Section 15.247(e): Processing Gain

Test Method

The following test procedure are similar to the process gain test in Docket 97-114, except

added another power meter for monitor “S” and “J” level simultaneous.
(a) Put the tested EUT in the chamber and connect all the facility as test instrument configuration.

(b) Install the pocket Error rate (PER) utility software that link the tested EUT and reference EUT

in operation mode.

(c) Adjust HP 8648D output level and read the tested EUT per , Until the per reading is reaching
80 per 1000 packets , then record the HP 436A(PM2) and HP E4418B(PM1) reading.

(d) The HP8648D cw frequency increase SOKHz and repeat step (c) until in-band jamming test is
done.

[13%4]

(e) Corrected two power meter reading (pwl& pw2) as “s” and “}”.



Test Instruments Configuration

Chamber
EUT Notebook
—> (TESTED)“_> Computer

HP 436A ;
Power Meter

(PM2) Stiltter & HP E4418B

Combiner power meter

24 dB (PM1)
Attenuator %
Stiltter & Stiltter &
Combiner Combiner

Y
w 12 dB

HP 8648D
Signal Generator

Attenuator

EUT g p Notebook

Reference Computer
Test Configuration of processing gain
Note: S=(PM1)Reading+ Duty Cycle Corrected factor
J=(PM2)Reading+ 24dB
List of Test Instruments
Instrument Name Model No Brand Serial No. Last time Next time
Signal Generator 8648D HP 3613A00117 05/19/00  05/19/01
Power Meter E4418B HP GB39291240 09/11/00 09/11/01
Power Meter 436A HP 1930A05580 09/11/2000 09/11/2001
Combiner 15542 ZAPD-4 Mini Circuits N/A N/A N/A

Attenuator (6dB to 18 GHz) MCL BW-S6W2 Mini Circuits



Bit Error Rate (BER)

(1) Test Background and procedure

According to FCC regulation, a direct sequence spread spectrum system must have processing
gain , G, of the least 10 dB. Compliance to this requirement can be shown by demonstrating a
relative bit-error-ratio (BER) performance improvement (and corresponding signal to noise ratio
per symbol improvement of at least 10dB )between the case where spread spectrum processes
(coding, modulation) are engaged relative to the processes being bypassed. In some practical
system, the spread spectrum processing cannot simply bypassed. In accordance with the new
NPRM 99-231, if the vendor has a system with less than 10 chips per symbol, the CW jamming

results must be supported by a theoretical explanation of the system processing gain.

(2) Theoretical calculations

The processing gain is related to the jamming margin as follows:
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Where BER

rerzrevce 1S the reference bit error ratio with its corresponding, theoretical output

signal to noise ratio per symbol, % (%) is the jamming margin (jamming signal power
output

relative to desired signal power),and L are the system implementation losses. The maximum

system
allowed total system implementation loss is 2 dB. The HFA3861A direct sequence spread spectrum
baseband processor uses CCK modulation, which is a form of M-ray Orthogonal Keying. The BER
performance curve is given by: The probability of error for generalized M-ary Orthogonal signaling

using coherent demodulation is given by:
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This integral cannot be solved in closed form, and numerical integration must be used. This is done
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in a MATHCAD environment and is displayed in graphical format



DQPSK BER curve with descrambling
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The reference PER is specified as 8% . When operating DOPSK at 2Mbps, the corresponding
Es/No (signal to noise ratio per symbol) is 13.3 dB. The Es/No required to achieve the desired BER
with maximum system implementation losses is 15.3dB. The minimum processing gain is again,
10dB, therefore:
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The minimum jammer to signal ratio is as follow:
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Test Procedure

The test block diagram be shown figure (—).

(1) Install DOS Test toll into two notebook computers (E.U.T. and Reference)

(2) Set the Reference notebook computer as DBPSK and the E.U.T. notebook computer as
DBPSK. And both is link.

(3) The signal generator RF output is disabled.

(4) Generated the Log File in the Reference notebook computer and send the test file. And
measure the power at the power meter port using the power meter (PM1). This is the
relative signal power, S

(5) Ensure that CW Jammer generator RF out put is disabled and measure the power at the
power meter port using the power meter (PM2). This is the relative signal power, J.

(6) Set CW Jammer generator RF output frequency equal to the carrier frequency and enable

generator output Set reference CW Jammer power level at power meter port 8.4 dB below
Sr (minimum J/S, or 10 dB processing gain reference level).Note the power level setting

on the generator, this is the reference CW Jammer power setting, J . (PM2).

(7) Disable CW Jammer generator, re-establish link. PER test should be operating essentially
error-free.

(8) Enable CW Jammer at the reference power level and verify that the PER test indicates a
PER of less than 8%.

