTHE, MMESLOC/THERSMRRC/T
i [ ENR (dB) | 1229 | 253 | 386 | 3.0
3 WA LR (dB) . 159 | 283 | 6.6 | 6.0
1 | EATHR3E (MHz) | 12833.6  12835.9  12844.5 12850
0 | FAT3a3E (MHz) 10773.6  10775.9  10784.5 10790
1 1 BESS5H#H _ ‘ , ,
2 |$&% R SFD (dBw/m’) . -89.0 = -89.0 = -89.0 | -105.0 TotalFiSIESHASFOMIBRSE: AESFIZRER, EERSLTHE
3 | B FRRGIT (dB/k) | 120 | 1220 | 120 | 12.@
4 | FATIAMEIRP (dBw) | sT.0 | sST.0 | st.0 | 57.0
6 [E#IRE '8PSK 8PSK QPSK | CEN IR ERERhES S TADVE-52. BN Z5RA503/ %
7 |{REEE (kbps) 6000 2000 44000 . BHEERBEH, dE=3 50388 EEME B R— 1 DVE-52#
B |FECIRIE 0.875 0.875 0.67 . S BEMET KD 8% ALDPCH TurbolR AT
9 RSGBE i Tl
‘0 FFSEE (kbps) _ 2286 762 33000
1 |EEFEETEE (kHZ) _ 2743 914 39600 { |
2 | AR (KH2) | 3200 1067 46200 1
3 |PETES (kHz) | 3200 | 1100 | 47000 | 54000 '
4 | BB KAIELN, (dB) 9.0 0.0 30 ESFALRE, RSN RESH
1
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* Gain step setting
» compared with the most sensitive SFD

¢ Output back-off
» carrier power balanced with bandwidth
» adjustable on demand and contract

“ Input back-off
» same difference between OBO and IBO

= for both single carrier and whole transponder
= in linier condition

*» Center frequency
» U/L and D/L
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* Getting the data

> Relative to earth station location
= from city table
= or from contour map

<+ SFD
» adjusted by gain step setting
= from the most sensitive one

» G/T

“ EIRP



+» ModCod

» modulation type
» coding rate

+» Data rate

> Information rate
= without or with overhead

» symbol rate

= depend on information rate, modulation type and coding rate
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+» Bandwidth

» noise bandwidth
= 1.2 times of symbol rate
» occupied bandwidth
= 1.4 times of symbol rate
= considering MODEM operation manual
» allocated bandwidth
= considered with occupied bandwidth and guard band

“ Required Eb/N,
» depended on modulation type and coding rate
» based on MODEM operation manual
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arth station para

la} | | c | r I ! | J
1| Out-Routel In—Routel  D¥B-S2 TOTAL NOTE
?

7 | REOE () 13 1.2 13
' | HHhF{E R h& B
‘9 |43 (deg E) 102.6 102.6 102.6
i0 |46 (deg N) 19.8  19.8 19.8
1 P PEIEES (km) 36921 36921 36921
i2 | KEEMF (deg) 52.6 52.6 52.6
i3 | KEEFH i (deq) 124.9 124.9 124.9
4 | REHE (%) 6s | 65 | 65
5 | REEIBES (dBi) 4 63.0 42.3 63.0 .
6 |HPABA#IHIHE (dBw)  28.8 "12.0 28.8 , THEThE A T50W5 10w
7 ERMREIHE (dBw) -4.7 3.0 4.6 _ -
8 |FEHRMhERE (dB) 3z.0/ 8.6 22.7 BRI A RSN A1, 546, /A RGN0, 5dB
10 | XEO4 (m) |1:2 13 0.45
1| FkssEiiE i i) ] g it
12 |#3F (deg E) 102.6 102.6 102.6
I3 |4kRE (deg N) 19.8 19.8 19.8 _
14 |3 P 2§35 (km) 36921 36921 36921
5 | XM (deg) 52.6 52.6 52.6
I6 | KEEFH A (deg) 124.9 124.9  124.9
17 | REERE (%) 65 = 65 | 65 '
18 | KEEIEHS (dBI) 40.8 61.5 32.2
19 | RGERER R (dBK) 200 @ 2000 200 ‘
0 | B R GGIT (dB/k) 20.8 41.5| 12.2 ‘503BN{E 30, 3dB/k516. 2dB/k
2 | KEEO1 (m) 13 13 13 ,
0 | KLEIRES (dBi) 61.5 1.5  BL.5]
i1 | RREERR E (dBk) 200 200 200
i2 | BURRGRGIT (dB/k) 41.5 41.5 41.5
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*» Antenna parameter
» antenna size
» efficient

