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7-zip - 7-Zip Copyright: Copyright (C) 1999-2009 Igor Pavlov. Licenses for files are:
7z.dll: GNU LGPL + unRAR restriction, All other files: GNU LGPL. 7-zip License: This library
is free software; you can redistribute it and/or modify it under the terms of the GNU
Lesser General Public License as published by the Free Software Foundation; either
version 2.1 of the License, or (at your option) any later version. This library is distributed
in the hope that it will be useful,but WITHOUT ANY WARRANTY; without even the implied
warranty of MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the GNU
Lesser General Public License for more details. You should have received a copy of the
GNU Lesser General Public License along with this library; if not, write to the Free
Software Foundation, Inc., 59 Temple Place, Suite 330, Boston, MA 02111-1307 USA.
unRAR copyright: The decompression engine for RAR archives was developed using source
code of unRAR program.All copyrights to original unRAR code are owned by Alexander
Roshal. unRAR License: The unRAR sources cannot be used to re-create the RAR
compression algorithm, which is proprietary. Distribution of modified unRAR sources in
separate form or as a part of other software is permitted, provided that it is clearly stated
in the documentation and source comments that the code may not be used to develop a
RAR (WinRAR) compatible archiver. 7-zip Availability: http://www.7-zip.org/

AMD Version 2.2 - AMD Notice: The AMD code was modified. Used by permission. AMD
copyright: AMD Version 2.2, Copyright © 2007 by Timothy A. Davis, Patrick R. Amestoy,
and Iain S. Duff. All Rights Reserved. AMD License: Your use or distribution of AMD or any
modified version of AMD implies that you agree to this License. This library is free
software; you can redistribute it and/or modify it under the terms of the GNU Lesser
General Public License as published by the Free Software Foundation; either version 2.1 of
the License, or (at your option) any later version. This library is distributed in the hope
that it will be useful, but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the GNU Lesser
General Public License for more details. You should have received a copy of the GNU
Lesser General Public License along with this library; if not, write to the Free Software
Foundation, Inc., 51 Franklin St, Fifth Floor, Boston, MA 02110-1301 USA Permission is
hereby granted to use or copy this program under the terms of the GNU LGPL, provided
that the Copyright, this License, and the Availability of the original version is retained on
all copies.User documentation of any code that uses this code or any modified version of
this code must cite the Copyright, this License, the Availability note, and "Used by
permission.”" Permission to modify the code and to distribute modified code is granted,
provided the Copyright, this License, and the Availability note are retained, and a notice
that the code was modified is included. AMD Availability:
http://www.cise.ufl.edu/research/sparse/amd

UMFPACK 5.0.2 - UMFPACK Notice: The UMFPACK code was modified. Used by permission.
UMFPACK Copyright: UMFPACK Copyright © 1995-2006 by Timothy A. Davis. All Rights
Reserved. UMFPACK License: Your use or distribution of UMFPACK or any modified version
of UMFPACK implies that you agree to this License. This library is free software; you can
redistribute it and/or modify it under the terms of the GNU Lesser General Public License
as published by the Free Software Foundation; either version 2.1 of the License, or (at
your option) any later version. This library is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of MERCHANTABILITY
or FITNESS FOR A PARTICULAR PURPOSE. See the GNU Lesser General Public License for
more details. You should have received a copy of the GNU Lesser General Public License
along with this library; if not, write to the Free Software Foundation, Inc., 51 Franklin St,
Fifth Floor, Boston, MA 02110-1301 USA Permission is hereby granted to use or copy this
program under the terms of the GNU LGPL, provided that the Copyright, this License, and
the Availability of the original version is retained on all copies. User documentation of any
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code that uses this code or any modified version of this code must cite the Copyright, this
License, the Availability note, and "Used by permission." Permission to modify the code
and to distribute modified code is granted, provided the Copyright, this License, and the
Availability note are retained, and a notice that the code was modified is included.
UMFPACK Availability: http://www.cise.ufl.edu/research/sparse/umfpack UMFPACK
(including versions 2.2.1 and earlier, in FORTRAN) is available at
http://www.cise.ufl.edu/research/sparse . MA38 is available in the Harwell Subroutine
Library. This version of UMFPACK includes a modified form of COLAMD Version 2.0,
originally released on Jan. 31, 2000, also available at
http://www.cise.ufl.edu/research/sparse . COLAMD V2.0 is also incorporated as a built-in
function in MATLAB version 6.1, by The MathWorks, Inc. http://www.mathworks.com .
COLAMD V1.0 appears as a column-preordering in SuperLU (SuperLU is available at
http://www.netlib.org ). UMFPACK v4.0 is a built-in routine in MATLAB 6.5. UMFPACK v4.3
is a built-in routine in MATLAB 7.1.

Qt Version 4.6.3 - Qt Notice: The Qt code was modified. Used by permission. Qt copyright:
Qt Version 4.6.3, Copyright (c) 2010 by Nokia Corporation. All Rights Reserved. Qt
License: Your use or distribution of Qt or any modified version of Qt implies that you agree
to this License. This library is free software; you can redistribute it and/or modify it under
the

terms of the GNU Lesser General Public License as published by the Free Software
Foundation; either version 2.1 of the License, or (at your option) any later version. This
library is distributed in the hope that it will be useful,

but WITHOUT ANY WARRANTY; without even the implied warranty of MERCHANTABILITY
or FITNESS FOR A PARTICULAR PURPOSE. See the GNU Lesser General Public License for
more details. You should have received a copy of the GNU Lesser General Public License
along with this library; if not, write to the Free Software Foundation, Inc., 51 Franklin St,
Fifth Floor, Boston, MA 02110-1301 USA Permission is hereby granted to use or copy this
program under the terms of the GNU LGPL, provided that the Copyright, this License, and
the Availability of the original version is retained on all copies.User

documentation of any code that uses this code or any modified version of this code must
cite the Copyright, this License, the Availability note, and "Used by permission."
Permission to modify the code and to distribute modified code is granted, provided the
Copyright, this License, and the Availability note are retained, and a notice that the code
was modified is included. Qt Availability: http://www.gtsoftware.com/downloads Patches
Applied to Qt can be found in the installation at:
$HPEESOF_DIR/prod/licenses/thirdparty/qt/patches. You may also contact Brian
Buchanan at Agilent Inc. at brian_buchanan@agilent.com for more information.

The HISIM_HV source code, and all copyrights, trade secrets or other intellectual property
rights in and to the source code, is owned by Hiroshima University and/or STARC.

Errata The ADS product may contain references to "HP" or "HPEESOF" such as in file
names and directory names. The business entity formerly known as "HP EEsof" is now part
of Agilent Technologies and is known as "Agilent EEsof". To avoid broken functionality and
to maintain backward compatibility for our customers, we did not change all the names
and labels that contain "HP" or "HPEESOF" references.

Warranty The material contained in this document is provided "as is", and is subject to
being changed, without notice, in future editions. Further, to the maximum extent
permitted by applicable law, Agilent disclaims all warranties, either express or implied,
with regard to this documentation and any information contained herein, including but not
limited to the implied warranties of merchantability and fithess for a particular purpose.
Agilent shall not be liable for errors or for incidental or consequential damages in
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connection with the furnishing, use, or performance of this document or of any
information contained herein. Should Agilent and the user have a separate written
agreement with warranty terms covering the material in this document that conflict with
these terms, the warranty terms in the separate agreement shall control.

Technology Licenses The hardware and/or software described in this document are
furnished under a license and may be used or copied only in accordance with the terms of
such license. Portions of this product include the SystemC software licensed under Open
Source terms, which are available for download at http://systemc.org/ . This software is
redistributed by Agilent. The Contributors of the SystemC software provide this software
"as is" and offer no warranty of any kind, express or implied, including without limitation
warranties or conditions or title and non-infringement, and implied warranties or
conditions merchantability and fitness for a particular purpose. Contributors shall not be
liable for any damages of any kind including without limitation direct, indirect, special,
incidental and consequential damages, such as lost profits. Any provisions that differ from
this disclaimer are offered by Agilent only.

Restricted Rights Legend U.S. Government Restricted Rights. Software and technical
data rights granted to the federal government include only those rights customarily
provided to end user customers. Agilent provides this customary commercial license in
Software and technical data pursuant to FAR 12.211 (Technical Data) and 12.212
(Computer Software) and, for the Department of Defense, DFARS 252.227-7015
(Technical Data - Commercial Items) and DFARS 227.7202-3 (Rights in Commercial
Computer Software or Computer Software Documentation).
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Measurement Results for Expressions
for Mobile WIiMAX Wireless Test Benches

Measurement results from a wireless test bench have associated names that can be used
in Expressions. Those expressions can further be used in specifying goals for Optimization
and Monte Carlo/Yield analysis. For details on using expressions, see Measurement
Expressions (expmeas). For details on setting analysis goals using Optimization and Monte
Carlo/Yield analysis, see Tuning, Optimization, and Statistical Design (optstat).

You can use an expression to determine the measurement result independent variable
name and its minimum and maximum values. The following example expressions show
how to obtain these measurement details where MeasResults is the name of the
measurement result of interest:

o The Independent Variable Name for this measurement result is obtained by using the
expression

indep(MeasResults)

« The Minimum Independent Variable Value for this measurement result is obtained by
using the expression
min(indep(MeasResults))

o The Maximum Independent Variable Value for this measurement result is obtained by
using the expression
max(indep(MeasResults))

The following tables list the measurement result names and independent variable name
for each test bench measurement.

Expressions defined in a MeasEqn block must use the full Measurement Results Name
listed. Expressions used in the Data Display may omit the leading test bench name. You
can also locate details on the measurement result minimum and maximum independent
variable values by

« Referring to the measurement parameter descriptions when they are available (not
all measurement parameter descriptions identify these minimum and maximum
values).

¢ Observing the minimum and maximum independent variable values in the Data
Display for the measurement.

WMAN_DL_802.16e_TX Measurement Results



Advanced Design System 2011.01 - Mobile WiMAX Wireless Test Benches

Measurement Results Name Independent Variable Name
Envelope

WMAN_DL_802_16e_TX.RF_V time
WMAN_DL_802_16e_TX.Meas_V time

Constellation

WMAN_DL_802_16e_TX.RF_Constellation.Data_Constellation Index
WMAN_DL_802_16e_TX.RF_Constellation.FCH_Constellation Index
WMAN_DL_802_16e_TX.Meas_Constellation.Data_Constellation | Index
WMAN_DL_802_16e_TX.Meas_Constellation.FCH_Constellation |Index

Power

WMAN_DL_802_16e_TX.RF_Power.CCDF Index
WMAN_DL_802_16e_TX.RF_Power.MeanPower_dBm Index
WMAN_DL_802_16e_TX.RF_Power.PeakPower_dBm Index
WMAN_DL_802_16e_TX.RF_Power.SignalRange_dB Index
WMAN_DL_802_16e_TX.Meas_Power.CCDF Index
WMAN_DL_802_16e_TX.Meas_Power.MeanPower_dBm Index
WMAN_DL_802_16e_TX.Meas_Power.PeakPower_dBm Index
WMAN_DL_802_16e_TX.Meas_Power.SignalRange_dB Index
Spectrum

WMAN_DL_802_16e_TX.RF_Spectrum freq
WMAN_DL_802_16e_TX.Meas_Spectrum freq
EVM

WMAN_DL_802_16e_TX.RF_EVM.Avg_RCE_dB Index
WMAN_DL_802_16e_TX.RF_EVM.Avg_Pilot_RCE_dB Index
WMAN_DL_802_16e_TX.RF_EVM.Avg_DataRCE_dB Index
WMAN_DL_802_16e_TX.RF_EVM.Pilot_RCE_dB Index
WMAN_DL_802_16e_TX.RF_EVM.DataRCE_dB Index
WMAN_DL_802_16e_TX.RF_EVM.RCE_dB Index
WMAN_DL_802_16e_TX.Meas_EVM.Avg_RCE_dB Index
WMAN_DL_802_16e_TX.Meas_EVM.Avg_Pilot_RCE_dB Index
WMAN_DL_802_16e_TX.Meas_EVM.Avg_DataRCE_dB Index
WMAN_DL_802_16e_TX.Meas_EVM.Pilot_ RCE_dB Index
WMAN_DL_802_16e_TX.Meas_EVM.DataRCE_dB Index
WMAN_DL_802_16e_TX.Meas_EVM.RCE_dB Index

WMAN_DL_802_16e_RX_Sensitivity Measurement Results

Measurement Results Name Independent Variable Name
RX Sensitivity

WMAN_DL_802_16e_RX_Sensitivity.BER_FER.BER | Index
WMAN_DL_802_16e_RX_Sensitivity.BER_FER.FER | Index

WMAN_UL_802_16e_TX Measurement Results
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Measurement Results Name Independent Variable Name
Envelope

WMAN_UL_802_16e_TX.RF_V time
WMAN_UL_802_16e_TX.Meas_V time

Constellation
WMAN_UL_802_16e_TX.RF_Constellation.Data_Constellation Index
WMAN_UL_802_16e_TX.Meas_Constellation.Data_Constellation  Index

Power

WMAN_UL_802_16e_TX.RF_Power.CCDF Index
WMAN_UL_802_16e_TX.RF_Power.MeanPower_dBm Index
WMAN_UL_802_16e_TX.RF_Power.PeakPower_dBm Index
WMAN_UL_802_16e_TX.RF_Power.SignalRange_dB Index
WMAN_UL_802_16e_TX.Meas_Power.CCDF Index
WMAN_UL_802_16e_TX.Meas_Power.MeanPower_dBm Index
WMAN_UL_802_16e_TX.Meas_Power.PeakPower_dBm Index
WMAN_UL_802_16e_TX.Meas_Power.SignalRange_dB Index
Spectrum

WMAN_UL_802_16e_TX.RF_Spectrum freq
WMAN_UL_802_16e_TX.Meas_Spectrum freq
EVM

WMAN_UL_802_16e_TX.RF_EVM.Avg_RCE_dB Index
WMAN_UL_802_16e_TX.RF_EVM.Avg_Pilot_RCE_dB Index
WMAN_UL_802_16e_TX.RF_EVM.Avg_DataRCE_dB Index
WMAN_UL_802_16e_TX.RF_EVM.Pilot_RCE_dB Index
WMAN_UL_802_16e_TX.RF_EVM.DataRCE_dB Index
WMAN_UL_802_16e_TX.RF_EVM.RCE_dB Index
WMAN_UL_802_16e_TX.Meas_EVM.Avg_RCE_dB Index
WMAN_UL_802_16e_TX.Meas_EVM.Avg_Pilot_RCE_dB Index
WMAN_UL_802_16e_TX.Meas_EVM.Avg_DataRCE_dB Index
WMAN_UL_802_16e_TX.Meas_EVM.Pilot_RCE_dB Index

WMAN_UL_802_16e_RX_Sensitivity Measurement Results

Measurement Results Name Independent Variable Name
RX Sensitivity

WMAN_UL_802_16e_RX_Sensitivity.BER_FER.BER | Index
WMAN_UL_802_16e_RX_Sensitivity.BER_FER.FER | Index

WMAN_DL_802_16e_RF_PAE Measurement Results
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Measurement Results Name Independent Variable Name
WMAN_DL 802 _16e_RF_PAE.DCPower W time
WMAN_DL_802_16e_RF_PAE.FrameMarker time
WMAN_DL_802_16e_RF_PAE.MeasGate time
WMAN_DL_802_16e_RF_PAE.PAE_pct time
WMAN_DL_802_16e_RF_PAE.RFAddedPower_W |time
WMAN_DL_802_16e_RF_PAE.RFPin_W time
WMAN_DL_802_16e_RF_PAE.RFPout_W time
WMAN_DL_802_16e_RF_PAE.RF_in time
WMAN_DL_802_16e_RF_PAE.RF_out time

WMAN_UL_802_16e_RF_PAE Measurement Results

Measurement Results Name Independent Variable Name
WMAN_UL_802_16e_RF_PAE.DCPower_W time
WMAN_UL_802_16e_RF_PAE.FrameMarker time
WMAN_UL_ 802 16e_RF_PAE.MeasGate time
WMAN_UL_802_16e_RF_PAE.PAE_pct time
WMAN_UL_802_16e_RF_PAE.RFAddedPower_W |time
WMAN_UL_802_16e_RF_PAE.RFPin_W time
WMAN_UL_802_16e_RF_PAE.RFPout_W time
WMAN_UL_802_16e_RF_PAE.RF_in time
WMAN_UL_802_16e_RF_PAE.RF_out time
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Mobile WIMAX Downlink Receiver
Sensitivity Test

WMAN_DL_802_16e_RX_Sensitivity_test is the test bench for Mobile WiMAX receiver
minimum input level sensitivity testing. The test bench enables users to connect to an RF

DUT and determine its performance; signal measurements include BER and PER with
minimum input level.

The signal and the measurement are designed according to References [1
(adswtbwman_m)] and [2 (adswtbwman_m)].

This test bench includes a TX DSP section, an RF modulator, RF output source resistance,
an RF DUT connection, RF receivers, and DSP measurement blocks as illustrated in
Receiver Wireless Test Bench Block Diagram. The generated test signal is sent to the DUT.

WTE RF WTE Meas
a Output Input
Meas Signal
X » RF RF Output RF RF Load Meas RF | DSP
DSP | g Modulator | —#= Resistance ~ [—#={ DUT |—| Resistance Receiver Measurement
|

Receiver Wireless Test Bench Block Diagram

The Mobile WIiMAX downlink frame structure is illustrated in Mobile WiMAX DL frame
structure.

=

- N _
- o b
Slg|2 5% | #
1 1 =
_l
= | @ = | D
L (=g ] o] e
o 3 o
E ‘-I:I_ e -E 'I.-D_ _.¢t_,
m | X T i m | =L - @
P = + 3 o = # =
o ' o ] T i al
_ m o _'| 2
[} = ] =
m m
- PUSE I *+—  PUSC —== (MFUSC —

{a) ZoneType = DL _PUSC
{h) ZoneType = DL_FUSC or OFUSC

N=FoneNumOfSym
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Mobile WiMAX DL frame structure

The downlink subframe starts with one preamble which consists of an OFDM symbol. Then
the PUSC zone where FCH, DL-MAP and UL-MAP are allocated. The FCH information will be
sent on the first four adjacent subchannels with successive logical subchannel numbers in
the PUSC zone. The DL-MAP message immediately follows FCH. The UL-MAP message is
always allocated on the third and fourth OFDM symbols if ULMAP_Enable is set to YES.

If ZoneType is DL_PUSC, then a single PUSC zone is defined (a in Mobile WiMAX DL frame
structure). If ZoneType is DL_FUSC or DL_OFUSC, then two zones are defined: one is the
PUSC zone where FCH is allocated, the other is the FUSC or OFUSC zone for allocating
data bursts (b in Mobile WiMAX DL frame structure). ZoneNumOfSym is defined as the
number of OFDM symbols for the zone which is allocated data bursts. One downlink frame
contains maximum 8 data bursts except FCH, DL-MAP and UL-MAP, and each burst
contains only one MAC PDU. Among these bursts, only one burst is FEC-encoded which is
randomized, CC coded and interleaved. Other bursts will be provided PN sequences as
their coded source respectively.

For DL_PUSC, the total number of symbols in the downlink subframe is (
1+ZoneNumOfSym ); For DL_FUSC or DL_OFUSC, the total number of symbols in the
downlink subframe is ( 1+2+ULMAP_Enable2+ZoneNumOfSym ), where 1 is for the
preamble, the first 2 is for the FCH and DL-MAP, the second 2 is for the UL-MAP,
ULMAP_Enable is 1 when set to YES and 0 when set to NO.

The Mobile WiMAX RF power delivered into a matched load is the average power when all
subchannels are occupied. Mobile WiMAX DL RF Signal Envelope shows the RF envelope
for an output RF signal with 10 dBm power.
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Mobile WiMAX DL RF Signal Envelope
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Test Bench Basics

gep%:face this "Amplifier2"

UT with your own

WMAN DL 802.16e CIRCUIT design,
Design Information

WMAN_DL_BOZ_16e_RX_Sensitivity_Info

Amplifier2

|@ ENVELOPE I v
Envelope ED?%ZNI:L
= R Sensitimty
ﬂ.HIli nt Tachmala alti

WIMARN DL 2802 168e EX_Sensitivity

Mobile WiMAX DL Receiver Test Bench

The basics for using the test bench are:

« Replace the DUT (Amplifier2 is provided with this template) with an RF DUT that is

suitable for this test bench.

o CE_TimeStep, SourcePower, and FMeasurement parameter default values are
typically accepted; otherwise, set values based on your requirements.

e Run the simulation and view Data Display page(s) for your measurement(s).

For details, refer to Test Bench Details.
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Test Bench Details

The following sections provide details for setting up a test bench, setting measurement
parameters for more control of the test bench, simulation measurement displays, and
baseline performance.

Open and use the WMAN_DL_802_16e_RX_Sensitivity_test template:

1. In an Analog/RF schematic window, choose Insert > Template .

2. In the Insert > Template dialog box, choose WMAN_DL_802_16e _
RX_Sensitivity_test , click OK ; click left to place the template in the schematic
window.

Test bench setup is detailed here.

1. Replace the DUT (Amplifier2 is provided with this template) with an RF DUT that is
suitable for this test bench.
For information regarding using certain types of DUTs, refer to RF DUT Limitations
(adswtb3g).

2. Set the Required Parameters

© Note
Refer to WMAN_DL_802_16e_RX_Sensitivity (adswtbwman_m) for a complete list of parameters for
this test bench.

Generally, default values can be accepted; otherwise, values can be changed by the
user as needed.

o Set CE_TimeStep.
Cosimulation occurs between the test bench (using ADS Ptolemy Data Flow
simulation technology) and the DUT (using Circuit Envelope simulation
technology). Each technology requires its own simulation time step with time-
step coordination occurring in the interface between the technologies.
CE_TimeStep defines the Circuit Envelope simulation time step to be used with
this DUT. The CE_TimeStep must be set to a value equal to or a submultiple of
(less than) WTB_TimeStep; otherwise, simulation will stop and an error
message will be displayed.
Note that WTB_TimeStep is not user-settable. Its value is derived from other
test bench parameter values. The value is displayed in the Data Display pages
as TimeStep.
WTB_TimeStep = 1/(RF_SamplingRate x Ratio) where
The RF_SamplingRate (Fs) implemented in the design is decided by Bandwidth
and related sampling factor ('adswtbwman_m-3-1-05.gif!) as follows,

F_= ﬂoor[(f‘fﬁdw wx Bandwidth)/8000) x 8000

The sampling factors are listed in the following table.
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sampling factor bandwidth

n

8/7 For channel bandwidths that are a multiple of 1.75 MHz

28/25 else for channel bandwidths that are a multiple of 1.25 MHz, 1.5 MHz, 2 MHz
or 2.75 MHz

8/7 else for channel bandwidths not otherwise specified

Bandwidth is the user-settable value (default 10 MHz)
Ratio is the oversampling ratio related to OversamplingOption as Ratio = 2
OversamplingOption_
« Set SourcePower, and FMeasurement.
o SourcePower defines the power level of the source. SourcePower is defined
as the average power during the non-idle time of the signal burst.
o FMeasurement defines the RF frequency output from the DUT to be
measured.