(9) Alternatively, adjust the CW Jammer level to that which causes 8% PER and verify that
the S/J is less than 8.4dB.

(10)Repeat step 8 for uniform steps in frequency increments of 50kHz across the receiver

passband with the CW Jammer. In this case the receiver passband is +5.0MHz.

The number of points where the PER fail to achieve 8% (is higher than 8%) is determined and
if this is above 20% of the total, the test is failed otherwise it is passed.
The margin by which the radio passes the test (for information purposes) can be determined

from the average of the remaining points’ PERs scaled on the PER curve above.



7.5

Test Result of Processing Gain

Table 1 Processing Gain [Channel 6, DQPSK, 2.43205GHz to 2.43405GHz]

Jammer Frequency Signal Level | Signal Generator RF Output Mj Process Gain
(MHz) S (dBm) J (dBm) J/S) (dB)
2432.05 -4.7 -6.25 -1.55 13.75
2432.10 -4.7 -6.35 -1.65 13.65
2432.15 -4.7 -6.55 -1.85 13.45
2432.20 -4.7 -6.55 -1.85 13.45
2432.25 -4.7 -6.95 -2.25 13.05
2432.30 -4.7 -6.85 -2.15 13.15
2432.35 -4.7 -6.85 -2.15 13.15
2432.40 -4.7 -6.85 -2.15 13.15
2432.45 -4.7 -6.75 -2.05 13.25
2432.50 -4.7 -6.55 -1.85 13.45
2432.55 -4.7 -6.55 -1.85 13.45
2432.60 -4.7 -6.45 -1.75 13.55
2432.65 -4.7 -6.45 -1.75 13.55
2432.70 -4.7 -6.35 -1.65 13.65
2432.75 -4.7 -6.55 -1.85 13.45
2432.80 -4.7 -6.55 -1.85 13.45
2432.85 -4.7 -6.45 -1.75 13.55
2432.90 -4.7 -6.45 -1.75 13.55
2432.95 -4.7 -6.35 -1.65 13.65
2433.00 -4.7 -6.55 -1.85 13.45
2433.05 -4.7 -6.65 -1.95 13.35
2433.10 -4.7 -6.74 -2.04 13.26
2433.15 -4.7 -6.94 -2.24 13.06
2433.20 -4.7 -6.94 -2.24 13.06
2433.25 -4.7 -6.95 -2.25 13.05
2433.30 -4.7 -6.85 -2.15 13.15
2433.35 -4.7 -6.85 -2.15 13.15
2433.40 -4.7 -6.85 -2.15 13.15
2433.45 -4.7 -6.54 -1.84 13.46
2433.50 -4.7 -6.75 -2.05 13.25
2433.55 -4.7 -6.65 -1.95 13.35
2433.60 -4.7 -6.65 -1.95 13.35
2433.65 -4.7 -6.44 -1.74 13.56
2433.70 -4.7 -6.44 -1.74 13.56
2433.75 -4.7 -6.55 -1.85 13.45
2433.80 -4.7 -6.44 -1.74 13.56
2433.85 -4.7 -6.55 -1.85 13.45
2433.90 -4.7 -6.44 -1.74 13.56
2433.95 -4.7 -6.34 -1.64 13.66
2434.00 -4.7 -6.44 -1.74 13.56
2434.05 -4.7 -6.64 -1.94 13.36




