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Link Budget

 Power level
* Gain
* Losses

mmmp C/N



C/N

where

» C is the carrier power taking into account gains
and losses

* N is the noise power derived by kTB
* k, Boltzmann constant = -228.6 dBW/K/Hz



Calculate C/N

ﬂ

P Tx ES Max FSL (T Freq)

G(e) Rx Sat
T Sat

B (™ Emiss)

G Tx ES Max

/C, Carrier power ( N, Noise power
C/Nyp [P xS Max T G 1xEs Max + G(0) Ry sat- FSL (1 Freq I [_ "' Tsat * B4 Emiss) )] (dB)

FSL = 10Iog10(4ndf/c)2 \

k, Boltzmann constant = -228.6 dBW/K/Hz




Calculate C/N

P Sat Max
B (J Emiss)
" G(O) Tx Sat

FSL (\ Freq)

Freq)

G Rx ES Max
T ES

/C, Carrier power ( N, Noise power
C/Ndown =[P Sat Max +G (e) Tx Sat +G Rx ES Max'lFSL(i Freq]l_ [( K+ TES + B(i Emiss))] (dB)

<«
FSL = 10log,(4ndf/c)?

k, Boltzmann constant = -228.6 dBW/K/Hz




Free Space Loss (Annex Il of AP8)

FSL=20 (logf+logd) +32.45 dB

where :
f : frequency (MHz)
d : distance (km)
where:

d = 42644(1-0.2954.cos )%

where:

cos y=cos { x cos

where :
€ = latitude of earth station

B = difference in longitude btw satellite and earth station






P TX ES Max

G Tx ES Max

Calculate C/I Up

G(e’) Rx Sat
G(6) g ﬂ
FSL (/I\ Freq) / FSL’ (/[\ Freq)
’\
) 9

‘ \‘
F P’ ES Max
G’((I)) Tx ES

C1=Presvax T Grxesmax T G(0) gy sat- FSLM Freq) (dBW)
17 =P esmax T G(9) 1xes T G(O') resat~ FSL (4 Freq) (ABW)
C/llt=C1-11(dB)

o

Source: ITU-R S.740



Calculate C/I Down

P’ Sat Max P Sat Max
G’(9) 1y sat “ ‘ G(6) 1, sat
L
% o
[ o SL(y Freq)

G(0') gy ES‘ G gy Es Max

C | =Pgamax T G(0) 1xsat + G ryes max~ FSL( Freq) (dBW)

| l =P Sat Max + G,((b) Tx Sat + G(e,) Rx ES ™ FSL’(\L Freq) (dBW)

C/l|=C|-1](dB)

Source: ITU-R S.740



Topocentric Angular Separation Between Two Satellites
(Annex | of AP8)

\

-

0,=arc cos| d,*+d,? - (84332 sin (0,/2))?

. 2d,.d,

Where

d1 and d2 are the distances (km),
from earth station to the two
satellites separately

Og is the geocentric angular
separation in degrees between
the two satellites, taking the
longitudinal station-keeping
tolerances into account



Antenna reference patterns
Annex 3 of Appendix 7 of the Radio regulations
ITU-R S.580-6
ITU-R S.465-6
ITU-R BO.1900
ITU-R M.694-1
ITU-R BO.1213-1

ITU-R BO.1295



— REC-465
— REC-580

Patternl

Pattern2

Freq (MHz)

Gmax (dBi)

REC-465

REC-580

7265

60




Calculating Margin

Margin =|C/I -F/Irequired (dB)

 C/I: Carrier to Interference (dB)

» Single-entry interference protection criteria



Margin




Finding C/I Required

Margin = C/I -[cnrequired (dB)

1.C/N: Carrier to Noise (dB)
2. Type of Carrier

L » Single-entry interference protection criteria
 §3.1 of Section B3 of Rules of Procedure



Finding C/l Required

nterfering Analogue
. . (Other
TV/FM or Other Digital th
Wanted an
TV/FM)
TV/FM C/N + 14 (dB)
If BW,, <= BW; then
- C/N + 5.5 + 3.5*log(BW,,)
Digital W
eita (dB) C/N +12.2 (dB)
else if BW,, > BW,; then
C/N+12.2 (dB)
Analogue
(Other than 11.4 + 2*log (BW,,) (dB) C/N+12.2 (dB)
TV/FM)
Other 11.4 + 2*log (BW,,) (dB) C/N + 14 (dB)

Source: Table 2 in Section B3 of Rules of Procedures, ITU-R S.741-2
BW,,: Necessary bandwidth of wanted carrier (MHz)

BWei: Equivalent bandwidth of interfering carrier (MHz)

C/N: Carrier to Noise ratio (dB)



