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Abstract

Passive microwave remote sensing often is performed in or near frequency bands
occupied by other active services. The combination of wide bandwidth and high
sensitivity required for the sensors makes them very susceptible to interference.
To ensure proper sensor operations, it is necessary to understand the situation
of potential interference to sensors due to active equipment sharing common
frequency bands as well as equipment occupying adjacent bands. The feasibility
of sharing common frequency bands between passive sensors and other active
services has been analyzed in CCIR (International Radio Consultative Committee)
Report 694, Complementary to Report 694, this report examines and identifies
potential interference to sensors due to equipment in bands adjacent to sensor

frequency bands, and deveiops criteria to avoid interference.
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1.

Introduction

Passive microwave sensing has been playing an increasingly important role in
areas such as earth resource exploration and earth environment study. Many
frequency bands have been allocated for passive microwave sensing. Some of

these bands are adjacent to bands allocated for services capable of interfering
with the proper operation of the sensors. In order to protect the sensors and

to insure compatibility between the sensors and the active services, it is
necessary to determine the potential interference that may exist due to equipment
in bands adjacent to the sensor frequency bands. The feasibility of sharing
common frequency bands and the crite: fa for sharing have been examined in CCIR
Report 694 [1]. The purpose of this report is to examine the potential inter-
ference between passive microwave sensors and active services occupying adjacent
frequency bands and to develop necessary criteria for simultanecus operati
this report, simultaneous operation of two services in adjacent bands is referred

to as simultanenus adjacent band operation.

Technical characteristics of systems examined in various services are mostly

derived from Report 694.

Approaches and System Models

The approach used here is similar to that in Report 694. For a given inter-
ference situation, the interference Tevel as seen by the radiometer (passive
microwave sensor) is first calculated and then compared to a predetermined
value called the sensor interference threshold. When the received interference
level exceeds the sensor interference threshold, interference exists and thus
simultaneous operation may not be feasible. The sensor interference threshold

is defined in Report 694 and is taken as 20% of the sensor threshold, which is




related to the sensor sensitivity. The interference threshold and the required
bandwidth as a function of frequency are shown in Table 1. The received inter-
ference level due to a direct coupling of the interfering signal can be calculated

as follows:
PR = Py Gpl0) GR(d) R/(4nR?)

where
PR = pecejved interference power,
Pr = transmitter output power,

Gr(0) = transmitting antenra gain in the direction of 0 degrees
from the main axis,

Gp(¢) = receiving antenna effective area in the direction ¢ degrees
from the main axis,

B = out-of-band rejection factor due to difference in both
frequency and bandwidth between the receiver and the trans-
mitter, and

R = distance between the receiver and the transmitter.

It has been assumed in the above expression that the radiometer is located in
a direction 0 degrees from the main axis of the transmitting antenna and that

the transmitter is ¢ degrees off the main axis of the radiometer antenna.

It is necessary to include in the above expression an out-of-band rejection
factor in order to account for <he mismatch in both the frequency and the band-
width between the radiometer and the transmitter. The out-of-band rejection
factor is a function of the receiver transfer function, the spectrum of the
interfering signal, and the frequency separation between the receiver and the

transmitter. Specifically, if Alw) and B(w) denote respectively the amplitude



response of the receiver and the power spectrum of the interfering signal, the

out-of-band rejection factor is then given by the following equation:

g = -'[o Az(w) B(w) dw

f°° B(w) duw

Ll 7]

It is noted that the amplitude response of the receiver, Alw), is assumed to have

a maximum gain of unity in the passband.

To evaluate the out-of-band rejection factor, it is necessary to know the exact
shape of the receiver amplitude response and the spectrum of the interfering
signai. Both of these vary from equipment to equipment. For adjacent band study,
it is sufficient to model the receiver as a four-pole bandpass filter with a 3-dB
bandwidth Bp and to model the spectrum of the interfering signal as a bandpassed
signal with 3-dB bandwidth By and an asymptotic roll-off rate of 60 dB/decade
outside the 3-dB bandwidth. The low-pass equivalents of the receiver and trans-
mitter models are shown in Figure 1. The maximum attenuatior of the rsceiver

model is limited to 70 dB outside the passband.

The out-of-band rejection factor in terms of the normalized bandwidth By and the
normalized frequency separation AFy has been derived in Annex 1 and is given by

the following expression.

TN, o x=(14+g)aF, N1 ® iy
8 =.}[ (x R+1) 1 [OJEﬁ(*iL*mﬂ“ﬁ +1]  dx () +1] ] dx

-X) - {0
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The normalized bandwidth is defined as
By = Br/BR
and the normalized frequency separation is
AFy = 2AF/(Bp + Bp).

The out-of-band rejection factor has been plotted in Figures 2 through 9 as a
function of the normalized frequency separation for different combinations of

Np and N;. The out-of-band rejection factor represents the attentuation of the
interference power due to mismatch in frequency and bandwidth between transmitter
and receiver. For the receiver and transmitter model considered in this report,
the value of Ng 1s 4 and the value of Ny is 3. The out-of-band rejection

corresponding to this model is shown in Figure 2.

The roll-off rate of actual radiometer filters usually is much more than 80 dB/
decade in the region immediately outside the 3-dB bandwidth; but as the
frequency increases, i.e., farther away from the 3-dB corner frequencies, the
roll-off rate gradually reduces to the asymptotic roll-off rate of a four- or
five-pole filter. The use of 80-dB/decade roll-off rate represents a very con-

servative approach.

Analysis

The frequency separation between two services in adjacent bands plays a very
important role in determining the feasibility of simultaneous operation of these
services. The frequency separation between two services is defined as the
separation between their center frequencies. Generally, this quantity can vary
over a wide range. In the analysis that follows, the minimum value has been
used to determine the potential interference. This represents a worst-case

condition,
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The minimum frequency separation between two services occurs when their 3-dB
bandwidths are next to each other, This 1s the smallest possible separation
between services in adjacent bands. Specifically, 1f AFyry 1s the minimum

frequency separation, then

AFyiy = 0.5 (B + Bp)

and the corresponding rormalized frequency separation is unity. Figure 10 depicts

the situation when AF equals AFypy.

If 1t is feasible to operate two services in adjacent bands simul taneously at the
mininum frequency separation, it is then feasible for all values of frequency

separation.

Wnen it is not feasible for the simultaneous operation at the minimum frequency
separation, criteria are then developed whenever possible to allow such an
operation. These criteria generally are stated in terms of the required fre-
quency separation, the guard band and sometimes the transmitter e.i.r.p. limits.
The guard band is defined as the spacing between the 3-dB point of the frequency
response of the sensor and the edge of the occupied bandwidth of the active
service, The occupied bandwidths of the interference is the bandwidth that
contains 99 percent of the total interference power. The relationship between
guard band and the frequency separation has been derived in Annex 2 and is given
by:

Guard band = AF -0.5 Bg -0.8 By  for Nj = 3.
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Using the models developed in Section 2 and the out-of-band rejection factor given
in Figure 2, the potential interference between passive microwave sensors and the
following services occupying adjacent bands has been examined in Annex 3 to Annex 8:

0 Fixed and Mobile Services

0 Fixed-Satellite Service

0 Mobile-Sateliite Service

0 Inter-Satellite Service

0 Radiolocation and Aeronautical Radionavigation Services

0 Broadcasting Satellite Sev.ice

The results are summarized in the following paragraphs.

