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Setting the Stage

* The evaluation process

Input Data should address all three
WISy g;/tidedoby aSpeCtS Identified below
Analysis &
Calculations

What to we do with the data?

| nterference
Criteria

How do we specify the forms and
limits of interference?
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Agenda

 Analysis and Calculations

This section will set

— Derivation aframework for
— Application discussing these
sections

e |nput Data }
e |nterference Criteria

e Summary/Recommendations
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Derivation

e Goal: Calculate probability that alink fails
for both the noise-only and noise plus MSS
Interference cases

— In both cases, we need to quantify:

PINR,, < NR,[

— Thedifferenceisthat SNR,, changes for each
case
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Case 1. Noise-Only

PGG

e, HFee

SNR — S\IRink — /N — |\ILIO
~ A A A

Using the above expression, it can be shown that

A> S\":%inka/
NR
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Case 1: Noise-Only (continued)

 If we define new variables that represent the
receive and required SNR’sn dB, we can
derive the following expression:

PmS\IRCV,dB < S\IReq,dBr = PA Ag > MdBp

0 pw( I\/IdB)

 Where p,, 1S the prob that the fade (in dB)

exceeds the link (or fade) margin, M (in dB)
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Case 1: Noise-Only (conciuded)

* Notethat p, IS precisaly the variable
defined by EQ 19 (large fades) and EQ 23
(small fades) of ITU-R P.530 vs/ when
calculated in decimal form

e Question: Why not use TSB 10F instead of
I TU-R P.5307?

— Addressed shortly
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Case 2: Noise Plus M SS Interference

e NR,, Isnow defined as follows

NR_ = NRr _ %N + If _ I:‘Pth(%N + Ipr}!
ov A

A A

wherel iIsanr.v. that represents the level of
MSS interference power, In watts, arriving
al the FSrecealver
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Case 2: Noise Plus MSS Interference
(Continued)

1/6/98

* |t now becomes convenient to define a new
r.v., I”, that represents the amount that the
MSS interference power exceeds the noise

floor, N
— Note: I” isalinear ratio (i.e., not in dB)

N+
N
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Case 2: Noise Plus MSS Interference
(Continued)

 If wesubstitutel” into the equation above
for NR,,, It can be shown that

RGG —_ R,
L AN +1)

PISNR,, <S\NR[ =P

=p

Al"> S\IRink g/
NR
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Case 2: Noise Plus MSS Interference
(Continued)

e If wedefinenew r.v.’sthat represent A and
I” In dB, we obtain

PmSNR,CV < SNRreqr — PKAHB > MdB B |"dBp

e The eguation above is similar to the noise-
only case but much more complex to
calculate sincebothMz and I’ 5 arer.v.’s
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Case 2: Noise Plus MSS Interference
(Continued)

 \We can approximate the right side of the
above equation as follows

PK'AHB > MdB ) |"dBp C

é [PkAHB > Mgg - IndBp /I"dB:i"dB][ Pkl o = i"dBp]Di"dB

i"dB =0dB

* Notethat P{l” z=1" g} ISsintheform of a
PDF of I” (i.e., f,, (1" gg))
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Case 2: Noise Plus MSS Interference
(Continued)

« Additionally, for sufficiently small Di” g,
we can replace the summation with an
Integral resulting in the following

PkAﬁB > MdB B |"dBp @ 2Pk'AﬁB > MdB B i"dBp fl"dB (i"dB)di"dB

i "dB :O

= zpw( Mg - ") fl"dB (Mg )dI" g

i "dB :O
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Case 2: Noise Plus MSS Interference
(Continued)

e Observations

— Thefirst term has the same form as p,, defined
iINnEQ 19 of ITU-RP.530vs7

» P{fade exceeds some value My - i” 45}
e [tisafunctionof Mg-1" 4

— The second term isafunction of I”
e Infact, itisthe PDF of I” g

— Theintegral of the product of these two terms
IS exactly in the form of their convolution
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Case 2: Noise Plus MSS Interference
(Continued)

 The convolution of two functions is defined
by
X(t)* y(t) ° 7X(t - t)y(t)dt
- ¥

By combining the preceding , we arrive at
the final equation

I:)mS\Ichv < S\IRreqr = pw* f

I lldB
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Case 2: Noise Plus MSS Interference
(Concluded)

