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

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

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

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

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

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

documentation of any code that uses this code or any modified version of this code must
cite the Copyright, this License, the Availability note, and "Used by permission."
Permission to modify the code and to distribute modified code is granted, provided the
Copyright, this License, and the Availability note are retained, and a notice that the code
was modified is included. Qt Availability: http://www.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 how part
of Agilent Technologies and is known as "Agilent EEsof". To avoid broken functionality and
to maintain backward compatibility for our customers, we did not change all the names
and labels that contain "HP" or "HPEESOF" references.

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

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

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

WLAN OFDMEqualizer (wlan)
WLAN PhaseEst (wlan)

WLAN PhaseTrack (wlan)

WLAN RmvNullCarrier (wlan)
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WLAN_80211a_RF_RxFSync

Description Receiver of IEEE 802.11a with full frequency synchronization
Library WLAN, Receiver

Class TSDFWLAN_80211a_RF_RxFSync
Derived From WLAN_ReceiverBase

Parameters

Name
RIn
ROut
RTemp

GainImbalance
PhaseImbalance

RefFreq
Sensitivity
Phase
Length
Rate

Order
Scramblerlnit

GuardType

GuardInterval

TSYM
Idle
FreqOffset

Description Default Unit Type
input resistance DefaultRIn Ohm real
output resistance DefaultROut |Ohm real
physical temperature, in degrees C DefaultRTemp real
gain imbalance in dB, Q channel relative to I channel |0.0 real
phase imbalance in degrees, Q channel relativetoI (0.0 real
channel
internal reference frequency 5200MHz Hz |real
voltage output sensitivity, Vout/Vin 1 real
reference phase in degrees 0.0 deg real
octet number of PSDU 256 int
data rate: Mbps_6, Mbps_9, Mbps_12, Mbps_18, Mbps_6 enum
Mbps_24, Mbps_27, Mbps_36, Mbps_48, Mbps_54
FFT points=2~0Order 6 int
initial state of scrambler 1011101 int
array
type of guard interval: T/2, T/4, T/8, T/16, T/32, T/4 enum
UserDefined
guard interval defined by user 16 int
one OFDM symbol interval 4e-6 sec |real
padded number of zeros between two bursts 0 int
actual frequency offset 0.0 Hz |real

t for each array element: array size must be 7.

Pin Inputs

Pin Name

1 |RF_Signal |RF signals

Pin Outputs

Description Signal Type
timed

10

Range
(0, )
(0, )
[-273.15,

)
(-OO, 00)

(-OO, OO)

(0, )
(_ool OO)
(_ool OO)

[1, 4095]

[6, 11]
{0, 131

[0, 2
Order ]

(0, )
[0, o)

(_ool 00)



Advanced Design System 2011.01 - WLAN Design Library

Pin Name Description Signal Type
2 |For_EVM undemapped signal after FFT used for complex
EVM
3 |UnDecodedBits deinterleaved data bits before decoding real
PSDU PSDU bits int
5 |SIGNAL SIGNAL int

Notes/Equations

1. This WLAN receiver provides full frequency synchronization according to the IEEE
802.11a Standard; it can be configured in a top-level design using model
parameters.

This subnetwork integrates an RF demodulator and baseband receiver. The schematic
is shown in the following figure.
GROUND =
Sre
- > —
= port
SIGNAL
TmedToF oat
T o
O8I S o] | o
Port i~ - —
RF_SQial gap_pemod - -
a1 pecfTotr WILEH A2 {aRrFSyct Port
W2 Uy DecodedB He
> > — >
RE= Port
R2 TmedToF oat For_Evl
T2

= GROUND

WLAN_80211a_RF_RxFSync Schematic

2. Rece

iver functions are implemented as specified in the IEEE 802.11a Standard.

Start of frame is detected.

The transition from short to channel estimation sequences is detected and time
(with one sample resolution) is established (burst synchronization).

Coarse and fine frequency offsets are estimated.

The packet is derotated according to estimated frequency offset (coarse and fine
frequency synchronization).

Complex channel response coefficients are estimated for each subcarrier
(channel estimation).

Each data OFDM symbol is transformed into subcarrier received values, pilot
subcarrier phases are estimated, subcarrier values are derotated according to
estimated phase, and each subcarrier value is divided with a complex estimated
channel response coefficient (phase tracking, phase synchronization, and
equalization).

The equalized signal is demultiplexed into SIGNAL and PSDU parts.

SIGNAL and PSDU are demapped, deinterleaved and decoded, respectively.
Demodulated SIGNAL and PSDU bits are output.

The equalized receiver signal is output for EVM measurement.

The deinterleaved PSDU signal is output, which is the signal before decoding.

e The WLAN_80211aRxFSyncl receiver schematic is shown in the following figure.

11
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WLAN_80211a_RF_RxNoFSync

Description Receiver of IEEE 802.11a without frequency synchronization

Library WLAN, Receiver
Class TSDFWLAN_80211a_RF_RxNoFSync
Derived From WLAN_ReceiverBase

Parameters
Name Description Default Unit Type
RIn input resistance DefaultRIn Ohm real
ROut output resistance DefaultROut |Ohm |real
RTemp physical temperature, in degrees C DefaultRTemp real
GainImbalance |gain imbalance in dB, Q channel relative to I channel |0.0 real
PhaseIlmbalance phase imbalance in degrees, Q channel relative toI 0.0 real
channel
RefFreq internal reference frequency 5200MHz Hz |real
Sensitivity voltage output sensitivity, Vout/Vin 1 real
Phase reference phase in degrees 0.0 deg real
Length octet number of PSDU 256 int
Rate data rate: Mbps_6, Mbps_9, Mbps_12, Mbps_18, Mbps_6 enum
Mbps_24, Mbps_27, Mbps_36, Mbps_48, Mbps_54
Order FFT points=2~0Order 6 int
ScramblerInit |initial state of scrambler 1011101 int
array
GuardType type of guard interval: T/2, T/4, T/8, T/16, T/32, T/4 enum
UserDefined
GuardInterval |guard interval defined by user 16 int
Idle padded number of zeros between two bursts 0 int

t for each array element: array size must be 7.
Pin Inputs

Pin Name Description Signal Type
1 |RF_Signal RF signals |timed
Pin Outputs

13

Range
(0, )
(0, )
[-273.15,

)
(-OO, 00)

(_ool OO)

(0, )
(_ool OO)
(_ool OO)

[1, 4095]

[6, 11]
{0, 131

[0, 2
Order ]

[0, o)
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Pin Name Description Signal Type
2 |For_EVM undemapped signal after FFT used for complex
EVM
3 |UnDecodedBits deinterleaved data bits before decoding real
PSDU PSDU bits int
5 |SIGNAL SIGNAL int

Notes/Equations

1. This WLAN receiver, without frequency synchronization, is according to the IEEE
802.11a Standard; it can be configured in a top-level design using model
parameters.

This subnetwork integrates an RF demodulator and baseband receiver. The schematic
is shown in the following figure.
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WLAN_80211a_RF_RxNoFSync Schematic

Receiver functions are implemented as specified in the IEEE 802.11a Standard.

o Start of frame is detected.

e The transition from short to channel estimation sequences is detected and time
(with one sample resolution) is established (burst synchronization).

« Complex channel response coefficients are estimated for each subcarrier
(channel estimation).

o Each data OFDM symbol will be transformed into subcarrier received values;
pilot subcarrier phases will be estimated; subcarrier values will be derotated
according to estimated phase; and, each subcarrier value will be divided with a
complex estimated channel response coefficient (phase tracking, phase
synchronization, and equalization).

e The equalized signal is demultiplexed into SIGNAL and PSDU parts.

« SIGNAL and PSDU are demapped, deinterleaved and decoded, respectively.

o Demodulated SIGNAL and PSDU bits are output.

o The equalized receiver signal is output for EVM measurement.

e The deinterleaved PSDU signal is output, which is the signal before decoding.

e The WLAN_80211aRxNoFSyncl schematic is shown in the following figure.
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Description Receiver of IEEE 802.11a with full frequency synchronization
Library WLAN, Receiver
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WLAN_80211a_RF_Rx_Soft

Class TSDFWLAN_80211a_RF_Rx_Soft
Derived From WLAN_ReceiverBase

Parameters

Name
RIn
ROut
RTemp

GainImbalance
PhaseImbalance

RefFreq
Sensitivity
Phase
Length
Rate

Order
Scramblerlnit

GuardType

GuardInterval

TSYM

Idle
DecoderType
TrunLen
FreqOffset

Description

input resistance

output resistance

physical temperature, in degrees C

gain imbalance in dB, Q channel relative to I channel

channel

phase imbalance in degrees, Q channel relative to I

internal reference frequency

voltage output sensitivity, Vout/Vin

reference phase in degrees
octet number of PSDU

data rate: Mbps_6, Mbps_9, Mbps_12, Mbps_18,
Mbps_24, Mbps_27, Mbps_36, Mbps_48, Mbps_54

FFT points=2~0Order
initial state of scrambler

type of guard interval: T/2, T/4, T/8, T/16, T/32,

UserDefined

guard interval defined by user

one OFDM symbol interval

padded number of zeros between two bursts

demapping type: Hard, Soft, CSI

path memory truncation length

actual frequency offset

t for each array element: array size must be 7.

Pin Inputs

Pin Name

1 |RF_Signal |RF signals

Description Signal Type

timed

16

Default
DefaultRIn
DefaultROut
DefaultRTemp

0.0
0.0

5200MHz
1

0.0

256
Mbps_6

6
1011101

T/4

16

4e-6

CSI
60
0.0

Unit Type
Ohm real
Ohm |real

real

real
real

real
real
real
int
enum

int

int
array

enum

int

real
int
enum
int
real

Range
(0, )
(0, )
[-273.15,

)
(-OO, 00)

(-OO, OO)

(0, )
(_ool OO)
(_ool OO)

[1, 4095]

[6, 11]
{0, 131

[0, 2
Order ]

(0, )
[0, o)

[20, 200]

(-OO, 00)
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Pin Outputs

Pin Name Description Signal Type

2 |For_EVM undemapped signal after FFT used for complex
EVM

3 |UnDecodedBits |deinterleaved data bits before decoding real

4 |PSDU PSDU bits int

5 |SIGNAL SIGNAL int

Notes/Equations

1.

This WLAN receiver provides full-frequency synchronization according to the IEEE
802.11a Standard. It can be configured in a top-level design using model
parameters.

This subnetwork integrates an RF demodulator and baseband receiver. The schematic
is shown in the following figure.
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. Receiver functions are implemented as specified in the IEEE 802.11a Standard.

o Start of frame is detected.

« The transition from short to channel estimation sequences is detected and time
(with one sample resolution) is established (burst synchronization).

o Coarse and fine frequency offsets are estimated.

e The packet is derotated according to estimated frequency offset (coarse and fine
frequency synchronization).

o Complex channel response coefficients are estimated for each subcarrier
(channel estimation).

o Each data OFDM symbol is transformed into subcarrier received values, pilot
subcarrier phases are estimated, subcarrier values are derotated according to
estimated phase, and each subcarrier value is divided with a complex estimated
channel response coefficient (phase tracking, phase synchronization, and
equalization).

« The equalized signal is demultiplexed into SIGNAL and PSDU parts.

o SIGNAL and PSDU are demapped, deinterleaved and decoded. A soft viterbi
decoding scheme is used in which the received complex symbols are demapped
into soft bit information that is weighted by the channel response coefficient
then fed to a conventional soft binary viterbi decoder. Viterbi algorithm finds the
path that maximizes:

17
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« Demodulated SIGNAL and PSDU blts are output.
« The equalized receiver signal is output for EVM measurement.
o The deinterleaved PSDU signal is output, which is the signal before decoding.

« The WLAN_80211aRx_Soft receiver schematic is shown in the following figure.
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WLAN_80211aRxFSync

WLAN 2
1 2118 3
A ey Byt '2

Description Receiver of IEEE 802.11a with full frequency synchronization
Library WLAN, Receiver
Class SDFWLAN_80211aRxFSync

Parameters
Name Description Default |Unit Type Range
Length octet number of PSDU 256 int [1, 4095]
Rate data rate: Mbps_6, Mbps_9, Mbps_12, Mbps_18, Mbps_24, |[Mbps_6 enum
Mbps_27, Mbps_36, Mbps_48, Mbps_54
Order FFT points=2/~Order 6 int [6, 11]
ScramblerlInit |initial state of scrambler 10111 int {0, 1}1
01 array
GuardType type of guard interval: T/2, T/4, T/8, T/16, T/32, T/4 enum
UserDefined
GuardInterval lguard interval defined by user 16 int [0, 2
Order ]
TSYM one OFDM symbol interval 4e-6 sec |real (0, ™)
Idle padded number of zeros between two bursts 0 int [0, o)
FreqOffset actual frequency offset 0.0 Hz |real (-00, )

t for each array element: array size must be 7.

Pin Inputs

Pin Name Description Signal Type

1 |input received signal to be complex
demodulated

Pin Outputs

Pin Name |Description Signal Type

2 |SIGNAL demodulated SIGNAL signal |int
3 |DATA |demodulated DATA signal |int
4  |output |demodulated signal complex

Notes/Equations

1. This subnetwork implements an IEEE 802.11a receiver with full frequency
synchronization. Demodulated SIGNAL, DATA, and data are output. The schematic
for this subnetwork is shown in the following figure.

2. Receiver functions are implemented according to the IEEE 802.11a Standard.

20
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o Start of frame is detected. WLAN_BurstSync calculates the correlation between
the received signal and the 10 short preambles, and selects the index with the
maximum correlation value as the start of frame. The transition from short to
channel estimation sequences is detected and time (with one sample resolution)
is established (burst synchronization).

o Coarse and fine frequency offsets are estimated. WLAN_FregSync calculates the
coarse frequency offset and makes coarse frequency synchronization using the
8th and 9th short preambles. WLAN_FineFreqSync calculates the fine frequency
offset and makes fine frequency synchronization using the two long preambles.

o The packet is derotated according to the estimated coarse and fine frequency
offsets (coarse and fine frequency synchronization). The phase effect caused by
the frequency offset is compensated by WLAN_DemuxBurst. WLAN_DemuxBurst
outputs two long preambles and the OFDM symbols for DATA demodulation. The
two long preamble outputs are used for channel estimation.

« Complex channel response coefficients are estimated for each subcarrier
(channel estimation). The phases of the two long preambles are aligned by
WLAN_PhaseEst before the channel estimator. WLAN_ChEstimator performs
channel estimation for 52 subcarriers by combining the two long preambles.
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ey

« Each data OFDM symbol is transformed into subcarrier received values, pilot
subcarrier phases are estimated, subcarrier values are derotated according to
estimated phase. WLAN_PhaseTrack implements these functions.
WLAN_MuxDataChEst only duplicates the estimated complex channel response
coefficients the number of OFDM symbols for DATA and SIGNAL times.

o Each subcarrier value is divided with a complex estimated channel response
coefficient (phase tracking, phase synchronization, and equalization). This
simple one-tap frequency domain channel response compensation is

implemented by WLAN_OFDMEqualizer.

o After equalization, WLAN_DemuxOFDMSym demultiplexes 52 subcarriers into 48
data and 4 pilot subcarriers. The demodulated burst is then demultiplexed into

SIGNAL and PSDU parts in WLAN_DemuxSigData.
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SIGNAL and DATA are demapped, deinterleaved and decoded.
Demodulated SIGNAL and PSDU bits are output.
The equalized receiver signal is output for EVM measurement.
The deinterleaved PSDU signal is output, which is the signal before decoding.

References

1. IEEE Standard 802.11a-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer in the 5 GHz
Band," 1999.
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WLAN_80211aRxFSyncl

Description Receiver of IEEE 802.11a with full frequency synchronization
Library WLAN, Receiver
Class SDFWLAN_80211aRxFSync1

Parameters

Name Description Default |Unit Type Range

Length octet number of PSDU 256 int [1, 4095]

Rate data rate: Mbps_6, Mbps_9, Mbps_12, Mbps_18, Mbps_24, |Mbps_6 enum

Mbps_27, Mbps_36, Mbps_48, Mbps_54

Order FFT points=2/~Order 6 int [6, 11]

Scramblerlnit |initial state of scrambler 10111 int {0, 1}t
01 array

GuardType type of guard interval: T/2, T/4, T/8, T/16, T/32, T/4 enum

UserDefined
GuardInterval lguard interval defined by user 16 int [0, 2
Order ]

TSYM one OFDM symbol interval 4e-6 sec |real (0, ™)

Idle padded number of zeros between two bursts 0 int [0, o)

FreqOffset actual frequency offset 0.0 Hz |real (-00, )

t for each array element: array size must be 7.

Pin Inputs

Pin Name Description Signal Type

1 |input received signal to be complex

demodulated

Pin Outputs

Pin Name Description Signal Type

2 |For_EVM undemapped signal after FFT used for complex

EVM

3 |UnDecodedBits deinterleaved data bits before decoding real

4 |PSDU PSDU bits int

5 |SIGNAL SIGNAL int

Notes/Equations

1. The model for this subnetwork is based on an IEEE 802.11a receiver with full
frequency synchronization. The schematic is shown in the following figure.
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. Receiver functions are implemented according to the IEEE 802.11a Standard.

o Start of frame is detected. WLAN_BurstSync calculates the correlation between
the received signal and the 10 short preambles, and selects the index with the
maximum correlation value as the start of frame. The transition from short to
channel estimation sequences is detected and time (with one sample resolution)
is established (burst synchronization).

Coarse and fine frequency offsets are estimated. WLAN_FreqSync calculates the
coarse frequency offset and makes coarse frequency synchronization using the
8th and 9th short preambles. WLAN_FineFreqSync calculates the fine frequency
offset and makes fine frequency synchronization using the two long preambles.
« The packet is derotated according to the estimated coarse and fine frequency
offsets (coarse and fine frequency synchronization). The phase effect caused by
the frequency offset is compensated by WLAN_DemuxBurst. WLAN_DemuxBurst
outputs two long preambles and the OFDM symbols for DATA demodulation. The
two long preamble outputs are used for channel estimation.

Complex channel response coefficients are estimated for each subcarrier
(channel estimation). The phases of the two long preambles are aligned by
WLAN_PhaseEst before the channel estimator. WLAN_ChEstimator performs
channel estimation for 52 subcarriers by combining the two long preambles.
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« Each data OFDM symbol is transformed into subcarrier received values, pilot
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subcarrier phases are estimated, subcarrier values are derotated according to
estimated phase. WLAN_PhaseTrack implements these functions.
WLAN_MuxDataChEst only duplicates the estimated complex channel response
coefficients the number of OFDM symbols for DATA and SIGNAL times.

o Each subcarrier value is divided with a complex estimated channel response
coefficient (phase tracking, phase synchronization, and equalization). This
simple one-tap frequency domain channel response compensation is
implemented by WLAN_OFDMEqualizer.

o After equalization, WLAN_DemuxOFDMSym demultiplexes 52 subcarriers into 48
data and 4 pilot subcarriers. The demodulated burst is then demultiplexed into
SIGNAL and PSDU parts in WLAN_DemuxSigData.

o SIGNAL and DATA are demapped, deinterleaved and decoded.

o Demodulated SIGNAL and PSDU bits are output.

References

1. IEEE Standard 802.11a-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer in the 5 GHz
Band," 1999,
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WLAN_80211aRxNoFSync

WLAN &

1 | B8 3

' 2
WL Feg S0

Description Receiver of IEEE 802.11a without frequency synchronization

Library WLAN, Receiver
Class SDFWLAN_80211aRxNoFSync

Parameters

Name Description Default

Length octet number of PSDU 256

Rate data rate: Mbps_6, Mbps_9, Mbps_12, Mbps_18, Mbps_24, Mbps_6

Mbps_27, Mbps_36, Mbps_48, Mbps_54

Order FFT points=2/~Order 6

Scramblerlnit |initial state of scrambler 10111
01

GuardType type of guard interval: T/2, T/4, T/8, T/16, T/32, UserDefined T/4

GuardInterval |guard interval defined by user 16

Idle padded number of zeros between two bursts 0

t for each array element: array size must be 7.

Pin Inputs

Pin Name Description Signal Type

1 |input received signal to be complex
demodulated

Pin Outputs

Pin Name |Description Signal Type

2 |SIGNAL demodulated SIGNAL signal |int
3 |DATA |demodulated DATA signal |int
4 |output |demodulated signal complex

Notes/Equations

Type
int
enum

int

int
array

enum
int

int

1. This subnetwork model implements a 802.11a receiver without frequency
synchronization. Demodulated SIGNAL, DATA, and data are output. The schematic

for this subnetwork is shown in the following figure.
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WLAN_80211aRxNoFSync Schematic
2. Receiver functions are implemented according to the IEEE 802.11a Standard.

Start of frame is detected.

Transition from short to channel estimation sequences are detected, and time
(with one sample resolution) will be established (burst synchronization).
Complex channel response coefficients are estimated for each subcarrier
(channel estimation).

Each data OFDM symbol is transformed into subcarrier received values, pilot
subcarrier phases are estimated, subcarrier values are derotated according to
estimated phase, and each subcarrier value is divided with a complex estimated
channel response coefficient (phase tracking, phase synchronization, and
equalization).

The equalized signal is demultiplexed into SIGNAL and DATA parts.

SIGNAL and DATA are demapped, deinterleaved and decoded, respectively.
Demodulated SIGNAL and DATA bits are output.

References

1. IEEE Standard 802.11a-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer in the 5 GHz
Band," 1999,
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WLAN_80211aRxNoFSyncl

Description Receiver of IEEE 802.11a without frequency synchronization
Library WLAN, Receiver
Class SDFWLAN_80211aRxNoFSyncl

Parameters

Name Description Default |Type |Range

Length octet number of PSDU 256 int [1, 4095]

Rate data rate: Mbps_6, Mbps_9, Mbps_12, Mbps_18, Mbps_24, Mbps_6 enum

Mbps_27, Mbps_36, Mbps_48, Mbps_54

Order FFT points=2/~Order 6 int [6, 11]

ScramblerlInit |initial state of scrambler 10111 |int {0, 1}t
01 array

GuardType type of guard interval: T/2, T/4, T/8, T/16, T/32, UserDefined T/4 enum

GuardInterval |guard interval defined by user 16 int [0, 2

Order ]
Idle padded number of zeros between two bursts 0 int [0, o0)

t for each array element: array size must be 7.

Pin Inputs
Pin Name Description Signal Type
1 |input received signal to be complex
demodulated
Pin Outputs
Pin Name Description Signal Type
2 |For_EVM undemapped signal after FFT used for complex
EVM
3 |UnDecodedBits deinterleaved data bits before decoding real
4 |PSDU PSDU bits int
5 |SIGNAL SIGNAL int

Notes/Equations

1. The model for this subnetwork is based on an IEEE 802.11a receiver without
frequency synchronization. The schematic is shown in the following figure.
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WLAN_80211aRxNoFSyncl Subnetwork

Receiver functions are implemented as specified in the IEEE 802.11a Standard.

o Start of frame is detected.

e The transition from short to channel estimation sequences is detected and time
(with one sample resolution) is established (burst synchronization).

e The complex channel response coefficients are estimated for each subcarrier
(channel estimation).

o Each data OFDM symbol is transformed into subcarrier received values, pilot

subcarrier phases are estimated, subcarrier values are derotated according to

estimated phase, and each subcarrier value is divided with a complex estimated

channel response coefficient (phase tracking, phase synchronization, and

equalization).

The equalized signal is demultiplexed into SIGNAL and PSDU parts.

SIGNAL and PSDU are demapped, deinterleaved and decoded, respectively.

Demodulated SIGNAL and PSDU bits are output.

The equalized receiver signal is output for EVM measurement.

The deinterleaved PSDU signal is output, which is the signal before decoding.

References

1. IEEE Standard 802.11a-1999, "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," 1999,
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WLAN_80211aRx_Soft

Description Receiver of IEEE 802.11a with full frequency synchronization
Library WLAN, Receiver
Class SDFWLAN_80211aRx_Soft

Parameters

Name Description Default |Unit Type Range

Length octet number of PSDU 256 int [1, 4095]

Rate data rate: Mbps_6, Mbps_9, Mbps_12, Mbps_18, Mbps_24, |Mbps_6 enum

Mbps_27, Mbps_36, Mbps_48, Mbps_54

Order FFT points=2/~Order 6 int [6, 11]

Scramblerlnit |initial state of scrambler 10111 int {0, 1}t
01 array

GuardType type of guard interval: T/2, T/4, T/8, T/16, T/32, T/4 enum

UserDefined
GuardInterval lguard interval defined by user 16 int [0, 2
Order ]

TSYM one OFDM symbol interval 4e-6 sec |real (0, ™)

Idle padded number of zeros between two bursts 0 int [0, o)

DecoderType |demapping type: Hard, Soft, CSI CsI enum

TrunlLen path memory truncation length 60 int [20, 200]

FreqOffset actual frequency offset 0.0 Hz |real (-0, )

t for each array element: array size must be 7.

Pin Inputs

Pin Name Description Signal Type

1 |input received signal to be complex

demodulated

Pin Outputs

Pin Name Description Signal Type

2 |For_EVM undemapped signal after FFT used for complex

EVM

3 |UnDecodedBits |deinterleaved data bits before decoding real

4 |PSDU PSDU bits int

5 |SIGNAL SIGNAL int

Notes/Equations
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1. This subnetwork implements an IEEE 802.11a baseband receiver with soft Viterbi
decoding algorithm. The schematic is shown in the following figure.
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WLAN_80211aRx_Soft Schematic
2. Receiver functions are implemented as specified in the IEEE 802.11a Standard.

o Start of frame is detected. WLAN_BurstSync calculates the correlation between
the received signal and the 10 short preambles, and selects the index with the
maximum correlation value as the start of frame. The transition from short to
channel estimation sequences is detected and time (with one sample resolution)
is established (burst synchronization).

o Coarse and fine frequency offsets are estimated. WLAN_FreqSync calculates the
coarse frequency offset and makes coarse frequency synchronization using the
8th and 9th short preambles. WLAN_FineFreqSync calculates the fine frequency
offset and makes fine frequency synchronization using the two long preambles.

o The packet is derotated according to the estimated coarse and fine frequency
offsets (coarse and fine frequency synchronization). The phase effect caused by
the frequency offset is compensated by WLAN_DemuxBurst. WLAN_DemuxBurst
outputs two long preambles and the OFDM symbols for DATA demodulation. The
two long preamble outputs are used for channel estimation.

« Complex channel response coefficients are estimated for each subcarrier
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(channel estimation). The phases of the two long preambles are aligned by
WLAN_PhaseEst before the channel estimator. WLAN_ChEstimator performs
channel estimation for 52 subcarriers by combining the two long preambles.

« Each data OFDM symbol is transformed into subcarrier received values, pilot
subcarrier phases are estimated, subcarrier values are derotated according to
estimated phase. WLAN_PhaseTrack implements these functions.
WLAN_MuxDataChEst only duplicates the estimated complex channel response
coefficients the number of OFDM symbols for DATA and SIGNAL times.

o Each subcarrier value is divided with a complex estimated channel response
coefficient (phase tracking, phase synchronization, and equalization). This
simple one-tap frequency domain channel response compensation is
implemented by WLAN_OFDMEqualizer.

o After equalization, WLAN_DemuxOFDMSym demultiplexes 52 subcarriers into 48
data and 4 pilot subcarriers. The demodulated burst is then demultiplexed into
SIGNAL and PSDU parts in WLAN_DemuxSigData.

» The demodulated SIGNAL and DATA (such as QPSK, 16-QAM, and 64-QAM
modulation) are demapped by WLAN_SoftDemapper that has three modes:

o when DecoderType = Hard, if b < 0, -1.0 is output, otherwise 1.0 is output
o when DecoderType = Soft, if b < -1.0, -1.0 is output; if b > 1.0, 1.0 is
output

o when DecoderType = CSI, b is multiplied by CSI (= |H(i)|2) and output.
Estimated channel impulse responses (H(i)) in WLAN_ChEstimator is the
CSI ( channel status information ) here [2].
The demapped SIGNAL and DATA bits are deinterleaved and decoded.
Demodulated SIGNAL and PSDU bits are output.
The equalized receiver signal (burst) is output for the EVM measurement.
The deinterleaved PSDU signal is output, which is the signal before decoding.

References

1. IEEE Standard 802.11a-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer in the 5 GHz
Band," 1999,

2. M.R.G. Butler, S. Armour, P.N. Fletcher, A.R. Nix, D.R. Bull, "Viterbi Decoding
Strategies for 5 GHz Wireless LAN Systems," VTC 2001 Fall. IEEE VTS 54th.
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WLAN_BurstSync

Description Burst synchronizer
Library WLAN, Receiver
Class SDFWLAN_BurstSync

Parameters

Name Description Default Type Range

Length octet number of PSDU 256 int [1, 4095]

Rate data rate: Mbps_6, Mbps_9, Mbps_12, Mbps_18, Mbps_24, Mbps_6 lenum

Mbps_27, Mbps_36, Mbps_48, Mbps_54

Order FFT points=2~0Order 6 int [6, 11]

GuardType type of guard interval: T/2, T/4, T/8, T/16, T/32, UserDefined T/4 enum

GuardInterval |guard interval defined by user 16 int [0, 2
Order ]

Idle padded number of zeros between two bursts 0 int [0, c0)

Pin Inputs

Pin Name Description Signal Type

1 |input |input signals for complex

synchronization
Pin Outputs
Pin Name Description Signal Type

2 |output |correlation for OFDM symbol synchronization |real
3 |index |synchronization index int

Notes/Equations

1. This model is used to calculate the correlation of the input signal that is used in
OFDM system timing synchronization.
Length and Rate parameters are used to determine the number of complex signals in
one burst. The number of OFDM symbols, N ¢y, is:

N syy = Ceiling ((16 + 8 x Length +6) / N pgpe )

where N 555 is determined by data rate according to the following table.

