Testing for compliance with FCC rules 15-247e

Scope

This report presents the test procedure, test configuration and test data associated with aFCC
Part 15.247 (e) Jamming Margin test for the processing gain.

Theoretical calculations
The processing gain is related to the jamming margin as follows [2]:
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Where BERRrererence IS the reference bit error ratio with its corresponding, theoretica output
sgnd to noise ratio per symbol, (S'N)output, (F'S) is the jamming margin (jamming signa power
relative to desired signal power), and Lysen are the system implementation losses,

The maximum alowed tota system implementation lossis 2 dB.

The HFA3861B direct sequence spread spectrum baseband processor uses CCK modulation
which isaform of M-ary Orthogona Keying. The BER performance curve is given by [5]:

* The probability of error for generdized M-ay Orthogond sgnding usng coherent
demodulation is given by:
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Testing for compliance with FCC rules 15-247e

This integra cannot be solved in closed form, and numerica integration must be used. There
are eror rae extensons for differentiad decoding and descrambling that are dso to be
accounted for. Thisis donein aMATHCAD environment and is displayed in graphicd format
below.

1.1 1000 byte PER vs. Es/No

11 Mbps CCK in Thermal Noise
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The reference PER is specified as 8% . The corresponding ES/No (signal to noise rétio per
symbol) is 16.4 dB. The ESNo required to achieve the desred BER with maximum system
implementation losses is 18.4 dB. The minimum processing gainis again, 10 dB, therefore:

- 2 +BO0 =164dB+2. 0dB+88193 10dB
Q)utput eSg

G, =18 4dB+83_]93 10dB

The minimum jammer to sgnd ratio isasfollows

For the case of the HFA3861B, the bit rates are 1, 2, 5.5, and 11 Mbps. The corresponding
symbol ratesare 1, 1, 1.375, and 1.375 MSps. The chip rateis dways 11 MCps, o the ratio
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Testing for compliance with FCC rules 15-247e

of chip rate to symbol rateis 11:1 for the 1 and 2 Mbps rates and 8:1 for the 5.5 and 11 Mbps
rates. Since the symbal rate to hit rate is less than 10 for the higher rates, we supply the
theoretical processing gain caculation for these cases where spread spectrum processing gain
with embedded coding gain is utilized. Thisis reasonable in that they cannot be separated in the
demodulation process. If a separable FEC coding scheme were used, we would not be
comfortable making this assertion.

As can be seen from the curve of figure 1, the EYNO is 16.4 dB a the PER of 8%. This PER
can be rdated to a BER of 1e-5 on 1000 byte packets. Taking the caculations above, if the
6}8193 - 8.4dB thenthe equipment passes the CW jamming test.

Test Configuration: CW Jamming Margin (15.247) (e)
Basic Test Block Diagram
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Testing for compliance with FCC rules 15-247e

Test Procedure

Setup the smplex link shown. Perform al independent instrumentation caibrations prior
to this procedure. Set operating power levels usng fixed and variable attenuators in
system to meet the following objectives:

Signd Power a receiver approximately -60 dBm (above therma sensitivity such that
thermal noise does not cause bit errors).

Signd Power a power meter (using high senstivity probe) between -20 and -40
dBm for optimd linearity.

Use spectrum analyzer to monitor test.

Ensure that CW Jammer generator RF output is disabled and measure the power a
the power meter port using the power meter. Thisistherelative sgna power, S; .

Disable Tranamitter, and st CW Jammer generator RF output frequency equd to
the carrier frequency and enable generator output. Set reference CW Jammer power
level at power meter port 8.4 dB below S, (minimum JS, or 10 dB processing gain
reference level). Note the power level setting on the generator, this is the reference
CW Jammer power setting, J.

Disable CW Jammer, re-establish link. PER test should be operating essentialy
error-free.

Adjust the CW Jammer level to that which causes 8% PER and verify that the S/Jis
less than 8.4 dB.

Repesat step 7 for uniform steps in frequency increments of 50 kHz across the

receiver passband with the CW Jammer. In this case the receiver passband is +8.5
MHz.

The number of points where the SJ fals to achieve 8.4 dB (is higher than 84 dB) is
determined and if thisis above 20% of the totd, the test isfalled otherwise it is passed.

