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QPHY-UWB Software Option

OVERVIEW

The LeCroy QPHY-UWB option software enables LeCroy Digital Oscilloscopes to perform WiMedia ultra
wideband (UWB) physical layer (PHY) transmitter compliance measurements as well as provide analyses and
displays for troubleshooting UWB transmitters. This option software performs the analyses and tests in
accordance with the following documents available from the WiMedia Alliance (WiMedia.org):

e MultiBand OFDM(Orthogonal Frequency Division Modulation) Physical Layer Specification, version 1.0

e WiMedia PHY Test Specification, version 1.0

Some additions have also been made to accommodate PHY specification version 1.2 such as the addition of
band group 6 and the addition of the 2-band time frequency interleave modes (TFI2), Time Frequency Codes
(TFC) 8-10.

The WiMedia UWB PHY specification provides for broadcasting over 14 bands, each 528 MHz wide covering the
frequency range from 3.1 GHz to 10.6 GHz. The 14 bands form 6 band groups detailed in the table below. The
table indicates which oscilloscopes will provide adequate bandwidth depending on which band groups you are
working in.

Lower Center Upper

Band Band Number Freq Freq Freq Bandwidth L_eCroy
Group IDs Bands (MH2) (MH2) (MH2) (MHz) Oscilloscope
1 1-3 3 3168 4960 4752 1584 SDA6000/9000/11000/13000
2 4-6 3 4752 5544 6336 1584 SDA9000/11000/13000
3 7-9 3 6336 7128 7920 1584 SDA9000/11000/13000
4 10-12 2 7920 8712 9504 1584 SDA11000/13000
5 13-14 3 9504 10032 10560 1056 SDA11000/13000
6 9-11 3 7392 8184 8976 1584 SDA11000/13000

This software expects the transmitter under test to be utilizing both the Time-frequency Codes and the OFDM
modulation scheme as required by the MB-OFDM specification. The software expects to receive an entire
digitized RF MB-OFDM packet. The software will down convert from RF to baseband and then further demodulate
the OFDM symbols for analysis.

The basic QPHY-UWB option is well integrated into the oscilloscope software. Control of the measurement
software is accomplished via a set of UWB menus that are entered from the top level menu Analysis > UWB
(WiMedia). These menus allow you to set up the parameters of the transmitter (Band Group, TFC, Data Rate) as
well as the type of analysis and details of the analysis.

The QPHY-UWB option supports the following types of analysis:
e Power Measurements

0 Spectrogram

o0 Power Spectral Density plots with masks and ACPR

0 Band power and total power
e Modulation Measurements

o Error Vector Magnitude (EVM) and constellation plot

0 Phase and Magnitude versus subcarrier plots

0 Common Phase Error versus time (symbol)

The QPHY-UWB option supports automation of WiMedia PHY compliance testing via our QualiPHY software. A
QualiPHY script is provided with the QPHY-UWB software to perform most oscilloscope operation, results
storage, and report generation for the compliance testing automatically. The software will pause and prompt the
user when a change in the transmitter parameters is required. It then asks the user to trigger the oscilloscope and
make sure that a packet was properly captured, after that, the script handles the analysis and results
automatically. The use of the QualiPHY and the UWB QualiPHY script is discussed in the Automating UWB
measurement taking with Qualiphy section on page 29.

QPHY-UWB-OM-E Rev A 5
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INSTALLATION

The QPHY-UWB option is enabled through installation of an option key. If the option was purchased with the
oscilloscope, then the key will already have been installed and nothing further is required to gain access and
control of the option. If the option was purchased independently of the oscilloscope and needs installation, then
please follow the instructions in the next section.

Oscilloscope Option Key Installation

If an option key has not yet been purchased to enable the QPHY-UWB option, call LeCroy Customer Support to
place an order and receive the code.

Enter the key and enable the option as follows:

1. From the oscilloscope menu select Utilities - Utilities Setup...
2. Select the Options tab and click the Add Key button.

3. Enter the Key Code using the on-screen keyboard.

4. Restart the oscilloscope to activate the option after installation.

Oscilloscope Firmware Version:

In order to enable the features described in this documentation version 5.2.0 or later firmware should be installed.
If your oscilloscope has an earlier version of the firmware, please download the latest version from the LeCroy
website (www.lecroy.com) and install on oscilloscope. Note that you do not need to re-install the option keys when
you update the firmware.

6 QPHY-UWB-OM-E Rev A



QPHY-UWB Software Option

BASIC SETUP FOR CAPTURING UWB PACKET OVER CABLE

Configure the UWB transmitter to be tested to the desired Band group, TFC, and data rate. It will make setup of
the trigger easiest if your transmitter can be put in a mode to continuously send out packets. The trigger can still
be setup even if you can only send out a finite burst of packets or even only 1 packet at a time, but it is a little
more difficult. Cable the antenna output of the transmitter to the input channel of the oscilloscope. Note for
40GS/s sampling rate only channel 2 or 3 can be used. If the UWB radio needs to be transmitting over the air
simultaneously with the capture of the signal, then use an appropriate power splitter to split the signal between
the antenna and the oscilloscope.

