





































































































































































































































































































































































































PROPOSED RSEC FOR FIXED RADARS
IN 2700-2900 MHz BAND

Effective Dates

Technical criteria for new fixed radars in the 2700-2900 MHz band shall
become effective on 1 October 1982. (New radars are those for which the
initial system procurement contract is let after 1 October 1982.)

Applicability

These criteria are applicable to fixed radars in the 2700-2900 MHz band.
All radars subject to these criteria shall be designed and constructed to
meet the basic minimum electromagnetic compatibility (EMC) requirements
stated herein. In addition to the basic minimum EMC requirements, radar
systems in the 2700-2900 MHz band which are intended to operate in close
proximity to other equipment in the band or operate in areas specified in
Annex D shall be designed and constructed to permit, without modification
to the basic equipment, field incorporation of EMC enhancement provisions.
These additional provisions will improve the electromagnetic compatibility
of the radar thus improving the accommodation of the radar system in the
band. These provisions are stated in paragraph 9. i

Radar Emission Bandwidth

The emission bandwidth for radars at the antenna input shall not exceed the
following limits:

3.1 For non-FM pulse radars (including spread spectrum or coded pulse
radars):

B(-40dB) = 6.2
/trt
For non-FM pulse radars, a pulse rise time of less than 0.lt shall be
justified.
3.2 For FM-pulse radars (intentional FM):
B(-40dB) = 6.2 + 2B .

Ject

For FM  pulse radars with pulse rise time of less than 0.1
microseconds, a justification for the short rise time shall be
provided.

3.3 For Frequency hopping radars/:

B(-40dB) = 6.2 + 2B. + Bg
trt
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For frequency hopping radars with pulse compression, but with pulse
rise time of less than 0.1 microseconds, a justification for the
short rise time shall be provided.

For frequency hopping radars without pulse compression, but with pulse
rise time of less than 0.0l microseconds, an operational justification
for the short rise time shall be provided.

3.4 TFor CW radars:
B(-40dB) = 0.0003 Fo
3.5 For FM/CW radars:
B(~40dB) = 0.0003 Fo + ZBd
Fmission Levels

The radar emission levels at the antenna input shall be no greater than the
values obtainable from the curve in Figure 2. At the frequency + B(-40
dB)/2 displaced from F, the level shall be at least 40 dB below the maximum
value. Beyond the frequencies + B(-40 dB)/2 from F, the emission level
(s) shall be below the 40 dB Eér decade (8=40) roll-—off lines of Figure 2
down to a =X dB level that 1is 80 dB below the maximum spectral power
density.

Antenna Pattern

Since electromagnetic compatibility considerations involved phenomena
which many occur at any angle, the allowable antenna patterns for many
radars may be usefully described by "median gain" relative to an isotropic
antenna8 . Antennas operated by their rotation through 360 degrees of

NOTE

7)

8)

These formulas yield the total composite B(-40 dB) bandwidth of a frequency
hopping radar as if all channels included within B, were operating
simultaneously. Individual channels will have a B(-40 dB) radar emission
bandwidth given by 3.1 or 3.2 above. For frequency hopping radars, the
radar spectrum shall not intrude into ad jacent spectrum regions on the high
or low side of the band, defined by B, more than would occur if the radar
were fixed tuned at carrier frequencies equivalent to the end values of Bg
and was complying with the constraints of 3.1 and 3.2 above.

Median gain is defined as that level over an angular region at which the

probability is 50% that the observed or measured gain at any position of
the antenna will be less than or equal to that level.
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Figure 2. Radar Emission Bandwidth and Emission Levels

0o+ - e — = m - — -y

- 40 4 See Note LN S,

-

- - o ey
Py

A4

Frequency (log scale) Fo

¢——— B(-40dB) —

3 (-xdB) +

NOTE: The roll-off slope, S, from the -40 dB to -X dB points is at 20 dB per
decade for Criteria B and C, and 40 to 80 dR per decade for Criteria D.
The maximum emission spectrum level between the -40 dB and -X dB points
for S dB per decade slope is described by the formula:

F~-F
Suppression (dB) = - S-log 2 -40
5B(-40dB)
where: %B(~40dB) < [F - F < %B(-XdB)
= o =

and: B(-XdB) = (10%) B(-40dB)



the horizontal plane shall have a ‘'median gain" of -10 dB or less,
as measured on an antenna test range, in the principal horizontal plane.
For other antennas, suppression of lobes other than the main antenna beam
shall be provided to the following levels, referred to the main beam:

first three sidelobes - 17 dB;

all other lobes - 26 dB.