Rate-Dependent Values
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Data Rate |[Modulation Coding Coded Bits per [Coded Bits per Data Bits per

(Mbps) Rate (R) [Subcarrier OFDM Symbol |OFDM Symbol
(NBPSC) (NCBPS) (NDBPS)

6 BPSK 1/2 1 48 24

9 BPSK 3/4 1 48 36

12 QPSK 1/2 2 96 48

18 QPSK 3/4 2 96 72

24 16-QAM 1/2 4 192 96

27 16-QAM 9/16 4 192 108

36 16-QAM 3/4 4 192 144

48 64-QAM 2/3 6 288 192

54 64-QAM 3/4 6 288 216

After determining N ¢y, the number of input tokens N , can be calculated:

tota

Ntota/= (2 Order 4 o Order -2 _) X 4 + (2 _Order 4 GI) x (NSYM + 1) + Idle
where idle is Idle parameter; and GI (GuardInterval parameter) is defined as:

if GuardType=T/32, GI = 2 Order -5
if GuardType=T/16, GI = 2 Order -4
if GuardType=T/8, GI = 2 Order -3
if GuardType=T/4, GI = 2 Order -2
if GuardType=T/2, GI = 2 Order -1
if GuardType=UserDefined, GI is determined by GuardInterval.
2. 10 short preambles are used to generate the correlation values for burst

synchronization. (2 Order 4 2 Order -2y » 4 4 Idle correlation values are calculated
and the maximum value is selected; the index for synchronization corresponds to the

maximum correlation value. The (2 ©rder 4 2 Order -2y » 4 4 Idle correlation values
are output at output pin 2, the synchronization index is output at index pin 3. The

maximum delay range detected by this model is (2 Order 4 2 Order -2y « 4 4 Idle.

References

1. IEEE Standard 802.11a-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer in the 5 GHz
Band," 1999,
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WLAN_ChEstimator

WLAN

Description Channel estimator
Library WLAN, Receiver
Class SDFWLAN_ChEstimator

Parameters

Name |Description Default Type Range
Carriers )number of carriers in one OFDM symbol |52 int {52}
Order |FFT points=2~0Order 6 int [6, 11]
Pin Inputs

Pin Name Description Signal Type

1 |input |output signals from complex
FFT

Pin Outputs

Pin Name Description Signal Type
2 |Coef |channel coefficient in active subcarriers complex

Notes/Equations

1. The model is used to calculate channel estimation based on the pilot channel and
output the active subcarriers estimated channel impulse response (CIR).

2. This model uses long preambles to estimate the CIRs. The estimated CIRs are
calculated using active subcarrier pilot channels. The long training symbol include 52

subcarriers, given by

Lo,..,51={1,1,-1-1,1,1,-11,-1,111111,-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%}

Setx0,x1,...,x51 are the input signals, h 0, h 1, ... , h 51 are the estimated CIR.

The estimated CIR can be calculated as follows:
B, = 2

wherei=0, 1, ..., 51.

References
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1. IEEE Standard 802.11a-1999, "Part 11: Wireless LAN Medium Access Control (MAC)

and Physical Layer (PHY) specifications: High-speed Physical Layer in the 5 GHz
Band," 1999,
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WLAN_FineFreqSync

WLAN

3
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Description Fine carrier frequency synchronizer
Library WLAN, Receiver
Class SDFWLAN_FineFreqSync

Parameters

Name Description Default Unit Type Range

Order FFT points=2~Order 6 int [6, 11]

TSYM one OFDM symbol interval 4e-6 sec |real |(0, o)

Length octet number of PSDU 256 int (0, 4095]

Rate data rate: Mbps_6, Mbps_9, Mbps_12, Mbps_18, Mbps_ 24, Mbps_6 enum

Mbps_27, Mbps_36, Mbps_48, Mbps_54

GuardType type of guard interval: T/2, T/4, T/8, T/16, T/32, UserDefined [T/4 enum

GuardInterval lguard interval defined by user 16 int [0, 2
Order ]

Idle padded number of zeros between two bursts 0 int [0, )

Pin Inputs

Pin Name |Description Signal Type

1 Jinput input signal for fine frequency complex

synchronization

2 index |synchronization index int

3 |CoarseF |coarse carrier frequency offset real

Pin Outputs

Pin Name Description Signal Type

4 |FineF [fine carrier frequency offset real

Notes/Equations

1. This model is used to estimate and output the fine carrier frequency offset between
transmitter and receiver after coarse carrier frequency offset detection.

2. Two long preambles are used to calculate the fine carrier frequency offset between
transmitter and receiver after coarse carrier frequency offset detection. The
WLAN_DemuxBurst model will use the coarse and fine carrier frequency offsets
detected in WLAN_FregqSync and WLAN_FineFreqSync models to remove carrier
frequency offset in the receiver.

Input index pin 2 determines the starting point of the two long preambles. The
coarse frequency offset in CoarseF pin3 is used to derotate the preambles. A
maximum likelihood algorithm is used to estimate the fine carrier frequency offset.
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WLAN_FreqSync

WLAN
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Description Coarse carrier frequency synchronizer

Library WLAN, Receiver

Class SDFWLAN_FreqSync

Parameters
Name Description Default Unit Type Range
Order FFT points=2~Order 6 int [6, 11]
TSYM one OFDM symbol interval 4e-6 sec |real |(0, o)
Length octet number of PSDU 256 int (0, 4095]
Rate data rate: Mbps_6, Mbps_9, Mbps_12, Mbps_18, Mbps_ 24, Mbps_6 enum
Mbps_27, Mbps_36, Mbps_48, Mbps_54
GuardType type of guard interval: T/2, T/4, T/8, T/16, T/32, UserDefined [T/4 enum
GuardInterval lguard interval defined by user 16 int [0, 2
Order ]
Idle padded number of zeros between two bursts 0 int [0, )
Pin Inputs

Pin Name Description

Signal Type

1 |input |input signal for frequency synchronization ,complex

2 |index |synchronization index int
Pin Outputs

Pin Name |Description Signal Type
3 |CoarseF |coarse carrier frequency real

offset

Notes/Equations

1. This model is used to calculate the carrier frequency offset between the transmitter
and the receiver and output the coarse carrier frequency offset.

2. Two short preambles ( t 9 and t 10) are used to calculate the carrier frequency
offset; WLAN_DemuxBurst will use this coarse carrier frequency offset to remove it in
the receiver.
Input at index pin 2 is used to determine the starting point of the 10 short
preambles. The maximum likelihood algorithm is used to calculate the offset.

References

1. IEEE Standard 802.11a-1999, "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," 1999,

42



Advanced Design System 2011.01 - WLAN Design Library

WLAN_OFDMEqualizer

Description OFDM equalizer by the channel estimation
Library WLAN, Receiver
Class SDFWLAN_OFDMEqualizer

Parameters

Name |Description Default Type Range

Carriers )number of active carriers in one OFDM 52 int (0, )
symbol

Pin Inputs

Pin Name Description Signal Type

1 |input |data in the active carriers in OFDM symbol complex

2 |Coef |frequency channel impulse response(CIR) estimation complex

Pin Outputs

Pin Name Description Signal Type

3 |output |output data after channel equalization complex

Notes/Equations

1. This model is used to perform channel equalization using the channel estimation in
each active carrier.

2. The OFDM channel equalization algorithm is:

_ x()

Rl

where h (/) is the channel estimation, x (/) is the received signal in active carriers, a

(i) is the equalized output signal.

al;.',']

References
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WLAN_PhaseEst
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Description Phase estimator
Library WLAN, Receiver
Class SDFWLAN_PhaseEst

Parameters
Name |Description Default Type Range
Carriers )number of carriers in one OFDM symbol |52 int {52}
Order |FFT points=2~0Order 6 int [6, 11]
Pin Inputs
Pin Name |Description Signal Type
1 |LPrmbl1 first long preamble signals from FFT complex
2 |LPrmbl2 |second long preamble signals from complex
FFT

Pin Outputs
Pin Name Description Signal Type
3 |output |channel coefficient in active subcarriers complex
4 |theta |phase difference between two long real

preambles

Notes/Equations

1. This model is used to estimate the phase difference between the two long input
preambles.

2. According to IEEE 802.11a standard, there are two long preambles in every burst,
which is used for channel estimation. The maximum likelihood algorithm is used to
calculate the phase offset between the two long preambles. The detected phase
offset is used to correct the second long preamble so that both long preambles have
the same phase. A combined long preamble is then output and used in the
WLAN_ChEstimator model.

The detected phase offset is output at theta pin 4.

References

1. IEEE Standard 802.11a-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer in the 5 GHz
Band," 1999,
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WLAN_PhaseTrack
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Description Phase tracker in OFDM de-modulation
Library WLAN, Receiver
Class SDFWLAN_PhaseTrack

Parameters

Name |Description Default Type |Range

Length |octet humber of PSDU 100 int [1,
4095]

Rate data rate: Mbps_6, Mbps_9, Mbps_12, Mbps_18, Mbps_24, Mbps_27, Mbps_6 lenum

Mbps_36, Mbps_48, Mbps_54

Carriers )number of carriers in one OFDM symbol 52 int {52}

Order |FFT points=2~0Order 6 int [6, 11]

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

Pin Inputs

Pin Name Description Signal Type

1 |input |all sub-carriers in one OFDM symbol complex

2 [chl estimated channel impulse response ,complex

Pin Outputs

Pin Name Description Signal Type

3 |output active sub-carriers after removing null sub-carriers complex

4 |Coef |channel coefficient in active subcarriers complex

5 |theta |phase difference between current CIR and estimated CIR |real

Notes/Equations

1. The model is used to track the phase caused by doppler shift in OFDM demodulation
systems, remove the null carrier in one OFDM symbol, and update the estimated CIR
using the phase offset detected in the phase tracking algorithm.

2. According to IEEE 802.11a standard, the positions from 27 to 37 and the 0 position
are set to zero. These 12 subcarriers are set to zero in the WLAN_LoadIFFTBuff
model. In the receiver, these 12 zero subcarriers will be removed which is the inverse
procedure of WLAN_LoadIFFTBuff.

Signals from chl pin 2 are output directly at Coef pin 4. The 12 zero subcarrier signals
will be removed from 64 point signals and form 52 active subcarriers signals that are
output at output pin 3.

Assume

x (0), x (1), ..., x (2 9r9er _1) are input signals
y (0), vy (1), ..., y (51) are output signals.
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Then

y(i)=x(2099r_-26+i)i=0,1,..,25
y(i+26)=x(i+1)i=0,1,..,25

At the same time, this model uses the four pilots to obtain the estimated CIR of the

four subcarriers. The maximum likelihood algorithm is used to detect the phase offset
B between input ch/ pin 2 and the current estimated CIR. The phase offset 6 is output
at theta pin 5. The estimated CIRs from input ch/ pin 2 are updated by phase offset 6

Sethgy hy ..., hgyandh’y, h'y, ..., h'cy are the input estimated and updated
CIRs, respectively.

The updated CIRs h’ ;, h’y, ..., h’z; are output at Coef pin 4.

References

1. IEEE Standard 802.11a-1999, "Part 11: Wireless LAN Medium Access Control (MAC)

and Physical Layer (PHY) specifications: High-speed Physical Layer in the 5 GHz
Band," 1999.
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WLAN_RmvNullCarrier

Description Null sub-carriers remover in OFDM
Library WLAN, Receiver
Class SDFWLAN_RmvNullCarrier

Parameters

Name |Description Default Type Range

Carriers )number of carriers in one OFDM symbol |52 int {52}

Order |FFT points=2~0Order 6 int [6, 11]

Pin Inputs

Pin Name Description Signal Type

1 |input |all sub-carriers in one OFDM symbol complex

2 [chl estimated channel impulse response ,complex

Pin Outputs

Pin Name Description Signal Type

3 |output |active sub-carriers after removing null sub- complex
carriers

4 |Coef |channel coefficient in active subcarriers complex

Notes/Equations

1. This model is used to remove the null carrier in one OFDM symbol. (It does not have
the phase tracking functionality of the WLAN_PhaseTrack model.)

2. According to IEEE 802.11a standard, the 27 to 37 and the O positions are set to zero;
these 12 subcarriers are set to zero in the WLAN_LoadIFFTBuff model. In the
receiver, these zero subcarriers will be removed (the inverse procedure of
WLAN_LoadIFFTBuff).

Input chl pin 2 signals are output directly at Coef pin 4. 12 zero subcarrier signals will
be removed from the 64 point signals to form 52 active subcarriers signals output at
output pin 3.

Assume

x (0), x (1), ..., x (2 9r9€r _1) are input signals
y (0), vy (1), ..., y (51) are output signals.

Then

y(i)=x(Q09dr.26+ij)i=0,1,..,25
y(i+26)=x(i+1)i=0,1,..,25
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11b Receivers

WLAN 11bBurstRec (wlan)
WLAN 11bBurstSync (wlan)
WLAN 11bCIREstimator (wlan)
WLAN 11bDemuxBurst (wlan)
WLAN 11bDescrambler (wlan)
WLAN 11bDFE (wlan)

WLAN 11b Equalizer (wlan)
WLAN 11bFreqEstimator (wlan)
WLAN 11bPreamble (wlan)
WLAN 11bRake (wlan)

WLAN 11b Rake (wlan)

WLAN CCKDemod (wlan)
WLAN CCK RF Rx DFE (wlan)
WLAN CCK RF Rx Rake (wlan)
WLAN CCK Rx DFE (wlan)
WLAN CCK Rx Rake (wlan)
WLAN Despreader (wlan)
WLAN FcCompensator (wlan)
WLAN HeaderDemap (wlan)
WLAN PhaseRotator (wlan)
WLAN PrmblDemap (wlan)
WLAN RecFilter (wlan)

49



Advanced Design System 2011.01 - WLAN Design Library

WLAN_11bBurstRec

1 WLAN 3
iy 2

802.11b

Description 11b burst receiver
Library WLAN, 11b Receiver
Class SDFWLAN_11bBurstRec

Parameters

Name Description

Rate data rate: Mbps_1, Mbps_2, Mbps_5.5, Mbps_11
ModType modulation type: CCK, PBCC

PLCPType PLCP preamble type: Long, Short

Octets octet number of PSDU

RampTime power on and off ramp time

PwrType power on and off ramp type: None, Linear,

Cosine
SampsPerChip \number of samples per chip
IdleInterval idle time

Pin Inputs

Pin Name Description Signal Type

1 |BurstIn linput burst complex
data

Pin Outputs

Pin Name |Description
2 |BurstOut output burst data

3 |SyncOut |output signal for 11b burst and frequency
synchronization

Notes/Equations

Default Unit Type
Mbps_5.5 enum
CCK enum
Long enum
100 int
2.0psec |sec |real
None enum
2 int

50.0usec [sec |real

Signal Type
complex
complex

Range

(0, 2312]
[Opsec, 1000usec]

[2, 8]

[10psec,
1000psec]

1. This model is used to output signals for 802.11b burst (or timing) synchronization
and carrier frequency synchronization, which includes the Preamble.

2. Rate, ModType, PLCPType, Octets, RampTime, PwrType, SampsPerChip and
IdleInterval parameters are used to specify the number of complex signals in one

burst.

The following figure illustrates the format for the interoperable (long) PPDU, including
the High Rate PLCP preamble, the High Rate PLCP header, and the PSDU.
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Scrambled Ones

SYNC SFD SIGNAL SERVICE LENGTH CRC 1 Mbit'sec
128 bits 16 bits & bits & bits 16 bits 16 bits DBPSK
~ =~ __1DBPSK
* A= 2DaPsSK
PLCP Preamble PLCP Header PSOL 5.5or 11 Mbits/sec
144 bits 485 bits
— -
- - 192 usec - -
FRDU

Long PLCP PPDU Format

The following figure illustrates the format of the PPDU, with HR/DSSS/short.
Scrambled Zeros  Backward SFD

a Sa

Short SYNC Short SFD
56 bits 16 bits
DEPSK ;
A || SIGNAL SERVICE LENGTH CRC
. | & bits 8 bits 16 bits 16 bits
kY —
, ly 2 Mbits/sec ==
Short PLCP Preamble Short PLCP Header PSDU
72 bits at 1 Mbitsec 48 bits at 2 Mbits/sec  |variable at 2, 5.5, or 11 Mbits/sec]
- — : 96 usec - s -
PPDU

Short PLCP PPDU Format

In the WLAN Design Library, one 802.11b burst consists of Idle, Ramp (Transmit
power-on and power-down ramp), PLCP Preamble (Long or Short), PLCP Header

(Long or Short) and PSDU.

The length of PLCP Preamble (mPLCP) is determined by the PLCPType parameter:

PLCE = | 144 x 11 xSampsPerChip ifFLCPType = Long
" = |72x11x SampsPerChip ~ ifPLCPType = Short

The length of Header (mHeader) is determined by the PLCPType parameter:

[48x 11 x SampsPerChip ifPLCPType = Long
24x 1l xSampsPerChip ifPLCPType = Short

mHeader =

The length of PSDU (mPSDU) is determined by the Rate parameter:
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Octets x 8x 11 x SampsPerChip ifREate = 1Mbps
Octets x4 x 1l x SampsPerChip ifRate = 2Mbps
Cctets x 2 %8 x SampsPerChip ifRate = 55Mbps

mPSDU =
k@ctcts % 1x8xSampsPerChip ifEate = 11Mbps

The length of Ramp (mRamp) can be calculated as follows:

P | 0 ifPwrType = None
mEBEamp =
13 *x RampTime x 11 x 10° % SampsFerChip ifPwrType= Linear,Cosine

The length of Idle (mIdle) can be calculated as follows:
mldle = IdleInterval x 11 x 10° x SampsPerChip

So, the total number of one 802.11b burst is:

Total = mIdle + mEamp + mFLCFP + mHeader + mFSDU

All input data (BurstIn pin) is output at pin 2 (BurstOut pin).

Pin 3 (SyncOut) outputs the 11b burst and frequency synchronization signal, which
includes the PLCP Preamble. In the WLAN Design Library, Idle is added before and
after the actual 802.11b burst; the transmit power-on ramp is also added before the
actual 802.11b. So, the half Idle and transmit power-on ramp model must be
discarded in order to output the PLCP Preamble for burst and frequency
synchronization. SyncOut outputs mPLCP+3 x 11 x SampsPerChip samples from
mldle/2+mRamp/2 point in the input burst (BurstIn input pin).

This model is used before WLAN_11bBurstSync and WLAN_FreqgEstimator in an
802.11b receiver.

References

1.

IEEE Standard 802.11b-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer Extension in the
2.4 GHz Band," 1999.

. IEEE Standard 802.11-1999, "Part 11: Wireless LAN Medium Access Control (MAC)

and Physical Layer (PHY) specifications," 1999.
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WLAN_11bBurstSync

o . [WEANTIE | —pw°

i« v S

Description 11b burst synchronizer
Library WLAN, 11b Receiver

Class SDFWLAN_11bBurstSync
Derived From WLAN_11bBase

Parameters

Name Description Default Unit Type Range

MaxSearchDelay |time range for searching fading path 3.0psec [sec |real |[3upsec, 10usec]

SyncEstWindow \number of preamble symbols used for burst 20 int [1, 128]if

synchronization PLCPType=Long

[1, 56] if
PLCPType=Short

SampsPerChip |number of samples per chip 2 int [2, 8]

PLCPType PLCP preamble type: Long, Short Long enum

Pin Inputs

Pin Name |Description Signal Type

1 |Ref reference signal for synchronization |int
2 |Syncln |input signals for synchronization complex

Pin Outputs

Pin Name Description Signal Type
3 l|index finger index int

4 |max_index synchronization index int

5 |corr correlation for real

synchronization

Notes/Equations

1. This model is used to implement the burst synchronization for 802.11b.

2. The correlation values between the received and the reference signals are calculated
for synchronization. The number of preamble symbols used for the correlation
calculation is set by SyncEstWindow and the search range is set by MaxSearchDelay.
The maximum correlation value is searched for and the corresponding index is
selected as the burst start point. The index corresponding to the maximum
correlation value is output at pin max_index.

3. All correlation values are output at pin corr. After output, all correlation values are
rearranged from maximum to minimum. The corresponding indexes are also
rearranged and output at pin index for the multi-path search.
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and Physical Layer (PHY) specifications: High-speed Physical Layer Extension in the
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WLAN_11bCIREstimator

WLAN 5

oR | | 4

1bCIREstimator

Description 11b channel estimator
Library WLAN, 11b Receiver

Class SDFWLAN_11bCIREstimator
Derived From WLAN_11bBase

Parameters
Name Description Default |Unit Type |lRange
MaxSearchDelay |time range for searching fading path 3.0usec [sec |real |[3usec, 10usec]
FingerNumber |number of rake receiver fingers 3 int [1, 30]
CIREstWindow |number of preamble symbols used to 20 int [1, 128]if
estimate channel PLCPType=Long
[1, 56] if
PLCPType=Short
SampsPerChip |number of samples per chip 2 int [2, 8]
PLCPType PLCP preamble type: Long, Short Long enum
Pin Inputs
Pin Name Description Signal Type
1 |Index samples index of channel delay int
2 |Ref preamble symbols used to estimate channel complex
3 |PLCP |11b received PLCP signal suffered from channel distortion complex
Pin Outputs
Pin Name Description Signal Type
4 |Fingerldx [samples index of channel int
delay
5 |CIR channel CIR complex

Notes/Equations

1. This model is used to estimate the fading channel impulse response.
Each firing, the position of each resolved channel is input from pin Index; the
preambles affected by the fading channels are received by pin PLCP; and, the prime
preamble bits are received by pin Ref. The channels are then estimated and output at
pin CIR.
Each firing, PLCP, Index and Ref pins consume tokens separately as follows:
e (MaxSearchDelay x 11E6+PLCPLength x 11) x SampsPerChip
e (MaxSearchDelay x 11E6) x SampsPerChip
o PLCPLength is 144 if PCLPType is set to Long, otherwise 72.
At the same time, FingerNumber tokens are produced from pin CIR and
FingerIdx.
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2. MaxSearchDelay specifies the range for searching fading channels; the value must be
set larger than the sum of system delay and maximum multipath delay.
3. FingerNumber specifies the humber of estimated channels output at pin CIR.
4, CIREstWindow specifies the number of preamble symbols used to estimate the CIR of

channels.

References

1. IEEE Standard 802.11b-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer Extension in the
2.4 GHz Band," 1999.

56



Advanced Design System 2011.01 - WLAN Design Library

WLAN__11bDemuxBurst

Description 11b burst demultiplexer and frequency compensator

Library WLAN, 11b Receiver
Class SDFWLAN_11bDemuxBurst

Parameters
Name Description
Rate data rate: Mbps_1, Mbps_2, Mbps_5.5, Mbps_11 |Mbps_5.5
ModType modulation type: CCK, PBCC CCK
PLCPType PLCP preamble type: Long, Short Long
Octets octet number of PSDU 100
RampTime power on and off ramp time 2.0psec |sec
PwrType power on and off ramp type: None, Linear, None

Cosine
SampsPerChip \number of samples per chip 2
IdleInterval idle time 50.0usec |sec
FregOffset actual frequency offset 0.0 Hz
Pin Inputs
Pin Name Description Signal Type
1 |Burstln |input burst data complex

2 |Index
3 |DeltaF |estimated frequency offset |real

burst synchronization index |int

Pin Outputs

Pin Name |Description Signal Type

4 |BurstOut joutput burst data ,complex

Notes/Equations

Default Unit Type Range

enum
enum
enum
int (0, 2312]
real |[Ousec, 1000usec]

enum

int [2, 8]

[10psec,
1000psec]

(-wl OO)

real

real

1. This model implements compensation for carrier frequency offset. Each firing, the
frequency offset detected by WLAN_11bFreqEstimator is input to pin DeltaF, and the
burst with frequency offset is input to BurstIn. The burst is then compensated by
multiplying exp(-j x 2 x PI x DeltaF x n), where n is the number of burst samples

from 1 to entire burst length, and is output to pin BurstOut.

2. Rate, ModType, PLCPType, Octets, RampTime, PwrType, SampsPerChip and
IdleInterval parameters are used to specify the number of complex signals in one
burst. In the WLAN Design Library, one 802.11b burst consists of Idle, Ramp
(transmit power-on and power-down ramp), PLCP Preamble (Long or Short), PLCP

Header (Long or Short) and PSDU.
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The length of PLCP Preamble (mPLCP) is determined by PLCPType parameter:

FLCP = | 144x 11 xSampsPerChip ifFLCPType = Long
" - 1?2 ®x 11 x SampsPerChip [fPLCPType = Short

The length of Header (mHeader) is determined by PLCPType parameter:

[48 x 11 x SampsPerChip ifFLCPType = Long
24x 11 xSampsPerChip ifFLCFType = Short

mHeader =

The length of PSDU (mPSDU) is determined by Rate parameter:
| Octets x 8 x 11 * SampsPerChip ifEate = 1Mbps
Octets x4 x 11 x SampsPerChip ifEate = 2Mbps
Octets x 2 x8x SampsPerChip ifRate = 55Mbps

mFPSDU =
k@ctcts x 1x8x SampsPerChip ifRate = 11Mbps

The length of Ramp (mRamp) can be calculated as follows:

P | 0 ifPwrType = None
mRBamp =
12 x RampTime x 11 x 10° % SampsFerChip ifFwrType= Linear,Coszine

The length of Idle (mIdle) can be calculated as follows:
mldle = IdleInterval x 11 x 10° x SampsPerChip

So, the total of one 802.11b burst (at BurstIn) is:

Total = mIdle + mBamp + mFLCP + mHeader + mFSDU

The actual burst includes PLCP Preamble, PLCP Header, and a 3-part PSDU. So,
WLAN_11bDemuxBurst outputs the actual number of 802.11b bursts (mActual) which
is calculated as follows:

mActual = mPLCP + mHeader + mPSDU

. The transmitter transmits burst-by burst in ADS. The burst sequence is a continuous
stream. (The 802.11 burst is transmitted burst-by-burst.) This model includes a
frequency compensator. The transmitted consecutive bursts are independent.

The estimated frequency offset (A f; ) of each received burst is input at DeltaF. To

avoid estimated frequency offset impacting the next bursts in the frequency
compensator, the FreqOffset parameter in this model is set as the actual frequency
offset between the transmitter and the receiver. When the ith burst is processed, the
actual phase of previous i-1 bursts is calculated and removed by FreqOffset. The ith
estimated frequency offset (A f; ) is used to compensate for the phase in current

burst only.
Assume x 0, x 1, ..., X 1,45 -1 sequences are the BurstIn burst signals after removing

the actual phase of previous j -1 bursts caused by the frequency offset from
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FreqOffset. The y O, y 1, ..., ¥ 1,45 -1 sequences (whose phase caused by frequency

offset) are removed:

_lenaﬁ'kTsnmpIm
yk = xk xe

where

A f; is frequency offset of ith received burst which is the input in DeltaF,
1

T :
1IMHz x SampsPerChip g the sample time interval in 802.11b

sample =

system.

After frequency offset compensation, the actual 802.11b burst is output. Index pin 2
inputs the start of a detected 802.11b burst (including ramps and idle) from
WLAN_11bBurstSync. The ramps and idle must be discarded when the actual burst is
output; the equation is

zp = J‘k+!nd(_~x+mR;‘mP+’“{f”‘f'k =0, ...,mActual -1

ZZ] e Z
2] mActual -1 gaquences are output.

References

1.

IEEE Standard 802.11b-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer Extension in the
2.4 GHz Band," 1999.

IEEE Standard 802.11-1999, "Part 11: Wireless LAN Medium Access Control (MAC)

and Physical Layer (PHY) specifications," 1999.
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WLAN_11bDescrambler

WLAN 11b

Lopfore |- p?

Descramble

Description 11b descrambler
Library WLAN, 11b Receiver
Class SDFWLAN_11bDescrambler

Parameters
Name |Description Default Type Range
InitState |initial state of scrambler 1101100 |int Oorl1
array array size is 7
Octets number of octets in 100 int (0, 2336]
PSDU
Pin Inputs
Pin Name Description Signal Type
1 |input |bits to be int

descrambled
Pin Outputs

Pin Name Description Signal Type

2 output |[descrambled int
bits

Notes/Equations

1. This component descrambles all input data bits. Each firing, when Octets bytes are
consumed and produced, the descrambler is reset to its initial state.

2. The generator polynomial of the scrambleris G (z) =z "7 + z™ + 1; the
corresponding descrambler is illustrated in the following figure.

SERIAL DATA INFLUT

b

Zlzeziz4 7578 77

XOR XOR

) SERIAL DWTA OUTPUT
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Data Desrambler

The feed-through configuration of the scrambler and descrambler is self-
synchronizing, which requires no prior knowledge of the transmitter initialization of
the scrambler for receiver processing.

