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ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE
POSSIBILITY OF SUCH DAMAGE.

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
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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.
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.qgtsoftware.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.
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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 fitness for a particular purpose.
Agilent shall not be liable for errors or for incidental or consequential damages in
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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About WLAN 11n Design Library

The Agilent EEsof WLAN 11n wireless design library is developed based on Enhanced
Wireless Consortium (EWC) HT PHY specification v1.13, which was released in Nov. 2005.
This library intends to be a baseline system for designers to get an idea of what a nhominal
or ideal system performance would be. Evaluations can be made regarding degraded
system performance due to system impairments.
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WLAN 11n System Overview

In response to the growing demand for higher-performance wireless local area networks
(WLANS), the Institute of Electrical and Electronics Engineers - Standards Association
(IEEE-SA) approved the creation of the IEEE 802.11 Task Group n (802.11 TGn) in 2003.
The objective of TGn is to define both the 802.11 physical layers (PHY) and the Medium
Access Control Layer (MAC) specifications so that a maximum throughput of at least 100
Mbps can be achieved.

The WLAN 11n evolutionary philosophy is reusing existing technologies, while introducing
new technologies to provide effective performance improvements.

The reused technologies include Orthogonal Frequency Division Multiplexing (OFDM),
forward error correction (FEC) coding, interleaving and quadrature amplitude modulation
(QAM) mapping. By applying these 11a legacy technologies, backward compatibility is
easily realized and the costs are kept down.

To achieve a much higher throughput, both the PHY and MAC layer must be improved.
These improvements include applying multiple-input multiple-output (MIMO) technology,
enabling a short guard interval (GI), optional 40 MHz channel bandwidth, optional low
density parity check(LDPC) coding scheme, aggregated MAC protocol data unit and etc.
With all of these improvements, the ultimate throughput will be increased as much as 600
Mbps.

MIMO is one of the most important technologies introduced to 11n PHY specification.
Traditionally, the multipath is perceived as interference degrading a receiver's ability to
recover the information. But MIMO technology enables the opportunity to spatially resolve
multipath signals, providing antenna diversity and spatial multiplexing ability to enhance
the receiver performance.

To accelerate the IEEE 802.11n development process, Enhanced Wireless Consortium was
formed by Wi-Fi industry key players in September 2005. The consortium published its
PHY and MAC specifications which have been adopted by the IEEE 802.11 TGn as the draft
joint proposal for approval.

The major specifications for the WLAN 11n physical layer are listed in the following table.

WLAN 11n Physical Layer Major Specifications



Advanced Design System 2011.01 - WLAN 11n Design Library

Specification Settings
Modulation BPSK, QPSK, 16-QAM, 64-QAM
Error correcting code CC, LDPC (optional)
Coding rate 1/2, 2/3, 3/4,5/6
Neer :FFT Size 64 in 20 MHz channel

128 in 40 MHz channel
Number of data subcarriers 48 in legacy 20 MHz channel

52 in HT 20 MHz channel
108 in HT 40 MHz channel

Number of pilot subcarriers 4 in legacy and HT 20 MHz channel
6 in 40 MHz HT channel

Number of total subcarriers used 52 in legacy 20 MHz channel
56 in HT 20 MHz channel
114 in HT 40 MHz channel

Af ¢ Subcarrier frequency spacing |312.5 kHz

Tepr: FFT/IFFT period 3.2 psec

Tgr: Guard interval period 0.8 psec for normal guard interval
0.4 psec for short guard interval

Tgym: OFDM symbol interval Teer + Tar

Some frequently used parameters in this document are listed in the following table.

Frequently Used Parameters

Parameter Description

NCBPS Number of coded bits per symbol

NCBPSS Number of coded bits per symbol per spatial stream
NDBPS Number of data bits per symbol

NCBPSC Number of coded bits per single carrier

NSTS Number of space time streams

NSS Number of spatial streams

NESS Number of extension spatial streams

NTXx Number of transmit chains

NES Number of FEC encoders

NSYM Number of OFDM symbols in the data field

NHTLTF Number of HT long training fields

WLAN 11n Design Library Key Features

WLAN 11n wireless design library follows EWC HT PHY specification v1.13. The key
features include:

20/40 MHz channel bandwidth

Up to 4x4 antenna arrays

Short GI enabled

Convolutional coding

Operating mode: Mixed mode and Green field mode

10
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e Antenna mapping scheme: Direct mapping and spatial spreading
e 11n MIMO channel with userdefined option

11
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Component Libraries Overview

The components in WLAN 11n wireless design library are organized in five categories:
Channel, Measurements, Source Components, Source, Receiver components and Receiver.

Channel
The 11n MIMO channel model is provided in this category.

e« WLAN_11n_Channel: 11n MIMO channel

Measurements
The 11n measurement models are provided in this category.

e« WLAN_11n_EVM_: EVM measurement
« WLAN_11n_RF_CCDF: RF CCDF measurement

Source Components

The components that can be used to construct 11n signals sources are provided in this
category.

WLAN_11n_BurstMux: Burst mulitplexer
WLAN_11n_BusFork2: Bus fork 2
WLAN_11n_DataWrap: Data wrapper
WLAN_11n_Interleaver: Interleaver

WLAN_11n_LLTF: Legacy long training field generator
WLAN_11n_PilotGen: Pilot generator
WLAN_11n_PreambleMux: preamble multiplexer
WLAN_11n_Scrambler: Scrambler
WLAN_11n_RF_Modulator: RF modulator
WLAN_11n_ChCoder: Channel coder
WLAN_11n_HTLTF_GF: Green Field HT long training field generator
WLAN_11n_HTLTF_MM: Mixed Mode HT long training field generator
WLAN_11n_HTSIG: HT signal field generator
WLAN_11n_HTSTF: HT short training field generator
WLAN_11n_LSIG: Legacy signal field generator
WLAN_11n_LSTF: Legacy short training field generator
WLAN_11n_Mapper: Constellation mapper
WLAN_11n_MuxOFDMSym: OFDM symbol multiplexer
WLAN_11n_OFDMMod: OFDM modulator
WLAN_11n_Preamble: Preamble generator
WLAN_11n_SpatialMapper: Spatial mapper

12
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e WLAN_11n_SpatialParser: Spatial parser

Source
The 11n top-level sighal sources are provided in this category.

« WLAN_11n_Source: Baseband signal source
e WLAN_11n_Source_RF: RF signal source

Receiver Components
The components that can be used to construct 11n receivers are provides in this category.

« WLAN_11n_Sync: time and frequency synchronizer
WLAN_11n_RF_Demodulator: RF demodulator
WLAN_11n_ChDecoder: Channel decoder
WLAN_11n_ChEstimator:Channel estimator
WLAN_11n_Demapper: Constellation demapper
WLAN_11n_OFDMDeMod: OFDM demodulator
WLAN_11n_PhaseTracker: Phase tracker
WLAN_11n_SpatialCommutator: Spatial commutator
WLAN_11n_AntDemapper: Antenna demapper
WLAN_11n_DataUnwrap: Data unwrapper
WLAN_11n_BurstDemux: Burst demultiplexer

Receiver
The 11n top-level receivers are provided in this category.

o« WLAN_11n_Receiver
o WLAN_11n_Receiver_RF

13
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Design Examples

WLAN 11n wireless design library provides design examples for both transmitter and

receiver measurements. These desigh examples can help test and verify RF and baseband
performance with standard references.

WLAN_11n_Tx_wrk

The transmitter measurements in this workspace include EVM, spectrum mask and CCDF.

« WLAN_11n_CCDF: 11n signal CCDF measurement test bench
e« WLAN_11n_TxEVM: EVM measurement test bench

e WLAN_11n_Spectrum: transmit spectrum measurement test bench with spectrum
mask

WLAN_11n_Rx_wrk
THe WLAN 11n full-link BER/PER tests are provided in WLAN_11n_RX_wrk.

e WLAN_11n_AWGN_System_2SS: BER/PER measurement for two spatial streams
case under AWGN channel.

« WLAN_11n_Fading_System_1SS: BER/PER measurement for one spatial stream case
under MIMO fading channel.

« WLAN_11n_Fading_System_2SS: BER/PER measurement for two spatial streams
case under MIMO fading channel.

14
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Acronyms

Acronym Description
AWGN addition white Gaussian noise

CCDF complementary cumulative distribution function

EVM error vector magnitude

FEC forward error correction

FFT fast fourier transform

GF green field

GI guard interval

HT high throughput

LDPC low density parity check

IEEE Institute of Electrical and Electronic
Engineering

IFFT inverse fast fourier transform

LTF long training field

MAC medium access control

MCS modulation and coding scheme

MIMO multiple input and multiple output
MM mixed mode
OFDM orthogonal frequency division multiplexing

PA power amplifier

PER packet error rate

PHY physical layer

QAM quadrature amplitude modulation

QPSK quadrature phase shift keying

RCE relative constellation error
RF radio frequency

RX receive or receiver

SDU service data unit

STF short training field

X transmit or transmitter

WLAN wireless local area networks

15
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References

o« EWC HT PHY Specification v1.13 November 5th, 2005. IEEE Std 802.11a-
1999(R2003), Part 11: Wireless LAN Medium Access Control (MAC) and Physical
Layer(PHY) specifications, High-Speed Physical Layer in the 5 GHz Band, June 12th,

2003.

16



Advanced Design System 2011.01 - WLAN 11n Design Library

WLAN_11n Channel

The 11n MIMO channel model is provided in this category.

e WLAN 11n Channel (WLAN 11n MIMO channel) (wlan11n)

17
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WLAN_11n_Channel (WLAN 11n MIMO channel)

Y v

AN "

PP v PP
vy v

WLAN_11n_Channel

Description MIMO 802.11n channel model
Library WLAN 11n, Channel
Class TSDFWLAN_11n_Channel

Parameters

18
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Name Description Default Unit Type Range
ModelType 802.11n channel model case: A, B, C, D, E, F, A enum
User Defined
CorrelationCoefType |type of spatial correlation coefficient: Complex Complex enum
Correlation, Power Correlation Correlation
IncludePathloss pathloss included in channel coefficients: Yes, No |Yes enum
TxRxDistance separation between transmitter and receiver (for |3 meter m real (0, )
pathloss computation)
CarrierFrequency carrier frequency 2.44 GHz Hz |real (0, o)
PowerLineFrequency |frequency of electrical power 60 Hz Hz |real (0, )
Seed seed for random number generator (set to 0 for |0 int [0, c0)
random seed)
NumTxAntennas number of transmit antennas 1 int [1, o)
TxArrayType type of transmit array: Uniform Linear Tx, Uniform Linear enum
Uniform Circular Tx, User Defined Tx Tx
TxArrayDimension |total length of linear array or diameter of circular |0.5 real (0, )
array at transmitter in wavelengths
TxArrayFileName name of file containing transmit array element filename
positions (only for user-defined array)
NumRxAntennas number of receive antennas 1 int [1, c0)
RxArrayType type of receive array: Uniform Linear Rx, Uniform |Uniform Linear enum
Circular Rx, User Defined Rx Rx
RxArrayDimension |total length of linear array or diameter of circular |0.5 real (0, )
array at receiver in wavelengths
RxArrayFileName name of file containing receive array element filename
positions (only for user-defined array)
PASType shape of power azimuth spectrum (only for user- |Laplacian enum
defined model): Laplacian, Gaussian, Uniform
RiceanFactor Ricean K factor for line of sight component (only |0 dB real (-00,
for user-defined model) 0]
EnvironmentSpeed 'max speed of environment creating channel 1.2 real (0, 40]
Doppler effect (km/h, only for user-defined
model)
PathLoss bulk path loss (only for user-defined model) 0 dB real (-00,
0]
MPathFileName name of file containing multipath description (only filename
for user-defined model)
Pin Inputs
Pin Name |Description Signal Type
1 |TxSig |signals supplied to transmit array multiple timed
Pin Outputs
Pin Name |Description Signal Type
2 |RxSig signals at output of receive multiple timed
array

Notes/Equations

1. This model is used to generate time-varying channel models for multiple transmit and
19
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receive antennas in a multipath propagation environment.
. Options A-F of ModelType correspond to channel models defined in IEEE 802.11-
03/940r (802.11n channel models). The multipath fading is modeled as a tapped-
delay line with the number of taps and the delay and gain of each tap specified by
parameters specified for each ModelType. For each tap, the method of filtered noise
is used to generate a matrix time-varying channel coefficients with the correct
distribution and spectrum.
For each tap at a specified time instant, the matrix of channel coefficients is

K 1
H = | e [

where P is the sum of the powers in all taps, Hr

is a fixed matrix for a line-of-sight

contribution whose angles of departure and arrival are 45 degrees, " is a variable

matrix whose elements are complex Gaussian random variables (Rayleigh
magnitude), and K is the Ricean K-factor.
Characteristics of each model are summarized in the following table.

Model Characteristics

Model Number of Taps Max Delay Spread K: First Tap |[K: Remaining Taps

(ns) (dB) (dB)
A 1 - 0 -
B 2 80 0 -
C 2 200 0 o
D 3 390 3 -
E 4 730 6 -
F 6 1050 6 -

. Antenna correlation is represented according to the Kronecker model
0.5 0.5
Hl" == RH_, Hn:n:r.."R.l‘).’

R R, . . . .
where " and ™ represent the correlation matrices at transmit and receive,

respectively, and Hiia is a matrix of independent, zero-mean, unit-variance complex
Gaussian random variables. It is assumed that the multipath propagation for each
tap may be characterized by an angle of departure and angle spread at the
transmitter, and an angle of arrival and angle spread at the receiver. The angular
power distribution of these "clusters" follows a truncated Laplacian shape in angle.
These parameters, coupled with the antenna array geometries, allow computation of
the correlation matrices.

CorrelationCoefficientType determines whether the antenna correlations are
computed from the complex signal voltages or signal power.

. IncludePathLoss determines whether or not bulk path loss is included in the
computation. Path loss depends on the distance between the transmitter and receiver
(TxRxDistance). If TxRxDistance is below the breakpoint, it meets the LOS condition

and FathLoss = 2log(anfd/c) \\here fis the carrier frequency, d is the

TxRxDistance, and c is the speed of light. If TxRxDistance is above the breakpoint, it
Py o AP

meets the NLOS condition and PathLoss = 20log(4nfdgp/ c) +35log(d/ dgp)

dsp is the breakpoint distance shown in the following table.

, Where

Breakpoint Distance
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Breakpoint Distance

Model dBP(m)

A

B

C 5
D 10
E 20
F 30

5. For channel models A-E, the scatterer in the environment are assumed to be moving

v =1
at a velocity of 1.2 km/hour. The Doppler spectrum is given as SW = [1+90/fa)]
where fa is the Doppler frequency. For channel model F, it is assumed that the 3rd
tap also sees a vehicle moving at 40 km/hour which places a spike at the
corresponding Doppler frequency. The power in this spike is chosen so that the ripple
on narrowband channel responses is approximately 3 dB. Filters are used to ensure
that the time-varying channel coefficients have these Doppler spectra.

6. Because fluorescent lights operating by creating a plasma (ionized gas), the
scattering behavior of these lights changes as the power line goes from a high
voltage (ionized gas appears as a scatterer) to zero voltage (gas is not ionized). This
can create a Doppler component that appears at twice the power line frequency
whose spectral width is determined by the harmonics. Models D (taps 2, 4, 6 in
cluster 2) and E (taps 3, 5, 7 in cluster 1) include the impact of this interference. The
interferer-to-carrier ratio is generated as a realization of a Gaussian random variable
with mean 0.0203 and standard deviation 0.0107.

7. If the transmit and receive antenna are either uniform linear or uniform circular
arrays, they can be specified using the TxArrayType and TxArrayDimension (or
RxArrayType and RxArrayDimension) parameters. Custom transmit array designs can
be specified by selecting TxArrayType as "User Defined Tx" and specifying the name
of an input file for TxArrayFileName. This file must be an ASCII file, with one line of
the file for each antenna element in the array. Each line contains three tab or space-
delineated numbers representing the x, y, and z coordinate of the antenna element in
the array. Each element is assumed to have an omnidirectional radiation pattern in
the horizontal ( x - y ) plane. A similar discussion applies to custom receive array
designs (using RxArrayType and RxArrayFileName). The same file can be used to
specify both transmit and receive arrays.

8. If the predefined models A-F are unsuitable for the application, ModelType can be
specified to be a User Defined Model, and the channel characteristics must be
specified. In this case, multipath characteristics are defined in an ASCII file specified
in the MPathFileName parameter. Each line of this file represents a single multipath
cluster, with six tab or space-delimited numbers specifying the multipath
characteristics with the order shown in the table. The following table is an example
file for 6 taps.

Example File, 6 Taps
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Delay Power |Angle of Departure angle |Angle of |Arrival angle
(first gain in |departure in spread in arrival in spread in
multipath dB degrees degrees degrees |degrees
starts at 0)

0 0 13.5 24.7 -65.7 22.0

10e-9 -2.1 13.5 24.7 -65.7 22.0

20e-9 -4.3 162.3 18.0 5.8 17.5

40e-9 -13.0 28.6 10.8 -143.8 25.0

45e-9 -5.8 13.5 24.7 -65.7 22.0

60e-9 -18.2 -85.2 18.0 43.4 18.0

For user-defined models, the power angular distribution in each cluster can be a
truncated Laplacian (as in the predefined models), a truncated Gaussian, or uniform
in angle (this is used only to compute the antenna correlation matrices).
RiceanFactor, EnvironmentSpeed, and PathLoss parameters specify the Ricean K-
factor for the first tap (dB), velocity of the scatterers creating the Doppler spectrum
(km/hour), and bulk path loss (dB) for the channel, respectively.

9. Output Delay: A delay of 32 tokens is introduced by this model.

References

1. IEEE 802.11-04/940r2, IEEE P802.11 Wireless LAN TGn Channel Models, January 9,
2004.
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WLAN 11n Desigh Examples

This section includes the WLAN 11n transmitter and receiver design examples.
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WLAN 11n Tx Workspace Examples

WLAN_11N_Tx_wrk provides design examples for the WLAN 11n transmitter test and
measurement, which are based on the EWC HT PHY Specification:

e WLAN_11n_CCDF: measures Complementary Cumulative Distribution Function of the
transmitted signal
« WLAN_11n_TxEVM_2Tx: measures error vector magnitude for two transmit antennas

e WLAN_11n_Spectrum: measures the transmit PSD and compare it with specified
mask.

Complementary Cumulative Distribution Function Measurement

WLAN_11n_CCDF

Features

e Configurable WLAN 11n signal source
e Two transmit antennas
o CCDF measurement

Description

This design is used to measure CCDF for WLAN 11n RF signal source with two transmit
antennas. The design schematic is shown in the following figure.
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WLAN_11n_CCDF.dsn |m . ‘l
WLAN 11n; CCDF Measurements
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WLAN_11n_CCDF Schematic

The VAR incorporates parameters to configure the WLAN_11n_Source_RF.

Simulation Results

Simulation results displayed in WLAN_11n_CCDF.dds is shown on the following figure.

WLAN 11n: CCDF measurement

Twl CCOF far data sywnbols Tu2 CCDF for data symbol

" h_‘—g"\\ . \_““—\\c

1E1 - = 1E1 - B
£ iy £ i
Ja- = '\ uB- 1- Y

[}
- 1E-1 deemrm LT JEA  ———— TInTa2
GALESIAN \ Gauzsian
1E-z"''|""I""I"'-|----|-... 1E"‘z-_llll|||||||||||||||||||||||||
-0 -15 -10 -5 i} 5 ] - 15 -0 5 il Bl 10

signal range [dB) signal range (dE]
TH2 MEs QOwer and peak power

Ciatz MearPower B Data PeakPower_dBm2
21535

Tl MEan power and peak power

Cizla MeanPoswer_dBmi Dtz PeakPower_dErni
12.831 21519 12.343

WLAN 11n CCDF Measurement Results
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Benchmark

e Hardware Platform: Pentium IV 2.0 GHz, 1.5GB memory
o Software Platform: Windows XP, ADS 2005A
e Simulation Time: approximately 30 seconds

References

1. EWC HT PHY Specification v1.13 November 5th, 2005.

WLAN 11n Transmitter EVM Measurement

WLAN_11n_TxEVM_2Tx

Features

Configurable WLAN 11n signal source

Two transmit antennas

EVM measurement

Consistent measurement results with Agilent 89600 software

Description

This design measures EVM (Error Vector Magnitude) or RCE (Relative Constellation Error)
of a WLAN 11n RF signal source (transmitter). EVM is the difference between the
measured waveform and the theoretical modulated waveform and shows modulation
accuracy. In mathematics, EVM here is defined as the ratio of Root-Mean-Square (RMS)
error to RMS value of the theoretical modulated waveform. When Signal to Noise Ratio
(SNR) is high, the EVM value shall be similar with SNR in absolute value.

The schematic for this design is shown in the following figure.
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WLAN_11n_TxEWVM_Z2Tx.dsn
WLAMN 11n Transmitter EVM Measurement
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WLAN_11n_TxEVM_2Tx Schematic

WLAN_11n_Source_RF generates the ideal signal waveform which is fed to the Device
Under Test (DUT) GainRF. Output signal of GainRF is the distorted signal to be measured.
Model WLAN_11n_EVM_, which uses the same algorithm as that in Agilent 89600

software, will measure EVM, carrier frequency offset as well as other aspects of the
measured signal.

© Note

Input and output resistors are put outside the corresponding source and measurement models because
resistor pairs on two ends of a bus are transparent to each other. For obtaining reasonable measurement
results, parameters of model WLAN_11n_EVM_ should be consistent with the corresponding input signal.
For more details on UWB_MBOFDM_EVM, see document of this model.

Simulation Results

Simulation results in the Data Display System are shown in the following figure, which
includes the average EVM measurement result in dB and percentage, EVM results of each
successfully analyzed frame. Synchronization correlation coefficient, carrier frequency
offset and some other auxiliary informations are provided in simulation status window.
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Measurement Results

Benchmark

e Hardware platform: Pentium IV 2.26 GHz, 1024 MB memory
o Software platform: Windows 2000 Professional, ADS 2005A
o Simulation time: about 20 seconds

References

1. EWC HT PHY Specification v1.13 November 5th, 2005.

Transmit Spectrum Measurement for WLAN 11n

WLAN_11n_Spectrum

Features

e Configurable WLAN 11n signal source
o Two transmit antennas
e Spectrum analysis
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Description

This example demonstrates the WLAN 11n sighal power spectrum density with two
transmit antennas and compare the results with specified spectrum mask. It is easy to
customize this example to measure the spectrum for up to 4 transmit antennas.

Schematics

WLAN_11n_Spectrum.dsn ||
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WLAN 11n: Transmitter Spectrum Measurements
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WLAN_11n_Spectrum Schematic

Simulation Results

Simulation results are displayed in WLAN_11n_Spectrum.dds. The following figure shows
the power spectrum density of two transmit antennas with the spectrum mask, left for
antenna one and right for antenna two. According to the specification, for 20MHz
bandwidth, the signal spectrum shall have a 0 dBr (dB relative to the maximum spectral
density of the signal) bandwidth not exceeding 18 MHz, -20 dBr at 11 MHz frequency
offset, -28 dBr at 20 MHz frequency offset and -45 dBr at 30 MHz frequency offset and
above. For 40MHz bandwidth, the signal spectrum shall have a 0 dBr (dB relative to the
maximum spectral density of the signal) bandwidth not exceeding 38 MHz, -20 dBr at 21
MHz frequency offset, -28 dBr at 40 MHz frequency offset and -45 dBr at 60 MHz
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frequency offset and above.

WLANT1T1n: Spectrum measurements
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WLAN 11n Spectrum Measurement Results

Benchmark
o Hardware Platform: Pentium IV 2.0 GHz, 1.5GB memory

« Software Platform: Windows XP, ADS 2005A
e Simulation Time: approximately 4 seconds

References

1. EWC HT PHY Specification v1.13 November 5th, 2005.
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WLAN 11n Rx Workspace Examples

WLAN_11N_Rx_wrk provides design examples for the WLAN 11n receiver test and
measurement, which are based on the EWC HT PHY Specification:

e WLAN_11n_AWGN_System_2SS: measures WLAN 11n system performance with two
spatial streams under AWGN channel.