Frequency Tolerance

Radar transmitters shall meet a frequency tolerance no greater than 800
parts/million.

Radar Tunability
Radar systems shall be tunable over the entire 2700-2900 MHz band.
Radar Receiver

The overall receiver selectivity characteristics shall be commensurate
with the transmitter bandwidth, as portrayed in Figure 2. Receivers shall
be capable of switching bandwidth limits to appropriate values whenever the
transmitter bandwidth is switched (pulse shape changed). Receiver image
rejection shall be at least 50 dB; rejection of other spurious responses
shall be at least 60 dB. Radar receivers shall not exhibit any local
oscillator radiation greater than -40 dBm at the antenna input terminals.
Frequency stability of receivers shall be commensurate with, or better
than, that of the associated transmitters.

Additional EMC Provisions

To improve the accommodation of radar systems in the 2700-2900 MHz band
which operate 1in close proximity. to other equipment in the band or operate
in areas specified in Annex D, the radar shall be designed and constructed
to permit, without modification to the basic equipment, field incorporation
of system EMC provisions. These provisions include the requirement to meet
specifications in accordance with paragraphs 9.1 and 9.2 below and the
recommendation to meet guidelines in accordance with paragraph 9.3 below.

9.1 Emission Levels

The radar emission levels at the antenna input shall be no greater
than the values obtainable from the curves in Figure 2. At the
frequency + B(-40 dB)/2 displaced from F_, the level shall be at
least 40 dB below the maximum value. Beyond the frequencies + B(-40
dB)/2 from F,, the equipment shall have the capability to achieve up
to 80 dB per decade (S = 80) roll-off lines of Figure 2. The emission.
levels shall be below the appropriate dB per decade roll-off lines of
Figure 2 down to a -X dB level that is 80 dB below the maximum
spectral power demnsity.
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9.2 Radar System PRF

The radar system shall be designed to operate with an adjustable pulse
repetition frequency (s), PRF (s), with a nominal difference of + 1%
(minimum). This will permit the selection of PRF’s to allow certain
types of receiver interference suppression circuitry to be effective.

9.3 Receiver Interference Suppression Circuitry

Radar systems in this band should have provisions incorporated into
the system to suppress pulsed interference. The following information
is intended for use as an aid in the design and development of
receiver signal processing circuitry or software to suppress
asynchronous pulsed interference. A description of the parametric

range of the expected environmental signal characteristics at the
receiver IF output is:

Peak Interference-to-Noise Ratio: < 50 dB
Pulse width: 0.5 to 4.0 p sec
PRF : 100 to 2000 pps

10. Measurement capability

In order to coordinate radar operations in the field, an accurate
measurement of the operating frequency is necessary. An accuracy of +
100 parts in 10° is adequate. Of comparable importance is the capability
to measure pulse rise time and spectrum occupancye. Accordingly, each
Government agency shall have access to the instrumentation necessary to
make a frequency measurement to at least + 100 parts in 10%  and suitable
oscilloscopes and spectrum analyzers to measure time and frequency
parameters necessary to determine conformance with these criteria. For
fast rise time devices, such as magnetrons, oscilloscopes with bandwidths
of at least 50 MHz should be used.
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APPENDIX D

SYSTEM CHARACTERISTICS

INTRODUCTION

This appendix contains a compendium of system characteristics of radars
presently operating and planned for the 2700 - 2900 MHz band. '
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TABLE D-1

ASR-5 SYSTEM CHARACTERISTICS*

ANTENNA CHARACTERISTICS

E.

Type:

Gain:

Beamwidth:

Polarization:

Antenna Rotation Rate:

TRANSMITTER CHARACTERISTICS

AD

B.

Output Tube:
Frequency:
Peak Power:
Pulse width:

PRF:

RECEIVER CHARACTERISTICS

AQ

B.

System Noise Figure:

Receiver Bandwidth:

Minimum Discernible
Signal (MDS):

Scope Range (NM):

Shaped beam, cosecant squared in elevation
from half power point to +30 degrees

34 dBi

elevation: 5 degrees
azimuth: 1.5 degrees

Linear, vertical, or circular;
remotely selectable

13 or 15 RPM

Magnetron (5586, DX276 or QK1643)
Tunable 2700-2900 MHz

400 - 500 kW

0.833 microseconds

Selectable 900 to 1200 PPS (2-pulse
stagger on or off)

4 dB maximum

Normal IF: 2.7 MHz
MTI IF: 5.0 MHz
Normal Video: 2.0 MHz
MTI Video: 2.0 MH=z

Normal Receiver: =109 dBm
MTI Receiver: -107 dBm

60 nautical miles

*Also applicable to ASR-4, ASR-6 and AN/FPN-47
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TABLE D-2

ASR-7 SYSTEM CHARACTERISTICS*

ANTENNA CHARACTERISTICS

A.