References

1. IEEE Standard 802.11b-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer Extension in the
2.4 GHz Band," 1999.
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WLAN_11bDFE

HH

11b DFE

Description decision feedback equalizer for 11b
Library WLAN, 11b Receiver
Class SDFWLAN_11bDFE

Parameters
Name Description
Rate data rate: Mbps_1, Mbps_2, Mbps_5.5,

Mbps_11
ModType |modulation type: CCK, PBCC CCK
PLCPType |PLCP preamble type: Long, Short Long
Octets octet number of PSDU 100
Algorithm |algorithm for equalizer: RLS, LMS RLS
FwdTaps |number of forward taps in equalizer 5
FbkTaps |number of feedback taps in equalizer 3
Alpha scale factor for LMS algorithm 0.0004
Lambda |weighting factor for RLS algorithm 0.999
Delta small positive constant for RLS algorithm 0.001
Pin Inputs
Pin Name |Description Signal Type

1 |BurstIn |input signal before equalizer complex

2 |PrmbllIn |input training preamble for complex
equalizer

Pin Outputs

Pin Name |Description Signal Type

3 |BurstOut joutput data after equalizer complex

Notes/Equations

Default Type Range
Mbps_5.5 lenum

enum
enum

int (0, 2312]
enum

int [1, 256]
int [1, 128]
real (0.0, 1.0)
real (0.0, 1.0)

real (0.0,
10.0]

1. This model implements decision feedback equalization for input 802.11b burst.

2. Rate, ModType, PLCPType and Octets parameters are used to specify the number of
complex signals in one burst. In the WLAN Design Library, one real 802.11b burst
consists of PLCP Preamble (Long or Short), PLCP Header (Long or Short) and PSDU.
The length of PLCP Preamble (mPLCP) is determined by the PLCPType parameter:

(144 % 11
|72x11

ifFLCPType = Long

PLCP =
m ifPLCPType = Short
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The length of Header (mHeader) is determined by the PLCPType parameter:

[48x 11 ifFLCPType = Long
24 % 11 I(fFLCPTvpe = Short

mHeader =

The length of PSDU (mPSDU) is determined by Rate parameter:

‘ Oectets x 8§x 11 ifRate = 1Mbps
o v : I s
mPSDU — Oectets x4 x 11 IlfRatc 2Mbp

Oectetsx 2% 8 ifRate = 5.5Mbps

Octets®x 1% 8 ifRate = 11Mbps

So, the total of one 802.11b burst is:
Total = mPLCP + mHeader+ mPSDU

Each firing, Total tokens are input at BurstIn and Total tokens are output at
BurstOut.
. Pin 1 (BurstIn) input

A X1s o XTotal - 1
sequences to be equalized, Pin 2 (PrmblIn) input mPLCP training sequences

Po Pl s PmPLCP-1
I

which is used to train the decision feedback equalizer. Pin 3 (BurstOut) output
equalized sequence

Yoo ¥ oos ¥Total - 1

Pin 2 (PrmblIn) must be connected with pin 3 (PrmbIChip) of WLAN_11bPreamble.

. This model implements a decision feedback equalizer. The equalizer works in training
and tracking modes.

In the training mode, the training sequence (from pin2 PrmblIn) is used as training
sequence. The number of training sequences is mPLCP. The error signal e , (see note

5) is from the training signal. After the training mode, the decision feedback
equalizer coefficient is converged and the equalizer enters into the tracking mode.
The error signal e , is from the decision signal of the equalized signal.

. This model supports the LMS and RLS algorithms to equalize the input signal. Users
can select one algorithm to equalize the received signal according to various test
cases. The following figure illustrates the decision feedback equalizer.
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Decision Feedback Equalizer

LMS Algorithm

The criterion most commonly used in the optimization of the equalizer coefficients is
the minimization of the mean square error (MSE) between the desired equalizer
output and the actual equalizer output.

MSE minimization can be accomplished recursively by use of the stochastic gradient
algorithm introduced by Widrow, called the LMS algorithm. This algorithm is
described by the coefficient update equation

Crv1 = Cp-agX*

where

C . is the vector of the equalizer coefficients at the kth iteration

X |, represents the signal vector.

Recursive Least-Squares (Kalman) Algorithm

The convergence rate of the LMS algorithm is slow because a single parameter a
controls the rate of adaptation. A fast converging algorithm is obtained if a recursive
least squares (RLS) criterion for adjustment of the equalizer coefficients.

The RLS iteration algorithm follows.

Calculate output:

fk = Ck—l XXk

Calculate error:
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ep = -1
Calculate Kalman gain vector:

Py xX*

- T
M+ X" x Py x X

K, =

Update inverse of the correlation matrix:

1
P = 7> [Pk—l_Kk XXJ:TXP.&-J

Update coefficients:

Ck = Ck—l +Pk XXk:l'_ Heg
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65



Advanced Design System 2011.01 - WLAN Design Library

WLAN_11b_Equalizer

WLAN 3
1 Pl | pozam E’Z
¥ Equakzer N"'

Description 11b receiver with equalizer
Library WLAN, 11b Receiver
Class SDFWLAN_11b_Equalizer

Parameters
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Name
Rate

ModType
PLCPType
Octets
InitPhase
ScramblerInit

PwrType

RampTime
SampsPerChip
IdleInterval
FilterType

Taps
Alpha
BT

MaxSearchDelay
FingerNumber
FregEstWindow

SyncEstWindow

EquAlgorithm
FwdTaps
FbkTaps
EquAlpha
Lambda
Delta

DownSamplePhase

FreqOffset
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Description

data rate: Mbps_1, Mbps_2, Mbps_5.5,
Mbps_11

modulation type: CCK, PBCC
PLCP preamble type: Long, Short
octet number of PSDU

initial phase of DBPSK

initial state of scrambler

power on and off ramp type: None,
Linear, Cosine

power on and off ramp time
number of samples per chip
idle time

pulse-shaping filter type: Rectangle,
Gaussian, Root-Cosine, Off

number of taps
roll-off factor for root raised-cosine filter

product of 3dB bandwidth and symbol
time for Gaussian filter

time range for searching fading path
number of rake receiver fingers

number of preamble symbols used to
estimate frequency offset

number of preamble symbols used for
burst synchronization

algorithm for equalizer: RLS, LMS
number of forward taps in equalizer
number of feedback taps in equalizer
scale factor for LMS algorithm

weighting factor for RLS algorithm

small positive constant for RLS algorithm

phase of down sample model with range
from 0 to SampsPerChip-1

actual frequency offset

t for each array element: array size must be 7.

Pin Inputs

Pin Name |Description [Signal Type

1 |BurstIn received burst complex

Pin Outputs

Pin Name Description Signal Type
2 |AfterEqu |11b burst after equalizer |complex

3 |BeforeEqu |11b burst before complex

equalizer
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Default Unit Type
Mbps_5.5 enum
CCK enum
Long enum
100 int
0.785 real
110110 int
0 array
None enum
2.0psec sec |real
2 int
50.0usec |sec |[real
Off enum
6 int
0.5 real
0.5 real
3.0psec sec |real
3 int
20 int
20 int
RLS enum
5 int
3 int
0.0004 real
0.999 real
0.001 real
0 int
0.0 Hz |real

Range

(0, 2312]
[0, 2n)
{0, 137

[Opsec, 1000usec]
[2, 8]
[Opsec, 1000pusec]

[1, 1000]
(0, 1.0]
(0, 1.0]

[3psec, 10pusec]
[1, 30]

[1, 128]if
PLCPType=Long
[1, 56] if
PLCPType=Short

[1, 128]if
PLCPType=Long
[1, 56] if
PLCPType=Short

[1, 256]
[1, 128]
(0.0, 1.0)
(0.0, 1.0)
(0.0, 10.0]

[0.0, SampsPerChip-

1]

(-OO, OO)



Advanced Design System 2011.01 - WLAN Design Library

Notes/Equations

1. This subnetwork implements an 802.11b receiver with decision feedback equalizer. It
performs burst synchronization, carrier frequency synchronization and decision
feedback equalization. The schematic for this subnetwork is shown in the following

figure.
Part
O Bl | L

WLAN_ResFitter WfLAN_11bDemuxBurst  DownSample WLAN TIBDFE

L e—

LEN »
WLAH_11bBurst R WLAN_PhaszeRatator

é#

Port

WLAN_11bFreqEstimator

LA 110
Fneam:-ll =

LAM_11bPreamble

WLAN_11bBurst Syne

WLAN_11b_Equalizer Schematic
2. This subnetwork outputs both the full PPDU frame before and after the equalizer. So,
the constellation can be shown before or after the decision feedback equalizer. The

PPDU frames are illustrated in the following figures; one PPDU frame includes PLCP

Preamble, PLCP Header, and PSDU.
Scrambled Ones

SYNC SFD SIGNAL SERVICE LENGTH CRC 1 Mbit'sec
128 bits 16 bits & bits & bits 16 bits 16 bits DBPSK
. ' _ —— — ~ _1DBPSK

= A= 2 DOPSK
PLCP Preamble PLCP Header PO 5.50or 11 Mbits/sec
144 bits 48 bits
- - 192 usec - -
PPDU

Long PLCP PPDU Format
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Scrambled Zeros Backward SFD

Short SYMNC Short SFD
56 bits 16 bits
DBPSK
\ | SIGNAL SERVICE LENGTH CRC
h 1 8 bits 8 bits 16 bits 16 bits
kY =
5 l; 2 Mbitsisec =TT
Short PLCP Preamble Short PLCP Header PsDU
72 bits at 1 Mbit'sec 48 bits at 2 Mbits/sec  |variable at 2, 5.5, or 11 Mbits/sec
- = — 96 usec - - —
PPDU

Short PLCP PPDU Format
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WLAN_11bFreqEstimator

3 WLAN 11b

2 plar |—p

Description 11b frequency offset estimator
Library WLAN, 11b Receiver

Class SDFWLAN_11bFreqEstimator
Derived From WLAN_11bBase

Parameters

Name Description Default |Unit Type |lRange

MaxSearchDelay |time range for searching fading path 3.0psec [sec |real |[3psec, 10usec]

FingerNumber |number of rake receiver fingers 3 int [1, 30]

FreqEstWindow |number of preamble symbols used to estimate 20 int [1, 128]if

frequency offset PLCPType=Long

[1, 56] if
PLCPType=Short

SampsPerChip |number of samples per chip 2 int [2, 8]

PLCPType PLCP preamble type: Long, Short Long enum

Pin Inputs

Pin Name Description Signal Type

1 |Syncln input signal for frequency synchronization [complex
2 |Ref reference signal for frequency estimation |complex

3 |index |synchronization index int
Pin Outputs
Pin Name Description Signal Type
4  |DeltaF |coarse carrier frequency real

offset

Notes/Equations

1. This model is used to estimate the carrier frequency offset between the transmitter
and the receiver for 802.11b.

2. Before frequency offset estimation, channel estimation is completed and the received
signals are rake combined in this model to ensure the excellent SNR. The finger
number for rake combination is set by FingerNumber.

3. The maximum likelihood principle is applied to the frequency offset estimation. The
received signals are differentiated and denoted as Y [ k ] and the reference signal is
denoted as d[k]; the estimate of frequency offset is as follows:
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AN -1 \

Y Im{Y[k]xd*[k]}

1
Af = ——=arctan if_?

2nT
Y Re{Y[k]xd*[k]}

A

k=0
where

T denotes the time duration of one symbol
N denotes the number of symbols used for frequency offset estimation and
set by the FreqgEstWindow parameter.

The result is output at DeltaF.

References

1. IEEE Standard 802.11b-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer Extension in the
2.4 GHz Band," 1999.

2. IEEE Standard 802.11-1999, "Part 11: Wireless LAN Medium Access Control (MAC)

and Physical Layer (PHY) specifications," 1999
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WLAN_11bPreamble

11k
|Preambl|

Description Signal source of 11b preamble
Library WLAN, 11b Receiver
Class SDFWLAN_11bPreamble

Parameters

Name Description Default Type Range
PLCPType PLCP preamble type: Long, Short |Long enum [0, 1]
InitPhase initial phase of DBPSK PI/ 4 real [0, 2n)
ScramblerlInit initial state of scrambler 1101100 intarray {0, 1}t

t for each array element: array size must be 7.

Pin Outputs

Pin Name Description Signal Type
1 |PrmblBits |802.11b preamble bits after scrambler int

2 |PrmblSym |802.11b preamble after DBPSK complex

modulation
3 |PrmblChip |802.11b preamble after Barker spreader |complex

Notes/Equations

1. This subnetwork outputs the PLCP preamble bits, mapping signals and chip signals.
The schematic for this subnetwork is shown in the following figure.

WLAN _11bScrambler
LAN LAN 11b

[ LC P Preambly

WLAN_PLCPPreamble

LAM 11b

EEEEN _P—O

Part

VLA

-2

Frearmbieli=n

WLANM_PreambleMap

WiLAN Barker

@ WAR

WLAN_11bPreamble Schematic
2. Both long and short PLCP preambles use 1 Mbit/s DBPSK modulation.
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The InitPhase parameter specifies the initial phase of the DBPSK signal. DBPSK
encoding is given in the following table.

DBPSK Encoding

Bit Input Phase Change (+jw)
0 0
1 n

The 11-chip Barker sequence is used as the PN code sequence for the 1 and 2 Mbit/s
modulation:

+1,-1, +1, +1, -1, +1, +1, +1, -1, -1, -1

The left-most chip is output first in time. The first chip is aligned at the start of a
transmitted symbol. The symbol duration will be exactly 11 chips long.

References

1.

IEEE Standard 802.11b-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer Extension in the
2.4 GHz Band," 1999.

IEEE Standard 802.11-1999, "Part 11: Wireless LAN Medium Access Control (MAC)

and Physical Layer (PHY) specifications," 1999
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WLAN_11bRake

Description 11b rake combiner
Library WLAN, 11b Receiver
Class SDFWLAN_11bRake
Derived From WLAN_11bBase

Parameters

Name Description

FingerNumber |number of rake receiver fingers

SampsPerChip |number of samples per chip

Rate data rate: Mbps_1, Mbps_2, Mbps_5.5, Mbps_11
PLCPType PLCP preamble type: Long, Short
Octets octet number of PSDU
PwrType power on and off ramp type: None, Linear,
Cosine
RampTime power on and off ramp time
ModType modulation type: CCK, PBCC
IdleInterval idle time
Pin Inputs
Pin Name Description Signal Type
1 |Index |samples index of channel int
delay
2 |CIR channel CIR complex
3 |BurstIn|11b received signal complex
Pin Outputs
Pin Name |Description Signal Type
4 |BurstOut |11b multipath combined complex

signal

Notes/Equations

Default Unit Type Range

3 int [1, 30]

2 int [2, 8]

Mbps_5.5 enum

Long enum

100 int (0, 2312]

None enum

2.0pysec |sec |real |[Opsec, 1000usec]

CCK enum

50.0usec |sec |real |[[10usec,
1000psec]

1. This model implements coherent receiving with maximal ratio combining (MRC). The
necessary coefficients for rake combining, including multipath delay and channel
impulse response, are received from the channel estimator component.

Each firing, the position of each finger is input from pin Index, the CIR are received
by pin CIR, at the same time, the burst whose frequency deviation has been
compensated are received by pin BurstIn. Then, MRC are implemented.

Each firing, the pin BurstIn, CIR and Index consume tokens separately as follows:
(RampTime x 2+Idlelnterval) x 11E6 x SampsPerChip+DatalLength
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DatalLength can be calculated as:
DatalLength = (NPLCP+NSYM) x SampsPerChip;
if PLCPType=Long (NPLCP=(144+48) x 11) else (NPLCP=(72+24) x 11);

if Rate=1 Mbps (NSYM=Octets x 8 x 11)
if Rate=2 Mbps (NSYM=Octets x 4 x 11)
if Rate=5.5 Mbps(NSYM=COctets x 8 x 2)
if Rate=11 Mbps ((NSYM=Octets x 8)

At the same time, DatalLength tokens are produced from pin BurstOut.
2. FingerNumber specifies the number of combined paths.

References

1. IEEE Standard 802.11b-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer Extension in the

2.4 GHz Band," 1999.
2. IEEE Standard 802.11-1999, "Part 11: Wireless LAN Medium Access Control (MAC)

and Physical Layer (PHY) specifications," 1999
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WLAN_11b_Rake

WLAN
1 ) BIZ11E 2
Ralg

Recetver

Description 11b rake receiver
Library WLAN, 11b Receiver
Class SDFWLAN_11b_Rake

Parameters
Name Description Default Unit Type |Range
Rate data rate: Mbps_1, Mbps_2, Mbps_5.5, Mbps_5.5 enum
Mbps_11
ModType modulation type: CCK, PBCC CCK enum
PLCPType PLCP preamble type: Long, Short Long enum
Octets octet number of PSDU 100 int (0, 2312]
InitPhase initial phase of DBPSK 0.785 real [0, 2n)
ScramblerlInit initial state of scrambler 110110 int {0, 1}t
0 array
PwrType power on and off ramp type: None, Linear, |None enum
Cosine
RampTime power on and off ramp time 2.0psec sec |real [Opsec, 1000usec]
SampsPerChip |number of samples per chip 2 int [2, 8]
IdleInterval idle time 50.0psec  |sec |real [10psec, 1000psec]
FilterType pulse-shaping filter type: Rectangle, Off enum
Gaussian, Root-Cosine, Off
Taps number of taps 6 int [1, 1000]
Alpha roll-off factor for root raised-cosine filter 0.5 real (0, 1.0]
BT product of 3dB bandwidth and symbol time |0.5 real (0, 1.0]
for Gaussian filter
MaxSearchDelay |time range for searching fading path 3.0psec sec |real [3usec, 10usec]
FingerNumber |number of rake receiver fingers 3 int [1, 30]
CIREstWindow |number of preamble symbols used to 20 int [1, 128]if
estimate channel PLCPType=Long
[1, 56] if
PLCPType=Short
FregEstWindow |number of preamble symbols used to 20 int [1, 128] if
estimate frequency offset PLCPType=Long
[1, 56] if
PLCPType=Short
SyncEstWindow number of preamble symbols used for 20 int [1, 128]if
burst synchronization PLCPType=Long
[1, 56] if
PLCPType=Short
FreqOffset actual frequency offset 0.0 Hz real (-00, )

t for each array element: array size must be 7.
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Pin Inputs

Pin Name |Description Signal Type
1 |Burstln received burst complex
Pin Outputs

Pin Name Description Signal Type
2 |AfterRake |11b burst after rake receiver |complex

Notes/Equations

1. This subnetwork implements IEEE 802.11b rake receiver. It performs burst
synchronization, carrier frequency synchronization, channel estimation and rake
combination. The schematic for this subnetwork is shown in the following figure.

WLAN_RecFiftar  WLAN_11bBurst Res WLAN_FecCompensator
Wtk [TE2y * T
[— —
BB R
Part RachurPher LAN
Wikh
o wa
—b_*. MRS _.'_C}
_'. 11 BT s Rart
e WLAN_1 1bFake
WLAN_11bCIREstimator

LW 110 [ >
: ==
—. AN f18
WLAN_11b Preambl LAN 10 L WLAN_11bFreqEstimator
_ —fe
_.._

WLAN_11bBurst Sync

WLAN_11b_Rake Schematic

2. This subnetwork outputs the full PPDU frame after rake combination. The PPDU
frames are illustrated in the following figures; one PPDU frame includes PLCP
Preamble, PLCP Header, and PSDU.
Scrambled Ones

SYMNC SFD SIGNAL SERVICE LENGTH CRC 1 Mbit'sec
128 bits 16 bits & bits & bits 16 bits 16 bits DEPSK
\ ! _ — — — ~ 1DBPSK
= 4= 2 DOPSK _
PLCP Preamble PLCP Header PSOL 5.5 or 11 Mbits/sec
144 bits 48 bits
- - 192 usec - -
PPDU

Long PLCP PPDU Format
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Scrambled Zeros Backward SFD

Short SYNC Short SFD
56 bits 16 bits
DBPSK
A | SIGNAL SERVICE LENGTH CRC
. | & bits & bits 16 bits 16 bits
\ —
\ l; 2 Mbits/sec =TT
Short PLCP Preamble Short PLCP Header PSDU

48 bits at 2 Mbits/sec

T2 bits at 1 Mbit'sec variable at 2, 5.5, or 11 Mbits/sec

e 96 usec -
- — : - -

FPOU

Short PLCP PPDU Format
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and Physical Layer (PHY) specifications: High-speed Physical Layer Extension in the
2.4 GHz Band," 1999.

2. IEEE Standard 802.11-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
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3. John G. Proakis, Digital Communications, Third Edition, page 636-679, McGraw-Hiill,
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WLAN_CCKDemod

2 WLAN
1 CCK )
CCK Demod

Description 11b CCK demodulator
Library WLAN, 11b Receiver
Class SDFWLAN_CCKDemod

Parameters
Name Description Default Type |Range
Rate |data rate: Mbps_5.5, Mbps_11 |Mbps_5.5 |enum
Octets |octet number of PSDU 100 int (0, 2312]
Pin Inputs
Pin Name Description Signal Type
1 |CCKIn input signal for CCK demodulator [complex
2 |InitialPhase |initial phase complex
Pin Outputs
Pin Name Description Signal Type
3 |PSDU |signal demodulated to complex
PSDU

Notes/Equations

1. This model implements 11b CCK demodulator. Each firing, the NSYM tokens are
consumed by pin CCKIn and Octets x 8 tokens are produced by pin PSDU.

NSYM can be calculated as follows:
o if Rate=5.5 Mbps(NSYM=0Octets x 8 x 2)
o if Rate=11 Mbps((NSYM=Octets x 8)

2. The CCK demodulation is implemented with a correlator to correlate the 4 or 64 CCK
complex code word. The correlator is followed by a biggest picker which finds the
biggest of 4 or 64 correlator outputs depending on the rate, where 4 if rate is 5.5M
and 64 if rate is 11M. This is translated into two or six data bits. The detected output
is then processed through the differential phase decoder to demodulate the last two

bits of the symbol.

References

1. IEEE Standard 802.11b-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer Extension in the

2.4 GHz Band," 1999.
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WLAN_CCK_RF_Rx_DFE

[ SR ]

Description: 802.11b CCK receiver with equalizer
Library: WLAN, 11b Receiver
Class: TSDFWLAN_CCK_RF_Rx_DFE

Parameters

Name
RIn
ROut
RTemp

RefFreq
Sensitivity

Phase

GainImbalance

PhaseImbalance

Rate
PLCPType

Octets
InitPhase

ScramblerInit

PwrType

RampTime
SampsPerChip
IdleInterval

FilterType

Taps

Description
input resistance
output resistance

physical temperature, in
degrees C

internal reference frequency

voltage output sensitivity,
Vout/Vin

reference phase in degrees

gain imbalance in dB, Q
channel relative to I channel

phase imbalance in degrees, Q
channel relative to I channel

data rate: Mbps_5.5, Mbps_11

PLCP preamble type: Long,
Short

octet number of PSDU
initial phase of DBPSK

initial state of scrambler

power on and off ramp type:
None, Linear, Cosine

power on and off ramp time
number of samples per chip
idle time

pulse-shaping filter type:
Rectangle, Gaussian, Root-
Cosine, Off

number of taps

Default
DefaultRIn
DefaultROut

2400MHz
1

0.0
0.0

0.0

Mbps_5.5
Long

100
0.785
1101100

None

2.0usec
2
50.0usec
Off
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Unit
Ohm
Ohm
DefaultRTemp Ohm

Hz

deg

sec

sec

Type Range
real (0, c0)
real (0, )
real [-273.15, oo]
real (0, )
real (-c0, )
real (-c0, )
real (-o0, )
real (-00, )
enum

enum

int (0, 2312)
(0, 2n)

int {0, 1}t
array

real

enum

real
int [2, 8]
real

enum

int [1, 1000]

[Ousec, 1000usec]

[Ousec, 1000usec]
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Alpha roll-off factor for root raised- 0.5 real [0, 1.0]
cosine filter

BT product of 3dB bandwidth and |0.5 real (0, 1.0)
symbol time for Gaussian filter

MaxSearchDelay |time range for searching fading |3.0usec sec |real [3usec, 10usec]
path

FingerNumber number of rake receiver fingers |3 int [1, 30]

FregEstWindow number of preamble symbols 20 int [1, 128] if PLCPType=Long
used to estimate frequency [1, 56] if PLCPType=Short
offset

SyncEstWindow number of preamble symbols 20 int [1, 128] if PLCPType=Long
used for burst synchronization [1, 56] if PLCPType=Short

EquAlgorithm algorithm for equalizer: RLS, RLS enum
LMS

FwdTaps number of forward taps in 5 int [1, 256]
equalizer

FbkTaps number of feedback taps in 3 int [1, 128]
equalizer

EquAlpha scale factor for LMS algorithm |0.0004 real (0.0, 1.0)

Lambda weighting factor for RLS 0.999 real (0.0, 1.0)
algorithm

Delta small positive constant for RLS |0.001 real (0.0, 10.0)
algorithm

DownSamplePhase phase of down sample model 0 int [0.0, SampsPerChip-1]

with range from 0 to
SampsPerChip-1

FreqOffset actual frequency offset 0.0 Hz | real (-0, )

t for each array element: array size must be 7.
Pin Input

Pin Name Description Signal Type
1 |RF_Signal RF signals |timed
Pin Output

Pin Name Description Signal Type
2 |PSDU demodulated PSDU after CCK receiver int
3 |Header |demodulated header after CCK receiver |int

4  |Preamble |demodulated preamble after CCK int
receiver
5 |BurstOut |11b CCK burst after DFE receiver complex

Notes/Equations

1. This subnetwork provides the full CCK receiver according to the IEEE 802.11b
Standard; it can be configured in a top-level design using model parameters.

2. This subnetwork integrates an RF demodulator and baseband receiver. The schematic
is shown in the following figure.

81



Part

Advanced Design System 2011.01 - WLAN Design Library

2ah_Democ TimediGToCx

WLAN_CCK_RF_Rx_DFE Schematic

O] 55 j < s

RecElLEr

VLAN CCK_Rx_DFE

Port

Part

>

Part

Part

Receiver functions are implemented as specified in the IEEE 802.11b Standard.

o Start of frame is detected (WLAN_11bBurstSync).
o Carrier frequency offsets are estimated (WLAN_FreqEstimator).

o The packet is derotated according to estimated frequency offset
(WLAN_11bDemuxBurst in the WLAN_11b_Equalizer subnetwork).

o The received packet is equalized by the decision feedback equalizer
(WLAN_11bDFE in the WLAN_11b_Equalizer subnetwork).

The equalized signal is demultiplexed into PSDU, Header and Preamble parts.
Header and Preamble parts are Barker despread.
PSDU parts are CCK demodulated.
Despread Preamble and Header and CCK-demodulated PSDU are multiplexed
into one bit stream; the bit stream is then descrambled.

The descrambled bit stream is demultiplexed into PSDU, Preamble, and Header

bits and output.

The equalized burst (BurstOut) is output.
The WLAN_CCK_Rx_DFE receiver schematic is shown in the following figure.
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WLAN_CCK_Rx_DFE Schematic
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WLAN_CCK_RF_Rx_Rake
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Description: 802.11b CCK Rake receiver
Library: WLAN, 11b Receiver
Class: TSDFWLAN_CCK_RF_Rx_Rake

Parameters
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Name Description Default Unit Type Range
RIn input resistance DefaultRIn Ohm |real (0, c0 )
ROut output resistance DefaultROut |Ohm |real (0, )
RTemp physical temperature, in degrees C DefaultRTemp Ohm |real [-273.15, 0 )
RefFreq internal reference frequency 2400MHz Hz |real (0, c0)
Sensitivity voltage output sensitivity, Vout/Vin 1 real (-c0, 00 )
Phase reference phase in degrees 0.0 deg |real (-o0, )
GainImbalance |gain imbalance in dB, Q channel relative |0.0 real (-o0, )
to I channel
PhaseIlmbalance |phase imbalance in degrees, Q channel 0.0 real (-c0, )
relative to I channel
Rate data rate: Mbps_5.5, Mbps_11 Mbps_5.5 enum
PLCPType PLCP preamble type: Long, Short Long enum
Octets octet number of PSDU 100 int (0, 2312]
InitPhase initial phase of DBPSK 0.785 real [0, 2n)
Scramblerlnit initial state of scrambler 1101100 int {0, 1} t
array
PwrType power on and off ramp type: None, None enum
Linear, Cosine
RampTime power on and off ramp time 2.0usec sec |real [Ousec, 1000usec]
SampsPerChip |number of samples per chip 2 int [2, 8]
IdleInterval idle time 50.0usec sec |real [10usec, 1000usec]
FilterType pulse-shaping filter type: Rectangle, Off enum
Gaussian, Root-Cosine, Off
Taps number of taps 6 int [1, 1000]
Alpha roll-off factor for root raised-cosine filter |0.5 real (0, 1.0]
BT product of 3dB bandwidth and symbol 0.5 real (0, 1.0]
time for Gaussian filter
MaxSearchDelay |time range for searching fading path 3.0usec sec |real [3usec, 10usec]
FingerNumber |number of rake receiver fingers 3 int [1, 30]
CIREstWindow |number of preamble symbols used to 20 int [1, 128] if
estimate channel PLCPType=Long
[1, 56] if
PLCPType=Short
FreqEstWindow |number of preamble symbols used to 20 int [1, 128]if
estimate frequency offset PLCPType=Long
[1, 56] if
PLCPType=Short
SyncEstWindow |number of preamble symbols used for 20 int [1, 128]if
burst synchronization PLCPType=Long
[1, 56] if
PLCPType=Short
FregOffset actual frequency offset 0.0 Hz |real (-c0, )

t for each array element: array size must be 7.
Pin Inputs

Pin Name Description Signal Type
1 |RF_Signal |IRF signals [timed
Pin Outputs
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Pin Name Description Signal Type
2 |PSDU demodulated PSDU after CCK receiver int
3 |Header |demodulated header after CCK receiver |int

4  |Preamble demodulated preamble after CCK int
receiver
5 |BurstOut |11b CCK burst after Rake receiver complex

Notes/Equations

1. This subnetwork provides the full CCK receiver according to the IEEE 802.11b
Standard; it incorporates rake combination and can be configured in a top-level
design using model parameters.