3. More control of the test bench can be achieved by setting Basic Parameters , Signal
Parameters , and measurement parameters. For details, refer to Setting Parameters
(adswtbwman_m).

4, The RF modulator (shown in the block diagram in Receiver Wireless Test Bench Block
Diagram) uses SourcePower ( Required Parameters ), Gainlmbalance,
PhaseIlmbalance ( Signal Parameters ).

The RF output resistance uses SourceR and SourceTemp ( Basic Parameters ). The RF
output signal source has a 50-ohm (default) output resistance defined by SourceR.
RF output (and input to the RF DUT) is delivered into a matched load of resistance
SourceR, with frequency hopping, with the specified source resistance (SourceR) and
with power (SourcePower). The RF signal has additive Gaussian noise power set by
resistor temperature (SourceTemp).

Note that the Meas_in point of the test bench provides a resistive load to the RF DUT
set by the MeasR value (50-ohm default) ( Basic Parameters ).

The Meas sighal contains linear and nonlinear signal distortions and time delays
associated with the RF DUT input to output characteristics.

The TX DSP block (shown in the block diagram in Receiver Wireless Test Bench Block
Diagram) uses other Signal Parameters .

5. More control of Circuit Envelope analysis can be achieved by setting Envelope
controller parameters. These settings include Enable Fast Cosim, which may speed
the RF DUT simulation more than 10x. Setting these simulation options is described
in Setting Fast Cosimulation Parameters and Setting Circuit Envelope Analysis
Parameters in the Wireless Test Bench Simulation documentation.

6. After running a simulation, results will appear in a Data Display window for the
measurement. Simulation Measurement Displays (adswtbwman_m) describes results
for each measurement. For general WTB Data Display details refer to Viewing WTB
Analysis Results (adswtbsim).
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WMAN_DL_802_16e_RX_Sensitivity

This section provides parameter information for Required Parameters, Basic Parameters,
Signal Parameters, and parameters for the various measurements.

gocoo
pooan

WRLARN
[ 802 16e DL
= R Sensitivity
Agilent Techn-:-l-:-gies

WMAN_DL_802_16e_RX_Sensitivity
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Setting Parameters

More control of the test bench can be achieved by setting parameters in the Basic
Parameters , Signal Parameters , and measurement categories for the activated
measurements.

© Note
For required parameter information, see Set the Required Parameters (adswtbwman_m).

Basic Parameters

1.
2.

SourceR is the RF output source resistance.

SourceTemp is the RF output source resistance temperature (oC) and sets noise
density in the RF output signal to (k(SourceTemp+273.15)) Watts/Hz, where k is
Boltzmann's constant.

MeasR defines the load resistance for the RF DUT output Meas signal into the test
bench. This resistance loads the RF DUT output; it is also the reference resistance for
Meas signal power measurements.

TestBenchSeed is an integer used to seed the random number generator used with
the test bench. This value is used by all test bench random number generators,
except those RF DUT components that use their own specific seed parameter.
TestBenchSeed initializes the random number generation. The same seed value
produces the same random results, thereby giving you predictable simulation results.
To generate repeatable random output from simulation to simulation, use any
positive seed value. If you want the output to be truly random, enter the seed value
of 0.

Signal Parameters

1.

W N

GainImbalance, PhaseIlmbalance are used to add certain impairments to the ideal
output RF signal. Impairments are added in the order described here.

The unimpaired RF I and Q envelope voltages have gain and phase imbalance
applied. The RF is given by:

Veplt) = ALVIutjucosumct]—gVQmsianCH %I;I

where A is a scaling factor that depends on the SourcePower and SourceR
parameters specified by the user, VI( t) is the in-phase RF envelope, V Q( t) is the
quadrature phase RF envelope, g is the gain imbalance

Gainlmbalance
g = 10 20
and, ¢ (in degrees) is the phase imbalance.

Bandwidth determines the nominal channel bandwidth.

. OversamplingOption indicates the oversampling ratio of transmission signal. There

are six oversampling ratios (1, 2, 4, 8, 16, 32) to support in this source.

FFTSize specifies the size of FFT. Sizes 2048, 1024 and 512 are supported.
CyclicPrefix specifies the ratio of cyclic prefix time to "useful" time, whose range is
from O to 1.

FrameMode specifies the duplexing method which should be FDD or TDD. In FDD

18



12.

13.
14.

15.
16.
17.
18.

19.
20.

21.
22.

Advanced Design System 2011.01 - Mobile WiMAX Wireless Test Benches
transmission, the downlink occupies the entire frame and the respective gaps (zeros)
are automatically adjusted to fill the frame.

. DL_Ratio specifies set the percentage (1 to 99) of the frame time to be used for the

downlink subframe. The parameter is only active when the FrameMode is TDD.
FrameDuration determines the frame durations (ms) of the generated
waveform.There are eight frame durations (2ms, 2.5ms, 4ms, 5ms, 8ms, 10ms,
12.5ms, 20ms) to be selected as allowed by the specification.

. DLMAP_Enable specifies whether the DL-MAP burst is inserted in the downlink burst.
10.
11.

ULMAP_Enable specifies whether the UL-MAP burst is inserted in the downlink burst.
PreambleIndex specifies the preamble index number (0 to 113). The preamble index
value determines the ID Cell values (0 to 31) and segment index (0 to 2) according
to the standard.

DL_PermBase specifies the basis of downlink permutation to be used in initialization
vector of the PRBS generator for subchannel randomization in the zone and in
STC_DL_Zone_IE() in DL-MAP message.

BSID specifies the base station ID which is used in DL-MAP message.

PRBS_ID specifies the PRBS ID which may be used in initialization vector of the PRBS
generator for subchannel randomization and in STC_DL_Zone_IE() in DL-MAP
message.

ZoneType specifies the zone type which can be set to PUSC, FUSC or OFUSC.
ZoneNumOfSym specifies the symbol number for the zone. The value must be a
multiple of two for DL_PUSC, and be a multiple of one for DL_FUSC and DL_OFUSC.
GroupBitmask specifies which groups of subchannel are used on the PUSC zone. This
parameter uses 1 for assigned groups and 0 for unassigned groups.

NumberOfBurst specifies the number of active downlink bursts.

BurstWithFEC specifies the downlink burst FEC.

BurstSymOffset, BurstSubchOffset, BurstNumOfSym and BurstNumOfSubch specify
the position and range for each rectangular burst, see Downlink rectangular burst
structure.

BurstSymOffset

] I . I

BurstSubchOffset [: | | | | |

»

BurstNumOrsubch

BurstNumOfSym

Downlink rectangular burst structure

DatalLength specifies MAC PDU payload byte length for each burst.
CodingType specifies the coding type for each burst. Each coding type can be
selected from 0 to 1, whose meaning is shown in The meaning of coding type.

The meaning of coding type
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Coding type meaning

0
1

Convolutional coding (CC)
Convolutional turbo coding (CTC)

Advanced Design System 2011.01 - Mobile WiMAX Wireless Test Benches

23. Rate_ID specifies the rate ID for each burst. Rate_ID, along with CodingType,
determines the modulation and coding rate, shown in The relation of Coding type and

24,

25.

26.
27.

Rate ID.

The relation of Coding type and Rate ID

Coding type Rate ID Modulation/Coding rate

0 (CC)
0 (CC)
0 (CC)
0 (CC)
0 (CC)
0 (CC)
0 (CC)
1 (CTC)
1 (CTC)
1 (CTC)
1 (CTC)
1 (CTC)
1 (CTC)
1 (CTC)
1 (CTC)

0

N oun ~hWN R, OO UV WN

QPSK CC1/2
QPSK CC3/4
16-QAM CC1/2
16-QAM CC3/4
64-QAM CC1/2
64-QAM CC2/3
64-QAM CC3/4
QPSK CTC1/2
QPSK CTC3/4
16-QAM CTC1/2
16-QAM CTC3/4
64-QAM CTC1/2
64-QAM CTC2/3
64-QAM CTC3/4
64-QAM CTC5/6

RepetitionCoding specifies the repetition coding for each burst. Each repetition coding
can be selected from 0 to 3, whose meaning is shown in The meaning of repetition

coding.

Repetition coding meaning

0
1
2
3

No repetition coding on the burst

Repetition coding of 2 used on the burst
Repetition coding of 4 used on the burst
Repetition coding of 6 used on the burst

PowerBoosting specifies the power boosting for each burst. Each value is defined in

units of dB.

DecoderType specifiers the Viterbi decoder type chosen from CSI, Soft and Hard.
StopFrame specifiers the stop burst used for BER and FER calculation.

Measurement Parameters

1. DisplayPages provides Data Display page information for this measurement. It cannot
be changed by the user.
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Simulation Measurement Displays

After running the simulation, results are displayed in the Data Display pages for each
measurement activated.

© Note
Measurement results from a wireless test bench have associated names that can be used in Data Display
Expressions. For more information, refer to Measurement Results for Expressions (adswtbwman_m).

Sensitivity Measurement

The sensitivity measurement shows BER and PER results. The BER measured after FEC

shall be less than 107® at the power levels RSS defined in equation (149b) of section
8.4.13.1 of Reference [2] (assuming 5dB implementation margin and 8dB Noise Figure).
Simulation results for "Rate_ID = 5" and SourcePower of -75 dBm are displayed in
Simulation Results for "Rate ID = 5" and -75 dBm SourcePower.

realiRF_FSource) / (1 MHZ) realiRs5_dBm)
2308.000 -78.000
reali Timestep) / (1 nsec) real(RF_SourceTermnp)
44 643 16.850
realiCyclicPrefix realiData_Length)
0125 200.000
realiRF_F) realiteas_Fheasurerment) /(1 MHZ)
80.000 2305000
real(Meas_R) real{Ratelln)
a0.000 8.000
real(Frame_Duration) / {1 msec) real(Bandwidth) / (1 MHZ)
8.000 10.000
T T I e
11.200 n&E18 oD

Meas Sensitivity

BER FER
0.00000000 0.00000000

Simulation Results for "Rate_ID = 5" and -75 dBm SourcePower
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Test Bench Variables for Data Displays

Variables listed in Test Bench Variables for Data Displays are used to set up this test
bench and data displays.

Test Bench Variables for Data Displays

Data Display Parameter [Equation with Test Bench Parameters

RF_FSource FSource

RF_Power_dBm 10*log10(SourcePower)+30

RF_R SourceR

TimeStep 1/SamplingFrequency/(2”OversamplintOption)
SamplingFrequency Bandwidth*n (n is sampling factor)
Bandwidth Bandwidth

RatelD Rate_ID

CyclicPrefix CyclicPrefix

Data_Length DatalLength

Frame_Duration FrameDuration

Frame_Mode FrameMode

DL_Ratio DL_Ratio

Meas_FMeasurement FMeasurement

Meas_R MeasR
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Baseline Performance

o Test Computer Configuration

o Pentium IV 2.26 GHz, 1024 MB RAM, Windows 2000
« Conditions

o Measurements made with default test bench settings.

o RF DUT is an RF system behavior component.

o Resultant WTB_TimeStep = 44.643 nsec; Frame_Duration = 5 msec
« Simulation time and memory requirements:

WMAN_DL_802_16e_RX_Sensitivity_test Frames Simulation ADS Processes
Measurement Measured Time

(hour) (MB)
RX Sensitivity 100 2 400

Expected ADS Performance

Expected ADS performance is the combined performance of the baseline test bench and
the RF DUT Circuit Envelope simulation with the same signal and number of time points.
For example, if the RF DUT performance with Circuit Envelope simulation alone takes 2
hours and consumes 200 MB of memory (excluding the memory consumed by the core
ADS product), then add these numbers to the Baseline Performance numbers to
determine the expected ADS performance. This is valid only if the full memory consumed
is from RAM. If RAM is less, larger simulation times may result due to increased disk
access time for swap memory usage.
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References for Mobile WiMAX Downlink Receiver
Sensitivity Test

1. IEEE Std 802.16-2004, Part 16: Air Interface for Fixed Broadband Wireless Access
Systems, Section 8.4 WirelessMAN-OFDMA PHY, October 1, 2004.

2. IEEE Std 802.16e-2005, Amendment 2: for Physical and Medium Access Control
Layers for Combined Fixed and Mobile Operation in Licensed Bands and Corrigendum
1, - Part 16: Air Interface for Fixed Broadband Wireless Access Systems, Section 8.4
WirelessMAN -OFDMA PHY, February 2006.

Setting up a Wireless Test Bench Analysis in the Wireless Test Bench Simulation
documentation explains how to use test bench windows and dialogs to perform analysis
tasks.

Setting Circuit Envelope Analysis Parameters in the Wireless Test Bench Simulation
documentation explains how to set up circuit envelope analysis parameters such as
convergence criteria, solver selection, and initial guess.

Setting Automatic Behavioral Modeling Parameters in the Wireless Test Bench Simulation
documentation to learn how to improve simulation speed.
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Mobile WIMAX Downlink RF Power
Amplifier Power Added Efficiency Test

WMAN_DL_802_16e_RF_PAE_test is the test bench for testing RF Power Amplifiers (PA)
with an Mobile WiMAX Downlink signal to measure the PA Power Added Efficiency (PAE).
The test bench provides a way for users to connect to an RF circuit device under test
(DUT) and determine its PAE performance over Mobile WiMAX Downlink signal frame
intervals that the user specifies.

Mobile WiMAX Downlink PAE measurements are not specified by the 802.16 OFDMA
Technical Specification.

This test bench includes a DSP section, an RF modulator, RF output source resistance, RF
DUT connection, and DSP measurement blocks, as illustrated in the following figure. The
generated test signal is sent to the DUT.

RF PAE Wireless Test Bench Block Diagram

RF_to PA RF_from_FA
Dutput Input

T =™ L RF Source , DuT RF Load FAE
|Dse > Madulator Resistance Resistance Measurement

Fy T
WO VDO
L ow ) High

In the Mobile WiMAX Downlink signal frame structure, one typical frame has a duration of
5 msec when FrameDuration=5 msec, consisting of Preamble, FCH&MAP and Data Zone.
The following figure shows the downlink frame structure, which begins with the Preamble
with one OFDM symbol (i.e. in the following figure, N =1) followed by FCH&MAP

Preamble
and Data Zone.

The permuation type for the Data Zone could be DL PUSC, DL FUSC, DL OFUSC or DL AMC
according to the parameter ZoneType.

When ZoneType is DL PUSC, FCH&MAP and Data Zone are allocated in the same PUSC
zone. The total number of OFDM symbols in PUSC zone is ZoneNumOfSym, and FCH&MAP
occupies the first 2 symbols (i.e. N;-y=2) and Data Zone occupies the last

ZoneNumOfSym-2 symbols (i.e. Np,.,=ZoneNumOfSym-2).

When ZoneType is DL FUSC, DL OFUSC or DL AMC , FCH&MAP is allocated in the PUSC
zone and Data Zone in the zone specified by ZoneType. FCH&MAP occupies 2 symbols (i.e.
Ngcy=2) when ULMAP_Enable=NO, otherwise FCH&MAP occupies 4 symbols (i.e. Ngcy=2)

when ULMAP_Enable=YES. Data Zone occupies ZoneNumOfSym symbols (i.e. N =
ZoneNumOfSym).

In Data Zone, at most 8 bursts may be allocated. Each burst is assigned to a data region
in Data Zone with specific modulation and coding scheme.
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downlink frame structure

MNeearze  MroH MEats Mprearoe  MrocH MEats

o a
=} =}
E FCH E FCH
g MAP DL Data Zone g MAP DL Data Zone
o o

B Frame

) Duration =

Frame Duration: 2 ms, 2.5 ms, 4 ms, 5 ms, 8 ms, 10 ms, 12.5 ms or 20 ms
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Test Bench Basics

A template is provided for this test bench.

Mobile WiMAX Downlink RF Power Amplifier Power Added Efficiency Test Bench

Mobile WIMAX Downlink Power Amplifier Power Added Efficiency Test Bench

Tas tisturae for vDC RF

PAE for RF FA, High
wsith B bi s “5]' from

| woltages P

WOMAN_DL_ 202 16s RF_PAE RF vDC
WMAN_DL_S00_18e RF_PAE to Low
CE_TimeStap=CE_TimeStep P& to
FSource=F Source PA
SounneFowemdbmtoSouicePoswer_dBm [
Fhieas uremants F il eas wement

B an drei dih= 10 MHz

Crers amplingOption=R e 2
FFTSize= 1024
ZoneType=DL_PUSC
ZaneHumOiSym=22

WD _Loww=2,0 W
WOC_High=58
ErableFrameGating=vES
EnableFrameblakens="ES

Segmenthleasured=PreambletF CHAAP+ DataZone

HumFrameshleas ured=2

AR

Cirouit_VaR
SourcePower_dBm=-10 _dBm
CE_TimeStep=1/11.258/2
FSouree=200 MHz

Fhde s urement= 800 hiHz

| sweep PLaN I

SmeepFlan

SwupPland

Start=-10 Stop=10 Step= Lin=3
Uiz & Sweee pFlan=yes
SwaapPlar="SwpPlar2"
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Reglsce fhis OUT
Wily owr o ki
CIRCLIT design.

ChtPAuvithBi &=

nuT

FARAMETER SWEEF
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| sweeppLan |
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SwpPlan2
Pt=15
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Reverse=no

To access the template:

1. In an Analog/RF schematic window select Insert > Template.

WAAN_DL_B0Z_18e_RF_PAE_Information

FAE_Infom aian

} &% | erveLore

Envelope
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Freq[]=FSource
Drdar1}=5
Step=CE_TimeStep
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"B Setup” Stop time ),
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tores other than Focurce are required ke
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lesTthen 171 2efl/ Duersamphrg Opton .
Chessampling Option k= 3 RF_FAE
Signal Parameter

e e v
| r
IQ?}I'AEI-IESHTGEH“EIES e

Motz ©or Swaep and Optimzation:

The Siminstance Mame must alvays use
"'ll?rEI".i;rgu“p aroptimeation corarollar
regardas s ofthe Erwmlops contmbar's
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3. CE Time Sten mustbs SHW:;JHW ar

Limitsions for usng wireless test benches
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Supported.

2. Enwelope Al iz ROT supponed br PAE
MBQJEI‘I‘EM. PR

3. Evelope. dmulaton wih wirdess test bench
doez NOT e the named nodes da in
the 2tz

2. In the Insert > Template dialog box, choose WMAN_DL_802_16e_RF_PAE_test, click

OK; click left to place the template in the schematic window.

The basics for using the test bench are:

o Connect to an RF DUT that is suitable for this test bench.
« Configure SweepPlans to define a power sweep. You can add more SweepPlan
controllers as needed.

FMeasurement.

Set the Circuit_VAR values for: SourcePower_dBm, CE_TimeStep, FSource, and

e Run the simulation and view Data Display page for your measurement.

D Note

The default values work with the DUT provided. Set the values based on your DUT requirements.
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Test Bench Details

The following sections provide details for setting up a test bench, setting measurement
parameters for more control of the test bench, simulation measurement displays, and
baseline performance.

Test bench setup is detailed here.

1. Replace the DUT (CktPAwithBias is provided with this template) with an RF DUT that
is suitable for this test bench.
For information regarding using certain types of DUTs, see RF DUT Limitations for
Mobile WIMAX Wireless Test Benches (adswtbwman_m).

2. Set the Circuit_VAR values that define the power sweep

o These parameters are used to define a power sweep for the RF signal input to
the DUT so that the PAE measurement can be observed as a function of the DUT
input power.

e SourcePower_dBm defines the swept variable used by the ParameterSweep
controller. Configure SweepPlans to define the power sweep. You can add more
SweepPlans as needed.

3. Set the Required Parameters

© Note
Refer to WMAN DL 802 16e RF PAE (adswtbwman_m) for a complete list of parameters for this test
bench.

Generally, default values can be accepted; otherwise, values can be changed by the
user as needed.

o Set CE_TimeStep.
Cosimulation occurs between the test bench (using Agilent ADS Ptolemy Data
Flow simulation technology) and the DUT (using Circuit Envelope simulation
technology). Each technology requires its own simulation time step with time-
step coordination occurring in the interface between the technologies.
CE_TimeStep defines the Circuit Envelope simulation time step to be used with
this DUT. The CE_TimeStep must be set to a value equal to or a submultiple of
(less than) WTB_TimeStep; otherwise, simulation will stop and an error
message will be displayed.
Note that WTB_TimeStep is not user-settable. Its value is derived from other
test bench parameter values; with default settings WTB_TimeStep=approx.
44.64 nsec. The value is displayed in the Data Display pages as TimeStep.

WTB_TimeStep = 1/11.2MHz/2”~0versamplingOption
where OversamplingOption is an enum parameter to specify the number of

waveform sampling points used to create each symbol (RF signal symbol),
shown as:
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OversamplingOption Number of sampling
points per symbol

O:Ratio 1 1
1:Ratio 2 2
2:Ratio 4 4
3:Ratio 8 8
4:Ratio 16 16
5:Ratio 32 32

11.2 MHz is the 1x sampling frequency (Fs) when Bandwidth=10 MHz. The
detialed relationship between 1x sampling frequency (Fs) and Bandwidth is
described as follows:

Fs = floor(n*Bandwidth/8000)*8000

where n is the sampling factor. This value is set as follows: for channel

bandwidths that are a multiple of 1.75 MHz, then n = 8/7; else, for channel

bandwidths that are a multiple of any of 1.25, 1.5, 2, or 2.75 MHz, then n =

28/25; else, for channel bandwidths not otherwise specified, then n = 8/7.
o Set FSource, SourcePower and FMeasurement.

o FSource defines the RF frequency for the signal input to the RF DUT.

o SourcePower is defined as the average power during the non-idle time of
the signal. It should be set to the dbmtow(SourcePower_dBm).

o FMeasurement defines the RF frequency output from the DUT to be
measured. It is typically set to the FSource value unless the output
frequency of the DUT is other than FSource.

4. More control of the test bench can be achieved by setting Basic Parameters, Signal
Parameters, and parameters for the measurement. The additional measurement
control enables the user to specific the measurement of the PAE performance over
Mobile WiMAX Downlink signal frame intervals specified by the user. For details refer
to Parameter Settings (adswtbwman_m).

5. The RF modulator (shown in the block diagram in RF PAE Wireless Test Bench Block
Diagram) uses FSource, SourcePower ( Required Parameters ).

The RF output resistance uses SourceR. The RF output signal source has a 50-ohm
(default) output resistance defined by SourceR.