4. Feasibility and Criteria for Simultaneous Adjacent Band Operations

The feasibility of simultanecous adjacent band operations of the passive microwave
sensors and the Fixed and Mobile Services has been examined in Annex 3 for systems
operating near 1.4 GHz, 15 GHz, and 21 GHz. Such an operation is generally riot
feasible near 1.4 GHz at the minimum frequency separation. For typical systems

in the Fixed and Mobile Services having an e.i.r.p. in the range of 37 to 55 dBW,
simultaneous operation is feasible only if the frequency separation is increased
according to Table 2. For systems operating near 15 GHz, potential interference
can be avoided if a guard band of 126 MHz or more is used. For systems in the

21-GHz region, no potential interference is expected.

The feasibility of simultaneously operating the passive microwave sensors and
equipment in the Fixed Satellite Service has been examined. The frequency bands
studied are near 5 GHz, 11 GHz, 18 GHz, and 37 GHz for the space-to-earth 1inks

and near 6 GHz, 15 GHz, and 37 GHz for the earth-to-space links. It is generally



feasible to simultaneously operate the passive microwave sensors and the space-
to-earth links in the Fixed-Satellite Service without restrictions on the fre-
quency separation or guard bands for all bands examined, except for the 18-GHz
band where a guard band on the order of 35 MHz or more is necessary. For the
earth-to-space links, it is not feasible near 6 GHz due to the large frequency
separation required to avoid interference. Near 16 GHz, it is feasible provided
that the criteria in Table 3 are met. Near 37 GHz, simultaneous operations are

possible if a guard band of 575 MHz or more is use:.

Potential interference to the proper operation of passive microwave sensors due
to equipment in the Mobile-Satellite Service nas been examined in Annex 5 for
systems near 1.4 GHz, 20 GHz, and 37 GHz. Simultanecous adjacent band operation
with the space-to-earth 1inks is possible near 1.4 GHz for guard bands equal to
or larger than 19 MHz, This operation is also possible near 20 GHz and 37 GHz
provided that the criteria as indicated in Tables 4 and 5 are met. Simultaneous
operation with the earth-to-space 1ink is feasible if the guard band 1s at least
96 MHz, 390 MHz, and 750 MHz for systems near 1.4 GHz, 20 GHz, and 37 GHz

respectively.

It is generally feasible to operate the passive microwave sensors simultaneously
with the Inter-Satellite Service in the 50- to 70-GHz range. The same is true for
the Radiolocation and the Aeronautical Radionavigation Services near 4 GHz and

15 GHz. For systems near 1.4 GHz, severe interference prevents such operations.

The feasibility of operating a broadcasting satellite and a radiometer simul-
taneously in adjacent bands has been examined in Annex 8 in the 12-GHz region.

The interference level at the radiometer due to mainlobe coupling of the back-



scattered signal from a broadcasting satellite is only one decibel below the
sensor threshold, A frequency separation of slightly more than the minimum

separation would ensure the proper operation of the sensor.

5. Conclusion

The potential interference between passive microwave sensors and equipment in
variouy services operating in adjacent bands has been examined using the trans-
mitter and receiver models developed in Section 2. These models assume an
out-of-band asymptotic roll-off rate of 60 ¢B and 80 dB per decade for the trans-
mitter and the receiver respectively. These characteristics represent a very

conservative, worst-case condition.

The feasibility of simultanecus adjacent band operation between radiometers and
active services varies from one active service to another and from one frequency
band to another. Based on the active services and frequency bands examined, three

conclusions can be drawn regarding the feaibility of simultaneous operation:

(1) Feasible without restriction on frequency separation.
Services that fall in this group include the Fixed and
Mobile Services at 21 GHz, the space-to-earth link in
the Fixed-Satellite Service at 5 GHz, 11 GHz, and 37 GHz,
the Inter-Satellite Service, and the Radiolocation and

Aeronautical Radionavigation Services at 4 GHz and 15 GHz.

(2) Conditionally feasible with the proper choice of frequency

separation.
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The proper choice of frequency separation makes simultaneous
adjacent band operation feasible for some active services that
would otherwise not be possible. These servises include the
Fixed and Mobile Service at 1.4 GHz and 15 GHz, the
space-to-earth 1ink in the Fixed-Satellite Service at 18 GHz,
the earth-to-space link in the Fixed-Satellite Service at

15 GHz and 37 GHz, the Mobile-Satellite Service, and the
Broadcasting Satellite Service. The required frequency

separation is detailed in Tables 2-5,

(3) Not feasible.
Among various active services examined, some cannot be operated
simultaneously with passive microwave sensors in adjacent bands
due to serious potential interference. These services usually
have high e.i.r.p. and the frequency separation necessary to provide
sufficient out-of-hand rejection would be too large to be practical
for adjacent band services. The earth-to-space link in the Fixed-
Satellite Service at 6 GHz and the Radiolocation and Aeronautical

Radionavigation Services at 1.4 GHz belong to this group.

The feasibility of simultaneous operation analyzed is based on the characteristics
of typical or representative equipment. Resuits of this report are therefore

applicable for systems with similar charactertistics. For systems with different
characteristics, the sharing feasibility may be analyzed by following the approach

and procedures of this report.

Reference

(1) Recommendations and Reports of the ,CIR, 1978, vol. II, Space Research and
Radioastronomy, International Radio Consuttative Committee (CCIR], Report 694,
pp. 292-313.




TABLE 1. Sensor Interference Thresholds and Sensor Bandwidt's

Frequency (GHz) Interference Threshold Bandwidth (MHz)
(dB(W))
Near 1.4 -165 100
Near 2.7 ~-166 60
Near 5 ~-158 200
Near 6 -158 400
Near 11 -156 100
Near 15 -160 200
Near 18 ~160 200
Near 21 ~160 200
22,237 -155 300
Near 24 -157 400
Near 30 ~-156 500
Near 37 -146 1000
Near 55 -157 250
Near 90 -138 6000

Above 100 ~150 2000
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TABLE 2. Criteria for Simultaneous Operations «f the Passive Microwave

Sensors and the Fixed and Mobile Service Near 1.4 GHz

|  Earth Station Required Frequency Required Guard Band
evivrop, Separation (MHz)
(dBW) o (MHz)
<17 55 --
| - 20 60 2
30 88 30
40 115 57
| 50 154 96
| 60 198 140 |

TABLE 3. Criteria for Simultaneous Operations of the Passive Microwave
Sensors and the Earth-to-Space Link of the Fixed Satellite
Service Near 15 GHz.