« WLAN_11n_Fading_System_1SS: WLAN 11n system performance with one spatial
stream under fading channel.

e WLAN_11n_Fading_System_2SS: WLAN 11n system performance with two spatial
streams under fading channel.

BER and PER of WLAN 11n under AWGN Channel

WLAN_11n_AWGN_System_2SS

Features

e 2 transmit antennas
e Mixed Mode

e 20MHz

e Normal GI

Description

The performance of a WLAN 11n receiver in AWGN channel is evaluated by this example.
The simulation link incorporates implementation losses due to packet acquisition error,
carrier offset recovery error, channel estimation error and etc.

The schematic for this example is shown in the following figure.
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WLAN 11n: BER and PER of WLAN 11n under AWGN Channel
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WLAN_11n_AWGN_System_2SS Schematic

WLAN_11n_Source_RF generates the ideal signal waveform which is distorted by AWGN
channel. Then WLAN_11n_Receiver_RF performs frame acquisition, frequency offset
compensation, channel equalization and demodulates the information bits out. BER_FER
model compares the demodulated bits with the delayed raw information bits and output
the BER/FER results with the predefined relative estimation variance.

© Note Input and output resistors are put outside the corresponding source and receiver models because
resistor pairs on two ends of a bus are transparent to each other. For obtaining reasonable measurement
results, parameters of the receiver should be consistent with that of the input signal.

Simulation Results

BER/FER results for different Modulation Coding Schemes (MCS) from the Data Display
System are shown in the following figure.
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Measurement Results
Benchmark

o Hardware platform: Pentium IV 2.26 GHz, 1024 MB memory

« Software platform: Windows 2000 Professional, ADS 2005A
e Simulation time: about 10 minutes for MCS10

References

1. EWC HT PHY Specification v1.13 November 5th, 2005.

BER and PER of WLAN 11n under Fading Channel

WLAN_11n_Fading_System_1SS
WLAN_11n_Fading_System_2SS
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Features

e 1 transmit antenna and 2 antennas
o Mixed Mode

e 20MHz

e Normal GI

Description

The performance of a WLAN 11n receiver under fading channels are evaluated by these
examples. The simulation link incorporates implementation losses due to packet
acquisition error, carrier offset recovery error, channel estimation error and etc.

The schematics for these examples are shown in the following figures.

WLAN 11n: BER and PER of WLAN 11n under Fading Channel
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WLAN_11n_Fading_System_1SS Schematic

WLAN 11n: BER and PER of WLAN 11n under Fading Channel
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WLAN_11n_Fading_System_1SS Schematic

WLAN_11n_Source_RF generates the ideal signal waveform which is distorted by fading
channel. Sub-network model WLAN_PowerControl and WLAN_PowerControl2 are used to
adjust output power of the channel model frame by frame. Because signal power under
fading channel fluctuates within several tens of dBs, power control, which is also used in
close loop in the real world, makes the simulation results more sense.
WLAN_11n_Receiver_RF performs frame acquisition, frequency offset compensation,
channel equalization and demodulates the information bits out. BER_FER model compares
the demodulated bits with the delayed raw information bits and output the BER/FER
results with the predefined relative estimation variance.

© Note Input and output resistors are put outside the corresponding source and receiver models because
resistor pairs on two ends of a bus are transparent to each other. For obtaining reasonable measurement
results, parameters of the receiver should be consistent with that of the input signal.

Simulation Results

BER/FER results for different Modulation Coding Scheme (MCS) from the Data Display
System are shown in the following figures.

1 Spatial Stream BER and PER under Fading channel
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Measurement Results for 1SS
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2 Spatial Streams BER and PER under Fading channel
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Measurement Results for 2SS

Benchmark

e Hardware platform: Pentium IV 2.26 GHz, 1024 MB memory
o Software platform: Windows 2000 Professional, ADS 2005A
o Simulation time: about 10 hours for MCS1

References

1. EWC HT PHY Specification v1.13 November 5th, 2005.

36



Advanced Design System 2011.01 - WLAN 11n Design Library

WLAN_11n Measurements

The WLAN 11n measurement models are provided in this category.

e WLAN 11n EVM (WLAN 11n EVM measurement) (wlanl1n)
e WLAN 11n RF CCDF (WLAN 11n RF CCDF) (wlanl11n)
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WLAN_11n_EVM_ (WLAN 11n EVM measurement)

202.11n

0]—» EVM_

WLAN_11n_EVM_

Description WLAN 11n EVM measurement star
Library WLAN 11n, Measurements
Class TSDFWLAN_11n_EVM_

Parameters
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Name

FCarrier
MirrorSpectrum
Start

AverageType
FramesToAverage
GuardIntervalSel

GuardInterval

SearchLength

MeasurementOffset

MeasurementlInterval

SubcarrierSpacing
SymbolTimingAdjust

TrackAmplitude
TrackPhase
TrackTiming
Bandwidth
NumTx

Pin Inputs

Advanced Design System 2011.01 - WLAN 11n Design Library

Description
carrier frequency
Mirror frequency spectrum? NO, YES

start time for data recording.
DefaultTimeStart will inherit from
the DF Controller.

average type: Off, RMS (Video)

number of frames that will be
averaged if AverageType is RMS
(Video)

Auto Detect Gurad, ManuOverride
Guard

guard interval time of data symbol,
expressed as a fraction of the FFT
time length

search length, should include more
than 2 full frames

measurement offset (the first
MeasurementOffset humber of data
symbols shall be excluded for EVM)

measurement interval of data
symbols (0~21848, if 21848 all data
symbols from MeasurementOffset to
the end shall be used)

spacing between subcarriers in Hz

amount of time (expressed as a
percent of the FFT time length) to
back away from the end of the
symbol time when deciding the part
of the symbol that the FFT will be
performed on

pilot amplitude tracking: NO, YES
pilot phase tracking: NO, YES
pilot timing tracking: NO, YES
band width: BW20MHz, BW40MHz

number of transmit chains
(antennas)

Pin Name Description Signal Type

1 Jinput |input signal multiple timed

Notes/Equations

Default Unit Type Range

5.0e9 Hz
NO
DefaultTimeStart sec

RMS (Video)
20

Auto Detect
Gurad

0.25

1.0e-3 sec

21848

312.5e3 Hz
-3.125

NO

YES

YES
BW20MHz
1

real |[(0, o0)
enum
real |[0, o)

enum
int  [1, o)

enum

real |[[0, 1]

real |[(0, o0)

int [0, 21848]

int [0, 21848]

real |(0, o)

real |[-
100*GuardInterval,
0]

enum
enum
enum
enum
int  |[1, 2]

1. This model is used to perform EVM (Error Vector Magnitude or Relative Constellation
Error) measurement for WLAN 11n signal. The input signal format should be
compatible with EWC specification (References #1). Signals of one transmit channel
and two transmit channels are supported.

2. The input signal should be a timed RF (complex envelope) signal or this model will
error out. This measurement provides results in Data Display for
RCE_dB (Relative Constellation Error in dB of all non-zero subcarriers of analyzed
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data OFDM symbols),

RCE_rms_percent (Relative Constellation Error in root mean square percent
of all non-zero subcarriers of analyzed data OFDM symbols),

DataRCE_dB (RCE_dB of data subcarriers of analyzed data OFDM symbols),
DataRCE_rms_percent (RCE_rms_percent of data subcarriers of analyzed
data OFDM symbols),

PilotRCE_dB (RCE_dB of pilot subcarriers of analyzed data OFDM symbols),
and

PilotRCE_rms_percent (RCE_rms_percent of pilot subcarriers of analyzed
data OFDM symbols).

Additionally, synchronization correlation coefficient, carrier frequency offset as well as
some other auxiliary information are provided in Simulation/Synthesis Messages box.
The algorithm used here is the same as the one used in the Agilent 89600 VSA
software. Following is a brief description of the algorithm.

Starting at the time instant specified by the Start parameter, a signal segment of
length SearchLength is acquired. This signal segment is searched in order for a
complete burst to be detected.

The burst search algorithm looks for both a burst on and a burst off
transition. In order for the burst search algorithm to detect a burst, an idle
part must exist between consecutive bursts and the bursts must be at least
15 dB above the noise floor.

If the acquired sighal segment does not contain a complete burst, the
algorithm will not detect any burst and the analysis that follows will most
likely produce incorrect results. Therefore, SearchLength must be long
enough to acquire at least one complete burst. Because the time instant
specified by the Start parameter can be soon after the beginning of a burst,
it is recommended that SearchLength be set to a value approximately equal
to 2 burstLength + 3 idle, where burstLength is the duration of a burst in
seconds and idle is the duration of the idle part in seconds. If the duration
of the burst or the idle part is unknown, then a TimedSink component can
be used to record the signal and the signal can be plotted in the Data
Display. By observing the magnitude of the signal's envelope versus time
one can determine the duration of the burst and the idle interval.

After a burst is detected, synchronization is performed. The burst is then
demodulated (the FCarrier parameter sets the frequency of the internal local
oscillator signal). The burst is then analyzed to get the EVM measurement results.

The EVM results is that of each input channel, each of which could contain a
mix of data from several different data streams. To compute the EVM of the
input channel, the measured and reference data from the data streams is
mapped back through the measured channel response matrix, to produce
measured and reference vectors for each input channel. EVM is computed
from these measured and reference vectors for the input channel. The
measured and reference vectors for the input channel are currently kept
internal to the model, so can't be examined by the user.

If AverageType is set to Off, only one burst is detected, demodulated, and
analyzed.

If AverageType is set to RMS (Video), after the first burst is analyzed the
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signal segment corresponding to it is discarded and new signal samples are
collected from the input to fill in the signal buffer of length SearchLength.
When the buffer is full again a new burst search is performed and when a
burst is detected it is demodulated and analyzed. These steps repeat until
FramesToAverage bursts are processed or SearchLength x
FramesToAverage long signals are analyzed.
If for any reason a burst is misdetected the results from its analysis are
discarded. The EVM results obtained from all the successfully detected,
demodulated, and analyzed bursts are averaged to give the average result.
4, Parameter details.
FCarrier is the internal local oscillator frequency used by demodulator.
MirrorSpectrum is used to mirror the spectrum (invert the Q envelope) of input
signal.
Start indicates the time instant from which the input signal is collected for
measurement.
AverageType is used to select average type of measurement. If it is set to Off, only
one burst is detected, demodulated, and analyzed. If it is set to RMS (Video),
measurement shall be repeated until FramesToAverage bursts are detected or
SearchLength x FramesToAverage long signals are analyzed.
FramesToAverage is the number of frames that will be averaged if AverageType is
RMS (Video).
GuardIntervalSel is used to select guard interval of data symbols. If it's set Auto
Detect Guard, the demodulator will get guard interval of data symbols automatically.
If it's set ManuOverride Guard, the demodulator will regard guard interval of data
symbols as GuardInterval whatever the real one is.
GuardInterval sets the guard interval of data symbols for the demodulator, as a
fraction of the FFT time period, only 0.25 (full guard interval) and 0.125 (half guard
interval or ShortGI) is allowed. It is valid only when GuardIntervalSel is set to
ManuOverride Guard.
SearchLength indicates how long a signal is used each measurement. It's
recommended that SearchLength be set a value of a little more than 2 times of the
duration of a valid burst plus idle part.
MeasurementOffset indicates the number of data symbols at the beginning of data
payload that shall be discarded in EVM calculation. If the number of data symbols
detected in a burst is less than the sum of MeasurementOffset and
Measurementinterval, the real "MeasurementOffset" shall be reduced till 0.
Measurementinterval indicates the number of data symbols used for EVM calculation.
If it is set to 21848, all data symbols except the first MeasurementOffset data
symbols shall be used. If the number of data symbols detected in a burst is less than
the sum of MeasurementOffset and MeasurementiInterval, the real
"MeasurementOffset" shall be reduced till 0. If the humber of data symbols detected
is less than Measurementinterval, the real "MeasurementInterval” shall be reduced
and all data symbols shall be used for EVM calculation. See the following figure for
the relationship of SearchLength, MeasurementOffset, and Measurementinterval.
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Relationship of SearchLength, MeasurementOffset and MeasurementlInterval

SubCarrierSpacing specifies the subcarrier spacing of the OFDM signal. The subcarrier
spacing must match the actual subcarrier spacing in the input signal in order for the
demodulation and analysis to be successful.

SymbolTimingAdjust is used for optimal demodulation. Normally, when demodulating
an OFDM symbol, the 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 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. The
following figure 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. Values belongs to [-3.125%, (GuardInterval/2)%] is recommended.

T=T_+T..
-4 »>
T T
- & >
-— I .
| - » i
-4 > -'l—.

Tsra[u"{u]

T = Symbol Time

T ., = Guard Interval

T..., = FFT/IFFT Time Period

T.. = Symbol Transition Time

T.r = Symbol Timing Adjust (%)
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SymbolTimingAdjust Definition

TrackAmplitude is used to decide whether amplitude tracking which is derived from
pilots in data symbols shall be used in demodulation process.

TrackPhase is used to decide whether phase tracking which is derived from pilots in
data symbols shall be used in demodulation process.

TrackTiming is used to decide whether timing tracking which is derived from pilots in
data symbols shall be used in demodulation process.

Bandwidth is the bandwidth of the input signal, 20 MHz or 40 MHz.

NumTx is the number of input channels, only 1-channel and 2-channel signals are
supported by this model.

References

1. EWC HT PHY Specification v1.13 November 5th, 2005.

2. IEEE Std 802.11a-1999(R2003), Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer(PHY) specifications, High-Speed Physical Layer in the 5 GHz Band,
June 12th, 2003.
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WLAN_11n_RF_CCDF (WLAN 11n RF CCDF)

202.11n

e'—» CCDF

WLAN_11n_RF_CCDF

Description Complementive cumulative distribute function of signal
Library WLAN 11n, Measurements
Class TSDFWLAN_11n_RF_CCDF

Parameters
Name Description Default Unit Type Range
OperatingMode operating mode: MixedMode, GreenField MixedMode enum
MCS modulation Coding Scheme ( [0,31] ) 0 int [0, 31]
Bandwidth band width: BW20MHz, BW40MHz BW20MHz enum
HTLength PSDU length in byte ( [1, 2716-1]) 256 int [1, 2~16-1]
ShortGI 400ns guard interval in data symbols: NO, YES |NO enum
NumHTLTF number of HT long training fields 1 int [1, 4]
OversamplingOption jover sampling ratio: x1, x2, x4, x8, x16, x32 |x1 enum
IdleInterval Idle Interval 100 nsec |sec |real |[O,
1000usec]
NumTx number of transmit chains (antennas) 1 int [1, 4]
OutputPoint Indicate output precision 100 int [1, o)
RefR Reference resistance 50.0 real |(0, o)
Pin Inputs

Pin Name Description Signal Type
1 Jinput |input signal |multiple timed

Notes/Equations

1. This subnetwork is used to measure the CCDF (complementary cumulative
distribution function) for WLAN 11n RF signals. The subnetworks schematic is shown
in the following figure.
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WLAN_11n_CCDF Schematic

2. The input RF signal is down-converted to baseband signals first and then the time
and frequency offset have been compensated. The CCDF of data field and whole
packet are measured on each transmit chain and saved to the dataset. The
distribution range from the peak power to the minimum power is divided into
measurement bins based on the parameter OutputPoint.

References

1. EWC HT PHY Specification v1.13 November 5th, 2005.
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WLAN_11n Receiver Components

The components that can be used to construct 11n receivers are provides in this category.

WLAN 11n AntDemapper (WLAN 11n Antenna) (wlanl1n)

WLAN 11n BurstDemux (WLAN 11n Burst Demultiplexer) (wlanl1ln)
WLAN 11n ChDecoder (WLAN 11n FEC decoder) (wlanl1n)

WLAN 11n ChEstimator (WLAN 11n Channel Estimator) (wlanlln)
WLAN 11n DataUnwrap (WLAN 11n Data Unwrap) (wlanl1n)

WLAN 11n Demapper (WLAN 11n constellation demapper) (wlanl1ln)
WLAN 11n OFDMDeMod (WLAN 11n OFDM demodulation) (wlan11n)
WLAN 11n PhaseTracker (WLAN 11n Phase Tracker) (wlanl1n)
WLAN 11n RF Demodulator (WLAN 11n RF Demodulator) (wlanl1ln)
WLAN 11n SpatialCommutator (WLAN 11n Spatial Commutator) (wlanl1n)
WLAN 11n Sync (WLAN 11n Synchronizer) (wlanlln)
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WLAN_11n_AntDemapper (WLAN 11n Antenna)

WLAN 11n_AntDemapper

Description high througput long training field for mixed mode
Library WLAN 11n, Receiver Components
Class SDFWLAN_11n_AntDemapper

Parameters
Name Description Default Type Range
MCS modulation Coding Scheme ( [0,32] |0 int [0, 32]

)
Bandwidth band width: BW20MHz, BW40MHz BW20MHz lenum

HTLength |PSDU length in byte ( [1, 27°16-1] ) 256 int [1, 2~ 16-
1]

NumRx number of receiver antennas 1 int [1, 4]
Pin Inputs
Pin Name |Description Signal Type
1 |HQ_D channel coefficient in data subcarriers complex matrix
2 |Data_PT data part after phase tracker in data complex matrix

subcarriers
Pin Outputs
Pin Name Description Signal Type
3 |DataAftChC |data part after channel compensation and antenna demapper in data multiple

subcarriers complex

Notes/Equations

1. This subnetwork model is used to demap the received signal chains to spatial streams

and remove the effect of cyclic shift as well as the channel.

2. The input HQ_D is NumRx> Nss matrix pin which input the estimated channel

impulse response matrix of the data subcarriers. The input Data_PT is VumRxx 1
matrix pin which input the values of the data subcarriers after phase offset
compensation. The output DataAftChC is multi-port pin which should be expanded to
the number of spatial streams (NSS) and used to output the values of the data
subcarriers after channel compensation.

The schematic of this subnetwork is shown in the following figure.
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WLAN_11n_AntDemapper Schematic

Each firing,
In the case of 20 MHz transmission,

52 tokens (!wlan11n-7-02-005.gif! matrix) are consumed at pin HQ_D;
52 x NSYM (!wlan11n-7-02-006.gif! matrix) tokens are consumed at pin
Data_PT;
52 x NSYM tokens are produced at each port of the pin DataAftChC.
In the case of 40 MHz transmission,
108 tokens (!wlan11n-7-02-007.gif! matrix) are consumed at pin HQ_D;
108 x NSYM (!wlan11n-7-02-008.gif! matrix) tokens are consumed at pin
Data_PT;
108 x NSYM tokens are produced at each port of the pin DataAftChC.
where,

Ngyy = mgrpe X ceil((8 X HTLength + 16 + 6 X Ngg)/(mgrpe X Nppps))
where,
mSTBC is 1 (STBC is not used.) HTLength is the PSDU length in byte. NES is the
number of FEC encoders used which is decided by the parameter MCS.
NDBPS is the number of data bits per symbol which is decided by parameters
MCS and Bandwidth.

3. The antenna demap and channel compensations in all data subcarriers are expressed

as follows:
D"(k) = (HPO(k))T- R (k)
where,
R"(k d
|;']=|:r:._. n.' i| , )
RE1K) oo R NumRx (K) is the VumRx X1 racaived signal vector of

the k'th data subcarrier of the n'th data symbol.

N - T

D kﬂ_l = |:.Dnll;k] - ..Dn.-'\"ssl;k:]

is the recovered spatial stream vector of the
k'th data subcarrier of the n'th data symbol.

-1 H
(HPQ(K))T = (HPQ(K)" - HPQ(K))™ - (HPO(K)) (g the pseudo-inverse of
the estimated channel impulse response matrix of the k'th data subcarriers
HDO (k)

The matrix inversion of H®CKkN™ HECK js performed by the
WLAN_11n_InverseCx_M. If this matrix is singular, the output is a zeros
matrix with the same size.
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The recovered spatial stream vectors are unpacked and output at Pin DataAftChC.

References

1. EWC HT PHY Specification v1.13 November 5th, 2005.
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WLAN_11n_BurstDemux (WLAN 11n Burst
Demultiplexer)

N
92_» input =

20Z.11n

13222327

WLAN_11n_BurstDemux

Description 802.11n burst de-multiplexing

Library WLAN 11n, Receiver Components
Class SDFWLAN_11n_BurstDemux

Parameters

Name
OperatingMode

Description

operating mode: MixedMode, GreenField

Type Range

MixedMode lenum

MCS modulation Coding Scheme ( [0,32] ) int [0, 32]

Bandwidth band width: BW20MHz, BW40MHz enum

HTLength PSDU length in byte ( [1, 27°16-1] ) int [1, 2~ 16-
1]

ShortGI 400ns guard interval in data symbols: NO, YES INO enum

NumHTLTF number of HT long training fields int [1, 4]

NumRx number of transmit chains (antennas) int [1, 4]

OversamplingOption jover sampling ratio: x1, x2, x4, x8, x16, x32 enum

Pin Inputs

Pin Name Description Signal Type

1 |syncIndex |index of optimal start point L-STF

2 |input frequency offset compensated signal ( without idle interval ) multiple complex

Pin Outputs
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Pin Name |Description Signal Type
3 |LSTF |legacy short training field without guard interval multiple
complex
4 |LLTF |legacy long training field( HT-LTF1 in Green Field Mode) without guard interval ) |multiple
complex
5 |LSIG |L-SIG Mixed Mode or zeros in Green Field Mode without guard interval multiple
complex
6 |HTSIG high throughtput signal field without guard interval multiple
complex
7 |HTSTF |high throughput short training field without guard interval multiple
complex
8 |HTLTF high throughput long training field ( of one OFDM symbol length each ) without multiple
guard interval complex
9 |Data |data symbols without guard interval multiple
complex

Notes/Equations

1. This model is used to de-multiplex the received bursts (frames) for WLAN 11n RF
receiver.

2. Its input (and each output) pin is a multi-port pin, each sub-port corresponds to a
transmit channel/chain. This pin should be connected with a pin whose bus width is
NumRXx, for instance, the Bus model with parameter "BusWidth" set to NumRx.

3. The input signal should be a cluster of pure frames (without idle interval) with same
duration and preamble format.

Input "SyncIndex" is used to determine the start of L-STF in the input frame. If this
pin is left unconnected, default value 0 shall be used. If "SyncIndex" is connected
and its value is not 0, value SyncIndex - FrameLength shall be used as the optimal
start of the burst which means signal of the preceding frame shall be used.