RF output (and input to the RF DUT) is at the frequency specified (FSource), with the
specified source resistance (SourceR) and with power (SourcePower) delivered into a
matched load of resistance SourceR.

Note that the RF_from_PA point of the test bench provides a resistive load to the RF
DUT set by the MeasR value (50-ohm default) ( Basic Parameters ).

The RF_from_PA signal contains linear and nonlinear signal distortions and time
delays associated with the RF DUT input to output characteristics.

The RF PAE DSP block (shown in the block diagram in RF PAE Wireless Test Bench
Block Diagram) uses other Signal Parameters.

6. More control of Circuit Envelope analysis can be achieved by setting Envelope
controller parameters. Setting these simulation options is described in Setting Circuit
Envelope Analysis Parameters (adswtbsim). However, Circuit Envelope settings for
Fast Cosim are not intended for use with PAE measurements.

7. After running a simulation, results will appear in a Data Display window for the
measurement. Simulation Measurement Displays (adswtbwman_m) describes results
for each measurement. For general WTB Data Display details refer to Viewing WTB
Analysis Results (adswtbsim).
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WMAN_DL_802_16e_RF_PAE

This section provides parameter information for Required Parameters, Basic Parameters,
Signal Parameters, and parameters for the measurement.

RF vDC = Testfidure for vDC RF
to Low 5| PAE for RF PA High from

to S| with two bias t0 PA
PA PA =| voltages PA

bl ool

Description WMAN DL 802.16e RF Power Amplifier Power Added Efficiency test

Parameters

Name Description Default Sym Unit Type Range

RequiredParameters

CE_TimeStep Circuit envelope simulation 1/11.2 MHz/2 sec |real |(0, )
time step

WTB_TimeStep Set CE_TimeStep <=

1/RF_SamplingRate.
RF_SamplingRate depends on
Bandwidth and
OversamplingOption, see help
doc for more information.

FSource Source carrier frequency 3407 MHz Hz |real |(0, o)

SourcePower Source power dbmtow(-20.0) w real |[0, o0)

FMeasurement Measurement carrier frequency 3407 MHz Hz |real |(0, o)

Basic

Parameters

SourceR Source resistance 50 Ohm Ohm|real |(0, )

MeasR Measurement resistance 50 Ohm Ohm|real |[10,
1.0e6]

Signal

Parameters

PowerType Power definition (Peak power |Burst power when all subchs enum

in frame, Burst power when all |occupied
subchs occupied, Burst power

with allocated subchs): Peak

power, Burst power when all

subchs occupied, Burst power

with allocated subchs

Bandwidth Nominal bandwidth 10 MHz Hz |int [1,
1e9]

OversamplingOption |Oversampling ratio option: Ratio 2 enum
Ratio 1, Ratio 2, Ratio 4, Ratio
8, Ratio 16, Ratio 32

FFTSize FFT size: FFT_2048, FFT_1024, FFT_1024 enum
FFT_512

CyclicPrefix Cyclic prefix 0.125 real |[0, 1]

FrameMode Frame mode: FDD, TDD TDD enum
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DL_Ratio

FrameDuration

DLMAP_Enable
ULMAP_Enable

DataPattern

ZoneType
ZoneNumOfSym

GroupBitmask

NumberOfBurst
BurstWithFEC

BurstSymOffset
BurstSubchOffset
BurstNumOfSym
BurstNumOfSubch
DatalLength
CodingType
Rate_ID
RepetitionCoding
PowerBoosting
Measurement
Parameters
VDC_Low
VDC_High
EnableFrameGating

EnableFrameMarkers

InitialStartUpDelay

Advanced Design System 2011.01 - Mobile WiMAX Wireless Test Benches

Downlink ratio

Frame duration: time 2 ms,
time 2.5 ms, time 4 ms, time 5
ms, time 8 ms, time 10 ms,
time 12.5 ms, time 20 ms

DLMAP is inserted or not: NO,
YES

ULMAP is inserted or not: NO,
YES

WMAN data

Zone type: DL_PUSC,
Number of OFDM symbols in

Used subchannel bitmaps

Number of bursts

Number of burst with FEC-
encoded

Symbol offset of each burst

Subchannel offset of each
burst

Number of symbols of each
burst

Number of subchannels of
each burst

MAC PDU payload byte length
of each burst

Coding type of each burst
Rate ID of
Repetition coding of each burst

Power boosting of each burst
in dB

Low DC bias voltage
High DC bias voltage

Enable frame measurement
gating: NO, YES

Enable frame markers (used
when
EnableFrameGating=YES): NO,
YES

Source signal delay before first
frame starts

0.5

time 5 ms

NO

NO

pattern: PN9, PN15, FIX4, PN9
4140, 8180,
16.1.16.0, 321 320,

_64_1 _64_0,S_QPSK, S_16-

QAM, S_64-QAM
DL_FUSC, DL_OFUSC, DL_AMC
zone

DL_PUSC
22

{1,1,1,1,1,1}

{4,10}
{51}
{6,123
{15,18}
{200,300}
{0,0%}
each burst {5,5}

{0,0}

{0,0}

2.0
5.8
YES

YES

0
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volts

volts

sec

real

enum

enum

enum

enum

enum
int

int
array
int
int

int
array
int
array
int
array
int
array
int
array
int
array
int
array
int
array
real

array

real

real

int

int

real

[0.01,
0.99]

[1,
1212]
[0, 1]

[1, 8]
[1, 8]

(o,
1211]
[0, 59]
[1,
1212]
[1, 60]
[1, o)
[0, 1]
[0, 7]
[0, 3]

(_wl

)

[0, o)
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SegmentMeasured Which region is measured per |Preamble+FCH/MAP+DataZone enum
frame (used when
EnableFrameGating=YES):
Preamble, FCH/MAP, Data
Zone, Preamble+FCH/MAP,
Preamble+FCH/MAP+DataZone

NumFramesMeasured Number of frames measured 2 real |[1, oo]
Pin Inputs

Pin [Name Description Signal Type

4  |RF_from_PA Test bench measurement RF input from RF circuit timed

Pin Outputs

Pin [Name Description Signal Type

1 RF _to_ PA Test bench RF output to RF circuit timed

2 |VDC_Low_to_PA Test bench Low VDC voltage to RF circuit timed
3 |VDC_High_to_PA Test bench High VDC voltage to RF circuit timed
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Parameter Settings

More control of the test bench can be achieved by setting parameters on the Basic
Parameters, Signal Parameters, and measurements categories for the activated
measurements. Parameters for each category are described in the following sections.

© Note
For required parameter information, see Set the Required Parameters (adswtbwman_m).

Basic Parameters

SourceR is the RF output source resistance.

. MeasR defines the load resistance for the RF DUT output RF_from_PA signal into the

test bench. This resistance loads the RF DUT output; it is also the reference
resistance for the RF_from_PA signhal measurements.

Signal Parameters

1.

W N

4.
5.

PowerType specifies the exact meaning of the parameter Power in RF source. Three
types are defined in downlink (Type I: Peak power; Type II: Burst power when all
subchs occupied; Type III: Burst power with allocated subchs). Type I is
recommended for transmitter measurement; Type II is recommended for receiver
measurement; Type III is recommended for hardware measurement. For more
information, please refer to Transmit Power Definition (wman_m).

Bandwidth determines the nominal channel bandwidth.

OversamplingOption indicates the oversampling ratio of transmission signal. There
are six oversampling ratios (1, 2, 4, 8, 16, 32) to support in this source, shown as:

OversamplingOption Number of sampling
points per symbol

O:Ratio 1 1
1:Ratio 2 2
2:Ratio 4 4
3:Ratio 8 8
4:Ratio 16 16
5:Ratio 32 32

WTB_TimeStep (i.e. 1/RF_SamplingRate) depends on Bandwidth and
OversamplingOption, as follows:

WTB_TimeStep =
1/(floor(n*Bandwidth/8000)*8000)/2”~0OversamplingOption

where n is the sampling factor. This value is set as follows: for channel bandwidths
that are a multiple of 1.75 MHz, then n = 8/7; else, for channel bandwidths that are
a multiple of any of 1.25, 1.5, 2, or 2.75 MHz, then n = 28/25; else, for channel
bandwidths not otherwise specified, then n = 8/7.

FFTSize specifies the size of FFT. Sizes 2048, 1024 and 512 are supported.
CyclicPrefix specifies the ratio of cyclic prefix time to "useful" time, whose range is
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10.
11.

12.
13.
14.
15.

16.
17.

18.
19.

20.
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from O to 1.
FrameMode specifies the duplexing method which should be FDD or TDD. In FDD
transmission, the downlink occupies the entire frame and the respective gaps (zeros)
are automatically adjusted to fill the frame.
DL_Ratio specifies set the percentage (1 to 99) of the frame time to be used for the
downlink subframe. The parameter is only active when the FrameMode is TDD.

. FrameDuration determines the frame durations (ms) of the generated

waveform.There are eight frame durations (2ms, 2.5ms, 4ms, 5ms, 8ms, 10ms,
12.5ms, 20ms) to be selected as allowed by the standard.

DLMAP_Enable specifies whether the DL-MAP burst is inserted in the downlink burst.
ULMAP_Enable specifies whether the UL-MAP burst is inserted in the downlink burst.
DataPattern specifies the type of input raw bits for the burst with FEC-encoded. Note
that S_QPSK, S_16-QAM, S_64-QAM are bits sequences recommended by the
specification for the measurement of QPSK, 16QAM and 64QAM respectively.
ZoneType specifies the zone type which can be set to PUSC, FUSC OFUSC or AMC.
ZoneNumOfSym specifies the symbol number for the zone. The value must be a
multiple of two for DL_PUSC, and be a multiple of one for DL_FUSC and DL_OFUSC.
GroupBitmask specifies which groups of subchannel are used on the PUSC zone. This
parameter uses 1 for assigned groups and 0 for unassigned groups.

NumberOfBurst specifies the number of active downlink bursts.

BurstWithFEC specifies the downlink burst FEC.

BurstSymOffset, BurstSubchOffset, BurstNumOfSym and BurstNumOfSubch specify
the position and range for each rectangular burst, seen Downlink Rectangular Burst
Structure.

BurstSymOffset

] I (I I
I I [ |

BurstSubchOfifset [:

BurstNumOrSubch

BurstNumOfSym

Downlink Rectangular Burst Structure

DatalLength specifies MAC PDU payload byte length for each burst.
CodingType specifies the coding type for each burst. Each coding type can be
selected from 0 to 1, whose meaning is shown in the Meaning of Coding Type.

Coding type Meaning
0 Convolutional coding (CC)
1 Convolutional turbo coding (CTC)

Rate_ID specifies the rate ID for each burst. Rate_ID, along with CodingType,
determines the modulation and coding rate, shown in the Relation of Coding Type

and Rate ID.
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Coding type Rate ID Modulation/Coding rate

0 (CC) 0 QPSK CC1/2

0 (CC) 1 QPSK CC3/4

0 (CC) 2 16-QAM CC1/2
0 (CC) 3 16-QAM CC3/4
0 (CC) 4 64-QAM CC1/2
0 (CC) 5 64-QAM CC2/3
0 (CC) 6 64-QAM CC3/4
1 (CTC) 0 QPSK CTC1/2

1 (CTC) 1 QPSK CTC3/4

1 (CTC) 2 16-QAM CTC1/2
1 (CTC) 3 16-QAM CTC3/4
1 (CTC) 4 64-QAM CTC1/2
1 (CTC) 5 64-QAM CTC2/3
1 (CTC) 6 64-QAM CTC3/4
1 (CTC) 7 64-QAM CTC5/6

21. RepetitionCoding specifies the repetition coding for each burst. Each repetition coding
can be selected from 0 to 3, whose meaning is shown in the Meaning of Repetition

Coding.

Repetition Coding Meaning

0 No repetition coding on the burst
1 Repetition coding of 2 used on the burst
2 Repetition coding of 4used on the burst
3 Repetition coding of 6used on the burst
22. PowerBoosting specifies the power boosting for each burst. Each value is defined in
units of dB.

Measurement Parameters

1. VDC_Low specifies the low DC voltage bias voltage provided to the RF power
amplifier DUT.

2. VDC_High specifies the high DC voltage bias voltage provided to the RF power
amplifier DUT.

3. EnableFrameGating and EnableFrameMarkers are the frame gating parameters
EnableFrameMarkers is used only when EnableFrameGating=YES.
When EnableFrameGating = NO, there is no frame gating.
When EnableFrameGating = YES and EnableFrameMarkers = NO, the measurement
is made for all gated frame intervals combined.
When EnableFrameGating = YES and EnableFrameMarkers = YES, the measurement
is made for the gated frame interval in each frame and reset at the beginning of each
frame.

4, InitialStartUpDelay specifies the time that the measurement begins at the DUT
output and marks the start of the first frame to be measured.

5. NumFramesMeasured specifies the number of frames measured.

6. SegmentMeasured specifies which region is measured in each downlink frame when
EnableFrameGating = YES. The Preamble, FCH&MAP zone, Data zone, Preamble and
FCH&MAP zone, Preamble and FCH&MAP zone and Data zone can be selected to
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measure PAE.

For information about TimeStep and FrameTime, see Test Bench Variables for Data

Displays.
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Simulation Measurement Displays

After running the simulation, results are displayed in the Data Display pages for each

measurement activated.

D Note

Wireless Test Benches (adswtbwman_m).

Measurement results from a wireless test bench have associated names that can be used in Data Display
Expressions. For more information, refer to Measurement Results for Expressions for Mobile WiMAX

Power Added Efficiency Measurement

The Power Added Efficiency measurement (not defined in 802.16 OFDMA specifications)

measures the RF power amplifier (DUT) power added efficiency (in percent). This is the

ratio of the RF output power minus the RF input power, divided by the DC power

consumed. This measurement is made only over the gated frame time interval specified

for each frame measured.

The following figure shows results with EnableFrameGating=YES and
EnableFrameMarkers=YES for SegmentMeasured = Preamble+FCH/MAP+DataZone

Power Added Efficiency Measurement Results with EnableFrameGating=YES and EnableFrameMarkers=YES

Thi= displayis for use when when Enable Gating = 1 and EnablehBrers = 1.

The measurement is made for the individual gated fame interval in each fame w. BF_Power_dBm.
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powerlewe and owedaid with the fame markers and fame measurementtime gates.

m MPts=sweap_size(PAE_pctD . 1)

S5=intfreal(s amplesPerSegment D OTH

CENEE RN i

% IEaDk i3 ke & 0]

100

100

2241

113m

[ P =50 eep_size (PAE_pot INTB. Source Power_d Bm) B Hs= intif(55 NPt then $5-1else NPts1)

PAE_pot
v &

AT ST T

RFadded Power_dim

-1n a o E o "

Sorce Power_dEm SonrePower_dBm

L L B e e B B B A LI L I L
I - a o 3 L] L

magFF_arHe-1,D

.

[aa

[ on

[

[as

(e B By B L R
2 & A a n

me, maec

o0.ro—

OCP e i

RFRI_dBm, RFAont_dBm
= & H
\\ .

Gal_da

0]
]
]
Il..l-_-

L NI B L e e I B
- E o H n 15

B

-0 E-] o L]
SonncePower_dim

SonrcEPower_dim

-0 E-1 o

Soarce Power_dBm

The following figure shows results with EnableFrameGating=YES and
EnableFrameMarkers=NO for SegmentMeasured = Preamble+FCH/MAP+DataZone.

Power Added Efficiency Measurement Results with EnableFrameGating=YES and EnableFrameMarkers=NO
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This dizplay is for usewheanwhen Enablezating = 1 and Enabletarkers = 0.
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Test Bench Variables

Reference variables used to set up this test bench are listed in the following tables.

Test Bench Constants for Signal Setup
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Constant Value
OversamplingOption |Ratio 2

Bandwidth 10 MHz

FFTSize FFT_1024

CyclicPrefix 0.125

FrameDuration 5 msec
This is the time duration of each
frame

ZoneType DL PUSC

ZoneNumOfSym 22
Test Bench Equations Derived from Test Bench Parameters

Data Display Parameter [Equation with Test Bench Parameters

Sampling Factor (n) 28/25
Sampling Frequency(Fs) [floor(n*Bandwidth/8000)*8000 (11.2 MHz)
TimeStep 1/Fs/2”~0versamplingOption (1/22.4 usec)
This is the test bench simulation time step.
SymbolTime FFTSize*(1+CyclicPrefix)*2/~0OversamplingOption*TimeStep (102.86 usec)

This is the time duration of each OFDM symbol
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References

Setting up a Wireless Test Bench Model (adswtbsim) explains how to use test bench
windows and dialogs to perform analysis tasks.

Setting Circuit Envelope Analysis Parameters (adswtbsim) explains how to set up circuit

envelope analysis parameters such as convergence criteria, solver selection, and initial
guess.
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Mobile WIMAX Downlink Transmitter
Test

The WMAN_DL_802_16e_TX transmitter test bench provides a way for users to connect to
an RF circuit device under test (RF DUT) and determine its performance by activating
various test bench measurements. This test bench provides signal measurements for RF
envelope, signal power (including CCDF), constellation, spectrum, and EVM.

The signal and most of the measurements are designed according to References [1
(adswtbwman_m)] and [2 (adswtbwman_m)].

The Mobile WIiMAX downlink frame structure is illustrated in Mobile WiMAX DL frame
structure.

N - N
T |7 o o~ i
o F|® o |3 | %
1 =0
Nk 3|2
L [ L1 o1
e I =
E ‘-D- 4+ -E FD_ iﬂ:_.
m = LT © Jar] <L L™ &
i = HH o} o = H =3
|
[l 1 -+ ] DI: | 4 ia)
_ & — 2
(] = (] >
m ia]
- PUSE —_— *+—  PUSC —»= (MFUSC —»

{a) ZoneType = DL_PUSC
{h) ZoneType = DL _FUSC or OFUSC

N=ZoneNumOfSym

Mobile WiMAX DL frame structure

The downlink subframe starts with one preamble which consists of an OFDM symbol. Then
the PUSC zone where FCH, DL-MAP and UL-MAP are allocated. The FCH information will be
sent on the first four adjacent subchannels with successive logical subchannel numbers in
the PUSC zone. The DL-MAP message immediately follows FCH. The UL-MAP message is
always allocated on the third and fourth OFDM symbols if ULMAP_Enable is set to YES.

If ZoneType is DL_PUSC, then a single PUSC zone is defined (a in Mobile WiMAX DL frame
structure). If ZoneType is DL_FUSC or DL_OFUSC, then two zones are defined: one is the
PUSC zone where FCH is allocated, the other is the FUSC or OFUSC zone for allocating
data bursts (b in Mobile WiMAX DL frame structure). ZoneNumOfSym is defined as the
number of OFDM symbols for the zone which is allocated data bursts. One downlink frame
contains maximum 8 data bursts except FCH, DL-MAP and UL-MAP, and each burst
contains only one MAC PDU. Among these bursts, only one burst is FEC-encoded which is
randomized, CC coded and interleaved. Other bursts will be provided PN sequences as
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their coded source respectively.

For DL_PUSC, the total number of symbols in the downlink subframe is (
1+ZoneNumOfSym ); For DL_FUSC or DL_OFUSC, the total number of symbols in the
downlink subframe is ( 1+2+ULMAP_Enable2+ZoneNumOfSym ), where 1 is for the
preamble, the first 2 are for the FCH and DL-MAP, the second 2 are for the UL-MAP,
ULMAP_Enable is 1 when set to YES and 0 when set to NO.
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Test Bench Basics

Replace this "Amplifier2”
DUT with your own
WMAN DL 802.16e CIRCUIT design.
Design Information

WMAN_DL_802_16e_TX_Info

Amplifierd

g';-g ENVELOPE

Envelope
VAR WMAN_DL_802 16e TX

Mobile WiMAX DL Transmitter Test Bench

The basics for using the test bench are:

« Replace the DUT (Amplifier2 is provided with this template) with an RF DUT that is
suitable for this test bench.

o CE_TimeStep, SourcePower, and FMeasurement parameter default values are
typically accepted; otherwise, set values based on your requirements.

o Activate/deactivate measurements based on your requirements.

« Run the simulation and view Data Display page(s) for your measurement(s).
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Test Bench Details

The following sections provide details for setting up a test bench, setting measurement
parameters for more control of the test bench, simulation measurement displays, and
baseline performance.

Open and use the WMAN_DL_802_16e_TX_test template:

1. In an Analog/RF schematic window, choose Insert > Template .
2. In the Insert > Template dialog box, choose WMAN_DL_802 _16e_TX_test , click OK
; click left to place the template in the schematic window.

Test bench setup is detailed here.

1. Replace the DUT (Amplifier2 is provided with this template) with an RF DUT that is
suitable for this test bench.
For information regarding using certain types of DUTs, refer to RF DUT Limitations
(adswtb3g).

2. Set the Required Parameters.

© Note
Refer to WMAN_DL_802_16e_TX (adswtbwman_m) for a complete list of parameters for this test
bench.

Generally, default values can be accepted; otherwise, values can be changed by the
user as needed.

Set CE_TimeStep.

Cosimulation occurs between the test bench (using ADS Ptolemy Data Flow
simulation technology) and the DUT (using Agilent Circuit Envelope simulation
technology). Each technology requires its own simulation time step with time-
step coordination occurring in the interface between the technologies.
CE_TimeStep defines the Circuit Envelope simulation time step to be used with
this DUT. The CE_TimeStep must be set to a value equal to or a submultiple of
(less than) WTB_TimeStep; otherwise, simulation will stop and an error
message will be displayed.

Note that WTB_TimeStep is not user-settable. Its value is derived from other
test bench parameter values. The value is displayed in the Data Display pages
as TimeStep.