Sample Rate and Bandwidth Setup

Set up the oscilloscope sample rate and bandwidth according to the table below. Except for use with band group
1, the oscilloscope should be set to DBI mode on. This is accessible under the Timebase menu. Make sure that
the Timebase mode is set to Fixed sample rate. You do not want this changing while you are making a
measurement.

grz?)r:]dp Oscilloscopes Bandwidth ‘ Sample Rate DBl Mode on? Channel
1 SDA6000 6 GHz 20 GS/sec No Any
SDA9000
SDA11000
SDA13000
2-3 SDA9000 9 GHz 40 GS/sec Yes 2o0r3
SDA11000 11 GHz
SDA13000 13 GHz
4-6 SDA11000 11 GHz 40 GS/sec Yes 2o0r3
SDA13000 13 GHz

Vertical Setup

Start with a vertical sensitivity of 50 mV/div. After you capture the first few packets, set the vertical sensitivity
control to variable and adjust the V/div so the packet amplitude takes up at least 6 vertical divisions, but doesn’t
go off-screen.

Trigger and Timebase Setup

Set trigger to edge trigger with a trigger level of about %2 division (25 mV). Using the trigger delay control, place
the trigger position at about 2 divisions from the left of the screen. The trigger will not trigger precisely at the same
time each sweep, so you need to leave some room on the left of the screen. You also need to insure that there is
at least 200 nsec of inter-packet gap captured before the packet starts in order for the software to recognize the
packet as a complete packet for analysis. Set the time per division to a long enough time to capture the number of
packets you wish to analyze at a single time. Adjust trigger level to give most stable trigger. This may take some
back and forth if your transmitter is not transmitting a continuous stream of packets.

Note: According to the MultiBand OFDM Physical Layer Specification 1.1 (©2005 MultiBand OFDM Alliance and WiMedia
Alliance), EVM is only computed on data symbols. With a Standard preamble, the first data (PSDU, payload) symbol is symbol
43.

Although our software does not require it, you should acquire full packets. The WiMedia PHY Compliance and Interoperability
Test Specification (v1.0, September 1, 2006) says “EVM shall be computed over at least 3 packets with a payload of at least
96 symbols each. If the measured EVM is within 2 dB of the specified EVM maximum in absolute value, abs (measuredEVM -
specEVM) < 2 dB, then the EVM should be re-measured over an average of 10 packets to ensure accuracy of the
measurement”.

Please see the WiMedia PHY Compliance and Interoperability Test Specification for more details.

When you have at least one full packet on the screen, then you can proceed to analyze the packet which is
described starting on page 9.

QPHY-UWB-OM-E Rev A 7
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CAPTURING A WIRELESS USB DATA PACKET

The block diagram below shows a setup that is useful for capturing a UWB packet within the context of a Certified
Wireless USB (WUSB) system.

Antenna
Signal Path
Ch2
BP Scope
Filter
{optional)
20d
L.‘CM'
Hoise . AP
Amplifier Diode HiZ probe | Ch3
] ) Detector
Triggering Path Adapter

Antenna, Amplifier, and Filter

The amplifier is needed in order to be able to move the capture antenna out of the near field of the transmit
antenna. Our experience indicates that the capture antenna will still need to be relatively close to the transmitter
antenna, < 15 centimeters in order to obtain adequate signal to noise ratio. An appropriate band pass filter should
be used in environments where there are larger amounts of ambient cell phone or other wireless transmissions.
These out-of-band transmissions will not at low levels significantly affect the UWB analysis, but if they get too
high, they can use up too much of the oscilloscope dynamic range and decrease the SNR of the UWB
measurement. They also can make it more difficult to trigger on the UWB packet.

Adding a Special Trigger Path

In the above setup, the signal is split into 2 paths so that we can improve the triggering. In a Wireless USB
system, most of the UWB packets are very short “beacon” packets which we do not want to trigger on. We only
want to capture the much longer packets carrying the data payload. In order to accomplish this, we need to use
the Width Trigger mode in the oscilloscope to trigger on only the long packets. The Width Trigger mode has a
much lower bandwidth than the edge trigger, approximately 750 MHz. So we need to create a triggering path
where we use a shottky diode detector (e.g., Anritsu 70KA50) driving a high impedance input to create a rectified
and filtered version of the signal. The signal “envelope” seen by Channel 3 will be pulled slowly low as the packet
starts and will stay low for the duration of the packet and then slowly return to OV. With this circuit, we can now
use the Width Trigger to trigger only on negative going pulses with width greater than the width of the undesired
short packets. See the oscilloscope Operator’s Manual for help using the Width Trigger. This detector based
triggering circuit can also be used to help trigger on packets in higher frequency band groups where the edge
trigger bandwidth of the oscilloscope is being exceeded or pushed to limited sensitivity.

8 QPHY-UWB-OM-E Rev A



QPHY-UWB Software Option

OVERVIEW OF UWB ANALYSIS MODE

Once installed, the UWB (WiMedia) selection will appear in the Analysis menu. This is the main entry point into
the UWB analysis mode. Notice that the packet to be analyzed displayed on the screen below is in Memory 1,
M1. Click UWB (WiMedia) to enter the UWB analysis mode.