This subnetwork integrates an RF demodulator and baseband receiver; the schematic
is shown in the following figure.
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WLAN_CCK_RF_Rx_Rake Schematic
2. Receiver functions are implemented as specified in the IEEE 802.11b Standard.

o Start of frame is detected (WLAN_11bBurstSync).

o Carrier frequency offsets are estimated (WLAN_FreqgEstimator).

« The packet is derotated according to estimated frequency offset
(WLAN_FcCompensator).

e The received packets are rake combined (WLAN_11bRake).

o The rake combined signal is demultiplexed into PSDU, Header and Preamble
parts.

e Preamble and Header parts are Barker despread.

e PSDU parts are CCK demodulated.

« Preamble, Header, and CCK are then multiplexed into one bit stream; the bit
stream is then descrambled.

e The descrambled bit stream is demultiplexed into PSDU, Preamble, and Header
bits; these parts are output.

e The rake-combined burst is output.
The WLAN_CCK_Rx_Rake receiver schematic is shown in the following figure.
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WLAN_CCK_Rx_DFE

[ SRR

Description 802.11b CCK receiver with equalizer
Library WLAN, 11b Receiver
Class SDFWLAN_CCK_Rx_DFE

Parameters
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Name

Rate
PLCPType
Octets
InitPhase
Scramblerlnit

PwrType

RampTime
SampsPerChip
IdleInterval
FilterType

Taps
Alpha
BT

MaxSearchDelay
FingerNumber
FregEstWindow

SyncEstWindow

EquAlgorithm
FwdTaps
FbkTaps
EquAlpha
Lambda
Delta

DownSamplePhase

FreqOffset

Advanced Design System 2011.01 - WLAN Design Library

Description

data rate: Mbps_5.5, Mbps_11
PLCP preamble type: Long, Short
octet number of PSDU

initial phase of DBPSK

initial state of scrambler

power on and off ramp type: None,
Linear, Cosine

power on and off ramp time
number of samples per chip
idle time

pulse-shaping filter type: Rectangle,
Gaussian, Root-Cosine, Off

number of taps
roll-off factor for root raised-cosine filter

product of 3dB bandwidth and symbol
time for Gaussian filter

time range for searching fading path
number of rake receiver fingers

number of preamble symbols used to
estimate frequency offset

number of preamble symbols used for
burst synchronization

algorithm for equalizer: RLS, LMS
number of forward taps in equalizer
number of feedback taps in equalizer
scale factor for LMS algorithm

weighting factor for RLS algorithm

small positive constant for RLS algorithm

phase of down sample model
(0..SampsPerChip-1)

actual frequency offset

t for each array element: array size must be 7.

Pin Inputs

Pin Name Description Signal Type

1 |Burstln received burst complex

Pin Outputs

89

Default Unit Type
Mbps_5.5 enum
Long enum
100 int
0.785 real
110110 int
0 array
None enum
2.0psec sec |real
2 int
50.0usec |sec |real
Off enum
6 int
0.5 real
0.5 real
3.0psec sec |real
3 int
20 int
20 int
RLS enum
5 int
3 int
0.0004 real
0.999 real
0.001 real
0 int
0.0 Hz |real

Range

(0, 2312]
[0, 2n)
{0, 1}t

[Opsec, 1000usec]
[2, 8]
[Opsec, 1000usec]

[1, 1000]
(0, 1.0]
(0, 1.0]

[3psec, 10usec]
[1, 30]

[1, 128]if
PLCPType=Long
[1, 56] if
PLCPType=Short

[1, 128] if
PLCPType=Long
[1, 56] if
PLCPType=Short

[1, 256]
[1, 128]
(0.0, 1.0)
(0.0, 1.0)
(0.0, 10.0]

[0.0, SampsPerChip-
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Pin Name Description Signal Type
2 |PSDU demodulated PSDU after CCK receiver int
3 |Header |demodulated header after CCK receiver |int

4  |Preamble demodulated preamble after CCK int
receiver
5 |BurstOut |11b CCK burst after DFE receiver complex

Notes/Equations

1. This subnetwork implements an 802.11b CCK receiver with decision feedback
equalizer. It performs burst synchronization, carrier frequency synchronization,
decision feedback equalization, Barker despreading, CCK demodulation and
descrambling. The schematic is shown in the following figure.
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WLAN_CCK_Rx_DFE Schematic

2. This subnetwork outputs both the demodulated PSDU, Header, Preamble and the full
PPDU frame after equalizer. The PPDU frames are illustrated in the following figures.
One PPDU frame includes PLCP Preamble, PLCP Header, and PSDU.
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Scrambled Cnes

SYMC SFD SIGMAL SERVICE LEMGTH CRC 1 Mbit'sec
128 bits 16 bits & bits & bits 16 bits 16 bits DEPSK
™~ _ — —~ ~ 41DBPSK
= .= 2DQAPSK
PLCP Preamble PLCP Header PSOL 5 5or 11 Mbits/sec
144 bits 48 bits
; S 192 usec - - -
PPDU

Long PLCP PPDU Format

Scrambled Zeros  Backward SFD

B
y
Short SYMNC Short SFD
56 bits 16 bits
\ DBPSK ,
| SIGNAL SERVICE LENGTH CRC
K '| 8 bits 8 bits 16 bits 16 bits
kY —
5 ||.' 2 Mbits/sec ==
Short PLCP Preamble Short PLCP Header PsDU
72 bits at 1 Mbit'sec 48 bits at 2 Mbits/sec  |variable at 2, 5.5, or 11 Mbits/sec
- —— _ 96 usec - o -
PPDU

Short PLCP PPDU Format
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WLAN_CCK_Rx_Rake

1 B ]

Description 802.11b CCK Rake receiver
Library WLAN, 11b Receiver
Class SDFWLAN_CCK_Rx_Rake

Parameters

Name

Rate
PLCPType
Octets
InitPhase
Scramblerlnit

PwrType

RampTime
SampsPerChip
IdleInterval
FilterType

Taps
Alpha
BT

MaxSearchDelay
FingerNumber
CIREstWindow

FregEstWindow

SyncEstWindow

FreqOffset

Description

data rate: Mbps_5.5, Mbps_11
PLCP preamble type: Long, Short
octet number of PSDU

initial phase of DBPSK

initial state of scrambler

power on and off ramp type: None, Linear,
Cosine

power on and off ramp time
number of samples per chip
idle time

pulse-shaping filter type: Rectangle,
Gaussian, Root-Cosine, Off

number of taps
roll-off factor for root raised-cosine filter

product of 3dB bandwidth and symbol time
for Gaussian filter

time range for searching fading path
number of rake receiver fingers

number of preamble symbols used to
estimate channel

number of preamble symbols used to
estimate frequency offset

number of preamble symbols used for
burst synchronization

actual frequency offset

t for each array element: array size must be 7.
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Default Unit Type
Mbps_5.5 enum
Long enum
100 int
0.785 real
110110 int

0 array
None enum
2.0psec sec |real
2 int
50.0psec  |sec |real
Off enum
6 int
0.5 real
0.5 real
3.0psec sec |real
3 int
20 int
20 int
20 int
0.0 Hz real

Range

(0, 2312]
[0, 2n)
{0, 1}t

[Opsec, 1000usec]
[2, 8]

[10psec, 1000psec]

[1, 1000]
(0, 1.0]
(0, 1.0]

[3usec, 10usec]
[1, 30]

[1, 128]if
PLCPType=Long
[1, 56] if
PLCPType=Short

[1, 128] if
PLCPType=Long
[1, 56] if
PLCPType=Short
[1, 128]if
PLCPType=Long
[1, 56] if
PLCPType=Short
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Pin Inputs

Pin Name |Description Signal Type

1 |Burstln received burst complex
Pin Outputs
Pin Name Description Signal Type
2 |PSDU demodulated PSDU after CCK receiver int
3 |Header |demodulated header after CCK receiver |int
4 |Preamble demodulated preamble after CCK int
receiver
5 |BurstOut |11b CCK burst after Rake receiver complex

Notes/Equations

1. This subnetwork implements an 802.11b CCK receiver with rake combination. It
performs burst synchronization, carrier frequency synchronization, rake combination,
Barker despreading, CCK demodulation and descrambling. The schematic is shown in

the following figure.
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2. This subnetwork outputs both the demodulated PSDU, Header, Preamble and the full

PPDU frame after rake combination. The PPDU frames are illustrated in the following

figures. One PPDU frame includes PLCP Preamble, PLCP Header, and PSDU.
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ALAH
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SYMNC SFD SIGNAL SERVICE LENGTH CRC 1 Mbit'sec
128 bits 16 bits & bits & bits 16 bits 16 bits CBPSK
~ !  _ — — — T _1DBPSK

= 2 DOPSK
PLCP Preamble PLCP Header PSOL 5.5 or 11 Mbits/sec
144 bits 45 hits
s -
- _ 192 usec - -
PPDU
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Long PLCP PPDU Format

Scrambled Zeros Backward SFD

N

Short SYMNC Short SFD
56 bits 16 bits
DBPSK
n | SIGNAL SERVICE LENGTH CRC
\\ | 8 bits & bits 16 bits 16 bits
Y, Iy 2 Mbits/sec == —
Short PLCP Preamble Short PLCP Header PSDU
72 bits at 1 Mbit/sec 48 bits at 2 Mbits/sec |variable at 2, 5.5, or 11 Mbits/sec
- -~ — 96 usec - = -
FROU

Short PLCP PPDU Format
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WLAN_Despreader

De-barker

Description 11b barker despreader
Library WLAN, 11b Receiver
Class SDFWLAN_Despreader

Pin Inputs

Pin Name Description Signal Type

1 |input |input Barker spreading signal complex

Pin Outputs

Pin Name Description Signal Type

2 |output output signal after Braker de- complex
spreading

Notes/Equations

1. This model is used to implement Barker despreader for 802.11b. Each firing, 11 input
tokens make the Barker despreader and one despread signal is output.
2. The 11-chip Barker sequence

[BoB . By, B3 By, Bs. Bg, By, By, Bg. B

is used as the PN code sequence for 1 and 2 Mbit/s modulation:

(BoB . By, B3, By, Bs, Bg, By, By, Bg, B
1, -1, -1

= +1,-1, +1, +1, -1, +1, +1, +1, -

The Barker spreading signal sequence is

{:r;.:, Kis oy X3, Xy X5, %5 X7, Xgy Xgs Im]

The despreader calculates the despreading signal as follows, then outputs y .

I
y = ZEixxi
[ =0

References

1. IEEE Standard 802.11b-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
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and Physical Layer (PHY) specifications: High-speed Physical Layer Extension in the
2.4 GHz Band," 1999.
. IEEE Standard 802.11-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications," 1999
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WLAN_FcCompensator

WLAN =4

T
pxpid=]w

F Compensator

Description 11b carrier frequency compensator
Library WLAN, 11b Receiver

Class SDFWLAN_FcCompensator

Derived From WLAN_11bBase

Parameters

Name Description

MaxSearchDelay |time range for searching fading path 3.0psec |[sec
SampsPerChip |number of samples per chip 2
Rate data rate: Mbps_1, Mbps_2, Mbps_5.5, Mbps_11 |Mbps_5.5
PLCPType PLCP preamble type: Long, Short Long
Octets octet number of PSDU 100
PwrType power on and off ramp type: None, Linear, None

Cosine
RampTime power on and off ramp time 2.0ysec |[sec
ModType modulation type: CCK, PBCC CCK
IdleInterval idle time 50.0psec [sec
FreqOffset actual frequency offset 0.0 Hz
Pin Inputs
Pin Name Description Signal Type
1 |Burstln the 11b received signal complex

2 |DeltaF |estimated frequency real

offset
Pin Outputs

Pin Name |Description

3 |BurstOut |11b signhal compensated with freq offset
4 |PLCP

Notes/Equations

1. This model compensates for carrier frequency offset.

Default Unit Type Range

real |[3usec, 10psec]

int  |[2, 8]
enum
enum
int  |(0, 2312]
enum

real |[Ousec, 1000usec]
enum

real |[10psec,

1000psec]

real |(-o0, o)

Signal Type
complex

compensated PLCP is to be used as input of channel estimation model complex

Each firing, the frequency offset detected by WLAN_11bFreqgEstimator is input at pin
DeltaF and the frequency offset burst are input at pin BurstIn. The burst is then
compensated by multiplying exp(-j x 2 x PI x DeltaF x n x Ts) and output at pin
BurstOut, where n is the number of burst samples from 1 to entire burst length and
Ts is sample time interval (described in note 3). Pin PLCP is the compensated PCLP

signal.
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Each firing, the tokens consumed by BurstIn can be calculated as follows.

(RampTime x 2+IdleInterval) x 11E6 x SampsPerChip+DatalLength,
where
DataLength = (NPLCP+NSYM) x SampsPerChip

if PLCPType=Long (NPLCP=(144+48) x 11)

else (NPLCP=(72+24) x 11);

if Rate=1M (NSYM=Octets x 8 x 11)

if Rate=2M (NSYM=Octets x 4 x 11)

if Rate=5.5M (NSYM=Octets x 8 x 2)

if Rate=11M ((NSYM=Octets x 8)

The same number of tokens are simultaneously produced by pin BurstOut.

The MaxSearchDelay value range for searching fading channels must be set larger
than the sum of system delay and maximum multipath delay.

The transmitter transmits burst-by-burst in ADS. The burst sequence is a continuous
stream. (The 802.11 burst is transmitted burst-by-burst.) The transmitted
consecutive bursts are independent.

The estimated frequency offset (A f ;) of each received burst is input at DeltaF. To

avoid estimated frequency offset impacting the next bursts in the frequency
compensator, the FreqOffset parameter in this model is set as the actual frequency
offset between transmitter and receiver. When the ith burst is processed, the actual
phase of previous i-1 bursts is calculated and removed by FreqOffset. The ith
estimated frequency offset (A f; ) is used to compensate for the phase in current

burst only.
Assume x 0, x 1, ... , X 1,;5 -1 sequences are the BurstIn burst signals after

removing the actual phase of previous i -1 bursts caused by the actual frequency
offset from FreqOffset. The y 0, y 1, ... , ¥ 7,45 -1 sequences (whose phase caused

by frequency offset) are removed:

- 2nALET
Yp = Xpxe s

where
A f ; is frequency offset of ith received burst, which is the input at DeltaF

1
T = 1IMHz x SampsFPerChip

is the sample time interval in 802.11b system.

References

1.

IEEE Standard 802.11b-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer Extension in the
2.4 GHz Band," 1999.

IEEE Standard 802.11-1999, "Part 11: Wireless LAN Medium Access Control (MAC)

and Physical Layer (PHY) specifications," 1999.
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WLAN_HeaderDemap

2 e 4
1 . 3
.Ht..‘adl:rDc

Description Header demapper
Library WLAN, 11b Receiver
Class SDFWLAN_HeaderDemap

Parameters
Name Description Default Type
PLCPType PLCP preamble type: Long, Long enum

Short
Pin Inputs
Pin Name Description Signal Type
1 |HeadIn |PLCP header modulation signal complex
2 |InitPhase |initial signal from preamble demapper complex
Pin Outputs
Pin Name |Description Signal Type
3 |phase last complex mapping complex

signal

4  |HeadOut |PLCP header signal int

Notes/Equations

1. This model outputs the PLCP header demapping signal and phase. The long PLCP
header uses 1 Mbit/s DBPSK modulation; the short PLCP header uses 2 Mbit/s DQPSK
modulation.

2. The initial phase of DBPSK or DQPSK signal is given by pin InitPhase. DBPSK
encoding is listed in the following table.

DBPSK Encoding

Bit input Phase change (+jw)

0 0

1 n

DQPSK encoding is listed in the following table.

DQPSK Encoding
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Dibit pattern (d0,d1) Phase change (+jw)

00 0

01 n/2

11 n

10 3 xn/2(-n/2)
References
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WLAN_PhaseRotator

phass foksior

Description 11b phase rotator after decision feedback equalizer
Library WLAN, 11b Receiver
Class SDFWLAN_PhaseRotator

Parameters

Name Description Default Type Range

Rate data rate: Mbps_1, Mbps_2, Mbps_5.5, Mbps_5.5 lenum
Mbps_11

ModType |modulation type: CCK, PBCC CCK enum

PLCPType |PLCP preamble type: Long, Short Long enum

Octets octet number of PSDU 100 int (0, 2312]

Pin Inputs

Pin Name |Description Signal Type

1 |BurstIn |input signal before phase compensator complex

Pin Outputs

Pin Name Description Signal Type

2 |BurstOut output data after phase compensator |complex
3 |CommPhase [common phase for the equalized signal real

Notes/Equations

1. This model implements phase rotator after decision feedback equalizer for equalized
802.11b burst.

2. Rate, ModType, PLCPType and Octets parameters are used to specify the number of
complex signals in one burst. In the WLAN Design Library, one real 802.11b burst
consists of PLCP Preamble (Long or Short), PLCP Header (Long or Short) and PSDU.
The length of PLCP Preamble (mPLCP) is determined by PLCPType parameter:

PLCP — [144 % 11 ifPLCPType = Long
m “|72x11  ifPLCPType = Short

The length of Header (mHeader) is determined by PLCPType parameter:

Header — [48x 11 ifFLCPTvype = Long

MITEATET =N 04% 11 ifPLCPType = Short
The length of PSDU (mPSDU) is determined by Rate parameter:
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Oectets x §x11 ifRate = 1Mbps
Octets x4 x11 ifRate = 2Mbps
Octetsx 2% 8 ifRate = 5.5Mbps

mFPSDU =
k@ctctsx 1x8 ifRate = 11Mbps

So, the total number of one 802.11b burst is as follows:

Total = mPLCP + mHeader + mPSDU

Each firing, Total number of tokens were input in BurstIn and Total number of tokens
were output in BurstOut pin.
Pin 1 (BurstIn) equalized sequences x 0, X 1, ... , X 1,15, -1 input; pin 2 (BurstOut)

sequences y 0, y 1, ... , ¥ 5 -1 output after phase rotator removes the common

phase; pin 3 (CommPhase) is the common phase of equalized sequence output.

This model must work behind WLAN_11bDFE when the equalizer converges. The
constellation of CCK is the same as that of QPSK. The PSDU and Header parts
equalized signals are used to detect the common phase, the Preamble part is not
used it is used to train the coefficients of the equalizer and the equalizer algorithm
does not converge. The common phase detection algorithm works after the equalizer
converges; the common phase detection algorithm is as follows:

phasel =0.0;
phase2 =0.0;
phase3 =0.0;
phased4 =0.0;
first_1 = 0;
second_2 = 0;
third 3 = 0;
fourth_4 = 0;
for (i=0; i<m_inlength-m_prmblength;i++)
{

Complex xx;_

XX = BurstIn%(Pin-);

if ((real(xx)>0.0)&&(imag(xx)>0.0))

O O O O O

{

phasel+=arg(xx);

first 1++;
}
if ((real(xx)<0.0)&&(imag(xx)>0.0))
{

phase2+=arg(xx);

second_2++;
}
if ((real(xx)<0.0)&&(imag(xx)<0.0))
{

phase3+=arg(xx);

third 3++;
}
if ((real(xx)>0.0)&&(imag(xx)<0.0))
{

phased+=arg(xx);

fourth_4++;

}
}
phasel = phasel/first_1;
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phase1-PI/4;
phase2/second_2;
phase2-3*P1/4;
phase3/third_3;
phase3+3*PI/4;
phased/forth_4;
phased+PI/4;

double phase;
phase =(phasel+phase2+phase3+phased)/4.0;

After getting the detected common phase ¢ above, the common phase can be
removed by multiply e 7%.

Y =X X e Jo

IEEE Standard 802.11b-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer Extension in the
2.4 GHz Band," 1999.

IEEE Standard 802.11-1999, "Part 11: Wireless LAN Medium Access Control (MAC)

and Physical Layer (PHY) specifications," 1999.
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WLAN_PrmbiDemap
WLAN 3

PrmblDe

Description Preamble demapper
Library WLAN, 11b Receiver
Class SDFWLAN_PrmbiDemap

Parameters

Name Description Default Type Range

PLCPType PLCP preamble type: Long, Long enum [0, 1]
Short

InitPhase |initial phase of DBPSK PI/4 |real |[0,2n)

Pin Inputs

Pin Name |Description [Signal Type
1 |PrmblIn | DBPSK signal complex
Pin Outputs

Pin Name Description Signal Type
2 |phase last DBPSK signal complex
3 |PrmblOut |PLCP preamble signal |int

Notes/Equations

1. This model outputs the PLCP preamble demapping bits and the last complex signal.
Both long PLCP preamble and short PLCP preamble use 1 Mbit/s DBPSK modulation.
The InitPhase parameter specifies the initial phase of the DBPSK signal. DBPSK

encoding is given in the following table.

DBPSK Encoding

Bit Input Phase Change (+jw)

0 0
1 n
References
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WLAN_RecFilter

Rechmr Filter

Description Receiver matched filter
Library WLAN, 11b Receiver
Class SDFWLAN_RecFilter

Parameters
Name Description Default Unit Type Range
FilterType receiver matched filter type: Rectangle, Gaussian, Off enum
Root-Cosine, Off
Taps number of taps 6 int [1, 1000]
SampsPerChip |samples per chip 2 int [2, 8]
Alpha roll-off factor for root raised-cosine filter 0.5 real [(0, 1.0]
BT product of 3dB bandwidth and symbol time for 0.5 real |[(0, 1.0]
Gaussian filter
Rate data rate: Mbps_1, Mbps_2, Mbps_5.5, Mbps_11 Mbps_5.5 enum
ModType modulation type: CCK, PBCC CCK enum
PLCPType PLCP preamble type: Long, Short Long enum
Octets octet number of PSDU 100 int (0, 2312]
RampTime power on and off ramp time 2.0usec |sec |real |[Ousec,
1000usec]
PwrType power on and off ramp type: None, Linear, Cosine None enum
IdleInterval idle time 50.0usec |sec |real |[10usec,
1000usec]

Pin Inputs

Pin Name Description Signal Type

1 |Dataln|input data |complex
Pin Outputs
Pin Name |Description Signal Type

2 |DataOut output data |complex

Notes/Equations

1. This receiver model matches the transmitter filter. Each firing, data from the RF
demodulator with ramp, PPDU, and idle is input; data is then filtered sample-by-
sample.

If FilterType=O0ff, the input signal will flow directly without filtering. If the transmitter
shaping filter is set to Root-Cosine, set the receiver filter to Root-Cosine to obtain an
ISI-free signal; if the transmitter shaping filter is set to another filter type, set the
receiver filter to Off to avoid additional ISI.

The impulse response of the rectangle filter can be given by
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sin( (me) T )
hltl = —
(mt) /T,

where Ts is symbol interval.
The impulse response of Gaussian filter can be given by

C T=—-2t 1 ’ T=+2¢
git) = |lerfilnx BT — —— |+erflix BT —— ||
L fL T=JIn(4y” L Tsa/lni4y’

and
¢
2 —'l':
erfit) = —|e " dz
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where BT is the BT parameter and Ts is the symbol interval.
The impulse response of raised-cosine rolloff filter can be given by
hit) = [sinmct:u‘(Ts] :ml[ cos((mat)/ (Ts)) o
' 1

|
I} ) EI
nt M S ((dat)/(2Ts )

where a is the Alpha parameter and Ts is the symbol interval.

. The impulse response of the root raised-cosine filter has the following relationship

with the raised-cosine filter:

h(n)=h1(n)f hi(n)

where h(n) is the impulse response of raised filter and h1(n) is root-raised.

This filter does not implement interpolating or decimating operations. The output
signal has the same sample rate as the input signal.

Taps is the filter length and specifies the number of symbol periods to be used in the
calculation of the symbol.

Alpha specifies the sharpness of a root cosine filter when FilterType=Root-Cosine.
BT is the Gaussian filter coefficient; it specifies the extent of signal filtering. B is the
3 dB bandwidth of the filter; T is the duration of the symbol period. Common values
for BT are 0.3 to 0.5.

Rate specifies the transmitted data rate.

PLCPType specifies the format of the preamble/header sections of the framed signal.
Octets specifies the number of data bytes per burst (note that it is in bytes; to
transform the value into bits, multiply by 8).

RampTime specifies the length (in microseconds) of the power up/down ramp; it is
used when PwrType is Linear or Cosine.

PwrType specifies the pattern for generating the ramp signal: None, Linear, or
Cosine. The Cosine ramp gives the least amount of out-of-channel interference; None
starts transmitting the signal at full power (it is the simplest power ramp to
implement); and, the Linear ramp shapes the burst in a linear fashion.

108



Advanced Design System 2011.01 - WLAN Design Library

11b Signal Sources

WLAN 11bCCK RF (wlan)
WLAN 11bCCKSignalSrc (wlan)
WLAN 11bCCKSignalSrc1 (wlan)
WLAN 11bMuxBurst (wlan)
WLAN 11bPBCCSignalSrc (wlan)
WLAN 11bScrambler (wlan)
WLAN 11SignalSrc (wlan)
WLAN 802 11bRF (wlan)
WLAN Barker (wlan)

WLAN CCKMod (wlan)

WLAN CRC (wlan)

WLAN HeaderMap (wlan)
WLAN IdlePadding (wlan)
WLAN MuxPLCP (wlan)

WLAN PBCCConvCoder (wlan)
WLAN PBCCMod (wlan)

WLAN PLCPHeader (wlan)
WLAN PLCPPreamble (wlan)
WLAN PreambleMap (wlan)
WLAN PSDUMap (wlan)

WLAN TransFilter (wlan)
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WLAN_11bCCK_RF

Description RF Signal source of IEEE 802.11b with idle and CCK modulation
Library WLAN, 11b Signal Source
Class TSDFWLAN_11bCCK_RF

Parameters
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Name

ROut
FCarrier
Power

VRef
PhasePolarity

GainImbalance
Phaselmbalance
I_OriginOffset
Q_OriginOffset

IQ_Rotation
NDensity
Type

ProbOfZero
LFSR_Length
LFSR_InitState

Rate
PLCPType
Octets
ClocksBit
InitPhase
Scramblerlnit

PwrType
RampTime
OverSampling
IdleInterval

FilterType

Taps
Alpha
BT
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Description

output resistance

carrier frequency

modulator output power

reference voltage for output power calibration

if set to Invert, Q channel signal is inverted:
Normal, Invert

gain imbalance in dB, Q channel relative to I
channel

phase imbalance in degrees, Q channel
relative to I channel

I origin offset in percent with respect to output
rms voltage

Q origin offset in percent with respect to
output rms voltage

IQ rotation, in degrees
noise spectral density at output, in dBm/Hz

type of bit sequence, random or pseudo
random: Random, Prbs

probability of bit value being zero (used when
Type=Random)

Linear Feedback Shift Register length (used
when Type=Prbs)

Linear Feedback Shift Register initial state
(used when Type=Prbs)

data rate: Mbps_5.5, Mbps_11
PLCP preamble type: Long, Short
octet number of PSDU

locked clocks bit: Not, Locked
initial phase of DBPSK

initial state of scrambler

power on and off ramp type: None, Linear,
Cosine

power on and off ramp time

sampling rate of pulse-shaping filter: Ratio_2,
Ratio_3, Ratio_4, Ratio_5, Ratio_6, Ratio_7,
Ratio_8, Ratio_9

idle time

pulse-shaping filter type: NoneFilter,
Gaussian, Root-Cosine, Ideal-Lowpass

number of taps
roll-off factor for root raised-cosine filter

product of 3dB bandwidth and symbol time for
Gaussian filter

t for each array element: array size must be 7.

Pin Outputs

111

Default Unit Type
DefaultROut | Ohm |real
2400MHz Hz real
40mW w real
0.1122V \Y real
Normal enum
0.0 real
0.0 real
0.0 real
0.0 real
0.0 real
-173.975 real
Random enum
0.5 real
12 int
1 int
Mbps_5.5 enum
Long enum
100 int
Locked enum
0.785 real
110110 int
0 array
None enum
2.0psec sec |real
Ratio_2 enum
50.0usec sec |real
Gaussian enum
6 int
0.5 real
0.5 real

Range
(0, ©)
(0, )
[0, =)
(0, )

(-0
(-o0,
(-0,
(-0

!
(-o0,

(_ool

[0, 1]

[2, 31]

[1, pow (2,

LFSR_Length) -1]

(0, 2312]

[0, 2n )
{0, 1}t

[Opsec, 1000pusec]

[Opsec, 1000usec]

[1, 1000]
(0, 1.0]
(0, 1.0]
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Pin Name Description Signal Type
RF_Burst RF signal of IEEE802.11b burst with timed
idle
BurstPreFilter IEEE802.11b burst without idle complex
Header header bits int
PLCP PLCP bits int
PSDU PSDU bits int

un|hlw N

Notes/Equations

1.

