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T ARD 133160, ERS 3 FLC 1D: MREIZI18CT
4.6. Processing Gain of A Direct Sequence Spread Spectrum, FCC CFR 47, Para.
15.247(el

PRODUCT NAME: OEM WLAN PC CARD 13316C, Model No.: GERSHWIN3
ECC REQUIREMENTS:

The processing gain of a direct sequence system shall be at leas: 10 dB. The processing gain
shall be determined from the ratio in dB of the signal-to-noise ratio with the system spreading
code turned off to the signal-to-noise ratio with the system spreading code wirned on, as
measured at the demodulated output of the receiver.

CLIMATE CONDITION:

Standard Temperature and Hurmidity: 21°C and 34%
POWER INPLUT:

Using DT Power from a lapop computer,

IEST EQLIPMENT:

Advaniest Spectrum Analyzer, Model R3271, S/N: 15050203

idB & 40 dB Aunenuatgrs, 50 Ohm [INJOUT

Fluke EF Signal Generator, Model 80614, Freq. range: 10 KHz - 1050 MHa.

HP B500 RF Peak Power Meter, Measuring Frequency Range: 100 MHz - 18 GHz.
Bert Fireberd 4000 Communication Analyzer

METHOD OF MEASUREMENT:- Jamming Margin Method

The processing gain may be measured using the CW jamming margin method. Figure 1
shows the test configuration. The test consists of stepping a signal generator in 530 KHZ
increments across the passband of the system. A1 each paint, the generator level required 1o
praduce the recommended Bit Error Rate (BER) is recorded. This level is jammer level. The
autput power of the transmitting unit is measured at the same point. The Jammer to Signal
[3/5) ratio is then calculated, Discard the worst 209 of the 1/S data points. The lowest
remaining J/S ratio is used when calculating the Process Gain.

The signal to noise ratio for an ideal differentially coherent detetion of a differsntially
encoded DPSK receiver can be derived from the Bit Emor Probability (Pb) versus Signal-1o-
MNoise ratio, See attached plot for detailed information.

For measurement of the (S/IV), we use the Pb of 1.0x107 minimum.

Ref: Viterbi, AJ. Principles of Coherent Communications (New York: McGraw-HILL
1966), Pg. 207

Using equation (1} shown above, calculate the signal to noise ratio required for your chosen
BER. This value and the measured J/S ratio are used in the following equation ta calculats
the Process Gain (Gp) of the system.
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Gp = (8/N)o+Mj+Lsys

Where:

IS/NJo:  Theoretical signal to noise ratio required to maintain the normal operation just
before the BER appears. In real measurements the maximum error of 0.001 is
allowed in an ideal system using their modulation scheme with all codes
turned off (i.e. no spreading or processing gain).

Mj: Maximum jammer to Signal Ratio that recorded at the detected BER.

Lsys: System losses such as non-ideal synchronization, wacking circuitry, non-
optimal baseband receiver filtering and etc_.. These losses can be in excess of

3 dB for each ransmitter and recsiver pair. For the purpose of this processing
gain calculation we assume a Lavs at its minimum value of 3'dB. L

Ref.: Dixon. R. Spread Spectrum Systems, (New York: Wiley, 1984), Chapter 1.

TEST RESULTS:
Conforms.

TEST PERSONNEL:
Tri M. Luu, P.Eng.
DATE:

Oect. 17, 1997
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DEM WLAN PC CARD 133160, Model GERSHWING T MRET331602
MEASUREMENT DATA:
Test Method Employed: Jamming Margin
Sig. Gan. Trarmmitter Jammer o
SiGE. GENM. Total Pask Total Paak Signal Ratio Processing