100 768 634

I |
I |
| Earth Station Required Frequency Required Guard Band |
| e.i.r.p. Separation (MHz) I
} (aBW) (MHz) ’
| 40 144 10 |
| 50 192 58 l
| 60 252 118 I
| 70 324 190 |
| 80 432 298 |
{ 90 576 442 {
I I
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TABLE 4. Criteria for Simultaneous Operations of the Passive Microwave Sensors
and the Mobile-Satellite Service Near 20 GHz
(Space-to-Earth Link)

|

l

| Pfd at Earth's Surface Required Frequency Required Guard Band

I dBW/ (m -+ MHz ) Separation (MHz)

% (MHZ )

| -110 260 0 |
] -100 340 70

| -90 460 190

| -80 560 290 |
; -70 760 490

TABLE 5. Criteria for Simultaneous Operations of the Passive Microwave
Sensors and the Mobile-Satellite Service Near 37 GHz
(Space-to-Earth Link)

Pfd at Earth's Surface Required Frequency Required Guard Band

! |
l I
| dBw/ (M2 . MHz ) Separation (MHz) l
I (MHz) |
} |
| -100 1300 0 ;
l

{ -90 1700 350

{ -80 2300 950 |
| -70 2800 1450

I
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Annex 1

Derivation of Qut-of-Band Rejection Factor

The out-of~band rejection factor is to account for the mismatch in frequency and
bandwidth between the transmitter and thr radiometer. It is a function of the
frequency response of the radiometer and the spectrum of the interference. The
out-of-band rejection factor, denoted by B, is defined as:

f AZ(,) B(y) du

g = —=

Jr B(w) du

-0

where A{w) and B(w) represent the radiometer amplitude response, normalized

to have unity gain, and the interference spectrum respectively. For the purpose
of this report, AZQn)is modeled as a bandpass filter with a 3-dB bandwidth Bp
Hertz and B(w) is modeled as a bandpassed signal with a 3-dB bandwidth By Hertz.
The Tow-pass equivalent of A(w) and B{w) denoted respectively by AL(m) and

Bi(w) are of the following forms:

ALZ(m) =
N
(2% 4 4
1.BR
1
BL(w) =
2N
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where Np an Np represent the number of poles in the receiver and the transmittor

filters respectively.

If the interference is AF hertz away from the receiver, i.e., the distance
between the center frequency of the interference and the radiometer center
frequency is AF hertz, then the out-of-band rejection factor in terms of

AL(w) and By (w) is:

[+o]

2
A “(w) By (w-2maF) du

B s -y

j"" BL(w) dw

-

It is noted that AF is referred to as the frequency separation between A(w) and
B{w). Substituting the expression for A_(w) and By (w) into the above equation,

becomes

® 2N -1 2N
f[(;‘é’? Tenl g Pen
B = —=2

J [(;'%I_) + 1] ! dw
It is apparen%nfrom the above expression that B depends on By and Bp for a given
AF, Ng and Nj. The dependence of 8 on By and Bp can be eliminated by introducing
two parameters into the above expression. The first parameter is the normalized

bandwidth, By, defined as:
By = By/Bgp.
The second is the normalized frecquency separation, o Fy, defined as:

AFN = 24F/(Bp+By)
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Using the definition of By and AFy, the out-of-band rejection factor becomes:

2N
® 2N -1 x={14B,)aF, 1 -1 ® 2N -1
o [ocR e ety dx/ft<-gi~> L) o
N

-0

which depends, for a given AFy, Np, and Ny, only on the ratio of the bandwidth of

the transmitter and the receiver.

A computer program has been written to evaluate the out-of-band rejection factor.
A set of curves have been generated to provide the out-of-band rejection as a
function of the normalized frequency separation for selected values of By, Np, and

Ni. These curves are shown in Figures 2 through 9.

Two examples are given below to illustrate how to determine the ou‘-of-band

rejection factors assuming Np = 4 and Ng = 3.

Example 1

If the radiometer bandwidth (BR) is 100 MHz, the interference bandwidth (Bj) is
10 MHz, and the frequency separation (AF) between the center freguencies or the
radiometer and the interference is 55 MHz, then one can determi. . the out-of-band
rejection factor as follows:
Step 1. Determine the ncrmalized bandwidth By.
By = By/Bp = 10 MHz/100 MHz = 0.1
Step 2. Determine the normalized frequency separation AFy,

2 x 55 MHz/(100 + 10) MHz

1l

AFy = ZAF/(BR+BI)

it

1.0
Step 3. Determine the out-of-band rejection factor from
Figure 2 using the curve for By = 0.1.

At AFy = 1.0, out-of-band rejection = 6 dB (approximately).
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Since the handwidth of the interference is relatively narrow compared to the
radiometer bandwidth, the out-of-band rejection factor is approximately equal to
the attenuation of the radiometer filter at AF hertz away from the center

frequency (see Figure 11A). Specifically,

-y _
Br\’\AL (w) -((..9.’...)84.])
wz2mAF "B w=21(55 MHz)
8

:(—‘9_.) +]

m™Bp w=2n(55 MHz)
- [{2n)(55 MHz)]8

7 (100 MHz) 4 + 1

3.14 or 4.97 dB

1

The out-of-bhand rejection as determined above agrees with Figure 2.

Example 2
Assuming all conditions remain the same as those in Example 1 with the only
exception that AF is now 220 MHz instead of 55 MHz, the out-of-band rejection
can be determined as follows:
Step 1. Determine the normalized bandwidth By.
By = By/BR = 10 MHz/100 MHz = 0.1
Step 2. Determine the normalized frequency separation AFy.

AFy = 2aF/(Bp + Bp) = 2 x 220 MHz/(10 + 100) MHz

4.0
Step 3. Determine the out-of-band rejection factor B from
Figure 2 using the curve for By = 0.1.

At 6Fy = 4.0, 8 Y52 dB
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Again, the out-of-band rejection can be verified by computing the attenuation

of the radiometer forw= 2raF (see Figure 11B), i.e.,

- 8
8 2 A () 5 (o) s 1

wednAF R

(2n) (220 MHz) -8
e S L
5

w=2n (220 MHz)

i

1.4 X 10° or 51.4 dB

i

which also agrees with the results of Figure 2.



Annex 2
The Revision of the Expression for Guard Bands

One of the criteria developed in this report to enable simultaneous operacion of
radiometers and other active services is expressed in terms of guard bands, Bg.
For the purpose of this report, the guardband is the minimum allowable distance
in frequency between the bandedge of the occupied bandwidth of the interference
and the 3-dB corner frequency of the radiometer filter (see Figure 12). The
occupied bandwidth of the interference is the bandwidth that contains 99 percent
of the total interference power. For practical purposes, the total power of

the interference is defined as:

108,
A
-ToB, ) + ]

where By is the 3-dB bandwidth of the interference, Ny is a parameter that

1._1

A 1
z.,,q
2

determines the roll-off rate of the interference spectrum and is assumed to be

3 for this report.

The occupied bandwidth, By, can be obtained by equating the following equation.