File Vertical Timebase Trigger Display Cursors Measure Math Utilities Help M1.| Setup.

m UWB (Wiledia)...

J—ll _Electrical Telecom...

g i Serial Data..

fUw Clock Analysis

“ 7 itter Wizard...
SDA

PF Testing On

PF Actions On

B Analysis Status...

[Timebase — 0.00 psfTrigger |
2.00psidiv | Stop 0.0 mV
|100 kS 5.0GSis |[Edge  Positive

BTz 28 PM
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Upon entering the UWB analysis mode, the UWB Analysis main menu will appear on the bottom third of the
screen.

File Verical Timebase Trigger Display Cursors Measure WMath Analysis  Ultilities Help

Timebase __ OngfTrigger (D)
ED.0Onsidiv [Stop 0.0mv
5.00 kS 10 GSis |Edge Positive

UWB Analysis Close

Signal Setup Missing first g | symbols

. ! TFC -
‘EVM.‘Constellation . ]
. on L 1 )

| Mag/FPhase ‘ Spectrogram Band Group
. _ e —— 1 |
Input source | CPE vs. time ‘ Power -
M 1 ¢ ¢ Data Rate
0 400 or 430Mb/s |

The UWB Analysis main menu contains 5 main sections corresponding to the following sections of this manual.
Turning the UWB Analysis Mode On and Off
Click on the “On” box to turn the UWB Analysis Mode On. Click again to turn it off.

10 QPHY-UWB-OM-E Rev A



QPHY-UWB Software Option

Selecting the Source for the UWB Waveform to be analyzed

Selecting Input source control brings up a list of possible sources for waveform analysis. Select the one
containing the packet for analysis. Any of the 4 input channels, 4 memories, or 8 math functions can be used as a

source.

Input source

M2

Specifying the MB-OFDM parameters for the packet to be analyzed

The section labeled Signal Setup, as follows, is used to specify the MB-OFDM parameters used by the radio
when it transmitted the packet. You will need to enter the TFC (Time-Frequency Code), Band Group, and the
Data Rate in order for the oscilloscope to know how to analyze the packet. If they are selected incorrectly, it may
not be possible for the UWB analysis package to perform most of the analysis described below. The
Spectrogram analysis doesn’t require any of this information, so it can be used to view the spectrogram of the
packet. The spectrogram information can be used to determine the TFC and Band group, if these are unknown.

Signal Setup
TFC
1

Band Group

L ]

Data Rate
320 400 or 480Mbis |

Setting the Time Frequency Code (TFC)

Select the TFC control to set the TFC value for the packet to be analyzed. Some reference information about TFC
values:

e TFC values range from 1 to 10. (PHY 1.1 specification defines 1-7; upcoming PHY 1.2 specification defines 8,
9, 10)

e TFC 1: symbol 1 = Lowest band, symbol 2= mid band, symbol 3 = high band and repeats 1,2,3...1,2,3
TFC2:1,3,2...1,3,2....

TFC 3: 11, 22,33 ... 11, 22, 33....

TFC 4: 11, 33, 22....

TFC 5, 6, 7: FFI mode (Fixed Frequency Interleave)

TFC 8, 9, 10: two band time frequency interleaved: 1,2; 2,3; and 1,3

Note: When working in TFC 5, 6, or 7 there is only going to be 1 PSD mask. In fact there should be no energy in
the other bands.

QPHY-UWB-OM-E Rev A 1 1
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Setting the Band Group

Select the Band Group control to set the Band Group for the packet to be analyzed.

e Each Band Group is composed of 3 bands, except for Band Group 5, which has 2 bands
e Each Band Group has 10 possible TFC choices except Band Group 5, which has 3

e Each combination of Band Group and TFC is called a Channel

Setting the Data Rate

Selecting the Data Rate allows you to select the data rate for the payload portion of the packet to be analyzed.

‘ 53.3 or 80Mbis

‘ 320 400 or 480Mb/s

Note: In the MB-OFDM signal, the data is modulated with a QPSK scheme for data rates up to 200 Mb/s. For
user signals with higher data rates, the DCM modulation scheme is used (18 stars in the constellation display, 16
for data plus 2 for pilot tones).

DCM constellation display

QPSK constellation display (4 stars) (16 stars data + 2 stars for pilot tone)

12 QPHY-UWB-OM-E Rev A




QPHY-UWB Software Option

Interpreting the Packet Information Box

This box located to the right of the UWB Analysis main menu outputs useful information on the signal being
analyzed:

e Number of packets displayed

e Preamble information

e Inter-packet gap time

e Number of symbols contained in each packet displayed

Selecting the Analysis View and Associated Menus

Select one of the analysis buttons to bring up the view and controls for that type of analysis.

Mag/iPhase Spectrogram

CPEwvs. time Power

There are 6 possible analysis types:

e PSD - Power Spectral Density

e EVM/Constellation - Error Vector Magnitude (EVM) with Constellation display
e Mag/Phase - Magnitude and Phase plots

e Spectrogram — Spectrogram plot

e CPE vs. time - Common Phase Error (CPE) versus time

e Power — Total power in packet and the power in each band

When one of the analysis views is selected, an additional menu is created and brought forward which contains the
controls for that particular analysis view. We can hop back and forth between this particular analysis view menu
and the main UWB control menu by selecting the appropriate tab at the top left of the menu area. For example,
when the Spectrogram analysis is active, the 2 menu selection tabs are called Spectrogram and UWB Analysis
(See picture on next page). The UWB Analysis tab is always available to allow you to jump back to the main
UWB menu.