FREQ. BER 15/Nla Lays Poweier @ Ax Power @ Ax M Gain
MMz (2B [dB] | |dBmi] {dBm) (dB) 1dB)
Fc- 1.00 | 0.000020 5.6 2.0 245 27.9 3.4 15.0
Fc-0.80 | 0.000013 9.8 2.0 244 27.9 as 15.3
Fe-0.70 | 0.000070 | 9.8 2.0 -75.9 -27.9 2.0 13.9
Fc-0.50 | 0.000015 9.8 2.0 -26.7 -27.4 1.2 13.0
Fc-0.45 | 0.000018 8.7 2.0 -26.0 279 | 1.9 13.8
Fc-0.40 | 0.000015 9.8 2.0 -26.2 -27.9 1.7 135
Fc-0.35 | D.o00012 8.9 2.0 -26.6 -27.8 1.3 13.2
Fe-0.30 | 0.000015 2.8 2.0 -26.9 -27.9 1.0 12.8
Fe-0.25 | 0.000018 8.7 2.0 -27.8 -27.9 0.3 12.0
Fe-0.20 | 0.000011 9.8 2.0 -27.7 -27.9 0.2 12.1
Fo-0.15 | 0.000018 9.8 2.0 -28.0 -27.9 0.1 11.7
Foc-0.10 | 0.000020 9.8 2.0 -28.4 -27.9 0.5 1.1
Fc-0.05 | 0.000010 9.9 20 .20.2 -27.9 -1.3 10.8
Fo 0.000020 8.8 2.0 -27.8 218 | 0 tA.7

Fc + 0.05 | 0.000010 5.9 2.0 -27.9 .27.8 0.0 1.9 |
Fc + .10 0.0C0020 5.8 2.0 -27.8 -27.9 (i i 1.7
| Fe + 0.15 | 0.000017 8.7 2.0 -27.9 -27.9 0.0 11.7
| Fe + 0.20 | 0.000015 2.8 2.0 -26.9 -27.9 1.0 12.8
| Fe + 0.25 | n.coo0010 8.9 2.0 -26.2 -37.9 1.7 13.5
Fe + 0.30 | 0.000010 9.3 2.0 258 | 274 2.1 14.0
Fc + D38 "J-DQOD‘IZ 3.9 2.0 -25.0 | -27.9 2.9 14.8
Fe = 040 | 0.000013 8.8 2.0 LV O 3.2 15,0
Fo + 0.45 | 0.000014 8.8 20 | -253 270 2.4 14.4
Fc + 0.50 | 0.000020 5.5 2.0 -25.5 278 | i4 1" ‘tap
Ec + 0.70 | 0.000015 5.8 5] 252 37,9 2.7 14.5
Fe + C.BOD 0000016 8.7 2.0 | -24.B -27.8 2.4 | 151
Fe+1.00 | 0oooo1a | 98 | 20 | -249 58 | 36 14.8

MINIMUM PROCESSING GAIN: 10.6 dB |

= (8/N}o: Refer to attached curcves, BER versus (S/N)o for Differiential Coherent Detection of
Differientially Encoded DPSK
*  Processing gain Gp = (S/M)o + Lsys + Mj = (5/MN)o + 2 Mj
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1.7.2 Probability of 8it Error for

Coherently Detected Diferentially Encoded PSK
Channel waveforms sometimes experience inversion: for exampie, when using 8 “gg
snherent refersnce generated Dy 2 phase-locked loop (ses Chapter 8). one may =
have shase ampiguity. If the carmer phase wers reversed in 2 DPSK modulauot
application, what would be the affect on the message? The only affect would DES
an arror in the bit during which mversion occurred or the bit just after inverpo 3
<ince the message information is sncoded in the simmiiarity or difference detwesl
adjacent symbols. The simiarity or differsncs quality remains unchanged
~arrier is inveried. Sometimes. systems are differennally encaded and con
derecied, simply to avoid these phase amoiguities.

The procability of bit emor for conersntty derscted. diffarenuially =

PSK is given by 7]
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THEORETICAL PROCESSING GAIN

The table below represents the symbol rate, chip rate, and theoretical processing gain for the

aforementioned EUT.

Data Rate Symbol Rate | Chip Rate Chip/Symbol | Es/No J/IS
(Mbps) (MSps) (MCps) Rate (dB) (dB)
1 1 11 11:1 10.3 -2.3
2 1 11 11:1 13.3 -5.3
5.5 1.375 11 8:1 13.4 -5.4
11 1.375 11 8:1 16.4 -8.4