This subnetwork is used to generate an RF signal; the baseband signal is sent to an
IQ RF modulator and the RF signal is generated. For ease of testing, five signals are
output:

o RF_Burst is RF signal of IEEE802.11b burst with idle

o BurstPreFilter is the signal generated before the shaping filter (note that this

signal is digital)

o Header outputs the header bits according to IEEE802.11b

e PLCP outputs the PLCP bits according to IEEE802.11b

o PSDU outputs the payload data bits that are used in the BER/PER test
This subnetwork integrates a baseband transmitter and RF modulator; the schematic
is shown in the following figure.
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WLAN_11bCCK_RF Schematic

In this subnetwork, the baseband generation block includes function blocks that are
essential to the 11b baseband signal, such as preamble, header and PSDU
generation, signal scrambling, DBPSK and DQPSK mapping, CCK modulating, ramp
time and idle time attaching; pulse shaping is attached as the final block to reduce
the transmitted bandwidth, thereby increasing spectral efficiency.

The IEEE 802.11b CCK baseband signal is generated by the WLAN_11bCCKSignalSrc1
subnetwork; the schematic is shown in the following figure.
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WLAN_11bCCKSignalSrc1l Schematic

3. Model TkIQrms and TkPower are used to calibrate the output power. When these are

5.

activated and simulated, the result shown in "input IQ signal rms value" should be
the VRef for WLAN_11bCCK_REF. If VRef is set correctly, the output power is the
designated Power, as can be seen in the "Modulator output power in dBm".

The GainImbalance, PhaseImbalance, I_OriginOffset, Q_OriginOffset, and
IQ_Rotation parameters are used to add certain impairments to the ideal output RF
signal. Impairments are added in the order described here.

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

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

Gainlmbalance
20
g =10

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

Next, the signal V RF( t) is rotated by IQ_Rotation degrees. The I_OriginOffset and
Q_OriginOffset are then applied to the rotated signal. Note that the amounts
specified are percentages with respect to the output rms voltage. The output rms
voltage is given by

J2xROutx Power

The PhasePolarity parameter is used to invert the polarity of the Q channel signal
before modulation. Depending on the configuration and number of mixers in the
transmitter and receiver, the output of the demodulator may be inverted. If such a
configuration is used, the Q channel signal can be correctly recovered by setting this
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parameter to Invert.
The VRef parameter is used to calibrate the modulator. VRef is the input voltage
value that results in an instantaneous output power on a matched load equal to P. In
order to get an average output power on a matched load equal to P, the input rms
voltage must equal VRef. Therefore, in order to calibrate the modulator, VRef must
be set to the input rms voltage.
Rate is used to determine the transmitted data rate. It can be chosen from the lists
of 5.5 Mbps and 11 Mbps.
PLCPType is used to select the format of the preamble/header sections of the framed
signal, Long and Short can be selected.
Octets indicates data bytes per burst (note that it is in bytes; to transform it into
bits, multiply by 8).
ClocksBit enables users to toggle the clock locked flag in the header. This is Bit 2 in
the Service field of the PPDU frame; it is used to indicate to the receiver if the carrier
and the symbol clock use the same local oscillator, and the designer can set this bit.
If ClocksBit=Locked, the clock bit is 1 (otherwise it is 0).
InitPhase specifies the initial phase of the DBPSK signal. The default value is set to
P1/4.0.
ScramblerlInit indicates the initial state of scrambler, in WLAN 11b specification, this
value is set to 1101100.
PwrType specifies the pattern for generating the ramp signal: None, Linear, or
Cosine. The Cosine ramp gives the least amount of out-of-channel interference; None
starts transmitting the signal at full power (it is the simplest power ramp to
implement); and, the Linear ramp shapes the burst in a linear fashion.
RampTime specifies the length (in microseconds) of the power up/down ramp; it is
used when PwrType is Linear or Cosine.
OverSampling indicates the oversampling ratio of transmission signal. For example, if
OverSampling = Ratio_4, the transmission signal is upsampled with 4 times.
Oversampling ratios from 2 to 9 are supported.
IdleInterval indicates the idle time added between two consecutive bursts, which is in
[0, 1000 psec].
FilterType specifies a baseband filter that is used to reduce the transmitted
bandwidth, thereby increasing spectral efficiency. The 802.11b specification does not
specify what type of filter must be used, but the transmitted signal must meet the
spectral mask requirements. FilterType options are:

« NoneFilter No transmitter filter is used.

e Gaussian The Gaussian filter does not have zero ISI. Wireless system architects
must determine just how much of the inter-symbol interference can be tolerated
in a system and combine that with noise and interference. The Gaussian filter is
Gaussian-shaped in both the time and frequency domains; it does not ring like
the root-cosine filters ring. The effects of this filter in the time domain are
relatively short and each symbol interacts significantly (or causes ISI) with only
the preceding and succeeding symbols. This reduces the tendency for particular
sequences of symbols to interact which makes amplifiers easier to build and
more efficient.

o Root-Cosine Root-cosine filters (also referred to as square root raised-cosine
filters) have the property that their impulse response rings at the symbol rate.
Adjacent symbols do not interfere with each other at the symbol times because
the response equals zero at all symbol times except the center (desired) one.
Root-cosine filters heavily filter the signal without blurring the symbols together
at the symbol times. This is important for transmitting information without
errors caused by ISI. Note that ISI does exist at all times except at symbol
(decision) times.

o Ideal-Lowpass In the frequency domain, this filter appears as a lowpass,
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rectangular filter with very steep cut-off characteristics. The passband is set to
equal the symbol rate of the signal. Due to a finite number of coefficients, the
filter has a predefined length and is not truly ideal . The resulting ripple in the
cut-off band is effectively minimized with a Hamming window. A symbol length
of 32 or greater is recommended for this filter.
18. Taps is the filter length and determines how many symbol periods will be used in the
calculation of the symbol. The filter selection influences the value of Taps.

« The Gaussian filter has a rapidly decaying impulse response, so a filter length of
6 is recommended. Greater lengths have negligible effects on the accuracy of
the signal.

o The root-cosine filter has a slowly decaying impulse response. A filter length of
approximately 32 is recommended. Beyond this, the ringing has negligible
effects on the accuracy of the signal.

o The ideal lowpass filter also has a very slow decaying impulse response. A filter
length of 32 or greater is recommended.

For both root-cosine and ideal lowpass filters, the greater the filter length, the
greater the accuracy of the signal.
19. Alpha is to set the sharpness of a root-cosine filter when FilterType=Root-Cosine.
20. BT is the Gaussian filter coefficient. The B is the 3 dB bandwidth of the filter and T is
the duration of the symbol period. BT determines the extent of the filtering of the
signal. Common values for BT are 0.3 to 0.5.

References

1. IEEE Standard 802.11b-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer Extension in the
2.4 GHz Band," 1999.
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WLAN_11bCCKSignalSrc

Description Signal source of IEEE 802.11b with idle and CCK modulation

Library WLAN, 11b Signal Source
Class SDFWLAN_11bCCKSignalSrc

Parameters
Name Description Default
Rate data rate: Mbps_5.5, Mbps_11 Mbps_5.5
PLCPType PLCP preamble type: Long, Short Long
Octets octet number of PSDU 100
ClocksBit locked clocks bit: Not, Locked Locked
InitPhase initial phase of DBPSK 0.785
Scramblerlnit |initial state of scrambler 110110
0
PwrType power on and off ramp type: None, Linear, Cosine None
RampTime power on and off ramp time 2.0psec

OverSampling |sampling rate of pulse-shaping filter: Ratio_2, Ratio_3, |Ratio_2
Ratio_4, Ratio_5, Ratio_6, Ratio_7, Ratio_8, Ratio_9

IdleInterval |idle time 50.0usec

FilterType pulse-shaping filter type: NoneFilter, Gaussian, Root- |Gaussian
Cosine, Ideal-Lowpass

Taps number of taps 6

Alpha roll-off factor for root raised-cosine filter 0.5

BT product of 3dB bandwidth and symbol time for 0.5

Gaussian filter
t for each array element: array size must be 7.

Pin Inputs

Pin Name Description |[Signal Type
1 |PSDU |PSDU bits int
Pin Outputs

Pin Name Description Signal Type
2 |burst |IEEE802.11b burst complex

Notes/Equations
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Unit Type

sec

sec

enum
enum
int
enum
real

int
array

enum
real

enum

real

enum

int
real
real

Range

(0, 2312]

[0, 2n)
{0, 1}t

[Opsec,
1000psec]

[Opsec,
1000psec]

[1, 1000]
(0, 1.0]
(0, 1.0]
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1. This model is used to generate a CCK baseband signal according to IEEE 802.11b.
Functions are implemented that are essential to an 11b baseband signal including
preamble, header and PSDU generation, signhal scrambling, DBPSK and DQPSK
mapping, CCK modulation, ramp time and idle time attaching; pulse shaping is
attached to reduce the transmitted bandwidth, thereby increasing spectral efficiency.
The schematic is shown in the following figure.
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2. Rate is used to determine the transmitted data rate. It can be chosen from the lists
of 5.5 Mbps and 11 Mbps.

3. PLCPType is used to select the format of the preamble/header sections of the framed
signal, Long and Short can be selected.

4. Octets indicates data bytes per burst (note that it is in bytes; to transform it into
bits, multiply by 8).

5. ClocksBit enables users to toggle the clock locked flag in the header. This is Bit 2 in
the Service field of the PPDU frame. This bit is used to indicate to the receiver if the
carrier and the symbol clock use the same local oscillator, and the designer can set
this bit. If ClocksBit=Locked, the clock bit is 1 (otherwise it is 0).

6. The InitPhase parameter specifies the initial phase of the DBPSK signal. The default
value is PI/4.0.

7. Scramblerlnit indicates the initial state of scrambler, in WLAN 11b specification, this
value is 1101100.

8. PwrType specifies the pattern for generating the ramp signal: None, Linear, or
Cosine. The Cosine ramp gives the least amount of out-of-channel interference; None
starts transmitting the signal at full power (it is the simplest power ramp to
implement); and, the Linear ramp shapes the burst in a linear fashion.
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RampTime specifies the length (in microseconds) of the power up/down ramp; it is
used when PwrType is Linear or Cosine.
OverSampling indicates the oversampling ratio of transmission signal. For example, if
OverSampling = Ratio_4, the transmission signal is upsampled with 4 times.
Oversampling ratios ranging from 2 to 9 are supported.
IdleInterval indicates the idle time added between two consecutive bursts, which is in
[0, 1000 psec].
FilterType specifies a baseband filter to be applied to reduce the transmitted
bandwidth, thereby increasing spectral efficiency. The 802.11b specification does not
specify what type of filter must be used, but the transmitted signal must meet the
spectral mask requirements. FilterType options are:

« NoneFilter No transmitter filter is used.

o Gaussian The Gaussian filter does not have zero ISI. Wireless system architects
must determine just how much of the ISI can be tolerated in a system and
combine that with noise and interference. The Gaussian filter is Gaussian shaped
in both the time and frequency domains, and it does not ring like root-cosine
filters ring. The effects of this filter in the time domain are relatively short and
each symbol interacts significantly (or causes ISI) with only the preceding and
succeeding symbols. This reduces the tendency for particular sequences of
symbols to interact which makes amplifiers easier to build and more efficient.

o Root-Cosine Root-cosine filters (also referred to as square root raised-cosine,
filters) have the property that their impulse response rings at the symbol rate.
Adjacent symbols do not interfere with each other at the symbol times because
the response equals zero at all symbol times except the center (desired) one.
Root-cosine filters heavily filter the signal without blurring the symbols together
at the symbol times. This is important for transmitting information without
errors caused by ISI. Note that ISI does exist at all times except the symbol
(decision) times.

o Ideal-Lowpass In the frequency domain, this filter appears as a lowpass,
rectangular filter with very steep cut-off characteristics. The passband is set to
equal the symbol rate of the signal. Due to a finite number of coefficients, the
filter has a predefined length and is not truly ideal . The resulting ripple in the
cut-off band is effectively minimized with a Hamming window. A symbol length
of 32 or greater is recommended for this filter.

Taps is the filter length and determines how many symbol periods will be used in the
calculation of the symbol. The filter selection influences the value of Taps.

The Gaussian filter has a rapidly decaying impulse response, so a filter length of 6 is
recommended. Greater lengths have negligible effects on the accuracy of the signal.
The root-cosine filter has a slowly decaying impulse response. A filter length of
approximately 32 is recommended; beyond this, the ringing has negligible effects on
the accuracy of the signal.

The ideal lowpass filter also has a very slow decaying impulse response. A filter
length of 32 or greater is recommended.

For both root-cosine and ideal lowpass filters, the greater the filter length, the
greater the accuracy of the signal.

Alpha is to set the sharpness of a root-cosine filter when FilterType=Root-Cosine.

BT is the Gaussian filter coefficient. B is the 3 dB bandwidth of the filter and T is the
duration of the symbol period. BT determines the extent of the filtering of the signal.
Common values for BT are 0.3 to 0.5.

As illustrated in the following figures, one PPDU frame includes PLCP Preamble, PLCP
Header, and PSDU.

118



Scrambled Ones

Advanced Design System 2011.01 - WLAN Design Library

SYMNC SFD SIGNAL SERVICE LENGTH CRC 1 Mbit'sec
128 bits 16 bits & bits & bits 16 bits 16 bits DEPSK
~ . o~ =~ iDpBPSK
= 4= 2DOPSK
PLCP Preamble PLCP Header PO 5.5 or 11 Mbits/sec
144 bits 485 bits
e -
- 192 psec - -
PPDU
Long PLCP PPDU Format
Scrambled Zeros Backward SFD
Short SYNC Short SFD
56 bits 16 bits
N DEPSK
| SIGNAL SERVICE LENGTH CRC
K | & bits & bits 16 bits 16 bits
A —
5, l; 2 Mbits/sec = -
Short PLCP Preamble Short PLCP Header PO

72 bits at 1 Mbit'sec 48 bits at 2 Mbits/sec |variable at 2, 5.5, or 11 Mbits/sec

96 -
usec - -

.

‘ PPDU

Short PLCP PPDU Format

References

IEEE Standard 802.11b-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer Extension in the
2.4 GHz Band," 1999.

IEEE Standard 802.11-1999, "Part 11: Wireless LAN Medium Access Control (MAC)

and Physical Layer (PHY) specifications," 1999
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WLAN_11bCCKSignalSrcl

WLAN 11k

|CCK Srﬂl

bW g Lh

Description Signal source of IEEE 802.11b with idle and CCK modulation

Library WLAN, 11b Signal Source
Class SDFWLAN_11bCCKSignalSrc1

Parameters
Name Description Default
Rate data rate: Mbps_5.5, Mbps_11 Mbps_5.5
PLCPType PLCP preamble type: Long, Short Long
Octets octet number of PSDU 100
ClocksBit locked clocks bit: Not, Locked Locked
InitPhase initial phase of DBPSK 0.785
Scramblerlnit |initial state of scrambler 110110
0
PwrType power on and off ramp type: None, Linear, Cosine None
RampTime power on and off ramp time 2.0psec

OverSampling [sampling rate of pulse-shaping filter: Ratio_2, Ratio_3, |Ratio_2
Ratio_4, Ratio_5, Ratio_6, Ratio_7, Ratio_8, Ratio_9

IdleInterval |idle time 50.0psec

FilterType pulse-shaping filter type: NoneFilter, Gaussian, Root- |Gaussian
Cosine, Ideal-Lowpass

Taps number of taps 6

Alpha roll-off factor for root raised-cosine filter 0.5

BT product of 3dB bandwidth and symbol time for 0.5

Gaussian filter
t for each array element: array size must be 7.

Pin Inputs

Pin Name Description |[Signal Type
1 |PSDU |PSDU bits int
Pin Outputs
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Unit Type

sec

sec

enum
enum
int
enum
real
int
array
enum
real

enum

real

enum

int

real
real

Range

(0, 2312]

[0, 2n)
{0, 1}t

[Opsec,
1000psec]

[Opsec,
1000psec]

[1, 1000)
(0, 1.0]
(0, 1.0]
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Pin Name Description Signal Type
2 |burst IEEE802.11b burst with idle complex

3 |BurstPreFilter |IEEE802.11b burst without idle |complex

4 |Header header bits int

5 |PLCP PLCP bits int

Notes/Equations

1. This model is used to generate a CCK baseband signal according to IEEE 802.11b.
Functions are implemented that are essential to an 11b baseband signal including
preamble, header and PSDU generation, signal scrambling, DBPSK and DQPSK
mapping, CCK modulation, ramp time and idle time attaching; pulse shaping is
attached as the final block to reduce the transmitted bandwidth, thereby increasing
spectral efficiency.

The schematic for this subnetwork is shown in the following figure.
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2. Rate is used to determine the transmitted data rate. It can be chosen from the lists
of 5.5 Mbps and 11 Mbps.

3. PLCPType is used to select the format of the preamble/header sections of the framed
signal, Long and Short can be selected.

4, Octets indicates data bytes per burst (note that it is in bytes; to transform it into
bits, multiply by 8).

5. ClocksBit enables users to toggle the clock locked flag in the header. This is Bit 2 in
the Service field of the PPDU frame. This bit is used to indicate to the receiver if the
carrier and the symbol clock use the same local oscillator, and the designer can set
this bit. If ClocksBit=Locked, the clock bit is 1 (otherwise it is 0).

6. The InitPhase parameter specifies the initial phase of the DBPSK signal. The default
value is set to PI/4.0.

7. ScramblerlInit indicates the initial state of scrambler, in WLAN 11b specification, this
value is set to 1101100.

8. PwrType specifies the pattern for generating the ramp signal: None, Linear, or
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Cosine. The Cosine ramp gives the least amount of out-of-channel interference; None
starts transmitting the signal at full power (it is the simplest power ramp to
implement); and, the Linear ramp shapes the burst in a linear fashion.

. RampTime specifies the length (in microseconds) of the power up/down ramp; it is

used when PwrType is Linear or Cosine.

OverSampling indicates the oversampling ratio of transmission signal. For example, if
OverSampling = Ratio_4, it means the transmission signal is upsampled with 4 times.
There are 8 kinds of oversampling ratios, ranged from 2 to 9, to be supported.
IdleInterval indicates the idle time added between two consecutive bursts, which is in
[0, 1000 psec].

FilterType specifies a baseband filter that is used to reduce the transmitted
bandwidth, thereby increasing spectral efficiency. The 802.11b specification does not
specify what type of filter must be used, but the transmitted signal must meet the
spectral mask requirements. FilterType options are:

« NoneFilter No transmitter filter is used.

» Gaussian The Gaussian filter does not have zero ISI. Wireless system architects
must determine just how much of the inter-symbol interference can be tolerated
in a system and combine that with noise and interference. The Gaussian filter is
Gaussian-shaped in both the time and frequency domains; it does not ring like
the root-cosine filters ring. The effects of this filter in the time domain are
relatively short and each symbol interacts significantly (or causes ISI) with only
the preceding and succeeding symbols. This reduces the tendency for particular
sequences of symbols to interact which makes amplifiers easier to build and
more efficient.

o Root-Cosine Root-cosine filters (also referred to as square root raised-cosine
filters) have the property that their impulse response rings at the symbol rate.
Adjacent symbols do not interfere with each other at the symbol times because
the response equals zero at all symbol times except the center (desired) one.
Root-cosine filters heavily filter the signal without blurring the symbols together
at the symbol times. This is important for transmitting information without
errors caused by ISI. Note that ISI does exist at all times except at symbol
(decision) times.

o Ideal-Lowpass In the frequency domain, this filter appears as a lowpass,
rectangular filter with very steep cut-off characteristics. The passband is set to
equal the symbol rate of the signal. Due to a finite number of coefficients, the
filter has a predefined length and is not truly ideal . The resulting ripple in the
cut-off band is effectively minimized with a Hamming window. A symbol length
of 32 or greater is recommended for this filter.

Taps is the filter length and determines how many symbol periods will be used in the
calculation of the symbol. The filter selection influences the value of Taps.

o The Gaussian filter has a rapidly decaying impulse response, so a filter length of
6 is recommended; greater lengths have negligible effects on the accuracy of
the signal.

« The root-cosine filter has a slowly decaying impulse response. A filter length of
approximately 32 is recommended; beyond this, the ringing has negligible
effects on the accuracy of the signal.

e The ideal lowpass filter also has a very slow decaying impulse response. A filter
length of 32 or greater is recommended.

For both root-cosine and ideal lowpass filters, the greater the filter length, the
greater the accuracy of the signal.
Alpha is to set the sharpness of a root-cosine filter when FilterType=Root-Cosine.
BT is the Gaussian filter coefficient; B is the 3 dB bandwidth of the filter and T is the
duration of the symbol period. BT determines the extent of the filtering of the signal.
Common values for BT are 0.3 to 0.5.
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WLAN_11bMuxBurst

2 | PP
. FROU 5
<
PSOU

Description 11b burst multiplexer
Library WLAN, 11b Signal Source
Class SDFWLAN_11bMuxBurst

Parameters

Name Description Default Unit Type Range

Rate data rate: Mbps_1, Mbps_2, Mbps_5.5, Mbps_11 |Mbps_5.5 enum

ModType |modulation type: CCK, PBCC CCK enum

PLCPType |PLCP preamble type: Long, Short Long enum

Octets octet number of PSDU 100 int (0, 2312]

PwrType |power on and off ramp type: None, Linear, None enum

Cosine

RampTime |power on and off ramp time 2.0pysec |sec |real |[Opsec,
1000psec]

Pin Inputs

Pin Name Description Signal Type

1 |PSDU PSDU complex

2 |PLCP |PLCP preamble and header complex

Pin Outputs

Pin Name Description Signal Type
3 |Burst |11b burst signal complex

Notes/Equations

1. This model multiplexes the PLCP including preamble and header and PSDU into a
signal burst. This burst is the frame format time. Two different preambles and
headers are defined:

« The mandatory supported long preamble and header, illustrated in the following
figure, inter-operates with the current 1 Mbit/s and 2 Mbit/s DSSS specification
(as described in the IEEE Standard 802.11, 1999 Edition).
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Scrambled Ones

SYMNC SFD SIGNAL SERVICE LENGTH CRC 1 Mbit'sec
128 bits 16 bits & bits & bits 16 bits 16 bits DBPSK
™ ' =~ 1DBPSK
o 2 DOPSK
PLCP Preamble PLCP Header PSOL 5.5 or 11 Mbits/sec
144 bits 43 bits
- -
- _ 192 usec - -
PPDOLU

802.11b Signal Burst with Long PLCP Preamble

o The optional short preamble and header, illustrated in the following figure, is
intended for applications where maximum throughput is desired and inter-
operability with legacy and non-short-preamble capable equipment is not a

consideration. That is, it is expected to be used only in networks of like

equipment that can use the optional mode.
Scrambled Zeros Backward SFD

S

Short SYNC Short SFD
56 bits 16 bits
DBPSK
N I SIGNAL SERVICE LEMGTH CRC
" | & bits & bits 16 bits 16 bits
%
\ |, 2 Mbits/sec — - 7
. L —
Short PLCP Header PSDU

Short PLCP Preamble
72 bits at 1 Mbit'sec

48 bits at 2 Mbits/sec

variable at 2, 5.5, or 11 Mbits/sec

[

96 usec

-

-

PPDU

802.11b Signal Burst with Short PLCP Preamble

2. Transmit power-on and power-down ramps are implemented as illustrated in the
following figures. The RampTime setting is used when PwrType is set to Linear or

7

Cosine.

Teansail
Poner
Chugpnr

O VAN

Max "U'x Powar

Transmit Power-On Ramp

' B0% VAKX

% .

TERR R

125




Advanced Design System 2011.01 - WLAN Design Library

Fro dlax 'I's Poweer
Transmit - 0BT MAX
Pemyer
€ Harpseit
- EDE MEANX
o -
Time pses

Transmit Power-Down Ramp

References

. IEEE Standard 802.11b-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer Extension in the

2.4 GHz Band," 1999.
. IEEE Standard 802.11-1999, "Part 11: Wireless LAN Medium Access Control (MAC)

and Physical Layer (PHY) specifications," 1999

126



Advanced Design System 2011.01 - WLAN Design Library

WLAN_11bPBCCSignalSrc

SRC
PBCC

Description Signal source of IEEE 802.11b with idle and PBCC modulation

Library WLAN, 11b Signal Source
Class SDFWLAN_11bPBCCSignalSrc

Parameters

Name Description

Rate data rate: Mbps_5.5, Mbps_11
PLCPType PLCP preamble type: Long, Short
Octets octet number of PSDU

ClocksBit locked clocks bit: Not, Locked
InitPhase initial phase of DBPSK

ScramblerlInit |initial state of scrambler

PwrType power on and off ramp type: None, Linear, Cosine
RampTime power on and off ramp time

OverSampling [sampling rate of pulse-shaping filter: Ratio_2, Ratio_3,
Ratio_4, Ratio_5, Ratio_6, Ratio_7, Ratio_8, Ratio_9

IdleInterval idle time

FilterType pulse-shaping filter type: NoneFilter, Gaussian, Root-

Cosine, Ideal-Lowpass
Taps number of taps
Alpha roll-off factor for root raised-cosine filter
BT product of 3dB bandwidth and symbol time for

Gaussian filter
t for each array element: array size must be 7.

Pin Inputs

Pin Name Description |[Signal Type
1 |PSDU |PSDU bits int
Pin Outputs

Pin Name Description Signal Type
2 |burst |IEEE802.11 burst|complex

Notes/Equations
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Default Unit Type

Mbps_5.5
Long

100
Locked
0.785

110110
0

None
2.0pusec sec

Ratio_2
50.0psec |sec

Root-
Cosine

6
0.5
0.5

enum
enum
int
enum
real
int
array
enum
real

enum

real

enum

int

real
real

Range

(0, 2312]

[0, 2n)
{0, 1}t

[Opsec,
1000psec]

[Opsec,
1000psec]

[1, 1000]
(0, 1.0]
(0, 1.0]
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1. This model is used to generate a 5.5 or 11 Mbps DSS/PBCC signal source according
to IEEE 802.11b. It performs PLCP preamble and header generation, DBPSK/DQPSK
modulation, Barker spreading, PBCC convolutional encoding, multiplexing, and
shaping.

The schematic is shown in the following figure.
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WLAN_11bPBCCSignalSrc Schematic

Rate is used to determine the transmitted data rate.

PLCPType is used to select the format (Long or Short) of the preamble/header

sections of the framed signal.

4. Octets indicates data bytes per burst (note that it is in bytes; to transform it into
bits, multiply by 8).

5. ClocksBit enables users to toggle the clock locked flag in the header. This is Bit 2 in
the Service field of the PPDU frame; it is used to indicate to the receiver if the carrier
and the symbol clock use the same local oscillator, and the designer can set this bit.
If ClocksBit=Locked, the clock bit is 1 (otherwise it is 0).

6. InitPhase specifies the initial phase of the DBPSK signal. The default value is set to
P1/4.0.

7. Scramblerlnit indicates the initial state of scrambler, in WLAN 11b specification, this
value is set to 1101100.

8. PwrType specifies the pattern for generating the ramp signal: None, Linear, or
Cosine. The Cosine ramp gives the least amount of out-of-channel interference; None
starts transmitting the signal at full power (it is the simplest power ramp to
implement); and, the Linear ramp shapes the burst in a linear fashion.

9. RampTime specifies the length (in microseconds) of the power up/down ramp; it is
used when PwrType is Linear or Cosine.

W N
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OverSampling indicates the oversampling ratio of transmission signal. For example, if
OverSampling = Ratio_4, it means the transmission signal is upsampled with 4 times.
There are 8 kinds of oversampling ratios, ranged from 2 to 9, to be supported.
IdleInterval indicates the idle time added between two consecutive bursts, which is in
[0, 1000 psec].
FilterType specifies a baseband filter to be applied to reduce the transmitted
bandwidth, thereby increasing spectral efficiency. The 802.11b specification does not
specify what type of filter must be used, but the transmitted signal must meet the
spectral mask requirements. FilterType options are:

o NoneFilter No transmitter filter is used.

o Gaussian The Gaussian filter does not have zero ISI. Wireless system architects
must determine how much of the inter-symbol interference can be tolerated in a
system and combine that with noise and interference. The Gaussian filter is
Gaussian-shaped in both the time and frequency domains; it does not ring like
root-cosine filters ring. The effects of this filter in the time domain are relatively
short and each symbol interacts significantly (or causes ISI) with only the
preceding and succeeding symbols. This reduces the tendency for particular
sequences of symbols to interact which makes amplifiers easier to build and
more efficient.

