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Purpose/Objectives:


This document continues the analysis of potential interference between spaceborne synthetic aperture radars (SARs) and U-NII devices  around 5.3 GHz.  

Abstract:

The potential interference between typical spaceborne synthetic aperture radars (SARs) and unlicensed National Information Infrastructure (U-NII) devices in the 5250-5350 MHz bands was analyzed in this document.  The proposed spaceborne SARs have  40-310 MHz bandwidths  around 5.3 GHz.  Proposed U-NII devices will be in the 5250-5350 MHz band.

The signal power levels at a typical spaceborne SAR receiver resulting several configurations of U-NII devices were calculated in the worst case scenario for a single transmitter deployed outdoors.  For the single transmitter deployed outdoors, the U-NII3  transmitter interference was below the acceptable level for SAR2-4.  The U-NII1 and U-NII2 transmitter interference was below the acceptable level for SAR2-3, but above the acceptable level for SAR4.
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ANALYSIS OF POTENTIAL INTERFERENCE BETWEEN SPACEBORNE SARS AND U-NII DEVICES AROUND 5.3 GHZ

1. Introduction


The 5250-5350 MHz frequency band is allocated on a primary basis to the radiolocation service.  The WRC ’97 adopted primary allocation for active spaceborne sensors, including SARs, in the bands 5250-5350 MHz and 5350-5460 MHz. Unlicensed National Information Infrastructure (U-NII) devices are a type of wireless high speed local area networks (RLANs), which plan to use the 5150-5350 MHz frequency range. This document analyzes the potential interference between U-NII devices and spaceborne synthetic aperture radars (SARs) in the 5250-5350 MHz band. 

2. Technical Characteristics of a Spaceborne SAR


The technical characteristics for typical synthetic aperture radars (SAR1-4) at 5.3 GHz  are given in WP7C/126, "Analysis Of Potential Interference Between Spaceborne SARs And Wireless High Speed Local Area Networks Around 5.3 GHz".  The characteristics chosen in this analysis are those which would result in the worst case interference to a typical SAR receiver. 

3. Technical Characteristics of U-NII Devices


The technical characteristics for typical U-NII devices at 5.3 GHz are given herein for three configurations.  These U-NII devices are wireless high speed local area networks and are sometimes referred to as radio LANs or RLANs.  The characteristics chosen in this analysis for the various configurations are those which would result in the worst case interference to a SAR receiver.  The basis information on the U-NII devices was taken from the FCC 47 FCR CH. 1 Section 15-407.  Excerpts are as follows:

"For the band 5.25–5.35 GHz, the peak transmit power over the frequency band of operation shall not exceed the lesser of 250 mW or 11 dBm + 10logB, where B is the 26-dB emission bandwidth in MHz. In addition, the peak power spectral density shall not exceed 11 dBm in any 1-MHz band. If transmitting antennas of directional gain greater than 6 dBi are used, both the peak transmit power and the peak power spectral density shall be reduced by the amount in dB that the directional gain of the antenna exceeds 6 dBi."

"For transmitters operating in the 5.25–5.35 GHz band: all emissions outside of the 5.15–5.35 GHz band shall not exceed an EIRP of –27 dBm/MHz. Devices operating in the 5.25–5.35 GHz band that generate emissions in the 5.15–5.25 GHz band must meet all applicable technical requirements for operation in the 5.15–5.25 GHz band (including indoor use) or alternatively meet an out-of-band emission EIRP limit of –27 dBm/MHz in the 5.15–5.25 GHz band."

Characteristics for three configurations of U-NII devices meeting the above specification of EIRP are summarized in Table 1.  Figure 1 shows several antenna patterns of parabolic dish antennas of peak gain of 6 dB and 10 dB, respectively.

Figure 1.  Relative Antenna Gain of U-NII Devices at 5.3 GHz
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Table 1.  Technical Characteristics of U-NII Devices at 5.3 GHz
PARAMETER
VALUE


U-NII1
U-NII2
U-NII3

Frequency Range (MHz)
5250-5350
5250-5350
5250-5350

Peak Transmit Power (W)
0.250
0.250
0.100

Peak Antenna Gain (dBi)
0
6
10

Antenna Gain at High Elevation Angles (dBi)
0
-4
-20

Polarization
random
random
random

Bandwidth (MHz)
24
24
24

4. Performance and Interference Criteria for the Spaceborne SAR

The performance and interference criteria for the spaceborne SAR are given in WP7C/126, "Analysis Of Potential Interference Between Spaceborne SARs And Wireless High Speed Local Area Networks Around 5.3 GHz". 

