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Change History:

Dat e Section| Description
04/ 16/ 99 Initial release.
, Rev. A
05/6/99, |2 Changed spreading gain into processing
Rev. B gai n.
4.1 For data rates of 5.5 and 11 Moit/s

changed processing gain requirenents of 9
dB into 10 dB

4.2 Changed description for denodul ated data
availability at the interconnection

bet ween RF and DSP into the

i nterconnecti on between DSP and digital

circuits.
Changed spreading gain into processing
gai n.
7.2, Changed sub sections Measurenment Results
7.3 and Measur enment Concl usi on.

Annex A| Updated fl ow chart.
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1. Summary:

Thi s docunment describes the Receiver Processing Gain
verification nmeasurenents perfornmed at the WaveLAN-I11 PG
Card Type 2, according to Ref.[2].

2. Conclusion:

The Lucent WaveLAN-11 PC Card Type 2 product confirns
to the mnimumrequired 10 dB processing gain, as set forth
by the FCC for operation in the 2.4 GHz | SM band.

3. References:

1- Docunent FCC 97- 114, Appendi x C, CGuidance on
Measur ement s
for Direct Sequence Spread Spectrum Systens.
2- Har dwar e Functional Specification for WaveLAN ||
Embedded, Hi gh Speed, Doc. No. 011735, Rev. A,
Source Organi zation Lucent Technol ogi es WCND Ut recht.
3- Viterbi, A J., Principles of Coherent Conmmunications,
New York, MG aw-Hi Il 1966.
4- Proakis, J.G, Digital Comrunications, New York
McGraw-Hi || 1989, page 270.

4, Measurement description:

4.1 Test introduction - FCC requirenents:

Part of FCC certification for the Lucent WavelLAN | EEE
802. 11 Hi gh Speed conpliant Network Interface Card (NIC) is
a processing gain test. This test proves that the receiver
of the tested product enploys a true spread spectrum device
receiver structure, taking full advantage of the direct
sequence spread spectrum nodul ati on techni que.

This test verifies the receiver processing gain to be
10 dB or nore for a data rate of 1, 2, 5.5 and 11 Moit/s, by
nonitoring the Bit Error Rate (BER) of the product under
test for each data rate, while operating under strict
defined received signal conditions.

Several methods of show ng conpliance to the rules are
possi ble, froma stepped CWjamer to a continuous sweeping
CWinterferer. For this test the discrete stepped CWjamrer
met hod was chosen, as described in Ref.[1].
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Therefore a receiver input signal is applied to the
product under test, in the presence of a Continuous Wave
(CW interference source, also referred to as CWjanmer.

The test takes place at the product Functi onal
Speci fication (Ref.[2]) specified conditions for BER rate
measur enents, specifying a BER equal or better than 107-8 at
a

receiver input |evel of -55 dBm For practical reasons these
test are performed at -55 dBmor -53 dBm This snmall
deviation from the Functional Specification should not cause
any deviation fromthe specified Bit Error Rate, since the
received |l evels are well above the thermal noise.

The test criteria for neeting the mninmal processing
gain is such that it takes the theoretical cal cul ated SNR
for the applied nodul ati on techni que and specified BER as a
reference. Fromthis given SNR the processing gain is
subtracted, yielding the CWJanmmer to Signal ratio J/S. From
Ref. [4], likewi se as Ref.[3] consulted in Ref. [1], it is
determ ned that for a BER of 107-8 the SNR (S/N)o equal s:

13 dB @1 Moit/s,
15 dB @2 Moit/s,
15 dB @5.5 Moit/s,
18 dB @11 Moit/s.

Thus the J/S ratio for a processing gain of 10 dB that
must be met is cal cul ated as:

-13 + 10 = -3 dB @1 Mdit/s (DBPSK),

-15 + 10

-5 dB @2 Mit/s (DQPSK),

-15 + 10 = -5 dB @5.5 Mit/s (CCK),

-18 + 10 = -8 dB @11 Mit/s (CCK).

Two types of measurenent corrections are allowed for as
described in Ref.[1]. The first taking into account 2 dB
i mpl enmentation | osses, thus increasing the absolute J/S
ratio by 2 dB.