* Thus, we can calculate the probability that
the recalved SNR is less than the required
SNR (i.e., thelink fails) for agiven link that
IS experiencing arandom fade depth and a
random M SS interference signal level by
convolving p,, (the probability that the
random fade exceeds the link margin, M)

with the probability density function of the
r.V. IIIdB
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Why Not Use TSB 10F Versus ITU-R
P.530 to Calculate P{Link Fails} ?

e EQ 4.2-2 of TSB 10F can be used to
generate an expression that iIssimilar to p,,
INEQ 19 of ITU-RP.530vs7

. FTO 10 {CFM /10l

o

— 1OOF‘3 —100(r\{10 dcrmof
pWTSBlOF TO (r )C h

* Assumes no diversity (l.e., 1,=1)
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Why Not Use TSB 10F Versus ITU-R P.530
to Calculate P{ Link Fails} ? (continueq)

 However, TSB 10F eguation focuses on
large fades

— Accuracy decreases rapidly for fades< ~15 dB

Log 10 { probability of failure}

® N o & A b N Bk O

ITU-RP.530

L\

AN

.

| TSB10F

o

10

20 30 40 50
Fade Margin
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Antenna Size: 6 ft
Azimuth: 180 deg
Path Length: 10 km
Frequency: 2.18 GHz
h,=h, =400m
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Why Not Use TSB 10F Versus ITU-R P.530
to Calculate P{ Link Fails} ? (conciudeq)

e “Small fade regime’ Is important when
performing the convolution in the noise plus
Interference analysis

e Conclusion

— UselITU-R P.530 version of p,, versus EQ 4.2-2
of TSB 10F
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Agenda

 Analysisand Calculations
— Derivation
— Application

e |nput Data

e |nterference Criteria

e Summary/Recommendations
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Application ® Case 1. Noise-Only

o Step 1: Apply methodology of ITU-R P.530

VS [/

0
o T EQ 23 for
§ 2] small fades
g EQ19for
%-5 large fades -
i-e B
2 ; ~—_

-8

0 10 20 30 40 50
Fade Margin
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Application ® Case 2. Noise Plus MSS
|nterference

o Step 1. Generate PDF datafor MSS
Interference noise at FS receiver (i.e., for
ther.v. |l gw)

I sub dBW (units of dBW/MHz)
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Application ® Case 2. Noise Plus MSS
| nterference (continued)

1/6/98

Log 10 [PDF of I" sub dB]

« Step 2: Generate PDF datafor ther.v. I” g
fromthedatain step 1

‘e
FX
U4 'i

49,

Y o

‘0. "«0:0 g™
X

i" sub dB (units of dB)
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Application ® Case 2. Noise Plus MSS
| nterference (concluded)

» Step 3: Perform the convolution between p,,

from ITU-R P.530 and the PDF data of 1"
generated In step 2

— Compareto ; | |

T nOISG-Only” 1 \ NOISG pIUS ]
N |nterference
case

\
— A number of
ways exist to
Interpret the
results v & o “ °

Fade Margin
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Log 10 { probability of failure}
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I Noise-Only
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Observations

* Consideration must be given to how one
would apply the proposed methodology to
both analog and digital FS systems
— Diqital: Straightforward

— Anaog: Straightforward for “per hop”
Interference criterialimits

« Will depend upon the “form” of the specified
Interference criteria

 May require RF/Baseband transformation of the
generated data or the specified criteria

Jeros <™ Radio Dynamics
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Agenda

 Analysisand Calculations
— Derivation
— Application

e |nput Data

e |nterference Criteria

e Summary/Recommendations
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Input Data Considerations

FS System

e What is needed

—  Path design parameters
— Exampleitemsinclude:

1/6/98

Antenna heights, gain and
gain pattern characteristics

Receiver equipment
characteristics
Terminal location
Path length
Frequency

MSS System

e What is needed

PDF of the MSS interference power at
the FSreceiver

e Severd dternatives

1.