4, Each fire, N inSample tokens in each transmit channel shall be consumed at the "input"

pin, N tokens shall be generated at each output pin, where

outSample

Ninsampte = [(8+ NumHTLTF) - 80+ 80« Num DerreaSypa] - 274" e Orersampling Opecan

Mode and full guard interval in data symbols,

= [(8+NumHTLTF) - 80+ 64 - NumDataSym] 2524 bt Oversampling Opsion

in Mixed

"l"lan_'Tu.'.u_,'.l.':

Mode and half guard interval in data symbols,

= [(5+NumHTLTF) - 80+ 80 - NumDaraSyn] . 2540wkt Oversampling Opsion

in Mixed

"l"lan_'Tu.'.u_,'.l.':

Field and full guard interval in data symbols,
= [(5+ NumHTLTF) - 80 + 64 - Num DataSym] 22 wckh+ Oversampling Oprion

in Green

"l"lan_'Tu.'.u_,'.l.':

Field and half guard interval in data symbols,

n B ~Bandvidih+ QrersamplingQprion
SField =

in Green

N eurSample =
4

NumDataSym is determined by parameter HTLength and MCS, see section 4 in
References #1 for more details. NField is the output symbol number of each signal
field. For Mixed Mode,

N =2
Nesrr=12

4
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4
Nyr_prr = NumHTLTF
4

Ny = NamDataSym

’

and for Green Field,

Me-trr =2 Wwhich is in fact the signal field of HT-LTF1 for demodulating HT-
SIG,
Nor-smic =

4
Nyr_prr = NumHTLTF
4

ra

N

Y paca

5. The outputs of each field, including L-STF, L-LTF, L-SIG, HT-SIG, HT-STF, HT-LTF and
Data, are all OFDM symbols without guard interval. The following figure shows the
relationship of input and outputs.

l&-hh

= Num DaraSvm

Green Field

Relationship of Input and Outputs

References

1. EWC HT PHY Specification v1.13 November 5th, 2005.
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WLAN_11n_ChDecoder (WLAN 11n FEC decoder)

202 1Tn

< ppppl| FEC &

Decoder

WLAN_11n_ChDecoder

Description Channel decoding of PSDU
Library WLAN 11n, Receiver Components
Class SDFWLAN_11n_ChDecoder

Parameters
Name Description Default Type Range
MCS modulation Coding Scheme ( [0,32] |0 int [0, 32]

)
Bandwidth band width: BW20MHz, BW40MHz BW20MHz lenum

HTLength |PSDU length in byte ( [1, 2216-1]) 256 int [1, 2~16-
1]

Pin Inputs

Pin Name |Description Signal Type

1 |In encoded bit stream multiple real

Pin Outputs

Pin Name Description Signal Type
2 |Out un-Coded bits multiple int

Notes/Equations

1. This subnetwork is used to implement the Viterbi decoder.
2. The input and output pins are multiport pins, the buswidth of which is N 5. Each

firing, N gy X N cgpg tokens are consumed and N gy X N pgpg tokens are produced,
where N gy is the number of data symbols per frame, N ygpg is number of data bits
per OFDM symbol and N ~gpg is the number of coded bits per OFDM symbol. The

schematic of this subnetwork is shown in
the following figure.
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WLAN_11n_ChDeoder Schematic
3. The input data are padded with zeros first, which is the reverse process of puncture.
Then a Viterbi decoder is applied to achieve maximum likelihood decoding.

References

1. EWC HT PHY Specification v1.13 November 5th, 2005.
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WLAN_11n_ChEstimator (WLAN 11n Channel
Estimator)

20211n
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WLAN_11n_ChEstimator

Description high througput long training field for mixed mode
Library WLAN 11n, Receiver Components
Class SDFWLAN_11n_ChEstimator

Parameters
Name Description Default Type Range
MCS modulation Coding Scheme ( [0,32] |0 int [0, 32]

)
Bandwidth band width: BW20MHz, BW40MHz BW20MHz lenum

NumHTLTF number of HT long training fields 1 int [1, 4]
NumRx number of receiver antennas 1 int [1, 4]
Pin Inputs
Pin Name |Description Signal Type
1 |Signal_F |output signals from multiple complex
FFT
Pin Outputs
Pin Name Description Signal Type

2 |HQ_D |[channel coefficient in data subcarriers complex matrix
3 |HQ_P |[channel coefficient in pilot subcarriers |complex matrix

Notes/Equations

1. This subnetwork is used to estimate the WLAN MIMO channel based on the High
Throughput Long Training Fields (HT-LTFs) and output estimated channel impulse
response (CIR) matrixes of the active subcarriers which include the data subcarriers

part and the pilot subcarriers part.

2. The input is multi-port pin which should be expanded to the number of receiver

NumRx x N
antennas (NumRx). The two outputs are " 59

matrix pins which are used to output estimated channel impulse response matrix of

the data subcarriers part and the pilot subcarriers part respectively.
The schematic of this subnetwork is shown in the following figure.

55



Advanced Design System 2011.01 - WLAN 11n Design Library

WLAN_11n_ChEstimator Schematic

Each firing,

In the case of 20 MHz transmission, 56 tokens are consumed at each input port; 52
tokens (!wlan11n-7-05-040.gif! matrix) are produced at the output port HQ_D and 4
tokens (!wlan11n-7-05-041.gif! matrix) are produced at the output port HQ_P.

In the case of 40 MHz transmission, 114 tokens are consumed at each input port;
108 tokens (!lwlan11n-7-05-042.gif! matrix) are produced at the output port HQ_D
and 6 tokens (!wlan11n-7-05-043.gif! matrix) are produced at the output port HQ_P.
. This subnetwork model uses the HTLTF(s) to estimate the overall channel matrix

HDQ , Which includes the applied Spatial Mapping Matrix Q and the effect of cyclic
PP

shift = .

. The sequence used to construct the HT training sequence is defined as follows:

If Bandwidth=20 MHz,

HTLTFL ,g.4 ={1,1,1,1,-1,-1,1,1,-1,1,-1,1,1,1,1, 1,1, -1, -1,

1! 11 _11 11 _11 1! 11 1! 11 1! _11 _11 1! OI 1! _11 11 _11 11 _11 _11 _11 _11 _11
1/ 11 _11 _11 11 _11 1/ _11 1/ 11 1/ 11 _11 _1}

If Bandwidth=40 MHz,

HTLTFL .06 = {1,1,-1,-1,1,1,-1,1,-1,1,1,1,1,1,1,-1,-1, 1, 1, -

1/ 11 _11 1/ 11 1/ 1/ 1/ 1/ _11 _11 1/ 1/ _11 1/ _11 1/ _11 _11 _11 _11 _11 11 1/ -
1/ -11 1/ -11 1/ -11 1/ 1/ 1/ 1! -11 -1/ _11 1/ OI 0/ OI -11 1/ 1! -11 1/ 1/ -11 -11
1! 11 -11 11 _11 1! 11 1! 11 1! 11 -11 _11 11 1/ _11 1! _11 11 11 11 11 11 11 _11 -
i,1,1,-1,1,-1,1,-1,-1,-1,-1,-1,1,1,-1,-1,1,-1,1,-1,1,1,1, 1}

4

The transmitted sequence in the iSMI'th spatial mapper input in the n'th HT training

symbol is multiplied by the polarity PHTLTF(iSMI,n). The +* %
polarity pattern matrix PHTLTF is defined as follows:

1 -1 1 1
1 1 -11
Furirr = 11
-1 1 1 1

NumRx X NumHTLTF  ma5¢rix of the received signal R(K)

For the kth subcarrier, the
is expressed as follows:
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Rik) = HPO(K)- HTLTF( k)
where,
Noo® NumHTLTF

Nee s NumHTLTF
PuriTr is a Nee X NumHTLTF

-HTLTF1(k)

submatrix of P HTLTE with the first N Ss
raws and the first NUmHTLTF columns of P HTLTF"

NumBx x Nqg

For this subcarrier, the estimated CIR HPQ i 5 matrix which can be

calculated as follows:
HbOk) = Rik)- (HTLTF(k) )
where,

. * H ' H -1
(HTLTF)i = HTLTF" (HTLTF - HTLTF')™ i the pseudo-inverse of HTLTF.

References

1. EWC HT PHY Specification v1.13 November 5th, 2005.

2. IEEE Std 802.11a-1999(R2003), Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer(PHY) specifications, High-Speed Physical Layer in the 5 GHz Band,
June 12th, 2003.
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WLAN_11n_DataUnwrap (WLAN 11n Data Unwrap)
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WLAN_11n_DataUnwrap

Description Tailling and padding of PSDU bit stream
Library WLAN 11n, Receiver Components
Class SDFWLAN_11n_DataUnwrap

Parameters
Name Description Default Type Range
MCS modulation Coding Scheme ( [0,32] |0 int [0, 32]

)
Bandwidth band width: BW20MHz, BW40MHz BW20MHz lenum

HTLength |pSpu length in byte ( [1, 216-17)  |256 int  |[1, 216-1
Pin Inputs

Pin Name |Description [Signal Type
1 |In PSDU in bit |int
Pin Outputs

Pin Name |Description Signal Type
2 |Out bits after tail and pad bits are removed |int

Notes/Equations
1. This model is used to extract PSDU bits stream from the received data field and

delete the service field, the tail and the pad bits.
2. Each firing,

Ngyy X Npgps tokens are consumed at pin In which are the received data

field including service field, tail and pad bits.
where

Ngyy is the number of symbols in the data field which is computed using
the formula:

a"'\'rls:r'_lw = mSTBC b C'CHIL_L_S b HTLc’ngi‘h =+ J.EJ + 'b * ;"'\'rE_::":If;l;mSTBC * ;"'\'rDBP_::":I ]

where
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Mgrgc is 1 (STBC is not used.)

HTLength is the PSDU length in byte.

16 is the number of service field bits which have been scrambled by the
scrambler.

Ngg is the number of FEC encoders used which is decided by the parameter

MCS and 6 X Ngg is the number of tail bits.
Npgps is the number of data bits per symbol which is decided by

parameters MCS and Bandwidth.
8 X HTLength tokens are produced at pin Out which are the extracted
PSDU bits stream.

References

1. EWC HT PHY Specification v1.13 November 5th, 2005.

2. IEEE Std 802.11a-1999(R2003), Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer(PHY) specifications, High-Speed Physical Layer in the 5 GHz Band,
June 12th, 2003.
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WLAN_11n_Demapper (WLAN 11n constellation
demapper)
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WLAN_11n_Demapper

Description Demapping of BPSK, QPSK 16-QAM or 64-QAM for each spacial
stream

Library WLAN 11n, Receiver Components

Class SDFWLAN_11n_Demapper

Parameters

Name Description Default |Type Range

MCS Modulation Coding Scheme ( [0~32] ) 0 int [0~32]

Bandwidth |band width: BW20MHz, BW40MHz BW20MHz lenum

HTLength |PSDU length in byte ( [1, 2°16-1]) 256 int [1, 2~16-
1]

NumRx Number of transmit antennas 1 int [1, 4]

Csl Channel status information usage option: OFF, ON |OFF enum

Pin Inputs

Pin Name Description Signhal Type

1 |H channel complex matrix
2 |In input signal |multiple complex
Pin Outputs

Pin Name |Description [Signal Type
3 |Out bit stream |multiple real

Notes/Equations

1. This subnetwork is used to implement BPSK,QPSK 16QAM and 64QAM demodulation
and output the soft decision value for the Viterbi decoder.

2. The frequency-domain equalized data and the channel estimation matrix are input
while the soft demapped bits are output. The buswidth of the input is the same as
the buswidth of output, which is N r,. Each firing, N gy, *N g, data tokens and one

token of channel estimation matrix are consumed and N gy, *N ppps tokens of bits
are produced, where N ¢y, is the number of data symbols per frame, N ;pps is
number of data bits per OFDM symbol and N ¢ is the number of data subcarriers per

OFDM symbol. The schematic of this subnetwork is shown as follows
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[ -—[>—‘
-

WLAN_11n_Demapper schematic

3. The soft value for each bit is determined by the Euclid distance from the constellation
to the decision phase. The soft output is weighted by the channel state information,
which is calculated from the received power on each N 4.

References

1. EWC HT PHY Specification v1.13 November 5th, 2005.
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WLAN_11n_OFDMDeMod (WLAN 11n OFDM
demodulation)
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WLAN_11n_OFDMDeMod

Description OFDM symbol modulation
Library WLAN 11n, Receiver Components
Class SDFWLAN_11n_OFDMDeMod

Parameters

Name Description Default [Type Range
NumRx Number of Receiver antennas 1 int [0~4]
Bandwidth band width: BW20MHz, BW40MHz BW20MHz lenum

OversamplingOption |over sampling ratio: x1, x2, x4, x8, x16, x1 enum
X32

Pin Inputs

Pin [Name Description Signal Type
1 |input |OFDM symbol stream multiple complex
Pin Outputs

Pin Name Description Signal Type

2 |output |output subcarrier multiple complex
stream

Notes/Equations

1. This subnetwork is used to convert the 11n time domain signals to frequency domain
by applying FFT.
2. The input and output pins are multi-port pins. Both of them has a buswidth of N 4s.

The subnetworks schematic is shown in the following figure.
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WLAN_11n_OFDMDeMod Schematic

References

1. EWC HT PHY Specification v1.13 November 5th, 2005.
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WLAN_11n_PhaseTracker (WLAN 11n Phase Tracker)
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WLAN_11n_PhaseTracker
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Description phase tracker
Library WLAN 11n, Receiver Components
Class SDFWLAN_11n_PhaseTracker

Parameters

Name Description Default |Type Range

OperatingMode operating mode: MixedMode, GreenField |MixedMode |enum

MCS modulation Coding Scheme ( [0,32] ) 0 int [0, 32]

Bandwidth band width: BW20MHz, BW40MHz BW20MHz |enum

HTLength PSDU length in byte ( [1, 27°16-1]) 256 int [1, 2~16-
1]

NumRXx number of receiver antennas 1 int [1, 4]

Phase initial phase of pilots 0 int [0, 126]

Pin Inputs

Pin Name |Description Signal Type

1 |HQ_P |channel coefficient in pilot subcarriers complex matrix

2 |Data_R |data part received including pilot multiple complex

subcarriers

Pin Outputs

Pin Name Description Signal Type

3 |DataAftPT |data part after phase tracker in data complex matrix

subcarriers

Notes/Equations

1. This subnetwork model is used to track and compensate the phase drift on data

subcarriers caused by the remaining frequency offset.

2. The input HQ_P is NumRx X N matrix pin which input the estimated channel

impulse response matrixes of the pilot subcarriers. The input Data_R is a multi-port
pin which should be expanded to the number of receiver antennas (NumRx). The
received signal of the active subcarriers (including data subcarriers and pilot

subcarriers) are input from this port. The output DataAftPT is NVUmRX X1 atrix pin.
The updated values of the data subcarriers are output from this port.
The schematic of this subnetwork is shown in the following figure.
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WLAN_11n_PhaseTracker Schematic

Each firing,
in the case of 20 MHz transmission,

4 tokens ('wlan11n-7-09-067.gif! matrix) are consumed at pin HQ_P;
56 x N gy tokens are consumed at each port of the pin Data_R;

52 X N gy, tokens (!wlan11n-7-09-068.gif! matrix) are produced at the
output port;

in the case of 40 MHz transmission,

6 tokens (!wlan11n-7-09-069.gif! matrix) are consumed at pin HQ_P;
114 x N gy, tokens are consumed at each port of the pin Data_R;
108 x N gy, tokens (!wlan11n-7-09-070.gif! matrix) are produced at the

output port.

where,
Neyy = Mg X ceil( (8 X HTLength + 16 + 6 X Ngo)/ (Msrpe X Npgps))

where,
m srgc is 1 (STBC is not used.) HTLength is the PSDU length in byte. N ¢
is the number of FEC encoders used which is decided by the parameter
MCS.
N is the number of data bits per symbol which is decided by

65



Advanced Design System 2011.01 - WLAN 11n Design Library
DBPS
parameters MCS and Bandwidth.
3. The phase offset of each received signals chain are detected and compensated
respectively.

The phase offset of i'th received signal chain 9 is calculated as follows:
/ Nea Y

(=) T
‘WSP

)
A

8. = arg 1. Zmnjl;.fg.:l;k] ) - Pk
where,

Pilk) is the current received value of the k'th pilot subcarrier of the i'th
received signal chain.

Pli(k) is the value of the k'th pilot subcarrier of the i'th received signal
chain, which is calculated according the estimated CIR matrix of this
subcarrier and the pilot value transmitted.

N gp is the number of Pilot Subcarriers.

In the case of 20 MHz transmission, 4 pilots subcarriers inserted in -21, -7, 7 and 21
and the estimated CIRs matrixes of these pilot subcarriers are used.

In the case of 40 MHz transmission, 6 pilots subcarriers inserted in -53, -25, -11, 11,
25 and 53 and the estimated CIRs matrixes of these pilot subcarriers are used.

The estimated phase offset 9 are used to compensate the data subcarriers of this
received signal chain.

Set di(k) and (k) are the received value and the compensated value of the k'th
data subcarrier from the i'th received signal chain respectively. Then

a,
dik) =dik)-¢ " i=1,..NumRx k=1 ..,Ng

The updated values of the same subcarrier are packed to a VumRxx 1

matrix and all these matrixes of the data subcarriers are output at Pin DataAftPT.

References

1. EWC HT PHY Specification v1.13 November 5th, 2005.

2. IEEE Std 802.11a-1999(R2003), Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer(PHY) specifications, High-Speed Physical Layer in the 5 GHz Band,
June 12th, 2003.
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WLAN_11n_RF_Demodulator (WLAN 11n RF

Demodulator)
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WLAN_11n_RF_Demodulator

Description RF demodulator with complex output for 802.11n

Library WLAN 11n, Receiver Components
Class TSDFWLAN_11n_RF_Demodulator

Parameters

Name Description

RIn input resistance

FCarrier internal (local) reference frequency( -1 for ideal
FCarrier lock )

Phase reference phase in degrees

VVRef modulator voltage reference level

MirrorSpectrum Mirror spectrum about carrier? NO, YES

NumTx number of transmit antennas

AntGainImbalance |gain imbalance in dB, relative to average power
(Power/NumTx)

IQGainImbalance |gain imbalance in dB, Q channel relative to I

channel

Phaselmbalance |phase imbalance in degrees, Q channel relative

to I channel
Pin Inputs

Signal Type
input baseband signal \multiple timed

Pin [Name Description
1 |input
Pin Outputs

Pin Name Description Signal Type

2 |output |output RF signal multiple complex

Notes/Equations

Default
DefaultRIn
-1

0.0 0.0 0.0
0.0

1

NO

1

0.0 0.0 0.0
0.0

0.0 0.0 0.0
0.0

0.0 0.0 0.0
0.0

Unit Type
Ohm [real
Hz [real

real
array

deg

\ real
enum
int
real
array

real
array

real
array

deg

Range
(0, )
{-1} or (O,
)

(-0, )

(0, )

[1, 32)

(-Ool OO)
(-ool OO)

(_Ool OO)

1. This model is used to convert timed RF signals into baseband signals for WLAN 11n

RF receiver.

Its input (output) pin is a multi-port pin, each sub-port corresponds to a transmit
channel/chain. This pin should be connected with a pin whose bus width is NumTx,
for instance, the Bus model with parameter "BusWidth" set to NumTx.
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Its input are timed RF signals and outputs are baseband (complex envelope) signals.
WLAN_11n_RF_Demodulator does not downsample or filter the down converted
signals.
For each input sample consumed, one output sample is produced.
. Each port (transmit channel) of the input bus should be connected in series to a
resistor with impedance of RIn. This resistor connects this model with the preceding
model.

. Parameter details:

e FCarrier is used to set the internal oscillator frequency used for demodulation.
Local carriers of all transmit channels are from the same oscillator without phase
noise. Setting FCarrier to -1 means that this model shall use the input signal
characterization frequency as the internal oscillator frequency.

e Phase is the reference phase array of each transmit channel in degree, which
will result in constellation rotation.

e The VRef parameter is used to calibrate the demodulator. Output values shall be
the same as the values at the input of WLAN_11n_RF_Modulator when the
following conditions are satisfied:

power at the demodulator input is 10 mW = 10 dBm;
VRef is set to the same value for WLAN_11n_RF_Modulator and this
model.

The MirrorSpectrum parameter can be used to mirror the spectrum (invert the Q
envelope) at the output of the demodulator of each transmit channel.

e NumTx is the number of transmit channels or bus width of input and output
signals.

e AntGainImbalance is the gain imbalance array of each transmit channel in dB,
relative to 0 dB (default gain) of this channel.

e IQGainImbalance is the gain imbalance array of each transmit channel in dB, Q
channel relative I channel.
PhaseImbalance is the phase imbalance array of each transmit channel in
degree, Q channel relative to I channel.

. Brief description of implementation algorithms.

Assuming that the input signal of the i'th transmit channel is

. . . . fr27 - Ffur'r'.:cr';xp_.‘_. F
V(D) = Real{inReli) +intm(1) - ¢ J , the output signal on the /'th
transmit channel is generated as follows:

Step 1:

i1 = : , . . j+ 2. (FCuarricr,_,, — FCurrier)
C'HFRC[{] = Rfd!{({nﬁf[{]+{n.’m[{]]_c"r FPIEr oy UFFiCr
i1 = . . . . fr2m . (FCurrier,_,,— FCarrier) ¢
c:'m‘."m[{] = ."mgg{“nﬁc[{]_'_{n.;m[{]]_CJ Fricr,., Curricr

Step 2: phase rotation and phase imbalance

temp = outReli] .
outReli] = oet?Rc[i]cosL%j—c:'ur."m[{']s.inL

(Phase[i] - 4
180 4
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'

outim[i] = temp - SjﬂLLPhasc[i] + Phaselmbalance[i]) - ?t‘:l
180 s
+ outimli] CDSLLFPMS@[{] + Fhujggmbu!uncc[f] ) - ﬂ:‘:l

Step 3: IQ gain imbalance

T10Gainimbalarce[i]
outlm[i] = outim[i]- 10 =0

Step 4: inter-antenna gain imbalance

ArtGainlmbalurce[i]

outRel[i] = outRe[i]- 10 =0

AntGainimbulunceli]
3
outlm[i] = outlm[i]- 10 =0

Step 5: gain scaling.

. . VRef
outReli] = outReli]  ————
JIRIN S50

4
. . VR ef
outlm[i] = outim[i] -
JIRIN) /50

Step 6: mirror spectrum

if (MirrorSpectrum = = YES)

outlm(i] = —outim[i]

References

1. EWC HT PHY Specification v1.13 November 5th, 2005.
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WLAN_11n _SpatialCommutator (WLAN 11n Spatial
Commutator)

B02.TTn
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WLAN_11n_SpatialCommutator

Description 11n spatial commutator
Library WLAN 11n, Receiver Components
Class SDFWLAN_11n_SpatialCommutator

Parameters

Name Description
MCS |modulation Coding Scheme ( [0,31]

)

Pin Inputs

Pin Name Description Signal Type

1

input |input signal |multiple anytype

Pin Outputs

Pin Name Description Signal Type

2

output joutput signal imultiple anytype

Notes/Equations

Default Type Range

0

int  |[0, 31]

1. This subnetwork is used to map signal on spatial streams to encoder streams.
2. The input and output pins are multi-port pins. The buswidth of input pin is N ¢¢, while

Q-L» > H-:f“*-—r—h

Fi

the output buswidth is N .. Each firing, s x N ¢ tokens from each input port will be

consumed, s=max(1,N gps-/2), and s x N g5 tokens are produced to each output

port. The subnetworks schematic is shown in the following figure.

Bt ca O3

=]
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WLAN_11n_SpatialCommutator Schematic

References

1. EWC HT PHY Specification v1.13 November 5th, 2005.
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WLAN_11n_Sync (WLAN 11n Synchronizer)

3

ao0z.11n ’é

1 [ 2
«PpPp & "3

WLAN_11n_Sync

Description 802.11n frequency and timing synchronization
Library WLAN 11n, Receiver Components
Class SDFWLAN_11n_Sync

Parameters
Name Description Default Unit Type Range
OperatingMode operating mode: MixedMode, GreenField MixedMode enum
MCS modulation Coding Scheme ( [0,32] ) 0 int [0, 32]
Bandwidth band width: BW20MHz, BW40MHz BW20MHz enum
HTLength PSDU length in byte ( [1, 2716-1]) 256 int  |[1, 2716-1]
ShortGI 400ns guard interval in data symbols: NO, NO enum
YES
NumHTLTF number of HT long training fields 1 int [1, 4]
NumRx number of transmit chains (antennas) 1 int [1, 4]
OversamplingOption |over sampling ratio: x1, x2, x4, x8, x16, x32 |x1 enum
IdleInterval Idle Interval 100 nsec sec |real [[O,
1000usec]
OutType character of output signal: FreqCompensate, FreqCompensate enum
NoFreqCompensate
Pin Inputs
Pin Name |Description Signal Type
1 l|input |baseband signal for multiple complex
synchronization
Pin Outputs
Pin Name Description Signal Type
2 |SyncIndex |index of optimal start point of L-STF ( reference of input signal ) |int
3 |FreqOffset |frequency offset scaled in subcarrier interval real
4 |output frequency offset compensated signal multiple complex

Notes/Equations

1. This model is used to synchronize the input signal for WLAN 11n baseband receiver,
including frame synchronization and carrier frequency synchronization.