QPHY-UWB-OM-E Rev A 13
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SPECTROGRAM ANALYSIS

This view displays a spectrogram of the input waveform. Forming a spectrogram does not require UWB
processing, so you can zoom in on the source (as shown below) to any part of a packet. A spectrogram is a 3
dimensional plot in which the power is plotted on the z-axis, as a color-graded intensity, as a function of both
frequency on the vertical axis and time along the horizontal axis. The time scale for the spectrogram is identical as
that for the source waveform. As you zoom in and out on the source waveform, the spectrogram’s horizontal axis
will automatically rescale to track. The following screen-shot shows the spectrogram of a segment of the input
UWB packet on M1. We can immediately see that the band hopping has a sequence of 1,2,3,1,2,3 which we
immediately recognize as TFC 1. On the spectrogram menu we can control the vertical frequency scale that is
looked at as well as the z-axis dynamic range. These controls are described below.

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Utilities Help

264 MHz/div 1.00 psidiv | Auto 0.0 mv
1.10 usidiv [100 kS 10 GSis |Edge Positive
o#

UWB Analysis Spectrogram Close

Center

T o Center and Span are autornatically set
HETNEENERR on Band Group change (on UWB menu)
Span Defaults are for Band Group 1

2112000 GHz

Dynamic range
40

852006 1:14:03PM
Setting the Center Frequency and Frequency Span

These values automatically default to the Center Frequency and appropriate Span for the band group that is set
on the main UWB menu. This menu allows them to be changed from the default values.

Center
S - Center and Span are automatically set
3.960000 GHz on Band Group change (on UWEB menu)

Defaults are for Band Group 1

Span

2112000 GHz

14 QPHY-UWB-OM-E Rev A



QPHY-UWB Software Option

Dynamic Range

Dynamic range controls the vertical dynamic range of the signal displayed in the spectrogram. This sets the
number of dB down that the black bins are from the peak power bins of the waveform (plotted in red). Values
range from 32 to 48. More noise becomes visible in the spectrogram as the dynamic range is raised but subtle
low level signal effects can be hidden as the dynamic range is lowered. The default value of 40 offers a good
tradeoff between sensitivity and noise.

B E =

40

Note: The spectrogram display appearance is affected by the Display = Persistence, Saturation setting. If
Saturation is set to 100%, there will be very little red, and the color scale is linearly distributed over the dynamic
range. If the Saturation is set to 50% (the default), then anything in the top half of the dynamic range is red and
the color scale is linearly distributed over the lower 50%. The UWB software does not change the Saturation
setting. Also, the type of persistence display that the spectrogram uses can be modified via the Display 2>
Persistence menu. A 3 dimensional surface plot can be used in place of the color-graded 2 dimensional plot if
desired.

QPHY-UWB-OM-E Rev A 15
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POWER SPECTRAL DENSITY (PSD) ANALYSIS

The power spectral density analysis does the following:
1. Performs a packet detect to identify and isolate the individual packets
2. For each packet:
o Performs a correlation on the sync preamble of the packet with the expected preamble symbols to
determine a first order timing reference and frequency offset.
0 Use timing information to determine exact locations of symbols.
0 For each symbol in each band perform an FFT and smooth FFT results to a resolution Bandwidth of
5 MHz.
3. For each band, sum the FFT spectra from all the symbols in that band to get the spectrum averaged over all
the symbols.
4. For each band in the band group, plot the spectrum (power spectral density). The spectrum is normalized by
setting the highest value to 0 dB.

Two tests are available on the calculated power spectra. The first is the mask test, which looks for violations of the
power spectral density with respect to masks that are defined in the “WiMedia PHY Compliance and
Interoperability Test Specification” (C&l specification). The mask test roughly tests that any out-of-band frequency
bin in the band group must be at least 20 dB below the highest active in-band bin. Things are a bit more
complicated in the transition zones. As said before, the details are found in the WiMedia C&I specification. The
second test is the Adjacent Channel Power Ratio (ACPR) test which calculates the ratio of the total in-band power
to the total out-of-band power for each of the 2 inactive bands in the band group. This yields 2 nhumbers for each
active band. So for a TFI (Time Frequency Interleave) mode like TFC 1 there will be 6 ACPR results, and for an
FFI (Fixed Frequency Interleave) mode like TFC 5, there will only be 2 ACPR results. The ACPR lower limits are
20 dB.