“_ 108,
1 1
df = 0.99 df
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Using numerical method, the occupied bandwidth is found to be:

In general, BO is a function of NI'

The cumulative interference power as a function of the normalized frequency is
shown in Figure 13 for Ny = 3 and N =4. The normalized frequency is equal to
the frequency from the center of the interference spectrum divided by one-half
of the 3-dB bandwidth, By/2. The cummulative power at a given frequency Fp is
determined by the following equation.

F

P
cumulative | = |power contained| = n&g.mj__3nnmmmdf
power at Fp in (-Fp, Fp) o5 2Ny
. - (g) ~+1

p I

Having determined By, the guard band, Bg, can be easily obtained. From Figure 12,

it is obvious that
Bg = oF -0.5 Bg ~0.5 Bp.
Substituting By into the above expressicn yields an expression that relates Bg

to the frequency separation (aF), the bandwidth of the radiometer (BR) and the
bandwidth of the interference (By).

Bg o j oF - 0.58B, - 0.85B, for A

—
1
w

I
| oF - 0.5 By - 0.76 B, for N,

Hi
Y



Annex 3

Analysis of Potential Adjacent Bands Interference

Between Passive Microwave Sensors and the Fixed and Mobile Services

1. Introduction

This Annex analyzes the potential adjacent band interference betweea passive
microwave sensors and the fixed and mobile services. The analysis is performed
at three selected frequencies: 1.4 GHz, 5 GHz, and 21 GHz. The results of the
1.4-GHz analysis are typical for bands below 10 GHz, the resuits of the 15-GHz
analysis are typical for bands between 10 GHz and 20 GHz, and the results of

the 21-GhHz analysis are typical for bands above 20 GHz. Analysis approaches and

equipment characteristics are based on Report 694.

2. Near 1.4 GHz
Passive microwave sensors operating near 1.4 GHz have an interference threshold
of -165 dBW and a bandwidth of 100 MHz. The worst interference condition exists
when the sensor is located in the main beam of the interference source. This
happens when the satellite is on the horizon of the terrestrial station. The
distance from the interference source to the satellite in a 500-km orbit is

about 2500 km.

Assuming that the normalized frequency separation between the microwave sensor
center frequency and the terrestrial transmitter center frequency is 1 and that
the Fixed and Mobile S8ervices have a bandwidth of about 10 MHz, the maximum
allowable e.i.r.p. of the terrestrial station in order for the interference

threshold not to be exceeded can be calculated as follows:

Interference threshold -165 dBYW
Sensor Antenna effective area

(side Tobe) -38 dB-mé
Spreading 10s5 -139 dB/m2
Atmospheric loss 0 dB v

Out-of-band rejection (By = 0.1) 5 dB

Maximum allowable e.i.r.p. 17 dBW

3-1



30

3-2

Fixed and mobile stations near 1.4 GHz typically have an e.i.r.p in the range o
37 to 55 dBW which exceeds the maximum allowable e.i.r.p by as much as 38 dB.

order to avoid interference, the frequency separation between passive microwave

f:
In

sensors and the fixed and mobile stations must not be smaller than the following

values:
carth station Normalized Frequency
e.f.r.p. frequency separatzon
(dBW) separation (MHz) (1)
< 17 1.0 55
— 20 1.1 60
30 1.6 88
40 2.1 115
50 2.8 154
60 3.6 198
Near 15 GHz

The interference threshold for passive microwave sensors operating near 15 GHz
is ~-160 dBW and the required bandwidth is 200 MHz. There are three potential
interference paths:
o interference which occurs when the sensor is located in the
main beam of the interference source,

o interference due to additive effects of the side lobe coupiing
from multiple interference sources, and

o 1interference caused by direct overflight of an interference
source through the main beam of the radiometer.
Based on analysis of these interference paths in Report €94, the worst inter-
ference condition is the interference caused by direct overflight of an inter-
ference source through the main beam of the radiometer. This interference path

will be analyzed to determine the potential interference.

Note (1) Estimated frequency separation is for terrestrial stations with 10-MHz
bandwidths.
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The interference level, due to a single transmitter at a normalized frequency

separation of unity with a bandwidth of 80 MHz, can be calculated as follows:

Transmitted power -3 dBW
Transmitting antenna gain (side lobe) =10 dBi
Spreading loss -125 dB/me
Radiometer antenna effective area +13 dB+m?
Qut-of-band rejection (By = 0.4) -9.0 dB
Interference level -134.0 dBW

This interference level would exceed the sensor interference threshold by

26.0 dB. It is thus not feasible to simultaneously operate the sensors and the
Fixed and Mobile Services at a normalized frequency separation of unity. To
make it feasible, the normalized frequency separation between the passive micro-
wave sensor and the terrestrial stations must not be less than 2.1. This
corresponds to an out-of-band rejection of 35 dB and a received interference

level of -160.0 dBW. The corresponding frequency separation is 294 MHz.

Near 21 GHz

The feasibility of sharing the same frequency bands between passive microwave
sensors and fixed and mobile services near 21 GHz has been analyzed in Report 694
and has been determined to be feasible. Simultaneous Operation in adjacent

bands is therefore feasible for these services.




Annex 4

Analysis of Potential Adjacent Band Interference

Between Passive Microwave Sensors and the Fixed-Satellite Service

Introduction

This Annex examines the feasibility of simultaneous operations of the passive
microwave sensors and the Fixed-Satellit® Service in adjacent bands. Both the
space-to-earth {downlink) and earth-to-space (uplink) communication links of

the Fixed-Satellite Service are analyzed. The frequencies seiected for analysis
are the frequencies either currently being used or being planned for possible
future systems. These frequencies are near 5.0, 11.0, 18.0, and 37.0 GHz for the
space-to-earth links and near 6.0, 15.0, and 37.0 GHz for the earth-to-space
Tink.

Potential Interference as Determined by Space-to-Earth Links for Frequency Bands
Near 5, 11, 18, and 37 GHz

There are two possible paths by which the downlink signal of a satellite in the
Fixed-Satellite Service can cause interference to the radiometer. These two
possible paths are:

(1) Coupling of the downlink signal via the back lobe of the radiometer
antenna.

(2) Coupling of the downlink signal into the main lobe of the radiometer
antenna due to the backscatter of the earth's surface.

Both interference paths will be examined for each of the frequency bands of

interest.

2.1 Near 5 GHz

Many existing satellites in the Fixed-Satellite Service such as Intelsat IV,
Comstar, and Satcom have their space-to-earth and earth-to-space frequency at
about 4 GHz and earth-to-space frequency at about 6 GHz. The downlink frequency

is near one of the preferred frequencies for passive microwave sensing, i.e.,
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5 GHz. Passive microwave sensors operating at 5 GHz require a bandwidth of
200 MHz and an interference threshold of -168 dBW. Satellite systems in the
Fixed-Satelite Service at the 4/6-GHz frequency band typically have a downlink
e.i.r.p. of about 40 dB¥W and a bandwidth of 35 MHz.

