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Processing Gain of a Direct Sequence Spread Spectrum FCC CFH W delink Co., Ltd.

FCC ID: PlISWA-1100P
Product Name : WAL-1100P Job #  231K1

Exhi bit #: TA-7F

FCC Requirenments: The Processing gain of a direct sequence system shall be at |east 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 spreadi ng code turned on, as neasured at the denodul ated out of the receiver.

Envi ronnental Condition: Roomtenperature and Humidity : +25 °C and 50%

Power | nput: DC Power fromthe computer

Test Equi prent

NO Equi pnent s Vendor Model Nane Descri ption

1 Spectrum Anal yzer Agi | ent HP8595E 9KHz ~ 22 GHz
2 Si gnal Gener at or Agi | ent E4421A

3 Power Meter Agi | ent HP438A

4 At t enuat or 10 dB, 20 dB
5 Step Attenuator Wi nschel AE117A-69-11 70 dB

6 Step Attenuator Wi nschel AF119A- 99- 33 99 Db

7 Power Splitter AceTeq.

8 Conmput er Sanbo Dr eansys

Met hod of neasurement: Jammi ng Margi n Met hod

The processing gain nmay be neasured using the CWjamm ng nethod. Figurel shows the test
configuration. The test consists of stepping a signal generator in 50 KHz increnents
across the passband of the system At each point, the generator level required to
produce the recomended Bit Error Rate(BER) is recorded. This level is the jamrer |evel.
The out put power of the transmitting unit is neasured at the sane point. The Jamer to
Signal (J/S) ratio is the calculated. Discard the worst 20% of the J/S data points. The

| owest remaining J/Sratio is used when calculating the Process Gin.

Theoretical Calculation : The use of 8% FER frane error rate(or PER packet error rate)
as a substitute for the recomended BER bit error rate and the ideal signal to noise

rati o per synbol (Eb/No) is derived in the attached docunents
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¢ Processing Gain Test
1. Test Background and Procedure

According to FCC regulations[1l], a direct sequence spread spectrum system mnust
have a processing gain, G of at least 10 dB. Conpliance to this requirenment can
be shown by denonstrating a relative bit-error-rati o(BER) perfornance inprovenent
between the case where spread spectrum process(coding, nodul ation) are engaged
relative to the process being bypassed. In sone practical systens, the spread
spect rum processi ng cannot sinply be bypassed. In these cases, the processing gain

can be indirectly nmeasured by a jammi ng margin test [2].

2. Theoretical calcul ations

The processing gain is related to the janming margin as foll ows [2]

Q):[ S/ I\I] out put +[ ‘]/ S] +Lsystem

Where BERpD, . .... 1S the reference bit error ratio wth its corresponding
theoretical output signal to noise ratio per synbol, (S/Nyoutput, (J/S) is the
jamm ng nmargin(janm ng signal power relative to desired signal power)m and L.,
are the system i npl enentation | osses.

The maxi num al | owed total systeminplenentation loss is 2 dB.

The HFA3861A direct sequence spread spectrum baseband processor wuses CCK
nmodul ation which is a formof Mary Othogonal Keying. The BER performance curve

is given by [5].

“The probability of werror for generalized Mary Othogonal signaling using

coherent denodul ation is given by:

S S ED/ )2 expy — 2.
Pe=1-Pcl=1 mf_%[Z(l Q%+ 2EDI D17 e~ oz

This integral cannot be solved in closed form and nunerical integration nust be
used.

This is done in a MATHCAD envi ronnent and is
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2.11000 byte PER vs. Es/No

The reference PER is specified as 8% The corresponding Es/No(signal to noise
ratio per synbol) is 16.4 dB. The Eb/No required to achieve the desired BER with
maxi mum system i nplenentation losses is 18.4 dB. The mnimm processing gain is

agai n, 10 dB,

Gp= EE%@ ; %@ Lo = 164B + 2008 + %@z 10dB

output

Gp=184dB + %% 10dB

The m ninum janmmer to signal ratio is as foll ows:

%EZ -84dB

For the case of the HFA3861A, the bit rates are 1,2,5.5, and 11 Mops. The
correspondi ng synbol rates are 1,1, 1.375, and 1.375 Msps. The chip rate is al ways
11 Meps, so the ratio of chip rate to synbol rate is 11:1 for the 1 and 2 Mops
rates and 8:1 for the 5.5 and 11 Mips rates. Since the synbol rate to bit rate is
less than 10 for the higher rates, we supply the theoretical processing gain
calculation for these cases where both spread spectrum processing gain and coding
gain are utilized. This is reasonable in that they cannot be speparated in the
denmodul ati on process. |If a separable FEC coding scheme were used, we would not be
confortabl e maki ng this assertion.

The PER can be related to a BER of 1le-5 on 1000 bye packets. Wth 8 bits per
synmbol, the Eb/No of BPSK is 9.6 dB for le-5 BER, so therefore the coding gain of
CCK over BPSK is 2.2 dB. W add this to the processing gain of 9 dB to get 11.2 dB

overal |l processing gain for the CWjanmer test.

Taki ng the calcul ati ons above, if the %%—84d8 then the equi pnent passes the

CWjanming test.
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0 Test Procedure

otain the sinplex link shown.

prior to this procedure.

Set

Perform all independent

operating power

| evel s

attenuators in systemto neet the follow ng objectives:

instrunentation calibrations

using fixed and variable
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1. Signal Power at receiver approxinmately -50 dBm

2. Signal Power at power neter between -5 and -10 dBm for optinal linearity.

3. Use spectrum anal yzer to nonitor test and neasure the power.

4. Ensure that Signal Generator RF output is disabled and neasure the power.
This is the relative signal power Sr.

5. Set CW jammer generator RF output frequency equal to the carrier frequency and
enabl e generat or output.
Set reference CW jamer power |evel at power neter port 8.4 dB bel ow Sr(m nimum
J/'S, or 10 dB processing gain reference level) . Note the power Ilevel setting on
the generator, this is the reference CWjanmmer power setting, Jr.

6. Disable CWjamrer , re-establish link. PER test should be operating essentially
error free.

7. Enable CW jammer at the reference power level and verify that the PER test
i ndicates a PER of less than 8 %.

8. Alternatively, adjust the CWjamer |level to that which cusses 8% PER and verify
that the S/J is less than 8.4 dB.

9. Repeat step 7 for uniform steps in frequency increments of 50 KHz across the
recei ver passhband with the CWjamrer. In this case the receiver passband is %8.5
MHz .

The nunber of points where the PER fails to achieve 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 can be determined from the average of

the renmaining points ‘PERs scal ed on the PER curve above.

The nunerical data associated with the following radio channels is tabulated and

presented for:

Channel 1 : 2142 MHz
Channel 6 : 2437 MHz
Channel 11 : 2462 M4z
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