Table 2 Processing Gain [Channel 6, DBPSK, 2.43410GHz to 2.43610GH?z/

Jammer Frequency Signal Level | Signal Generator RF Output Mj Process Gain
(MHz) S (dBm) J (dBm) J/S) (dB)
2434.10 -4.7 -6.44 -1.74 13.56
2434.15 -4.7 -6.95 -2.25 13.05
2434.20 -4.7 -6.95 -2.25 13.05
2434.25 -4.7 -7.05 -2.35 12.95
2434.30 -4.7 -7.36 -2.66 12.64
2434.35 -4.7 -7.26 -2.56 12.74
2434.40 -4.7 -7.10 -2.40 12.9
2434.45 -4.7 -6.44 -1.74 13.56
2434.50 -4.7 -6.75 -2.05 13.25
2434.55 -4.7 -6.64 -1.94 13.36
2434.60 -4.7 -6.54 -1.84 13.46
2434.65 -4.7 -6.44 -1.74 13.56
2434.70 -4.7 -6.34 -1.64 13.66
2434.75 -4.7 -6.24 -1.54 13.76
2434.80 -4.7 -6.24 -1.54 13.76
2434.85 -4.7 -6.24 -1.54 13.76
2434.90 -4.7 -6.24 -1.54 13.76
2434.95 -4.7 -6.34 -1.64 13.66
2435.00 -4.7 -6.34 -1.64 13.66
2435.05 -4.7 -6.24 -1.54 13.76
2435.10 -4.7 -6.24 -1.54 13.76
2435.15 -4.7 -6.44 -1.74 13.56
2435.20 -4.7 -6.85 -2.15 13.15
2435.25 -4.7 -6.85 -2.15 13.15
2435.30 -4.7 -7.15 -2.45 12.85
2435.35 -4.7 -7.15 -2.45 12.85
2435.40 -4.7 -7.46 -2.76 12.54
2435.45 -4.7 -6.44 -1.74 13.56
2435.50 -4.7 -7.15 -2.45 12.85
2435.55 -4.7 -6.95 -2.25 13.05
2435.60 -4.7 -6.75 -2.05 13.25
2435.65 -4.7 -6.85 -2.15 13.15
2435.70 -4.7 -6.75 -2.05 13.25
2435.75 -4.7 -6.85 -2.15 13.15
2435.80 -4.7 -6.65 -1.95 13.35
2435.85 -4.7 -6.44 -1.74 13.56
2435.90 -4.7 -6.55 -1.85 13.45
2435.95 -4.7 -6.64 -1.94 13.36
2436.00 -4.7 -6.55 -1.85 13.45
2436.05 -4.7 -6.35 -1.65 13.65
2436.10 -4.7 -6.24 -1.54 13.76




Table 3 Processing Gain [Channel 6, BPSK, 2.43615GH? to 2.43815GHz]

Jammer Frequency Signal Level | Signal Generator RF Output Mj Process Gain
(MHz) S (dBm) J (dBm) J/S) (dB)
2436.15 -4.7 -6.65 -1.95 13.35
2436.20 -4.7 -6.05 -1.35 13.95
2436.25 -4.7 -6.95 -2.25 13.05
2436.30 -4.7 -6.95 -2.25 13.05
2436.35 -4.7 -6.75 -2.05 13.25
2436.40 -4.7 -6.75 -2.05 13.25
2436.45 -4.7 -6.35 -1.65 13.65
2436.50 -4.7 -6.24 -1.54 13.76
2436.55 -4.7 -6.14 -1.44 13.86
2436.60 -4.7 -6.24 -1.54 13.76
2436.65 -4.7 -7.15 -2.45 12.85
2436.70 -4.7 -7.95 -3.25 12.05
2436.75 -4.7 -8.06 -3.36 11.94
2436.80 -4.7 -7.86 -3.16 12.14
2436.85 -4.7 -7.45 -2.75 12.55
2436.90 -4.7 -6.65 -1.95 13.35
2436.95 -4.7 -6.55 -1.85 13.45
2437.00 -4.7 -6.65 -1.95 13.35
2437.05 -4.7 -7.35 -2.65 12.65
2437.10 -4.7 -7.86 -3.16 12.14
2437.15 -4.7 -8.26 -3.56 11.74
2437.20 -4.7 -8.46 -3.76 11.54
2437.25 -4.7 -7.35 -2.65 12.65
2437.30 -4.7 -6.74 -2.04 13.26
2437.35 -4.7 -6.44 -1.74 13.56
2437.40 -4.7 -6.64 -1.94 13.36
2437.45 -4.7 -6.44 -1.74 13.56
2437.50 -4.7 -7.05 -2.35 12.95
2437.55 -4.7 -7.15 -2.45 12.85
2437.60 -4.7 -7.05 -2.35 12.95
2437.65 -4.7 -7.15 -2.45 12.85
2437.70 -4.7 -7.25 -2.55 12.75
2437.75 -4.7 -6.75 -2.05 13.25
2437.80 -4.7 -6.65 -1.95 13.35
2437.85 -4.7 -6.52 -1.82 13.48
2437.90 -4.7 -6.43 -1.73 13.57
2437.95 -4.7 -6.35 -1.65 13.65
2438.00 -4.7 -6.24 -1.54 13.76
2438.05 -4.7 -6.36 -1.66 13.64
2438.10 -4.7 -6.40 -1.7 13.6
2438.15 -4.7 -6.45 -1.75 13.55




Table 4 Processing Gain [Channel 6, BPSK, 2.43820GH? to 2.44020GHz]