The numericd data associated with the following radio channels is tabulated and
presented for:
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Testing for compliance with FCC rules 15-247e

Channd 1: 2412 MHz
Channd 6: 2437 MHz
Channd 11: 2462 MHz
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Test result for CH 1 Center frequency (Fc)=2.412 GHz

SSG- CW Jammer Es/No L system Jam Level Signal pwr J/S PER Gp (process gain)

Fc+/- MHz @dB)  (dB) (-dBm)  (-dBm) (-dB) (%) (dB)
-8.500 16.4 2 62 60 2 8 16.4
-8.450 16.4 2 62 60 2 8 16.4
-8.400 16.4 2 62 60 2 8 16.4
-8.350 16.4 2 62 60 2 8 16.4
-8.300 16.4 2 62 60 2 8 16.4
-8.250 16.4 2 62 60 2 8 16.4
-8.200 16.4 2 62 60 2 8 16.4
-8.150 16.4 2 62 60 2 8 16.4
-8.100 16.4 2 62 60 2 8 16.4
-8.050 16.4 2 62 60 2 8 16.4
-8.000 16.4 2 62 60 2 8 16.4
-7.950 16.4 2 62 60 2 8 16.4
-7.900 16.4 2 62 60 2 8 16.4
-7.850 16.4 2 62 60 2 8 16.4
-7.800 16.4 2 62 60 2 8 16.4
-7.750 16.4 2 62 60 2 8 16.4
-7.700 16.4 2 62 60 2 8 16.4
-7.650 16.4 2 62 60 2 8 16.4
-7.600 16.4 2 62 60 2 8 16.4
-7.550 16.4 2 62 60 2 8 16.4
-7.500 16.4 2 62 60 2 8 16.4
-7.450 16.4 2 62 60 2 8 16.4
-7.400 16.4 2 62 60 2 8 16.4
-7.350 16.4 2 62 60 2 8 16.4
-7.300 16.4 2 62 60 2 8 16.4
-7.250 16.4 2 62 60 2 8 16.4
-7.200 16.4 2 62 60 2 8 16.4
-7.150 16.4 2 62 60 2 8 16.4
-7.100 16.4 2 62 60 2 8 16.4
-7.050 16.4 2 62 60 2 8 16.4
-7.000 16.4 2 62 60 2 8 16.4
-6.950 16.4 2 62 60 2 8 16.4
-6.900 16.4 2 62 60 2 8 16.4
-6.850 16.4 2 62 60 2 8 16.4
-6.800 16.4 2 62 60 2 8 16.4
-6.750 16.4 2 62 60 2 8 16.4
-6.700 16.4 2 62 60 2 8 16.4
-6.650 16.4 2 62 60 2 8 16.4
-6.600 16.4 2 62 60 2 8 16.4
-6.550 16.4 2 62 60 2 8 16.4
-6.500 16.4 2 62 60 2 8 16.4
-6.450 16.4 2 62 60 2 8 16.4
-6.400 16.4 2 62 60 2 8 16.4
-6.350 16.4 2 62 60 2 8 16.4
-6.300 16.4 2 62 60 2 8 16.4
-6.250 16.4 2 62 60 2 8 16.4
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Test result for CH 6 Center frequency (Fc)=2.437 GHz

SSG- CW Jammer Es/No L system Jam Level Signal pwr J/S PER Gp (process gain)