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Utilities Help

Pass/Fail

(Q1&Q2&Q el O
(U WBBand 1PSD UWBBand3PSD | Timcbase — OnsfTrigoer (&)

6.0 dBfdiv 6.0 dBidiv 6.0 dBrdiv 50.0 ns/div | Stop 0.0 mV
160 MHz/div 160 MHz/div 160 MHz/div 5.00 k3 10 GSis |Edge Positive

UWB Analysis PSD Close

Symbol

Start offset

Duration ‘ ACPR values

303.0ns

007 11:01:00 AM
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QPHY-UWB Software Option

Modifying the Symbol Timing Window

In some radios the switching of the carrier may happen a little late causing excessive carrier leakage into the next
symbol out-of-band spectrum. The WiMedia C&Il specification allows the FFT gate timing to be offset in order to
minimize such prior symbol carrier leakage. The Start offset adjustment is provided for this purpose. The
Duration adjustment is provided to allow some freedom in troubleshooting possible problems by allowing full
adjustment of the FFT gating.

Symbaol

Start offset

0.0ns

Ciuration

These controls are disabled when the Use Defaults checkbox is checked. Access the 2 numeric selections by un-
checking the Use Defaults checkbox.

Start Offset

This numerical control lets you modify the point in the gap (between symbols) when the analysis expects the RF
radio transmitter to have switched bands. The default value is 0 ns, which corresponds to the 5" sample before
the nominal symbol start at the base sample rate (528 MS/s). The WiMedia PHY Compliance and Interoperability
Test Specification (hereafter referred to as the C&I specification) allows the start value to be varied to find a time
that minimizes local oscillator leakage or other issues, in order to pass the PSD mask and adjacent channel
power ratio (ACPR) tests. The same start position must be used for both tests.

Duration
This is the time interval between each symbol. Default value is 303 ns.

The duration of each symbol plus the gap (between the symbols) is nominally 312.5 ns. The nominal duration of
the symbol without the gap is 242.42 ns (303 ns are 160 baseband sample times).

The C&l specification does not allow the duration to be changed, for C&l testing the duration must be the default
value, 303 ns.

Use Defaults Checkbox

M Use Defaults

Checking this box forces the Start offset and Duration controls to default values, and makes them read only.
Select this checkbox to force settings to be appropriate for WiMedia compliance testing. Deselect this checkbox to
gain control of the Symbol section (Start offset and Duration dialogs).

Selecting the PSD Test Type

E: h 'y

The control labeled Show allows the user to switch the display between the Mask pass/fail test view and the
ACPR values test view.
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Mask Pass/Fail View

This view displays the power spectral density of the active bands in the selected band group and tests the limits
against the specified masks. Test result passes if the signals do not violate the corresponding masks. Red circles
highlight the areas of mask violation. If there are no violations and the test passes full, then “(Q1 &Q2 &Q3) =
True”.

Here is an example of the PSD Mask pass/fail testing view:

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Utilities Help

(UWBBand1PSD _JUWBBand2PSD Timebase _ OnsfTrigger )]
6.0 dBidiv 6.0 dBidiv 6.0 dBidiv 50.0ns/div | Stop 0.0mV
160 MHz/div 160 MHz/div 160 MHz/div 500kS  10GS/s [Edge  Positive

Close

Symbaol

Start offset

Duration | ACPR values

3.0 ns
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Adjacent Channel Power Ratio (ACPR) View
Click on the ACPR values button to switch from the Mask pass/fail view to the ACPR values view.

This view shows the pass/fail limit testing on the Adjacent Channel Power Ratio parameters. Each of the six
displayed ACPR parameters measures the power ratio between the transmitting band and the two adjacent
bands. Test limit is the same for all six channels and equal to 20 dB.

The test passes if the power in the band being used is greater than the power in the other bands in the band
group by at least 20 dB. Note that the green check marks indicate a valid value for the parameters and not that
they pass the test. The value of the Q1 through Q6 shows the individual test results and the value of “(Q1 & Q2 &
Q3 & Q4 & Q5 & Q6 )" displays the overall results of the test.

W P1{ALCPR1Z) P2A 3 P R21) P

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Utilities Help

Measure P1.(ACPR12) P2.(ACPR13) P3:(AC 1) P4.(ACPR23) PE.(ACPR3I1) P&:(
value 25.6dB 335dB 2 295dB 26.0 dB 283
status v v
PassiFail Q1: 12 13: 14 15: Q6

ACPR12 220 dB A =20 dB ACPR21 =20 dB ACPRZ 7 ACPR 20 dB ACPR3
(1% Q28038045054 0Q6)= Passed 1 Of 1 swee

6.0 dBidiv 6.0 dB/fdiv 6.0 dBidiv B0.0nsidiv | Stop 0.0mV
1860 MHz/div 160 MHz/div 1860 MHz/div 5.00 kS 10 GSis |Edge Pasitive

UWEB Analysis Close
Symbol Show

Start offset

0.0ns |

303.0ns

M Use Defaults | Mask pass/fail

107 11:07:13 AM
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BAND POWER ANALYSIS

This analysis shows the power of the symbols in each active band, in dBm, in P1, P2 and P3; and the power of all
the symbols in P5. In TFC 5, 6 and 7 only one band is active so only one of P1, P2 and P3 will be shown, and the
value in P5 will be the same as that value because all the symbols were in one band. Similarly for TFC 8, 9 and
10 two of P1, P2 and P3 will be shown.

The parameters are labeled dBm1, dBm2 and dBm3 for the power from symbols in the low, middle and upper
band in the band group; and dBm for the power from all the symbols.

The signal being measured is shown on the grid, above the parameters. The following screen-shot shows power
being measured on a TFC 1 signal.