5. Interference from Wireless High Speed Local Area Networks into SARs


The first step in analyzing the interference potential from U-NII devices into spaceborne SARs receivers is to determine the signal power from a single U-NII transmitter at the spaceborne SAR.  Then, the single interferer margin can be calculated by comparing the interference level with the SAR interference threshold. 

Table 2 shows the interference from a single U-NII transmitter in the 5250-5350 MHz band for SAR2-4.  SAR1 was not used because this SAR1 system was designed to operate in the 5150-5250 MHz band.  An omni antenna is assumed for U-NII1, and directional antennas were assumed for U-NII2 and U-NII3.  For SAR4, Table 2 shows negative margin for the U-NII1 and U-NII2 transmitters and positive margin for the U-NII3 transmitter.  For SAR2-3, Table 2 shows a positive margin for all U-NII1 to U-NII3 transmitters.

6. Summary
The potential interference between three configurations U-NII1 to U-NII3 of U-NII wireless high speed local area networks and spaceborne synthetic aperture radars (SARs) in the band 5250-5350 MHz was analyzed in this document for a single U-NII transmitter deployed outdoors. For the single transmitter deployed outdoors, only the U-NII3 wireless high speed local area network transmitter interference was below the acceptable level for SAR4, the U-NII1 and U-NII2 wireless high speed local area network transmitter interference was below the acceptable levels for both SAR2 and SAR3.  

Table 2.Interference from a Single
Outdoor U-NII Transmitter 
to SARs




SAR2

SAR3

SAR4


Parameter
Value
dB
Value
dB
Value
dB

Transmitted Power, Watts







       U-NII1
0.25
-6.02
0.25
-6.02
0.25
-6.02

       U-NII2
0.25
-6.02
0.25
-6.02
0.25
-6.02

       U-NII3
0.10
-10.00
0.10
-10.00
0.10
-10.00

Building Loss, dB
0.00
0.00
0.00
0.00
0.00
0.00

Antenna Gain, Xmit dB







       U-NII1
0.00
0.00
0.00
0.00
0.00
0.00

       U-NII2
-4.00
-4.00
-4.00
-4.00
-4.00
-4.00

       U-NII3
-20.00
-20.00
-20.00
-20.00
-20.00
-20.00

Antenna Gain, Rcv dB
43.33
43.33
44.52
44.52
44.52
44.52

Polarization Loss, dB
3.00
-3.00
3.00
-3.00
3.00
-3.00

Wavelength, m
5.65E-02
-24.96
5.65E-02
-24.96
5.65E-02
-24.96

(4*pi)-**2
6.33E-03
-21.98
6.33E-03
-21.98
6.33E-03
-21.98

Distance, km
638.51
-116.10
425.67
-112.58
425.67
-112.58

Power received, dBW







       U-NII1

-128.74

-124.03

-124.03

       U-NII2

-132.74

-128.03

-128.03

       U-NII3

-152.72

-148.00

-148.00









Noise Figure, dB
4.62
4.62
4.62
4.62
4.62
4.62

k*T
4.00E-21
-203.98
4.00E-21
-203.98
4.00E-21
-203.98

Rcvr Bandwidth, MHz
356.50
85.52
356.50
85.52
46.00
76.63

Noise power, dBW

-113.84

-113.84

-122.73

SAR Interference threshold (I/N=-6dB)

-119.84

-119.84

-128.73









Margin, dB







       U-NII1

8.90

4.19

-4.71

       U-NII2

12.90

8.19

-0.71

       U-NII3

32.88

28.17

19.27

Peak Gain = 6 dB





Peak Gain = 10 dB





Relative Antenna Gain, dB





Relative Antenna Gain, dB





Angle from Boresight, Degrees





Angle from Boresight, Degrees








Submission
page 0
Denis Kuwahara, Boeing
Submission
page 1
Denis Kuwahara, Boeing