WTB_TimeStep = 1/(RF_SamplingRate x Ratio)

where

The RF_SamplingRate (Fs) implemented in the design is decided by Bandwidth

and related sampling factor ('adswtbwman_m-2-1-03.gif!) as follows,
F. = floor( (N, x Bandwidth)/8000) x 8000

sampling factor bandwidth
n

8/7 For channel bandwidths that are a multiple of 1.75 MHz

28/25 else for channel bandwidths that are a multiple of 1.25 MHz, 1.5 MHz, 2 MHz
or 2.75 MHz

8/7 else for channel bandwidths not otherwise specified

Bandwidth is the user-settable value (default 10 MHz)
Ratio is the oversampling ratio related to OversamplingOption as Ratio = 2
OversamplingOption.

o Set SourcePower, and FMeasurement.
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o SourcePower defines the power level for FSource. SourcePower is defined
as the peak power during the non-idle time of the signal frame.
o FMeasurement defines the RF frequency output from the DUT to be
measured.
. Activate/deactivate ( YES / NO ) test bench measurements (refer to
WMAN_DL_802_16e_TX (adswtbwman_m)). At least one measurement must be
enabled:
RF_EnvelopeMeasurement
Constellation
PowerMeasurement
SpectrumMeasurement
e EVM_Measurement
. More control of the test bench can be achieved by setting Basic Parameters , Signal
Parameters , and parameters for each activated measurement. For details, refer to
Setting Parameters (adswtbwman_m).
. The RF modulator of WMAN_DL_802_16e_TX (shown in the block diagram in Mobile
WIMAX DL Transmitter Test Bench) uses SourcePower ( Required Parameters ),
GainImbalance, Phaselmbalance( Signal Parameters ).
The RF output resistance uses SourceR, SourceTemp, and EnableSourceNoise ( Basic
Parameters ). The RF output signal source has a 50-ohm (default) output resistance
defined by SourceR.
RF output (and input to the RF DUT) is with the specified source resistance (SourceR)
and with power (SourcePower) delivered into a matched load of resistance SourceR.
The RF signal has additive Gaussian noise power set by resistor temperature
(SourceTemp) (when EnableSourceNoise=YES).
Note that the Meas point of the test bench provides a resistive load to the RF DUT set
by the MeasR value (50-ohm default) ( Basic Parameters ).
The Meas signal contains linear and nonlinear signal distortions and time delays
associated with the RF DUT input to output characteristics.
The DSP block of WMAN_DL_802_16e_TX (shown in the block diagram in Mobile
WIMAX DL Transmitter Test Bench) uses other Signal Parameters .

More control of Circuit Envelope analysis can be achieved by setting Envelope
controller parameters. These settings include Enable Fast Cosim, which may speed
the RF DUT simulation more than 10x. Setting these simulation options is described
in Setting Fast Cosimulation Parameters and Setting Circuit Envelope Analysis
Parameters in the Wireless Test Bench Simulation documentation.

. After running a simulation, results will appear in a Data Display window for the
measurement. Simulation Measurement Displays (adswtbwman_m) describes results
for each measurement. For general WTB Data Display details refer to Viewing WTB
Analysis Results (adswtbsim).
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WMAN_DL_802_16e_TX

This section provides parameter information for Required Parameters, Basic Parameters,
Signal Parameters, and parameters for the various measurements.

= o WMAN
==l ] B02.16e DL
==5o T test

anilent Techn-:-l-:-gies
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Setting Parameters

More control of the test bench can be achieved by setting parameters in the Basic
Parameters , Signal Parameters , and measurement categories for the activated
measurements.

© Note
For required parameter information, see Set the Required Parameters. (adswtbwman_m).

Basic Parameters

SourceR is the RF output source resistance.

. SourceTemp is the RF output source resistance temperature (oC) and sets noise

density in the RF output signal to (k(SourceTemp+273.15)) Watts/Hz, where k is
Boltzmann's constant.

EnableSourceNoise, when set to NO disables the SourceTemp and effectively sets it
to -273.150C (0 Kelvin). When set to YES, the noise density due to SourceTemp is
enabled.

MeasR defines the load resistance for the RF DUT output Meas signal into the test
bench. This resistance loads the RF DUT output; it is also the reference resistance for
Meas signal power measurements.

TestBenchSeed is an integer used to seed the random number generator used with
the test bench. This value is used by all test bench random number generators,
except those RF DUT components that use their own specific seed parameter.
TestBenchSeed initializes the random number generation. The same seed value
produces the same random results, thereby giving you predictable simulation results.
To generate repeatable random output from simulation to simulation, use any
positive seed value. If you want the output to be truly random, enter the seed value
of 0.

Signal Parameters

1.

2.
3. OversamplingOption indicates the oversampling ratio of transmission signal. There

4,

Gainlmbalance, Phaselmbalance are used to add certain impairments to the ideal
output RF signal. Impairments are added in the order described here.

The unimpaired RF I and Q envelope voltages have gain and phase imbalance
applied. The RF is given by:

Veplt) = AvaLtICD"'LQ tl—gVQLtlsmLu t+ ?SHU“
where A is a scaling factor that depends on the SourcePower and SourceR
parameters specified by the user, VI( t) is the in-phase RF envelope, V Q( t) is the
quadrature phase RF envelope, g is the gain imbalance

Gainlmbalance
g =10 20
and, ¢ (in degrees) is the phase imbalance.

Bandwidth determines the nominal channel bandwidth.

are six oversampling ratios (1, 2, 4, 8, 16, 32) to support in this source.
FFTSize specifies the size of FFT. Sizes 2048, 1024 and 512 are supported.
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CyclicPrefix specifies the ratio of cyclic prefix time to "useful" time, whose range is
from O to 1.
FrameMode specifies the duplexing method which should be FDD or TDD. In FDD
transmission, the downlink occupies the entire frame and the respective gaps (zeros)
are automatically adjusted to fill the frame.
DL_Ratio specifies set the percentage (1 to 99) of the frame time to be used for the
downlink subframe. The parameter is only active when the FrameMode is TDD.
FrameDuration determines the frame durations (ms) of the generated
waveform.There are eight frame durations (2ms, 2.5ms, 4ms, 5ms, 8ms, 10ms,
12.5ms, 20ms) to be selected as allowed by the specification.
DLMAP_Enable specifies whether the DL-MAP burst is inserted in the downlink burst.
ULMAP_Enable specifies whether the UL-MAP burst is inserted in the downlink burst.
PreambleIndex specifies the preamble index number (0 to 113). The preamble index
value determines the ID Cell values (0 to 31) and segment index (0 to 2) according
to the standard.
FrameNumber specifies the starting frame number in the downlink subframe.
Framelncreased specifies whether the frame number for the downlink subframe is
increased. When Framelncreased is set to YES, then the frame numbers in Frame#0,
Frame#1, Frame#2, Frame#3 will be FrameNumber , FrameNumber+1 ,
FrameNumber+2 , FrameNumber+3 . When Framelncreased is set to NO, then the
frame numbers in Frame#0, Frame#1, Frame#2, Frame#3 will be FrameNumber ,
FrameNumber , FrameNumber , FrameNumber .
DL_PermBase specifies the basis of downlink permutation to be used in initialization
vector of the PRBS generator for subchannel randomization in the zone and in
STC_DL_Zone_IE() in DL-MAP message.
DCD_Count specifies the DCD count which is used in DL-MAP and DCD messages.
This is incremented by one (modulo 256) whenever there is a downlink configuration
change.
BSID specifies the base station ID which is used in DL-MAP message.
PRBS_ID specifies the PRBS ID which may be used in initialization vector of the PRBS
generator for subchannel randomization and in STC_DL_Zone_IE() in DL-MAP
message.
For DataPattern:

« if PN9 is selected, a 511-bit pseudo-random test pattern is generated according
to CCITT Recommendation 0.153.

« if PN15 is selected, a 32767-bit pseudo-random test pattern is generated
according to CCITT Recommendation O.151.

o if FIX4 is selected, a zero-stream is generated.

« if x_1_x_0 is selected (where x equals 4, 8, 16, 32, or 64) a periodic bit stream
is generated, with the period being 2 x. In one period, the first x bits are 1s and
the second x bits are Os.

o if S_QPSK, S_16-QAM or S_64-QAM is selected, sequences below are generated.
These are test messages for receiver sensitivity measurement.

S_QPSK = [0xE4, 0xB1, OxE1, OxB4]
S_16-QAM = [0xA8, 0x20, 0xB9, 0x31, OXEC, 0x64, OxFD, 0x75]
S_64-QAM = [0xB6, 0x93, 0x49, 0xB2, 0x83, 0x08, 0x96, 0x11, 0x41, 0x92,
0x01, 0x00, OxBA, OxA3, Ox8A, Ox9A, 0x21, 0x82, 0xD7, 0x15, 0x51, OxD3,
0x05, 0x10, OxDB, 0x25, 0x92, 0xF7, 0x97, 0x59, OxF3, 0x87, 0x18, OxBE,
0xB3, O0xCB, 0x9E, 0x31, OxC3, OxDF, 0x35, 0xD3, OxFB, O0xA7, Ox9A, OxFF,
0xB7, 0xDB]
AutoMACHeaderSetting specifies whether the MAC header is automatically generated
or input by users. If it is set to NO, data sequences in parameter MAC_Header will be
used before data content, otherwise MAC_Header content will be calculated with
parameter DatalLength and CID and be used before data content.
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MAC_Header specifies t 6 bytes of MAC header before the data contents. The cell is
only active when the AutoMACHeaderSetting is set to NO.
CRC32_Mode specifies the method for CRC32 calculation appended to MAC PDU.
ZoneType specifies the zone type which can be set to PUSC, FUSC or OFUSC.
ZoneNumOfSym specifies the symbol number for the zone. The value must be a
multiple of two for DL_PUSC, and be a multiple of one for DL_FUSC and DL_OFUSC.
GroupBitmask specifies which groups of subchannel are used on the PUSC zone. This
parameter uses 1 for assigned groups and 0 for unassigned groups.
NumberOfBurst specifies the number of active downlink bursts.
BurstWithFEC specifies the downlink burst FEC.
BurstSymOffset, BurstSubchOffset, BurstNumOfSym and BurstNumOfSubch specify
the position and range for each rectangular burst, see Downlink rectangular burst
structure.

BurstSymOffset

BurstSubchOffsef [: ]| : : : :

L 3

BurstMumOrsubch

BurstNumOfSym

Downlink rectangular burst structure

DatalLength specifies MAC PDU payload byte length for each burst.
CodingType specifies the coding type for each burst. Each coding type can be
selected from 0 to 1, whose meaning is shown below.

The meaning of coding type

Coding type meaning
0 Convolutional coding (CC)
1 Convolutional turbo coding (CTC)

Rate_ID specifies the rate ID for each burst. Rate_ID, along with CodingType,
determines the modulation and coding rate, shown in the following table.
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Coding type Rate ID <th

0 (CC) 0 QPSK CC1/2

0 (CC) 1 QPSK CC3/4

0 (CC) 2 16-QAM CC1/2
0 (CC) 3 16-QAM CC3/4
0 (CC) 4 64-QAM CC1/2
0 (CC) 5 64-QAM CC2/3
0 (CC) 6 64-QAM CC3/4
1 (CTC) 0 QPSK CTC1/2

1 (CTC) 1 QPSK CTC3/4

1 (CTC) 2 16-QAM CTC1/2
1 (CTC) 3 16-QAM CTC3/4
1 (CTC) 4 64-QAM CTC1/2
1 (CTC) 5 64-QAM CTC2/3
1 (CTC) 6 64-QAM CTC3/4
1 (CTC) 7 64-QAM CTC5/6

RepetitionCoding specifies the repetition coding for each burst. Each repetition coding
can be selected from 0 to 3, whose meaning is shown in the following table.

Repetition coding meaning

0 No repetition coding on the burst

1 Repetition coding of 2 used on the burst
2 Repetition coding of 4 used on the burst
3 Repetition coding of 6 used on the burst

PowerBoosting specifies the power boosting for each burst. Each value is defined in
units of dB.

DLMAP_CodingType specifies the rate ID for the burst carrying DL-MAP and DCD
messages.

DLMAP_RepetitionCoding specifies the repetition coding for the burst carrying DL-
MAP and DCD messages. This parameter can be selected from 0 to 3, whose meaning
is shown in Figurel.

ULMAP_CodingType specifies the rate ID for the burst carrying UL-MAP and UCD
messages.

ULMAP_Rate_ID specifies the rate ID for the burst carrying UL-MAP and UCD
messages.

ULMAP_RepetitionCoding specifies the repetition coding for the burst carrying UL-MAP
and UCD messages. This parameter can be selected from 0 to 3, whose meaning is
shown in The meaning of repetition coding.

ULMAP_PowerBoosting specifies the power boosting for the burst carrying UL-MAP
and UCD messages. This parameter is defined in units of dB.

UL_ZoneType specifies the uplink zone permutation. This parameter is used in the
UL_Zone_IE() IE.

UL_ZoneSymOffset specifies the offset of the OFDMA symbol in which the uplink zone
starts, the offset value is defined in units of OFDMA symbols and is relevant to the
Allocation Start Time field given in the UL-MAP message. This parameter is used in
the UL_Zone_IE() IE.

UL_ZoneNumOfSym specifies the Connection Identifier (CID) for each uplink burst.
This parameter is used in the OFDMA UL_MAP IE.

UL_PermBase specifies the basis of uplink permutation. This parameter is used in the
UL_Zone_IE() IE.

UL_AIlISCIndicator specifies whether all subchannel shall be used. When the
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UL_AIlISCIndicator is set to 0, subchannels indicated by allocated subchannel bitmap
in UCD shall be used. Otherwise all subchannels shall be used. This parameter is used
in the UL_Zone_IE() IE.

UCD_Count specifies the UCD count which is used in the UL_MAP and UCD messages.
It is incremented by one (modulo 256) whenever there is an uplink configuration
change.

UL_NumberOfBurst specifies the number of the uplink bursts. This parameter is used
to determine the number of OFDMA UL-MAP IE in UL-MAP message.

UL_CID specifies the Connection Identifier (CID) for each uplink burst. This
parameter is used in the OFDMA UL-MAP IE.

UL_CodingType specifies the coding type for each uplink burst. Each coding type can
be selected from 0 to 1, whose meaning is shown in The relation of Coding type and
Rate ID (or where 0 is CC and 1 is CTC). This parameter is used in the OFDMA UL-
MAP IE.

UL_Rate_ID specifies the rate ID for each uplink burst. UL_Rate_ID, along with
UL_CodingType, determines the modulation, coding rate, shown in The relation of
Coding type and Rate ID. This parameter is used in the OFDMA UL-MAP IE.
UL_BurstAssignedSlot specifies the duration for each uplink burst in units of OFDMA
slots. This parameter is used in the OFDMA UL-MAP IE.

UL_RepetitionCoding specifies the repetition coding for each uplink burst. Each
repetition coding can be selected from 0 to 3, whose meaning is shown in The
meaning of repetition coding. This parameter is used in the OFDMA UL-MAP IE.

RF Envelope Measurement Parameters

Depending on the values of RF_EnvelopeStart, RF_EnvelopeStop.

1.

RF_EnvelopeDisplayPages provides Data Display page information for this
measurement. It cannot be changed by the user.

2. RF_EnvelopeStart sets the start time for collecting input data.
3.

RF_EnvelopeStop sets the stop time for collecting input data.

For information about TimeStep, see Test Bench Variables for Data Displays.

Constellation Parameters

ConstellationDisplayPages provides Data Display page information for this measurement.
It cannot be changed by the user.

Power Measurement Parameters

1.

PowerDisplayPages provides Data Display page information for this measurement. It
cannot be changed by the user.

2. PowerBursts sets the number of bursts over which data will be collected.

Spectrum Measurement Parameters
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The Spectrum measurement calculates the spectrum of the input signal.

In the following, TimeStep denotes the simulation time step, and FMeasurement denotes
the measured RF signal characterization frequency.

1.

nhw

The measurement outputs the complex amplitude voltage values at the frequencies
of the spectral tones. It does not output the power at the frequencies of the spectral
tones. However, one can calculate and display the power spectrum as well as the
magnitude and phase spectrum by using the dBm, mag, and phase functions of the
data display window.

Note that the dBm function assumes a 50-ohm reference resistance; if a different
measurement was used in the test bench, its value can be specified as a second
argument to the dBm function, for example, dBm(SpecMeas, Meas_RefR) where
SpecMeas is the instance name of the spectrum measurement and Meas_RefR is the
resistive load.

The basis of the algorithm used by the spectrum measurement is the chirp-Z
transform. The algorithm can use multiple bursts and average the results to achieve
video averaging.

. SpecMeasDisplayPages is not user editable. It provides information on the name of

the Data Display pages in which this measurement is contained.
SpecMeasStart sets the start time for collecting input data.
SpecMeasStop sets the stop time for collecting input data.
SpecMeasResBW sets the resolution bandwidth of the spectrum measurement when
SpecMeasResBW>0.
NENBW = normalized equivalent noise bandwidth of the window
Equivalent noise bandwidth (ENBW) compares the window to an ideal, rectangular
filter. It is the equivalent width of a rectangular filter that passes the same amount of
white noise as the window. The normalized ENBW (NENBW) is ENBW multiplied by
the duration of the signal being windowed. Window Options and Normalized
Equivalent Noise Bandwidth lists the NENBW for the various window options.
The Start and Stop times are used for both the RF and Meas signal spectrum
analyses. The Meas signal is delayed in time from the RF signal by the value of the
RF DUT time delay. Therefore, for RF DUT time delay greater than zero, the RF and
Meas signal are inherently different and some spectrum display difference in the two
is expected.
TimeStep is defined in the Test Bench Variables for Data Displays section.
SpecMeasWindow specifies the window that will be applied to each burst before its
spectrum is calculated. Different windows have different properties, affect the
resolution bandwidth achieved, and affect the spectral shape. Windowing is often
necessary in transform-based (chirp-Z, FFT) spectrum estimation in order to reduce
spectral distortion due to discontinuous or non-harmonic signal over the
measurement time interval. Without windowing, the estimated spectrum may suffer
from spectral leakage that can cause misleading measurements or masking of weak
signal spectral detail by spurious artifacts.
The windowing of a signal in time has the effect of changing its power. The spectrum
measurement compensates for this and the spectrum is normalized so that the power
contained in it is the same as the power of the input signal.
Window Type Definitions:

e nNone:

w';kT,:' — | 1.0 D"_:Jif "_:-4.?"-'
; 0.0 otherwisze

where N is the window size

o« Hamming 0.54:
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‘ 2k .
wkT,) = { 034- D4bco_.LﬁT }  0<k<N
0.0 otherwise
where N is the window size
Hanning 0.5:
‘ 0.5-05cos| 2™} o<heN
wkl )=+ "7 7 m“L N/ U
0.0 otherwise
where N is the window size
Gaussian 0.75:
2k - Nn A N N
wkT,) = mpL Ln:l?5 ~— ) Ug‘k—g‘gﬁ
0.0 otherwise

where N is the window size
Kaiser 7.865:

I 172
‘ IGL?_StiS[l—Lk %)’ } )
(kT = - 7
wirl, ) I,07.865) 0<k=N

0.0 otherwise
where N is the window size, a = N/ 2, and I4(.) is the Oth order modified

Bessel function of the first kind
8510 6.0 (Kaiser 6.0):

I - 102y
‘ IDLti_D[l _ Lk =) J )
0sksN

IDIL 6.0)
0.0 otherwise

where N is the window size, a = N/ 2, and I4(.) is the Oth order modified

w(kT ) =

Bessel function of the first kind

Blackman:
‘ ) 2k (Ank .
w(kT) = 042 - U.5COUL N I + 0.08cos L N 0<k <N
0.0 otherwize
where N is the window size
Blackman-Harris:
‘ 1 4R91G e | 2TR " (4nky ‘omk .
wkT,) = 0.35875 — 0.48829%cos L e |+D 14128co= L s ,| 0.01168 cos L s 0<k =N
0.0 otherwise

where N is the window size.
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Window and Default Constant NENBW

none 1
Hamming 0.54 1.363
Hanning 0.50 1.5
Gaussian 0.75 1.883
Kaiser 7.865 1.653
8510 6.0 1.467
Blackman 1.727
Blackman-Harris 2.021

EVM Measurement Parameters

The EVM measurement is used to measure the EVM of Mobile WiMAX RF signal source with
frequency hopping used, and needs no reference signal provided by the source.

1.

2.
3.

vk

EVM_DisplayPages provides Data Display page information for this measurement. It
cannot be changed by the user.

EVM_Start sets the start time for collecting input data.

If EVM_AverageType is set to OFF , only one frame is analyzed. If EVM_AverageType
is set to RMS ( Video ), after the first frame is analyzed the signal segment
corresponding to it is discarded and new signal samples are collected from the input
to fill in the signal buffer of length 2 x FrameDuration. A second frame is analyzed
and the process repeats until EVM_FramesToAverage frames are processed.
EVM_FramesToAverage sets the frame number used for averaging.

Starting at the time instant specified by the EVM_Start parameter, the component
captures a signal segment of length 2 x FrameDuration. If EVM_PulseSearch is set to
YES, this signhal segment is searched in order for an RF burst to be detected. If the
sighal has multiple RF bursts in a FrameDuration then the first one detected is the
one that will be analyzed. Some 802.16e OFDMA signals do not have RF burst
characteristics, rather they look like a series of bursts with no "off" time between
them. These signals resemble a "continually on" signal with embedded preambles. To
demodulate signals that do not appear to be made up of RF bursts, EVM_PulseSearch
should be set to OFF and EVM_Start should be set to the beginning of the downlink
subframe you want to analyze. Otherwise, no pulse will be detected and no
measurement will be performed.

After an RF burst is detected, the I and Q envelopes of the input signal are extracted.
The I and Q envelopes are passed to a complex algorithm that performs
synchronization, demodulation, and EVM analysis. The algorithm that performs the
synchronization, demodulation, and EVM analysis is the same as the one used in the
Agilent 89600 VSA.

The EVM_SymbolTimingAdjust parameter sets the percentage of symbol time by
which we back away from the symbol end before we perform the FFT. Normally,
when demodulating an OFDMA symbol, the cyclic prefix time (guard interval) is
skipped and an FFT is performed on the last portion of the symbol time. However,
this means that the FFT will include the transition region between this symbol and the
following symbol. To avoid this, it is generally beneficial to back away from the end of
the symbol time and use part of the guard interval. The EVM_SymbolTimingAdjust
parameter controls how far the FFT part of the symbol is adjusted away from the end
of the symbol time. The value is in terms of percent of the used (FFT) part of the
symbol time. Note that this parameter value is negative, because the FFT start time
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is moved back by this parameter. EVM_SymbolTimingAdjust Definition. explains this
concept. When setting this parameter, be careful to not back away from the end of
the symbol time too much because this may make the FFT include corrupt data from
the transition region at the beginning of the symbol time.

T=TI:| +T.—.—T
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Ti«m(ul‘fﬂ)

T = Symbol Time
T., = Guard Interval

T... = FFT/IFFT Time Period
T.» = Symbol Transition Time
Tsr = Symbol Timing Adjust (%)

EVM_SymbolTimingAdjust Definition.

1. The EVM_TrackAmplitude, EVM_TrackPhase, and EVM_TrackTiming parameters
specify whether the analysis will track amplitude, phase, and timing changes in the
pilot subcarriers. 802.16e performs demodulation relative to the data in pilot carriers
embedded in the signal. These pilot carriers replace data-carrying elements of the
signal and allow some kinds of impairments to be removed or "tracked out." Many
impairments will be common to all pilot carriers and can be measured as the
"common pilot error." When these parameters are set to YES the analysis will track
amplitude, phase, and timing changes in the pilot subcarriers and apply corrections
to the pilot and data subcarriers.

The flexibility to allow users to individually enable or disable tracking functions,
provides useful troubleshooting capability, since modulation errors can be examined
with and without the benefit of particular types of pilot tracking.