» antenna gain
= relative to antenna size, efficient and Tx or Rx frequency

* E/S location
» longitude and latitude

¢ Elevation and azimuth
» calculated by satellite orbit, E/S longitude and latitude

¢ Transmission distance
» calculated by satellite orbit, E/S longitude and latitude
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“* HPA power
» In up-link station
» maximum power
= higher than power in clear sky + multi-carrier back-off + UPC range
» feed power in clear sky
= calculated as EIRPe - Tx antenna gain

» margin in clear sky
= considering feed loss

¢ Multi-carrier usage
» considering linear back-off

«» UPC for rain attenuation
» considering UPC range

Page 43 . ——
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¢ For both down-link and SCC station

o G/T
» getting it from equipment supplier

% System noise temperature
» 85k for C-band and 120k for Ku-band?

¢ Formula for system T

To =T+ (Le- 1) Ty + L T, (dBK)
= T,, antenna noise temperature
= T,, LNA noise temperature
= L, feed loss, about 0.2dB?
= T,, environment temperature at waveguide or cable

— e

Page 44



N and margl

~ 1 |5 | [ ] u
|| Dut—Routel In—Routel  D¥B-52 TOTAL NOTE
5 |Z=HA_E1TEIRP (dBw) 58.3 45.2 67.5
6 | BHZ=BIRE (dB) 206.0 206.0 206.0
7 | REIRIFR2E (dB) 0.8 0.2 0.8
8 [1 m3REXLENRS (dBIim?) | 43.6 43.6 43.6 |
9 [Pk PEMIFBPFD (dBwim?)  -104.9 -117.3 -95.6 '
1D_Iliglmi‘u:ﬁ(ﬁ(dBwIk) -136.5  -148.9  -127.2 iR L 1TPEMRAE N6dE, H EIMUPC R BiE AR AR
EfiC
2 |38 FATEIRP (dBw) 44.1/ 31.7 53.4
3 | BH= R (dB) 204.4 204.4 204.5
4 | XEIREFRZE (dB) 0.3 | 0.8 i |
5 |Z=MMTATCT (dBwik) -139.9 -132.1 -138.9 ‘ 7
b [FERRMITATCT (dBwik) -144.9)  -137.1  -143.9 {BRi% T 1TPEMIR A A5dB
7 =g i1
1 |REZEMRRECT (dBwik) -141.5  -149.0  -139.2
2 |¥ZZBEE (dBwik-Hz) -228.6 = -228.6  -228.6
3 A (08H) 6.4 506 16.0
4 [R=ERMRRLICN (dB) 22.7 20.0 13.4
5 |B=HMIFRRECIN+) (dB) 20.7 18.0 11.4 ‘
b |FEFRIAIZRRECIN+) (dB) 15.8 16.8 5.6 R IEPERTAT IR iR = 1dB
7 | ZRGFEKAICN (dB) 12.4 13.4 3.5|
8 |B=HMARSERE (dB) 8.3 4.6 8.0
9 |FFHMARSRE (dB) 3.4 3.4 2.2|
0 | BIFSFICT
1 |$E& FATEIRP (dBw) 4.1 31.7 53.4
2 | BHZ BRI (dB) 204.4 204.4 204.5
3 | XERIFRZE (dB) 003 | 0.3 | 03 |
4 |F=HRBTITCT (dBwik) -119.2  -131.6  -109.9
5 | {25 %% SRR L
9 |EZEHMRREACT (dBwik) -136.6]  -149.0  -127.3 .
12 | HAIREECN (dB) 27.6 20.0 25.3 SRR, NEASEFH (FEENSOEBREERC/IEEE) » B
13 | =mEIRR L CIN+) (dB) 26.6 19.0 24.3 EEEEHF TERFINBC/ N T 248 '
16