The received interference power level due to the coupling of the downlink signal

via the back lobe of a radiometer can be computed as follows:

Fixed satellite e.i.r.p 40 dBW
Spreading Loss -162.0 dB/m?
Effective area of radiometer antenna
(back 1obe) -40,0 dB-m?
Out-of-band rejection (By=0.2, 4AFy=1.0) -7.0 dB
Received interference power level -169.0 dBW

The received interference power level is 11 dB below the sensor interference
threshold. It would take approximately 17 satellites simultaneously in view of

the radiometer in order to exceed the -158-dBW sensor threshold.

The interference power level due to the coupling of the downlink signal into the
main lobe of the radiometer antenna by isotropically backscattering from the

Earth can be estimated as follows:

Fixed satellite e.i.r.p 40.0 dBW
Spreading loss (fixed satellite to earth) -162.0 dB/m€
Reflectivity factor (50% loss) -3.0 dB
Surface area within main Tobe of the

radiometer antenna +52.0 dB-mé
Spredding loss (Earth to radiometer) ~125.0 dB/m@
Radiometer antenna effective area +35.0 dB-m2
Out-of-band rejection (By = 0.2,AFy = 1.0) -7.0 dB

Received interference power level -170.0 dbW

The received interference power level is 12 dB below the sensor interference

threshold. This mode of interference is not expected to cause problems.
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2.2 Near 11.0 GHz

Fixed satellites operating near this /requency typically have a downlink e.i.r.p.

of 50 dBW and a bandwidth of 35 MHz. Radiometers operating near 11 GHz require
a bandwidth of 100 MHz and a sensor interference threshold of -156 dBW. The
effective area of the radiometer antenna at this frequency is estimated to be
+13.0 dB*m? and -60 dB-mé for the main lobe and back lobe. The received inter-
ference Tevel can be calculated as follows:

(a) back lobe coupling of the downlink signal

Fixed satellite e.i.r.p. 50.0 dBW
Spreading loss -162.0 dB/m2
Effective area of radiometer (back lobe) -60.0 dB-mé

Qut-of-band frequency rejection (By = 0.2) -7.0 dB

Received interference level ~-179.0 dBW

The received interference level is 23 dB below the sensor interference threshold.

This interference path therefore does not result in any potential interference.

(b) Coupling of the backscattered downlink signal into the main lobe of the

radiometer antenna

Fixed satellite e.i.r.p 50.0 dBW
Spreading loss (fixed satellite to earth) ~162.0 dB/m
Reflectivity factor (50% loss) -3.0 d8
Surface area within main lobe of
radiometer antenna 67.0 dB-ml

Spreading loss (earth to radiometer) -125.0 dB/m@
Radiometer antenna effective area +13.0 dB-m2
Out-of-band rejection (By = 0.2) -7.0 dB

Received interference level -167.0 dBW

The received interference level in both cases is significantly below the

-156-dBW threshold.



2.3 Near 18.0 GHz

Fixed satellites operating in this frequency band are yet to be developed. For
the purposes of this study, the satellite is assumed to have the characteristics
given in Annex II, Report 694. It is assumed that the satellite would have

22.4-dBW transmitter power, 50-dBi antenna gain, and a bandwidth of 35 MHz.

Radiometers operating near 18 GHz have a sensor interference threshold of
-160 dBW and a bandwidth of 200 MHz. The received interference level can be
calculated by following the steps in Section 2.2 of this Annex and by

substituting into the calculation the following applicable parameter values.

Radiometer antenna effective area (main lobe) 10.5 dB-m?
Radiometer antenna effective area (back lobe) -63.0 dB-m?

Surface area in view of the radiometer antenna 63.0 dB:m@

The resultant interference level as received by the sensor is -159.6 dBW and
-151.1 dBW for the first and the second interference paths respectively. These
received levels are based on a unity normalized frequency separation. The
received interference Tevel for the second path (i.e., main lobe coupling of the
back-scattered downlink signal) is almost 9.0 dB above the sensor interference
threshold. To avoid potential interference, the frequency separation must be
increased to equal to or greater than 1.4 times half of the sum of the 3-dB band-
widths of the radiometer and the fixed satellite. For a 35-MHz fixed satellite
bandwidth, this corresponds to a frequency separation of at least 165 MHz. Thus
simul taneous operation at this frequency is feasible only if the satellite down-
Tink frequency is separated frem the sensor center frequency by more than

165 MHz corresponding to a guard band of about 35 MHz.

<
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2.4 Near 37 GHz

3.1

The feasibility of cochannel sharing at this frequency was examined in Annex II,
Report 694 and it was determined that the space-to-earth 1ink would not cause
interference to the sensor. Therefore no interference is expected when the radio-
meter and the satellite in the Fixed Satelli*e Service are in adjacent bands.

Potential Interference as Determined by the Earth-to-Space Links for Frequency
Bands Near 6, 15, and 37 GHz.

The uplink of an earth station in the Fixed-Satellite Service can potentially
interfere with the operations of microwave sensors. The maximum interference
jevel at the radiometer occurs when the radiometer is in the main beam of a fixed
earth station. Assuming a 30° elevation angle of the earth stiation, the inter-

ference level at the radiometer is determined in the following paragraphs.

Near 6 GHz

As mentioned in Section 2.1, many satellites in the Fixed-Satellite Service
utilize the 4- and 6-GHz bands for downlink and uplink respectively. The 6-GHz
uplink signal of the fixed satellite is near one of tie frequencies preferred for
microwave sensing. Earth stations in the Fixed-Satellite Service operating at

6 GHz typically have approximately 40-MHz bandwidth and an e.i.r.p. up to 90 dBw.
Some of these stations use large antennas (30 meter) having a gain of about

60 dBi. The radiometers operating at this frequency range have a -158-dBW sensor
interference threshold and a 400-MHz bandwidth. The received interference level

can be calculated as follows:

Earth station e.i.r.p 90 dBW
Spreading loss (30° elevation angle) -130.0 dB/m@
Radiometer effective area (side lobe) -38.0 dB-m?
Out-of-band rejection (By = 0.7) -5.0 dB

Received interference level -83.0 dBW



4-6

The out-of-band rejection in the above calculation is based on a normalized
frequency separation of 1. The resultant interference levei exceeds the sensor
interference threshold by as much as 75 dB. Simultaneous operation in this case

generally is not feasible.

3.2 Near 15 GHz

Some satellites in the Fixed-Satellite Service use 11- and 14-GHz bands for down-
Tink and uplink communications. The uplink signal of these satellites is near the
15-GHz band used by passive microwave sensors and poses an interference potential
to radiometers operating near 15 GHz. At present, there are not too many earth
stations operating at this frequency. However, wider use of this frequency band
is expected in the future. The maximum e.i.r.p allowed for these earth stations

in order not to exceed the acceptable sensor interference level can be calculated

as follows:
Allowable interference threshold -160.0 dBW
Radiometer antenna effective area (side lobe) +59.0 dB-m?
Spreading loss (30° elevation angle) +130.0 d8/mé
Out-of-band rejection (By = 0.2) +7.0
Maximum allowable earth station e.i.r.p +36.0 dBW

If the e.i.r.p of the earth station is Timited to 36.0 dBW, there will be no
potential interference between passive microwave sensors and the fixed earth

stations operating in adjacent bands for all values of frequency separation.
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If the e.i.r.p. of the earth stations exceeds 36 dBW, it is necessary then to

increase the frequency separation accordingly.