2. The EVM_EqualizerTraining parameter sets the type of training used for the equalizer.
When demodulating an 802.16e signal, an equalizer is used to correct for linear
impairments in the signal path, such as multi-path.

When "Chan Estimation Seq Only" is selected the equalizer is trained using the
Channel Estimation Sequence in the preamble of the OFDMA burst. After this
initialization, the equalizer coefficients are held constant while demodulating the rest
of the burst. This equalizer training method complies with the description in the
"Transmit constellation error and test method" section (8.4.12.3) of the 802.16-2004
standard. However, for signals whose impairments change during the burst it might
result in measured RCE (EVM) values that are higher compared to if the equalizer
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were trained over the entire burst.
When "Chan Estimation Seq & Data" is selected the equalizer is trained by analyzing
the entire OFDMA burst and using the Channel Estimation Sequence (contained in the
preamble) and the all the subcarriers in the Data symbols. This type of equalizer
training generally gives a more accurate estimate of the true response of the
transmission channel and so results in lower RCE (EVM) measured values. However,
it is more complicated and more computationally expensive to implement and
therefore less likely to be used in practical receivers.
When "Chan Estimation Seq & Pilots" is selected the equalizer is trained by analyzing
the entire OFDMA burst and using the Channel Estimation Sequence (contained in the
preamble) and the pilot subcarriers in the Data symbols. This gives results very
similar to the "Chan Estimation Seq & Data" option without the excessive
computational complexity.
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Simulation Measurement Displays

After running the simulation, results are displayed in Data Display pages for each
measurement activated.

© Note
Measurement results from a wireless test bench have associated names that can be used in Data Display
Expressions. For more information, refer to Measurement Results for Expressions (adswtb3g) .

Envelope Measurement

The Envelope measurement shows the envelope of each field in the Mobile WiMAX frame
(Preamble, FCH, and DATA fields). Two signals are tested, the RF source signal at the RF
DUT input and the Meas signal at the RF DUT output.

For envelope measurement, the default parameter setting is given in Default Parameter
Setting for Measurement.

Parameter Default Setting
RF_FSource 2305.0 MHz
RF_R 50.0 Ohm
RF_Power 10.0 dBm
Bandwidth 10.0 MHz
RateID 5
CyclicPrefix 0.125
Frame_Duration 5.0 msec
TimeStep 44.643 nsec
SamplingFrequency [11.2 MHz
Frame_Mode TDD
DL_Ratio 0.618
Data_Length 710
Meas_FMeasurement |2305.0 MHz
Meas_R 50.0 Ohm

For the RF signal, the time domain envelope of one complete Mobile WiMAX frame, as well
as preamble, FCH, and DATA fields are shown in Time Envelope of Mobile WiMAX RF Signal

for Default Settings (one frame).
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Transmit VWaveform

RF_V Envelope Volts vs Time
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Time Envelope of Mobile WiMAX RF Signal for Default Settings (one frame)
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For the Meas signal test, all measurements are the same as RF signal measurements,
except the Meas signal will contain any linear and nonlinear distortions. Envelope
measurements for Meas signal are shown in Time Envelope of Mobile WiMAX Meas Signal

for Default Settings (one frame).

S§50000
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FPreamble

Transmit VWaveform FCH
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Time Envelope of Mobile WiMAX Meas Signal for Default Settings (one frame)
Constellation Measurement
The constellation measurement shows the RF and Meas signal constellations.
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RF Signal Constellation
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Meas Signal Constellation

Power Measurement

The power measurement shows the CCDF curves of the transmitter and peak-to-average
ratios for the RF and Meas signals.
CCDF measurement results for RF and Meas signals are shown in RF Power CCDF and

Meas Power CCDF.

Reference CCDF measurements for Gaussian noise can be calculated by calling the
function power_ccdf_ref () in the .dds files directly.
Functions for calculating peak-to-average-ratios and results are shown in RF Signal Peak-

to-Average-Ratio and Results and Meas Signal Peak-to-Average-Ratio Results.

60




Advanced Design System 2011.01 - Mobile WiMAX Wireless Test Benches

RF Power Complementary Cumulative Distribution Function {(CCDF)
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Weas Power Complementary Cumulative Distribution Function (CCOF)
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RF Signal Peak-to-Average-Ratio and Results
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Meas Signal Peak-to-Average-Ratio Results

Spectrum Measurement
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The Spectrum measurement is used to verify that the transmitted spectrum meets the
spectrum mask according to Reference [3], section 5.3.3. The RF and Meas spectral
density must fall within the spectral mask, as shown in RF Spectrum Mask and Meas
Spectrum Mask.

WMAN 802 16e Spectrum - RF
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WMAN 802 16e Spectrum - Meas
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Meas Spectrum Mask

EVM Measurement

The EVM measurement is a modulation accuracy measurement. EVM measurement
results shown in RF Signal EVM and Meas Signal EVM for 64-QAM-2/3 modulation do not

exceed -28 dB; therefore the measurements meet the specification requirements.
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EVM (RF)
RF_Evwh Avg RCE_dB FF_Evh . Avg Pilot RCE_dB
-76.411 -78.474
RF_EvM.Avg DataRCE dB FF_EvwM . Pilot RCE dB
-75.956 -78.348
FF EvM DataRCE dB FF EvW FCE dB
-76.106 -76.526
RF Signal EVM
EVM (Meas)
Meas_EwM . Avg RCE_dB Meas_EWvh . Avg Pilot RCE_dB
-76.4688 -¥3.530
Meas EvM.Avg_DataRCE_dB Meas EvM.Pilot_ RCE_dB
-76.012 -73.402
Meas_Evh . DataRCE_dB Meas_Ewh RCE_dbB
-76.163 -76.582

Meas Signal EVM

Test Bench Variables for Data Displays

Variables listed in Test Bench Variables for Data Displays are used to set up this test
bench and data displays.
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Data Display Parameter [Equation with Test Bench Parameters

RF_FSource FSource

RF_Power_dBm 10*log10(SourcePower)+30

RF_R SourceR

TimeStep l/samp"ngFrequency/(20versamp|int0ption)
SamplingFrequency Bandwidth*n (n is sampling factor)
Bandwidth Bandwidth

RatelD Rate_ID

CyclicPrefix CyclicPrefix

Data_Length DatalLength

Frame_Duration FrameDuration

Frame_Mode FrameMode

DL_Ratio DL_Ratio

Meas_FMeasurement FMeasurement

Meas_R MeasR

66



Advanced Design System 2011.01 - Mobile WiMAX Wireless Test Benches

Baseline Performance

o Test Computer Configuration

o Pentium IV 2.26 GHz, 1024 MB RAM, Windows 2000
« Conditions

o Measurements made with default test bench settings.

o RF DUT is an RF system behavior component.

o Resultant WTB_TimeStep = 44.643 nsec; Frame_Duration = 5 msec
e Simulation times:

WMAN_DL_802_16e_TX Measurement Simulation Time (sec) ADS Processes (MB)

RF_Envelope 181 522
Constellation 176 522
Power 600 565
Spectrum 189 522
EVM 176 522

Expected ADS Performance

Expected ADS performance is the combined performance of the baseline test bench and
the RF DUT Circuit Envelope simulation with the same signal and number of time points.
For example, if the RF DUT performance with Circuit Envelope simulation alone takes 2
hours and consumes 200 MB of memory (excluding the memory consumed by the core
ADS product), then add these numbers to the Baseline Performance numbers to
determine the expected ADS performance. This is valid only if the full memory consumed
is from RAM. If RAM is less, larger simulation times may result due to increased disk
access time for swap memory usage.
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References for Mobile WiMAX Downlink Transmitter
Test

1.

2.

IEEE Std 802.16-2004, Part 16: Air Interface for Fixed Broadband Wireless Access
Systems, Section 8.4 WirelessMAN-OFDMA PHY, October 1, 2004.

IEEE Std 802.16e-2005, Amendment 2: for Physical and Medium Access Control
Layers for Combined Fixed and Mobile Operation in Licensed Bands and Corrigendum
1, - Part 16: Air Interface for Fixed Broadband Wireless Access Systems, Section 8.4
WirelessMAN -OFDMA PHY, February 2006.

ETSI EN 301 021 V1.6.1 (2003-07): Fixed Radio Systems; Point-to-multipoint
equipment; Time Division Multiple Access (TDMA); Point-to-multipoint digital radio
systems in frequency bands in the range 3 GHz to 11 GHz

Setting up a Wireless Test Bench Analysis in the Wireless Test Bench Simulation
documentation explains how to use test bench windows and dialogs to perform
analysis tasks.

Setting Circuit Envelope Analysis Parameters in the Wireless Test Bench Simulation
documentation explains how to set up circuit envelope analysis parameters such as
convergence criteria, solver selection, and initial guess.

Setting Automatic Behavioral Modeling Parameters in the Wireless Test Bench
Simulation documentation explains how to improve simulation speed.
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Mobile WIMAX Uplink Receiver
Sensitivity Test

WMAN_UL_802_16e_RX_Sensitivity_test is the test bench for Mobile WiMAX receiver
minimum input level sensitivity testing. The test bench enables users to connect to an RF
DUT and determine its performance; signal measurements include BER and PER with
minimum input level.

The signal and the measurement are designed according to References [1
(adswtbwman_m)] and [2 (adswtbwman_m)].

This test bench includes a TX DSP section, an RF modulator, RF output source resistance,
an RF DUT connection, RF receivers, and DSP measurement blocks as illustrated in
Receiver Wireless Test Bench Block Diagram. The generated test signal is sent to the DUT.

WTE RF WTE Meas
a Output Input
Meas Signal
X » RF RF Output RF RF Load Meas RF | DSP
DSP | g Modulator | —#= Resistance ~ [—#={ DUT |—| Resistance Receiver Measurement
|

Receiver Wireless Test Bench Block Diagram

The Mobile WiMAX uplink frame structure is illustrated in Mobile WiMAX UL frame structure.

k=17 | e+20 ) k=23 | k26

UL burst #1
—

UL burst #2

I

UL burst #3

UL burst #4

I
UL burst #5
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Mobile WiMAX UL frame structure

The uplink subframe includes only one zone (alternative PUSC or OPUSC) which contains
maximum 8 bursts carrying one MAC PDU each. Among these bursts, only one FEC-
encoded burst is supported whose coding type can be set to CC or CTC. Other bursts are
provided PN sequences as their coded source respectively. Both TDD mode and FDD mode
can be supported for the uplink source.

The Mobile WiMAX RF power delivered into a matched load is the average power when all
subchannels are occupied. Mobile WiMAX UL RF Signal Envelope shows the RF envelope
for an output RF signal with 10 dBm power.

RF_V Envelope Volts vs Time
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Test Bench Basics

Replace this "Amplifier2"
WMAN UL 802.16e DUT with your own
h Design Information CIRCUIT design.
WMAN_UL_802_16e_RX_Sensitivity_Info Amplifier2
| AU | ENVELOPE I A
' h 4
Envelope — i
= = I:‘ rl a
SSt=2 | R Ganeiniy
Agilent Techaologier
AR WMAN_UL_802_16e_RX_Sensitivity

Mobile WiMAX UL Receiver Test Bench

The basics for using the test bench are:

« Replace the DUT (Amplifier2 is provided with this template) with an RF DUT that is
suitable for this test bench.

o CE_TimeStep, SourcePower, and FMeasurement parameter default values are
typically accepted; otherwise, set values based on your requirements.

e Run the simulation and view Data Display page(s) for your measurement(s).

For details, refer to Mobile WiMAX Uplink Receiver Sensitivity Test#1247939Test Bench
Details.
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Test Bench Details

The following sections provide details for setting up a test bench, setting measurement
parameters for more control of the test bench, simulation measurement displays, and
baseline performance.

Open and use the WMAN_UL_802_16e_RX_Sensitivity_test template:

1. In an Analog/RF schematic window, choose Insert > Template .

2. In the Insert > Template dialog box, choose WMAN_UL_802_16e_RX_Sensitivity_test
, click OK ; click left to place the template in the schematic window.
Test bench setup is detailed here.

3. Replace the DUT (Amplifier2 is provided with this template) with an RF DUT that is
suitable for this test bench.
For information regarding using certain types of DUTs, refer to RF DUT Limitations
(adswtb3g).

4, Set the Required Parameters

© Note
Refer to WMAN_UL_802_16e_RX_Sensitivity (adswtbwman_m) for a complete list of parameters for
this test bench.

Generally, default values can be accepted; otherwise, values can be changed by the
user as needed.

o Set CE_TimeStep.
Cosimulation occurs between the test bench (using ADS Ptolemy Data Flow
simulation technology) and the DUT (using Circuit Envelope simulation
technology). Each technology requires its own simulation time step with time-
step coordination occurring in the interface between the technologies.
CE_TimeStep defines the Circuit Envelope simulation time step to be used with
this DUT. The CE_TimeStep must be set to a value equal to or a submultiple of
(less than) WTB_TimeStep; otherwise, simulation will stop and an error
message will be displayed.
Note that WTB_TimeStep is not user-settable. Its value is derived from other
test bench parameter values. The value is displayed in the Data Display pages
as TimeStep.
WTB_TimeStep = 1/(RF_SamplingRate x Ratio)
where
The RF_SamplingRate (Fs) implemented in the design is decided by Bandwidth
and related sampling factor (ladswtbwman_m-5-1-05.gif!) as follows,

F_= ﬂoor[(f‘fﬁdw » Barndwidth)/ 80007 » 8000

The sampling factors are listed in sampling factor requirement.
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sampling factor bandwidth

n

8/7 For channel bandwidths that are a multiple of 1.75 MHz

28/25 else for channel bandwidths that are a multiple of 1.25 MHz, 1.5 MHz, 2 MHz
or 2.75 MHz

8/7 else for channel bandwidths not otherwise specified

Bandwidth is the user-settable value (default 10 MHz)
Ratio is the oversampling ratio related to OversamplingOption as Ratio = 2
OversamplingOption_
« Set SourcePower, and FMeasurement.
o SourcePower defines the power level of the source. SourcePower is defined
as the average power during the non-idle time of the signal burst.
o FMeasurement defines the RF frequency output from the DUT to be
measured.

5. More control of the test bench can be achieved by setting Basic Parameters , Signal
Parameters , and measurement parameters. For details, refer to Setting Parameters
(adswtbwman_m).

6. The RF modulator (shown in the block diagram in Receiver Wireless Test Bench Block
Diagram) uses SourcePower ( Required Parameters ), Gainlmbalance,
PhaseIlmbalance ( Signal Parameters ).

RF output resistance uses SourceR and SourceTemp ( Basic Parameters ). The RF
output signal source has a 50-ohm (default) output resistance defined by SourceR.
RF output (and input to the RF DUT) is delivered into a matched load of resistance
SourceR, with frequency hopping, with the specified source resistance (SourceR) and
with power (SourcePower). The RF signal has additive Gaussian noise power set by
resistor temperature (SourceTemp).

Note that the Meas_in point of the test bench provides a resistive load to the RF DUT
set by the MeasR value (50-ohm default) ( Basic Parameters ).

The Meas sighal contains linear and nonlinear signal distortions and time delays
associated with the RF DUT input to output characteristics.

The TX DSP block (shown in the block diagram in Receiver Wireless Test Bench Block
Diagram) uses other Signal Parameters .

7. More control of Circuit Envelope analysis can be achieved by setting Envelope
controller parameters. These settings include Enable Fast Cosim, which may speed
the RF DUT simulation more than 10x. Setting these simulation options is described
in Setting Fast Cosimulation Parameters and Setting Circuit Envelope Analysis
Parameters in the Wireless Test Bench Simulation documentation.

8. After running a simulation, results will appear in a Data Display window for the
measurement. Simulation Measurement Displays (adswtbwman_m) describes results
for each measurement. For general WTB Data Display details refer to Viewing WTB
Analysis Results (adswtbsim).
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WMAN_UL_802_16e_RX_Sensitivity

This section provides parameter information for Required Parameters, Basic Parameters,
Signal Parameters, and parameters for the various measurements.

= o TN
=al ] 802 16e UL
== i Sensitivity

Aailent Technoloaies
WMAN_UL_802_16e_RX_Sensitivity
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Setting Parameters

More control of the test bench can be achieved by setting parameters in the Basic
Parameters , Signal Parameters , and measurement categories for the activated
measurements.

© Note For required parameter information, see Set the Required Parameters (adswtbwman_m).

Basic Parameters

1.
2.

SourceR is the RF output source resistance.

SourceTemp is the RF output source resistance temperature (oC) and sets noise
density in the RF output signal to (k(SourceTemp+273.15)) Watts/Hz, where k is
Boltzmann's constant.

MeasR defines the load resistance for the RF DUT output Meas signal into the test
bench. This resistance loads the RF DUT output; it is also the reference resistance for
Meas sighal power measurements.

TestBenchSeed is an integer used to seed the random number generator used with
the test bench. This value is used by all test bench random number generators,
except those RF DUT components that use their own specific seed parameter.
TestBenchSeed initializes the random number generation. The same seed value
produces the same random results, thereby giving you predictable simulation results.
To generate repeatable random output from simulation to simulation, use any
positive seed value. If you want the output to be truly random, enter the seed value
of 0.

Signal Parameters

1.

whn

vk

GainImbalance, PhaseIlmbalance are used to add certain impairments to the ideal
output RF signal. Impairments are added in the order described here.

The unimpaired RF I and Q envelope voltages have gain and phase imbalance
applied. The RF is given by:

Veplt) = ALVIL_E.LICD.JL_Q E.Ll—gVQLE.LI._.lDLQ t+ IIJSHUJJ
where A is a scaling factor that depends on the SourcePower and SourceR
parameters specified by the user, VI( t) is the in-phase RF envelope, V Q( t) is the
quadrature phase RF envelope, g is the gain imbalance

Gainlmbalance

g = 10 20

and, ¢ (in degrees) is the phase imbalance.

Bandwidth determines the nominal channel bandwidth.

OversamplingOption indicates the oversampling ratio of transmission signal. There
are six oversampling ratios (1, 2, 4, 8, 16, 32) to support in this source.

FFTSize specifies the size of FFT. Sizes 2048, 1024 and 512 are supported.
CyclicPrefix specifies the ratio of cyclic prefix time to "useful" time, whose range is
from O to 1.

FrameMode determines what will actually be included in the generated waveform.
FDD Mode means the entire frame is used for the uplink and the uplink starts at the
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11.
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14.
15.
16.
17.

18.
19.

20.
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beginning of the frame. TDD Mode means only the uplink is included in the generated
waveform and it starts at some delay from the frame start time based on the
Downlink Ratio setting.

. DL_Ratio set the percentage (1 to 99) of the frame time to be used for the downlink

and also set the start time for the uplink. The parameter is only active when the
FrameMode is TDD.

FrameDuration determines the frame durations (ms) of the generated
waveform.There are eight frame durations (2ms, 2.5ms, 4ms, 5ms, 8ms, 10ms,
12.5ms, 20ms) to be selected as allowed by the specification.

PreambleIndex specifies the preamble index number (0 to 113). The preamble index
value determines the ID Cell values (0 to 31) and segment index (0 to 2) according
to the standard.

UL_PermBase specifies the permutation base that will be used in this uplink zone.
Accepted values are 0 to 69.

ZoneType specifies the zone type which can be set to PUSC or OPUSC.
ZoneNumOfSym specifies the number of symbols in the zone. The value must be a
multiple of three because the uplink zone is divided into slots of 3 symbols x 1
subchannel (section 8.4.3.1 in 802.16e-2005). The maximum number of symbols
available depends on the Bandwidth , FrameDuration , DL_Ratio , FFTSize , and
CyclicPrefix .

NumberOfBurst specifies the number of active uplink bursts.

BurstWithFEC specifies the uplink burst FEC.

BurstSymOffset positions each burst on the horizontal axis (x), if necessary, to avoid
any burst overlap. The parameter is an array element.

BurstSubchOffset positions each burst on the vertical axis (y), if necessary, to avoid
any burst overlap. The parameter is an array element.

BurstAssignedSlot specifies the total available slots in each burst. The parameter is
an array element.

DatalLength specifies MAC PDU payload byte length for each burst.

CodingType specifies the coding type for each burst. Each coding type can be
selected from 0 to 1, whose meaning is shown in The meaning of coding type.

The meaning of coding type

Coding type meaning
0 Convolutional coding (CC)
1 Convolutional turbo coding (CTC)

Rate_ID specifies the rate ID for each burst. Rate_ID, along with CodingType,
determines the modulation and coding rate, shown in The relation of Coding type and

Rate ID.

The relation of Coding type and Rate ID
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Coding type Rate ID Modulation/Coding rate

0 (CC) 0 QPSK CC1/2

0 (CC) 1 QPSK CC3/4

0 (CC) 2 16-QAM CC1/2
0 (CC) 3 16-QAM CC3/4
0 (CC) 4 64-QAM CC1/2
0 (CC) 5 64-QAM CC2/3
0 (CC) 6 64-QAM CC3/4
1 (CTC) 0 QPSK CTC1/2

1 (CTC) 1 QPSK CTC3/4

1 (CTC) 2 16-QAM CTC1/2
1 (CTC) 3 16-QAM CTC3/4
1 (CTC) 4 64-QAM CTC1/2
1 (CTC) 5 64-QAM CTC2/3
1 (CTC) 6 64-QAM CTC3/4
1 (CTC) 7 64-QAM CTC5/6

RepetitionCoding specifies the repetition coding for each burst. Each repetition coding
can be selected from 0 to 3, whose meaning is shown in The meaning of repetition
coding.

Repetition coding meaning

0 No repetition coding on the burst

1 Repetition coding of 2 used on the burst
2 Repetition coding of 4 used on the burst
3 Repetition coding of 6 used on the burst

BurstPowerOffset determines the power offset of each burst in dB. The parameter is
an array element.

DecoderType specifiers the Viterbi decoder type chosen from CSI, Soft and Hard.
StopFrame specifiers the stop burst used for BER and FER calculation.

Measurement Parameters

1.

DisplayPages provides Data Display page information for this measurement. It cannot
be changed by the user.
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Simulation Measurement Displays

After running the simulation, results are displayed in the Data Display pages for each
measurement activated.

) Note Measurement results from a wireless test bench have associated names that can be used in Data
Display Expressions. For more information, refer to Measurement Results for Expressions for Mobile
WIiMAX Wireless Test Benches (adswtbwman_m).