2. Its "input" and "output" are multi-port pins, each sub-port corresponds to a receiver
channel/chain. The two pins should be connected with pins whose bus width are
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NumRx, for instance, the Bus model with parameter "BusWidth" set to NumRx.
The input signal should be a cluster of baseband frames (with or without idle interval)
with the same duration and preamble format.
"output" outputs the time synchronized frame without idle duration, which is
abstracted from the input signal by a "optimal" window. If FreqCompensate is
selected for parameter OutType, carrier frequency compensation shall be applied to
the output signal, otherwise no carrier frequency compensation shall be applied.
"SyncIndex" outputs the index of start point of the "optimal" time synchronization
window for the input signal vector. The index is an offset of input samples index [0,
1, ..., N -1]. N is defined below.

"FreqOffset" outputs the carrier frequency difference between RF demodulator and RF
modulator, it's the ratio of measured carrier frequency difference in Hz to subcarrier
interval ¥ which is 312.5 kHz for 11n.

Each fire, N inSample tokens in each receiver channel shall be consumed at the "input"

inSample inSample

pin, N outSample tokens in each receiver channel shall be generated at the "output”

pin, 1 token shall be generated at pin "SyncIndex" and "FreqOffset", where

N ~Bandwidth+ Qrersamplingdpion

! Im.'?u.'.u_,'.l.':
in Mixed Mode and full guard interval in data symbols,
N = [| idlefntervad - 206 | + (8 + NamHTLTF) - 80+64 - NamDuaraSvym]

! Im.'?u.'.u_,'.l.':
in Mixed Mode and half guard interval in data symbols,
N = [| idlefntervad - 206 | + (5 + NamHTLTF) - 80+ 80 NamDuaraSvym]

! Im.'?u.'.u_,'.l.':
in Green Field and full guard interval in data symbols,
N = [| idlefntervad - 206 | + (5 + NamHTLTF) - 80+64  NamDuaraSvym]

TinSample

in Green Field and half guard interval in data symbols,

. Bandwidrh + Qrersampling@prion
—i| idletnterval  20e6 | 270" prngCpmon,

= [| idlefntervad - 206 | + (8 + NamHTLTF) - 80+ 80 NamDuaraSvym]

~Bandwidth+ Qrersamplingdpion
~Bandwidth+ Qrersamplingdpion

- Bandwidsh + QeersamplingQprion

"l"ls urSample = "l"la nSample
4

NumDataSym is determined by parameter HTLength and MCS, see section 4 in
Reference #1 below for more details.

. Brief description of synchronization algorithm.

In this model, only L-STF is used for synchronization.

Assuming

N | _s1s is the sample number of the period of L-STF, i.e. 1/10 of L-STF,

N corrwin=29 X N |_sts is the moving window (gate) width for accumulating

the correlated samples,
{s[m][n]} denotes the vector of input samples, m =0, 1, ..., NumTx-1, n
=-N, s7s°N orrwint1, 0,1, .., N mSamp,e-l, where n<0 refers to samples

of the preceding frame.

Correlate input samples of each receiver channel and sum them up, we get the
correlation function
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P+ Norowie = 1 NumTx = 1 Y
Z { Z (s[m][n])* - s[m][n+ N, _ors]
Corr(l n=i m=0 /
orrit) = PN e — L [NamTx— 1
2 > (slm][n])* - slm][n+Np_s75]
n=i m=0 ,
if I=01,.. ‘Wr.:r:.ﬂ'ump.fc - ‘WrI_—STS - ‘Wrca."."ll'.:r:
PN wie = L= Nt Num T = 1 Y
Z { Z (s[m][n])* - s[m][n+N; _orel
n=1-N_. m =0 4
Corr(l) = . -Jr.mwrp:'.:
PNt =4 = Moot | Num T = 1
Z Z (s[m][n])* - s[m]ln+ N, _srel
=1 =N e m=0 ,
if
[ = ‘Wr.:r:.ﬂ'um,u.fc - ‘h"'rL—STS - ‘h"'rcc.'."."H'.:r: +1, ‘Wr.:r:.ﬂ'um,u.fc - ‘WrI_ -S5T5— ‘h"'rc.:.'."."ﬂ'.:r: +3, ..., ‘h"'r.:r:.fn'ump.fc -1

and obtain the maximum correlation coefficient

COrr . = |C'm'r|;e' ]| = max{|Corr( )|}

mox

If correlation coefficient Corr ., is less than 0.5, this model shall regard the present

frame as an incompatible one and report synchronization failure information. Once
synchronization search fails in a frame, input signal are processed using
synchronization information of the preceding frame. If Corr ., is greater than 0.5,

then output "SyncIndex" and "FreqOffset" shall be obtained,

Synclndex = Npuract’ 3+ N

['!Imr.v: ! .:nﬁumpfc]mgd_.'.,-'_

tx Sampla

4
2/

FregOffset = [ZCorr(!

e -I] :
r

where the estimated start point of synchronization window is Noaracs”* samples ahead
of the index of correlation peak. This offset is used to prevent the output signal being
abstracted from the duration that is distorted by potential transition between OFDM
symbols or inter-OFDM symbol interference resulted from multi-path propagation.

The first sample of "output" shall be the L Nensampic = S e ] g sample of
"input", here negative index refers to samples of the preceding frame. In most cases,
the signal of "output"” starts from the preceding frame.

The estimated residual carrier frequency in Hz % shall be "FreqOffset" multiplied by
sub-carrier interval &, j.e. Af= FreqQffser AF

Residual carrier frequency of input signal should be within = #f 2 4F) 1f the input
signal has a residual carrier frequency of #22'AF or &=-2'AF the estimated result
shall has a error of *'#F , where k is an integer.

References
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WLAN_11n Recelvers
The 11n top-level receivers are provided in this category.

e WLAN 11n Receiver (WLAN 11n Baseband Receiver) (wlanl1n)
e WLAN 11n Receiver RF (WLAN 11n RF Receiver) (wlanlln)
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WLAN_11n_Receiver (WLAN 11n Baseband Receiver)
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WLAN_11n_Receiver

Description 11n signal receiver
Library WLAN 11n, Receiver
Class SDFWLAN_11n_Receiver

Parameters
Name Description Default Unit Type Range
OperatingMode operating mode: MixedMode, GreenField MixedMode enum
MCS modulation Coding Scheme ( [0,31] ) 0 int [0, 31]
Bandwidth band width: BW20MHz, BW40MHz BW20MHz enum
HTLength PSDU length in byte ( [1, 27°16-1] ) 256 int [1, 2~16-1]
ShortGI 400ns guard interval in data symbols: NO, YES NO enum
NumHTLTF number of HT long training fields 1 int [1, 4]
NumRXx number of transmit chains (antennas) 1 int [1, 4]
OversamplingOption jover sampling ratio: x1, x2, x4, x8, x16, x32 x1 enum
IdleInterval Idle Interval 100 nsec sec |real [0,
1000psec]

ScrambleSeed initial state of scrambler(should not be all 0) 111111 int [0 1]

1 array
ScrambleReinit reset initial state of the scrambler each burst (by |YES enum

ScrambleSeed) or not: NO, YES

Pin Inputs
Pin Name Description Signal Type
1 |BaseBand |802.11n baseband signal |multiple complex
Pin Outputs
Pin [Name Description Signal Type
2 |PSDU PSDU in bit int
3 |BitsChCoded |convolutional eccoded bit stream multiple int
4 |SigAftMatrix |signal after spatial mapping and after IFFT multiple complex
5 |Constellation |constellation after OFDM symbol mux and before spatial mapping multiple complex

Notes/Equations

1. This subnetwork model is used to detect, demodulate and decode the baseband
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signal. The baseband receiver schematic is shown in the following figure.

WLAN_11n_Receiver Schematic
2. Receiver functions are implemented as follows:

Start of frame is detected and frequency offset is estimated. WLAN_11n_Sync
performs frame synchronization and carrier frequency synchronization using the
Legacy Short Training Field (L-STF) and the IdleInterval is removed in this
model. The output signal of this model is time synchronized frame without idle
duration, with "optimal" frame window. If OutType=FreqCompensate, the
estimated frequency offset is compensated on the output signal, otherwise, no
carrier frequency compensation shall be applied. This model will introduce one-
frame delay in most cases.
According to the start of the frame, this frame is de-multiplexed into several
parts in WLAN_11n_BurstDemux. WLAN_11n_BurstDemux outputs all parts of
preamble and the data part and the guard intervals are removed for all parts.
The OFDM demodulations are performed in WLAN_11n_OFDMDeMod for the
data part and the HT Long Training Fields (HT-LTFs) which are used for channel
estimation. The null subcarriers are removed in this model.
Complex channel impulse response (CIR) matrixes are estimated for each active
subcarrier in WLAN_11n_ChEstimator. The estimated CIR matrixes of pilot
subcarriers are used in WLAN_11n_PhaseTracker. The estimated CIR matrixes of
data subcarriers are used in WLAN_11n_AntDemapper and
WLAN_11n_Demapper.
Phase offset of the active subcarriers are estimated, then all data subcarrier
values are de-rotated according to the estimated phase offset.
WLAN_11n_PhaseTracker implements these functions.
The effect of spatial mapping, cyclic shift and the transmit channel is equalized
in the model WLAN_11n_AntDemapper. After equalization, the output signal is
for constellation of each spatial stream.
The signal of each spatial stream after WLAN_11n_AntDemapper are then
demapped by WLAN_11n_Demapper. The Soft demapper type is supported and
the CSI (channel state information) can be set to ON or OFF in this model.
After de-interleaving, de-scrambling and the spatial commutator, there are two
branches, one is for PSDU bits stream which including FEC Decoding,
Descrambling and DataUnwrap; the other is for the bits before decoded.
The WLAN_11n_Receiver_RangeCheck model is used to check parameters for
WLAN_11n_Receiver. If illegal parameters are evaluated on
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WLAN_11n_Receiver, error or warning messages shall be displayed on the
Simulation/Synthesis Message box and simulation may be forcibly terminated at
the beginning of simulation.

3. Parameter Details

e OperatingMode is an enumerate parameter specifying the receiver operating
mode, MixedMode or GreenField.

e MCS specifies the modulation and coding scheme.Currently MCSO to MCS31 are
supported.

e Bandwidth is an enumerate parameter specifying the signal bandwidth. Both 20
MHz transmission and 40 MHz transmission are supported in this library.

e HTLength specifies the number of information bytes per packet, so the total
information bits per packet is HTLength x 8.

e ShortGI is an query parameter specifying short GI is used after the HT training
or not. If ShortGI is set to YES, then the guard interval will be 0.4usec; ShortGI
is set to NO, the guard interval will be 0.8psec.

e NumHTLTF specifies the number of HT long training field. NumHTLTF must not
be less than the number of spatial streams (N g5) which is decided by the

parameter MCS. And if the N ¢ is 3, NumHTLTF must be 4.

e NumRx specifies the number of receiver antennas. The number of receiver
antennas must not be less than N g5 and must be equal or larger than

NumHTLTF.

e OversamplingOption determined the oversampling ratio of the input signal. Total
six oversampling ratios (1%, 2x, 4x, 8x, 16x and 32x) are supported.

o IdleInterval specifies the idle interval time between two consecutive packets.
The default value is 100nsec.

o ScrambleSeed specifies the initial state of the scrambler.
ScrambleReinit is an enumerate parameter specifying whether the scrambler
feedback register will be re-initialized on each packet or not.

References

1. EWC HT PHY Specification v1.13 November 5th, 2005.

2. IEEE Std 802.11a-1999(R2003), Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer(PHY) specifications, High-Speed Physical Layer in the 5 GHz Band,
June 12th, 2003.
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WLAN_11n_Receiver_RF (WLAN 11n RF Receiver)

202.11n
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WLAN_11n_Receiver_RF

Description 11n signal receiver
Library WLAN 11n, Receiver
Class TSDFWLAN_11n_Receiver_RF

Parameters

Name
RIn
FCarrier

Phase
AntGainImbalance
IQGainImbalance
PhaseImbalance

MirrorSpectrum
OperatingMode

MCS

Bandwidth
HTLength

ShortGI

NumHTLTF

NumRx
OversamplingOption
IdleInterval

ScrambleSeed
ScrambleReinit

Pin Inputs

Description
input resistance

internal (local) reference frequency( -1 for ideal
FCarrier lock )

reference phase in degrees

gain imbalance in dB, relative to average power
(Power/NumTx)

gain imbalance in dB, Q channel relative to I

channel

phase imbalance in degrees, Q channel relative

to I channel

Mirror spectrum about carrier? NO, YES
operating mode: MixedMode, GreenField
modulation Coding Scheme ( [0,31] )

band width: BW20MHz, BW40MHz

PSDU length in byte ( [1, 27°16-1] )

400ns guard interval in data symbols: NO, YES
number of HT long training fields

number of transmit chains (antennas)

over sampling ratio: x1, x2, x4, x8, x16, x32

Idle Interval

initial state of scrambler(should not be all 0)

reset initial state of the scrambler each burst
(by ScrambleSeed) or not: NO, YES

Default
DefaultRIn
1

0.0 0.0 0.0
0.0

0.0 0.0 0.0
0.0

0.0 0.0 0.0
0.0

0.0 0.0 0.0
0.0

NO
MixedMode
0
BW20MHz
256

NO

1

1

x1

100 nsec

111111
1

YES

Unit Type
Ohm |real
Hz |real

deg real
array

real
array

real
array

deg real
array

enum
enum
int
enum
int
enum
int
int
enum
sec real

int
array

enum

Range
(0, )
{-1} or (0,

)

(_ool OO)

(-OOI OO)

[0, 31]

[1, 2716-1]

[1, 4]
[1, 4]

[0,
1000psec]

(0 1]
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Pin Name Description Signal Type
1 |RF_Sig|802.11n RF multiple timed
signal
Pin Outputs
Pin Name Description
2 |PSDU PSDU in bit
3 |BitsChCoded |convolutional eccoded bit stream
4  |SigAftMatrix |signal after spatial mapping and after IFFT
5 |Constellation

Signal Type

int

multiple int
multiple complex

constellation after OFDM symbol mux and before spatial mapping multiple complex

Notes/Equations

1. This subnetwork is used to demodulate and decode the WLAN 11n RF signals.
The schematic for this subnetwork is shown in the following figure.

Do < o

RF_Sig B

B0 11n

»—» RF Demad | =—p

EIFSEL]
ErrsBard

Recemer

W1

WLAN_11n_Receiver_RF Schematic

el &
—

P3

The received RF signal from each antenna is demodulated by

WLAN_11n_Demodulator, and then the demodulated signal is sent to the baseband

receiver for baseband processing.
2. The schematic of WLAN_11n baseband receiver is shown in the following figure.

WLAN_11n_Receiver Schematic
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WLAN_11n_Receiver Schematic
3. Receiver functions are implemented as follows:

Start of frame is detected and frequency offset is estimated. WLAN_11n_Sync
performs frame synchronization and carrier frequency synchronization using the
Legacy Short Training Field (L-STF) and the Idlelnterval is removed in this
model. The output signal of this model is time synchronized frame without idle
duration, with "optimal" frame window. If OutType=FreqCompensate, the
estimated frequency offset is compensated on the output signal, otherwise, no
carrier frequency compensation shall be applied. This model will introduce one
frame delay.

According to the start of the frame, the frame is de-multiplex into several parts
in WLAN_11n_BurstDemux. WLAN_11n_BurstDemux outputs all parts of
preamble and the data part and the guard intervals are removed for all parts.
The OFDM demodulations are performed in WLAN_11n_OFDMDeMod for the
data part and the HT Long Training Fields (HT-LTFs) which are used for channel
estimation. The null subcarriers are removed in this model.

Complex channel impulse response (CIR) matrixes are estimated for each active
subcarrier in WLAN_11n_ChEstimator. The estimated CIR matrixes of the pilot
subcarriers are used in WLAN_11n_PhaseTracker. The estimated CIR matrixes of
the data subcarriers are used in WLAN_11n_AntDemapper and
WLAN_11n_Demapper.

Phase offset of the active subcarriers are estimated, then all data subcarrier
values are de-rotated according to the estimated phase offset.
WLAN_11n_PhaseTracker implements these functions.

The effect of spatial mapping, cyclic shift and the transmit channel is equalized
in the model WLAN_11n_AntDemapper. After equalization, the output signal is
for constellation of each spatial stream.

The signal of each stream after WLAN_11n_AntDemapper are then demapped
by WLAN_11n_Demapper. The Soft demapper type is supported and the CSI
(channel state information) can be set to ON or OFF in this model.

After de-interleaving, de-scrambling and the spatial commutator, there are two
branches, one is for PSDU bits stream which including FEC Decoding,
Descrambling and DataUnwrap; the other is for the bits before decoded.

The WLAN_11n_Receiver_RangeCheck model is used to check parameters for
WLAN_11n_Receiver. If illegal parameters are evaluated on
WLAN_11n_Receiver, error or warning messages shall be displayed on the
Simulation/Synthesis Message box and simulation may be forcibly terminated at
the beginning of simulation.

4. Parameter Details

RIn is the impedance value of the resistor which shall be connected to the
preceding model for impedance matching.

FCarrier is used to set the internal oscillator frequency used for demodulation.
Local carriers of all transmit channels are from the same oscillator without phase
noise. When FCarrier is set to -1, internal oscillator frequency synchronization to
the input signal is performed.

Phase is the reference phase array of received signal from each antenna in
degree, which will result in constellation rotation.

MirrorSpectrum can be used to mirror the spectrum (invert the Q envelope) at
the output of the demodulator for the received signal from each antenna.
AntGainImbalance is gain imbalance array of the received signal from each
antenna in dB.

IQGainImbalance is the gain imbalance array of the received signal from each
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antenna in dB.Q channel relative to I channel.

e PhaseImbalance is the phase imbalance array of the received signal from each
antenna in degree, Q channel relative to I channel.

e OperatingMode is an enumerate parameter specifying the receiver operating
mode, MixedMode or GreenField.

e MCS specifies the modulation and coding scheme.Currently MCSO to MCS31 are
supported.

e Bandwidth is an enumerate parameter specifying the signal bandwidth. Both 20
MHz transmission and 40 MHz transmission are supported in this library.

e HTLength specifies the number of information bytes per packet, so the total
information bits per packet is HTLength x 8.

e ShortGI is an query parameter specifying short GI is used or not after the HT
training. If ShortGI is set to YES, then the guard interval will be 0.4pusec;
ShortGI is set to NO, the guard interval will be 0.8psec.

e NumHTLTF specifies the number of HT long training field. NumHTLTF must not
be less than the number of spatial streams (N g5) which is decided by the

parameter MCS. And if the N g is 3, NumHTLTF must be 4.

e NumRx specifies the number of receiver antennas. The number of receiver
antennas must not be less than N ¢ and must be equal or larger than

NumHTLTF.

e OversamplingOption determined the oversampling ratio of the input signal. Total
six oversampling ratios (1x, 2x, 4x, 8x, 16x and 32x) are supported.

o IdleInterval specifies the idle interval time between two consecutive packets.
The default value is 100nsec.

e ScrambleSeed specifies the initial state of the scrambler.

e ScrambleReinit is an enumerate parameter specifying whether the scrambler
feedback register will be re-initialized on each packet or not.

References

1. EWC HT PHY Specification v1.13 November 5th, 2005.

2. IEEE Std 802.11a-1999(R2003), Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer(PHY) specifications, High-Speed Physical Layer in the 5 GHz Band,
June 12th, 2003.

83



Advanced Design System 2011.01 - WLAN 11n Design Library

WLAN_11n Source Components

The components that can be used to construct 11n signals sources are provided in this
category.

WLAN 11n BurstMux (WLAN 11n Burst Multiplex) (wlan11ln)

WLAN 11n BusFork2 (WLAN 11n Bus Fork 2) (wlan1ln)

WLAN 11n ChCoder (WLAN 11n FEC encoder) (wlanl1n)

WLAN 11n DataWrap (WLAN 11n Data Wrap) (wlanl1n)

WLAN 11n HTLTF GF (WLAN 11n High Throughput Long Training Field for Green
Field) (wlan11n)

WLAN 11n HTLTF MM (WLAN 11n High Throughput Long Training Field for Mixed
Mode) (wlanl1ln)

WLAN 11n HTSIG (WLAN 11n High Throughput SIGNAL Field) (wlan11n)
WLAN 11n HTSTF (WLAN 11n High Throughput Short Training Field) (wlan11n)
WLAN 11n Interleaver (WLAN 11n Interleaver) (wlanlln)

WLAN 11n LLTF (WLAN 11n Legacy Long Training Field) (wlanl1ln)

WLAN 11n LSIG (WLAN 11n Legacy SIGNAL Field) (wlan11ln)

WLAN 11n LSTF (WLAN 11n Legacy Short Training Field) (wlan11ln)

WLAN 11n Mapper (WLAN 11n Mapper) (wlanlln)

WLAN 11n MuxOFDMSym (Mux Pilot Subcarriers with the Data Subcarriers To
Generate OFDM Symbol) (wlan11n)

WLAN 11n OFDMMod (WLAN 11n OFDM Modulation) (wlanl1ln)

WLAN 11n PilotGen (WLAN 11n Pilot Generation) (wlanl1n)

WLAN 11n Preamble (WLAN 11n Preamble) (wlan11n)

WLAN 11n PreambleMux (WLAN 11n Preamble Multiplexer) (wlan11n)

WLAN 11n RF Modulator (WLAN 11n RF Modulator) (wlanl1ln)

WLAN 11n Scrambler (WLAN 11n Scrambler) (wlanl1n)

WLAN 11n SpatialMapper (WLAN 11n Spatial mapper) (wlanl11n)

WLAN 11n SpatialParser (WLAN 11n spatial parser) (wlanl1ln)
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WLAN_11n_BurstMux (WLAN 11n Burst Multiplex)

e

80Z.11n

Bursthl
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WLAN_11n_BurstiMux

Description Burst multiplexer
Library WLAN 11n, Source Components
Class SDFWLAN_11n_BurstMux

Parameters

Name Description Default Unit Type Range

OperatingMode the PHY operating mode: MixedMode, GreenField MixedMode enum

MCS Modulation Coding Scheme ( [0~31]) 0 int [0~31]

Bandwidth Band width: BW20M, BW40M BW20M enum

HTLength octet number of PSDU 256 int [1, 65535]

ShortGI ShortGI or not: NO, YES NO enum

NumHTLTF number of HT_LTF 1 int [1, 4]

NumTX number of transmit chains 1 int [1, 4]

OversamplingOption |Oversampling ratio option: x1, x2, x4, x8, x16, x1 enum

x32

Window use time domain window or not: NO, YES NO enum

TransitionTime the transition time of window function 100 nsec |sec real |(0, 800 nsec]

IdleInterval Idle Interval 10 usec sec |real |[0, 1000
usec]

Pin Inputs

Pin Name |Description Signal Type

1 |Prmbl |preamble

multiple complex

2 |Data |SIGNAL and DATA OFDM symbols multiple complex

Pin Outputs

Pin Name Description Signal Type

3 |Output burst signal multiple complex

Notes/Equations

1. This model is used to multiplex the preamble and the data field into one complete
frame. The Idle interval insertion is implemented and the window is added if the
parameter Window is set to YES.

2. This model has 2 multiport input pins (Prmbl and Data) and 1 multiport output pin
which should be expanded to the number of transmit chains (N ,).
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PrmblPoint tOKENS are consumed at each port of the Prmbl pin.

e Npatapoint tokens are consumed at each port of the Data pin.

e NigiepointT Nprmbipoint T Npatapoint tOKENS are produced at each port of the output pin.

where

Nidiepoint 1S the number of samples of the Idler interval.