Fc+/- MHz (dB)  (dB)  (-dBm) (-dBm) (-dB) (%) (dB)
-8.500 16.4 2 62 60 2 8 16.4
-8.450 16.4 2 62 60 2 8 16.4
-8.400 16.4 2 62 60 2 8 16.4
-8.350 16.4 2 62 60 2 8 16.4
-8.300 16.4 2 62 60 2 8 16.4
-8.250 16.4 2 62 60 2 8 16.4
-8.200 16.4 2 62 60 2 8 16.4
-8.150 16.4 2 62 60 2 8 16.4
-8.100 16.4 2 62 60 2 8 16.4
-8.050 16.4 2 62 60 2 8 16.4
-8.000 16.4 2 62 60 2 8 16.4
-7.950 16.4 2 62 60 2 8 16.4
-7.900 16.4 2 62 60 2 8 16.4
-7.850 16.4 2 62 60 2 8 16.4
-7.800 16.4 2 62 60 2 8 16.4
-7.750 16.4 2 62 60 2 8 16.4
-7.700 16.4 2 62 60 2 8 16.4
-7.650 16.4 2 62 60 2 8 16.4
-7.600 16.4 2 62 60 2 8 16.4
-7.550 16.4 2 62 60 2 8 16.4
-7.500 16.4 2 62 60 2 8 16.4
-7.450 16.4 2 62 60 2 8 16.4
-7.400 16.4 2 62 60 2 8 16.4
-7.350 16.4 2 62 60 2 8 16.4
-7.300 16.4 2 62 60 2 8 16.4
-7.250 16.4 2 62 60 2 8 16.4
-7.200 16.4 2 62 60 2 8 16.4
-7.150 16.4 2 62 60 2 8 16.4
-7.100 16.4 2 62 60 2 8 16.4
-7.050 16.4 2 62 60 2 8 16.4
-7.000 16.4 2 62 60 2 8 16.4
-6.950 16.4 2 62 60 2 8 16.4
-6.900 16.4 2 62 60 2 8 16.4
-6.850 16.4 2 62 60 2 8 16.4
-6.800 16.4 2 62 60 2 8 16.4
-6.750 16.4 2 62 60 2 8 16.4
-6.700 16.4 2 62 60 2 8 16.4
-6.650 16.4 2 62 60 2 8 16.4
-6.600 16.4 2 62 60 2 8 16.4
-6.550 16.4 2 62 60 2 8 16.4
-6.500 16.4 2 62 60 2 8 16.4
-6.450 16.4 2 62 60 2 8 16.4
-6.400 16.4 2 62 60 2 8 16.4
-6.350 16.4 2 62 60 2 8 16.4
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Test result for CH 11 Center frequency (Fc)=2.462 GHz

SSG- CW Jammer Es/No L system Jam Level Signal pwr J/S PER Gp (process gain)

Fc+/- MHz (dB)  (dB)  (-dBm) (-dBm) (-dB) (%) (dB)
-8.500 16.4 2 62 60 2 8 16.4
-8.450 16.4 2 62 60 2 8 16.4
-8.400 16.4 2 62 60 2 8 16.4
-8.350 16.4 2 62 60 2 8 16.4
-8.300 16.4 2 62 60 2 8 16.4
-8.250 16.4 2 62 60 2 8 16.4
-8.200 16.4 2 62 60 2 8 16.4
-8.150 16.4 2 62 60 2 8 16.4
-8.100 16.4 2 62 60 2 8 16.4
-8.050 16.4 2 62 60 2 8 16.4
-8.000 16.4 2 62 60 2 8 16.4
-7.950 16.4 2 62 60 2 8 16.4
-7.900 16.4 2 62 60 2 8 16.4
-7.850 16.4 2 62 60 2 8 16.4
-7.800 16.4 2 62 60 2 8 16.4
-7.750 16.4 2 62 60 2 8 16.4
-7.700 16.4 2 62 60 2 8 16.4
-7.650 16.4 2 62 60 2 8 16.4
-7.600 16.4 2 62 60 2 8 16.4
-7.550 16.4 2 62 60 2 8 16.4
-7.500 16.4 2 62 60 2 8 16.4
-7.450 16.4 2 62 60 2 8 16.4
-7.400 16.4 2 62 60 2 8 16.4
-7.350 16.4 2 62 60 2 8 16.4
-7.300 16.4 2 62 60 2 8 16.4
-7.250 16.4 2 62 60 2 8 16.4
-7.200 16.4 2 62 60 2 8 16.4
-7.150 16.4 2 62 60 2 8 16.4
-7.100 16.4 2 62 60 2 8 16.4
-7.050 16.4 2 62 60 2 8 16.4
-7.000 16.4 2 62 60 2 8 16.4
-6.950 16.4 2 62 60 2 8 16.4
-6.900 16.4 2 62 60 2 8 16.4
-6.850 16.4 2 62 60 2 8 16.4
-6.800 16.4 2 62 60 2 8 16.4
-6.750 16.4 2 62 60 2 8 16.4
-6.700 16.4 2 62 60 2 8 16.4
-6.650 16.4 2 62 60 2 8 16.4
-6.600 16.4 2 62 60 2 8 16.4
-6.550 16.4 2 62 60 2 8 16.4
-6.500 16.4 2 62 60 2 8 16.4
-6.450 16.4 2 62 60 2 8 16.4
-6.400 16.4 2 62 60 2 8 16.4
-6.350 16.4 2 62 60 2 8 16.4
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