Finding C/I Required

G(G) Rx Sat
T Sat

“

P 1x £s Max g FSL (1 freq) FSL(y Freq)
B (T Emiss)

G Tx ES Max

Maximum Peak Power P Max

Necessary Bandwidth of Emission B
Maximum Earth Station Antenna Gain  Ggg pyax
Free Space Loss (assigned frequency) FSL
Off-axis Satellite Antenna Gain G(0)gat
Receiver System Noise Temperature T
Service Area

P Sat Max

B (J Emiss)
" G(e) Tx Sat

C8a1/C8b1
C7a

C10d3
C2a1l

B3a + B3b
C5a/C10d6
Cl1a

G Rx ES Max
T ES

Appendix
4



Where to get these information?

CRICME

SECTION SFECIALE [ SPECIAL SECTION / SECCION ESPECIAL

BR{ Date of receipt[11.02.1359

BR20BR2{ IFIC noJpart [ 2464/

AFT Motifying adrr. ATf2 Inter. s3i. ong :[

2]

412 Sat Mebwork [MEASAT-51.GE |

B

10E 1

BR32/BR3b Provicion reference [RR1050 © |

BR2 Adm. serial no. |

ClUR

[

‘Beam L

S

o S !

Adag .
433 Visifty arc

11 E - 171 E

Adad Servicearc |11 E - 171 E [

ilmibeminnissnssnsunsi

B2 Emi-Rep[E__|

O

B1a®B1h Beam designation [CI0R

———
| IS
Adal Reascon for arc diff. |:|
B331/B3b1/B3b2a Max. ant gan B83d Pointing accuracy

e Group:

[ L ' B3f Ant. gain vs oroit long. diag. E[
ev_ b =C pat | |

H3e3 Coef A

BR14 Special Section [CR/C745

H3=4 Coef B

BRTaEBRTE Group id IEEEEFEE |
C4a Class of station =]
CF

CSa Moise temperature
C6b Polarization anaie | 20

Cda Assigned freq. band
C6a Polarization voe TG [

CodCeg Maxpwr |
C11a3 Service area diagram :[

C4b Mature of service

4l cr A2z On_an

P16 Value of type CBB]___|

BR1T Reason for CEo/C

3z absent

C2a Assigned frequency

CG4E MH= EQES MH= E1EC MH= &2085 HH= S44E HH= &EEE MH= ESBE MH=

SSBE MH= E105 MH= E2ZE MHz 5345 HHz £43E HH = SE0NE MH=

a0ZE MH= E145 MH= E2ES MHz 5345 HHz SE2E HH= SE4E MH=

ERE] Gra CBz1/Cant CBal'CEhE (e 1] CBc? GBe
Ref. to Special Sections Design. of erissicn Max. peak pwr Max. pwr dens. Min. peak pwr Iin. pwr dens. CiM ratic
1 [ARIL/A [333 1 [38K4G7E-- 5.1 -3E.E c.1 -35.5 5.4
CH08d C10b4 | C1063 C10b5 Ci0c1a/Ci0cib | C10c2 Ci0c3 C10cda C10z4b [
Assoz earth staton id Ciry | Type Geographical coord. Cls. [ Mat Max so. | Bmwdth Ref. pattern Rad. diag. Coef Coef | Coef | Cosf | Ph
gain A B c D
[TYPICAL-1.8H T [ 1]tc Jcr 33.2 2.08|25-2CLOGIFI}
20 Date 134 Canformity with R 1981 Provsion | 1982 Remaks| | 1383 DateoReven |

13C Remarks |

v,




Finding C/I Required

Check Carrier Type

Example:

36MOG7W--

Necessary bandwidth Class of Emission

15t Symbol: Type of modulation of the
main carrier

2" Symbol: Nature of signal(s)
modulating the main carrier

3 Symbol: Type of info to be
transmitted

Source: Item C.7 Annex 2 of Appendix 4, Section Il of Appendix 1



Finding C/l Required

nterfering Analogue
. . (Other
TV/FM or Other Digital th
Wanted an
TV/FM)
TV/FM C/N + 14 (dB)
If BW,, <= BW; then
- C/N + 5.5 + 3.5*log(BW,,)
Digital W
eita (dB) C/N +12.2 (dB)
else if BW,, > BW,; then
C/N+12.2 (dB)
Analogue
(Other than 11.4 + 2*log (BW,,) (dB) C/N+12.2 (dB)
TV/FM)
Other 11.4 + 2*log (BW,,) (dB) C/N + 14 (dB)

Source: Table 2 in Section B3 of Rules of Procedures, ITU-R S.741-2
BW,,: Necessary bandwidth of wanted carrier (MHz)

BWei: Equivalent bandwidth of interfering carrier (MHz)