Nprmbipoint 1S the number of samples of the preamble part and is defined as follows:

= { R ~
NpmbiPoint = Np_syy ¥ (Nge+ N/ 41w 2

Quersumpling Qption

Ngc is the number of sub-carriers which is 64 for 20 MHz transmission or

128 for 40 MHz.
NP_SY,\,I is the number of symbols of the preamble part.

For Mixed Mode,
For Green Field,

I\IDataPoin

— - —
Npurabaine = Nsym 2 (Nget Ngg) %2

a"'\'rp_ls:r'_lw =2+2+1+2+1+NumHTLTF

a"'\'rp _E¥YM = 2 =+ 2 =+ 2 =+ Lah?rilmHTLTF — J. ]

¢ Is the number of samples of the data field and is calculated as follows:

Quersamplin gl prion

If ShortGI=NO, Ng5; = Ng/ 4, otherwise, Ng; = Ng- / 8.

N gyym is the number of symbols in the data field which is calculated using

the formula:
a"'\'rls:r'_lw = mSTBC b C'CHIL_L_S b HTLc’ngi‘h =+ J.EJ + f.:l b ,"'\'rEs:If;l;mSTBC * ;"'\'rDBP_::":I ]

Mgt IS 1 (STBC is not used.) HTLength is the PSDU length in byte. Nig is

the number of FEC encoders used which is decided by the parameter MCS.
Npgps is the number of data bits per symbol which is decided by

parameters MCS and Bandwidth.

1. If Window=YES, a window function is added to the burst signals. The definition of the
window function w4 is given in 802.11a specification:

WrFieta\ ) =

sind ™ 05+t/T..)]
mL (0.5+1/Trp))

ST

(—Tpp/ 2 <t < Tpp/2)
J. LTTRx'E"_:i‘{ T—L_TTRX"EI ]

i . ! (T— (T 2Vt < T+ (T /2))
SinzLi—ELD.S —(t=T)/Trp) | V= irpre) Wrps<l)
s A

T.g is Transition Time, which is usually set to 100nsec. WypoqP represents the time-

windowing function, depending on the value of the duration parameter T, may extend
over more than one period Tgg.

The windowing function wog 4t is applied to all fields, which are L-STF, L-LTF, L-
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SIG, HT-SIG, HT-STF, HT-LTFs and Data symbols for MixedMode and L-STF, HT-LTF1,
HT-SIG, HT-LTFs and Data symbols for GreenField.

References

1. EWC HT PHY Specification v1.13 November 5th, 2005.
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WLAN_11n_BusFork2 (WLAN 11n Bus Fork 2)

20211n 3
S e iee

WLAN_11n_BusFork2

Description Copy particles from an input bus to each output bus
Library WLAN 11n, Source Components
Class SDFWLAN_11n_BusFork2

Parameters

Pin /Name Description Signal Type
1 |input multiple anytype
Pin Outputs

Pin |Name |Description Signal Type
2 |outputA multiple anytype
3 |outputB multiple anytype

Notes/Equations

1. This model is used to explicitly connect a multi-port output pin of a component to 2
multi-port input pins of other components.

2. The bus width of input pin and output pins should be same in order for the model to
work properly.

3. WLAN_11n_BusFork?2 is typically used with numeric signals.

4. When forced to connect with timed signals, it assumes infinite equivalent input
resistances and zero equivalent output resistances.

References

1. EWC HT PHY Specification v1.13 November 5th, 2005.
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WLAN_11n_ChCoder (WLAN 11n FEC encoder)

20 110 .
o FEC v

EnCoder

WLAN_11n_ChCoder

Description Channel coding of PSDU
Library WLAN 11n, Source Components
Class SDFWLAN_11n_ChCoder

Parameters
Name Description Default Type Range
MCS modulation Coding Scheme ( [0,32] |0 int [0, 32]

)
Bandwidth band width: BW20MHz, BW40MHz BW20MHz lenum

HTLength |PSDU length in byte ( [1, 2°16-1] ) |256 int [1, 2~16-
1]
Pin Inputs
Pin Name Description Signal Type
1 |In Un-coded bit multiple int
stream
Pin Outputs

Pin Name |Description [Signal Type
2 |Out |Coded bits |multiple int

Notes/Equations

1. This subnetwork is used to encode the input date to enable forward error correction.
2. The input and output pins are multiport pins. The buswidth for both input and output
pins is Ngg. Each firing, Ngyy X Npgpg tokens are consumed and N gy X Negpg

tokens are produced, where N gy is the number of data symbols per frame, Npgpg is
number of data bits per OFDM symbol and Ngpg is the number of coded bits per

OFDM symbol. The schematic of this subnetwork is shown in the following figure.
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WLAN_11n_ChCoder Schematic
3. The input data is encoded using the convolutional encoder defined in References #2.

. . Gyo= 133 G, = 171
The generator polynomials for A output is ! @<t and -

=f for B output
according to the following figure.
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_

Convolutional Code of Rate 1/2 (Constraint Length=7)

4. After encoding, the encoded data will be punctured. If the coding rate is 2/3 or 3/4,

the puncture pattern will be the same as the pattern in 802.11a, which is shown in
the following figure.
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WLAN 11n Puncture Pattern for Code Rate 3/4 and 2/3

If the coding rate is 5/6, which is new in 11n, the puncture scheme is shown as in the
following figure.
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Figure 8 - Puncturing at rate 56

WLAN 11n Puncture Pattern for Code Rate 5/6

References

1. EWC HT PHY Specification v1.13 November 5th, 2005.

2. IEEE Std 802.11a-1999(R2003), Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer(PHY) specifications, High-Speed Physical Layer in the 5 GHz Band,
June 12th, 2003.

92



Advanced Design System 2011.01 - WLAN 11n Design Library

WLAN_11n_DataWrap (WLAN 11n Data Wrap)

g802.11n
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WLAN_11n_DataWrap

Description Tailling and padding of PSDU bit stream
Library WLAN 11n, Source Components
Class SDFWLAN_11n_DataWrap

Parameters
Name Description Default Type Range
MCS modulation Coding Scheme ( [0,32] |0 int [0, 32]

)
Bandwidth band width: BW20MHz, BW40MHz BW20MHz lenum

HTLength |PSDU length in byte ( [1, 2°16-1] ) [256 int [1, 2~16-
1]

Pin Inputs

Pin Name |Description [Signal Type
1 |In PSDU in bit |int

Pin Outputs
Pin Name |Description Signal Type
2 |Out |bits after tailing and int

padding

Notes/Equations

1. This model is used to tail and pad the PSDU bits stream to generate data field of the
PPDU. The data field contains the service field, the PSDU, the tail bits and the pad
bits if needed.

2. Each firing,

e 8 X HTLength tokens are consumed at pin In which are the PSDU bits stream.
e Ngyy X Npgps tokens are produced at pin Out which are the bits after padding

and tailing.
where
Ngyym is the number of symbols in the data field which is computed using the

formula:
a"'\'rls:r'_lw = mSTBC b C'CHIL_L_S b HTLc’ngi‘h =+ J.EJ + 'b * ;"'\'rE_::":If;l;mSTBC * ;"'\'rDBP_::":I ]

where
Mgrgc is 1 (STBC is not used.)
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HTLength is the PSDU length in byte.
16 is the number of "zero" service field bits which will be used for scrambler
initialization, scrambled by the scrambler.
Ngg is the number of FEC encoders used which is decided by the parameter MCS

and 6 x Ngg is the number of "zero" tail bits.
Npgps is the number of data bits per symbol which is decided by parameters
MCS and Bandwidth.

n n ' . N g W N — 8w HTL th— 16 —6% N
The number of "zero" pad bits is thus S¥M 7 YDEPS eng ES

References

1. EWC HT PHY Specification v1.13 November 5th, 2005.

2. IEEE Std 802.11a-1999(R2003), Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer(PHY) specifications, High-Speed Physical Layer in the 5 GHz Band,
June 12th, 2003.
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WLAN_11n_HTLTF_GF (WLAN 11n High Throughput

Long Training Field for Green Field)

802.11n
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WLAN_11n_HTLTF_GF

Description high througput long training field for green field
Library WLAN 11n, Source Components
Class SDFWLAN_11n_HTLTF_GF

Parameters

Name Description Default Type

MCS modulation Coding Scheme ( [0,32] ) 0 int

Bandwidth band width: BW20MHz, BW40MHz BW20MHz enum

NumHTLTF number of HT long training fields 1 int

NumTx number of transmit antennas 1 int

SpatialMappingScheme |spatial mapping scheme: DirectMapping, DirectMapping enum

SpatialExpansion, UserDefined

SpatialMappingMatrix |User definned spatial mapping matrix 1 complex
array

OversamplingOption over sampling ratio: x1, x2, x4, x8, x16, x32 x1 enum

GuardInterval Guard interval (cyclic prefix) length 1/4 real

Pin Outputs

Pin Name Description Signal Type

1 |HTLTF1 |high throughput long training field signal HT-LTF1  multiple complex

2 |HTLTF234 high throughput long training field signal HT- multiple complex

LTF234

Notes/Equations

Range
[0, 32]

[1, 4]
[1, 4]

(-0,

[0,
1/4]

1. This subnetwork is used to generate the high throughput long training field signal for

Green Field operation.

Its output pins are multi-port pins, each sub-port corresponds to a transmit
channel/chain. These pins should be connected with pins whose bus width are
NumTx, for instance, the Bus model with parameter "BusWidth" set to NumTx.

Its outputs are time domain signals with total mean square value (power) on each

pin of 1, covering 1 transmit chain to 4 transmit chains, 20 MHz and 40 MHz.

2. The schematic of this subnetwork is shown in the following figure.
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l'E]'l D' |

WLAN_11n_HTLTFGF Schematic

. The data sequence in frequency domain for 20 MHz is:
HTLTF—E,!S =9{1111l-1-111-11-1111111-1-111-11-1,111 1.0, ..

l-1-111-11-11-1.-1.-1,-1,-1.1,1.-1,-1,1.-1,1,-1, 1. 1, 1. 1, -1, 11

The data sequence in frequency domain for 40 MHz is:
HT‘LTF—SS,:S ={11-1,-111-11-1111111-1-111-1,1,-1,1, 1,111, ..
l-1-111-11-11-1-1-1-1,-1,1,1-1-1,1,-1,1,-1,1,1,1,1,-1,-1, -1, 1,0, ..
0o-111-111-1-111-11-1,111111-1,-1,1,1-1,1,-1,1,1,1,1,1, ..
1-1-111-11-11-1,-1,-1,-1,-1,1,1,-1,-1,1,-1,1,-1, 1,1, 1, 11

Cyclic shift is applied on transmit chains, and the time domain representation of the
waveform transmitted in the i ,/'th transmit chain during the n'th data HT-LTF

('wlan11n-5-06-042.gif!) is:
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[} MNers
o 1. SOL P AT _ fsrs
z_ Z |Qi]r'n._r':,=PHTLTJ"“5T5‘ nl-HTLTF) - enp (f2RnbAF (¢ —aT o —Teg ) +
Y= Nogipe =1
"".'r '.".:,r: i

. . . . ':;r:
v S (2, Purrrlisrs ) - HTLTF (k) - exp(2RKAF (1 aT g, - TE))

K

k= ].::_,::]

and it is
& iy P 1 r
Fgr_prphdl = —#U}rul-
AVEss Nr e

Foririiprn n=Npyrpl - HILTFE) - exp(jZnkAF e - T - J'I(:S_' N+

T byt fprs

¥ezx \
D) [(‘_),‘]I._I_:___h.r__PH?”I.-_uE_;_?.r.-—.*-'m”-l-H!LfF-Z.R]-expivr'_“-n.fulF-:.'—fl.;,.—f:._f?lil|
E=1i_.=1 A

for the extension HT-LTFs (!lwlan11n-5-06-045.gif!).
Where

n=1 refers to HT-LTF1 and is exported from pin HT-LTF1, n>1 refers to the
additional HT-LTFs and is exported from pin HT-LTF234;
Ngts is the number of data space time streams;

Ngggs is the number of extension space time streams;
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Jone

NHT-LTF s the number of subcarriers used, which is 56 for 20 MHz and

114 for 40 MHz respectively;
Np, 7 is the number of data LTFs;

Ng, 7 is the number of extension LTFs;

N, ;¢ is the number of total LTFs;

© equals to 2 if n=1, and equals to 1 if n>1;
The definition of “7" is given in section 17.3.2.4 of References #1. In this

model “T" is the rectangular impulse function of 4us (HT-LTF234) or 8us
(HT-LTF1);
Ngp is the number of subcarriers occupying half of the overall bandwidth,

which is 28 for 20 MHz and 58 for 40 MHz respectively;

Tecs is used in Green Field and takes values from the following table;

¥is 1 for 20 MHz and j for 40 MHz;
Q is the spatial mapping matrix for subcarrier k (in this subnetwork we

use the same matrix for all subcarriers);
Pyt TE is the HT-LTF mapping matrix:

1-111
P _|1 111
HTLTF 11 1 -1

-11 11
’

Tes

Values for the HT Portion of the Packet

Number of space |Cyclic shift for Cyclic shift for Cyclic shift for |Cyclic shift for

time streams STS 1 STS 2 STS 3 STS 4
1 0 ns - - -

2 0 ns -400 ns - -

3 0 ns -400 ns -200 ns -

4 0 ns -400 ns -200 ns -600 ns

This model only supports cases of Ngrc=NumHTLTF.

4. Parameter details:

SpatialMappingScheme: DirectMapping, SpatialExpansion and
UserDefined.
If DirectMapping is selected, only signal on the igs'th space time stream is

mapped onto the iy, 'th (i = igyg) transmit chain.

If SpatialExpansion is selected, signal on different spatial streams are
mapped onto each transmit chain by a predetermined matrix.

If UserDefined is selected, signal on different spatial streams are mapped
onto each transmit chain by a user defined matrix SpatialMappingMatrix.
SpatialMappingMatrix: User defined matrix for spatial expansion, it
should be an array of N, x N, elements which are abstracted from a N1,
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X Ny, matrix line by line (from the first line to the last line, and from left to

right each line).

References

1. EWC HT PHY Specification v1.13 November 5th, 2005.
IEEE Std 802.11a-1999(R2003), Part 11: Wireless LAN Medium Access Control (MAC)

and Physical Layer(PHY) specifications, High-Speed Physical Layer in the 5 GHz Band,
June 12th, 2003.
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WLAN_11n_HTLTF_MM (WLAN 11n High Throughput
Long Training Field for Mixed Mode)

802.11n

Lorg Trairirg Fleld w
e

High Thrcughpul

WLAN_11n_HTLTF_MM

Description high througput long training field for mixed mode
Library WLAN 11n, Source Components
Class SDFWLAN_11in_HTLTF_MM

Parameters

Name Description Default Type Range

MCS modulation Coding Scheme ( [0,32] ) 0 int [0, 32]

Bandwidth band width: BW20MHz, BW40MHz BW20MHz enum

NumHTLTF number of HT long training fields 1 int [1, 4]

NumTx number of transmit antennas 1 int [1, 4]

SpatialMappingScheme |spatial mapping scheme: DirectMapping, DirectMapping lenum

SpatialExpansion, UserDefined

SpatialMappingMatrix |User definned spatial mapping matrix 1 complex (-00,
array )

OversamplingOption over sampling ratio: x1, x2, x4, x8, x16, x32 x1 enum

GuardInterval Guard interval (cyclic prefix) length 1/4 real [o,

1/4]
Pin Outputs
Pin Name Description Signal Type

1 |output |high throughput long training field signal multiple complex

Notes/Equations

1. This subnetwork is used to generate the high throughput long training field signal for
Mixed Mode operation.
Its output pin is multi-port pin, each sub-port corresponds to a transmit
channel/chain. This pin should be connected with a pin whose bus width is NumTx,
for instance, the Bus model with parameter "BusWidth" set to NumTx.
Its output is time domain signal with total mean square value (power) of 1, covering
1 transmit chain to 4 transmit chains, 20 MHz and 40 MHz.

2. The schematic of this subnetwork is shown in the following figure.
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e B
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WLAN_11n_HTLTFMM Schematic

3. The data sequence in frequency domain for 20 MHz is:
HTI-TF_E;E =9{1111-1-111-11-1111111-1-111-11-1,111 1.0, ..

lL-1-11.1-11-11-1.-1.-1,-1.-1.1,1.-1,-1.1.-1,1, -1, 1, 1. 1, 1. -1, -1}

The data sequence in frequency domain for 40 MHz is:

HT‘LTF—SS,:S ={11-1,-111-11-1111111-1-111-1,1,-1,1, 1,111, ..
l-1-111-11-11-1-1-1-1,-1,1,1-1-1,1,-1,1,-1,1,1,1,1,-1,-1, -1, 1,0, ..
0o-111-111-1-111-11-1,111111-1,-1,1,1-1,1,-1,1,1,1,1,1, ..
l-1-111-11-11-1-1-1,-1,-1,1,1,-1,-1,1,-1,1,-1,1, 1,1, 11

Cyclic shift is applied on transmit chains, and the time domain representation of the

waveform transmitted in the i, 'th transmit chain during the n'th data HT-LTF
('wlan11n-5-07-057.gif!) is:
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k= ligee=1
for the extension HT-LTFs (lwlan11n-5-07-060.gif!).
Where

Ng1g is the number of data space time streams;

Nggg is the number of extension space time streams;

Jone
NHT-LTF is the number of subcarriers used, which is 56 for 20 MHz and

114 for 40 MHz respectively;
Np, 7¢ is the number of data LTFs;

Ng, 7¢ is the number of extension LTFs;
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N, 1¢ is the number of total LTFs;

@ equals to 1;

The definition of “7'" is given in section 17.3.2.4 of References #1. In this

mTL_ f . . . .
model is the rectangular impulse function of 4us;
Ngg is the number of subcarriers occupying half of the overall bandwidth,
which is 28 for 20 MHz and 58 for 40 MHz respectively;
T
is used in Green Field and takes values from the following table;
¥is 1 for 20 MHz and j for 40 MHz;
Q is the spatial mapping matrix for subcarrier k (in this subnetwork we

use the same matrix for all subcarriers);
Py 77 is the HT-LTF mapping matrix:

1 -111

P _|1 111
HTLTF 11 1 -1

-11 1 1},
I

Tes

Values for the HT Portion of the Packet

Number of space Cyclic shift for Cyclic shift for Cyclic shift for |Cyclic shift for

time streams STS 1 STS 2 STS 3 STS 4
1 0ns - - -

2 0 ns -400 ns - -

3 0 ns -400 ns -200 ns -

4 0 ns -400 ns -200 ns -600 ns

This model only supports cases of Ngrs=NumHTLTF.

4, Parameter details:
SpatialMappingScheme: DirectMapping, SpatialExpansion and UserDefined.
If DirectMapping is selected, only signal on the i 5'th space time stream is mapped

onto the i 'th (it = igyg) transmit chain.

If SpatialExpansion is selected, signal on different spatial streams are mapped onto
each transmit chain by a predetermined matrix.

If UserDefined is selected, signal on different spatial streams are mapped onto each
transmit chain by a user defined matrix SpatialMappingMatrix.
SpatialMappingMatrix: User defined matrix for spatial expansion, it should be an
array of Ny, x Ny, elements which are abstracted from a N, x Np, matrix line by

line (from the first line to the last line, and from left to right each line).

References

1. EWC HT PHY Specification v1.13 November 5th, 2005.
2. IEEE Std 802.11a-1999(R2003), Part 11: Wireless LAN Medium Access Control (MAC)
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and Physical Layer(PHY) specifications, High-Speed Physical Layer in the 5 GHz Band,
June 12th, 2003.
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WLAN_11n_HTSIG (WLAN 11n High Throughput
SIGNAL Field)

802.11n

1
ZIGHAL Fleld w

High Thrcughpul

WLAN_11n_HTSIG

Description high throught signal field
Library WLAN 11n, Source Components
Class SDFWLAN_11n_HTSIG

Parameters
Name Description Default Type Range
OperatingMode operating mode: MixedMode, GreenField MixedMode enum
MCS modulation Coding Scheme ( [0,32] ) 0 int [0, 32]
Bandwidth band width: BW20MHz, BW40MHz BW20MHz enum
HTLength PSDU length in byte ( [1, 27°16-1]) 256 int [1,
27N 16-
1]
Reserved reserved bits in HT SIGNAL field, defaulted by all |Reserved? enum
"1"s: ReservedO, Reservedl, Reserved2,
Reserved3, Reserved4, Reserved5, Reserved6,
Reserved?7
Aggregation Aggregate-MPDU in data portion of the packet: A-MPDU enum
Otherwise, A-MPDU
STBC difference between N_STS and N_SS ( [0,3], 0-> |0 int [0, 3]
No STBC )
AdvCoding block convolutional coding or advanced coding: BCC enum
BCC, Advanced
ShortGI 400ns guard interval in data symbols: NO, YES NO enum
NumHTLTF number of HT long training fields 1 int [1, 4]
NumTx number of transmit chains (antennas) 1 int [1, 4]
SpatialMappingScheme |spatial mapping scheme: DirectMapping, DirectMapping lenum
SpatialExpansion, UserDefined
SpatialMappingMatrix |User definned spatial mapping matrix 1 complex |(-c0, o)
array
OversamplingOption over sampling ratio: x1, x2, x4, x8, x16, x32 x1 enum
GuardInterval Guard interval (cyclic prefix) length 1/4 real [0, 1/4]
Pin Outputs

Pin Name Description Signal Type

1 |output |HT SIGNAL multiple complex
field
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Notes/Equations

1.

2.

3.

This subnetwork is used to generate the 8us-long high throughput SIGNAL field
signal for both Mixed Mode and Green Field.

Its output pin is multi-port pin, each sub-port corresponds to a transmit
channel/chain. This pin should be connected with a pin whose bus width is NumTx,
for instance, the Bus model with parameter "BusWidth" set to NumTx.

Its output is time domain signal with total mean square value (power) of 1 (a little
smaller than 1 in Green Field), covering 1 transmit chain to 4 transmit chains, 20
MHz and 40 MHz.

The schematic of this subnetwork is shown in the following figure.

WLAN_11n_HTSIG Schematic

The HT-SIG is composed of two parts HTSIG1 and HTSIG2, each containing 24
SIGNAL bits. The data sequence in frequency domain used for IFFT is generated by
model WLAN_11n_HTSIG_ as follows.

Step 1: filling in 48 information bits for HTSIG1 and HTSIG2 as shown in the
following figure.

B
[
MCS = HTLENGTH
LSB MsB |S|  LsB WSB
u|1|2|3|4|5|5 T 3|9|m|11|12|13|14|15|15|17|13|19|20|21|22|23
HT-S1G1
g =
¥ 2 2. £
E E! = | o s
b @ = &= & CRC STGNALTATIL
@ [ 3 -
& [ 8 = | S ]
2 |2 E |2lE| 2 |« 00
o123 4T5 6 |7]8|9 |10]|11]12|13|1a]15 |16 |17 |18]19]20 |21 |22]23
L . . |
LSE LSE HT-S1G?

The High Throughput SIGNAL Bits
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The transmission of each field is LSB first, their meanings are shown in the following
table:

Fields of High Throughput Signal Field

Field Name Number Explanation and coding
of Bits
Modulation and 7 Index into Modulation and Coding Schemes
Coding Scheme
BW 20/40 1 0 if 20 MHz or 40 MHz upper/lower; 1 if 40 MHz
Length 16 The number of bytes of data in the PSDU (0-65535)
Reserved ones 3 Set to ones by transmitter, shall be ignored by receiver.
Aggregation 1 Set to 1 to indicate that the PPDU in the data portion of the packet

contains an A_MPDU. Set to 0 otherwise.

STBC 2 Indicates the difference between either the number of space time
streams Ngrg and the number of spatial streams Ngg indicated by the

MCS, 00 - No STBC (NSTS=NSS)

Advanced Coding |1 1- advanced coding, 0-BCC

Short GI 1 indicate that the short GI is used after the HT training

Number of HT-LTF |2 Number of HT-LTF. -b'00-not a sounding frame LTF, b'01-2LTF's, b'10-
3LTF's, b'11 4 LTF's.