&

Measure P1.(dBm1) F2.(dBm2) P3.(dBm3) PE.(dBm)
value -13.35 dBm -13.65 dBm -12.62 dBm -13.14 dBm
status v v v v

] Timebase _ OnsfTrigger )]
50.0ns/div | Stop 0.0mV
500kS  10GS/s [Edge  Positive
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ERROR VECTOR MAGNITUDE (EVM) & CONSTELLATION ANALYSIS

This view offers a simultaneous display of:

e Atime-based display of the complex FFT | and Q samples from each symbol plotted in subcarrier order for
each symbol with successive symbols in time order. The | and Q subcarrier samples within a sample are
plotted spread over a time equal to the symbol duration.

e Constellation display in X-Y grid

e Error Vector Magnitude Measurement (P1)

e Frequency Error Measurement (P2)

e Sync Correlation Measurement of preamble symbols (P4)
o Relative Power of Channel Estimation symbols (P5)

o Relative Power of Header symbols (P6)

o Relative Power of Payload symbols (P7)

File Verical Timebase Trigger Display Cursors Measure Math Analysis Utilities Help

Fy
Measure
value

P&:(pHDR)
117 mdB
117.2 mdB
117 mdB

120 mdB 117 mdB 619 mdB
num 1 1
status v v

" [RConstUn — JlConstune | Timebase — Onf Trigger (@)

mean

[~}
fwooooos

min
max

sdev

316e-3div 316e-3idiv 316e-3/div 50.0ns/div |Stop 0.0mv
J16e-ddiv 9.0 ps/div 8.0ps/div 10.0 kS 20 G5/s |[Edge Positive

UWE Analysis EVM / Constellation Close

‘ Include in constellation and EVM

Use Defaults
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Real and Imaginary Waveforms (I and Q components)

These two waveforms are the result of the discrete Fourier transform (DFT) processing, and display the Real and
Imaginary components of all the tones contained in each symbol. The points in these traces are the same as the
points in the constellation. These traces have horizontal axis units of time, but 112 points from each symbol are
from the same symbol (the same time); i.e., the time scale is # symbols * symbol duration. This is sufficient to
deduce which packet, or approximately which symbol within a PSDU, caused a visible disturbance; but this time
scale does not match the acquisition’s time scale, which of course includes inter-packet gaps, inter-symbol gaps,
and preamble and header symbols that do not contribute to the constellation.

Error Vector Magnitude (EVM) Measurement Parameter

Error Vector Magnitude is the distance between the point where each tone, as magnitude and phase, actually fell
and where it should have fallen. Ideally each tone should fall exactly on the constellation point but, in reality, each
tone falls in the proximity of the ideal constellation points, creating a “cloud” around the ideal points of the
constellation.

One Error Vector Magnitude (EVM) value is calculated for each packet (all the symbols contribute) by the root
mean square calculation. From section 8.7 of the MultiBand OFDM Physical Layer Specification, EVM is
calculated for each packet as follows, which is the square root of the mean squared distance from expected
constellation points of all the data and all the pilot tones in each of the symbols after the packet header to the end
of the packet:

N, Ny -
. 2 2
Npac;mr Z ‘RD n[k] - C’D. n[k” + Z ‘RP ra[k] — CFP rz[k]‘
Z k=1 k=1
(f\‘TD + J\’TP)fvfr‘mnePO
n= E\rs_'v'?w + "?Vha’r

The EVM value is then calculated by averaging the values from each packet:

N;
1
error — EZ

i=1

RMS

EVM is displayed with statistics on. The “value” is a number calculated for the most recently processed packet.
The value, min, and max are EVM values from one packet. Num is the number of packets contributing to the
mean. The EVM result you should look at is the mean value, which is the result of averaging the values from
each packet, as required.

Measure

value

MEan
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The sdev value, because it is shown in the same units as all the values, requires a word of explanation. But first,
please note that this measurement has not much value in considering sdev as it's not required by the test. Linear
units must be averaged to find the mean and the sdev. Then both are converted to dB. Sdev reflects the
distribution of EVM values from different packets. It is expected to be much smaller than EVM, as shown. If sdev
is larger, all else being unchanged, min and max will be farther apart.

Frequency Error Measurement Parameter

This parameter measures the drift in the timing error that is due to a mismatch between the signal timing and what
it should be, based on our timebase. The timing error is derived from Common Phase Error measurement. The
drift between the first PSDU symbol and the end of the packet divided by the time gives a frequency mismatch
between the signal and the ideal frequency. This is the frequency error, and it is represented in parts per million.

F2Z:(FrgErr)
-7.59ppm
-7.5915 ppm
-7.59ppm

-7.59ppm

1

EVM/Constellation Controls
Include in Constellation and EVM

The default settings for this menu are as shown in the following figure:

UWB Analysis EVM / Constelation Close

. Selected Include in constellation and EVM

symbaol only T |
’ | Data Tones ‘ Filot Tones

M include Head% Filter CPE

B Use Defaults

In this mode, the Constellation display includes data from both Data and Pilot Tones for all the PSDU symbols of
every packet included in the waveform under analysis. These default settings can be quickly set by checking the
Use Defaults checkbox. Uncheck the Use Defaults checkbox to use the controls on this menu.