Directly provide PDF data of MSS
interference power at FS RX vs. FS antenna
and azimuth

Provide PDF of power flux density (PFD) at

FS antenna as a function of azimuth and
elevation angle

Provide orbital data plus PDF of satellite
EIRP as afunction of angle off boresight
and satellite position
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Agenda

 Analysisand Calculations
— Derivation
— Application

e |nput Data

e |nterference Criteria

e Summary/Recommendations
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Alternative “Forms’ for Specifying
MSS/ES Interference Criteria

o Simplereiability limit

* Reliability degradation [imit

« Margin degradation at given reliability
« Margin degradation at existing margin

<< Radio Dynamics
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Simple Reliability Limit

e Defined by agiven
Log(P{fail}) | rellablllty limit and
P inetae an existing margin

Aln}ference
Specified . — Exampl e: .99999
Limit \\ re||ab|||ty aI a
Noise ¥ .
Only \ margin of 35 dB

> e Limitinform of

Existing Margin (dB) 1 Cornern

Margin, X,
— Reqguire performance
curveto beto the
|eft of corner
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Reliability Degradation Limit

1/6/98

o Reliability limit
Log(P{ail) determined at existing

Noise and

margin relative to link
without interference

— Example: No more
than x% decrease in
reliability at existing

Existing Margin (dB) margl N

e Similar to“FDP’

approach in 1S.1141

<< Radio Dynamics
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Margin Degradation at Given Reliability

e Given reliability point
Log(P{fal}) used as reference; limit
IS max degradation to
margin allowed at
Pl given reliability dueto
MSS interference

> — Example: No more
Han(e® than x dB degradation
to margin at .99999
reliability

Stated
Reliability

<™ Radio Dynamics vage 32
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Margin Degradation at Existing Margin

1/6/98

e EXisting margin used as
Log(PLail) reference to determine
T reliability target: limit is

m max degradation to
_— margin at reliability
wm target dueto MSS

Orly Interference
>
Existing Margin (dB) — Example: No more than
Margin, X, .
X dB degradation to

existing margin at
existing reliability level
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Agenda

 Analysisand Calculations
— Derivation
— Application

e |nput Data

e |nterference Criteria

e Summary/Recommendations
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Summary

* A methodology was developed to quantify
MSS/FS interference

— Builds upon results of ITU-R P.530 vs/

« Several alternatives were presented for:
— Specifying the required input datafor MSS
systems

— Specifying the limits of MSS/FS interference
Criteria
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Recommendations

 The JWG consider adopting the
methodology presented to quantify MSS
Interference into FS recelvers

 The WG continue the dialogue regarding
alternative “forms’ for specifying:
— MSSand FS input data
— Interference criteria

<< Radio Dynamics
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Variable Definitions

C/N

mliolo

>

Carrier to Noise power ratio (unitless)
Noise Power (watts)

Transmit Power (watts)

Transmit Gain (unitless)

Recelve Gain (unitless)

Path Loss (unitless)

Anr.v. that represents the link fade
depth (expressed as a unitless factor)

Link Margin (dB)
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V ariable Definitions (continued)

Ay = Anr.v. that represents the link
fade depth (expressed in dB)

N ?rcv,dB = N ?rcv indB

NR gz = NR4INAB

NRikge =  SNRy INdB

K =  Geoclimatic factor

d =  Path length (km)

f =  Freguency (GH2z)

€, 0 = Path Inclination (mrad, deg)

<< Radio Dynamics

1/6/98



V ariable Definitions (continued)

T = Annual outage time (S)
r — Fade occurrence factor
T, = L ength of fade season (s)

CFM = Composite fade margin - digital (dB);
fade margin - analog (dB)

0 Space diversity improvement factor

Rcv antenna height above sealevel (m)

Xmit antenna height above sealevel (m)

>
[

-
—+
[
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V ariable Definitions (condudeq)

| dBW

Anr.v. that represents the level of interference power, in
Watts, arriving from the mobile satellite system (MSS)
at the input to the fixed service (FS) receiver

Anr.v. that represents the level of interference power, in
dBW, arriving from the mobile satellite system (MSS)
at the input to the fixed service (FS) receiver

Anr.v. that represents the amount that the MSS interference
power exceeds the noise floor, N, at the input to the FS
receiver (expressed as a dimensionless power ratio)

Anr.v. that represents the amount that the MSS
Interference power exceeds the noise floor, N, at the
Input to the FS receiver (expressed in dB)
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