B.

E.

Type:

Gain:

Beamwidth:

Polarization:

Antenna Rotation Rate:

TRANSMITTER CHARACTERISTICS

Output Tube:
Frequency:

Peak Power:
Pulse width:

PRF:

RECEIVER CHARACTERISTICS

A‘

BO

System Noise Figure:

Receiver Bandwidth:

Minimum Discernible
Signal (MDS):

Scope Range (MM):

*Also applicable to AN/GPN-12

Shaped beam, cosecant squared in elevation
from upper half power point to +30 degrees

34 dBi
elevation: 5 degrees
azimuth: 1.5 degrees

Linear, vertical, or circular; remotely
selectable

15 RPM

Magnetron (DX276, 8798)

Tunable 2700-2900 MHz

425 kW

0,833 microseconds

6-pulse stagger with 1002 PPS average,

or fixed (selectable from 713 -1200
PPS)

4.75 dB

Normal IF: 2.7 MHz

MTI IF: 5.0 MHz
Normal Receiver: -108 dBm
Log Receiver: -106 dBm
MTI Receiver: -106 dBm

Log MTI Receiver: -104 dBm

60 nautical miles
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TABLE D-3

ASR-8 SYSTEM CHARACTERISTICS*

ANTENNA CHARACTERISTICS

A.

B.

C.

E.

Type:

Gain:

Beamwidth:

Polarization:

Antenna Rotation Rate:

TRANSMITTER CHARACTERISTICS

A.

B.

C.

Output Tube:
Frequency:
Peak Power:
Pulse width:

PRF:

RECEIVER CHARACTERISTICS

A.

c.

D.

System Noise Figure:

Receiver Bandwidth:

Minimum Discernible
Signal (MDS):

Scope Range (NM):

*Also applicable to AN/GPN-27

Shaped Beam, cosecant squared in
elevation from half power point to +30
degrees

33.5 dBi Normal Beam
32.5 dBi Passive Beam

elevation: 4.8 degrees
azimuth: 1.35 degrees

Linear vertical or circular, remotely
selectable

12.5 RPM

Klystron (VA-87E)
Tunable 2700-2900 MHz
1.4 MW

0.6 microseconds

4-pulse stagger with 1040 average, or
fixed (selectable from 700 - 1200 PPS)

4.0 dB maximum

Normal IF: 1.2 MHz
MTI IF: 5.0 MHz
Log IF: 1.2 MHz
MTI Video: 585 kHz

Normal Receiver: -110 dBm

Log Receiver: -109 dBm
MTI Receiver: -108 dBm

60 nautical miles
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TABLE D-4

ASR-9 SYSTEM CHARACTERISTICS*

ANTENNA CHARACTERISTICS

A.

B.

C.

D.

E,.

Type:

Gain:

Beamwidth:

Polarization:

Antenna Rotation Rate:

TRANSMITTER CHARACTERISTICS

A,

B.

Output Tube:
Frequency:
Peak Power:
Pulse width:

PRF:

RECEIVER CHARACTERISTICS

A.

B.

Ce

System Noise Figure:
Receiver Bandwidth:

Minimum Discernible
Signal (MDS):

Scope Range (NM):

Shaped Beam, cosecant squared in
elevation from half power point to +30
degrees

33.5 dBi Normal Beam
32.5 dBi Passive Beam

elevation: 4.8 degrees
azimuth: 1.35 degrees

Linear vertical or circular, remotely
selectable

15.0 RPM

Klystron (VA-87E)

Tunable 2700-2900 MHz

1.4 MW

1.05 microseconds

1200 PPS maximum. The PRF will alternate
between two Coherent Processing Intervals

(CPI’s). The PRF of the CPl's shall be
removed by 20 percent.

4,0 dB maximum
1.1 MHz

-108 dBm

60 nautical miles

*This system is in the developmental stage. Therefore, the above system
characteristics may not be representative of the production system.
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TABLE D-5

WSR~57 SYSTEM CHARACTERISTICS

ANTENNA CHARACTERISTICS

A.