The second correction allows for deleting the 20%
wor st- case frequencies in the processing gain test that
causes the test at that CWinterference to fail. This
inplies that for the considered 14 MHz w de neasurenment
interval the worst case 57 CWjamrer frequencies can be
i gnored, being those that result in received data
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errors/mssing frames (20% of 14 WMHz *(1 MHz/50 KHz) + 1 =
(20% * 281) + 1 = 57).
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4.2 Test sequence:

The neasurenents are performed at a 50 KHz CW jammer
raster. For each CWjamer frequency 1078 bits are
transmtted by the reference transmitter, and received by
t he product under test. For practical reasons 50.000
nmessages are transmtted. After blanking out frame overhead
1927 bits per frame are nonitored. This results in 50.000 *
1927 = 9650000 transmitted bits for a BER test, which is a
nere 1.4% 1l ess than the targeted 1078 bits. Though it woul d
be nore el egant to show BER conpliance for at |east say ten
times 1078 transmtted/received bits, the time involved with
this grows significantly. Since the CWinterferer is stepped
in a 50 KHz raster, covering the receiver bandw dth of 14
MHz, it is considered that the BER requirement is
sufficiently met since such a nultitude of neasurenents are
t aken.

The total neasurenment is being performed under conputer
control, hereafter referred to as controller. It involves
the control over the reference transmtter, CWinterference
generator, receiver under test and received data error-
checker/frame counter. The controller is programed by a
configuration file, that lists the CWjamer frequencies and
CW jamer signal |levels. The controller programflow chart
is given in Annex A, WavelLAN-11 FCC Processing Gain
Measurements, Controller Flow Chart.

The transmtted data pattern is fixed, and known at the
receiver. Therefore the error checker conpares the known
transmtted data sequence with received data sequence.

Recei ved data errors and nmissing received frames information
is retrieved by the controller

In the receiver at the inter-connection between the
recei ved data denodul ator output at the DSP and the digital
interface the denodul ated received RF signal is made
avail able to an error checker. This error checker is a
dedi cated piece of hardware that nonitors real-tine the
recei ved data, gating-out any other non-relevant informtion
that is present in the received data (nmessage header
nessage length field, CRC field, diagnostic information
field etc.). For a chosen Tx nessage |ength of 230 bytes
this yields 1927 useabl e bits.

The test sequence is as follows: the controller issues
a request to the transmtter for 1000 franmes to be
transmtted. Once this nunber of frames has been transmitted
the transmtter signals to the controller the conpletion of
this. The controller reads the nunber of received franes and
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nunmber of erroneous received frames. If there are no m ssing
frames or received data errors detected, the controller
increases the CWinterference level by 1 dB. Consequently it
re-issues a 1000 franmes transmt request, and the test is
re-started. This sequence is repeated until received data
errors or missing frames are detected.
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Now i nstead of a quick error scan using 1000 franes,
50000 franmes (equals 107”8 bits) are transmitted to verify
the BER. For this test the CWjanmmer level is |lowered 1 dB,
conpared to the CWjamrer |evel at which the first receive
data errors and/or mssing franes were detected. All the
measurement results are recorded for |ater use.

After conpletion of the 50000 franmes BER test, the
spreading gain verification test continues by raising the CW
j ammer frequency by 50 KHz and re-setting the CWjanmmer
| evel to the start value, taken fromthe controller
configuration file. For this new CWfrequency the
nmeasurenents are repeated as descri bed above (see Annex A).

Al CW frequencies and power levels are listed in a
command-file that is read by the controller at start up.

Bef ore measurenents are started, the receiver input
| evel and CWjamer |evel need to be calibrated. See figure
1 for the test set-up.

The test takes place at an arbitrarily chosen channel,
bei ng channel two (2417 MHz).

4.3 Receiver level calibration:

The receiver input level is calibrated using the RF
power nmeter. For this purpose, the reference transmtter
out put attenuator is set to O dB. The CWjamer is disabled
during the calibration. Using the RF power neter at the
receiver input of the device under test, the received | evel
at the receiver input is neasured for a continuos active
reference transmtter. The attenuator value is calculated to
achieve a received |level of -55 dBm Finally the attenuator
is adjusted to this val ue.