CRC 8 CRC of bits 0-23 in HT-SIG1 and bits 0-9 in HT-SIG2. The first bit to be
transmitted is bit C7.

Tail Bits 6 Used to terminate the trellis of the convolution coder. Set to 0.

The CRC bits protects bits 0-33 of the HT-SIG. The value of the CRC field is the ones
complement of

B
crelD) = MDD, icip
4

where the shift register is initialized to all ones,

k-1 k=2
M(D) = mpD" ™ +m D" " "+ ... +m_-D+my .
WEL= Mo = Me-22 -1 g the HT-SIG represented as

g B 2
polynomial, GIDY=D +D+D+1

¢y 7 =]
crelD) = gl + 0D+ ... tegl+ ey

is the CRC generating polynomial, and

The CRC field is transmitted with c, first. The following figure shows the operation of

the CRC. First the shift register is reset to all ones. The bits are then passed through
the XOR at the input. When the last bit have entered, the bits are outputted, c, first,

through an inverter.

Flas - -Mg
Serial
Tyt
Serial Ouptut
<T First

HT-SIG CRC Calculation
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Step 2: The HT-SIG parts will be encoded, interleaved, mapped, and have pilots
inserted following the steps described in sections 17.3.5.5, 17.3.5.6, 17.3.5.8 of the
IEEE802.11a standard References #2. The stream of 96, complex numbers generated
by these steps will be divided into two groups of 48 complex numbers: {dk/n},

k=0...47, n=0,1.
4. Timed domain signal on the iry'th transmit chain is as follows.

In Mixed Mode, cyclic shift is applied on transmit chains, for 20 MHz transmission,
1
1 _ .
r Jonrecs Z m?‘kr—}’]TS yagd o
Nry - N n=0

FeT_siglf) =

¢ 47
S dy ,exp G2RMUE)AF (1= nT gy — Ty~ TEY))
k=0

N )

+ Pt Z F_,-Lexpl'\‘,r'ii'tkﬁFl;r—nTS}-_,H—TGJ,—TE]]
k=-Ng s

for 40 MHz transmission,
1
1

P )=t N @t —nTeyy) -
HT - 5IG \/ﬁ 2. o s
a"'\' TY " Jﬁ"' r=0
47
JS dy pexp (2R(MUk) = 32)AF(t = nTsyyy - Tgy— T75))
k=0

47

B Z dy expf2r(Mik)+ 32)AF(t —nTgyy—Tep— TCS /)

k=0

-

Neg
tPyye Z Frexp(j2m(k - 32)AF(t —nTspy— Ty — TCS 1
kE=-N_
Nez |
+JF. - Z F;L'E'kajzﬂ:kk"'32IﬂFkr—nTShH—TGJr—TE‘}H
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In Green Field, cyclic shift is applied on space time streams, for 20 MHz transmission,

T 1 _ _
rgr_sicltl = — z @l f—nT -
. Tencs
WNsrs N o
(47 Nee
( r . fopm, |
E z [Qma]];_n__ _:;__:[Plr._r?'_r_'lrlr] e Jdt_ IrEEPlJEE.’WI FIAF(E - gy — T [c..’_;_l i
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Moz Mo \
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for 40 MHz transmission,
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1
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Where

N1y is the number of transmit chains;

Ng1 is the number of space time streams;

Jone
N is the number of subcarriers used (in training OFDM symbols). In

Jonec

Mixed Mode, HT-SIG shall be equalized before decoding by L-LTF, so N
is 52 for 20 MHz and 104 for 40 MHz; In Green Field, HT-SIG shall be

Tore

equalized before decoding by HT-LTF1, so N is 56 for 20 MHz and 114
for 40 MHz, which means the power of HT-SIG field shall be a little lower
than the other preamble fields;

The definition of Ortt) is given in section 17.3.2.4 of References #2. In this

mTL_ E‘] . . . .
model is the rectangular impulse function of 4us;
Ngp is the number of subcarriers occupying half of the overall bandwidth,

which is 26 for 20 MHz and 58 for 40 MHz respectively;
T'_f& is used in Mixed Mode and takes value from the following table;

Tes is used in Green Field and takes values from the second table;

¥ is 1 for 20 MHz and j for 40 MHz;
Qy is the spatial mapping matrix for subcarrier k (in this subnetwork we

use the same matrix for all subcarriers), used only in Green Field;
M(k), p,, P, are defined in section 17.3.5.9 of the 802.11a standard

References #2.
The value of z is zero in a GF packet and 1 in a mixed mode packets.
P, is the first pilot value in the sequence defined in section 17.3.5.9 of the

802.11a standard References #?2.

T'..'.".'
cs Values for the Legacy Portion of the Packet
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Number of Tx cyclic shift for Tx |cyclic shift for Tx cyclic shift for Tx |cyclic shift for Tx

Chains chain 1 chain 2 chain 3 chain 4
1 0 ns - - -

2 0 ns -200 ns - -

3 0 ns -100 ns -200 ns -

4 0 ns -50 ns -100 ns -150 ns
1¢s

Values for the HT Portion of the Packet

Number of space time cyclic shift for |cyclic shift for |cyclic shift for [cyclic shift for

streams STS 1 STS 2 STS 3 STS 4
1 0 ns - - -
2 0 ns -400 ns - -
3 0 ns -400 ns -200 ns -
4 0 ns -400 ns -200 ns -600 ns
PHTLTF is the HT-LTF mapping matrix:
1-111
Porire = j j ll _ll
-11 11
References

1. EWC HT PHY Specification v1.13 November 5th, 2005.

2. IEEE Std 802.11a-1999(R2003), Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer(PHY) specifications, High-Speed Physical Layer in the 5 GHz Band,
June 12th, 2003.
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WLAN_11n_HTSTF (WLAN 11n High Throughput

Short Training Field)

802.11n

Zreor] Tradrirg Fleld —w

High Thrcughpul

WLAN_11n_HTSTF

Description high throughput short training field
Library WLAN 11n, Source Components
Class SDFWLAN_11n_HTSTF

Parameters

Name Description

MCS modulation Coding Scheme ( [0,32] )
Bandwidth band width: BW20MHz, BW40MHz
NumTx number of transmit antennas

SpatialMappingScheme |spatial mapping scheme: DirectMapping,
SpatialExpansion, UserDefined

SpatialMappingMatrix |User definned spatial mapping matrix

OversamplingOption over sampling ratio: x1, x2, x4, x8, x16, x32

GuardInterval Guard interval (cyclic prefix) length
Pin Outputs
Pin Name Description Signal Type

1 |output |[HT short training field signal |multiple complex

Notes/Equations

Default

0

BW20MHz

1
DirectMapping

1

x1
1/4

Type
int
enum
int
enum

complex
array

enum
real

Range
[0, 32]

[1, 4]

(o0,

[0,
1/4]

1. This subnetwork is used to generate the 4us-long high throughput short training field

signal for Mixed Mode operation.

Its output pin is multi-port pin, each sub-port corresponds to a transmit
channel/chain. This pin should be connected with a pin whose bus width is NumTx,
for instance, the Bus model with parameter "BusWidth" set to NumTx.
Its output is time domain signal with total mean square value (power) of 1, covering
1 transmit chain to 4 transmit chains, 20 MHz and 40 MHz.

2. The schematic of this subnetwork is shown in the following figure.
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WLAN_11n_HTSTF Schematic

. The data sequence in frequency domain for 20 MHz is:

HTS ,g05 = J/1/2{0.0.0.0,1+/0,0.0-1-/00.0. 144000 -1-5000-1-400.0 1+40.0.0, ..
0,000 -1-4000-1-40001+40001+4000 1+4000 1+40,0, 00}

The data sequence in frequency domain for 40 MHz is:
HTS 555 = /1/2{0.0.1440.0.0,-1-4.0.0.0,1+;.0.0.0-1-400.0-1-40.0.01+40.0.0. ..
0,000 -1-7000-1-40001+4000 144000 1+;000 1+40000.0, .
0,0000000001+7000-1-40001+4000-1-4000-1-40001+4000 ..
0,000-1-4000-1-40001+/000 144000 1+40.0,0 1+40,0}1

Cyclic shift is applied on space time streams, signal on the i, 'th transmit chain is:

FHT-sTRLE) = J Orlt)-

Tore

Nsts " Nur_srr
Z [Q*] i _r:-.'.l:: TE HTS-\. EXP U 2 .-ﬂ:.lkﬁrl,_ r— TIC:.;: :I :I +
New Nops |

k=lig.=1 /g

Where

Ngts is the number of space time streams;

Jonc

NHT-STF s the number of subcarriers used, which is 12 for 20 MHz and 24
for 40 MHz respectively;

The definition of “7'" is given in section 17.3.2.4 of References #1. In this

m?'l,_ . . . .
model is the rectangular impulse function of 4us;
Ngg is the number of subcarriers occupying half of the overall bandwidth,

w_hich is 28 for 20 MHz and 58 for 40 MHz respectively;

ors

5 takes values from the following table;

¥ is 1 for 20 MHz and j for 40 MHz;
Qy is the spatial mapping matrix for subcarrier k (in this subnetwork we

use the same matrix for all subcarriers);

ors

cs Values for the HT Portion of the Packet
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Number of space time cyclic shift for cyclic shift for |cyclic shift for |cyclic shift for

streams STS 1 STS 2 STS 3 STS 4
1 0ns - - -

2 0 ns -400 ns - -

3 0 ns -400 ns -200 ns -

4 0 ns -400 ns -200 ns -600 ns

4. Parameter details:

SpatialMappingScheme: DirectMapping, SpatialExpansion and
UserDefined. It's used for Green Field.
If DirectMapping is selected, only signal on the igs'th space time stream is

mapped onto the i 'th (i, = isys) transmit chain.

If SpatialExpansion is selected, signal on different spatial streams are
mapped onto each transmit chain by a predetermined matrix.

If UserDefined is selected, signal on different spatial streams are mapped
onto each transmit chain by a user defined matrix SpatialMappingMatrix.
SpatialMappingMatrix: User defined matrix for spatial expansion, it
should be an array of N, x Np, elements which are abstracted from a N,

X Ny, matrix line by line (from the first line to the last line, and from left to
right each line).

References

1. EWC HT PHY Specification v1.13 November 5th, 2005.

2. IEEE Std 802.11a-1999(R2003), Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer(PHY) specifications, High-Speed Physical Layer in the 5 GHz Band,
June 12th, 2003.
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WLAN_11n_Interleaver (WLAN 11n Interleaver)

802.11n

Sadki Tiael

WLAN_11n_Interleaver

Description interleaving of bit space-time bit streams
Library WLAN 11n, Source Components
Class SDFWLAN_11n_Interleaver

Parameters

Name Description Default Type Range
MCS Modulation Coding Scheme ( [0~31]) 0 int [0~31]
Bandwidth |Band width: BW20M, BW40M BW20M |enum
Direction |Interleaver or Deinterleaver: Interleave, Deinterleave Interleave enum

Pin Inputs

Pin Name |Description Signal Type

1 |In spacial bit stream to be interleaved or deinterleaved multiple anytype

Pin Outputs

Pin [Name Description Signal Type

2 |Out interleaved or deinterleaved spacial bit stream multiple anytype

Notes/Equations

1. This model is used to interleave (Direction=Interleave) the bits at the output of the
stream parser in the transmitter or deinterleave (Direction=Deinterleave) the data at
the output of the QAM demapping in the receiver.

2. This model has one multiport pin In and one multiport pin Out which should be
expanded to the number of spatial stream (Ngg).

Each firing,
Ncgpss tokens are consumed at each input port and produced at each output port.

where
Ncgpss is the number of coded bits per symbol per spatial stream, which is

decided by parameters MCS and Bandwidth.
3. The bits at the output of the stream parser are divided into block of N-g5cc, €ach

block is interleaved by an interleaver based on the 802.11a interleaver. This
interleaver, which is based on entering the data in rows, and outputting it in
columns, has a different number of columns and rows when a 20 MHz channel is used

and when a 40 MHz channel is used. The numbers are described in the following
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table:

Number of Rows and Columns in the Interleaver

20 MHz 40 MHz
NeoL 13 18

Nrow 4Ngpsc 6Nppsc
Npor |11 29

4. The interleaving is defined using three permutations.
The first permutation is defined by the rule:

I = ‘h"r,"i'ﬂl'l".x’!: ml:'u!l ‘h"'rl:'ﬂ.nr_ ] +fu!ll5'0f'|:_k/;.h\'rc'ﬂl ] .k = l:l.. J.. ....a"'\'rC'BPSS—J.

The second permutation is defined by the rule:

J=axfloerids)+ [+ Negpss—floor(Negp %I Negpsr) l mods i=01 . Negpss— 1
where

the value of s is determined by the number of code bits per sub carrier:
5 = mﬂ.’f(;"'\'rﬂpsc'/;z.. J.I

If more than one spatial stream exists, a frequency rotation is applied to the output
of the second permutation

L R Pmedd + 5 s floari,,/ KRB Neor " Ngpoe) mod Negper  § = 0,1, ceos Negppre—1
where
=01, N -

s 1 is the index of spatial stream on which this interleaver

is operating.

5. The de-interleaving uses the following operations to perform the inverse rotation.
We denote by r the index of the bit in the received block (per spatial stream).
The first permutation reverses the third (frequency rotation) permutation of the
interleaver

J A, = 2medd + 3 floerii 3 ¥ Nopor® Nppsc) med Megpes 7= 001 Neprar— |
The second permutation reverses the second permutation in the interleaver.

i=sxfloar(jrsi+j+floor ¥Nogr Xj/ Neppss) ) mod s F=0 1 .y Negprs—1

s is defined as above.
The third permutation reversed the first permutation of the interleaver:

l:.' = _.'"-r(_—of_.\(!:—I:_.:'VCEPJS—J.:I\(.ﬂ&&ﬁ'l:_!:/;.u'wﬁgn-:l .' = D. J.-. """N'r(_'_ﬁ'ij_J'

References

1. EWC HT PHY Specification v1.13 November 5th, 2005.
2. IEEE Std 802.11a-1999(R2003), Part 11: Wireless LAN Medium Access Control (MAC)
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and Physical Layer(PHY) specifications, High-Speed Physical Layer in the 5 GHz Band,
June 12th, 2003.
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WLAN_11n_LLTF (WLAN 11n Legacy Long Training
Field)

802.11n

Lorg Tralrirg Fleld w

Legacy

WLAN_11n_LLTF

Description legacy long training field
Library WLAN 11n, Source Components
Class SDFWLAN_11n_LLTF

Parameters
Name Description Default [Type Range
Bandwidth band width: BW20MHz, BW40MHz BW20MHz lenum
NumTx number of transmit antennas 1 int [1, 4]
OversamplingOption |over sampling ratio: x1, x2, x4, x8, x16, x1 enum

x32
GuardInterval Guard interval (cyclic prefix) length 1/2 real |[O,

1/2]

Pin Outputs
Pin [Name Description Signal Type

1 |output legacy long training field signal multiple complex

Notes/Equations

1. This model is used to generate the 8us-long legacy long training field signal for Mixed

Mode operation.

Its output pin is multi-port pin, each sub-port corresponds to a transmit
channel/chain. This pin should be connected with a pin whose bus width is NumTx,
for instance, the Bus model with parameter "BusWidth" set to NumTx.

Its output is time domain signal with total mean square value (power) of 1, covering

1 transmit chain to 4 transmit chains, 20 MHz and 40 MHz.
Each fl r| ng 160 - E[Bundmd:h + QuersamplingPprion)

2. The data sequence in frequency domain for 20 MHz is:
‘L—J&.Zh ={11-1,-111-11-1111111-1-111-1,1,-1,1,1,1,1,0, ..
1,-1-111-11-11-1-1,-1,-1,-1,1,1,-1,-1,1,-1,1,-1,1,1, 1, 1}

The data sequence in frequency domain for 40 MHz is:
‘r-—ss,ss ={11-1-111-11-1111111-1-111-1,1,-1,1,1,1, 1,0, ..
l-1-111-11-11-1-1-1,-1,-1,1,1,-1,-1,1,-1,1,-1, 1,1, 1,1, 00 Q00 ..
0000001,1,-1-111-11-1111111-1,-1,1,1,-1,1,-1,1,1,1, 1,0, ..
l-1-111-11-11-1-1-1-1-1,1,1-1,-1,1,-1,1,-1,1, 1,1, 1}

cyclic shift is applied on transmit chains, signal on the iTX'th transmit chain is:

115
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f'_:.r_ri‘r_?'lf.-t ) = l—m?-l._ f) -
N ) |l,"‘IrT.:.u':.:
NTX YL _LTF
f 0 Neg !
S Liexp(j2nkAF(t- T - T2+ S Lyexp (2kAF (1= Ty - TEe))
k=-N_, k=1 /
Where

N1y is the number of transmit chains;

Jonc
NL-LTF s the number of subcarriers used, which is 52 for 20 MHz and 104
for 40 MHz respectively;

The definition of “T'" is given in section 17.3.2.4 of References #1. In this

mTL_ i‘] . . . .
model is the rectangular impulse function of 8us;
Ngp is the number of subcarriers occupying half of the overall bandwidth,

which is 26 for 20 MHz and 58 for 40 MHz respectively;

Tes takes value from the following table;

¥is 1 for 20 MHz and j for 40 MHz;
Tz = 1.6 us.

Tl'_r_-._-
s Values for the Legacy Portion of the Packet

Number of Tx cyclic shift for Tx |cyclic shift for Tx cyclic shift for Tx |cyclic shift for Tx

Chains chain 1 chain 2 chain 3 chain 4

1 0 ns - - -

2 0 ns -200 ns - -

3 0 ns -100 ns -200 ns -

4 0 ns -50 ns -100 ns -150 ns
References

1. EWC HT PHY Specification v1.13 November 5th, 2005.

2. IEEE Std 802.11a-1999(R2003), Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer(PHY) specifications, High-Speed Physical Layer in the 5 GHz Band,
June 12th, 2003.
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WLAN_11n_LSIG (WLAN 11n Legacy SIGNAL Field)

20Z2.11n

1
ZIGHAL Fleld _m

Legacy

WLAN_11n_LSIG

Description legacy signal field ( loaded for IFFT )
Library WLAN 11n, Source Components
Class SDFWLAN_11n_LSIG

Parameters
Name Description Default [Type Range
MCS modulation Coding Scheme ( [0,32] ) 0 int [0, 32]
Bandwidth band width: BW20MHz, BW40MHz BW20MHz lenum
HTLength PSDU length in byte ( [1, 27°16-1] ) 256 int [1, 2™ 16-
1]

NumTx number of transmit antennas 1 int [1, 4]
ShortGI 400ns guard interval in data symbols: NO, YES |NO enum
NumHTLTF number of transmit antennas 1 int [1, 4]
OversamplingOption jover sampling ratio: x1, x2, x4, x8, x16, x32 |x1 enum
GuardInterval Guard interval (cyclic prefix) length 1/4 real |[0, 1/4]
Pin Outputs
Pin Name Description Signal Type
1 |output |legacy SIGNAL multiple complex

field

Notes/Equations

1. This subnetwork is used to generate the 4us-long legacy SIGNAL field signal for
Mixed Mode operation.
Its output pin is multi-port pin, each sub-port corresponds to a transmit
channel/chain. This pin should be connected with a pin whose bus width is NumTx,
for instance, the Bus model with parameter "BusWidth" set to NumTx.
Its output is time domain signal with total mean square value (power) of 1, covering
1 transmit chain to 4 transmit chains, 20 MHz and 40 MHz.

2. The schematic of this subnetwork is shown in the following table.
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WLAN_11n_LSIG Schematic

3. The data sequence in frequency domain used for IFFT is generated by model
WLAN_11n_LSIG_ as follows.
Step 1: filling in 24 information bits as in the following figure.

Eate Length Tail
(4 bitx] (12 hitc) Bhits
B P
Bl HF EX Ed 0= "0 0T 0T T07 "0

ﬂ|1|2|3 4 '5|E|T|9|9|ll]|11|l?|13|ll.|l5|15 17 1E|‘|9|2‘I]|2]|22|H

The Legacy SIGNAL Field

Where, "Rate' is set 6Mbps in legacy representation, i.e. "1 10 1'. The °

Length' field is "8 = 3 (Nawa[* Nar-rrr#31-3 314 s transmitted LSB first. N

data 1S the number of 4us symbols in the data part of the frame. While using

short GI N, is equal to the actual number of symbols in the data part of

the frame multiplied by 9/10. The symbol [*! denotes the lowest integer
greater than or equal to x. The reserved bit is set to 0. The parity field will
have the even parity of bits 0-16.

Step 2: the information bits are encoded, interleaved, mapped and have pilots
inserted following the steps described in sections 17.3.5.5, 17.3.5.6, 17.3.5.8 of the
IEEE 802.11a standard References #2. The stream of 48 complex numbers generated
by these steps is represented by {d ,}, k=0...47.

4. Cyclic shift is applied on transmit chains, the time domain signal on the _i y'th

transmit chain is as follows.
for 20 MHz transmission,

1

f_sight) = @rlt)

. Jone
Nrx Ny _sie

P N - y
z diexpj2nMKAF(+—Tg - T:L':}Z' 1+ Py z Prerp (famkAF(t—Tg— Tt-.s 1)
k=10 k=N 4

for 40 MHz transmission,
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Loy 1

rr_nglfl = ﬁm?{rl '
| N

o Nry Ny _sic

FoAT i
Ll +7

z dyerp (f2MIMIK) - 3I2)AF(t—Tgy - rr“ 1+ Z dyemp (ZROMIL) + 32IAFE - T - r:_;':n] ]

=0 i=0
Nop
+ g z Polexp 2Rk - 32IAF(1— To, - Too)] +jexp (2nk + 32)AF(r - T, — TL00]

k=-Ng

Where

N 1y is the number of transmit chains;

Jonc

NL-516 is the number of subcarriers used, which is 52 for 20 MHz and 104
for 40 MHz respectively;

The definition of “7'" is given in section 17.3.2.4 of References #2. In this

mTL_ E‘] . . . .
model is the rectangular impulse function of 4us;
N gp is the number of subcarriers occupying half of the overall bandwidth,

which is 26 for 20 MHz and 58 for 40 MHz respectively;
M(k), P , are defined in section 17.3.5.9 of the 802.11a standard

References #2;
P, is the first pilot value in the sequence defined in section 17.3.5.9 of the

802.11a standard References #2;

Tcs takes value from the following table;

¥is 1 for 20 MHz and j for 40 MHz;
Teor = 0.8 us.

T'..'.".'
cs Values for the Legacy Portion of the Packet

Number of Tx Cyclic shift for Tx Cyclic shift for Tx Cyclic shift for Tx |Cyclic shift for Tx

Chains chain 1 chain 2 chain 3 chain 4

1 0 ns - - -

2 0 ns -200 ns - -

3 0 ns -100 ns -200 ns -

4 0 ns -50 ns -100 ns -150 ns
References

1. EWC HT PHY Specification v1.13 November 5th, 2005.

2. IEEE Std 802.11a-1999(R2003), Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer(PHY) specifications, High-Speed Physical Layer in the 5 GHz Band,
June 12th, 2003.
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WLAN_11n_LSTF (WLAN 11n Legacy Short Training

Field)

S02.11n

Foreor Tralrirg Fleld w

Legacy

WLAN_11n_LSTF

Description legacy short training field
Library WLAN 11n, Source Components
Class SDFWLAN_11n_LSTF

Parameters

Name Description Default

OperatingMode operating mode: MixedMode, GreenField MixedMode

MCS modulation Coding Scheme ( [0,32] ) 0

Bandwidth band width: BW20MHz, BW40MHz BW20MHz

NumTx number of transmit antennas 1

SpatialMappingScheme |spatial mapping scheme: DirectMapping, DirectMapping
SpatialExpansion, UserDefined

SpatialMappingMatrix |User definned spatial mapping matrix 1

OversamplingOption over sampling ratio: x1, x2, x4, x8, x16, x32 x1

GuardInterval Guard interval (cyclic prefix) length 1/4

Pin Outputs

Pin Name Description Signal Type

1 |output |legacy short training field signal /multiple complex

Notes/Equations

Type
enum
int
enum
int

enum

complex
array

enum

real

Range

[0, 32]

[1, 4]

(-0,

[0,
1/4]

1. This subnetwork is used to generate the 8us-long legacy short training field signal,

both for Mixed Mode and Green Field.