Sensitivity Measurement

The sensitivity measurement shows BER and PER results. The BER measured after FEC

shall be less than 107® at the power levels RSS defined in equation (149b) of section
8.4.13.1 of Reference [2] (assuming 5dB implementation margin and 8dB Noise Figure).
Simulation results for "Rate_ID = 5" and SourcePower of -75 dBm are displayed in
Simulation Results for "Rate ID = 5" and -75 dBm SourcePower.

realiRF_FSource) / (1 MHZ) realiRs5_dBm)
2308.000 -78.000
reali Timestep) / (1 nsec) real(RF_SourceTermnp)
44 643 16.850
realiCyclicPrefix realiData_Length)
0125 200.000
realiRF_F) realiteas_Fheasurerment) /(1 MHZ)
80.000 2305000
real(Meas_R) real{Ratelln)
a0.000 8.000
real(Frame_Duration) / {1 msec) real(Bandwidth) / (1 MHZ)
8.000 10.000
T T I e
11.200 n&E18 oD

Meas Sensitivity

BER FER
0.00000000 0.00000000

Simulation Results for "Rate_ID = 5" and -75 dBm SourcePower
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Test Bench Variables for Data Displays

Variables listed in Test Bench Variables for Data Displays are used to set up this test
bench and data displays.

Test Bench Variables for Data Displays

Data Display Parameter [Equation with Test Bench Parameters

RF_FSource FSource

RF_Power_dBm 10*log10(SourcePower)+30

RF_R SourceR

TimeStep l/samp"ngFrequency/(20versamp|int0ption)
SamplingFrequency Bandwidth*n (n is sampling factor)
Bandwidth Bandwidth

RatelD Rate_ID

CyclicPrefix CyclicPrefix

Data_Length DatalLength

Frame_Duration FrameDuration

Frame_Mode FrameMode

DL_Ratio DL_Ratio

Meas_FMeasurement FMeasurement

Meas_R MeasR
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Baseline Performance

o Test Computer Configuration

o Pentium IV 2.26 GHz, 1024 MB RAM, Windows 2000
« Conditions

o Measurements made with default test bench settings.

o RF DUT is an RF system behavior component.

o Resultant WTB_TimeStep = 44.643 nsec; Frame_Duration = 5 msec
« Simulation time and memory requirements:

WMAN_UL_802_16e_RX_Sensitivity_test Frames Simulation ADS Processes
Measurement Measured Time

(hour) (MB)
RX Sensitivity 100 2 300

Expected ADS Performance

Expected ADS performance is the combined performance of the baseline test bench and
the RF DUT Circuit Envelope simulation with the same signal and number of time points.
For example, if the RF DUT performance with Circuit Envelope simulation alone takes 2
hours and consumes 200 MB of memory (excluding the memory consumed by the core
ADS product), then add these numbers to the Baseline Performance numbers to
determine the expected ADS performance. This is valid only if the full memory consumed
is from RAM. If RAM is less, larger simulation times may result due to increased disk
access time for swap memory usage.
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References

1. IEEE Std 802.16-2004, Part 16: Air Interface for Fixed Broadband Wireless Access
Systems, Section 8.4 WirelessMAN-OFDMA PHY, October 1, 2004.

2. IEEE Std 802.16e-2005, Amendment 2: for Physical and Medium Access Control
Layers for Combined Fixed and Mobile Operation in Licensed Bands and Corrigendum
1, - Part 16: Air Interface for Fixed Broadband Wireless Access Systems, Section 8.4
WirelessMAN -OFDMA PHY, February 2006.

Setting up a Wireless Test Bench Analysis in the Wireless Test Bench Simulation
documentation explains how to use test bench windows and dialogs to perform analysis
tasks.

Setting Circuit Envelope Analysis Parameters in the Wireless Test Bench Simulation
documentation explains how to set up circuit envelope analysis parameters such as
convergence criteria, solver selection, and initial guess.

Setting Automatic Behavioral Modeling Parameters in the Wireless Test Bench Simulation
documentation to learn how to improve simulation speed.
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Mobile WIMAX Uplink RF Power
Amplifier Power Added Efficiency Test

WMAN_UL_802_16e_RF_PAE_test is the test bench for testing RF Power Amplifiers (PA)
with an Mobile WiMAX Uplink signal to measure the PA Power Added Efficiency (PAE). The
test bench provides a way for users to connect to an RF circuit device under test (DUT)
and determine its PAE performance over Mobile WiMAX Uplink signal frame intervals that
the user specifies.

Mobile WiMAX Uplink PAE measurements are not specified by the 802.16 OFDMA Technical
Specification.

This test bench includes a DSP section, an RF modulator, RF output source resistance, RF
DUT connection, and DSP measurement blocks, as illustrated in the following figure. The
generated test signal is sent to the DUT.

RF PAE Wireless Test Bench Block Diagram

RF_to PA RF_from_FA
Dutput Input

T =™ L RF Source , DuT RF Load FAE
|Dse > Madulator Resistance Resistance Measurement

Fy T
WO VDO
L ow ) High

In the Mobile WiMAX Uplink signal frame structure, one typical frame in ADS has a
duration of 5 msec when FrameDuration=5 msec, consisting of one Data Zone. The
permuation type for the Data Zone could be UL PUSC, UL OPUSC, or UL AMC according to
the parameter ZoneType. The total number of OFDM symbols (i.e. N, in the following

figure) in the Data zone is ZoneNumOfSym.

FrameMode and DL_Ratio specify the location of uplink subframe in the whole frame.
When FrameMode = FDD, the whole frame is allocated to the uplink subframe, and the
uplink Data Zone begins at 0 second of the whole frame; When FrameMode = TDD, the
first (FrameDuration*DL_Ratio) second of the whole frame is allocated to the downlink
subframe, and the uplink Data Zone begins at (FrameDuration*DL_Ratio) second of the
whole frame. The following figure shows the allocation of Data Zone when FrameMode =
FDD.

In Data Zone, at most 8 bursts may be allocated. Each burst is assighed to a data region
in Data Zone with specific modulation and coding scheme.

Uplink Frame Structure
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UL Data Zone

Frame

Moata

UL Data Zone

Duration

Frame Duration: 2 ms, 2.5 ms, 4 ms, 5 ms, 8 ms, 10 ms, 12.5 ms or 20 ms
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Test Bench Basics

A template is provided for this test bench.

Mobile WiMAX Uplink RF Power Amplifier Power Added Efficiency Test Bench

Mobile WIiMAX Uplink Power Amplifier Power Added Efficiency Test Bench

W RN _UL_B0Z_18e_RF_PAE REF VDo
Wi hdaN UL BOZ_16e_RF_PAE 1o Lioww %
FSource=FSource P o
SourcePowe=dbmtowSourcaPowar_dBm P&

Fileas urement Fhieas urament
B andwidth= 10 MHz
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To access the template:

1. In an Analog/RF schematic window select Insert > Template.
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2. In the Insert > Template dialog box, choose WMAN_UL_802_16e_RF_PAE test, click

OK; click left to place the template in the schematic window.

The basics for using the test bench are:

o Connect to an RF DUT that is suitable for this test bench.
« Configure SweepPlans to define a power sweep. You can add more SweepPlan

controllers as needed.
o Set the Circuit_VAR values for: SourcePower_dBm, CE_TimeStep, FSource, and

FMeasurement.

« Run the simulation and view Data Display page for your measurement.

© Note

The default values work with the DUT provided. Set the values based on your DUT requirements.
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Test Bench Details

The following sections provide details for setting up a test bench, setting measurement
parameters for more control of the test bench, simulation measurement displays, and
baseline performance.

Test bench setup is detailed here.

1. Replace the DUT (CktPAwithBias is provided with this template) with an RF DUT that
is suitable for this test bench.
For information regarding using certain types of DUTs, see RF DUT Limitations for
Mobile WIMAX Wireless Test Benches (adswtbwman_m).

2. Set the Circuit_VAR values that define the power sweep

o These parameters are used to define a power sweep for the RF signal input to
the DUT so that the PAE measurement can be observed as a function of the DUT
input power.

e SourcePower_dBm defines the swept variable used by the ParameterSweep
controller. Configure SweepPlans to define the power sweep. You can add more
SweepPlans as needed.

3. Set the Required Parameters

© Note
Refer to WMAN UL 802 16e RF PAE (adswtbwman_m) for a complete list of parameters for this test
bench.

Generally, default values can be accepted; otherwise, values can be changed by the
user as needed.

o Set CE_TimeStep.
Cosimulation occurs between the test bench (using Agilent ADS Ptolemy Data
Flow simulation technology) and the DUT (using Circuit Envelope simulation
technology). Each technology requires its own simulation time step with time-
step coordination occurring in the interface between the technologies.
CE_TimeStep defines the Circuit Envelope simulation time step to be used with
this DUT. The CE_TimeStep must be set to a value equal to or a submultiple of
(less than) WTB_TimeStep; otherwise, simulation will stop and an error
message will be displayed.
Note that WTB_TimeStep is not user-settable. Its value is derived from other
test bench parameter values; with default settings WTB_TimeStep=approx.
44.64 nsec. The value is displayed in the Data Display pages as TimeStep.

WTB_TimeStep = 1/11.2MHz/2”~0versamplingOption
where,

OversamplingOption is an enum parameter to specify the number of waveform
sampling points used to create each symbol (RF signal symbol), shown as:
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OversamplingOption Number of sampling
points per symbol

O:Ratio 1 1
1:Ratio 2 2
2:Ratio 4 4
3:Ratio 8 8
4:Ratio 16 16
5:Ratio 32 32

11.2 MHz is the 1x sampling frequency (Fs) when Bandwidth=10 MHz. The
detialed relationship between 1x sampling frequency (Fs) and Bandwidth is
described as follows:

Fs = floor(n*Bandwidth/8000)*8000

where n is the sampling factor. This value is set as follows: for channel

bandwidths that are a multiple of 1.75 MHz, then n = 8/7; else, for channel

bandwidths that are a multiple of any of 1.25, 1.5, 2, or 2.75 MHz, then n =

28/25; else, for channel bandwidths not otherwise specified, then n = 8/7.
o Set FSource, SourcePower and FMeasurement.

o FSource defines the RF frequency for the signal input to the RF DUT.

o SourcePower is defined as the average power during the non-idle time of
the signal. It should be set to the dbmtow(SourcePower_dBm).

o FMeasurement defines the RF frequency output from the DUT to be
measured. It is typically set to the FSource value unless the output
frequency of the DUT is other than FSource.

4. More control of the test bench can be achieved by setting Basic Parameters, Signal
Parameters, and parameters for the measurement. The additional measurement
control enables the user to specific the measurement of the PAE performance over
Mobile WiMAX Uplink signal frame intervals specified by the user. For details refer to
Parameter Settings (adswtbwman_m).

5. The RF modulator (shown in the block diagram in RF PAE Wireless Test Bench Block
Diagram) uses FSource, SourcePower ( Required Parameters ).

The RF output resistance uses SourceR. The RF output signal source has a 50-ohm
(default) output resistance defined by SourceR.

RF output (and input to the RF DUT) is at the frequency specified (FSource), with the
specified source resistance (SourceR) and with power (SourcePower) delivered into a
matched load of resistance SourceR.

Note that the RF_from_PA point of the test bench provides a resistive load to the RF
DUT set by the MeasR value (50-ohm default) ( Basic Parameters ).

The RF_from_PA signal contains linear and nonlinear signal distortions and time
delays associated with the RF DUT input to output characteristics.

The RF PAE DSP block (shown in the block diagram in RF PAE Wireless Test Bench
Block Diagram) uses other Signal Parameters.

6. More control of Circuit Envelope analysis can be achieved by setting Envelope
controller parameters. Setting these simulation options is described in Setting Circuit
Envelope Analysis Parameters (adswtbsim). However, Circuit Envelope settings for
Fast Cosim are not intended for use with PAE measurements.

7. After running a simulation, results will appear in a Data Display window for the
measurement. Simulation Measurement Displays (adswtbwman_m) describes results
for each measurement. For general WTB Data Display details refer to Viewing WTB
Analysis Results (adswtbsim).
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WMAN_UL_802_16e_RF_PAE

This section provides parameter information for Required Parameters, Basic Parameters,
Signal Parameters, and parameters for the measurement.

RF vDC = Test fixture for
to Low 5| PAEfor RF PA

to g| with two bias
PA P4 =| voltages

vpc RF

High from
to PA
PA

bl

-

Description WMAN UL 802.16e RF Power Amplifier Power Added Efficiency test

Parameters

Name
RequiredParameters
CE_TimeStep
WTB_TimeStep

FSource
SourcePower

FMeasurement

Basic
Parameters

SourceR
MeasR

Signal

Parameters
PowerType

Bandwidth

OversamplingOption

FFTSize
CyclicPrefix
FrameMode
DL_Ratio

FrameDuration

DataPattern

Description

Circuit envelope simulation time step

Set CE_TimeStep <= 1/RF_SamplingRate.
RF_SamplingRate depends on Bandwidth and
OversamplingOption, see help doc for more

information.

Source carrier frequency

Source power

Measurement carrier frequency

Source resistance

Measurement resistance

Power definition (Peak power in frame, Burst
power when all subchs occupiedd): Peak
power, Burst power when all subchs occupied

Nominal bandwidth

Oversampling ratio option: Ratio 1, Ratio 2,

Ratio 4, Ratio 8, Ratio 16, Ratio 32

FFT size: FFT_2048, FFT_1024, FFT_512

Cyclic prefix

Frame mode: FDD, TDD

Downlink ratio

Frame duration: time 2 ms, time 2.5 ms,
time 4 ms, time 5 ms, time 8 ms, time 10

ms, time 12.5 ms, time 20 ms
WMAN data pattern: PN9, PN15, FIX4,

4140 8180,

16 1 16 0,
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Default Sym |Unit Type Range

1/11.2 MHz/2 sec |real |(0, )

3407 MHz Hz |real [(0, o)

dbmtow(- w real |[0, o)

20.0)

3407 MHz Hz |real |(0, o0)

50 Ohm Ohm|real |(0, o)

50 Ohm Ohmreal |[10,
1.0e6]

Burst power enum

when all

subchs

occupied

10 MHz Hz |int [1,
1e9]

Ratio 2 enum

FFT_1024 enum

0.125 real |[0, 1]

TDD enum

0.5 real |[0.01,
0.99]

time 5 ms enum

PN9 enum



ZoneType
ZoneNumOfSym

NumberOfBurst
BurstWithFEC
BurstSymOffset

BurstSubchOffset
BurstAssignedSlot
DatalLength
CodingType
Rate_ID
RepetitionCoding
BurstPowerOffset
Measurement
Parameters

VDC_Low

VDC_High

EnableFrameGating
EnableFrameMarkers

InitialStartUpDelay
SegmentMeasured
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32.1 320, _64_1_64 0,S_QPSK, S_16-
QAM, S_64-QAM

Zone type: UL_PUSC, UL_OPUSC, UL_AMC
Number of OFDM symbol in zone

Number of bursts
Number of burst with FEC-encoded
Symbol offset of each burst

Subchannel offset of each burst

Assigned slots of each burst

MAC PDU payload byte length of each burst
Coding type of each burst

Rate ID of each burst

Repetition coding of each burst

Power offset of each burst in dB

Low DC bias voltage
High DC bias voltage

Enable frame measurement gating: NO, YES

Enable frame markers (used when
EnableFrameGating=YES): NO, YES

Source signal delay before first frame starts

Which region is measured per frame (used
when EnableFrameGating=YES): Data Zone

NumFramesMeasured [INumber of frames measured

Pin Inputs

Pin [Name

Description

UL_PUSC
24

{03}

{0}

{96}

{300}

{03}

{3}

{0}

{03}

2.0

5.8

YES
YES

0
Data Zone

Signal Type

4 RF_from_PA |Test bench measurement RF input from RF circuit timed

Pin Outputs

Pin [Name
1 RF_to_PA

Description
Test bench RF output to RF circuit

Signal Type
timed

2 |VDC_Low_to_PA Test bench Low VDC voltage to RF circuit timed
3 |VDC_High_to_PA Test bench High VDC voltage to RF circuit [timed
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volts

volts

sec

enum
int

int
int

int
array

int
array

int
array

int
array

int
array

int
array

int
array

real

array

real

real

int
int

real
enum

real

(3,
1212]

(1, 8]
(1, 8]
[0,

1211]
[0, 95]
[1,

6868]
[1, =)
[0, 1]
[0, 7]

[0, 3]

[0, o)

[1, o]
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Parameter Settings

More control of the test bench can be achieved by setting parameters on the Basic
Parameters, Signal Parameters, and measurements categories for the activated
measurements. Parameters for each category are described in the following sections.

© Note
For required parameter information, see Set the Required Parameters (adswtbwman_m).

Basic Parameters

SourceR is the RF output source resistance.

MeasR defines the load resistance for the RF DUT output RF_from_PA signal into the
test bench. This resistance loads the RF DUT output; it is also the reference
resistance for the RF_from_PA signhal measurements.

Signal Parameters

1.

vk

PowerType specifies the exact meaning of the parameter Power in RF source. Two
types are defined in uplink (Type I: Peak power; Type II: Burst power when all
subchs occupied). Type I is recommended for transmitter measurement; Type II is
recommended for receiver measurement; For more information, please refer to
Transmit Power Definition (wman_m).

Bandwidth determines the nominal channel bandwidth.

OversamplingOption indicates the oversampling ratio of transmission signal. There
are six oversampling ratios (1, 2, 4, 8, 16, 32) to support in this source, shown as:

OversamplingOption Number of sampling
points per symbol

O:Ratio 1 1
1:Ratio 2 2
2:Ratio 4 4
3:Ratio 8 8
4:Ratio 16 16
5:Ratio 32 32

WTB_TimeStep (i.e. 1/RF_SamplingRate) depends on Bandwidth and
OversamplingOption, as follows:

WTB_TimeStep =
1/(floor(n*Bandwidth/8000)*8000)/2”~0OversamplingOption

where n is the sampling factor. This value is set as follows: for channel bandwidths
that are a multiple of 1.75 MHz, then n = 8/7; else, for channel bandwidths that are
a multiple of any of 1.25, 1.5, 2, or 2.75 MHz, then n = 28/25; else, for channel
bandwidths not otherwise specified, then n = 8/7.

FFTSize specifies the size of FFT. Sizes 2048, 1024 and 512 are supported.
CyclicPrefix specifies the ratio of cyclic prefix time to "useful" time, whose range is
from O to 1.
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6. FrameMode specifies the duplexing method which should be FDD or TDD. In FDD
transmission, the uplink subframe occupies the entire frame and the respective gaps
(zeros) are automatically adjusted to fill the frame.

7. DL_Ratio specifies set the percentage (1 to 99) of the frame time to be used for the
downlink subframe. The parameter is only active when the FrameMode is TDD.

8. FrameDuration determines the frame durations (ms) of the generated
waveform.There are eight frame durations (2ms, 2.5ms, 4ms, 5ms, 8ms, 10ms,
12.5ms, 20ms) to be selected as allowed by the standard.

9. DataPattern specifies the type of input raw bits for the burst with FEC-encoded. Note
that S_QPSK, S_16-QAM, S_64-QAM are bits sequences recommended by the
specification for the measurement of QPSK, 16QAM and 64QAM respectively.

10. ZoneType specifies the zone type which can be set to PUSC, OPUSC or AMC.

11. ZoneNumOfSym specifies the symbol number for the zone. The value must be a
multiple of three for UL_PUSC, UL_OPUSC and UL_AMC with AMC_Mode=2x3, and be
a multiple of six for UL_AMC with AMC_Mode=1x6, and be a multiple of two for
UL_AMC with AMC_Mode=3x2.

12. NumberOfBurst specifies the number of active uplink bursts.

13. BurstWithFEC specifies the uplink burst with FEC-encoded.

14. BurstSymOffset, BurstSubchOffset and BurstAssignedSlotspecify the position and
range for each wrapped burst.

15. Datalength specifies MAC PDU payload byte length for each burst.

16. CodingType specifies the coding type for each burst. Each coding type can be
selected from 0 to 1, whose meaning is shown in the Meaning of Coding Type.

Coding type Meaning
0 Convolutional coding (CC)
1 Convolutional turbo coding (CTC)
17. Rate_ID specifies the rate ID for each burst. Rate_ID, along with CodingType,

determines the modulation and coding rate, shown in the Relation of Coding Type
and Rate ID.

Coding type Rate ID Modulation/Coding rate

0 (CC) 0 QPSK CC1/2
0 (CC) 1 QPSK CC3/4

0 (CC) 2 16-QAM CC1/2
0 (CC) 3 16-QAM CC3/4
0 (CC) 4 64-QAM CC1/2
0 (CC) 5 64-QAM CC2/3
0 (CC) 6 64-QAM CC3/4
1 (CTC) 0 QPSK CTC1/2

1 (CTC) 1 QPSK CTC3/4

1 (CTC) 2 16-QAM CTC1/2
1 (CTC) 3 16-QAM CTC3/4
1 (CTC) 4 64-QAM CTC1/2
1 (CTC) 5 64-QAM CTC2/3
1 (CTC) 6 64-QAM CTC3/4
1 (CTC) 7 64-QAM CTC5/6

18. RepetitionCoding specifies the repetition coding for each burst. Each repetition coding
can be selected from 0 to 3, whose meaning is shown in the Meaning of Repetition

Coding.
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Repetition Coding Meaning

0 No repetition coding on the burst
1 Repetition coding of 2 used on the burst
2 Repetition coding of 4used on the burst
3 Repetition coding of 6used on the burst
19. BurstPowerOffset specifies the power offset for each burst. Each value is defined in
units of dB.

Measurement Parameters

1. VDC_Low specifies the low DC voltage bias voltage provided to the RF power
amplifier DUT.

2. VDC_High specifies the high DC voltage bias voltage provided to the RF power
amplifier DUT.

3. EnableFrameGating and EnableFrameMarkers are the frame gating parameters
EnableFrameMarkers is used only when EnableFrameGating=YES.
When EnableFrameGating = NO, there is no frame gating.
When EnableFrameGating = YES and EnableFrameMarkers = NO, the measurement
is made for all gated frame intervals combined.
When EnableFrameGating = YES and EnableFrameMarkers = YES, the measurement
is made for the gated frame interval in each frame and reset at the beginning of each
frame.

4, InitialStartUpDelay specifies the time that the measurement begins at the DUT
output and marks the start of the first frame to be measured.

5. NumFramesMeasured specifies the number of frames measured.

6. SegmentMeasured specifies which region is measured in each uplink frame when
EnableFrameGating = YES. Only Data zone can be selected to measure PAE
currently.

For information about TimeStep and FrameTime, see Test Bench Variables for Data
Displays.
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Simulation Measurement Dis

plays

After running the simulation, results are displayed in the Data Display pages for each

measurement activated.

D Note

Wireless Test Benches (adswtbwman_m).

Measurement results from a wireless test bench have associated names that can be used in Data Display
Expressions. For more information, refer to Measurement Results for Expressions for Mobile WiMAX

Power Added Efficiency Measurement

The Power Added Efficiency measurement (not defined in 802.16 OFDMA specifications)

measures the RF power amplifier (DUT) power added efficiency (in percent). This is the

ratio of the RF output power minus the RF input power, divided by the DC power
consumed. This measurement is made only over the gated frame time interval specified

for each frame measured.