Jammer Frequency Signal Level | Signal Generator RF Output Mj Process Gain
(MHz) S (dBm) J (dBm) J/S) (dB)
2438.20 -4.7 -6.72 -2.02 13.28
2438.25 -4.7 -6.85 -2.15 13.15
2438.30 -4.7 -7.11 -2.41 12.89
2438.35 -4.7 -7.37 -2.67 12.63
2438.40 -4.7 -7.57 -2.87 12.43
2438.45 -4.7 -7.76 -3.06 12.24
2438.50 -4.7 -7.86 -3.16 12.14
2438.55 -4.7 -7.86 -3.16 12.14
2438.60 -4.7 -7.81 -3.11 12.19
2438.65 -4.7 -7.76 -3.06 12.24
2438.70 -4.7 -7.76 -3.06 12.24
2438.75 -4.7 -7.56 -2.86 12.44
2438.80 -4.7 -7.46 -2.76 12.54
2438.85 -4.7 -7.35 -2.65 12.65
2438.90 -4.7 -7.05 -2.35 12.95
2438.95 -4.7 -7.25 -2.55 12.75
2439.00 -4.7 -6.65 -1.95 13.35
2439.05 -4.7 -6.65 -1.95 13.35
2439.10 -4.7 -6.51 -1.81 13.49
2439.15 -4.7 -6.40 -1.7 13.6
2439.20 -4.7 -6.40 -1.7 13.6
2439.25 -4.7 -6.35 -1.65 13.65
2439.30 -4.7 -6.45 -1.75 13.55
2439.35 -4.7 -6.65 -1.95 13.35
2439.40 -4.7 -6.64 -1.94 13.36
2439.45 -4.7 -6.85 -2.15 13.15
2439.50 -4.7 -7.05 -2.35 12.95
2439.55 -4.7 -7.06 -2.36 12.94
2439.60 -4.7 -7.06 -2.36 12.94
2439.65 -4.7 -7.10 2.4 12.9
2439.70 -4.7 -7.10 2.4 12.9
2439.75 -4.7 -7.20 2.5 12.8
2439.80 -4.7 -7.20 -2.5 12.8
2439.85 -4.7 -7.20 -2.5 12.8
2439.90 -4.7 -7.16 -2.46 12.84
2439.95 -4.7 -7.05 -2.35 12.95
2440.00 -4.7 -7.05 -2.35 12.95
2440.05 -4.7 -7.06 -2.36 12.94
2440.10 -4.7 -7.06 -2.36 12.94
2440.15 -4.7 -7.06 -2.36 12.94
2440.20 -4.7 -7.06 -2.36 12.94




Table 5 Processing Gain [Channel 6, BPSK, 2.44025GH? to 2.44200GHz]

Jammer Frequency Signal Level | Signal Generator RF Output Mj Process Gain
(MHz) S (dBm) J (dBm) J/S) (dB)
2440.25 -4.7 -7.05 -2.46 12.95
2440.30 -4.7 -7.16 -2.75 12.84
2440.35 -4.7 -7.45 -2.55 12.55
2440.40 -4.7 -7.25 -3.01 12.75
2440.45 -4.7 -7.71 -2.66 12.29
2440.50 -4.7 -7.36 -2.54 12.64
2440.55 -4.7 -7.24 -2.6 12.76
2440.60 -4.7 -7.30 -2.41 12.7
2440.65 -4.7 -7.11 -2.66 12.89
2440.70 -4.7 -7.36 -3.06 12.64
2440.75 -4.7 -7.76 -2.66 12.24
2440.80 -4.7 -7.36 -2.55 12.64
2440.85 -4.7 -7.25 -2.35 12.75
2440.90 -4.7 -7.05 -2.76 12.95
2440.95 -4.7 -7.46 -2.15 12.54
2441.00 -4.7 -6.85 -2.62 13.15
2441.05 -4.7 -7.32 -2.62 12.68
2441.10 -4.7 -7.32 -2.64 12.68
2441.15 -4.7 -7.34 -2.66 12.66
2441.20 -4.7 -7.36 -2.56 12.64
2441.25 -4.7 -7.26 -2.56 12.74
2441.30 -4.7 -7.26 -2.35 12.74
2441.35 -4.7 -7.05 -2.6 12.95
2441.40 -4.7 -7.30 -2.45 12.7
2441.45 -4.7 -7.15 -2.46 12.85
2441.50 -4.7 -7.16 -2.81 12.84
2441.55 -4.7 -7.51 -2.96 12.49
2441.60 -4.7 -7.66 -2.97 12.34
2441.65 -4.7 -7.67 -2.97 12.33
2441.70 -4.7 -7.67 -2.74 12.33
2441.75 -4.7 -7.44 -2.74 12.56
2441.80 -4.7 -7.44 -2.32 12.56
2441.85 -4.7 -7.02 -2.33 12.98
2441.90 -4.7 -7.03 -2.51 12.97
2441.95 -4.7 -7.21 -2.13 12.79
2442.00 -4.7 -6.83 -2.46 13.17

Discard the wrost 20% of the J/S data points . The lowest reraining J/S ratio is used as test result.
Test Result: Processing Gain: 13.15 dB

Note: GP = (S/No) + Mj + Lsys

= 13.3dB + Mj + 2.0dB