ANEIEC/ (WD) MBS E (ES42dB



*» Carrier PFD
» calculated by transponder SFD - carrier OBO

s Losses
» free space loss
» antenna pointing error and others

* EIRPe
» calculated by PFD, losses, and 1m? standard antenna gain

< CIT,
» equal to EIRPe - losses + G/Ts
» considering rain fade if no UPC and/or ALC in rain for Ku-band

— e
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* EIRPs
» calculated by transponder EIRP - carrier OBO

¢ Losses
» free space loss
» antenna pointing error and others

< CIT,
» equal to EIRPs - losses + G/Te
= in clear sky

» equal to EIRPs - rain fade - losses + G/Te
= in rain for Ku-band



« C/TTotaI
» calculated by the formula below

1 1 1

= +
C/IT (CI/T)u (C/T)d

» In clear sky and in rain condition

@ C/NTotaI
» converted by the formula below
[C/N] = [C/T] + 228.6 - [BW,]

* CI(N+) 11
» considering C/ASI, C/XPI for both C/T, and C/T,
» considering C/IMI, C/ACI for C/T,.
» not used in this sample of link budget sheet
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“ Estimated C/(N+1)144

» 1dB worse than C/N,, for C-band
» 2dB worse than C/Nq,, for Ku-band in clear sky

» 3dB worse than C/N.,, for Ku-band at about 5dB rain fade

» reconsidering ASI at very small antenna with narrow orbital gap

¢ Link margin

» calculated by C/(N+1),, - required Eb/N,
> In clear sky and in rain condition
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ISTICS TOr transponaer

1

e 0 e o (0 51 )

RARBHH
L

WEHMRARE (dB)

PR SRE (dB)
#iiE18 (aB)
SETEE (kHz)
HAMERPEE (%)
AR (%)
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Out—Routel In—Routel |

8.3
3.4
12.9

3200

10.3
5.9

4.6
3.4
20.5
3300
1.8
6.1

D¥B-S2

8.0
2.2
3'6

47000

87.0

87.0

TOTAL NOTE

3.0

53500 % = 5|EES0HRNSREREE, RH2EHE, A SRLSETHE
99 RWERNE, REANREAR: hE=SE0BHERRE, I\ HE

99 D A4 ERER, FLL AR —1DVB-528



¢ Carrier numbers
» for a group of same carriers

“ Link margin
» In clear sky and in rain condition

“+ Occupied power resource
» OBO of the carrier
» EIRP percentage of the carrier

¢ Occupied bandwidth resource

» BW of the carrier
» BW percentage of the carrier

Rage 51
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“* Insufficient margin
» larger Rx antenna
» less efficient coding rate and/or modulation type

“+ Excessive margin
» smaller Rx antenna
» more efficient coding rate and/or modulation type

e ——
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% Relationship between C/T, C/T; and C/T
> if C/T, = C/Tp, Cl/T1om = CITy (or C/Tp) - 3dB

= Vice versa

% Raising C/T, and getting higher C/T,
» EIRPs is fixed
= so C/T, is limited
» EIRPe could be increased

= by selecting less sensitive SFD
= higher EIRPe and then higher C/T

» C/T,5 could be raised
= when if C/T close to or less than C/T,,
= by selecting less sensitive SFD, and increasing EIRPe
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+» Star network

» out-route carrier
= from hub (large Tx antenna) to remote (small Rx antenna)
= lower C/N

> In-route carriers

= from remote (small Tx antenna) to hub (large Rx antenna)
= higher C/N

*» Power adjustment
» decrease OBO of out-route carrier
> Increase OBO of in-route carriers

» balancing power percentage and bandwidth percentage
= for all carriers in star network

» to let C/Ngk close to C/N;g
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¢ Different to scientific analysis

¢ To get a proper link margin for satellite carriers
» no insufficient
» not too excessive

** Impossible and no necessary to get accurate result

» 1dB daily variation on C-band carrier power level
» 2dB daily variation on Ku-band carrier power level
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»

Thanks!

Welcome to my homepage

www.Satcomengr.com
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