The following figure shows results with EnableFrameGating=YES and
EnableFrameMarkers=YES for SegmentMeasured = Data Zone

Power Added Efficiency Measurement Results with EnableFrameGating=YES and EnableFrameMarkers=YES

Thiz displayis for use when when Enable Gating = 1 and Enablehbrkers= 1.
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Test Bench Variables

Reference variables used to set up this test bench are listed in the following tables.

Test Bench Constants for Signal Setup
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Constant Value
OversamplingOption |Ratio 2

Bandwidth 10 MHz

FFTSize FFT_1024

CyclicPrefix 0.125

FrameDuration 5 msec
This is the time duration of each
frame

ZoneType UL PUSC

ZoneNumOfSym 24
Test Bench Equations Derived from Test Bench Parameters

Data Display Parameter Equation with Test Bench Parameters

Sampling Factor (n) 28/25
Sampling Frequency(Fs) |floor(n*Bandwidth/8000)*8000 (11.2 MHz)
TimeStep 1/Fs/2~0OversamplingOption (1/22.4 usec)
This is the test bench simulation time step.
SymbolTime FFTSize*(1+CyclicPrefix)*2~0OversamplingOption*TimeStep (102.86 usec)

This is the time duration of each OFDM symbol
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References

Setting up a Wireless Test Bench Model (adswtbsim) explains how to use test bench
windows and dialogs to perform analysis tasks.

Setting Circuit Envelope Analysis Parameters (adswtbsim) explains how to set up circuit

envelope analysis parameters such as convergence criteria, solver selection, and initial
guess.
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Mobile WIiMAX Uplink Transmitter Test

The WMAN_UL_802_16e_TX transmitter test bench provides a way for users to connect to
an RF circuit device under test (RF DUT) and determine its performance by activating
various test bench measurements. This test bench provides signal measurements for RF
envelope, signal power (including CCDF), constellation, spectrum, and EVM.

The signal and most of the measurements are designed according to References [1
(adswtbwman_m)] and [2 (adswtbwman_m)].

The Mobile WiMAX uplink frame structure is illustrated in Mobile WiMAX UL frame structure.

k=17 | e+20 ) k=23 | k26

UL burst #1

—

UL burst #2

I

UL burst #3

UL burst #4

I
UL burst #5

Mobile WiMAX UL frame structure

The uplink subframe includes only one zone (alternative PUSC or OPUSC) which contains
maximum 8 bursts carrying one MAC PDU each. Among these bursts, only one FEC-
encoded burst is supported whose coding type can be set to CC or CTC. Other bursts are
provided PN sequences as their coded source respectively. Both TDD mode and FDD mode
can be supported for the uplink source.
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Test Bench Basics

gfﬁacg’:ms "Amplifier2”

. _ with your own

_ WMAN UL 802.16e | CIRCUIT design.
Design Information |

WMAN_UL_802_16e_TX_Info

@;1 ENVELOPE I f
Y

Amplifier2

Envelo pe
e WA
: B02.16e UL
I R T test
VAR Agiart Tachnolegies
Eijn AR
VWIMAN_ UL 802 16e _TX

Mobile WiMAX UL Transmitter Test Bench

The basics for using the test bench are:

« Replace the DUT (Amplifier2 is provided with this template) with an RF DUT that is
suitable for this test bench.

o CE_TimeStep, SourcePower, and FMeasurement parameter default values are
typically accepted; otherwise, set values based on your requirements.

« Activate/deactivate measurements based on your requirements.

« Run the simulation and view Data Display page(s) for your measurement(s).
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Test Bench Details

The following sections provide details for setting up a test bench, setting measurement
parameters for more control of the test bench, simulation measurement displays, and
baseline performance.

Open and use the WMAN_UL_802_16e_TX_test template:

1. In an Analog/RF schematic window, choose Insert > Template .

2. In the Insert > Template dialog box, choose WMAN_UL_802_16e_TX_test , click OK
; click left to place the template in the schematic window.
Test bench setup is detailed here.

3. Replace the DUT (Amplifier2 is provided with this template) with an RF DUT that is
suitable for this test bench.
For information regarding using certain types of DUTs, refer to RF DUT Limitations
(adswtb3g).

4. Set the Required Parameters

D Note

Refer to WMAN_UL_802_16e_TX (adswtbwman_m) for a complete list of parameters for this test
bench.

Generally, default values can be accepted; otherwise, values can be changed by the user
as needed.

o Set CE_TimeStep.
Cosimulation occurs between the test bench (using ADS Ptolemy Data Flow
simulation technology) and the DUT (using Agilent Circuit Envelope simulation
technology). Each technology requires its own simulation time step with time-step
coordination occurring in the interface between the technologies.
CE_TimeStep defines the Circuit Envelope simulation time step to be used with this
DUT. The CE_TimeStep must be set to a value equal to or a submultiple of (less
than) WTB_TimeStep; otherwise, simulation will stop and an error message will be
displayed.
Note that WTB_TimeStep is not user-settable. Its value is derived from other test
bench parameter values. The value is displayed in the Data Display pages as
TimeStep.
WTB_TimeStep = 1/(RF_SamplingRate x Ratio)
where
The RF_SamplingRate (Fs) implemented in the design is decided by Bandwidth and
related sampling factor (ladswtbwman_m-4-1-03.gif! ) as follows,

F_= ﬂoor[(f‘fﬁdw » Barndwidth)/ 8000 » 8000

The sampling factors are listed in sampling factor requirement.
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sampling factor n bandwidth

8/7 For channel bandwidths that are a multiple of 1.75 MHz
28/25 else for channel bandwidths that are a multiple of 1.25 MHz, 1.5 MHz, 2 MHz or 2.75 MHz
8/7 else for channel bandwidths not otherwise specified

Bandwidth is the user-settable value (default 10 MHz)

Ratio is the oversampling ratio related to OversamplingOption as Ratio = 2
OversamplingOption_

o Set SourcePower, and FMeasurement.
o SourcePower defines the power level for FSource. SourcePower is defined as the
peak power during the non-idle time of the signal frame.
o FMeasurement defines the RF frequency output from the DUT to be measured.

1. Activate/deactivate ( YES / NO ) test bench measurements (refer to
WMAN_UL_802_16e_TX (adswtbwman_m)). At least one measurement must be
enabled:

e RF_EnvelopeMeasurement
« Constellation

e« PowerMeasurement

e SpectrumMeasurement

« EVM_Measurement

2. More control of the test bench can be achieved by setting Basic Parameters , Signal
Parameters , and parameters for each activated measurement. For details, refer to
Setting Parameters (adswtbwman_m).

3. The RF modulator of WMAN_UL_802_16e_TX (shown in the block diagram in Mobile
WIMAX UL Transmitter Test Bench) uses SourcePower ( Required Parameters ),
GainImbalance, PhaseImbalance( Signal Parameters ).

The RF output resistance uses SourceR, SourceTemp, and EnableSourceNoise ( Basic
Parameters ). The RF output signal source has a 50-ohm (default) output resistance
defined by SourceR.

RF output (and input to the RF DUT) is with the specified source resistance (SourceR) and
with power (SourcePower) delivered into a matched load of resistance SourceR. The RF
signal has additive Gaussian noise power set by resistor temperature (SourceTemp) (when
EnableSourceNoise=YES).

Note that the Meas point of the test bench provides a resistive load to the RF DUT set by
the MeasR value (50-ohm default) ( Basic Parameters ).

The Meas signhal contains linear and nonlinear signal distortions and time delays associated
with the RF DUT input to output characteristics.

The DSP block of WMAN_UL_802_16e_TX (shown in the block diagram in Mobile WiMAX
UL Transmitter Test Bench) uses other Signal Parameters .

1. More control of Circuit Envelope analysis can be achieved by setting Envelope
controller parameters. These settings include Enable Fast Cosim, which may speed
the RF DUT simulation more than 10x. Setting these simulation options is described
in Setting Fast Cosimulation Parameters and Setting Circuit Envelope Analysis
Parameters in the Wireless Test Bench Simulation documentation.

2. After running a simulation, results will appear in a Data Display window for the
measurement. Simulation Measurement Displays (adswtbwman_m) describes results
for each measurement. For general WTB Data Display details refer to Viewing WTB
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Analysis Results (adswtbsim).
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WMAN_UL_802_16e_TX

This section provides parameter information for Required Parameters, Basic Parameters,
Signal Parameters, and parameters for the various measurements.

= = VAN
==l 802.16e UL
5o oo T test

Aﬂilent Technoloaies

WMAN_UL_802_16e_TX
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Setting Parameters

More control of the test bench can be achieved by setting parameters in the Basic
Parameters , Signal Parameters , and measurement categories for the activated
measurements.

© Note
For required parameter information, see Set the Required Parameters (adswtbwman_m).

Basic Parameters

SourceR is the RF output source resistance.

. SourceTemp is the RF output source resistance temperature (oC) and sets noise

density in the RF output signal to (k(SourceTemp+273.15)) Watts/Hz, where k is
Boltzmann's constant.

EnableSourceNoise, when set to NO disables the SourceTemp and effectively sets it
to -273.150C (0 Kelvin). When set to YES, the noise density due to SourceTemp is
enabled.

MeasR defines the load resistance for the RF DUT output Meas signal into the test
bench. This resistance loads the RF DUT output; it is also the reference resistance for
Meas signal power measurements.

TestBenchSeed is an integer used to seed the random number generator used with
the test bench. This value is used by all test bench random number generators,
except those RF DUT components that use their own specific seed parameter.
TestBenchSeed initializes the random number generation. The same seed value
produces the same random results, thereby giving you predictable simulation results.
To generate repeatable random output from simulation to simulation, use any
positive seed value. If you want the output to be truly random, enter the seed value
of 0.

Signal Parameters

1.

2.
3. OversamplingOption indicates the oversampling ratio of transmission signal. There

4,

Gainlmbalance, Phaselmbalance are used to add certain impairments to the ideal
output RF signal. Impairments are added in the order described here.

The unimpaired RF I and Q envelope voltages have gain and phase imbalance
applied. The RF is given by:

Veplt) = AvaLtICD"'LQ tl—gVQLtlsmLu t+ ?SHU“
where A is a scaling factor that depends on the SourcePower and SourceR
parameters specified by the user, VI( t) is the in-phase RF envelope, V Q( t) is the
quadrature phase RF envelope, g is the gain imbalance

Gainlmbalance
g =10 20
and, ¢ (in degrees) is the phase imbalance.

Bandwidth determines the nominal channel bandwidth.

are six oversampling ratios (1, 2, 4, 8, 16, 32) to support in this source.
FFTSize specifies the size of FFT. Sizes 2048, 1024 and 512 are supported.
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CyclicPrefix specifies the ratio of cyclic prefix time to "useful" time, whose range is
from O to 1.
FrameMode determines what will actually be included in the generated waveform.
FDD Mode means the entire frame is used for the uplink and the uplink starts at the
beginning of the frame. TDD Mode means only the uplink is included in the generated
waveform and it starts at some delay from the frame start time based on the
Downlink Ratio setting.
DL_Ratio set the percentage (1 to 99) of the frame time to be used for the downlink
and also set the start time for the uplink. The parameter is only active when the
FrameMode is TDD.
FrameDuration determines the frame durations (ms) of the generated
waveform.There are eight frame durations (2ms, 2.5ms, 4ms, 5ms, 8ms, 10ms,
12.5ms, 20ms) to be selected as allowed by the specification.

. Preamblelndex specifies the preamble index number (0 to 113). The preamble index

value determines the ID Cell values (0 to 31) and segment index (0 to 2) according
to Table 309 in the specification.

FrameNumber specifies the starting frame number in the uplink subframe.
Framelncreased specifies whether the frame number for the uplink subframe is
increased. When Framelncreased is set to YES, then the frame numbers in Frame#0,
Frame#1, Frame#2, Frame#3 will be FrameNumber , FrameNumber+1 ,
FrameNumber+2 , FrameNumber+3 . When Framelncreased is set to NO, then the
frame numbers in Frame#0, Frame#1, Frame#2, Frame#3 will be FrameNumber ,
FrameNumber , FrameNumber , FrameNumber .

UL_PermBase specifies the permutation base that will be used in this uplink zone.
Accepted values are 0 to 69.

For DataPattern:

« if PN9 is selected, a 511-bit pseudo-random test pattern is generated according
to CCITT Recommendation 0.153.

« if PN15 is selected, a 32767-bit pseudo-random test pattern is generated
according to CCITT Recommendation O.151.

« if FIX4 is selected, a zero-stream is generated.

o if Xx_1_x_0 is selected (where x equals 4, 8, 16, 32, or 64) a periodic bit stream
is generated, with the period being 2 x. In one period, the first x bits are 1s and
the second x bits are Os.

o if S_QPSK, S_16-QAM or S_64-QAM is selected, sequences below are generated.
These are test messages for receiver sensitivity measurement.

S_QPSK = [0xE4, 0xB1, OxE1, OxB4]
S_16-QAM = [0xA8, 0x20, 0xB9, 0x31, OXEC, 0x64, OxFD, 0x75]
S_64-QAM = [0xB6, 0x93, 0x49, 0xB2, 0x83, 0x08, 0x96, 0x11, 0x41, 0x92,
0x01, 0x00, OxBA, 0xA3, 0x8A, 0x9A, 0x21, 0x82, 0xD7, 0x15, 0x51, 0xD3,
0x05, 0x10, OxDB, 0x25, 0x92, OxF7, 0x97, 0x59, OxF3, 0x87, 0x18, OxBE,
0xB3, OxCB, Ox9E, 0x31, 0xC3, OxDF, 0x35, OxD3, OxFB, 0xA7, Ox9A, OxFF,
0xB7, 0xDB]
AutoMACHeaderSetting indicates whether the MAC Header is calculated
automatically. If it is set to NO, data sequences in parameter MAC_Header will be
used before data content, otherwise MAC_Header content will be calculated with
parameter DatalLength and CID and be used before data content.
MAC_Header specifies 6 bytes of MAC header before the data contents. The cell is
only active when the AutoMACHeaderSetting is set to NO.
CRC32_Mode specifies the method for CRC32 calculation appended to MAC PDU.
ZoneType specifies the zone type which can be set to PUSC or OPUSC.
ZoneNumOfSym specifies the number of symbols in the zone. The value must be a
multiple of three because the uplink zone is divided into slots of 3 symbols x 1
subchannel (section 8.4.3.1 in 802.16e-2005). The maximum number of symbols
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24.
25.
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available depends on the Bandwidth , FrameDuration , DL_Ratio , FFTSize , and
CyclicPrefix .
NumberOfBurst specifies the number of active uplink bursts.
BurstWithFEC specifies the uplink burst FEC.
BurstSymOffset positions each burst on the horizontal axis (x), if necessary, to avoid
any burst overlap. The parameter is an array element.
BurstSubchOffset positions each burst on the vertical axis (y), if necessary, to avoid
any burst overlap. The parameter is an array element.
BurstAssignedSlot specifies the total available slots in each burst. The parameter is
an array element.
DatalLength specifies MAC PDU payload byte length for each burst.
CodingType specifies the coding type for each burst. Each coding type can be
selected from 0 to 1, whose meaning is shown in The meaning of coding type.
Coding type meaning
0 Convolutional coding (CC)
1 Convolutional turbo coding (CTC)

Rate_ID specifies the rate ID for each burst. Rate_ID, along with CodingType,
determines the modulation and coding rate, shown in The relation of Coding type and
Rate ID.

Coding type [Rate ID <th

0 (CC) 0 QPSK CC1/2
0 (CC) 1 QPSK CC3/4

0 (CC) 2 16-QAM CC1/2
0 (CC) 3 16-QAM CC3/4
0 (CC) 4 64-QAM CC1/2
0 (CC) 5 64-QAM CC2/3
0 (CC) 6 64-QAM CC3/4
1 (CTC) 0 QPSK CTC1/2

1 (CTC) 1 QPSK CTC3/4

1 (CTC) 2 16-QAM CTC1/2
1 (CTC) 3 16-QAM CTC3/4
1 (CTC) 4 64-QAM CTC1/2
1 (CTC) 5 64-QAM CTC2/3
1 (CTC) 6 64-QAM CTC3/4
1 (CTC) 7 64-QAM CTC5/6

RepetitionCoding specifies the repetition coding for each burst. Each repetition coding
can be selected from 0 to 3, whose meaning is shown in The meaning of repetition
coding.

Repetition coding meaning

0 No repetition coding on the burst

1 Repetition coding of 2 used on the burst
2 Repetition coding of 4 used on the burst
3 Repetition coding of 6 used on the burst

BurstPowerOffset determines the power offset of each burst in dB. The parameter is
an array element.

RF Envelope Measurement Parameters

Depending on the values of RF EnvelopeStart, RF EnvelopeStop.
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. RF_EnvelopeDisplayPages provides Data Display page information for this

measurement. It cannot be changed by the user.
RF_EnvelopeStart sets the start time for collecting input data.

. RF_EnvelopeStop sets the stop time for collecting input data.

For information about TimeStep, see Test Bench Variables for Data Displays".

Constellation Parameters

ConstellationDisplayPages provides Data Display page information for this measurement.
It cannot be changed by the user.

Power Measurement Parameters

1.

PowerDisplayPages provides Data Display page information for this measurement. It
cannot be changed by the user.

2. PowerBursts sets the number of bursts over which data will be collected.

Spectrum Measurement Parameters

The Spectrum measurement calculates the spectrum of the input signal.
In the following, TimeStep denotes the simulation time step, and FMeasurement denotes
the measured RF signal characterization frequency.

1.

uhw

The measurement outputs the complex amplitude voltage values at the frequencies
of the spectral tones. It does not output the power at the frequencies of the spectral
tones. However, one can calculate and display the power spectrum as well as the
magnitude and phase spectrum by using the dBm, mag, and phase functions of the
data display window.

Note that the dBm function assumes a 50-ohm reference resistance; if a different
measurement was used in the test bench, its value can be specified as a second
argument to the dBm function, for example, dBm(SpecMeas, Meas_RefR) where
SpecMeas is the instance name of the spectrum measurement and Meas_RefR is the
resistive load.

The basis of the algorithm used by the spectrum measurement is the chirp-Z
transform. The algorithm can use multiple bursts and average the results to achieve
video averaging.

. SpecMeasDisplayPages is not user editable. It provides information on the name of

the Data Display pages in which this measurement is contained.

SpecMeasStart sets the start time for collecting input data.

SpecMeasStop sets the stop time for collecting input data.

SpecMeasResBW sets the resolution bandwidth of the spectrum measurement when
SpecMeasResBW>0.

NENBW = normalized equivalent noise bandwidth of the window

Equivalent noise bandwidth (ENBW) compares the window to an ideal, rectangular
filter. It is the equivalent width of a rectangular filter that passes the same amount of
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white noise as the window. The normalized ENBW (NENBW) is ENBW multiplied by
the duration of the signal being windowed. Window Options and Normalized
Equivalent Noise Bandwidth lists the NENBW for the various window options.
The Start and Stop times are used for both the RF and Meas signal spectrum
analyses. The Meas signal is delayed in time from the RF signal by the value of the
RF DUT time delay. Therefore, for RF DUT time delay greater than zero, the RF and
Meas signal are inherently different and some spectrum display difference in the two
is expected.
TimeStep is defined in the Test Bench Variables for Data Displays section.
. SpecMeasWindow specifies the window that will be applied to each burst before its
spectrum is calculated. Different windows have different properties, affect the
resolution bandwidth achieved, and affect the spectral shape. Windowing is often
necessary in transform-based (chirp-Z, FFT) spectrum estimation in order to reduce
spectral distortion due to discontinuous or non-harmonic signal over the
measurement time interval. Without windowing, the estimated spectrum may suffer
from spectral leakage that can cause misleading measurements or masking of weak
signal spectral detail by spurious artifacts.
The windowing of a signal in time has the effect of changing its power. The spectrum
measurement compensates for this and the spectrum is normalized so that the power
contained in it is the same as the power of the input signal.
Window Type Definitions:

e None:

wkT ) =] 10 0sksN
° 0.0 otherwise

where N is the window size
e Hamming 0.54:

‘ ) e [2nk .
M»'L_—If T:] - 05—1'— D.—']'tl CO;L J_;.'o,-'r /.l D ":‘_:}f ":_:-J.h'a
0.0 otherwise
where N is the window size
« Hanning 0.5:
‘ 0.5-05cos| 2™} o<heN
wkl )=+ "7 7 m“L N/ U
0.0 otherwise
where N is the window size
« Gaussian 0.75:
e (2R =N N N
H.-'L_—jf T:] — cxXp L—ELD.?E A—T,-'l ).l U = ‘k — ?v‘ = ?
0.0 otherwise
where N is the window size
« Kaiser 7.865:
I o 29172
‘ IDL?_StiS[l—Lk %) } )
wkT,) = -~ 0<k<N

1,(7.865)
0.0

otherwise
where N is the window size, a = N/ 2, and I4(.) is the Oth order modified
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Bessel function of the first kind
« 8510 6.0 (Kaiser 6.0):

‘ Ig[a_o[l - [k ‘c“l}}m‘ll

o A

0<k=N

IDI:_ 6.0
0.0 otherwise

where N is the window size, a = N/ 2, and I4(.) is the Oth order modified

w(kT ) =

Bessel function of the first kind
« Blackman:

=+ 0.08cos ) 0=k=N

FA
0.0 otherwise

‘ ) 2k fAnk
LL'L—I?T: ) = 0.42 - D.S CU.JL L

where N is the window size
« Blackman-Harris:

2nk" (4nk’ : ‘omk .
| 4128cos| ——| = 0. 5| =1 =k =N
7+ 0-14128¢c0 | 7 —0-01168co | &) 0sk<N

0.0 otherwise

w(kT.,) = ‘ 0.35875 - 0.48829 cos|

where N is the window size.
Window and Default Constant  NENBW

none 1
Hamming 0.54 1.363
Hanning 0.50 1.5
Gaussian 0.75 1.883
Kaiser 7.865 1.653
8510 6.0 1.467
Blackman 1.727
Blackman-Harris 2.021

EVM Measurement Parameters

The EVM measurement is used to measure the EVM of Mobile WiMAX RF signal source with
frequency hopping used, and needs no reference signal provided by the source.

1.

2.
3.

vk

EVM_DisplayPages provides Data Display page information for this measurement. It

cannot be changed by the user.

EVM_Start sets the start time for collecting input data.

If EVM_AverageType is set to OFF , only one frame is analyzed. If EVM_AverageType

is set to RMS ( Video ), after the first frame is analyzed the signal segment

corresponding to it is discarded and new signal samples are collected from the input

to fill in the signal buffer of length 2 x FrameDuration. A second frame is analyzed

and the process repeats until EVM_FramesToAverage frames are processed.

EVM_FramesToAverage sets the frame number used for averaging.