Earth station Normalized Frequency
e.i.r.p Frequency Separation
aBU Separation, Fy F, MHz

40 1.2 144

50 1.6 192

60 2.1 252

70 2.7 324

80 3.6 432

90 4.8 576

100 6.4 768

The above values of frequency separation are based on a 40-MHz bandwidth of the
earth station. For systems such as the Intelsat V earth stations which have a
80-MHz bandwidth and a 89-dBW e.i.r.p, the required frequency separation is

about 670 MHz correspording to a guard band of about 502 MHz.

Near 37 GHz

The characteristics of the earth station of this yet-to-be developed system is
based on Annex II, Report 694 where it has been assumed that the earth station
employs a broadband spread-spectrum system and the e.i.r.p is 86 dBW. The band-
width of the radiometer at this frequency is 1000 MHz. The bandwidch of the
earth station can be assumed to be 50% of the sensor bandwidth. The received

interference level can be calculated as follows:

Earth station e.i.r.p. 86.0 dBW
Spreading loss (30° elevation angle) -130.0 dB/m2
Atmospheric absorption -0.5 dB
Radiometer antenna effective area
(side Tobe) -67.0 dB-m2
Out-of-band rejection (By = 0.5) -9.0 dB
Received interference power level -120.5 dBW

The received interference power level exceeds the sensor interference threshold

by 25.5 dB. To avoid interference, it is necessary to increase the frequency
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separation to about 1.5 GHz corresponding to a normalized frequency separation

of 2.0 and a guard band of about 575 MHz.

Conclusion

Based on frequency bands examined, the downlink (space-to-Earth) of the satellite
in the Fixed Satellite Service generally does not present any problems that would
make it difficult to operate passive microwave sensors in bands adjacent to the
Fixed Satellite Service bands, except near 18 GHz where a guard band of 35 MHz is
needed. The tplink on the other hand is a potential interference source in all
frequency bands examined. To avoid interference, it would be necessary to either
Timit the e.i.r.p of the earth stations in the Fixed Satellite Service or maintain
a large frequency spacing of the order of 1 GHz between the radiometer and the

earth station.
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Annex 5

Analysis of Potential Interference Between Passive Microwave Sensors

and the Mobile-Satellite Service Operating in Adjacent Bands

Introduction

The Annex analyzes the potential interference between passive microwave sensors
and the Mobile-Satellite Service occupying adjacent bands. Three freduency
bands have been chosen for analysis: 1.4 GHz, 21 GHz, and 37 GHz. The approach
is similar to the approach used for the analysis of interference between passive

microwave sensors and the Fixed-Satellite Service.

Near 1.4 GHz

Passive microwave sensors operating near 1.4 GHz have a sensor interference
threshold of -165 dBW and a bandwidth of 100 MHz. There are a few bands near
this frequency which are used by mobile satellites for uplink and downlink com-
munications. The interference situation between passive microwave sensors and
mobile satellites is very similar to the situation between passive microwave
sensors and fixed satellites. The only difference is perhaps that the satellite
downlink e.i.r.p. probably is higher than that of a fixed satellite. This is
because the earth-based receive terminals in the Mobile-Satellite Service are

in general small terminals. For the purpose of this study, it is assumed that
the mobile sateilite has A downlink e.i.r.p. of 42 dBW and a bandwidth of 10 MHz.
This corresponds to a power flux density of -154 dBW/me at the surface of the
earth in a 4-kHz reference bandwidth. This is the maximum allowable pfd at this

frequency for space stations sharing frequency bands with terrestrial services.

For the earth station, it is assumed that the uplink e.i.r.p. is 55 dBW. This
is the maximum value allowed for Terrestrial Radiocommunication services sharing

frequency bands with Space Radiocommunication services.
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The earth station 1s further assumed to have a transmitter power of 13 dBW

(20 watts) and an antenna with maximum gain of 42 dB.

The maximum interference due to the uplink of the mobile satellite occurs
when the radiometer is in the main beam of the interference source. The

maxfium interference level as received by the radiometer can be calculated

as follows:
Earth station e.i.r.p. 42,0 dbW
Spreading loss (30° elevation) -130.0 dB/m?
Radiometer antenna effective area {side lobe) ~38.0 dB-m?
Out-of-band rejection (By = 0.1) -5.0 dB
Received interference level ~131.0 dBW

The received interference level is 34 dB above the sensor interference threshold.
Interference to the radiometer would occur whenever the radiometer is located

within 9.1° of the mobile station main antenna axis. To prevent the loss of data,
the spacing between the radiometer center frequency and the mobile station center

frequency must not be less than 154 MHz. The corresponding guard band is 96 MHz,

The worst interference situation due to the downlink of the mobile satellite is
caused by the isotropically backscattered signal. The received interference

Tevel can be estimated as follows:

Mobile satellie e.i.r.p 42.0 dBW
Spreading loss (from satellite to earth) -162.0 dB/m2
Reflectivity (50% loss) ~3.0 dB
Area in view of radiometer antenna 63.0 dB-m@
Radiometer antenna effective area

(main lobe) 35,0 dB+m@
Spreading loss (from earth to radiometer) -125.0 dB/m?
Out-of-band rejection (By = 0.1) -5.0 dB

Received $nterference level -155.0 dBW
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The received interference level is 10 dB above the sensor interference threshold,
The mobile satellite downlink is therefore capable of interfering with the
operation of the sensors in adjacent bands. To protect the sensor operations,

a frequency separation of about 77 MHz or more is necessary. The corresponding

guard band is about 19 MHz.

Near 20 and 37 GHz.

Mobile satellite systems in these frequency bands are yet to be developed. The
feasibility of sharing the same frequency bands between microwave sensors and

the Mobile-Satellite Service was analyzed in Report 694 for these bands based on
a hypothetical model of the mobile-satellite system. This model assumes that

the mohile-satellite system uses a broad-band spread-spectrum technique. Report
694 shows that it is feasible to share the same frequency bands between microwave
sensors and the space-to-Earth 1inks of the Mobile Satellite Service if the
mobile satellites do not produce pfd levels at the surface of earth, in excess

of -128 dBW/(m2+MHz) at 20 GHz and -117 dBW/(mé-MHz) at 37 GHz. For adjacent
band operations, these pfd limits can be increased by an amount equal to the
out-of-band rejection which is a function of the frequency separation between

the radiometer and the mobile satellite downlink frequency. The sensor bandwidth
is 200 MHz and 1000 MHz respectively for 20 GHz and 37 GHz. Assuming that the
bandwidth of the mobile sateilite downlink is comparable to the sensor bandwidth,
the criteria for the sharing of adjacent bands can be calculated and are shown

in the following table.