Its output pin is multi-port pin, each sub-port corresponds to a transmit
channel/chain. This pin should be connected with a pin whose bus width is NumTx,
for instance, the Bus model with parameter "BusWidth" set to NumTx.
Its output is time domain signal with total mean square value (power) of 1, covering

1 transmit chain to 4 transmit chains, 20 MHz and 40 MHz.

In the case of 1 transmit chain and 20 MHz, its output is identical to the 802.11a

short training sequence.
2. The schematic of this subnetwork is shown in the following figure.
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WLAN_11n_LSTF Schematic

. The data sequence in frequency domain for 20 MHz is:

S mas = 17200 14+5000 14000 1+5000-1_5000_1_;000 1+,00.0 .
0,000, -1-4000-1-70001+4000 1+7000 1+40,0,0 1+40,0}

The data sequence in frequency domain for 40 MHz is:
S = 41200 1 +40.00 1 4000 1+/000 -1 0001 ;0001+;0.0.0 .
0,0,00-1-4000-1-4000 14,000 1+4000 1+4/0001+/00000 ..
0.0.0.00000001+5000 -1/ 000 1+,0.00 14000 -1—j000 1+5.000 ..
0,0,00-1-40,00-1-40,00 1+,0001+4000 1+£0001+/00}

In Mixed Mode, cyclic shift is applied on transmit chains, signal on the i, /'th transmit

chain is:
Fi_grplll = —————=Wl1)-
. Jonc
Nrx Ny _str
’ 4] -'l"'I:.—'.' A

Y Sexp(2RKAF(t-TEp)) +7Y Spexp (2kAF(t = T(5))
k=N k=1 s

In Green Field, cyclic shift is applied on space time streams, signal on the /i, 'th

transmit chain is:

"rlsrr' 1) = ———m,{1)-
: W .\'T':"' RE
-\III' 575 Y _sTr
N Kege N Mep: 1
z Z |Qi]f_h;”rj‘._-_1:|1|;Jif:'[k.-"|_}7'[_.r—]"':,__:;.:n +“sz z |f:}i]I:_““VE‘rx!lu':'!'[k."ﬁ.f?l_.f—_Jr'r;;-::ll
h=-Ngiee=1 b=lig.=1
Where

N1y is the number of transmit chains;

Ng1 is the number of space time streams;

Jonre

NL-5TF is the number of subcarriers used, which is 12 for 20 MHz and 24
for 40 MHz respectively;

The definition of “7'" is given in section 17.3.2.4 of References #1. In this

i) . . .
model “T"" is the rectanqular impulse function of 8us;
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Ngg is the number of subcarriers occupying half of the overall bandwidth,

w_hich is 26 for 20 MHz and 58 for 40 MHz respectively;
T'_';"& is used in Mixed Mode and takes value from the following table;

Tcs is used in Green Field and takes values from the second table;

¥is 1 for 20 MHz and j for 40 MHz;
Q is the spatial mapping matrix for subcarrier k (in this subnetwork we

use the same matrix for all subcarriers);
Tcs

Values for the Legacy Portion of the Packet

Number of Tx Cyclic shift for Tx Cyclic shift for Tx Cyclic shift for Tx |Cyclic shift for Tx

Chains chain 1 chain 2 chain 3 chain 4
1 0 ns - - -

2 0 ns -200 ns - -

3 0 ns -100 ns -200 ns -

4 0 ns -50 ns -100 ns -150 ns
1¢s

Values for the HT Portion of the Packet

Number of space time Cyclic shift for Cyclic shift for |Cyclic shift for Cyclic shift for

streams STS 1 STS 2 STS 3 STS 4
1 0ns - - -

2 0 ns -400 ns - -

3 0 ns -400 ns -200 ns -

4 0 ns -400 ns -200 ns -600 ns

4. Parameter details:

SpatialMappingScheme: DirectMapping, SpatialExpansion and
UserDefined. It's used for Green Field.
If DirectMapping is selected, only signal on the igs'th space time stream is

mapped onto the iy, 'th (ir, = igyg) transmit chain.

If SpatialExpansion is selected, signal on different spatial streams are
mapped onto each transmit chain by a predetermined matrix.

If UserDefined is selected, signal on different spatial streams are mapped
onto each transmit chain by a user defined matrix SpatialMappingMatrix.
SpatialMappingMatrix: User defined matrix for spatial expansion, it
should be an array of N, x Np, elements which are abstracted from a N,

X Ny, matrix line by line (from the first line to the last line, and from left to

right each line). It's valid only for Green Field.

References
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WLAN_11n_Mapper (WLAN 11n Mapper)

202 1Tn

WLAN_11n_Mapper

Description Mapping of BPSK, QPSK 16-QAM or 64-QAM for each spacial stream
Library WLAN 11n, Source Components
Class SDFWLAN_11n_Mapper

Parameters

Name Description Default Type Range
MCS Modulation Coding Scheme ( [0~32] )0 int [0~32]
Bandwidth Band width: BW20M, BW40M BW20M enum

Pin Inputs

Pin [Name Description Signal Type
1 |In interleaved or deinterleaved spacial bit stream multiple int
Pin Outputs

Pin [Name Description Signal Type

2 |Out [signal after constellation mapping multiple complex

Notes/Equations

1. This subnetwork model is used to map the sequence of bits in each spatial stream to
complex constellation points.

2. The input and output pins are multi-port pins which should be expanded to the
number of spatial stream (Ngg). Each firing, Ngpg- tokens are consumed at each

input port and 1 token is produced at each output port, where Ngyc~ is number of

coded bits per single carrier.
The schematic of this subnetwork is shown in the following figure.

n D
B r Bt T m i &S

WLAN_11n_Mapper Schematic
3. The mapping scheme is decided by the parameter MCS and the mapping pattern is
defined in section 17.3.5.7 of the 802.11a standard.

« When MCSmod8=10 ppsk mapping will consume one input bit to produce
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complex output data, as illustrated in the following figure.

BPSK  Qj

T

BPSK Constellation Mapping

« When 0<MCS mod 82 QPSK mapping will consume 2 bits to produce complex
output data, as illustrated in the following figure. After mapping, the output

. . . . . = {177
signal is normalized by normalization factor a, where ¥ = 172

QPSK b
(«}A by

01 11
] ]

QPSK Constellation Mapping
3 A 2
« When 2<MCSmod 84 16 .0AM mapping will consume 4 bits to produce
complex output data, as illustrated in the following figure. After mapping, the

output signal is normalized by normalization factor a, where < = 1710
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16-QAM Q4 bbb, by
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16-QAM Constellation Mapping
« When 4<MCSmod8=T g4 QAM mapping will consume 6 bits to produce
complex output data, as illustrated in the following figure. After mapping, the

output signal is normalized by normalization factor a, where ¢ = ¥1742
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64-QAM Constellation Mapping

References

1. EWC HT PHY Specification v1.13 November 5th, 2005.
2. IEEE Std 802.11a-1999(R2003), Part 11: Wireless LAN Medium Access Control (MAC)

and Physical Layer(PHY) specifications, High-Speed Physical Layer in the 5 GHz Band,
June 12th, 2003.
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WLAN_11n_MuxOFDMSym (Mux Pilot Subcarriers
with the Data Subcarriers To Generate OFDM Symbol)

WLAN_11n_MuxOFDMSym

Description insert pilots to data subcarrier and gernerate OFDM symbol
Library WLAN 11n, Source Components
Class SDFWLAN_11n_MuxOFDMSym

Parameters
Name Description Default Type Range
MCS modulation Coding Scheme ( [0,32] ) |0 int [0, 32]

Bandwidth band width: BW20MHz, BW40MHz BW20MHz .enum

Pin Inputs

Pin Name Description Signal Type
1 |data |data stream multiple complex
2 |pilot |pilot stream multiple complex

Pin Outputs

Pin Name Description Signal Type
3 |output data stream with and multiple complex

Notes/Equations

1. This subnetwork is used to insert pilot subcarriers into the data subcarriers and
generate data ODFM symbol in frequency domain.

2. Each firing, if the signal bandwidth is 20 MHz, 52 data tokens and 4 pilot tokens are
consumed, while 56 output tokens are produced; if the signal bandwidth is 40 MHz,
108 data tokens and 6 pilot tokens are consumed, while 114 output tokens are
produced.

3. The subnetworks schematic is shown in the following figure.
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WLAN_11in_MuxOFDMSym Schematic
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WLAN_11n_OFDMMod (WLAN 11n OFDM Modulation)

202.11n
-

£ | OFDM || st

Mod

WLAN_11n_OFDMMod

Description OFDM symbol modulation
Library WLAN 11n, Source Components
Class SDFWLAN_11n_OFDMMod

Parameters

Name Description Default [Type Range
NumTx Number of transmit antennas 1 int [0~4]
Bandwidth band width: BW20MHz, BW40MHz BW20MHz lenum
OversamplingOption jover sampling ratio: x1, x2, x4, x8, x16, x32 |x1 enum
ShortGI 400ns guard interval in data symbols: NO, YES |NO enum

Pin Inputs

Pin Name |Description [Signal Type
1 |input |data stream multiple complex
Pin Outputs

Pin [Name Description Signal Type

2 |output OFDM multiple complex
symbol

Notes/Equations

1. This subnetwork is used to convert the frequency domain signals to time domain by
applying IFFT.
2. The input and output pins are multi-port pins. Both of them have a buswidth of Ng.

The subnetworks schematic is shown in the following figure.

o “"*'“‘.:é“'@“@"b“@""“ iy
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WLAN_11n_OFDMMod Schematic

3. On each spatial stream, the timed signal after IFFT is cyclic shifted to prevent
unwanted beamforming. Guard intervals are also add to eliminate the multipath
interference within the interval.

References

1. EWC HT PHY Specification v1.13 November 5th, 2005.
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WLAN_11n_PilotGen (WLAN 11n Pilot Generation)

802.11n

WLAN_11n_PilotGen

Description Pilot generator
Library WLAN 11n, Source Components
Class SDFWLAN_11n_PilotGen

Parameters

Name Description Default Type Range

OperatingMode |operating mode: MixedMode, GreenField |MixedMode |enum

MCS Modulation Coding Scheme ( [0~31]) |0 int [0~31]

Bandwidth Band width: BW20M, BW40M BW20M enum

HTLength octet number of PSDU 256 int [1,
65535]

Phase initial phase of pilots 0 int [0, 126]

Pin Outputs

Pin [Name Description Signal Type

1 |output |Pilot for each spatial stream multiple complex

Notes/Equations

1. This model is used to generate the pilot sequence for all data symbols.
2. This model has a multiport pin Out which should be expanded to the number of
spatial mapper inputs (N gp;)-

Each firing, N gp X N gy, tokens are produced at each output port of the output pin

where

N gp is the number of pilot subcarriers, which is 4 in the case of 20 MHz transmission

and 6 in the case of 40 MHz.
a"'\'rls:r'_lw = mSTBC * C'Cn!:fll:_ |,_8 * HTLfngi‘h + J.EJ =+ f.:l * ;"'\'rES :'/;';mSTBC' b ;"'\'rDBPS:I ]

m srgc is 1 (STBC is not used.) HTLength is the PSDU length in byte. N ¢ is the

number of FEC encoders used which is decided by the parameter MCS.
N pgps is the number of data bits per symbol which is decided by parameters MCS

and Bandwidth.
3. In the case of 20 MHz transmission 4 pilot tones are inserted in the same sub-
carriers used in 802.11a standard, i.e. in sub-carriers -21, -7, 7 and 21. The pilot

tHh rh

sequence for the " symbols and s spatial mapper input is defined as follows:
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—28, 28
'El.l" +2° (igypn)

where

z is 3 in a mixed mode packet and 2 in a Green Field Packet. p , is defined
in section 17.3.5.9 of the 802.11a standard. The p , is a cyclic extension of

the 127 elements sequence and is given by
Po, ... 126

1,1,1,-1, -1
1,1,1,

-1, 1,
1,1

I 4 1’ 1

1,-1,1,1
, -1, -1,-1,1,1

’ 1/ 1/ ’ 1_11 1/
1,-1,-1,-1, 1, -1,

,-1,-1,-1,-1, -1, -1}

=28, "‘3

lizurm)js defined as follow:

_78 28 (5]
(=™ = £0,0,0,0,0,0,0, V=% 0,0,0,0,0,0,0,0,0,0,0,0,0,

["'_.1::]

[R5
Viwnenes 0.0,0,0,0,0,0,0,0,0,0,0,0 Yert+29s o0 0, 0,0,
Ryl
0,0,0,0,0,0,0,0, V=niz+n®+ 0.9 0,0,0,0,0}

,-1,-1,-1,-1,1,1,-1,1,-1,-1,1,1,-1,1, 1, -
,1,-1,1,1,-1,-1,1,1,1, -1, 1 -1,-1, 1, -
,1,1,1,1,-1,-1,1,1, -1, -1, 1,1, 1, -
-1,-1,1,-1,-1,1,-1,1,1, 1, 1,

1,1,-1,1,-1,1,1,1, -1, -1, 1,

{ '
r 11 1 _11 r
’ 1 1! _11 ’ ’

_11 1/ _11 1/ _11 1/ -
_11 -11 -11 1/ 1/ 1/ -

r _11
-1 1

/

4

-Ul—tl—tl—tl—tl—tn

In the case of 40 MHz 6 pilot tones are inserted in sub-carriers -53, -25, -11, 11, 25,

th . th

53. The pilot sequence for the ™ symbols and S™  spatial mapper input is defined
as follows:

-38, 58
Fr +2" ligyrn)
where

—:53. 58
zand p , are defined as above.  "=+*' is defined as follow:
—58, 58 [Rear)

lizwrn) = £0, 0,0, 0,0, Vi n@s ,0,000000000000,00,
["'_.1::]

o,0,00000000,0,0, w*‘”[”“@&,0,0,0,0,0,0,0,0,0,0,0,

(R
0,0, ""f:-w-[“”%,o, 0,0,0,00,00,0,0,0,0,0,0,0,0,0,0,0, 0,0,

'qj.[”:.w] w—[’"_.w]
B n+31®6 0,0,0,0,0,0,0,0,0,0,0,0,0, =% 00 0,00,
["'_.1::]

oooooooooooooooooooooo”’—w“‘*'—‘]@ﬁ,o,
0, 0,0,0}
where

n®6 indicates symbol number modulo 6;

For each spatial mapper input there is a different pilot pattern and the pilot patterns
are cyclically rotated over symbols.

The basic patterns are also different according to the total number of spatial streams
for the packet.

v [ Rz

The patterns "“*" are defined in the following tables.

Pilot Values for 20 MHz Transmission
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Pilot Values for 20 MHz Transmission

Nss |iss -qj_[”:.w] -qj_[”:.w] -qj_[”:.w] -qj_[”:.w]

izaar O | Wizar. iy 2| T izur
1 0 1 1 1 -1
2 |01 -1 -1
2 1 1 -1 -1 1
3 011 1 -1 -1
3 1 1 -1 1 -1
3 12 -1 1 -1
4 0 1 1 1 -1
4 1 1 1 -1 1
4 2 11 -1 1 1
4 3 |-1 1 1 1

Pilot Values for 40 MHz Transmission

Nss liss -qj_[”:.w] -qj_[”:.w] -qj_[”:.w] -qj_[”:.w] -qj_[”:.w] \P_[”:.wj]
Ezaur

iz O | Wizam iz 2| Wiz iz &
1 0 |1 1 1 -1 -1 1
2 |0 1 1 -1 -1 -1 -1
2 111 1 1 -1 1 1
3 0 1 1 -1 -1 -1 -1
3 111 1 1 -1 1 1
3 2 1 -1 1 -1 -1 1
4 0 1 1 -1 -1 -1 -1
4 1 11 1 1 -1 1 1
4 2 11 -1 1 -1 -1 1
4 3 |-1 1 1 1 -1 1
References

1. EWC HT PHY Specification v1.13 November 5th, 2005.

2. IEEE Std 802.11a-1999(R2003), Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer(PHY) specifications, High-Speed Physical Layer in the 5 GHz Band,
June 12th, 2003.
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WLAN_11n_Preamble (WLAN 11n Preamble)

20Z2.11n

|

WLAN_11n_Preamble

Description preambles before data symbols
Library WLAN 11n, Source Components
Class SDFWLAN_11n_Preamble

Parameters
Name Description Default Type Range
OperatingMode operating mode: MixedMode, GreenField MixedMode enum
MCS modulation Coding Scheme ( [0,32] ) 0 int [0, 32]
Bandwidth band width: BW20MHz, BW40MHz BW20MHz enum
HTLength PSDU length in byte ( [1, 2716-1]) 256 int [1,
27N 16-
1]
Reserved reserved bits in HT SIGNAL field, defaulted by all Reserved7 enum
"1"s: Reserved0O, Reservedl, Reserved?2,
Reserved3, Reserved4, Reserved5, Reservedb,
Reserved?7
Aggregation Aggregate-MPDU in data portion of the packet: A-MPDU enum
Otherwise, A-MPDU
STBC difference between N_STS and N_SS ( [0,3], 0-> |0 int [0, 3]
No STBC )
AdvCoding block convolutional coding or advanced coding: BCC enum
BCC, Advanced
ShortGI 400ns guard interval in data symbols: NO, YES NO enum
NumHTLTF number of HT long training fields 1 int [1, 4]
NumTx number of transmit chains (antennas) 1 int [1, 4]
SpatialMappingScheme |spatial mapping scheme: DirectMapping, DirectMapping enum
SpatialExpansion, UserDefined
SpatialMappingMatrix |User definned spatial mapping matrix 1 complex [(-co, )
array
OversamplingOption over sampling ratio: x1, x2, x4, x8, x16, x32 x1 enum
Pin Outputs

Pin Name Description Signal Type
1 |output preamble field multiple complex

Notes/Equations

1. This subnetwork is used to generate the preamble symbols for WLAN 11n baseband
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source, both for Mixed Mode and Green Field.

Its output pin is multi-port pin, each sub-port corresponds to a transmit
channel/chain. This pin should be connected with a pin whose bus width is NumTx,
for instance, the Bus model with parameter "BusWidth" set to NumTx.

. Schematic of this subnetwork is shown in the following figure.

= > o
o - [ ey
i . o
i
[:1:] liicl 8
]
ek
B VLA

5
=

WLAN_11n_Preamble Schematic

3. The output is time domain signal with total mean square value (power) of 1 (except

HT-SIG field in Green Field). Signal format is shown in the following figure.

L-5TF L-LIF L—5I HI-5IF HT-5IF | HI-LIF1 E—f‘fﬁi?ﬁ—fﬁﬁﬁiﬁ]
{8 ue) (8 usz) (4 us) [& uz) {4 ue) !‘.-Ius)(1_@_!:_(__1_1_@_!:_[:_1_1_15_?_:
Hixed Hode
L-5TF HI-LIF1 BT-51C HF-LTF2 | BT-LTFA § HT-LTR4 |
{Bux) {8 s} [8ma) {dms Ml{dusdildus)
Green Field

Preamble Format

Signal fields represented by dashed rectangles are dispensable depending on
parameter NumHTLTF.

. Models WLAN_11n_LSTF, WLAN_11n_LLTF, WLAN_11n_LSIG, WLAN_11n_HTSIG,
WLAN_11n_HTSTF, WLAN_11n_HTLTFMM and WLAN_11n_HTLTFGF are used to
generate all preamble signal fields needed in Mixed Mode and Green Field. Model
WLAN_11n_PreambleMux is used to multiplex each signal field needed according to
given parameters.

. For more details of each signal field, see descriptions of each model and References
#1.

References

1. EWC: HT PHY Specification v1.13, November 5th, 2005.
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WLAN_11n_PreambleMux (WLAN 11n Preamble

Multiplexer)

e

114444444

WLAN_11n_PreambleMux

Description preambles before data symbols
Library WLAN 11n, Source Components
Class SDFWLAN_11n_PreambleMux

Type Range

MixedMode lenum
BW20MHz |enum

Parameters

Name Description Default

OperatingMode operating mode: MixedMode, GreenField

Bandwidth band width: BW20MHz, BW40MHz

NumHTLTF number of HT long training fields 1

NumTx number of transmit chains (antennas) 1

OversamplingOption |over sampling ratio: x1, x2, x4, x8, x16, x1

X32

Pin Inputs

Pin [Name Description

1 |LSTF legacy short training field

2 |LLTF legacy long training field

3 |LSIG legacy SIGNAL field

4 |HTSIG HT SIGNAL field

5 |HTSTF HT short training field

6 |HTLTF HT long training field (Mixed Mode)

7 |HTLTFG1 |HT long training field (Green Field HT-LTF1)

8 |HTLTFG234 HT long training field (Green Field HT-LTF2, HTLTF3 and
HTLTF4)

Pin Outputs

Pin Name Description Signal Type

9 |output 802.11n preamble multiple complex
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int  [1, 4]
int  [1, 4]
enum

Signal Type

multiple complex
multiple complex
multiple complex
multiple complex
multiple complex
multiple complex
multiple complex

multiple complex
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Notes/Equations

1. This model is used to multiplex each signal field of the preamble part for WLAN 11n
baseband source.
Its input and output pins are multi-port pins, each sub-port corresponds to a transmit
channel/chain. These pins should be connected with pins whose bus width are NumTx
, for instance, the Bus model with parameter "BusWidth" set to NumTx.
Its inputs, including L-STF, L-LTF, L-SIG, HT-SIG, HT-STF, HT-LTFMM (HT-LTF for
Mixed Mode), HT-LTFG1 (HT-LTF1 for Green Field) and HT-LTFG234 (remaining HT-
LTFs for Green Field), should all be time domain signals with guard interval inserted
according to References #1 below.
In Mixed Mode, HT-LTFG1 and HT-LTFG234 may be left unconnected. If the two pins
are connected, tokens shall be consumed on them. The output signals of Mixed Mode
are L-STF, L-LTF, L-SIG, HT-SIG, HT-STF and HT-LTFMM in order.
In Green Field, L-LTF, L-SIG and HT-LTFMM may be left unconnected. If the three
pins are connected, tokens shall be consumed on them. The output signals of Green
Field are L-STF, HT-LTFG1, HT-SIG and HT-LTFG234 (if present) in order.

2. Each fire, Ng;,,, tokens in each transmit channel shall be consumed at the input pins. N

output tokens in each transmit channel shall be generated at output pin, where

, Bandwideh + @versampling Oprion
| = .2
Npyyy = 8002

for L-SIG and HT-STF,
for L-STF, L-LTF, HT-SIG and HT-LTFG1,
. o - _.,.Bunu’:-'m':h+Oz:l'su.'.l|' fing@prion
Npoyy = NamHTLTF 802 prnEtE for HT-LTFMM,
' _ ' - . _.,.Bunu’:-lm’:h+l$'.1cl'su.'.l|'.|¢.'1 Qprion
Neicta = (NamHTLTF~1) 302 T for HT-LTFG234 (if NumHTLTF
equals to 1 pin HT-LTFG234 still consume tokens),
. _ , - _.,.Bunu’:-'m':h+ Qreersampling@prion
N = {8+ NumHTLTF) 80 .2 plnEte for Mixed Mode, and
for Green Field.