M Use Defaults

The WiMedia PHY Compliance and Interoperability Test Specification specifies in section 3.5 that “The EVM Rx
shall compute and correct for common phase error (CPE) after a CPE filter has been applied as described in
Section 3.5.1". The intent of the filter is to cause relatively rapid and/or large fluctuations in the carrier frequency
(that is, phase noise) to degrade EVM. The filter -3 dB bandwidth is approximately 266 kHz. When Filter CPE is
checked, the required filter is applied. When Filter CPE is not checked, we completely correct for CPE on a
symbol-by-symbol basis; that means phase noise will not degrade EVM up to a much higher frequency. The
difference observed reflects how much EVM is degraded by fluctuation of the carrier frequency, that is, phase
noise. C&l Testing requires Filter CPE to be checked.
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When EVM is computed, the frequency of the signal has been matched; that is, the overall slope of CPE from
start to end of each PSDU has been eliminated. Therefore it is only variation of CPE from symbol to symbol that is
filtered and causes degradation of EVM values.

The inclusion choices are:

Include in constellation and EYW

‘ Filot Tones

ed tone

Filter CPE

For compliance testing the appropriate choice is Data and Pilot Tones.

Selected Tone

In each symbol, there are (-61 to + 61) tones. Tones +/- 5, 15, 25, 35, 45, 55 are pilot tones.

If any pilot tone is selected, the constellation display will show only two points in the constellation.

If any data tone is selected points will be displayed in all of the points of the constellation, four points (QPSK) or
16 points (DCM). Data tones are distributed across the possible points of the constellation.

In this mode of operation, you can select a specific tone among the available tones (12 pilot tones and 100 data
tones) in each symbol.

Selected tone |

Include Header

The Include Header checkbox makes the EVM calculation begin with Header symbols, before the PSDU. This is
not used in compliance testing. It can be used to diagnose a discontinuity of phase or power between the header
and the PSDU.

Selected Packets and Selected Symbol
The two control boxes below allow you to select packets and a specific symbol within the selected packet.

Selected
symbol only

Selected packet

Selected symbaol
_|

Selected symbol only can be checked at the same time as Selected Tone is chosen, in which case the EVM
value and the constellation are from only the selected tone in the selected symbol.
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MAGNITUDE AND PHASE ANALYSIS

This view displays the Real and Imaginary components (Magnitude and Phase) that result from the DFT
processing of the UWB signal after down-converting it to baseband:

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Utilities Help

UWEMag [UWEPhase imebase  0.00 ps)
3.00 dBidiv 790 mrad/div 2.00 ps/div |Stop 0.0 mY
53 MHz/div 53 MHz/div 100 kS 50GS/s |Edge Positive

UWB Analysis Mag / Phase | Close

Show tones
Selected packet

1 | Trace style
| i ..
Selected symbol

43 | Pilots only

Selecting a Specific Packet and Symbol to Display

You can select a specific packet and the symbol of interest within one specific packet. The default value is packet
1, symbol 43 (beginning of User data) within the packet.

Selected packet

1

Selected symbol
43

PLEASE NOTE THE FOLLOWING REGARDING SYMBOLS WITHIN A PACKET:

e Preamble: Synchronization: 24 symbols (1 to 24) plus 6 Channel Estimation symbols (25 to 30). CE symbols
are used for channel equalization.
Header: 12 symbols transmitted at low data rates
User Data: from symbol 43 to end of packet. These are the only symbols transmitted at the Data Rate.
The Mag/Phase view can display symbols 25 and above. Symbols 25 through 30, the CE symbols, are
displayed without equalization applied. This is valuable.
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Selecting Subcarrier Types to Display

Show tones

‘ Pilots only

Pilots Only (Magnitude and Phase Traces)

There are 12 pilot tones in each symbol (located at + 5, 15, 25, 35, 45, 55 of the DC center point). When Pilots
only is selected, each one of the traces (Magnitude and Phase) displays one data point at each pilot tone. This is
a particularly useful view for high data rate signals which use Dual Carrier Modulation.

Since the pilot tones are the reference for decoding, Magnitude and Phase are set values: magnitude is set at 1
and the phase of each tone varies between +/-45° and +/-135° (exact usage depends on data rate).

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Ulilities Help

(UWEMag (UWEPhase (Timebase  0.00 psfTrigger ()|
3.00 dBidiv 790 mrad/div 2 00 ps/div |Stop 0.0 mvV
53 MHz/div 53 MHz/div 100 kS 5.0 GS/s |Edge Positive

Mag / Phase | Close

Show tones
Selected packet

1 J ‘ Data & Pilots E
Selected symbol ;
o o
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Setting the Trace Style

This control sets the style of the Real and Imaginary plots as either Points only (default) or Line (straight line
interpolation between points).

27
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COMMON PHASE ERROR (CPE) VERSUS TIME ANALYSIS

This view shows how the Common Phase Error of the carrier frequency of each band in the band group which is
used for the selected TFC varies over time, over the Header and the PSDU. This view does require UWB
processing to be done, so an entire packet (starting from the beginning, including at least 200ns of the inter
packet gap) must be seen. The vertical scale of each track is automatically set to use most of the height of the
grid, so it is important to look at the vertical scale-per-division in the trace descriptors, below the grids. In the
figure below two of the tracks are at 2 degrees/div and the third is at 5 degrees/div. These variations are small.