Criteria to protect passive microwave sensors against interference
from the space-to-earth l1inks of the mobile satellites operating
in the adjacent bands,

Mobile Satellite Frequency Separation (MHz)
pfd at earth
surface, dBW/ (mé+-MHz ) 20-GHz Band  37-GHz Band
-110 260 -
-100 340 1300
~90 460 1700
-80 560 2300
-70 760 2800

The maximum interference level at the radiometer due to a mobjle satellite uplink
occurs when the radiometer is in the main beam of the mobile earth station,

Assuming a 30° elevation angle and a 86 dBW e.i.r.p. for the earth station, the
received interference level is -111.5 dBW at 37 GHz for cochannel interference
(Annex 2, Report 694). This corresponds to -122.5 dBW for adjacent band inter-
ference with a minimum frequency separation, i.e., 1000 MHz. This interference
level is 23.5 dB above the sensor threshold. To avoid interference, it is necessary
to separate the interferer and the sensor by 2100 MHz or more, corresponding to

a guard band of 750 MHz or larger.

Interference due to mobile satellite uplink at 20 GHz is expected to be similar
to the 37-GHz situation. The necessary frequency separcz*ion to avoid interference
is 660 MHz corresponding to an out-of-band rejection of 18.5 dB and a guard band of

390 MHz.
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ANNEX 6

Analysis of Adjacent Band Interference Between Passive Microwave Sensors

and the Inter-Satellite Sarvice

Introduction
This Annex illustrates the techniques used in analyzing the adjacent band inter-
ference between passive microwave sensors and the Inter-Satellite Service. The
WARC '79 allocates these frequency bands for the Inter-Satellite Service:
22.55-23.55, 32-33, 54.25-58.2, 59-64, 116-134, 170-182, and 185-190 GHz. This
Annex analyzes the adjacent band interference for systems in the 50- to 70-GHz
region. System characteristics of the Inter-Satellite Service in this frequency
region is based on Anrex 3, Report 694. There are three possible inter-satellite
transmission links that can interfere with sensor operations:

0 geostationary-to-geostationary links,

0 genstationary-to-low-orbit satellite 1inks, and

o low-orbit-to-geostationary Tinks.

An analysis in Annex 3, Report 694 shows that the first 1link, i.e., the trans-
mission from a geostationary satellite to another geostationary satellite, will
not interfere with the operations of a passive microwave sensor operating in the
same frequency band. Consequently, there will be no interference to sensors in

adjacent bands and this Tink will therefore not be analyzed.

The analysis in Report 694 also shows that the interference caused by the second
link, i.e., the transmission from geostatiénary satellite to a low-orbit satellite,
is insignificant because the probability and duration of the occurrence of inter-
ference which exceeds the sensor threshold are very small. This Tink will there-

fore not pose any problems for the passive microwave sensors in adjacent bands.
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The only inter-satellite 1ink that must be analyzed is the transmission from a

Tow-orbit satellite to a geostationary satellite.

Interference Due to Transmission from a Low-Orbit Satellite to a Geostationary
Satellite

For the purpose of this analysis, the characteristics of the lTow-orbit satellite
in the inter-satellite system operating in the 50- to 70-GHz region are derived
from Report 694:

Transmitter e.i.r.p 23.1 dBW

Bandwidth 2 GHz

Radiometers operating in this frequency range are assumed to have a bandwidth of
250 MHz and an interference threshold of -157 d8W., The amount of interference
received by the radiometer from a Tow-orbit satellite is a function of the
frequency separation and the distance between the two spacecraft. Assuming that
the frequency separation between the radiometer and the Tow-orbit satellite is
such that the normalized frequincy separation is unity, the minimum distance

between the two spacecraft can be calculated as follows:

Transmitter e.i.r.p 23.1 dBW
Rauiometer antenna effective area (sidelobe) -56.3 dBm2
Out-of-band-rejection (By = 8) -14.0 dB
Sensor interference threshold -(-157.0 dBW)
Required spreading loss T09.8 dB/m2

At a normalized frequency separation of 1, the required spreading lnss is

109.8 dB/m? in order for the interference level not to exceed the sensor inter-
ference threshold. This corresponds to a distance of 87.0 km. If the distance
between the two spacecraft is Tess than 87.0 km, it would be necessary to increase

the frequency separation accordingly.



Distance Required frequency
in km separation (GHz)
87 1.125
80 1.238
70 1.238
60 1.350
50 1.463

It is unlikely that two spacecraft would be closer to each other than 87.0 km,
As a result, it is not expected that the low-orbit-to-geostationary satellite
transmission would cause interference to microwave sensors operating in adjacent

frequency bands.

Conclusion

Simul taneous adjacent band operation of the passive microwave sensors and the
Inter-Satellite Service in the 50- to 70-GHz bands is feasible. There is no inter-
ference expected due to the geostationary-to-geostationary satellite transmission,
the geostationary-tc-low-orbit satellite transmission, and the Tow-orbit-to-

geostationary satellite transmission.
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Annex 7

Analysis of Potential Adjacent Band Interference Between Passive Microwave

Sensors and the Radiolocation and Aeronautical Radionavigation Services

. Introduction

The potential adjacent band interference between microwave sensors and the Radio-
location and Aeronautical Radionavigation Services has been analyzed for systems
operating near 1.4 GHz, 4 GHz, and 15 GHz. Many of the transmitters in the Radio-
location and Aeronautical Radionavigation Services operating at these frequencies
are pulsed radars. In general, the response of a receiver to a puised signal of
given peak power and carrier frequency is different from the response to a CW
signal of the same peak power and the same carrier frequency. The out-of-band
rejection due to the mismatch of bandwidths and frequencies hetween the receiver
and the transmitter is consequently very difficuit to evaluate. Fortunately,

for systems considered in this Annex, the out-of-band rejection can be approxi-
mated by treating the pulsed signal as a CW signal with an effective pow2r equal
to the transmitter power reduced by a factor equal to the duty cycle of the
transmitted signal. This approximation is valid as long as the product of the
receiver bandwidth and the pulse width is much greater than 1. This requirement

is satisfied for the systems considered in the Annex.

Near 1.4 GHz

Microwave sensors operating at this frequency have a threshold of -165 dBW and a
receiver bandwidth of 100 MHz. Transmitters in the Radiolocation and Aeronautical
Radionavigation at this frequency are typically pulsed radars having the following

characteristics:

Transmitter power (peak) 67 dBu
Antenna gain 34.5 dBi
Pulse repetition rate 310 to 364 pps
Pulse duration 2 uS

Transmitter bandwidth 14.4 MHz
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The product of the radiometer bandwidth and the puise width is approximately 200
which is much greater than 1. It is thus possible to estimate the out-of-band
rejection by treating the bulsed signal as a CW signal with an effective power
equal tc the peak power reduced by the duty cycle. Using a pulse repetition
rate of 333 nps, the out-of-band rejection is estimated to be about 5 dB at a
normalized frequency separation of 1. The effective transmitted power is

35.2 dBW.