B.

C.

D.

E.

Type:
Gain:
Beamwidth:

Polarization:

Antenna Rotation Rate:

TRANSMITTER CHARACTERISTICS

A.

Output Tube:
Frequency:
Peak Power:

Pulse width:

PRF:

RECEIVER CHARACTERISTICS

System Noise Figure:

Receiver IF Bandwidth:

Minimum discernible
Signal (MDS):

Scope Range (NM):

Parabolic dish (12 ft. diameter)

38 dBi
2.2 degrees
Linear, horizontal

0 to 5 RPM
-5 to +45 degrees elevation

Magnetron (QK729-733)

Tunable 2700 - 2900 MHz

500 kW
0.5 microseconds (short pulse)
4.0 microseconds (long pulse)

658 PPS (short pulse)
164 PPS (long pulse)

4.0 dB

4,5 Mz for short pulse and 0.75
MHz for long pulse

-100 dBm (short pulse)
-108 dBm (long pulse)

250 nautical miles
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TABLE D-6

WSR~-74S SYSTEM CHARACTERISTICS

ANTENNA CHARACTERISTICS

A. Type: Parabolic dish (12 ft. diameter)
B. Gain: 38 4dBi

C. Beamwidth: 2.2 degrees

D. Polarization: Linear, horizontal

E. Antenna Rotation Rate: 0 to 5 RPM

-5 to +45 degrees elevation

TRANSMITTER CHARACTERISTICS

A. Output Tube: Coaxial Magnetron

B. Frequency: Tunable 2700 - 2960 MH=z

C. Peak Power: 556 kW

D. Pulse width: 1 microsecond (shért pulse)

4 microseconds (long pulse)

E. PRF: 545 PPS on short pulse
164 PPS on long pulse

RECEIVER CHARACTERISTICS

A. System Noise Figure:

B. Receiver IF Bandwidth: Not less than 1.5 MHz for short pulse
and .375 MHz for long pulse

C. Minimum Discernible
Signal (MDS):

D. Scope Range (NM): 50, 125, and 250 nautical miles
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TABLE D-7

NEXRAD SYSTEM CHARACTERISTICS*

ANTENNA CHARACTERISTICS

A. Type: Parabolic dish (24 ft. diameter)
B. Gain: 45 dBi

C. Beamwidth: 1.0 degrees

D. Polarization: Linear, horizontal

E. Antenna rotation Rate 1 to 3 RPM

-1 to +20 degrees elevation

TRANSMITTER CHARACTERISTICS

A. Output Tube: Klystron

B. Frequency: . . Tunable 2700 - 2900 MHz
C. Peak Power: 1.0 MW

D. Pulse width: 1.0 microsecond

E. PRF 300 to 1300 PPS

RECEIVER CHARACTERISTICS

A. System Noise Figure: 4.0 dB

" B. Receiver IF Bandwidth: 1.1 MH=z

C. Minimum Discernible
Signal (MDS): =110 dBm for 0 dB SNR

D. Scope Range: 460 km Reflectivity Information
230 km Doppler Information

*This system is in the developmental stage. Therefore, the above system
characteristics may not be representative of the production system.
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TABLE D-8

AN/FPS-6 SYSTEM PARAMETERS*

ANTENNA CHARACTERISTICS

A, Type: Shaped beam, fan beam in azimuth
B. Gain: 39 dBi
C. Beamwidth: vertical: 0.85 degrees

horizontal: 3.2 degrees
D. Polarization:
E. Antenna Rotation Rate: 7.5 RPM, 20-30 CPM

TRANSMITTER CHARACTERISTICS

A. Output Tube: . Coaxial Magnetron (VSM-1143)
B. Frequency: Tunable 2700 - 2900 MHz

C. Peak Power: 3.5 MW

D. Pulse width: 2.0 microseconds

E. PRF: 250 to 400 PPS

RECEIVER CHARACTERISTICS

A. System Noise Figure: 8.0 dB
B. Receiver Bandwidth: 800 kHz

C. Minimum Discernible
Signal (MDS): Normal: =106 dBm

D. Scope Range (NM): 200 nautical miles

*Also applicable to AN/FPS-90 and AN/FPS-116
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TABLE D-9

AN/GPN-20 SYSTEM CHARACTERISTICS

ANTENNA CHARACTERISTICS

A,

B.