Starting at the time instant specified by the EVM_Start parameter, the component

captures a signal segment of length 2 x FrameDuration. If EVM_PulseSearch is set to

YES, this signal segment is searched in order for an RF burst to be detected. If the
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signal has multiple RF bursts in a FrameDuration then the first one detected is the
one that will be analyzed. Some 802.16e OFDMA signals do not have RF burst
characteristics, rather they look like a series of bursts with no "off" time between
them. These signals resemble a "continually on" signal with embedded preambles. To
demodulate signals that do not appear to be made up of RF bursts, EVM_PulseSearch
should be set to OFF and EVM_Start should be set to the beginning of the uplink
subframe you want to analyze. Otherwise, no pulse will be detected and no
measurement will be performed.
After an RF burst is detected, the I and Q envelopes of the input signal are extracted.
The I and Q envelopes are passed to a complex algorithm that performs
synchronization, demodulation, and EVM analysis. The algorithm that performs the
synchronization, demodulation, and EVM analysis is the same as the one used in the
Agilent 89600 VSA.

6. The EVM_SymbolTimingAdjust parameter sets the percentage of symbol time by
which we back away from the symbol end before we perform the FFT. Normally,
when demodulating an OFDMA symbol, the cyclic prefix time (guard interval) is
skipped and an FFT is performed on the last portion of the symbol time. However,
this means that the FFT will include the transition region between this symbol and the
following symbol. To avoid this, it is generally beneficial to back away from the end of
the symbol time and use part of the guard interval. The EVM_SymbolTimingAdjust
parameter controls how far the FFT part of the symbol is adjusted away from the end
of the symbol time. The value is in terms of percent of the used (FFT) part of the
symbol time. Note that this parameter value is negative, because the FFT start time
is moved back by this parameter. EVM_SymbolTimingAdjust Definition. explains this
concept. When setting this parameter, be careful to not back away from the end of
the symbol time too much because this may make the FFT include corrupt data from
the transition region at the beginning of the symbol time.

T=T|:I +T.—.—T
-
TI- ! Tr:—':

- >
Y A Trrr W
| + o

- > —

TII-

T‘E\Tn(ujﬂ)

T = Symbol Time

T., = Guard Interval

T... = FFT/IFFT Time Period

T.. = Symbol Transition Time

T = Symbol Timing Adjust (%)

EVM_SymbolTimingAdjust Definition.
7. The EVM_TrackAmplitude, EVM_TrackPhase, and EVM_TrackTiming parameters
specify whether the analysis will track amplitude, phase, and timing changes in the
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pilot subcarriers. 802.16e performs demodulation relative to the data in pilot carriers
embedded in the signal. These pilot carriers replace data-carrying elements of the
signal and allow some kinds of impairments to be removed or "tracked out." Many
impairments will be common to all pilot carriers and can be measured as the
"common pilot error." When these parameters are set to YES the analysis will track
amplitude, phase, and timing changes in the pilot subcarriers and apply corrections
to the pilot and data subcarriers.
The flexibility to allow users to individually enable or disable tracking functions,
provides useful troubleshooting capability, since modulation errors can be examined
with and without the benefit of particular types of pilot tracking.
. The EVM_ExtendFrequencyLockRange parameter allows the user to increase the
frequency lock range of the analysis. When set to YES it enables a frequency offset
estimation algorithm prior to OFDMA demodulation to increase the frequency lock
range of the analysis. This is especially useful when the center frequency drifts more
than +/-1 kHz while making multiple measurements or the measurement setup uses
multiple DUTs that have a frequency reference variance of greater than +/-1 kHz.
The accuracy of the initial frequency offset estimate is dependent on the statistics of
the analyzed waveform and may occasionally produce a frequency estimation error
beyond the subsequent OFDMA analysis algorithms' capabilities. This will result in a
frequency error of multiple kHz and the measurement will be unsynchronized.
. The EVM_EqualizerTraining parameter sets the type of training used for the equalizer.
When demodulating an 802.16e signal, an equalizer is used to correct for linear
impairments in the signal path, such as multi-path.
When "Chan Estimation Seq Only" is selected the equalizer is trained using the
Channel Estimation Sequence in the preamble of the OFDMA burst. After this
initialization, the equalizer coefficients are held constant while demodulating the rest
of the burst. This equalizer training method complies with the description in the
"Transmit constellation error and test method" section (8.4.12.3) of the 802.16-2004
standard. However, for signals whose impairments change during the burst it might
result in measured RCE (EVM) values that are higher compared to if the equalizer
were trained over the entire burst.
When "Chan Estimation Seq & Data" is selected the equalizer is trained by analyzing
the entire OFDMA burst and using the Channel Estimation Sequence (contained in the
preamble) and the all the subcarriers in the Data symbols. This type of equalizer
training generally gives a more accurate estimate of the true response of the
transmission channel and so results in lower RCE (EVM) measured values. However,
it is more complicated and more computationally expensive to implement and
therefore less likely to be used in practical receivers.
When "Chan Estimation Seq & Pilots" is selected the equalizer is trained by analyzing
the entire OFDMA burst and using the Channel Estimation Sequence (contained in the
preamble) and the pilot subcarriers in the Data symbols. This gives results very
similar to the "Chan Estimation Seq & Data" option without the excessive
computational complexity.
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Simulation Measurement Displays

After running the simulation, results are displayed in Data Display pages for each
measurement activated.

D Note

Measurement results from a wireless test bench have associated names that can be used in Data Display
Expressions. For more information, refer to Measurement Results for Expressions (adswtb3g).

Envelope Measurement

The Envelope measurement shows the envelope of the Mobile WiMAX frame. Two signals
are tested, the RF source signal at the RF DUT input and the Meas signal at the RF DUT

output.

For envelope measurement, the default parameter setting is given in Default Parameter
Setting for Measurement.

Parameter
RF_FSource
RF_R
RF_Power
Bandwidth
RateID
CyclicPrefix

Frame_Duration

TimeStep

SamplingFrequency

Frame_Mode
DL_Ratio
Data_Length

Default Setting
2305.0 MHz
50.0 Ohm
10.0 dBm
10.0 MHz

5

0.125

5.0 msec
44.643 nsec
11.2 MHz
TDD

0.618

710

Meas_FMeasurement |2305.0 MHz

Meas_R

50.0 Ohm

For the RF signal, the time domain envelope of one complete Mobile WiMAX frame is
shown in Time Envelope of Mobile WiMAX UL RF Signal for Default Settings (one frame).
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RF_V Envelope Volts vs Time
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Time Envelope of Mobile WiMAX UL RF Signal for Default Settings (one frame)

For the Meas signal test, all measurements are the same as RF signal measurements,
except the Meas signal will contain any linear and nonlinear distortions. Envelope
measurements for Meas signal are shown in Time Envelope of Mobile WiMAX UL Meas
Signal for Default Settings (one frame).

Meas_Y Envelope Volts vs Time
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Time Envelope of Mobile WiMAX UL Meas Signal for Default Settings (one frame)
Constellation Measurement

The constellation measurement shows the RF and Meas signal constellations.
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Power Measurement

The power measurement shows the CCDF curves of the transmitter and peak-to-average
ratios for the RF and Meas signals.

CCDF measurement results for RF and Meas signals are shown in RF Power CCDF and
Meas Power CCDF.

Reference CCDF measurements for Gaussian noise can be calculated by calling the
function power_ccdf_ref () in the. dds files directly.

Functions for calculating peak-to-average-ratios and results are shown in RF Signal Peak-
to-Average-Ratio and Results and Meas Signal Peak-to-Average-Ratio Results.

RF Power Complementary Cumulative Distribution Function {CCDF)
1E2

1E1-4

RF Power CCOF (%)
L

1E-1-

= CCDF
—=CCDF Reference for Gaussian nois

1E-2 : ,
-10 10

SignalRange (dB)

RF Power CCDF

113



Advanced Design System 2011.01 - Mobile WiMAX Wireless Test Benches

Meas Power Complementary Cumulative Distribution Function (CCDF)
1E2

1E14

Meas Power CCOF (%)
L

1E-14

== CCDF
—=CCDF Reference for Gaussian noise

1E-2

-10 10
SighalRange (d8)

Meas Power CCDF

RF_PowerMeanPower_dBm | RF_Power.PeakPower_dBm RF_Peak_to_Awg_dB
9.982 18.207 8326

RF Signal Peak-to-Average-Ratio and Results

Meas_PowerMeanPower_dBrm | Meas_Power. PeakFower_dBm Meas_Peak_to_Awg_dB
9933 18.318 8.335

Meas Signal Peak-to-Average-Ratio Results

Spectrum Measurement

The Spectrum measurement is used to verify that the transmitted spectrum meets the
spectrum mask according to Reference [3], section 5.3.3. The RF and Meas spectral

density must fall within the spectral mask, as shown in RF Spectrum Mask and Meas
Spectrum Mask.
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WMAN 802 16e Spectrum - RF
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EVM Measurement

The EVM measurement is a modulation accuracy measurement. EVM measurement
results shown in RF Sighal EVM and Meas Signal EVM for 64-QAM-2/3 modulation do not
exceed -28 dB; therefore the measurements meet the specification requirements.

EVM (RF)
RF_EWh Avg RCE_OB RF_EWh Avg Pilot RCE_dB
-114.710 -114.782
RF_EvM.Avg DataRCE_dB RF_EVM.Pilot_RCE_dB
-114.674 -115.001
RF_BEvM DataRCE_dB RF_Evh FCE_dB
-115.045 -115.030
RF Signal EVM
EVM (Meas)
Meas EvM.Avg RCE dB Meas Evh.Avg Pilot RCE dB
-108.820 -108.938
hMeas_Evm Avg DataRCE_dB Meas_Evh Pilot_RCE_dB
-108 866 -108.573
Meas EvM.DataRCE dB Meas BV .RCE dB
-108 453 -108.493

Meas Signal EVM

Test Bench Variables for Data Displays

Variables listed in Test Bench Variables for Data Displays are used to set up this test

bench and data displays.
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Data Display Parameter [Equation with Test Bench Parameters

RF_FSource FSource

RF_Power_dBm 10*log10(SourcePower)+30

RF_R SourceR

TimeStep l/samp"ngFrequency/(20versamp|int0ption)
SamplingFrequency Bandwidth*n (n is sampling factor)
Bandwidth Bandwidth

RatelD Rate_ID

CyclicPrefix CyclicPrefix

Data_Length DatalLength

Frame_Duration FrameDuration

Frame_Mode FrameMode

DL_Ratio DL_Ratio

Meas_FMeasurement FMeasurement

Meas_R MeasR
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Baseline Performance

o Test Computer Configuration

o Pentium IV 2.26 GHz, 1024 MB RAM, Windows 2000
« Conditions

o Measurements made with default test bench settings.

o RF DUT is an RF system behavior component.

o Resultant WTB_TimeStep = 44.643 nsec; Frame_Duration = 5 msec
e Simulation times:

WMAN_UL_802_16e_TX Measurement Simulation Time (sec) ADS Processes (MB)

RF_Envelope 181 222
Constellation 176 222
Power 600 265
Spectrum 189 222
EVM 176 222

Expected ADS Performance

Expected ADS performance is the combined performance of the baseline test bench and
the RF DUT Circuit Envelope simulation with the same signal and number of time points.
For example, if the RF DUT performance with Circuit Envelope simulation alone takes 2
hours and consumes 200 MB of memory (excluding the memory consumed by the core
ADS product), then add these numbers to the Baseline Performance numbers to
determine the expected ADS performance. This is valid only if the full memory consumed
is from RAM. If RAM is less, larger simulation times may result due to increased disk
access time for swap memory usage.
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References for Mobile WiMAX Uplink Transmitter Test

1. IEEE Std 802.16-2004, Part 16: Air Interface for Fixed Broadband Wireless Access
Systems, Section 8.4 WirelessMAN-OFDMA PHY, October 1, 2004.

2. IEEE Std 802.16e-2005, Amendment 2: for Physical and Medium Access Control
Layers for Combined Fixed and Mobile Operation in Licensed Bands and Corrigendum
1, - Part 16: Air Interface for Fixed Broadband Wireless Access Systems, Section 8.4
WirelessMAN -OFDMA PHY, February 2006.

3. ETSI EN 301 021 V1.6.1 (2003-07): Fixed Radio Systems; Point-to-multipoint
equipment; Time Division Multiple Access (TDMA); Point-to-multipoint digital radio
systems in frequency bands in the range 3 GHz to 11 GHz

Setting up a Wireless Test Bench Analysis in the Wireless Test Bench Simulation
documentation explains how to use test bench windows and dialogs to perform analysis
tasks.

Setting Circuit Envelope Analysis Parameters in the Wireless Test Bench Simulation
documentation explains how to set up circuit envelope analysis parameters such as
convergence criteria, solver selection, and initial guess.

Setting Automatic Behavioral Modeling Parameters in the Wireless Test Bench Simulation
documentation explains how to improve simulation speed.
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RF DUT Limitations for Mobile WiMAX
Wireless Test Benches

This section describes test bench use with typical RF DUTs, improving test bench
performance when certain RF DUT types are used, and improving simulation fidelity. Two
sections regarding special attention for Spectum and EVM transmission measurements is
also included.

The RF DUT, in general, may be a circuit design with any combination and quantity of
analog and RF components, transistors, resistors, capacitors, etc. suitable for simulation
with the Agilent Circuit Envelope simulator. More complex RF circuits will take more time
to simulate and will consume more memory.

Test bench simulation time and memory requirements can be considered to be the
combination of the requirements for the baseline test bench measurement with the
simplest RF circuit plus the requirements for a Circuit Envelope simulation for the RF DUT
of interest.

An RF DUT connected to a wireless test bench can generally be used with the test bench
to perform default measurements by setting the test bench Required Parameters . Default
measurement parameter settings can be used (exceptions described below), for a typical
RF DUT that:

« Requires an input (RF) signal with constant RF carrier frequency.
The test bench RF signal source output does not produce an RF signal whose RF
carrier frequency varies with time. However, the test bench will support an output
(RF) signal that contains RF carrier phase and frequency modulation as can be
represented with suitable I and Q envelope variations on a constant RF carrier
frequency.

e Produces an output (Meas) signal with constant RF carrier frequency.
The test bench input (Meas) sighal must not contain a carrier frequency whose
frequency varies with time. However, the test bench will support an input (Meas)
signal that contains RF carrier phase noise or contains time varying Doppler shifts of
the RF carrier. These signal perturbations are expected to be represented with
suitable I and Q envelope variations on a constant RF carrier frequency.

e Requires an input (RF) signal from a signal generator with a 50-ohm source
resistance. Otherwise, set the SourceR parameter value in the Basic Parameters tab.

« Requires an input (RF) signal with no additive thermal noise (TX test benches) or

source resistor temperature set to 16.85° C (RX test benches). Otherwise, set the
SourceTemp (TX and RX test benches) and EnableSourceNoise (TX test benches)
parameters in the Basic Parameters tab.
« Requires an input (RF) signal with no spectrum mirroring. Otherwise, set the
MirrorSourceSpectrum parameter value in the Basic Parameters tab.
« Produces an output (Meas) signal that requires a 50-ohm external load resistance.
Otherwise, set the MeasR parameter value in the Basic Parameters tab.
« Produces an output (Meas) signal with no spectrum mirroring. Otherwise, set the
MirrorMeasSpectrum parameter value in the Basic Parameters tab.
« Relies on the test bench for any measurement-related bandpass signal filtering of the
RF DUT output (Meas) signal.
o When the RF DUT contains a bandpass filter with bandwidth that is on the order
of the test bench receiver system (~1 times the test bench receiver bandwidth)
and the user wants a complete characterization of the RF DUT filter, the default
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time CE_TimeStep must be set smaller.

o When the RF DUT bandpass filter is much wider than the test bench receiver
system (>2 times the test bench receiver bandwidth), the user may not want to
use the smaller CE_TimeStep time step to fully characterize it because the user
knows the RF DUT bandpass filter has little or no effect in the modulation
bandwidth in this case.

Improving Test Bench Performance

This section provides information regarding improving test bench performance when
certain RF DUT types are used.

« Analog/RF models (TimeDelay and all transmission line models) used with Circuit
Envelope simulation that perform linear interpolation on time domain waveforms for
modeling time delay characteristics that are not an integer number of CE_TimeStep
units. Degradation is likely in some measurements, especially EVM.

This limitation is due to the linear interpolation between two successive simulation
time points, which degrades waveform quality and adversely affects EVM
measurements.

To avoid this kind of simulator-induced waveform quality degradation: avoid use of
Analog/RF models that rely on linear interpolation on time domain characteristics; or,
reduce the test bench CE_TimeStep time step by a factor of 4 below the default
CE_TimeStep (simulation time will be 4 times longer).

¢ Analog/RF lumped components (R, L, C) used to provide bandpass filtering with a
bandwidth as small as the wireless signal RF information bandwidth are likely to
cause degradation in some measurements, especially Spectrum. These circuit filters
require much smaller CE_TimeStep values than would otherwise be required for RF
DUT circuits with broader bandwidths.

This limitation is due to the smaller Circuit Envelope simulation time steps required to
resolve the differential equations for the L, C components when narrow RF
bandwidths are involved. Larger time steps degrade the resolution of the simulated
bandpass filtering effects and do not result in accurate frequency domain
measurements, especially Spectrum and EVM measurements (when the wireless
technology is sensitive to frequency domain distortions).

To determine that your lumped component bandwidth filter requires smaller
CE_TimeStep, first characterize your filter with Harmonic Balance simulations over
the modulation bandwidth of interest centered at the carrier frequency of interest.
Though it is difficult to identify an exact guideline on the Circuit Envelope time step
required for good filter resolution, a reasonable rule is to set the CE_TimeStep to
1/(double-sided 3dB bandwidth)/32.

To avoid this kind of simulator-induced waveform quality degradation, avoid the use
of R, L, C lumped filters with bandwidths as narrow as the RF signal information
bandwidth, or reduce the CE_TimeStep.

« Analog/RF data-based models (such as S-parameters and noise parameters in S2P
data files) used to provide RF bandpass filtering with a bandwidth as small as 1.5
times the wireless signal RF information bandwidth are likely to cause degradation in
some measurements, especially EVM.

This limitation is due to causal S-parameter data about the signal carrier frequency
requiring a sufficient number of frequency points within the modulation bandwidth;
otherwise, the simulated data may cause degraded signal waveform quality. In
general, there should be more than 20 frequency points in the modulation
bandwidth; more is required if the filter that the S-parameter data represents has
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fine-grain variations at small frequency steps.
To avoid this kind of simulator-induced waveform quality degradation, avoid the use
of data-based models with bandwidths as narrow as the RF signal information
bandwidth, or increase the number of frequency points in the data file within the
modulation bandwidth and possibly also reduce the CE_TimeStep simulation time
step.

« An additional limitation exists when noise data is included in the data file. Circuit
Envelope simulation technology does not provide frequency-dependent noise within
the modulation bandwidth for this specific case when noise is from a frequency
domain data file. This may result in output noise power that is larger than expected;
if the noise power is large enough, it may cause degraded signal waveform quality.
To avoid this kind of simulator-induced waveform quality degradation avoid the use
of noise data in the data-based models or use an alternate noise model.

Improving Simulation Fidelity

Some RF circuits will provide better Circuit Envelope simulation fidelity if the CE_TimeStep
is reduced.

« In general, the default setting of the test bench OversamplingRatio provides
adequate wireless signal definition and provides the WTB_TimeStep default value.

o Set CE_TimeStep = 1/Bandwidth/OversampingRatio/N
where N is an integer > 1

e« When CE_TimeStep is less than the WTB_TimeStep (i.e., N>1), the RF signal to the
RF DUT is automatically upsampled from the WTB_TimeStep and the RF DUT output
signal is automatically downsampled back to the WTB_TimeStep. This sampling
introduces a time delay to the RF DUT of 10xWTB_TimeStep and a time delay of the
measured RF DUT output signal of 20xWTB_TimeStep relative to the measured RF
signal sent to the RF DUT prior to its upsampling.

Special Attention for Spectrum Measurements

The Spectrum Measurement spectrum may have a mask against which the spectrum must
be lower in order to pass the wireless specification. The Spectrum measurement itself is
based on DSP algorithms that result in as much as 15 dB low-level spectrum variation at
frequencies far from the carrier.

To reduce this low-level spectrum variation, a moving average can be applied to the
spectrum using the moving_average(<data>, 20) measurement expression for a 20-point
moving average. This will give a better indication of whether the measured signal meets
the low-level spectrum mask specification at frequencies far from the carrier.

Special Attention for EVM Measurements

For the EVM measurement, the user can specify a start time. The EVM for the initial
wireless segment may be unusually high (due to signal startup transient effects or other
reasons) that cause a mis-detected first frame that the user does not want included in the
RF DUT EVM measurement.

To remove the degraded initial burst EVM values from the RF DUT EVM measurement, set
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the EVM_Start to a value greater than or equal to the RF DUT time delay characteristic.

123



	  Measurement Results for Expressions for Mobile WiMAX Wireless Test Benches
	  Mobile WiMAX Downlink Receiver Sensitivity Test
	  Test Bench Basics
	  Test Bench Details
	  WMAN_DL_802_16e_RX_Sensitivity  
	  Setting Parameters
	  Simulation Measurement Displays
	  Baseline Performance
	  References for Mobile WiMAX Downlink Receiver Sensitivity Test

	  Mobile WiMAX Downlink RF Power Amplifier Power Added Efficiency Test
	  Test Bench Basics
	  Test Bench Details
	  WMAN_DL_802_16e_RF_PAE  
	  Parameter Settings
	  Simulation Measurement Displays
	  References

	  Mobile WiMAX Downlink Transmitter Test
	  Test Bench Basics
	  Test Bench Details
	  WMAN_DL_802_16e_TX
	  Setting Parameters
	  Simulation Measurement Displays
	  Baseline Performance
	  References for Mobile WiMAX Downlink Transmitter Test

	  Mobile WiMAX Uplink Receiver Sensitivity Test
	  Test Bench Basics
	  Test Bench Details
	  WMAN_UL_802_16e_RX_Sensitivity  
	  Setting Parameters
	  Simulation Measurement Displays
	  Baseline Performance
	  References

	  Mobile WiMAX Uplink RF Power Amplifier Power Added Efficiency Test
	  Test Bench Basics
	  Test Bench Details
	  WMAN_UL_802_16e_RF_PAE  
	  Parameter Settings
	  Simulation Measurement Displays
	  References

	  Mobile WiMAX Uplink Transmitter Test
	  Test Bench Basics
	  Test Bench Details
	  WMAN_UL_802_16e_TX
	  Setting Parameters
	  Simulation Measurement Displays
	  Baseline Performance
	  References for Mobile WiMAX Uplink Transmitter Test

	  RF DUT Limitations for Mobile WiMAX Wireless Test Benches