The maximum interference level occurs when the radiometer is located in the main
beam of the interference source. This occurs at low elevation angles as seen
from the radar station. The interference level as received by the radiometer

can be calculated as follows:

Effective transmitted power 35.2 dBW
Transmitter antenna gain 34.5 dBij
Spreading loss (0° elevation angle) -139.0 dB/me
Radiometer effective area (side lobe) -38.0 dB-m?
Out-of-band rejection (By = 0.1) -5.0 dB
Received interference level -112.3 dBW

The received interference level would exceed the allowable Tevel by as much as
52.7 dB. To avoid interference, a frequency separation of 270 MHz or more is .

needed.

Near 4 GHz

The sensor interference threshold is -158 dBW for this frequency. The corre-
sponding sensor bandwidth is 200 MHz. The transmitters in the Radionavigation
Service near this frequency are primarily used for world-wide radar altimetry

meastirements. These altimeters can be a CW system or a pulsed system.
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Technical characteristics of the pulsed system are as follows:

Transmitter peak power 23 dBW
Antenna gain 11 dBi
Pulse duration 0.05 to 0.1 uS

Pulse repetition rate 10 K pps

Technical characteristics of the CW system are as follows:

Transmitter power - 6 dBW

Antenna gain 11 dBi
For the pulsed system, the maximum effective transmitter power is -7 dBW which is
only 1 dB below the transmitter power of a CW system. For the purpose of this
analysis, it is adequate to combine the CW system and the pulsed system into one
and assume that the effective transmitter power is -6 dBW. The interference

level can be calculated as follows:

Effective transmitter power -6 dBW

Antenna gain (back Tobe) -5 dBi

Spreading loss (altimeter to sensor [1]) -134 dB/né
Effective area of the radiometer -38 dB+m?
antenna (side Tobe)

Out-of-band rejection (By = 0.1) -5 dB

Received interference level -

The interference level is -188 dBW from a single interference source. Since there

are a large number of altimeters in operation today, a large number of them can be

simultaneously in view of a radiometer. It is estimated in Report 694 that at most
750 altimeters can be simultaneously in view of a radiometer near the coastal

and ocean areas. The total interference level from 750 interferers is -159 dBW

which exceeds the allowable Tevel by only 1 dB.

Near 15 GHz
Microwave landing systems are being planned in the vicinity of 156 GHz. The
technical characteristics of these systems are:

Transmitter power 7 dBW
Antenna gain 20 dBi
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Microwave sensors operating near this frequency require a 200-MHz bandwidth, and
the acceptablr interference level is ~160 dBW or less. The received interference

level can be estimated as follows:

Transmitter power 7 dBW

Antenna gain (back lobe) -10 dBi

Spreading 1oss -134 dB/m@

Effective radiometer antenna area -59 dB.m?
(side 1obe)

Out-of-band rejection (By = 0.1) -5 dB

Received interference level =207 dBW

The received interference level from a single source is 41 dB below the sensor
interference threshold. It would take almost 12,500 interferers to be simulta-
neously in view of a radiometer in order for the received interference level to
exceed the sensor threshold. The probability for this to occur is believed to

be very small,

5. Conclusion
Potential adjacent band interference between passive microwave sensors and the
Radiolucation and Aeronautical Radionavigation Services has been analyzed for
systems near 1.4 GHz, 4 GHz, and 15 GHz. It is concluded that it is feasible to
operate passive microwave sensors in bands adjacent to the frequency bands of
Radiolocation and Aeronautical Radionavigation Services for the 4-GHz and 15-GHz
bands. For the 1.4-GHz band, it is feasible only if the frequency separation
between the microwave sensors and the transmitters in the Radiolocation and

Aeronautical Radionavigation Services is more than 270 MHz.



ANNEX 8

Analysis of the Potential Adjacent Band Interferznce Between

Passive Microwave Sensors and the Broadcasting Satellite Service

1. Introduction

Advances in satellite technology have made it economically feasible to broadcast
TV signals from satellites directly to users. In direct TV broadcasting, the
earth receive terminals are much smaller than the receive terminals in other
services, such as the Fixed Satellite Service. Consequently, a higher downlink
e.i.r.p. is necessary to maintain a good picture quality. This Annex examines
the potential interference to passive microwave sensors due to the high downlink

e.i.r.p. of the satellite in the Broadcasting Satellite Service.

Near 12 GHz
Direct broadcasting satellite systems have not yet been fully developed. For
the purpose of this analysis, it is assumed that a direct broadcasting satellite

in the 12-GHz band would have the following characteristics.

Downlink e.i.r.p. 60 dBW
Antenna Gain 37 dBi
TWT Output Power 200 Watt
Bandwidth 35 MHz

The assumed characteristics are similar to the system characteristics of the

Japan Broadcasting Satellite.

These are two potential interference paths:

o Coupling of the downlink signal through the backlobe of the
radiometer antenna,

o Coupling of the isotropically backscattered downlink signal
through the mainlobe ¢f the radiometer antenna.

The interference Tevel will be calculated for each of these two possible inter-
ference paths.
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2.1 Interference Tevel due to the back lobe coupling of the downlink signal

Transmitter e.i.r.p 60 dBW
Spreading 1oss -162 dB/mé
Effective area of the radiometer antenna(back Tobe) -60 dB-m2
Qut-of-band rejection (By = 0.2) -7 dB
Received interference level -169 dBW

The sensor interference threshold for sensors operating near 11 GHz is -156 dBW.
It thus appears that this interference path would not cause interference tu

sensor operations.

2.2 Interference due to main lobe coupling of the backscattered signal

Transmitter e.i.r.p. 60 dBW

Spreading loss (from satellite to earth) -162 dB/me
Reflectivity (50% loss) -3 dB
Surface area within main lTobe of radiometer antenna +67 dB~m§
Spreading loss (from earth to radiometer) -125 dB/m=<
Radiometer effective antenna area (main lobe) +13 dB+m@
Out-of-band rejection (By = 0.2) -7 dB
Received interference level -157 dBW

The received interference level due to the backscattered signal is 12 dB stronger
than the level due to direct coupling through the back 1ube of the radiometer
antenna. Even though neither one is strong enough to exceed the sensor threshold,

the second interference path represents a potential interference source.

3.0 Conclusion
The potential interference between passive microwave sensors and the Broadcasting
Satellite Service has been examined for systems operating near 12 GHz. It appears
that it is feasible to simultaneously operate the passive microwave sensors and
the space-to-earth links of the Broadcasting Satellite in adjacent bands if care

is taken to ensure that the signal from the Broadcasting Satellite, backscattered
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from the surface of earth, would not exceed sensor threshold. The simulta-
neous operation of the passive microwave sensor and the earth-to-space link of
the Broadcasting Satellite is feasible if the earth station e.i.r.p. is limited
to 36.0 dBW. {Anne. 4). If the earth station e.i.r.p. exceeds 36.0 dBW, fre-
quency spacing between the sensor and the transmitter must be increased to avoid

interference.
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