TRANSMITTER CHARACTERISTICS

Type:

Gain:

Beamwidth:

Polarization:

Antenna Rotation Rate:

A.

Output Tube:
Frequency:
Peak Power:
Pulse width:

PRF:

RECEIVER CHARACTERISTICS

A.

B.

System Noise Figure:

Receiver Bandwidth:

Minimum Discernible
Signal (MDS):

Scope Range (NM):

Shaped beam, cosecant squared in elevation
from half power point to +30 degrees

33.5 dB4 Normal Beam
32.5 dBi Passive Beam

elevation: 4.8 degrees
azimuth: 1.35 degrees

Vertical or circular (LH)

12 or 15 RPM

Magnetron (8798), diplex filtered
Tunable 2700 - 2900 MHz

500 kW

0.833 microsecounds

Staggered with 1040 average (selectable
from 849 -~1204 PPS)

4 dB

Normal IF: 1.2 MHz
MTI IF: 5.0 MH=z
Log IF: 1.2 Mz
MTI Video 585 kHz

Normal Receiver: ~-110 dBm
Log Receiver: -109 dBm
MTI Receiver: ~108 dBm

60 nautical miles
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TABLE D-10

AN/CPN-4 SYSTEM CHARACTERISTICS

ANTENNA CHARACTERISTICS

A. Type: Shaped beam, cosecant squared in elevation
from halfpower point to +30 degrees

B. Gain: 31 dBi
C. Beamwidth: elevation: 3.6 degrees
azimuth: 2.2 degrees
D. Polarization: Horizontal or circular, remotely selectable
E. Antenna Rotation Rate: 20 + 2 RPM

TRANSMITTER CHARACTERISTICS

A. Output Tube: Magnetron (5586)

B. Frequency: Tunable 2780 to 2820 MHz
C. Peak Power: 600 kW

D. Pulse width: 0.5 microsecounds

E. PRF: 1500 PPS

RECEIVER CHARACTERISTICS

A. System Noise Figure: 4,0 dB
B. Receiver Bandwidth: Normal IF: 2.25 MHz
MTI IF: 4,5 MHz

C. Minimum Discernible

Signal (MDS): Normal: =106 dBm
MTI: -104 dBm
D. Scope Range (NM): 30 nautical miles
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TABLE D-11

AN/MPN-13 SYSTEM CHARACTERISTICS*

ANTENNA CHARACTERISTICS

A. Type: Shaped beam, cosecant squared in elevation
from half power point to +30 degrees

B. Gain: 32 dBi
C. Beamwidth: elevation: 3.6 degrees
aximuth: 2.2 degrees
D. Polarization: ‘ Horizontal or circular, remotely selectable
E. Antenna Rotation Rate: 15 RPM

TRANSMITTER CHARACTERISTICS

A. Output Tube: Magnetron (8798)

B. Frequency: Tunable 2780 to 2820 MHz

C. Peak Power: 750 kW

D. Pulse width: 0.7 microseconds

E. PRF: 1100 ?PS (3-pulse stagger on or off)

RECEIVER CHARACTERISTICS

A, System.Noise Figure: 4.0 dB
B. Receiver Bandwidth: Normal: 2.25 MHz
MTI: 4,5 MHz
C. Minimum Discernible
Signal (MDS): Normal: =106 dBm
MTI: -104 4B
D. Scope Range (NM): 60 nautical miles

*Also applicable to AN/MPN-14 and AN/MPN-15
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TABLE D-12

AN/TPN-24 SYSTEM CHARACTERISTICS

ANTENNA CHARACTERISTICS

A. Type:

B. Gain:

C. Beamwidth:

D. Polarization:
E. Antenna Rotation Rate:

TRANSMITTER CHARACTERISTICS

A. Output Tube:
B. Frequency:
C. Peak Power:
D. Pulse width:
E. PRF:

RECEIVER CHARACTERISTICS

A, System Noise Figure:
B. Receiver Bandwidth:

C. Minimum Discernible
Signal (MDS):

D. Scope Range (NM):

Shaped beam, cosecant squared in elevation
from half power point to +30 degrees

33.6 dBi
elevation: 6 degrees
azimuth: 1.55 degrees

Vertical or circular

15 RPM

Magnetron (8798), diplex filtered

Tunable 2700~2900 MHz
450 kW
1.0 microsecond

12 staggered (1050 Hz average)

2.5 dB

Normal: 1.0 MHz

Normal: =112 dBm for 6 dB SNR

60 nautical miles
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