» Root-Cosine Root-cosine (also referred to as square root raised-cosine) filters
have the property that their impulse response rings at the symbol rate. Adjacent
symbols do not interfere with each other at the symbol times because the
response equals zero at all symbol times except the center (desired) one. Root-
cosine filters heavily filter the signal without blurring the symbols together at
the symbol times. This is important for transmitting information without errors
caused by ISI. Note that ISI exists at all times except at symbol (decision)
times.

» Ideal-Lowpass In the frequency domain, this filter appears as a lowpass,
rectangular filter with very steep cut-off characteristics. The passband is set to
equal the symbol rate of the signal. Due to a finite humber of coefficients, the
filter has a predefined length and is not truly ideal . The resulting ripple in the
cut-off band is effectively minimized with a Hamming window. A symbol length
of 32 or greater is recommended for this filter.

Taps is the filter length and determines how many symbol periods will be used in the
calculation of the symbol. The filter selection influences the value of Taps.

« The Gaussian filter has a rapidly decaying impulse response, so the filter length
of 6 is recommended. Greater lengths have negligible effects on the accuracy of
the signal.

o The root-cosine filter has a slowly decaying impulse response. A filter length of
approximately 32 is recommended. Beyond this, the ringing has negligible
effects on the accuracy of the signal.

o The ideal lowpass filter also has a very slow decaying impulse response. A filter
length of 32 or greater is recommended.

For both root-cosine and ideal lowpass filters, the greater the filter length, the
greater the accuracy of the signal.
Alpha specifies the sharpness of a root-cosine filter when FilterType=Root-Cosine.
BT is the Gaussian filter coefficient. B is the 3 dB bandwidth of the filter; T is the
duration of the symbol period. BT determines the extent of the filtering of the signal.
Common values for BT are 0.3 to 0.5.
As illustrated in the following figures, one PPDU frame includes PLCP Preamble, PLCP
Header, and PSDU.
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Scrambled Ones

SYNC SFD SIGNAL SERVICE | LENGTH CRC 1 Mbit'sec
128 bits 16 bits & bits & bits 16 bits 16 bits DEPSK
N l _ — — — T~ 1DBPSK
= A= 2 DOPSK
PLCP Preamble PLCP Header PO 5.50or 11 Mbits/sec
144 bits 48 bits
- =
- _ 192 usec - -
PPDU

Long PLCP PPDU Format

Scrambled Zeros Backward SFD

a

Shart SYMNC Short SFD
56 bits 16 bits
' DBPSK .
\ || SIGNAL SERVICE LENGTH CRC
™ | 8 bits 3 bits 16 bits 16 bits
\\ [, 2 Mbits/sec == -
Short PLCP Preamble Short PLCP Header PSOU
72 bits at 1 Mbit'sec 48 bits at 2 Mbis/sec |variable at 2, 5.5, or 11 Mbits/sec
- — - 96 usec > - =
FRDU

Short PLCP PPDU Format
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1. IEEE Standard 802.11b-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer Extension in the
2.4 GHz Band," 1999.

2. IEEE Standard 802.11-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications," 1999
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WLAN_11bScrambler

WLAN 11b

topforet |- p?

Description 11b scrambler
Library WLAN, 11b Signal Source
Class SDFWLAN_11bScrambler

Parameters

Name |Description Default Type Range

InitState |initial state of scrambler|1 101 10 0|int Oorl
array array size is

7

Octets |octet number of PSDU |100 int (0, 2336]

Pin Inputs

Pin Name Description Signal Type

1 |input |bits to be scrambled |int
Pin Outputs

Pin Name Description |Signal Type
2 |output |scrambled bits |int

Notes/Equations

1. This component scrambles all data bits transmitted. Each firing, when Octets bytes
are consumed and produced, the scrambler is reset to its initial state.

2. The generator polynomialis G (z) = z 7/ + z ** + 1. The following figure illustrates
the scrambler.
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The feed-through configuration of the scrambler and descrambler is self-

synchronizing, which requires no prior knowledge of the transmitter initialization of
the scrambler for receiver processing.

3. The scrambler also generates the PLCP SYNC field.
For a long preamble, the SYNC field consists of 128 bits of scrambled 1 bits. The
initial state of the scrambler (seed) is [1101100], where the left end bit specifies the
value to place in the first delay element Z 1 and the right end bit specifies the value
to place in the last delay element Z 7.

For a short preamble, the short SYNC field consists of 56 bits of scrambled 0 bits. The
initial state of the scrambler (seed) is [001 1011].

References

1. IEEE Standard 802.11b-1999, "Part 11: Wireless LAN Medium Access Control (MAC)

and Physical Layer (PHY) specifications: High-speed Physical Layer Extension in the
2.4 GHz Band," 1999.
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WLAN_11SignalSrc

Description Signal source of IEEE 802.11 with idle
Library WLAN, 11b Signal Source
Class SDFWLAN_11SignalSrc

Parameters

Name Description

Rate data rate: Mbps_1, Mbps_2
ModType modulation type: CCK, PBCC
PLCPType PLCP preamble type: Long, Short
Octets octet number of PSDU

ClocksBit locked clocks bit: Not, Locked
InitPhase initial phase of DBPSK

Scramblerlnit |initial state of scrambler

PwrType power on and off ramp type: None, Linear, Cosine
RampTime power on and off ramp time

OverSampling [sampling rate of pulse-shaping filter: Ratio_2, Ratio_3,
Ratio_4, Ratio_5, Ratio_6, Ratio_7, Ratio_8, Ratio_9

IdleInterval |idle time

FilterType pulse-shaping filter type: NoneFilter, Gaussian, Root-
Cosine, Ideal-Lowpass

Taps number of taps

Alpha roll-off factor for root raised-cosine filter

BT product of 3dB bandwidth and symbol time for

Gaussian filter
t for each array element: array size must be 7.

Pin Inputs

Pin Name Description |Signal Type
1 |PSDU |PSDU bits int
Pin Outputs

Pin Name Description Signal Type
2 |burst |IEEE 802.11 burst complex
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Default
Mbps_1
CCK
Long
100
Locked
0.785

11011
00

None
2.0psec

Ratio_2
50.0usec

Root-
Cosine

6
0.5
0.5

Unit Type

sec

sec

enum
enum
enum
int
enum
real
int
array
enum
real

enum

real

enum

int

real
real

Range

(0, 2312]

[0, 2n)
{0, 1}

[Opsec,
1000psec]

[Opsec,
1000psec]

[1, 1000)
(0, 1.0]
(0, 1.0]
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Notes/Equations

1.

W N

10.

11.

12.

This subnetwork generates an HR/DSSS and HR/DSSS/short IEEE 802.11b signal
source. It performs PLCP preamble and header generation, DBPSK/DQPSK
modulation, Barker spreading, multiplexing, and shaping.

The schematic is shown in the following figure.
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WLAN_11SignalSrc Schematic
Rate is used to determine the transmitted data rate.

. PLCPType is used to select the format (Long or Short) of the preamble/header

sections of the framed signal.
Octets indicates data bytes per burst (note that it is in bytes; to transform it into
bits, multiply by 8).

. ClocksBit enables users to toggle the clock locked flag in the header. This is Bit 2 in

the Service field of the PPDU frame; it is used to indicate to the receiver if the carrier
and the symbol clock use the same local oscillator, and the designer can set this bit.
If ClocksBit=Locked, the clock bit is 1 (otherwise it is 0).
InitPhase specifies the initial phase of the DBPSK signal.
ScramblerlInit indicates the initial state of scrambler; in the WLAN 11b specification,
this value is 1101100.
PwrType specifies the pattern for generating the ramp signal: None, Linear, or
Cosine. The Cosine ramp gives the least amount of out-of-channel interference; None
starts transmitting the signal at full power (it is the simplest power ramp to
implement); and, the Linear ramp shapes the burst in a linear fashion.
RampTime specifies the length (in microseconds) of the power up/down ramp; it is
used when PwrType is Linear or Cosine.
OverSampling indicates the oversampling ratio of transmission signal. For example, if
OverSampling = Ratio_4, it means the transmission signal is upsampled with 4 times.
IdleInterval indicates the idle time added between two consecutive bursts, which is in
[0, 1000 psec].
FilterType specifies which baseband filter is applied to reduce the transmitted
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bandwidth, thereby increasing spectral efficiency. The 802.11b specification does not
specify what type of filter must be used, but the transmitted signal must meet the
spectral mask requirements. FilterType options are:

o NoneFilter No transmitter filter is used.

o Gaussian The Gaussian filter does not have zero ISI. Wireless system architects
must determine just how much of the inter-symbol interference can be tolerated
in a system and combine that with noise and interference. The Gaussian filter is
Gaussian shaped in both the time and frequency domains, and it does not ring
like the root-cosine filters do. The effects of this filter in the time domain are
relatively short and each symbol interacts significantly (or causes ISI) with only
the preceding and succeeding symbols. This reduces the tendency for particular
sequences of symbols to interact which makes amplifiers easier to build and
more efficient.

« Root-Cosine Root-cosine filters (also referred to as square root raised cosine
filters) have the property that their impulse response rings at the symbol rate.
Adjacent symbols do not interfere with each other at the symbol times because
the response equals zero at all symbol times except the center (desired) one.
Root-cosine filters heavily filter the signal without blurring the symbols together
at the symbol times. This is important for transmitting information without
errors caused by ISI. Note that ISI exists at all times except at symbol
(decision) times.

» Ideal-Lowpass In the frequency domain, this filter appears as a lowpass,
rectangular filter with very steep cut-off characteristics. The passband is set to
equal the symbol rate of the signal. Due to a finite humber of coefficients, the
filter has a predefined length and is not truly ideal . The resulting ripple in the
cut-off band is effectively minimized with a Hamming window. A symbol length
of 32 or greater is recommended for this filter.

Taps is the filter length and determines how many symbol periods will be used in the
calculation of the symbol. The filter selection influences the value of Taps.

« The Gaussian filter has a rapidly decaying impulse response, so the filter length
of 6 is recommended. Greater lengths have negligible effects on the accuracy of
the signal.

o The root-cosine filter has a slowly decaying impulse response. A filter length of
approximately 32 is recommended. Beyond this, the ringing has negligible
effects on the accuracy of the signal.

e The ideal lowpass filter also has a very slow decaying impulse response. A filter
length of 32 or greater is recommended.

For both root-cosine and ideal lowpass filters, the greater the filter length, the
greater the accuracy of the signal.
Alpha is to set the sharpness of a root-cosine filter when FilterType=Root-Cosine.
BT is the Gaussian filter coefficient. The B is the 3 dB bandwidth of the filter and T is
the duration of the symbol period. BT determines the extent of the filtering of the
signal. Common values for BT are 0.3 to 0.5.
As illustrated in the following figures, one PPDU frame includes PLCP Preamble, PLCP
Header, and PSDU.
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SYNC SFD SIGNAL SERVICE LENGTH CRC 1 Mbit'sec
128 bits 16 bits & bits & bits 16 bits 16 bits DBEPSK
~ __ — — 7 __1DBPSK
= * 2 DOPSK
PLCP Preamble PLCP Header PSSO 5.5or 11 Mbits/sec
144 bits 48 bits
- - 192 usec - -
PPDU
Long PLCP PPDU Format
Scrambled Zeros  Backward SFD
Short SYNC Short SFD
56 bits 16 bits
3 DBP3K
| SIGNAL SERVICE LENGTH CRC
h | & bits & bits 16 bits 16 bits
A
5 i 2 Mbits/sec = -
Short PLCP Preamble Short PLCP Header PsDU

72 bits at 1 Mbit'sec

48 bits at 2 Mbits/sec

variable at 2, 5.5, or 11 Mbits/sec

—

96 usec

i

-

PPDU

Short PLCP PPDU Format
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WLAN_802_11bRF

Description WLAN 802.11b signal source
Library WLAN, 11b Signal Source

Class TSDFWLAN_802_11bRF

Derived From baseARFsource

Parameters
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Name
ROut
RTemp

TStep

FCarrier

Power
MirrorSpectrum

GainImbalance
PhaseImbalance
I_OriginOffset
Q_OriginOffset
IQ_Rotation
OversamplingRatio
DataRate

Modulation
PreambleFormat

ClkLockedFlag
PwrRamp

IdleInterval
FilterType
RRC_Alpha
GaussianFilter_bT

FilterLength
DataType

DatalLength
Pin Outputs

Advanced Design System 2011.01 - WLAN Design Library

Description
Source resistance
Temperature

Expression showing how TStep is

related to the other source
parameters

Carrier frequency:
CH1_2412.0M, CH3_2422.0M,
CH5_2432.0M, CH6_2437.0M,
CH7_2442.0M, CH9_2452.0M,
CH11_2462.0M, CH13_2472.0M

Power

Mirror spectrum about carrier?
NO, YES

Gain imbalance, Q vs I
Phase imbalance, Q vs I
I origin offset (percent)
Q origin offset (percent)
1Q rotation
Oversampling ratio

Data rate (Mbps): Mbps_1,
Mbps_2, Mbps_5.5, Mbps_11

Modulation format: CCK, PBCC

Preamble/header format: Long,
Short

Lock header clock? NO, YES

RF power ramp shape: None,
Linear, Cosine

Burst idle interval

Shaping filter type: NoneFilter,
Gaussian, Root Cosine, Ideal
Lowpass

RRC roll-off factor
Gaussian filter bT coefficient
Filter length (chips)

Payload data type: PN9, PN15,
FIX4, 414 0,_8.1.8_0,
_16_1_16_0,_32.1 32 0,
_64_1.64 0

Data length (bytes per burst)

Pin Name Description |Signal Type
1 |RF RF output timed

Notes/Equations

Default Sym Unit
DefaultROut Ohm
DefaultRTemp Celsius
1/11

MHz/OversamplingRatio

CH1_2412.0M Hz

0.04 W
NO

0.0 dB
0.0 deg
0.0

0.0

0.0 deg
2 S
Mbps_11 R

CCK
Long H

YES
None P

10.0 usec I sec

Gaussian

0.2
0.3

PNO9

100 L

Type
real
real

string

real
enum

real
enum

real
real
real
real
real
int
enum

enum
enum

enum
enum

real
enum
real
real

int
enum

int

Range
(0, o)

[-273.15,
)

[0, )

(0,
1000psec]

(0.0, 1.0]
(0.0, 1.0]
[1, 200]

[1, 2312]

1. This WLAN signal source generates an IEEE 802.11b and 802.11g DSSS/CCK/PBCC

RF signal.

To use this source, RF carrier frequency (FCarrier) and power (Power) must be set.
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RF impairments can be introduced by setting the ROut, RTemp, MirrorSpectrum,
GainIlmbalance, Phaselmbalance, I_OriginOffset, Q_OriginOffset, and IQ_Rotation
parameters.

802.11b/g signal characteristics an be specified by setting the OversamplingRatio,
DataRate, Modulation, PreambleFormat, ClkLockedFlag, PwrRamp, Idlelnterval,
FilterType, RRC_Alpha, GaussianFilter_bT, FilterLength, DataType, and DatalLength
parameters.

. This signal source includes a DSP section, RF modulator, and RF output resistance as
illustrated in the following figure.

= RF o
DSF - hdodulatar

RF Output
Reziztance

RF
Cutput

Source Block Diagram

The ROut and RTemp parameters are used by the RF output resistance. The FCarrier,
Power, MirrorSpectrum, GainImbalance, Phaselmbalance, I_OriginOffset,
Q_OriginOffset, and IQ_Rotation parameters are used by the RF modulator. The
remaining signal source parameters are used by the DSP block.

The RF output from the signal source is at the frequency specified (FCarrier), with the
specified source resistance (ROut) and with power (Power) delivered into a matched
load of resistance ROut. The RF signal has additive Gaussian noise power set by the
resistor temperature (RTemp).

. This WLAN 802.11b signal source model is compatible with the Agilent Signal Studio
Software for 802.11 WLAN Agilent E4438C ESG Vector Signal Generator Option 417
for transmitter test.

Details regarding Signal Studio for WLAN 802.11 are included at the website
http://www.agilent.com/find/signalstudio .

. The 802.11b baseband signal source frame structure is illustrated in the following
figures. Each frame is separated by an Idlelnterval; one 802.11b frame consists of
PLCP Preamble, PLCP Header and Data (PSDU) parts. (PPDU means physical layer
protocol data units; SFD means start frame delimiter; CRC means cyclic redundancy
code; PLCP means physical layer convergence procedure; PSDU means PLCP service
data units.)

Scrambled Ones

SYNC SFD SIGNAL SERVICE LENGTH CRC 1 Mbit'sec
128 bits 16 bits & bits & bits 16 bits 16 bits DBEPSK
~ . — — — ~_1DBPSK
= A= 2 DOPSK
PLCP Preamble PLCP Header PEOU 5.5 or 11 Mbits/sec
144 bits 48 bits
; - 192 usec > - -
FRDU

Long PLCP Frame Format
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Scrambled Zeros Backward SFD

Short SYNC Shart SFD
56 bits 16 bits
DBPSK '
A | SIGNAL SERVICE LENGTH CRC
n i & bits & bits 16 bits 16 bits
) =
% |} 2 Mbits/sec - ==
Shart PLCP Preamble Short PLCP Header PSDU
72 bits at 1 Mbit'sec 48 bits at 2 Mbits/sec |variable at 2, 5.5, or 11 Mbits/'sec
- -~ — 96 usec - - .~
PPDLU

Short PLCP Frame Format
5. Parameter Details

e ROut is the RF output source resistance.

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

o FCarrier is the RF output signal frequency.

« Power is the RF output signal power. The Power of the signal is defined as the
average frame power and excludes the idle interval time intervals.

e MirrorSpectrum is used to mirror the RF_out signal spectrum about the carrier.
This is equivalent to conjugating the complex RF envelope voltage.

Depending on the configuration and number of mixers in an RF transmitter, the
RF output signal from hardware RF generators can be inverted. If such an RF
signal is desired, set this parameter to YES.

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

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

Vpr(t) = fVI(t)cos(m t) - gVQ(t)sm ® .+,+¢—’BJ

where A is a scaling factor based on Power and ROut parameters specified by
the designer, V I( t) is the in-phase RF envelope, V Q( t) is the quadrature
phase RF envelope, g is the gain imbalance

GainImbalance

g = 10 20

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

o Next, the signal V RF( t) is rotated by IQ_Rotation degrees. The I_OriginOffset
and Q_OriginOffset are then applied to the rotated signal. Note that the
amounts specified are percentages with respect to the output rms voltage. The
output rms voltage is given by sqrt(2 x ROut x Power).

o OversamplingRatio sets the oversampling ratio of 802.11b RF signal source.
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Eight oversampling ratios (2, 3, 4, 5, 6, 7, 8, 9) are supported by this source. If
OversamplingRatio = 4, the simulation RF bandwidth is larger than the signal
bandwidth by a factor of 4 (e.g. for Bandwidth=11 MHz, the simulation RF
bandwidth = 11 MHz x 4 = 44 MHZz).
DataRate specifies the data rate; 1, 2, 5.5, and 11 Mbps can be implemented in
this source. All data rates are defined in 802.11b specification.
Modulation is defined as CCK or PBCC, which are two modulation formats in
802.11b. This parameter is useless for 1 Mbps and 2 Mbps data rates. For 5.5
Mbps and 11 Mbps data rates, the two different modulation formats available
are CCK and PBCC.
PreambleFormat is used to set the format of the framed signal preamble/header
sections; refer to the previous figures.
ClkLockedFlag is used to toggle the clock locked flag in the header. This is Bit 2
in the Service field of the PPDU frame. This bit is used to indicate to the receiver
if the carrier and the symbol clock use the same local oscillator. If
ClkLockedFlag=YES, this bit is set to 1; if ClkLockedFlag=NO, this bit is set to 0.
PwrRamp is used to select shape of the RF burst in framed mode. Select the
power up/down ramp type: Cosine ramp gives least amount of out-of-channel
interference; None starts transmitting the signal at full power, and is the
simplest power ramp to implement; Linear ramp shapes the burst in a linear
fashion. The length (in microseconds) of the power up/down ramp is set to 2
psec when PwrRamp is not None.
IdleInterval sets an idle duration time between two consecutive bursts when
generating the 802.11b signal source.
FilterType can be used to specify that a baseband filter is applied to reduce the
transmitted bandwidth, thereby increasing spectral efficiency. The 802.11b
specification does not indicate the type of filter to be used, but the transmitted
signal must meet the spectral mask requirements. Four options for baseband
filtering are available:

o None (no filter)

o Gaussian The Gaussian filter does not have zero ISI. Wireless system
architects must determine how much of the ISI can be tolerated in a
system and combine that with noise and interference. The Gaussian filter is
Gaussian-shaped in time and frequency domains, and it does not ring as
root cosine filters do.

The effects of this filter in the time domain are relatively short and each
symbol interacts significantly (or causes ISI) with only the preceding and
succeeding symbols. This reduces the tendency for particular sequences of
symbols to interact which makes amplifiers easier to build and more
efficient.

o Root Cosine (also referred to as square root raised-cosine) These filters
have the property that their impulse response rings at the symbol rate.
Adjacent symbols do not interfere with each other at the symbol times
because the response equals zero at all symbol times except the center
(desired) one.

Root cosine filters heavily filter the signal without blurring the symbols
together at the symbol times. This is important for transmitting information
without errors caused by ISI. Note that ISI exists at all times except at the
symbol (decision) times.

o Ideal Low Pass In the frequency domain, this filter appears as a lowpass,
rectangular filter with very steep cut-off characteristics. The passband is
set to equal the symbol rate of the signal. Due to a finite number of
coefficients, the filter has a predefined length and is not truly ideal. The
resulting ripple in the cut-off band is effectively minimized with a Hamming
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window. A symbol length of 32 or greater is recommended for this filter.
RRC_Alpha is used to set the sharpness of a root cosine filter when
FilterType=Root Cosine.
GaussianFilter_bT is the Gaussian filter coefficient. B is the 3 dB bandwidth of
the filter; T is the duration of the symbol period. BT determines the extent of
the filtering of the signal. Common values for BT are 0.3 to 0.5.
FilterLength is used to set the number of symbol periods to be used in the
calculation of the symbol.
For DataType:
o if PN9 is selected, a 511-bit pseudo-random test pattern is generated
according to CCITT Recommendation 0.153
o if PN15 is selected, a 32767-bit pseudo-random test pattern is generated
according to CCITT Recommendation 0.151
o if FIX4 is selected, a zero-stream is generated
o if x_1_x_0 is selected, where x equals 4, 8, 16, 32, or 64, a periodic bit
stream is generated, with the period being 2 x. In one period, the first x
bits are 1s and the second x bits are 0Os.
DatalLength is used to set the number of data bytes in a frame.

References

1.

IEEE Standard 802.11b-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer Extension in the
2.4 GHz Band," 1999.

http://standards.ieee.org/getieee802/download/802.11b-1999.pdf

IEEE P802.11g/D8.2, "Part 11: Wireless LAN Medium Access Control (MAC) and
Physical Layer (PHY) specifications: Further Higher Data Rate Extension in the 2.4
GHz Band," April 2003.

http://standards.ieee.org/getieee802/download/802.11g-2003.pdf

CCITT, Recommendation 0.151(10/92).
CCITT, Recommendation 0.153(10/92).
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WLAN_Barker

WLAN 11b

Description Barker spreader
Library WLAN, 11b Signal Source
Class SDFWLAN_Barker

Pin Inputs

Pin Name Description Signal Type

1 |input |input signals to be spread |complex

Pin Outputs

Pin Name Description Signal Type

2 |output output signals after complex
spreading

Notes/Equations

1. This component spreads the input symbols.

2. The 11-chip Barker sequence is used as the PN code sequence for the 1 and 2 Mbit/s
modulation:

+1,-1, +1, +1, -1, +1, +1, +1, -1, -1, -1

The left-most chip is output first in time. The first chip is aligned at the start of a
transmitted symbol. The symbol duration will be exactly 11 chips long.

References

1. IEEE Standard 802.11b-1999, "Part 11: Wireless LAN Medium Access Control (MAC)

and Physical Layer (PHY) specifications: High-speed Physical Layer Extension in the
2.4 GHz Band," 1999.
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WLAN_CCKMod

5 [WEANTB

Description CCK modulator
Library WLAN, 11b Signal Source
Class SDFWLAN_CCKMod

Parameters
Name Description Default Type Range
Rate |data rate: Mbps_5.5, Mbps_11 Mbps_11 |enum
Octets |octet number of PSDU 100 int (0, 2312]
Pin Inputs
Pin Name Description Signal Type
1 |input input bits to be CCK int
modulated
2 |InitialPhase |initial phase complex
Pin Outputs
Pin Name Description Signal Type

3 |output |output signals after modulation and spreading |complex

Notes/Equations

1. This component is used as a CCK modulator.
For CCK modulation modes, the spreading code length is 8 and is based on
complementary codes. The chip rate is 11 Mchip/s. The symbol duration is exactly 8
complex chips. The following formula is used to derive the CCK code words that are
used for spreading 5.5 and 11 Mbit/s:

c = {ej[q:11+q:12+q:13+q)4] eu,r'(q:11+q)3+q)4] ej(q::l+q:12+q)4]
! g ER ! . Y ! 1 ' ! g -"j ' '
—e"'“‘q}lJrqH'l,e"'“‘q}l+q}3+qﬁ'l,e"'“‘q}l+q}3",—e"'“‘q}l+q:'“'|!e"'rqjl}

where C is the code word C = {c0 to c7}.

¢1, @2, 93, and @4 are defined differently for 5.5 Mbit/s and 11 Mbit/s.

This formula creates 8 complex chips (c0 to c7), where c0 is transmitted first in time.
This is a form of the generalized Hadamard transform encoding, where @1

is added to all code chips, @2 is added to all odd code chips, ¢ @3 is added to all odd
pairs of code chips, and @4 is added to all odd quads of code chips.

@1 modifies the phase of all code chips of the sequence and is DQPSK encoded for
5.5 and 11 Mbit/s. This takes the form of rotating the whole symbol by the
appropriate amount relative to the phase of the preceding symbol. Note that chip c7
of the symbol defined above is the chip that indicates the symbol phase and is
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transmitted last.

CCK 5.5 Mbit/s Modulation

At 5.5 Mbit/s 4 bits (dO to d3; dO first in time) are transmitted per symbol.

Data bits dO and d1 encode @1 based on DQPSK. DQPSK encoding is given in the
following table ( j w is defined as counterclockwise rotation). The phase change for
@1 is relative to the phase ¢1 of the preceding symbol. For the header to PSDU
transition, the phase change for @1 is relative to the phase of the preceding DQPSK
(2 Mbit/s) symbol. That is, the phase of the last symbol of the CRC-16 is the
reference phase for the first symbol generated from the PSDU octets.

All odd-numbered symbols generated from the PSDU octets are given an extra 180-
degree rotation (in addition to the standard DQPSK modulation in the following
table). The PSDU symbols are numbered starting with 0 for the first symbol to
determine odd and even symbols (that is, the PSDU transmission starts on an even-
numbered symbol).

DQPSK Encoding

Dibit pattern (dO, d1) Even symbols Odd symbols

(do is first in time) | phase change (/®) phase change (/%)
00 0 n

01 n/2 30/2 (_np2

11 n 0

10 3n/2 (=n/2) n/2

Data dibits d2 and d3 CCK encode the basic symbol according to the following table
that is derived from the above formula by setting ¢2 = (d2 x n) + n/2, 3 = 0, and
@4 = (d3 x n). d2 and d3 are in the order shown, and the complex chips are shown
c0 to c7 (left to right), with cO transmitted first in time.

5.5Mbit/s CCK Encoding

d2,d3|cl1 |c2 c3 [c4 |c5 |c6 |c7 |c8

00 1 115 11 -1j115 15 -1j (1)

01 -1j 15 -1 115 11 15 -13 115

10 -1 15 15 15 -1 15 115 115

11 1j -1j11 113 -1j15 113 1)

CCK 11 Mbit/s Modulation

At 11 Mbit/s, 8 bits (dO to d7; dO first in time) are transmitted per symbol.

The first dibit (d0, d1) encodes ¢1 based on DQPSK. DQPSK encoding is given in the
following table. The phase change for @1 is relative to the phase ¢1 of the preceding
symbol. In the case of header to PSDU transition, the phase change for @1 is relative
to the phase of the preceding DQPSK symbol. All odd-numbered symbols of the PSDU
are given an extra 180-degree rotation, in accordance with the DQPSK modulation

shown in the following table. Symbol numbering starts with 0 for the first symbol of
the PSDU.

Data dibits (d2, d3), (d4, d5), and (d6, d7) encode ®2, ¢3, and ¢4, respectively,
based on QPSK as given in the following table.

Note that the following table is binary (not Grey) coded.