C/N: Carrier to Noise ratio (dB)



Margin = C/l - C/lequrea]  (dB)

To summarize:

* From Appendix 4 data, find C/N

* From emission, find carrier type

* From Table 2 in Section B3 of Rules of
Procedure, find C/lI Required



Margin =|C/l|-C/lequres  (dB)

C/I: Carrier to Interference (dB)

Cll=Cll, -1,

1. C/l,: Basic calculated C/I (dB)
2. la: Interference adjustment factor (dB)



Finding C/I
Margin =|C/I - Cllrequired (dB)
C/l: Carrier to Interference (dB)
C/li=Cll, -1,

1. C/l,: Basic calculated C/I (dB)
2. la: Interference adjustment factor (dB)



Finding C/I

Get Adjustment Factor

Wanted

Analogue
Digital (Other than Other TV/FM
Interferin TV/FM)
Digital METHOD 1: Wanted Bandwidth (BW) to Interfering BW
Overlapping Ratio Adjustment
METHOD 1: Co-freq.
TV/FM
METHOD 2: METHOD 3: Non co-freq.
Wanted BW to (Relative Protection Ratio)
Analogue Interfering Equivalent BW
(Other than Overlapping Ratio
TV/FM) Adjustment METHOD 2
Other

Source: Table 1 in Section B3 of Rules of Procedures, ITU-R S.741-2



Finding C/I
Get Adjustment Factor

Method 1:
BW

W

BW: Necessary

Wanted Signal Bandwidth (Hz)

Interfering Signal

BW,

Ia . 1Olog10 (BWoverlap

< 0 = Improvement!

/ BW,)



Finding C/I

Get Adjustment Factor

Method 1:
BW,,
i
Wanted Signal !
|
|
|
|
Interfering Signal !
|
BW.
Ia . 1Olog10 (BWoverlap / BW])

= 0 = No Improvement!

BW: Necessary
Bandwidth (Hz)



Finding C/I

Multiple interfering narrowband carriers

Wanted Sighal

Interfering Signal

 Interfering transponder fully loaded with N
narrowband carriers

« N is maximized by transponder bandwidth (item

C.3.a of Appendix 4) and maximum total peak power
(item C.8.d.1)



Finding C/I

Get Adjustment Factor

Method 2:
BW

Wanted Signal

Interfering Signal
(Analogue with

Gaussian

distribution)

BW,, =P

eq max

/ PD

MaX

BW: Necessary
Bandwidth (Hz)

PD, .x: Maximum

Power Density
(W/Hz)

: Total Peak

Pmax'

Power (W)



Finding C/I

Get Adjustment Factor
Method 2:

BW,,
: BW: N
. . Necessar
Wanted Signal : Bandwidth (Hi)
|
|
|
|
Interfering Signal l
(Analogue with :
Gaussian
distribution)
BWeq
Ia . 1Olog10 (BWoverlap / BWeq)



Finding C/I

Vethod 3-  GE€t Adjustment Factor

|
Wanted Signal |
(TV/FM) D
|

G

| ' Frequency Offset

Interfering Signal
(TV/EM)

Relative Protection Ratio adjustment factor is
« derived from protection masks using frequency offset

 a function of overlapping bandwidths of wanted and
interfering signals



Finding C/I

Margin =|C/l|-C/lequres  (dB)

To summarize:

- From Appendix 4 data, find basic calculated C/I,
* From Table 1 in Section B3 of Rules of

Procedure, find Interference Adjustment Factor |,
« C/I=C/ -1,



Calculating Margin

Margin|= C/l - C/l oquirea  (dB)

* Positive or Zero Margin:
No harmful interference

* Negative Margin:
Potential for harmful interference



C/l methodology

* More complex than delta T/T and more detailed
» Used by Bureau for No.11.32A examination®

» Widely accepted method for assessment of interference
especially between geostationary satellite networks

» Widely used by Administrations for coordination of their
satellite networks

*No.9.7 - GSO vs GSO satellite networks



COORDINATION MEETING

* Occasion for information exchange

* Agreement of Assumptions

* Agreement of Criteria

* Agreement of Operating or Desired C/Ns

* Agreement of Calculation Method

* Agreement of set of parameters to be used

* More detailed information on service areas, type of carriers,
antenna radiation patterns, implementation dates, transponder
plan, etc.

e Radio Regulations and ITU Recommendations are often used as the
main reference



WHAT’S IMPORTANT?

* Understanding the basics and concepts of C/I facilitates

C/| generation

Development of C/I calculation tool

Summarization and interpretation of results

Analysis and finding interference mitigation solutions



Thank youl

ITU — Radiocommunication Bureau
Questions to brmail@itu.int or danny.tham@itu.int
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