, Bandwideh + @versampling Oprian
| = .2
Negy = 16002

PH I T

~Bandwidth+ QrersamplingOprion

N = (5+NamHTLTF) 802

Nawpar

References

1. EWC HT PHY Specification v1.13, November 5th, 2005.
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WLAN_11n_RF_Modulator (WLAN 11n RF Modulator)

g802.11n
-

WLAN_11n_RF_Modulator

Description RF modulator with complex input for 802.11n
Library WLAN 11n, Source Components
Class TSDFWLAN_11n_RF_Modulator

Parameters

Name Description Default

ROut output resistance DefaultROut

FCarrier carrier frequency 5000 MHz

Power total output power of modulator 0.01

VRef modulator voltage reference level 1

SamplingRate Sampling rate 20 MHz

MirrorSpectrum Mirror spectrum about carrier? NO, YES NO

NumTX number of transmit antennas 1

AntGainImbalance |gain imbalance in dB, relative to average power 0.00.00.0
(Power/NumTx) 0.0

IQGainImbalance |gain imbalance in dB, Q channel relative to I 0.00.00.0
channel 0.0

Phaselmbalance |phase imbalance in degrees, Q channel relativetoI (0.0 0.0 0.0
channel 0.0

I_OriginOffset I amplitude origin offset in percent with repect to 0.00.00.0
output rms voltage 0.0

Q_OriginOffset Q amplitude origin offset in percent with repect to 0.00.00.0
output rms voltage 0.0

IQ_Rotation IQ rotation, in degrees 0.00.00.0

0.0
Pin Inputs
Pin Name Description Signal Type

1 linput |input baseband signal multiple complex
Pin Outputs

Pin Name Description Signal Type
2 |output output RF signal multiple timed

Notes/Equations

Unit Type
Ohm |real
Hz |real
W  |real
Vv real
Hz |real
enum
int
real
array

real
array

deg real
array

real
array

real
array

deg |real
array

Range
(0, )
(0, )
[0, )
(0, )
(0, )

1. This model is used to convert baseband signals into timed RF signals for WLAN 11n
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RF source.
Its input (output) pin is a multi-port pin, each sub-port corresponds to a transmit
channel/chain. This pin should be connected with a pin whose bus width is NumTx,
for instance, the Bus model with parameter "BusWidth" set to NumTx.
Its input are baseband (complex envelope) signals. The input signals are assumed to
be filtered with multiple samples per symbol. WLAN_11n_RF_Modulator does not
upsample or filter the input signals. The input signals are used to modulate the in-
phase and quadrature- phase carriers of QAM modulators of different transmit
channels.
For each input sample consumed, one output sample is produced.
. Each sub-port (transmit channel) of the output bus should be connected in series to a
resistor with the impedance of ROut for impedance matching. This resistor connects
this model with the model followed.
. Parameter details:
FCarrier is used to set the local oscillator frequency or frequency of carriers to be
modulated. Carriers of all transmit channels are from the same oscillator without
phase noise.
Power is the total output power of all transmit channels when:

each output port are connected in series with a matched resistor,

the rms (root of the sum of mean square) value of all input signals is VRef,
without any impairments (AntGainImbalance, IQGainImbalance, etc. should
be set to zeros).

The VRef parameter is used to calibrate the modulator. VRef is the rms value of all
input signals that results in an instantaneous output power on matched load equal to
Power. In order to get average output power on matched load equal to Power, the
input rms voltage should equal to VRef. Therefore, in order to calibrate the
modulator, VRef should be set to the input rms voltage. If the input rms voltage is
not known, the TkIQrms component can be connected to the inputs of this model and
it will report the rms value of the input IQ signal of each transmit chain.

The SamplingRate parameter is used to set the simulation time step at the output of
the component. The simulation time step is set to 1 / SamplingRate.

The MirrorSpectrum parameter can be used to mirror the spectrum (invert the Q
envelope) at the output of the modulator of each transmit channel. Depending on the
configuration of the mixers in the upconverter, which typically follows a modulator,
the signal at the upconverter's input may need to be mirrored. If such a configuration
is used, then this parameter should be set to YES.

NumTx is the number of transmit channels or bus width of input and output signals.
AntGainImbalance is gain imbalance array of each transmit channel in dB, relative to
0 dB (default gain) of this channel.

IQGainImbalance is the gain imbalance array of each transmit channel in dB, Q
channel relative I channel.

PhaseImbalance is the phase imbalance array of each transmit channel in degree, Q
channel relative to I channel.

I OriginOffset is the I origin offset array of each transmit channel in percent, relative
to output rms voltage of this transmit channel.

Q_OriginOffset array is similar with I_OriginOffset array.

IQ Rotation is IQ constellation rotation array in degree of each transmit channel.

. Brief description of implementation algorithms.

Assuming that the input signal of the i'th transmit channel is inRe[i]+j x inIm[i],
output signal on the i'th transmit channel is generated as follows:
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Step 1:

outReli] = inReli] .
outim([i] = inlm[i] .
Step 2: mirror spectrum

if (MirrorSpectrum = = YES)

outim[i] = —outlm[i] .
I

Step 3: IQ gain imbalance

T10Gainimbalarce[i]
outlm[i] = outim[i]- 10 =0

Step 4: phase imbalance

4

outRel[i] = outRe[i] - mtr.’m[i]siﬂL

FPhaselmbalance[i] - 4

180 P
outim[i] = outim(i] CDSLicJsca’mbe!;ncc[;'] . 31;~:|

Step 5: IQ rotation

temp = outReli] .
14

o fon[i] - Mo " ] i]-m
ourReld] = Dmm[r_]mstuﬁomlrsf;h[f] ﬁ-'-*'?'*”””[*']Siﬂ;mmmfégn[] I
A

outlm[i] = temp - dﬂ[f@ﬁarujf;gn[[] .

I . [QRotation[i] - T
|+ cut! :[ |
| +outlm [i]co 180 ]

Step 6: inter-antenna gain imbalance

AnrGainimbalunceli]

outRel[i] = outRe[i]- 10 =0

ArtGainImbalurce[i]
outlm[i] = outlm[i]- 10 =0

Step 7: origin offset

outRe[i] = outRe[i] + VRef 10riginOffset
SJNumTx 100

outlm[i] = outlm[i]+ VRef  QOriginOffset
N umTx 100

4

Step 8: gain scaling
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) - J2-ROut- Power
tR = iR .
outRel[i] = outRe[i] VRef

4

. o J2-ROut Power
tf = ! .
outlm[i] = outim[i] VRef

Step 9: modulation

Vit) = Real{{outRe[i] +outim[i])- &

20 FCurricr: ¢

}

References

1. EWC HT PHY Specification v1.13, November 5th, 2005.
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WLAN_11n_Scrambler (WLAN 11n Scrambler)

B0Z.11n
,,
01101 | &

W

WLAN_11n_Scrambler

Description Scramble the input bits
Library WLAN 11n, Source Components
Class SDFWLAN_11n_Scrambler

Parameters
Name Description Default Type Range
MCS Modulation Coding Scheme ( [0~31]) 0 int [0~31]
Bandwidth |Band width: BW20M, BW40M BW20M |enum
HTLength |octet number of PSDU 256 int [1,
65535]

Relnitialize reset the initial state the scrambler each burst by input bits or not: NO, INO enum

YES
Pin Inputs
Pin [Name Description Signal Type
1 |input |scrambler initial state int
Pin Outputs
Pin Name Description Signal Type
2 |output |scramble int

sequence

Notes/Equations

1. This model is used to generate scramble sequence used for scrambling and
descrambling.
2. Each firing:
« 7 bit tokens are consumed at Pin In.
o N pgps X N gy tokens are produced at Pin Out.

where
N gy is the number of symbols in the data field which is computed using the

formula:
a"'\'rls:r'_lw = MzsTRC * C'CHIL_L_S X HTLc’ngi‘h +16+6x ;"'\'rE_::":If;l;mSTBC X ;"'\'rDBP_::":I ]

where
m srgc is 1 (STBC is not used.) HTLength is the PSDU length in byte. N s is the

number of FEC encoders used which is decided by the parameter MCS.
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N pgps is the number of data bits per symbol which is decided by parameters

MCS and Bandwidth.
3. The length-127 frame-synchronous scrambler (see the following figure)uses the

R !
generator polynomial S =¥ +x + 1 When the all ones initial state is used, the
127-bit sequence generated repeatedly by the scrambler (left-most used first) is:

00001110 11110010 11001001 00000010 00100110 00101110 10110110
00001100

11010100 11100111 10110100 00101010 11111010 01010001 10111000
1111111

[Data In
-

x.-_' xt} xfﬁl l xq x@ xE x1

Descrambled

Data Out

Data Scrambler

The initial state of the scrambler is set to a pseudo random non-zero state by the

input pin. If the parameter Relnitialize is set to YES, the state of the scrambler is
reset each frame by the input bits.

References

1. EWC HT PHY Specification v1.13 November 5th, 2005.
2. IEEE Std 802.11a-1999(R2003), Part 11: Wireless LAN Medium Access Control (MAC)

and Physical Layer(PHY) specifications, High-Speed Physical Layer in the 5 GHz Band,
June 12th, 2003.
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WLAN_11n_SpatialMapper (WLAN 11n Spatial

mapper)

802.11n
-

ppl| o || ppe

| ——— T

WLAN_11n_SpatialMapper

Description spatial mapping for 11n
Library WLAN 11n, Source Components
Class SDFWLAN_11n_SpatialMapper

Parameters

Name Description

MCS modulation Coding Scheme ( [0,31] )
NumTx Number of transmit antennas

SpatialMappingScheme |spatial mapping scheme: DirectMapping,
SpatialExpansion, UserDefined

SpatialMappingMatrix |User definned spatial mapping matrix

Pin Inputs

Pin Name Description Signal Type
1 |in input signal |multiple complex
Pin Outputs

Pin Name Description |Signal Type
2 |Out output signal multiple complex

Notes/Equations

Default Type
0 int
1 int

DirectMapping enum

1 complex
array

Range
[0, 31]
[1, 4]

1. This subnetwork is used to map the spatial streams to different transmit chains.
2. The input and output pins are multi-port pins. The buswidth of input pin is N ¢¢, while

the buswidth of the output pin is N 5. The subnetworks schematic is shown in the

following figure.
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D—n »-n::"'*- > .I> »I_:

L 2
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E cHIF I Iiﬂ—b—b El-‘

1 Pk Ti

WLAN_11n_SpatialMapper Schematic

References

1. EWC HT PHY Specification v1.13 November 5th, 2005.
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WLAN_11n_SpatialParser (WLAN 11n spatial parser)

B0Z.TTn

PP = | PP

WLAN_11n_SpatialParser

Description 11n spatial parser
Library WLAN 11n, Source Components
Class SDFWLAN_11n_SpatialParser

Parameters

Name |Description Default Type Range

MCS |modulation Coding Scheme ( [0,31] |0 int [0, 31]
)

Pin Inputs

Pin /Name Description Signal Type
1 |input |input signal multiple anytype
Pin Outputs

Pin [Name Description Signal Type
2 output output signal multiple anytype

Notes/Equations

1. This subnetwork is used to map signal on encoder streams to spatial streams.
2. The input and output pins are multi-port pins. The buswidth of input pin is N g5, while

buswidth of the output is N 5. The subnetworks schematic is shown in the following

figure.
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WLAN_11n_SpatialParser schematic

References

1. EWC HT PHY Specification v1.13 November 5th, 2005.
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WLAN_11n Sources

The 11n top-level signal sources are provided in this category.

e WLAN 11n Source (WLAN 11n baseband signal source) (wlanlln)
e WLAN 11n Source RF (WLAN 11n RF signal source) (wlanl1ln)
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WLAN_11n_Source (WLAN 11n baseband signal

WLAN_11n_Source

Description 11n signal source
Library WLAN 11n, Source
Class SDFWLAN_11n_Source

Parameters

Name
OperatingMode
MCS
Bandwidth
HTLength

Aggregation
ShortGI

NumHTLTF
NumTx
SpatialMappingScheme

SpatialMappingMatrix
OversamplingOption

Window
TransitionTime

IdleInterval
ScrambleSeed
ScrambleReinit

Pin Inputs

Description

operating mode: MixedMode, GreenField
modulation Coding Scheme ( [0,31] )
band width: BW20MHz, BW40MHz
PSDU length in byte ( [1, 27°16-1])

Aggregate-MPDU in data portion of the
packet: Otherwise, A-MPDU

400ns guard interval in data symbols:
NO, YES

number of HT long training fields
number of transmit chains (antennas)

spatial mapping scheme: DirectMapping,
SpatialExpansion, UserDefined

User definned spatial mapping matrix

over sampling ratio: x1, x2, x4, x8, x16,
x32

use time domain window or not: NO, YES
the transition time of window function

Idle Interval
initial state of scrambler(should not be all

0)

reset initial state of the scrambler each
burst (by ScrambleSeed) or not: NO, YES
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Default Unit Type

MixedMode enum

0 int

BW20MHz enum

256 int

A-MPDU enum

NO enum

1 int

1 int

DirectMapping enum

1 complex
array

x1 enum

NO enum

100 nsec sec |real

100 nsec sec |real

1111111 int array

YES enum

Range

[0, 31]

[1, 2~16-
1]

[1, 4]
[1, 4]

(-ool OO)

(0,
800nsec]

[0,
1000psec]

[0 1]
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Pin Name Description Signal Type
1 |PSDU |PSDU in bit |int

Pin Outputs
Pin [Name Description Signal Type
2 |BaseBand 802.11n baseband signal multiple complex

3 |SigAftMatrix |signal after spatial mapping and before IFFT multiple complex
4 |Constellation |constellation after OFDM symbol mux and before spatial mapping imultiple complex
5 |BitsChCoded |convolutional eccoded bit stream multiple int

Notes/Equations

1. This subnetwork is used to generate WLAN 11n baseband signal.
2. Each firing, HTlength x 8 information bits are consumed, while a whole WLAN 11n
packet are generated. The subnetworks schematic is shown in the following figure.
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WLAN_11n_Source Schematic

3. The input information bits are padded with zero first to generate the data payload for

the whole packet and then the service data is scrambled. The scrambler is the same
as the scrambler in 11a. The encoder parser separates the scrambled data stream to

different encoders. if N gg=1 or 2, there will be one encoder; if N gg=3or 4, there will

be 2 encoders. Then the stream parser distributes encoded data steams to maximum

4 different spatial streams. On each spatial stream, the data are interleaved and
mapped to constellations. The constellation modulation scheme includes
BPSK,QPAK,16QAM and 64QAM. The pilot subcarriers are then inserted among data
subcarriers to generate the OFDM symbol in frequency domain. After the OFDM
modulation model, the frequency domain signal is converted to timed domain with
guard interval and cyclic shift added. Then the timed signal on each spatial stream is
mapped to transmit chains. Finally the whole packet is generated by concatenating
the data field with the preamble field.

4, Parameter details:
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e OperatingMode is an enumerate parameter specifying the transmitter operating
mode. If the transmitter is working on MixedMode, although the 11a device can't
decode the HT data, it still can hear the 11a legacy preambles in the packet. If
the transmitter is working on GreenFieldMode, only the 11n HT device can hear
and decode the transmitted signal.

e MCS specifies the modulation and coding scheme. Currently MCSO to MCS31 are
supported.

o Bandwidth is an enumerate parameter specifying the channel bandwidth, both
20 MHz and 40 MHz bandwidth are supported in this library.

e HTLength specifies the number of information bytes per packet, so the total
information bits per packet is HTLength x 8.

e ShortGI is an enumerate parameter specifying the length of the guard interval.
If ShortGI is Yes, then the guard interval will be 0.4 psec; if it is No, the guard
interval will be 0.8usec

e NUMHTLTF specifies the number of HT long training field. NumHTLTF must not
be less than the N ¢. And if the N g5 is 3, NumHTLTF must be 4.

« NumTx specifies the number of transmit antennas. Based on References #1
below, the number of transmit antennas must not be less than N ¢ and must be

equal or larger than NumHTLTF.

e SpatialMappingScheme is an enumerate parameter specifying the scheme to
map the spatial streams to the transmit chains. If SpatialMappingScheme is
DirectMapping, the mapping matrix will be an identity matrix and the signal on
each spatial streams will be mapped to corresponding transmit chain directly; if
SpatialsMappingScheme is SpatialExpansion, the Walsh-Hadamard matrix or
Fourier matrix will be used as the mapping matrix. or If SpatialMappingScheme
is Userdefined, the mapping matrix will be determined by parameter
SpatialMappingMatrix and any unitary matrix with N ,,, x N -, dimension can be

applied.

e OversamplingOption determined the oversampling ratio of the output signal.
total six oversampling ratios (1x,2x,4x,8x,16x and 32x) are supported.

o Window is an enumerate parameter to turn on/off the window function. The
window function will create small overlap between consecutive OFDM symbols to
reduce the spectral sidelobes of the transmitted signal.

o IdleInterval specifies the idle interval time between two consecutive packets.

e ScrambleSeed specifies the initial state of the scrambler.

o ScrambleReinit is an enumerate parameter specifying whether the scrambler
feedback register will be re-initialized on each packet or not.

References

1. EWC HT PHY Specification v1.13 November 5th, 2005.
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WLAN_11n_Source_RF (WLAN 11n RF signal source)

g0Z2.11n

RF

Source

1130

WLAN_11n_Source_RF

Description 11n RF signal source
Library WLAN 11n, Source
Class TSDFWLAN_11n_Source_RF

Parameters
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Name

ROut

FCarrier

Power
MirrorSpectrum
AntGainImbalance

IQGainImbalance
PhaseImbalance
I_OriginOffset
Q_OriginOffset
IQ_Rotation

OperatingMode
MCS
Bandwidth
HTLength

Aggregation
ShortGI

NumHTLTF
NumTx

SpatialMappingScheme
SpatialMappingMatrix

OversamplingOption

Window
TransitionTime

IdleInterval

ScrambleSeed

ScrambleReinit

DataPattern

Pin Outputs

Advanced Design System 2011.01 - WLAN 11n Design Library

Description

output resistance

carrier frequency

total output power of modulator

Mirror spectrum about carrier? NO, YES

gain imbalance in dB, relative to average
power (Power/NumTx)

gain imbalance in dB, Q channel relative
to I channel

phase imbalance in degrees, Q channel
relative to I channel

I amplitude origin offset in percent with
repect to output rms voltage

Q amplitude origin offset in percent with
repect to output rms voltage

IQ rotation, in degrees

operating mode: MixedMode, GreenField
modulation Coding Scheme ( [0,31] )
band width: BW20MHz, BW40MHz
PSDU length in byte ( [1, 27~16-1] )

Aggregate-MPDU in data portion of the
packet: Otherwise, A-MPDU

400ns guard interval in data symbols:
NO, YES

number of HT long training fields
number of transmit chains (antennas)

spatial mapping scheme: DirectMapping,
SpatialExpansion, UserDefined

User definned spatial mapping matrix

over sampling ratio: x1, x2, x4, x8, x16,
x32

use time domain window or not: NO, YES
the transition time of window function

Idle Interval

initial state of scrambler(should not be all
0)

reset initial state of the scrambler each
burst (by ScrambleSeed) or not: NO, YES

WLAN 11n data pattern: PN9, PN15, FIX4,

4140, 8180,_16_1 16_0,
_32_1 .32 _0,_64_164_0
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Default Unit Type Range

DefaultROut |Ohm |real (0, o0)

5000 MHz Hz |real (0, o0)

0.01 w real [0, o0)

NO enum

0.0 0.00.0 real array |(-o0, o)

0.0

0.00.00.0 real array |(-co, c0)

0.0

0.0 0.00.0 deg |real array |(-o0, o)

0.0

0.00.00.0 real array |(-c0, o)

0.0

0.00.00.0 real array |(-co, c0)

0.0

0.0 0.0 0.0 deg |real array |(-c0, o)

0.0

MixedMode enum

0 int [0, 31]

BW20MHz enum

256 int [1, 2~16-
1]

A-MPDU enum

NO enum

1 int [1, 4]

1 int [1, 4]

DirectMapping enum

1 complex |(-c0, )

array

x1 enum

NO enum

100 nsec sec real (o,
800nsec]

100 nsec sec |real [o,
1000psec]

1111111 int array |[0 1]

YES enum

PN9 enum
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Pin Name Description Signal Type

1 |PSDU PSDU in bit int

2 |RF_Sig 802.11n RF signal multiple timed

3 |SigAftMatrix |signal after spatial mapping and before IFFT multiple complex
4  |Constellation |constellation after OFDM symbol mux and before spatial mapping multiple complex
5 |BitsChCoded |convolutional eccoded bit stream multiple int

Notes/Equations

1. This toplevel subnetwork is used to generate WLAN 11n RF signal.

2. Each firing, a whole WLAN 11n packet RF signals are generated and output together
with intermediate results. The data pattern model produce the original information
bits first and then 11n baseband signals are generated. Finally the baseband signals
are upconverted to the carrier frequency by the 11n RF modulator. The subnetworks
schematic is shown in the following figure.
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WLAN_11n_SourceRF Schematic
3. Parameter details:

e RIn is used to specify the input resistor.

e FCarrier is used to specify the carrier frequency. If the FCarrier is set to -1, the input
signal characterization frequency will be used as carrier frequency.

e Phase is the reference phase array of each transmit channel in degree, which will
result in constellation rotation.

e MirrorSpectrum can be used to mirror (invert the Q envelope) the spectrum of
received signal from each antenna at the output of the modulator. Depending on the
configuration of the mixers in the upconverter, which typically follows a modulator,
the signal at the upconverter's input may need to be mirrored. If such a configuration
is used, then this parameter should be set to YES.

e AntGainImbalance is gain imbalance array of the received signal from each antenna
in dB.

e IQGainImbalance is the gain imbalance array of the received signal from each
antenna in dB.Q channel relative to I channel.

e PhaseImbalance is the phase imbalance array of the received signal from each
antenna in degree, Q channel relative to I channel.

e OperatingMode is an enumerate parameter specifying the transmitter operating
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mode. If the transmitter is working on MixedMode, although the 11a device can't
decode the HT data, it still can hear the 11a legacy preambles in the packet. If the
transmitter is working on GreenFieldMode, only the 11n HT device can hear and
decode the transmitted signal.

e MCS specifies the modulation and coding scheme.Currently MCSO to MCS31 are
supported.

e Bandwidth is an enumerate parameter specifying the signal bandwidth, both 20 MHz
and 40 MHz bandwidth are support in this library.

e HTLength specifies the number of information bytes per packet, so the total
information bits per packet is HTLength x 8.

e ShortGI is an enumerate parameter specifying the length of the guard interval. If
ShortGI is Yes, then the guard interval will be 0.4 usec; if it is No, the guard interval
will be 0.8usec

e NumHTLTF specifies the number of HT long training field. NumHTLTF must not be less
than the N ¢c. And if the N g5 is 3, NumHTLTF must be 4 References #1 below.

o« NumTx specifies the number of transmit antennas. Based on References #1 below,
the number of transmit antennas must not be less than N g5 and must be equal or

larger than NumHTLTF.

e SpatialMappingScheme is an enumerate parameter specifying the scheme to map the
spatial streams to the transmit chains. If SpatialMappingScheme is DirectMapping,
the mapping matrix will be an identity matrix and the signal on each spatial streams
will be mapped to corresponding transmit chain directly; if SpatialsMappingScheme is
SpatialExpansion, the Walsh-Hadamard matrix or Fourier matrix will be used as the
mapping matrix. or If SpatialMappingScheme is Userdefined, the mapping matrix will
be determined by parameter SpatialMappingMatrix and any unitary matrix with N

x N 1, dimension can be applied.

e OversamplingOption determined the oversampling ratio of the output signal. Total six
oversampling ratios (1x,2x,4X,8x,16x and 32x)are supported.

e Window is an enumerate parameter to turn on/off the window function. The window
function will create small overlap between consecutive OFDM symbols to reduce the
spectral sidelobes of the transmitted signal.

e Idlelnterval specifies the idle interval time between two consecutive packets.

e ScrambleSeed specifies the initial state of the scrambler.

e ScrambleReinit is an enumerate parameter specifying whether the scrambler
feedback register will be re-initialized on each packet or not.

References

1. EWC HT PHY Specification v1.13 November 5th, 2005.
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