Although it may not be clearly visible, the track is flat from start to end of each symbol time over which CPE was
measured. A slanted line just connects measured values.

CPE of the first symbol of the PSDU is zero by definition. Because matching frequency eliminates the slope of
CPE across the PSDU, the CPE track will also end at zero; only the variations from symbol to symbol are shown.

File  Vertical Timebase Trigger Display Cursors Measure Math Analysis Utilities Help

2.00 “/div 2.00 ®idiv 5.00 “/div 50.0ns/div | Stop 0.0mVv
20.0 ps/div 20.0 pusidiv 20.0 psidiv 100 kS 20 G5is |Edge Pasitive

Fy
CPETrack  JCPE2Track | Timebase  OnsfTrigos (@)

11/21/2006 225819 PM
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AUTOMATING UWB MEASUREMENT TAKING WITH QUALIPHY

Download the QualiPHY program from the LeCroy website in order to automate test measurements and produce
test results reports. As long as the option key that enables the QPHY-UWB package is installed in the
oscilloscope, QualiPHY will work. Refer to the QualiPHY Compliance Test Software Operator’'s Manual for
instructions on how to install the software and operate it. The examples in the manual are typically for the
Ethernet or USB compliance tests, but the way it operates for UWB is very similar. Details that are specific to the
UWB operation are discussed below.

The main QualiPHY control window is shown below:

@ UWB, Run Every Test on recalled waveforms - QualiPHY [T [X]

LeCroy

) Configuration:
D-; ((wl}) r@ Run Every Test on recalled (_"\
M - waveforms 5
General P Standard: P _. b Start
Setup L'wE :}%% E dit/iew Configuration

QualiPHY Product Version: 5. 2. 0. 6. (Build 100565)
selected Technology: UWE
Configuration Setup Mame: Run Every Test on recalled waveforms

Runs all tests, on waveforms you recall into M1.

Pauze on Failure

The Gray-filled rectangle buttons when selected bring up further control dialogs. Here is a brief description of the
control dialogs.

General Setup Dialog

Allows control of the oscilloscope setup, whether QualiPHY runs on the oscilloscope or a remote computer,
default settings, and other overall program configuration. Also allows access to Advanced mode.

Standard Selection Dialog
This box should always show UWB.
Configuration Dialog

Selects which configuration of the test is to be used. QualiPHY for UWB comes with 2 standard configurations of
the test: (1) Run Every Test on Live signal, and (2) Run Every Test on recalled waveforms.

Edit/View Configuration Dialog

This dialog allows new configurations to be created from existing ones via copying and editing. The original 2
configurations cannot be modified, they are locked, so you will need to copy them into new configurations before
being allowed to edit them. Begin editing the Configuration by selecting Start Edit. Once you start editing, you
can selectively disable tests to, for instance, limit the number of bit rate cases that will be tested, by un-checking
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boxes under the Test Selector tab. Note that in order to control which TFC values you want in the test sequence
you need to edit the variable called TFC accessed under the Variable Setup tab.

QualiPHY: Edit/View Configuration

Configuration | TestSelectar | Variable Setup Linpits:

=] @ Group 1: EVM tests

[7] Test1.0.0-EvMRate 53
[ Test1.20-EvMelc RaledD
[ Test1.30-EVM etcRale 106
[ Test1.40-EVM Ratz 160
[ ] Test1.50-EVM Rate 200
[ Test1.60-EVM Rate 320
[ Test1.7.0-EVM Ratz 400

[ Test1.80-EVM Rate 480

used.

X

v

This group contains Transmit Power Control tests at TFC 1 and TFC 7. 200Mb/s data should be

Close.

QualiPHY: Edit/View Configuration

Configuration | Test Selector | Variable Setup Limits

a ’J “witdedia C8 Tests

w Ir M1
ﬁ Live Data: falser

‘Ef if Ves sets w/div=50m, sample rate=2065: No

;"‘ TFC numbers separated by commas. 1.2

& Waveform Pathé: D:\WWaveforms\Witedial WB'Y

if Waveform PathB: Default

= | setp Seape for Live Acauisiion

d“ scope sample rale: 20e3

i"- S,

Examples: 1,2,3,4,5,6,7,8,3,10
or: 1,5,

II =

Edit Variable

Reset to Default

Generating a Report

At the end of the test a dialog will ask what type of output report you want. A readable report can be produced in
either HTML or PDF format. An XML output can be used if you want to transfer the data into a database program

such as Microsoft Access.

Data from all past test runs are saved in a database by QualiPHY. Currently these are only accessible through the
Advanced tab found in the General Setup Dialog. Under this tab select the Switch to Expert Mode button,
which will bring up what is known as the X-Replay program. In the lower left window on the screen are listed all
the tests you have run. When you click on one, you will see summary information about that run in the lower right
window. When you find the run you want to get output on, select it, and then select Create Report from the

Report menu off the main menu bar.

§88
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