QPSK Encoding
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Dibit pattern [di,d(i+1)] |Phase
(di is first in time)

00 0

01 n/2

10 n

11 3n/2(—n/2)
References

1. IEEE Standard 802.11b-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer Extension in the
2.4 GHz Band," 1999.
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WLAN_CRC

WLAN

e i

CRC

Description CRC calculation
Library WLAN, 11b Signal Source
Class SDFWLAN_CRC

Pin Inputs

Pin Name Description Signal Type
1 |input [signal to be crc protected |int

Pin Outputs

Pin Name Description Signal Type
2 |output |PLCP header |int

Notes/Equations

1. The SIGNAL, SERVICE, and LENGTH fields are protected with a CCITT CRC-16 frame
check sequence (FCS). The CCITT CRC-16 FCS is the one's complement of the
remainder generated by the modulo 2 division of the protected PLCP fields by the
polynomial X 16 + x 12 4+ x5 41,

2. Protected bits are processed in transmit order and FCS calculations are made prior to
data scrambling as illustrated in the following figure.
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TRANSMIT AND RECEIVE PLCP HEADER
CCIT CRC-16 CALCULATOR

SERLAL DATA CoITT SERIAL DATA
NPUT —_— CRO-1E — CUTEUT
FRESET
TOONE'S 1. Preset to all one's
2. Shift signal, service length fields
through the shift register
3. Take one’s complement of the remainder
4. Transmit out serial X' first
CCITT CRC-16 POLYNOMIAL: Gix) = X19 ¢ Mo x4 o

SERIAL DATA
MNPLT (LT RT T
—> L IRt N P R T S ) et e e !

SERIAL CATA CUTPUT

FIIE R O R %
WE's COMPLEMENT ' FAIRST)

CCITT CRC-16 Implementation

References

1. IEEE Standard 802.11b-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer Extension in the
2.4 GHz Band," 1999.

2. IEEE Standard 802.11-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications," 1999.
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WLAN_HeaderMap

2 WLAN 4
e

1 T 3
HeaderMap

Description Header mapper
Library WLAN, 11b Signal Source
Class SDFWLAN_HeaderMap

Parameters
Name Description Default Type
PLCPType PLCP preamble type: Long, Long enum
Short
Pin Inputs
Pin Name |Description Signal Type
1 Jinput |PLCP header signal int
2 |inphase |initial signal from preamble mapper complex
Pin Outputs
Pin Name Description Signal Type
3 |next |last complex mapping complex
signal
4 output |complex mapping signal complex

Notes/Equations

1. This model outputs the PLCP header mapping signal and phase. The long PLCP
preamble uses 1 Mbit/s DBPSK modulation; the short PLCP preamble uses 2 Mbit/s
DQPSK modulation.

2. The initial phase of DBPSK or DQPSK signal is given by pin inphase.

DBPSK encoding is given in the following table.

DBPSK Encoding

Bit input Phase change (+jw)

0 0

1 n

DQPSK encoding is given in the following table.

DQPSK Encoding
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Dibit pattern (d0,d1) Phase change (+jw)

00 0

01 n/2

11 n

10 3 xn/2(—n/2)
References

1. IEEE Standard 802.11b-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer Extension in the
2.4 GHz Band," 1999.

2. IEEE Standard 802.11-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications," 1999.
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WLAN_IdlePadding

WLAM
! Les[PRDU

Idla Padding

Description idle padding
Library WLAN, 11b Signal Source
Class SDFWLAN_IdlePadding

Parameters

Name Description Default Unit Type Range

Rate data rate: Mbps_1, Mbps_2, Mbps_5.5, Mbps_11 Mbps_5.5 enum

ModType modulation type: CCK, PBCC CCK enum

PLCPType PLCP preamble type: Long, Short Long enum

Octets octet number of PSDU 100 int (0, 2312]

RampTime power on and off ramp time 2.0usec |sec |real |[Ousec,
1000usec]

PwrType power on and off ramp type: None, Linear, Cosine None enum

OverSampling sampling rate of pulse-shaping filter: Ratio_2, Ratio_3, Ratio_2 enum

Ratio_4, Ratio_5, Ratio_6, Ratio_7, Ratio_8, Ratio_9

IdleInterval |idle time 50.0usec |sec |real |[[Ousec,
1000usec]

Pin Inputs

Pin Name Description Signal Type
1 |Dataln|input data |complex
Pin Outputs

Pin Name |Description Signal Type
2 |DataOut output data |complex

Notes/Equations

1. This model is used to append the idle time between the consecutive packet (PPDUs).

References

1. IEEE Standard 802.11b-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer Extension in the
2.4 GHz Band," 1999.
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WLAN_MuxPLCP

5 [WLAN11b

<AL

Description PLCP multiplexer
Library WLAN, 11b Signal Source
Class SDFWLAN_MuxPLCP

Parameters

Name Description Default Type

PLCPType PLCP preamble type: Long, Long enum
Short

Pin Inputs

Pin Name Description |Signal Type

1 |header |PLCP header |complex
2 |preamble |PLCP complex
preamble

Pin Outputs

Pin Name Description Signal Type
3 |PLCP |output PLCP |complex

Notes/Equations

1. This component is used to multiplex the PLCP preamble and header.
2. Two different preambles and headers are defined:
« The mandatory supported long preamble and header which is interoperable with
the current 1 Mbit/s and 2 Mbit/s DSSS specification (described in IEEE
Standard 802.11, 1999 Edition) is illustrated in the following figure.

Scrambled Ones

SYMNC SFD SIGNAL SERVICE LENGTH CRC 1 Mbit'sec
128 bits 16 bits & bits & bits 16 bits 16 bits CEPSK
~ !  _ — =~ ~ 4DBPSK
b A= 2 DOPSK
PLCP Preamble PLCP Header PO 5.5 or 11 Mbits/sec
144 bits 48 bits
T -
- 192 usec - -
PPDU

Long PLCP PPDU Format
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o An optional short preamble and header illustrated in the following figure.

Scrambled Zeros Backward SFD

T

Short SYNC Short SFD
56 bits 16 bits
DBEPSK
A [ SIGNAL SERVICE LENGTH CRC
N | 8 hits 8 bits 16 bits 16 bits
b
Y lj 2 Mbits/sec == -
Short PLCP Preamble Short PLCP Header P3OU

72 bits at 1 Mbit'sec 48 bits at 2 Mbits/sec

variable at 2. 5.5 or 11 Mbits/sec

— —

- 96 usec —

PPDU

Short PLCP PPDU Format

The long PLCP preamble and header and short PLCP preamble use the 1 Mbit/s
Barker code spreading with DBPSK modulation. The short PLCP header uses the
2 Mbit/s Barker code spreading with DQPSK modulation.

References

1. IEEE Standard 802.11b-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer Extension in the
2.4 GHz Band," 1999.
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WLAN_PBCCConvCoder

Description PBCC convolutional encoder
Library WLAN, 11b Signal Source
Class SDFWLAN_PBCCConvCoder

Parameters

Name Description Default Type Range
Octets |octet number of PSDU 100 int (0, 2312]
Pin Inputs

Pin Name Description Signal Type
1 Jinput |signal to be convolutional coded |int

Pin Outputs

Pin Name Description Signal Type

2 |output signal after convolutional coded |int

Notes/Equations

1. This model implements a PBCC convolutional encoder with appending 1 octet zeros.
The DSSS/PBCC scheme uses a 64-state binary convolutional code (BCC). The output
of the BCC is encoded jointly onto the I and Q channels.

2. A 64-state, rate s binary convolutional code is used. The generator matrix for the
code is given as

G=[D®+D*+D3+D+1,D%+D>+D*+D3+D?+1];
in octal notation, it is given by
G = [133, 175].

The encoder block diagram, the following figure, consists of 6 memory elements. For
every data bit input, 2 output bits are generated.

oy -O—‘? Ny >
Input S =
: z! T:r. ] 7! T: z! | 7| 2] Outputs

PBCC Convolutional Encoder

h 4

154



3.

Advanced Design System 2011.01 - WLAN Design Library
Since the system is frame (PPDU) based, the encoder must be in state zero (i.e., all
memory elements contain zero at the beginning of each PPDU). The encoder must
also be placed in a known state at the end of each PPDU to prevent the data bits near
the end of the PPDU from being substantially less reliable than those early on in the
PPDU. To place the encoder in a known state at the end of a PPDU, at least six
deterministic bits must be input immediately following the last data bit input to the
convolutional encoder. This is achieved by appending one octet containing all zeros to
the end of the PPDU prior to transmission, and discarding the final octet of each
received PPDU. In this manner, the decoding process can be completed reliably on
the last data bits.

References

1.

IEEE Standard 802.11b-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer Extension in the
2.4 GHz Band," 1999.

IEEE Standard 802.11-1999, "Part 11: Wireless LAN Medium Access Control (MAC)

and Physical Layer (PHY) specifications," 1999.
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WLAN_PBCCMod

Description PBCC modulator
Library WLAN, 11b Signal Source
Class SDFWLAN_PBCCMod

Parameters
Name Description Default Type |Range
Rate |data rate: Mbps_5.5, Mbps_11 |Mbps_5.5 |enum
Octets |octet number of PSDU 100 int (0, 2312]
Pin Inputs
Pin Name Description Signal Type
1 |Dataln the output of the PBCC binary convolution int
encoder
2 |InitialPhase |initial phase complex
Pin Outputs
Pin Name |Description Signal Type
3 |DataOut the output of the PBCC complex
modulator

Notes/Equations

1. This model is used to map the output of the PBCC binary convolution encoder to a
constellation using BPSK (for 5.5 Mbps) or QPSK (for 11 Mbps) modes.
« For 5.5 Mbps, each firing, one token is consumed at InitialPhase,
int(Octets x 8 x 2 tokens are consumed at Dataln and the same number of
tokens is produced at DataOut.
e For 11 Mbps, each firing, one token is consumed at InitialPhase,
int(Octets) x 8 x 2 tokens are consumed at Dataln and int(Octets) x 8 tokens
are produced at DataOut.
2. PBCC modulation is illustrated in the following figure.

Scrambl ed )
Dataln Rgciz fwq ¥p) QPSK QPSK Signal
—ﬂ" e —
Encoder = Cover Map | a.'
Cover s
Code Cover Sequence
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PBCC Modulation
3. Mapping from BCC outputs to PSK constellation points in BPSK and QPSK modes that
are determined by a pseudo-random cover sequence illustrated in the following
figure. (For more details regarding the pseudo-random cover sequence refer to [1].)

S=0 S5=1
¥y ¥g!
R & 00 00 @ & 10
QPSK Mode
(1 Bit per Symbol)
11 @ ® 10 0l e ® 11
5=0 S=1
e 0@
BP2K Mode
(1/2 Bit per Symbol)
T® 1

Cover Code Mapping
4, The InitialPhase input pin indicates the phase of the last chip of the PLCP header
(that is, the last chip of the CRC check).

References

1. IEEE Standard 802.11b-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer Extension in the
2.4 GHz Band," 1999.
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WLAN_PLCPHeader

WLAN

EEEY :

PLCPHeader

Description 11b PLCP Header without CRC
Library WLAN, 11b Signal Source
Class SDFWLAN_PLCPHeader

Parameters
Name |Description Default Type |Range
Rate data rate: Mbps_1, Mbps_2, Mbps_5.5, Mbps_5.5 lenum
Mbps_11
ModType modulation type: CCK, PBCC CCK enum
ClocksBit locked clocks bit: Not, Locked Locked enum
Octets |octet number of PSDU 100 int (0, 2312]
Pin Outputs
Pin Name Description Signal Type

1 |output |PLCP header signal without CRC |int

Notes/Equations

1. This model outputs the PLCP header signal.
2. The header format is illustrated in the following figure.

SIGNAL SERVICE LENGTH CRC
8 bits & bits 16 bits 16 bits
[ - =T -
PLCP Header
48 bits MPDU

PLCP Header Format

The 8-bit SIGNAL field indicates to the PHY the modulation for PSDU transmission
and MPDU reception. The data rate is equal to the SIGNAL field value multiplied by
100 kbit/s. The high rate PHY supports four mandatory rates given by 8-bit words,
which represent the rate in units of 100 kbit/s, where the Isb is transmitted in time:

o X'0A' (msb to Isb) for 1 Mbit/s
e X'14' (msb to Isb) for 2 Mbit/s

e X'37' (msb to Isb) for 5.5 Mbit/s
e X'6E' (msb to Isb) for 11 Mbit/s

Three bits are defined in the SERVICE field to support the high rate extension.
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» The right-most bit 7 supplements the LENGTH field described in the
PLCP Length field.

« Bit 3 indicates the modulation method: 0 = CCK; 1 = PBCC

» Bit 2 indicates that the transmit frequency and symbol clocks are
derived from the same oscillator. This locked clocks bit is set by the
PHY layer configuration.

The SERVICE field transmits b0 first in time, and is protected by the CCITT CRC-16
frame check sequence described in the PLCP CRC field. An IEEE 802.11-compliant
device sets the values of bits b0, b1, b4, b5, and b6 to 0.

b0 b1 b2 b3 b4 b5 b6 b7
Reserved Reserved |Locked clocks bit: 0 [Mod. selection |Reserved |Reserved Reserved |Length
= not bit: extension bit
1 = locked 0 = CCK
1 = PBCC

The PLCP length field 16-bit integer indicates the nhumber of microseconds required to
transmit the PSDU. The transmitted value is determined by the Octets and Rate
parameters.

Octets is converted to microseconds for inclusion in the PLCP Length field. The Length
field is calculated as follows. Since there is an ambiguity in the number of octets that
is described by a length in integer microseconds for any data rate over 8 Mbit/s, a
length extension bit is placed at bit position b7 in the SERVICE field to indicate when
the smaller potential number of octets is correct.

e 5.5 Mbit/s CCK Length = number of octets x 8 /5.5, rounded up to
the next integer.

o 11 Mbit/s CCK Length = number of octets x 8/ 11, rounded up to
the next integer; the service field (b7) bit will indicate a 0 if rounding
took less than 8/11 or a 1 if rounding took more than or equal to 8 /
11.

e 5.5 Mbit/s PBCC Length = (number of octets + 1) x 8/ 5.5, rounded
up to the next integer.

e 11 Mbit/s PBCC Length = (number of octets + 1) x 8/ 11, rounded
up to the next integer; the service field (b7) bit will indicate a 0 if
rounding took less than 8/11, or a 1 if rounding took more than or
equalto 8/ 11.

At the receiver, the number of octets in the MPDU is calculated as follows:

e 5.5 Mbit/s CCK Number of octets = Length x 5.5/ 8, rounded down
to the next integer.

o 11 Mbit/s CCK Number of octets = Length x 11 / 8, rounded down to
the next integer, minus 1 if the service field (b7) bitis a 1.

e 5.5 Mbit/s PBCC Number of octets = (Length x 5.5/ 8) - 1, rounded
down to the next integer.

o 11 Mbit/s PBCC Number of octets = (Length x 11/ 8) - 1, rounded
down to the next integer, minus 1 if the service field (b7) bitis a 1.

At the transmitter, LENGTH field and length extension bit values are calculated:
LENGTH'x = ((number of octets + P) x 8) /R

LENGTH = Ceiling (LENGTH'x)
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If (R==11) && ((LENGTH - LENGTH'x) >= 8/ 11))

then Length Extension = 1
else Length Extension = 0
At the receiver, the number of octets in the MPDU is calculated:

Number of octets = Floor (Length x R/ 8 - P - Length Extension)
where

R is the data rate in Mbit/s

P = 0 for CCK; 1 for PBCC

Ceiling (X) returns the smallest integer value greater than or equal to X
Floor (X) returns the largest integer value less than or equal to X.

The least significant bit (Isb) are transmitted first in time.

References

1. IEEE Standard 802.11b-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer Extension in the
2.4 GHz Band," 1999.

2. IEEE Standard 802.11-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications," 1999.
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WLAN_PLCPPreamble

VWLAN

1

PLCPPreamble

Description 11b PLCP preamble
Library WLAN, 11b Signal Source
Class SDFWLAN_PLCPPreamble

Parameters

Name Description Default Type

PLCPType PLCP preamble type: Long, Long enum
Short

Pin Outputs

Pin Name Description Signal Type

1 |output |PLCP preamble signal |int

Notes/Equations

1. This model outputs the PLCP preamble signal according to the PLCPType parameter.
When PLCPType is set to Long , the long high rate PLCP preamble is output. The

format is illustrated in the following figure.

Scrambled Ornes
SYMNC SFD
128 bits 16 bits
" !

PLCP Preamble
144 bits

Long PLCP Preamble Format

The SYNC field, which consists of 128 bits of scrambled 1 bits, is provided for
receiver synchronization. The initial state of the scrambler (seed) is [1101100],
where the left-most bit specifies the value for the first delay element Z 1 (see the
following figure) and the right-most bit specifies the value of the last delay element

in the scrambler.
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SCRAMBLER POLYNOMIAL: G(z)= Z7 +Z* +1

> SERIAL DATA
SUTPUT

SERIAL DATA
. XOR .| 217273 74 2% b 57

XOR .(

Data Scrambler

The SFD indicates the start of PHY-dependent parameters within the PLCP preamble.
The SFD is a 16-bit field, [1111 0011 1010 0000], where the right-most bit is
transmitted first.

When PLCPType is set to Short, the short high rate PLCP preamble (illustrated in the
following figure) is output.

Scrambled Zeros

Shart SYNC Short SFD
56 bits 16 bits

\ DBPSK

Shaort PLCP Preamble
72 bits at 1 Mbit'sec

Short PLCP Preamble Format

The short SYNC field, which consists of 56 bits of scrambled 0 bits, is provided for
receiver synchronization. The initial state of the scrambler (seed) is [001 1011],
where the left end bit specifies the value for the first delay element Z 1 and the right
end bit specifies the value to put in the last delay element Z 7 .

The short SFD will be a 16-bit field and will be the time reverse of the field of the SFD

in the long PLCP preamble. The field is the bit pattern 0000 0101 1100 1111. The
right end bit will be transmitted first in time.

References
1. IEEE Standard 802.11b-1999, "Part 11: Wireless LAN Medium Access Control (MAC)

and Physical Layer (PHY) specifications: High-speed Physical Layer Extension in the
2.4 GHz Band," 1999.
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WLAN_PreambleMap

Description Preamble mapper
Library WLAN, 11b Signal Source
Class SDFWLAN_PreambleMap

Parameters
Name Description Default Type Range
PLCPType PLCP preamble type: Long, Long enum
Short
InitPhase |initial phase of DBPSK 3.1416 / 4 real |[0, 2n)
Pin Inputs
Pin Name Description Signal Type
1 |preamble |PLCP preamble signal |int
Pin Outputs
Pin Name Description Signal Type
2 |next |last DBPSK signal complex

3 |output |complex DBPSK signal complex

Notes/Equations

1. This model outputs the PLCP preamble mapping signal and phase. Both long PLCP

and short PLCP preambles use 1 Mbit/s DBPSK modulation.

The InitPhase parameter specifies the initial phase of the DBPSK signal. DBPSK

encoding is given in the following table.

DBPSK Encoding

Bit Input Phase Change (+jw)

0 0
1 n
References

1. IEEE Standard 802.11b-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer Extension in the

2.4 GHz Band," 1999.

2. IEEE Standard 802.11-1999, "Part 11: Wireless LAN Medium Access Control (MAC)

and Physical Layer (PHY) specifications," 1999.
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WLAN_PSDUMap

WLAN

PEDUMap

Description PSDU mapper
Library WLAN, 11b Signal Source
Class SDFWLAN_PSDUMap

Parameters

Name Description Default Type Range

Rate |data rate: Mbps_1, Mbps_2 Mbps_1 |enum

Octets |octet number of PSDU 100 int (0, 2312]

Pin Inputs

Pin Name |Description Signal Type

1 |PSDU |PSDU signal int

2 |inphase |initial phase from header complex
mapper

Pin Outputs

Pin Name Description Signal Type

3 |output [complex mapping signal [complex

Notes/Equations

1. This model outputs a PSDU mapping signal. The basic access rate is based on 1
Mbit/s DBPSK modulation; the enhanced access rate is based on 2 Mbit/s DQPSK
modulation.

DBPSK encoding is given in the following table:

DBPSK Encoding

Bit input Phase change (+jw)
0 0
1 n

DQPSK encoding is given in the following table:

DQPSK Encoding
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Dibit pattern (d0,d1) Phase change (+jw)

00 0

01 n/2

11 n

10 3xn/2 (=n/2)
References

1. IEEE Standard 802.11b-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer Extension in the
2.4 GHz Band," 1999.

2. IEEE Standard 802.11-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications," 1999.
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WLAN_TransFilter

Description Pulse-shaping Filter
Library WLAN, 11b Signal Source
Class SDFWLAN_TransFilter

Parameters
Name Description Default Unit Type Range
FilterType pulse-shaping filter type: NoneFilter, Gaussian, Root- Gaussian enum
Cosine, Ideal-Lowpass
Taps number of taps 6 int [1, 1000]
Interpolation |interpolation ratio 1 int  |[1, o)
Decimation |decimation ratio 1 int [1, o0)
Alpha roll-off factor for root raised-cosine filter 0.5 real |(0, 1.0]
BT product of 3dB bandwidth and symbol time for Gaussian |0.5 real [(0, 1.0]
filter
Rate data rate: Mbps_1, Mbps_2, Mbps_5.5, Mbps_11 Mbps_5.5 enum
ModType modulation type: CCK, PBCC CCK enum
PLCPType PLCP preamble type: Long, Short Long enum
Octets octet number of PSDU 100 int (0, 2312]
RampTime |power on and off ramp time 2.0uysec |sec |real |[Opsec,
1000psec]
PwrType power on and off ramp type: None, Linear, Cosine None enum
Pin Inputs

Pin Name Description Signal Type
1 |Dataln|input data |complex
Pin Outputs

Pin Name |Description Signal Type
2 |DataOut |output data |complex

Notes/Equations

1. This model is the modulation pulse-shaping filter. Each firing, data with ramp and
PPDU is input, then interpolated, filtered and decimated; Interpolation/Decimation
data points are then output.

2. The impulse response of the rectangle filter can be given by

sin((n¢)/T.)
(nt)/T,

h(t) =
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where Ts is symbol interval.
. The impulse response of Gaussian filter can be given by

— A AR
TS ZtJ—Ferf[EXBT TS+2t JJ

TsA/In(4) Ts./In(4)

g(t) = [er |7 x BT

and
¢

erf(t) = %je_T_dT
T

0

where BT is the BT parameter and Ts is the symbol interval.

. The impulse response of raised-cosine rolloff filter can be given by

h(t) = [sinl;l;nt]x"(Ts] :nl[ cos((meet)/(Ts))
' 1

|
I} ) EI
nt M S ((dat) /(2T

where a is the Alpha parameter and Ts is the symbol interval.
. The impulse response of root raised-cosine filter has the following relationship with
the raised-cosine filter

h(n)=h1(n)Ffhi(n)

where h(n) is the impulse response of raised filter and h1(n) is root-raised.

. This filter efficiently implements rational sample rate changes. When the Decimation
ratio is >1, the filter behaves exactly as if it were followed by a DownSample
component; similarly, when the Interpolation ratio is set, the filter behaves as if it
were preceded by an UpSample component. However, the implementation is much
more efficient than it would be using UpSample and DownSample. Arbitrary sample-
rate conversions by rational factors can be accomplished this way.

. FilterType specifies a baseband filter that is used to reduce the transmitted
bandwidth, thereby increasing spectral efficiency. The 802.11b specification does not
specify what type of filter must be used, but the transmitted signal must meet the
spectral mask requirements. FilterType options are:

« NoneFilter No transmitter filter is used.

e Gaussian The Gaussian filter does not have zero ISI. Wireless system architects
must determine just how much of the inter-symbol interference can be tolerated
in a system and combine that with noise and interference. The Gaussian filter is
Gaussian-shaped in both the time and frequency domains; it does not ring like
the root-cosine filters ring. The effects of this filter in the time domain are
relatively short and each symbol interacts significantly (or causes ISI) with only
the preceding and succeeding symbols. This reduces the tendency for particular
sequences of symbols to interact which makes amplifiers easier to build and
more efficient.

o Root-Cosine Root-cosine filters (also referred to as square root raised-cosine
filters) have the property that their impulse response rings at the symbol rate.
Adjacent symbols do not interfere with each other at the symbol times because
the response equals zero at all symbol times except the center (desired) one.
Root-cosine filters heavily filter the signal without blurring the symbols together
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at the symbol times. This is important for transmitting information without
errors caused by ISI. Note that ISI does exist at all times except at symbol
(decision) times.

» Ideal-Lowpass In the frequency domain, this filter appears as a lowpass,
rectangular filter with very steep cut-off characteristics. The passband is set to
equal the symbol rate of the signal. Due to a finite number of coefficients, the
filter has a predefined length and is not truly ideal . The resulting ripple in the
cut-off band is effectively minimized with a Hamming window. A symbol length
of 32 or greater is recommended for this filter.

Taps is the filter length and determines how many symbol periods will be used in the
calculation of the symbol. The filter selection influences the value of Taps.

« The Gaussian filter has a rapidly decaying impulse response, so a filter length of
6 is recommended; greater lengths have negligible effects on the accuracy of
the signal.

e The root-cosine filter has a slowly decaying impulse response. A filter length of
approximately 32 is recommended. Beyond this, the ringing has negligible
effects on the accuracy of the signal.

o The ideal lowpass filter also has a very slow decaying impulse response. A filter
length of 32 or greater is recommended.

For both root-cosine and ideal lowpass filters, the greater the filter length, the
greater the accuracy of the signal.
Alpha is to set the sharpness of a root-cosine filter when FilterType=Root-Cosine.

. BT is the Gaussian filter coefficient; B is the 3 dB bandwidth of the filter and T is the

duration of the symbol period. BT determines the extent of the filtering of the signal.
Common values for BT are 0.3 to 0.5.

Rate is used to determine the transmitted data rate.

PLCPType is used to select the format (Long or Short) of the preamble/header
sections of the framed signal.

Octets indicates data bytes per burst (note that it is in bytes; to transform it into
bits, multiply by 8).

RampTime specifies the length (in microseconds) of the power up/down ramp; it is
used when PwrType is Linear or Cosine.

PwrType specifies the pattern for generating the ramp signal: None, Linear, or
Cosine. The Cosine ramp gives the least amount of out-of-channel interference; None
starts transmitting the signal at full power (it is the simplest power ramp to
implement); and, the Linear ramp shapes the burst in a linear fashion.
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80211a Signal Sources

WLAN 802 11aRF (wlan)

WLAN 80211a RF (wlan)

WLAN 80211a RF WithPN (wlan)
WLAN 80211aSignalSrc (wlan)
WLAN 80211aSignalSrc1 (wlan)
WLAN DATA (wlan)

WLAN ExtrPSDU (wlan)

WLAN LPreambleGen (wlan)
WLAN PSDU (wlan)

WLAN SIGNAL (wlan)

WLAN SPreambleGen (wlan)
WLAN Tail (wlan)
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WLAN_802_11aRF

Ef,nm“ I]UE’E
of L E

WLAN 11a
Seunce

Description WLAN 802.11a signal source
Library WLAN, Signal Source

Class TSDFWLAN_802_11aRF

Derived From baseARFsource

Parameters
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Name Description Default Sym |Unit |Type Range
ROut Source resistance DefaultROut Ohm |real |(0, )
RTemp Temperature DefaultRTemp Celsius|real [[-273.15,
)
TStep Expression showing how TStep is 1/Bandwidth/ string
related to the other source 27~ 0versamplingOption
parameters
FCarrier Carrier frequency: CH1_2412.0M, CH1_2412.0M Hz real |(0, o0)
CH3_2422.0M, CH5_2432.0M, enum

CH6_2437.0M, CH7_2442.0M,
CH9_2452.0M, CH11_2462.0M,
CH13_2472.0M, CH36_5180.0M,
CH40_5200.0M, CH44_5220.0M,
CH48_5240.0M, CH52_5260.0M,
CH56_5280.0M, CH60_5300.0M,
CH64_5320.0M, CH149_5745.0M,
CH153_5765.0M, CH157_5785.0M,
CH161_5805.0M

Power Power 0.04 W real |[0, o)
MirrorSpectrum |Mirror spectrum about carrier? NO, NO enum

YES
Gainlmbalance |Gain imbalance, Q vsI 0.0 dB real -00, )
PhaseImbalance |Phase imbalance, Q vs I 0.0 deg real -00, c0)
I_OriginOffset |I origin offset (percent) 0.0 real -00, )
Q_OriginOffset |Q origin offset (percent) 0.0 real -0, 00)
IQ_Rotation 1Q rotation 0.0 deg real -c0, 00)
Oversampling |Oversampling ratio option: Option 0 |Option 2 for Ratio 4 S enum
Option for Ratio 1, Option 1 for Ratio 2,

Option 2 for Ratio 4, Option 3 for
Ratio 8, Option 4 for Ratio 16, Option
5 for Ratio 32

DataRate Data rate (Mbps): Mbps_6, Mbps_9, |Mbps_54 R enum
Mbps_12, Mbps_18, Mbps_ 24,
Mbps_27, Mbps_36, Mbps_48,

Mbps_54
Bandwidth Bandwidth 20 MHz B Hz real |(0, o)
IdleInterval Burst idle interval 4.0 psec I sec real |[O,
1000psec]
DataType Payload data type: PN9, PN15, FIX4, [PN9 enum
4140,.8180,_16_1 160,
232.1.32 0, _64.1.64_0
DatalLength Data length (bytes per burst) 100 L int [1, 4095]
GuardInterval |Guard interval (frac FFT size) 0.25 real |[O, 1]

Pin Outputs

Pin Name Description |[Signal Type
1 |RF RF output timed

Notes/Equations

1. This WLAN signal source generates an IEEE 802.11a and 802.11g OFDM RF signal.
To use this source, the designer must set (as a minimum) RF carrier frequency
(FCarrier) and power (Power).