4.4 CW Il evel calibration:

The reference transmitter is disabled during this
calibration. The CWjanmmer generator output level is set to
0 dBm and the RF power neter value is read. The difference
in CWoutput |level setting and RF power neter neasured at
receiver input of the device under test is the attenuation
of the test set-up. This is the correction factor that needs
to be applied for analysis of the nmeasurenments results.
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5. Equipment used:
# ltem Descri ption

needed

1 Portable PC with WaveLAN-I|1 NIC, Zenith Z-lite, SN
3GSAZW00061, for receiver.

1 Portable PC with WaveLAN-I|l N C, NCR 3150, SN 17-
26106224, for transmtter.

1 Software ' Testware, V5.09', Rev. O, <TW EXE>,
141456 bytes, 12-13-1998. Used for the transmtter
and receiver.

2 WaveLAN | EEE Turbo NI C.

1 PC + |EEE interface card, NCR PC6, SN 17-17039925

and CEC PC<>488 interface card.
1 Recei ved error checker, wire-wap prototype, Lucent
WCND desi gned and built.
Power supply, Delta D030-1, for error checker.
Spectrum Anal yzer, HP 9592B SN 3009U00102.
Power Meter, Rohde & Schwarz, MIlivolt nmeter URV5,
SN 893430/ 070.
1 Power Sensor, Rhode & Schwarz, type NRV-Z2
828218. 02, SN 860925/ 005.

e

1 CW jammer generator, G gatronics 7200, SN 746604.

1 Vari abl e attenuator, 0-70 dB, M dwest M crowave,
Model 1044.

2 Fi xed attenuator, 10 dB, Innet Corp., nodel 18AH 10.

1 RF power splitter, ARRA 3-9200-2, SN 2001.

1 M sc. | EEE cabl i ng.

1 M sc. SMA cabli ng.

1 RF shi el ded cage.
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6. Measurement set_up:

setup is given below in Figure 1,
can di srupt the

The test
test set-up. To avoid interference that
t he whol e test

measur ement,

Lucent WCND Confi denti al
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7. Measurement results:

7.1 Calibrations:

Recei ver calibration 1, 2, 5.5 and 11 Mit/s: For O dB
total attenuator setting the received |evel at the receiver
i nput equals +10 dBm

Test setting: the fixed attenuator is chosen to be 20
dB, the variable attenuator is set to 45, respectively 43 dB
attenuati on.

CW jammer generator calibration: For a 0 dBm out put
| evel at the generator the received | evel at the receiver
input is -6 dBm

7.2 Processing Gain Measurenment Results:

For each CWjamer frequency between Fc +/-7 MHz, being
the receiver bandw dth, a BER neasurenent is taken.

For each CW neasurenent frequency the jamer |evel is
varied from-66 dBmto -58 dBm a the receiver input,
yielding a J/S ratio of -11 to -3 dB, respectively -13 to -5
dB.

For some CW frequencies received data errors/ m ssing
frames are detected while perform ng the BER test.

Applying the allowed margin of 2 dB inplenentation
| osses for 1 Mdit/s, a 1 dB inplenentation loss for 5.5 and
11 Moit/s, and no inplenentation loss for 2 Mit/s, together
with the rule of discarding the 20% wor st-case
j amm ng/ signal points (Ref.[1]), results in neeting the
specified BER for which | ess than 20% of the measured CW
interference frequencies were found to cause received data
errors and/or m ssing franes.

These percentage nunbers are respectively 16% @1
Mit/s, 3% @2 Mit/s, 17% @5.5 Mit/s and 18% @11 Mit/s.
Therefore, a J/S ratio better or equal to -5 dB @1
Mit/s, -5 dB @2 Mit/s, -7 dB @5.5 Miit/s and -9 dB @ 11

Moit/s is neasured.

7.3 Measurenent Concl usi on:

The tested product conplies to the required Processing
Gain of 10 dB for a data rate of 1, 2, 5.5 and 11 Moit/s, as
set forth in Ref.[1].
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START

Initlalize IEEE cord.
Set name for:

-Input file <Input.cmd>
-Output result file

<{measres.txt>.

N2
Write to {(measres.txt>
date, time
Input file name <input.cmd>,
Output file name is
<measres.txt>.

T

| EEE control

program

N7
Rea.d line from <input.cmd>

No

B.

FCC Processi ng Gain Measurenents,
FI ow Chart

Input & ¢
Ye

Fill array (meas(I,J> >
from <input.cmd>.
Set CW frequency

T

3
For I=1 to 9
N2

Set CW output Level
CW level 1= MEASC,D

N2

Reset counters
Start Tx

N
| Wait for Tx to finish |
N2

| Read counter values |

Yes

No

Set CW output level
CW level = MEASCL,D

Set CW output level
CW level = MEASWI-1.1

g

Reset counters

Start Tx
N2

Walt for Tx to finish
N2

Read counter value
Write to flle <measrestxt>
-CW frequency
-CW Interference level
-#measured errors
-Start time, stop time

T

END



