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Introduction

For the purpose of FCC type approval (FCC part 15, section 247, subsection (e)),
the processing gain of the MAX RF module has been measured.

Processing gain is defined as the difference in signal to noise ratio between the
input and output of the demodulator.

The theoretical processing gain of the MAX RF module is
GPrneory =10%° log(codelength =15) =11.7dB

Summary results

The measured processing according to the measurement method described in
FCC15.247(e)(1) is 10dB.
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1. FCC15.247(e)

FCC15.247(e) prescribes the following:

“The processing gain of a direct sequence system shall be at least 10 dB. The processing
gain represents the improvement to the received signal-to-noise ratio, after filtering to
the information bandwidth, from the spreading/despreading function. The processing
gain may be determined using one of the following methods:

(1) As measured at the demodulated output of the receiver: 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 turned on.

(2) As measured using the CW jamming margin method: a signal generator is stepped in
50 kHz increments across the passband of the system, recording at each point the
generator level required to produce the recommended Bit Error Rate (BER). This level
is the jammer level. The output power of the intentional radiator is measured at the same
point. The jammer to signal ratio (J/S) is then calculated, discarding the worst 20% of
the J/S data points. The lowest remaining J/S ratio is used to calculate the processing
gain, as follows: Gp = (S/N)o + Mj + Lsys, where Gp = processing gain of the system,
(S/N)o= signal to noise ratio required for the chosen BER, Mj = J/S ratio, and Lsys =
system losses. Note that total losses in a system, including intentional radiator and
receiver, should be assumed to be no more than 2

dB.”
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2. Measurement Method

To measure the processing gain of the MAX RF module, measurement method
(1) of FCC15.247(e) has been used.

A reference transmitter is connected to the MAX RF module. n symbols are
received by the module. The average signal-to-noise ratio after reception is
determined from each symbol, both with the despreading function activated and
deactivated. The signal to noise ratio determination is based upon digital
samples® from the output of the demodulator.

The (linear) signal to noise ratio in each case (despreading activated or

deactivated) is given by the ratio of the mean energy of the samples divided by
the variance of these samples:

1
Hiara :_zki
ni=

ajata = %Zn:[k| - :udata]

i=1

2

noise _energy = o.,.
signal _energy = 4.,

_ signal _energy _ /4,
SNR;;, = - =2k
noise_energy o

where k; is i" sample of a set of n samples. In this measurement the value n
equals 5000.

The calculated signal-to-noise ratio is converted to a logarithmic scale using
SNR,, =10x"10g(SNR,.)

The difference between the SNR (dB) values with despreading activated and
despreading deactivated is defined as the processing gain (dB).
In formula form:

GP,... = SNR ~SNR

Despreading _ Activated Despreading _ Deactivated

! Each symbol is sampled once.
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3. Measurement Setup

AMIQ programmable
data generator

p  MAXRF Module (RX)

SMIQ signal generator |

SMA (-36dBm
(%) ( ) Parallel
data bus ——
Development Platform p—
(data log) RS232

The MAX RF module, configured in receive mode, has been mounted on the
Adcon Development Platform in order to real-time log all demodulator samples.
These samples are stored in a RAM block on the Development Platform. After
measurement of 5000 symbols, all sampled data is fed to the RS232 port of the
Development Platform for external processing (determining the mean and
variance of the samples).

The reference transmitter is an external signal source, the Rohde&Schwarz SMIQ,
that is modulated by the programmable data source, the Rohde&Schwarz AMIQ.
The programmable data source contains one block of spread data that is used as
reference. The output power of the SMIQ is set at well above the noise floor of
the MAX RF module.

The first measurement of 5000 samples is executed having the MAX RF module in
normal operation mode (i.e. despreading activated). The second measurement of
5000 samples is executed having the despreading code of the MAX RF module
replaced by a constant value of one (which is equivalent to deactivating the
despreading operation).

Equipment list:

Description Type Serial Number
Data Generator R&S AMIQO3 833266/020
Signal Generator R&S SMIQO03B 1125.5555.03
Device Under Test MAX RF Module 116410058
Development Platform | Virtex Development Board Virtex10
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4. Measurement Data

The raw measurement data has been put in Appendix A.

The processed results from the raw measurement data are given in the following

table.

03/19/02 2:36 PM

Despreading| Despreading
Deactivated Activated

u 204.6656663 | 369.2364946

o 87.74782433| 50.37057087

SNRyjn |5.440230151 | 53.73478217

SNRgg | 7.35617273 | 17.30255493

Raw Data Samples

—e—Despreader Activated

—=— Despreader Deactivated

2000 3000 4000 5000
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5. Conclusion

Using the measurement method set by FCC15.247(e)(1), the difference between
the SNR of the MAX RF module with despreading activated and despreading
results in the measured value for the processing gain:

Gpmeas = SN RDespreading _Act - SN RDespreading _ Deactivated = lOdB

The measured processing gain of the MAX RF module is 10dB.
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Appendix A: Raw Measurement Data
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