RF impairments can be introduced by setting the ROut, RTemp, MirrorSpectrum,
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GainImbalance, PhaseImbalance, I_OriginOffset, Q_OriginOffset, and IQ_Rotation
parameters.
802.11a/g signal characteristics can be specified by setting the OversamplingOption,
DataRate, Bandwidth, IdleInterval, DataType, DataLength, and GuardInterval
parameters.

© Note
While WLAN_802_11a_RF generates the same 11a RF signal format as WLAN_80211aRF, their
parameters are not the same.

. This signal source includes a DSP section, RF modulator, and RF output resistance as
illustrated in the following figure.

- RF - RF Cutput RF
DSP ™1 Resktance Dutput

| Modulator

Signal Source Block Diagram

The ROut and RTemp parameters are used by the RF output resistance. The FCarrier,
Power, MirrorSpectrum, GainImbalance, Phaselmbalance, I_OriginOffset,
Q_OriginOffset, and IQ_Rotation parameters are used by the RF modulator. The
remaining signal source parameters are used by the DSP block.

The RF output from the signal source is at the frequency specified (FCarrier), with the
specified source resistance (ROut) and with power (Power) delivered into a matched
load of resistance ROut. The RF signal has additive Gaussian noise power set by the
resistor temperature (RTemp).

. This WLAN 802.11a signhal source model is compatible with the Agilent Signal Studio
Software for 802.11 WLAN Agilent E4438C ESG Vector Signal Generator Option 417
for transmitter test.

Details regarding Signal Studio for WLAN 802.11 are included at the website *
http://www.agilent.com/find/signalstudio]*

. Regarding the WLAN 802.11a/g signal burst structure, one burst consists of four
parts. Each burst is separated by an Idlelnterval and is composed of the Short
Preamble, Long Preamble, SIGNAL and DATA fields.

e The Short Preamble field consists of 10 short preambles (8 usec).

e The Long Preamble field consists of 2 long preambles (8 psec). The two
preamble fields combined compose the PLCP Preamble that has a constant time
duration (16 psec) for all source parameter settings.

» The SIGNAL field includes 802.11a/g bursts of information (such as data rate,
payload data, and length).

o The DATA field contains the payload data.

Channel coding, interleaving, mapping and IFFT processes are also included in
SIGNAL and DATA parts generation. The SIGNAL field and each individual Data
field (part of the overall DATA field) have a time duration defined as the
OFDM_SymbolTime and includes a GuardInterval. OFDM _SymbolTime depends
on the Bandwidth (=64/Bandwidth).

The burst structure is illustrated in the following figures. In these figures, PLCP
means physical layer convergence procedure, PSDU means PLCP service data
units, GI means guard interval ; GI is set to 0.25 and Bandwidth is set to 20
MHz (resulting in OFDM_SymbolTime = 4 psec).
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g PLCP Header -
RATE |Reserved| LENGTH |Parity | Tail | SERVICE Tail .
4bits| 1bt | 12bits |1 bit |6bits| 16bts | =2 | pits| Pad Bits
~ |
~ . Coded/OFDM | Coded/OF DM |
) (BPSK, r=1/2) [RATE is indicated in SIGNAL)
-y | -
PLCP Preamble SIGNAL DATA

12 symbols 1 OFDM symbol | wvariable number of OFDM symbols

802.11a/g Burst Format

i 8+8=16psec N
4
10 = 0.8 =8 psec | 2x08+2x32=8psec 0.8+3 2=4uzec | 0.8+3 2=4psec | 0.8+3.2=4usec
D — >4 el i o
T T T T T Ty X ' ¢ i |
_,-'ll ty tatgtytis tg t7 1g tg 1y Gl2, Ty v Ta Gl , SIGHAL Gl , Datat Gl | Data2
I T T N Tt | . . . h
+——pt+—» 4 rdt—r 4
Signal Deteat, Coarss Freq. Channel and Fine Freq. RATE SERVICE + DATA DATA
ACGC, Diversity  Offsed Esi, Offsel Esfimation LENGTH
Sielection Timing Synch.

OFDM Training Structure

5. Parameter Details

ROut is the RF output source resistance.

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

FCarrier is the RF output signal frequency.

Power is the RF output signal power. The Power of the signal is defined as the
average burst power and excludes the idle interval time intervals.
MirrorSpectrum is used to mirror the RF_out signal spectrum about the carrier.
This is equivalent to conjugating the complex RF envelope voltage.

Depending on the configuration and number of mixers in an RF transmitter, the
RF output signal from hardware RF generators can be inverted. If such an RF
signal is desired, set this parameter to YES.

GainImbalance, Phaselmbalance, I_OriginOffset, Q_OriginOffset, and
IQ_Rotation are used to add certain impairments to the ideal output RF signal.
Impairments are added in the order described here.

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

™

Vpp(t) = A[Vr(t}cos(ﬂ)ct) —gVQ(t)sin[mct + ;b?m J

where A is a scaling factor based on the Power and ROut parameters specified
by the designer, V I( t) is the in-phase RF envelope, V Q( t) is the quadrature

phase RF envelope, g is the gain imbalance
GainImbalance

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

Next, the signal V RF( t) is rotated by IQ_Rotation degrees. The I_OriginOffset
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and Q_OriginOffset are then applied to the rotated signal. Note that the
amounts specified are percentages with respect to the output rms voltage. The
output rms voltage is given by sqrt(2 x ROut x Power).
Bandwidth is used to determine the actual bandwidth of WLAN system and also
is used to calculate the sampling rate and time step per sample. The default
value is 20 MHz, which is defined in 802.11a/g specification. Bandwidth can be
set to 40 MHz in order to double the rate for the 802.11a/g turbo mode.
OversamplingOption sets the oversampling ratio of 802.11a/g RF signal source.
Options from 0 to 5 result in oversampling ratio 2, 4, 8, 16, 32 where
oversampling ratio = 2 OversamplingOption 1t QyersamplingOption = 2, the
oversampling ratio = 2 2 = 4 and the simulation RF bandwidth is larger than the
signal bandwidth by a factor of 4 (e.g. for Bandwidth=20 MHz, the simulation RF
bandwidth = 20 MHz x 4 = 80 MHz).
DataRate specifies the data rate: 6, 9, 12, 18, 24, 27, 36, 48 and 54 Mbps are
available in this source. All data rates except 27 Mbps are defined in the
802.11a/g specification; 27 Mbps is from HIPERLAN/2 [2].
The following table lists key parameters of 802.11a/g.

Rate-Dependent Values

Data Rate |Modulation Coding |Coded Bits per Coded Bits per Data Bits per

(Mbps) Rate (R) |Subcarrier OFDM Symbol OFDM Symbol
(NBPSC) (NCBPS) (NDBPS)

6 BPSK 1/2 1 48 24

9 BPSK 3/4 1 48 36

12 QPSK 1/2 2 96 48

18 QPSK 3/4 2 96 72

24 16-QAM 1/2 4 192 96

27 16-QAM 9/16 4 192 108

36 16-QAM 3/4 4 192 144

48 64-QAM 2/3 6 288 192

54 64-QAM 3/4 6 288 216

IdleInterval specifies the idle interval between two consecutive bursts when
generating a 802.11a signal source.

For DataType:

if PN9 is selected, a 511-bit pseudo-random test pattern is generated according
to CCITT Recommendation O.153.

if PN15 is selected, a 32767-bit pseudo-random test pattern is generated
according to CCITT Recommendation 0.151.

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

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

DatalLength is used to set the number of data bytes in a frame (or burst). There
are 8 bits per byte.

GuardInterval is used to set cyclic prefix in an OFDM symbol. The value range of
GuardInterval is [0.0,1.0]. The cyclic prefix is a fractional ratio of the IFFT
length. 802.11a/g defines GuardInterval=1/4 (0.8 psec) and HIPERLAN/2
defines two GuardIntervals (1/8 and 1/4).
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WLAN_80211a_RF

Description Signal source of IEEE 802.11a with RF modulation
Library WLAN, Signal Source

Class TSDFWLAN_80211a_RF

Derived From WLAN_SignhalSourceBase

Parameters
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Name

ROut
FCarrier
Power

VRef
Bandwidth
PhasePolarity

GainImbalance

PhaseImbalance

I_OriginOffset

Q_OriginOffset

IQ_Rotation
NDensity
Length

Rate

Order

Scramblerlnit

Idle
WindowType

TransitionTime

GuardType

GuardInterval
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Description

output resistance

carrier frequency

modulator output power

reference voltage for output power calibration
bandwidth

if set to Invert, Q channel signal is inverted: Normal,
Invert

gain imbalance in dB, Q channel relative to I channel

phase imbalance in degrees, Q channel relative to I
channel

I origin offset in percent with respect to output rms
voltage

Q origin offset in percent with respect to output rms
voltage

IQ rotation, in degrees
noise spectral density at output, in dBm/Hz
octet number of PSDU

data rate: Mbps_6, Mbps_9, Mbps_12, Mbps_18,
Mbps_24, Mbps_27, Mbps_36, Mbps_48, Mbps_54

FFT points=2~0Order

initial state of scrambler

padded number of zeros between two bursts
type of window: Specification, CosRolloff

the transition time of window function

type of guard interval: T/2, T/4, T/8, T/16, T/32,
UserDefined

guard interval defined by user

T for each array element: array size must be 7.

Pin Outputs

Pin Name Description Signal Type
1 |RF_Signal |RF signals timed

2 |For_EVM mapped SIGNAL and DATA complex

3 |EncodedBits DATA before mapping int

4 |PSDU PSDU bits int

5 |SIGNAL SIGNAL int

Notes/Equations

Default

Unit Type

DefaultROut |Ohm |real

5200MHz
40mwW
0.1122V
20MHz

Normal

0.0
0.0

0.0

0.0

0.0
-173.975
256
Mbps_6

6

101110
1

0
Specification
100nsec

T/4

16

real
real
real
real

enum

real

real

real

real

real
real
int

enum

int
int
array
int
enum

real

enum

int

Range
(0, )
(0, )
(0, »)
(0, )
(0, )

-00, 00)

('ool 00)
)
)

(_ool 00)
(_ool OO)

[1, 4095]

[6, 11]
{0, 1}t

[0, )

(o,
800nsec]

[0, 2 Order]

1. This WLAN signal source generates an IEEE 802.11a and 802.11g OFDM RF signal.
The generated signal can be configured in a top-level design using model
parameters.

The schematic for this subnetwork is shown in the following figure.
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WLAN_80211a_RF Schematic

2. Model TkIQrms and TkPower are used to calibrate the output power. When these are
activated and simulated, the result shown in "input IQ signal rms value" should be
the VRef for WLAN_80211a_RF. If VRef is set correctly, the output power is the
designated Power, as can be seen in the "Modulator output power in dBm".

3. Outputs include: RF_Signal which is the timed signal after RF modulation; For_EVM
signal which is used for EVM measurement; EncodedBits which is encoded data bits
before interleaving; PSDU which is the PSDU bits; and SIGNAL which is the SIGNAL
bits.

4, Regarding the WLAN 802.11a/g signal burst structure, one burst consists of four
parts. PLCP Preamble consists of 10 short preambles (8 usec) and 2 long preambles
(8 usec). SIGNAL, includes 802.11a/g bursts of information (such as data rate,
payload data, and length). DATA transmits payload data. Channel coding,
interleaving, mapping and IFFT processes are also included in SIGNAL and DATA
parts generation. The burst structure is illustrated in 802.11a/g Burst Format and
OFDM Training Structure. The schematic of baseband 802.11a/g signal source is
shown in WLAN_80211aSignalSrcl Schematic.

g PLCP Header !

RATE|Reserved| LENGTH |Parity| Tail | SERVICE Tail .
Abits| 1ok | t2bts |16t |sbis| Tebis | PSPU | g bits| Pad Bits

Ty
~

—
- I

- Qoded.-‘DFDM | Coded'OFDM |
“] (BPSK, r=1/2) (RATE is indicated in SIGMNAL)
- | -
PLCP Preamble SIGNAL DATA

12 symbaols 1 OFDM symbal | variable number of OFOM symbols

802.11a/g Burst Format
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WLAN_80211aSignalSrcl Schematic
Parameter Details

o The FCarrier parameter is the RF output signal frequency.

o The Power parameter is the RF output signal power.

e The PhasePolarity parameter is used to mirror the RF_Signal signal spectrum
about the carrier. This is equivalent to conjugating the complex RF envelope
voltage.

Depending on the configuration and number of mixers in an RF transmitter, the
RF output signal from hardware RF generators can be inverted. If such an RF
signal is desired, set this parameter to Invert.
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o The GainImbalance, PhaseImbalance, I_OriginOffset, Q_OriginOffset, and

IQ_Rotation parameters are used to add certain impairments to the ideal output
RF signal. Impairments are added in the order described here.

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

where A is a scaling factor based on the Power and R parameters specified by
the designer, V I( t) is the in-phase RF envelope, V Q( t) is the quadrature

phase RF envelope, g is the gain imbalance
GairnImbalance

20
g =10
and, ¢ (in degrees) is the phase imbalance.
Next, the signal V RF( t) is rotated by IQ_Rotation degrees. The I_OriginOffset
and Q_OriginOffset are then applied to the rotated signal. Note that the
amounts specified are percentages with respect to the output rms voltage. The
output rms voltage is given by sqrt(2 x R x Power).
Bandwidth is used to determine the actual bandwidth of WLAN system and also
is used to calculate the sampling rate and time step per sample. The default
value is 20 MHz, which is defined in 802.11a/g specification. Bandwidth can be
set to 40 MHz in order to double the rate for the 802.11a/g turbo mode.
Order is set to the FFT size of OFDM symbol. In fact this parameter controls the
oversampling ratio of 802.11a/g RF signal source. Oversampling ratios is 1, 2, 4,
8, 16, and 32 when Orderis setto 6, 7, 8, 9, 10 and 11 respectively.
Rate specifies the data rate: 6, 9, 12, 18, 24, 27, 36, 48 and 54 Mbps are
available in this source. All data rates except 27 Mbps are defined in the
802.11a/g specification; 27 Mbps is from HIPERLAN/2.
The Idle parameter specifies padded number of zeros between two consecutive
bursts when generating a 802.11a signal source. The duration of idle interval is
Idle/Bandwidth.
Length is used to set the humber of data bytes in a frame (or burst).
GuardType is used to set cyclic prefix mode in an OFDM symbol. Five modes are
defined: T/2, T/8, T/16, T/32 and UserDefined. The number of cyclic prefix
samples (GuardInterval parameter, set it as GI in equations) is defined as:

if GuardType=T/32, GI = 2 9rder->

if GuardType=T/16, GI = 2 Order-4

if GuardType=T/8, GI = 2 Order-3

if GuardType=T/4, GI = 2 Order-2

if GuardType=T/2, GI = 2 Order-1

if GuardType=UserDefined, the nhumber of cyclic prefix samples (GI) is
determined by GuardInterval.

GuardInterval is used to set length of cyclic prefix in an OFDM symbol if
GuardType=UserDefined.
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WLAN_80211a_RF_WithPN

Description Signal source of IEEE 802.11a with RF modulation and phase noise
Library WLAN, Signal Source

Class TSDFWLAN_80211a_RF_WithPN

Derived From WLAN_SignalSourceBase

Parameters
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Name
RIn
ROut
RTemp

Power
VRef
Bandwidth

GainImbalance

PhaseImbalance

Frequency1l
Poweril
Phasel

AdditionalTones

RandomPhase

PhaseNoiseData

PN_Type

Length
Rate

Order

ScramblerInit

Idle
WindowType

TransitionTime

GuardType

GuardInterval
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Description
input resistance
output resistance

physical temperature, in degrees C

modulator output power

reference voltage for output power calibration
bandwidth

gain imbalance in dB, Q channel relative to I channel

phase imbalance in degrees, Q channel relative to I
channel

first RF tone frequency
first RF tone carrier power
first RF tone carrier phase in degrees

list of additional RF tones defined with triple values
for frequency in Hz, power in watts, phase in
degrees

set phase of RF tones to random uniformly
distributed value between -PI and +PI: No, Yes: No,
Yes

phase noise specification defined with pairs of values
for offset frequency in Hz, signal sideband pnase
noise level in dBc

Phase noise model type with random or fixed offset
freq spacing and amplitude: Random PN, Fixed freq
offset, Fixed freq offset and amplitude: Random PN,
Fixed freq offset, Fixed freq offset and amplitude

octet number of PSDU

data rate: Mbps_6, Mbps_9, Mbps_12, Mbps_18,
Mbps_24, Mbps_27, Mbps_36, Mbps_48, Mbps_54

FFT points=2~0Order

initial state of scrambler

padded number of zeros between two bursts
type of window: Specification, CosRolloff

the transition time of window function

type of guard interval: T/2, T/4, T/8, T/16, T/32,
UserDefined

guard interval defined by user

T for each array element: array size must be 7.

Pin Outputs
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Default
DefaultRIn
DefaultROut

40mwW
0.1122V
20MHz
0.0

0.0

5200MHz
0.01wW
0.0

0.0

No

Random PN

256
Mbps_6

6
1011101

0
Specification
100nsec

T/4

16

Unit
Ohm
Ohm
DefaultRTemp Ohm

w
Vv
Hz

Hz

sec

Type
real
real

real

real
real
real
real

real

real
real
real

real
array

enum

real
array

enum

int

enum

int
int
array
int
enum

real

enum

int

Range
(0, =)
(0, =)

[-273.15,
o)

(0, )
(0, )
(0, )
(-00, )

('ool OO)

(0, )
(0, )
(_ool oo)

(0, )

(-00, )

[1, 4095]

[6, 11]
{0, 1}t

[0, )

(0,
800nsec]

[0, 2
Order]
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Pin Name Description Signal Type
1 |RF_Signal |RF signals timed

2 |For_EVM mapped SIGNAL and DATA complex

3 |EncodedBits | DATA before mapping int

4 |PSDU PSDU bits int

5 |SIGNAL SIGNAL int

Notes/Equations

1. WLAN_80211a_RF_WithPN generates a WLAN transmission signal with phase noise.

The generated signal can be configured in a top-level design using model
parameters.

The schematic for this subnetwork is shown in

the following figure.
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WLAN_80211a_RF_WithPN Schematic

. The IEEE 802.11a baseband signal is fed into the RF modulator and phase noise is

introduced by N_Tones.

. Model TkIQrms and TkPower are used to calibrate the output power. When these are

activated and simulated, the result shown in "input IQ signal rms value" should be
the VRef for WLAN_80211a_RF_WithPN. If VRef is set correctly, the output power is
the designated Power, as can be seen in the "Modulator output power in dBm".

. The power density spectrum of an oscillator signal with phase noise is modeled by a

Lorentzian spectrum. The single-sided spectrum S  (f) is given by
2/(nf;)
The following figure illustrates a Lorentzian phase noise spectrum with a single-sided

—3 dB line width of the oscillator signal. N_Tones models phase noise based on the
Lorentzian spectrum.

S_(f) =
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5. Outputs include: RF_Signal (timed signal after RF modulation); For_EVM signal (used
for EVM measurement); EncodedBits (encoded data bits before interleaving), PSDU

Frequency offzet| Hz|

(PSDU bits); and SIGNAL (the SIGNAL bits).

6. WLAN_80211aSignalSrcl implements the baseband signal source functions according

to IEEE 802.11a Standard, including SIGNAL and DATA generation, scrambling,

convolutional coding, interleaving, mapping, IFFT, multiplexing, adding a window

function, and inserting idle. The schematic is shown in
the following figure.
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WLAN_80211aSignalSrcl Schematic

7. Parameter Details

« The Power parameter is the RF output signal power.

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

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

Veplt) = ALVII;#ZICQSI;QC#] —gVQl;t] :-.ir:Lmet—l— %I:I

where A is a scaling factor based on the Power and R parameters specified by
the designer, V I( t) is the in-phase RF envelope, V Q( t) is the quadrature
phase RF envelope, g is the gain imbalance

Gainlmbalance

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

Note that the amounts specified are percentages with respect to the output rms
voltage. The output rms voltage is given by sqrt(2 x R x Power).

o Bandwidth is used to determine the actual bandwidth of WLAN system and also
is used to calculate the sampling rate and time step per sample. The default
value is 20MHz, which is defined in 802.11a/g specification. Bandwidth can be
set to 40 MHz in order to double the rate for the 802.11a/g turbo mode.

e Order is set to the FFT size of OFDM symbol. In fact this parameter controls the
oversampling ratio of 802.11a/g RF signal source. Oversampling ratios is 1, 2, 4,
8, 16, and 32 when Orderis setto 6, 7, 8, 9, 10 and 11 respectively.

« Rate specifies the data rate: 6, 9, 12, 18, 24, 27, 36, 48 and 54 Mbps are
available in this source. All data rates except 27 Mbps are defined in the
802.11a/g specification; 27 Mbps is from HIPERLAN/2.

e The Idle parameter specifies padded number of zeros between two consecutive
bursts when generating a 802.11a signal source. The duration of idle interval is
Idle/Bandwidth.

e Length is used to set the number of data bytes in a frame (or burst).

e GuardType is used to set cyclic prefix mode in an OFDM symbol. Five modes are
defined: T/2, T/8, T/16, T/32 and UserDefined. The number of cyclic prefix
samples (GuardInterval parameter, set it as GI in equations) is defined as:

if GuardType=T/32, GI = 2 Order-5

if GuardType=T/16, GI = 2 Order-4

if GuardType=T/8, GI = 2 Order-3

if GuardType=T/4, GI = 2 Order-2

if GuardType=T/2, GI = 2 Order-1

if GuardType=UserDefined, the number of cyclic prefix samples (GI) is
determined by GuardInterval.

o GuardInterval is used to set length of cyclic prefix in an OFDM symbol if
GuardType=UserDefined.

References

1. IEEE Standard 802.11a-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
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WLAN_80211aSignalSrc

WLAN L3
i | R

Description Signal source of IEEE 802.11a with idle
Library WLAN, Signal Source
Class SDFWLAN_80211aSignalSrc

Parameters

Name Description

Length octet number of PSDU

Rate data rate: Mbps_6, Mbps_9, Mbps_12, Mbps_18,
Mbps_24, Mbps_27, Mbps_36, Mbps_48, Mbps_54

Order FFT points=2/~0Order

ScramblerInit |initial state of scrambler

Idle padded number of zeros between two bursts
WindowType |type of window: Specification, CosRolloff

TransitionTime | the transition time of window function

GuardType type of guard interval: T/2, T/4, T/8, T/16, T/32,
UserDefined

GuardInterval |guard interval defined by user

T for each array element: array size must be 7.
Pin Inputs

Pin Name Description |[Signal Type
1 |PSDU |PSDU bits int

Pin Outputs
Pin Name Description Signal Type
2 |burst |IEEE802.11a burst complex

3 |output mapping signal before IFFT |complex

Notes/Equations

Default Unit | Type

256
Mbps_6

6

101110
1

0
Specification

100nsec sec

T/4

16

int

enum

int
int
array
int
enum

real

enum

int

Range
[1, 4095]

[6, 11]
{0, 1}t

[0, )

[0,
800nsec]

[0, 2 Order]

1. This subnetwork performs IEEE 802.11a DATA convolutional coding, interleaving,
mapping, IFFT, multiplexing, and adds a window. The schematic is shown in the

following figure.
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WLAN_80211aSignalSrc Schematic
2. As illustrated in the following figure, one PPDU frame includes PLCP Preamble (12

symbols: 10 short and 2 long preamble symbols), SIGNAL (one OFDM symbol) and
DATA (variable number of OFDM symbols).

Mapping modes are dependent on the Rate parameter in DATA and BPSK in SIGNAL.
After mapping, DATA and SIGNAL are multiplexed, pilots are inserted, IFFT is
performed, PLCP preambles are multiplexed into one PPDU frame (or burst), and the
window function is added.
8+8=16psec

¥

10=08=8usec 2x08+2x32=8psec 0.8+3.2=4usec | 0.8+3.2=4usec | 0.8+3.2=4usec

ol
4

T T T LT T ; ; ~ , ;
).' t1|t2|13lt4lt5lt5|t7Italtglh G2, T |, T= J_\%GI | SIGMAL | Gl Datai Gl , Data2
>+ g

—p 4
Signa | Dedect, Coarse Freq. Channel and Fine Freg. RATE S
AGC, Diversity Orifzed Est. Offzet Estimation LEMGTH
Selection Timing Synch.

ERVICE+ DATA DATA

PPDU Frame Structure
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WLAN_80211aSignalSrcl

s

[ NI

Description Signal source of IEEE 802.11a with idle
Library WLAN, Signal Source
Class SDFWLAN_80211aSignalSrcl

Parameters

Name
Length

Rate

Order

Scramblerlnit

Idle

WindowType

TransitionTime

GuardType

GuardInterval

Description
octet number of PSDU
data rate: Mbps_6, Mbps_9, Mbps_12, Mbps_18,

Mbps_24, Mbps_27, Mbps_36, Mbps_48, Mbps_54

FFT points=2/~0Order

initial state of scrambler

padded number of zeros between two bursts
type of window: Specification, CosRolloff

the transition time of window function

type of guard interval: T/2, T/4, T/8, T/16, T/32,
UserDefined

guard interval defined by user

T for each array element: array size must be 7.

Pin Inputs

Pin Name Description |[Signal Type
PSDU |PSDU bits int
Pin Outputs

1

Pin
2

3
4
5

Name
burst
For_EVM

Description Signal Type
IEEE802.11a burst complex
mapping signal before IFFT |complex

EncodedBits | DATA bits before mapping |int

SIGNAL

SIGNAL bits int

Notes/Equations

Default Unit | Type

256
Mbps_6

6

101110
1

0
Specification

100nsec sec

T/4

16

int

enum

int
int
array
int
enum

real

enum

int

Range
[1, 4095]

[6, 11]
{0, 1}t

[0, )

[0,
800nsec]

[0, 2 Order]

1. This subnetwork performs IEEE 802.11a DATA convolutional coding, interleaving,
mapping, IFFT, and multiplexing, and adds a window function. The schematic is
shown in the following figure.
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Mapping modes are dependent on the Rate parameter in DATA and BPSK in SIGNAL.
After mapping, DATA and SIGNAL are multiplexed, pilots are inserted, IFFT is

performed, PLCP preambles are multiplexed into one PPDU frame (or burst), and a
window function is added.
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—n-——r-r%—n-——l- FFT M—r@

WLeh bt Part
ILAN_LPeambkGey LA _LoadiF FTHY FFT_Cx WILAN_MuxBrrsthinl  WILAN_CozRolllle  WILAN_lkee s i
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WLAN_80211aSignalSrcl Schematic

2. One PPDU frame, as illustrated in the following figure, includes PLCP Preamble (10

short and 2 long preamble symbols), SIGNAL (one OFDM symbol) and DATA (variable
number of OFDM symbols).

. 8+8=16psec n
10x08=8psec 2x08+2x32=8psec 0.8+3.2=4usec | 0.8+3 2=4psec | 0.5+3.2=4usec
-+ L s, -
r{it_'t_'tqlt_'tg_'t _'tsq 't_h\kmz LT . T ) c;| : IGHAL | Gl ! Data 2
2 . . | SIG a
J N3%45%,7,8,99 ! AN '
——p4—> 4 rd—p 4
Signal Deteat, Coarss Freq. Channzl and Fine Freq. RATE SERVICE + DATA DATA
AGC, Diversity Crffaet Est. Ozt Estimation LEMGTH
Selection Timing Synch.

PPDU Frame Structure
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WLAN_DATA

Description DATA field of PPDU
Library WLAN, Signal Source
Class SDFWLAN_DATA

Parameters
Name Description Default Type |Range
Length joctet number of PSDU 100 int [1,
4095]
Rate |data rate: Mbps_6, Mbps_9, Mbps_12, Mbps_18, Mbps_24, Mbps_27, Mbps_6 lenum
Mbps_36, Mbps_48, Mbps_54
Pin Inputs

Pin Name Description |[Signal Type
1 |PSDU |PSDU bits int
Pin Outputs

Pin Name Description Signal Type
2 |output DATA bits output |int

Notes/Equations

1. This model is used to generate data field of PPDU frame. As illustrated in the
following figure, the data field contains the service field, the PSDU, the tail bits, and
the pad bits if needed. All bits in the data field are scrambled.
|

|
g PLCP Header -

RATE |Reserved| LENGTH |Parity| Tail | SERVICE Tail .
abits| 1bit | 12bis | 1bi [6bits| 16bits | FSPY | g pits| Pad Bits

—

-~ | |

- Coded/CFDM | Coded/OFDM |
7 (BPSK, r=1/2) [RATE is indicated in SIGNAL)
it o Ll
PLCP Preamble SIGNAL DATA

12 symbols 1 OFDM symbol | wvariable number of OFDM symbols

PPDU Frame Format

2. The service field (illustrated in the following figure) has 16 bits; bit 0 is transmitted
first in time. Bits 0 to 6 are set to zero and used to synchronize the descrambler in
the receiver. The remaining bits (7 to 15) reserved for future use are set to zero.
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Serambler Ininalization  Reserved SERVICE Bits R: Reserved
o0t R R R RERRERERR

2 5|67 |8 L2]13] 14|15

u|1 :1|1 <;|m|n

Iransmit Order

[
-

SERVICE Field Bit Assignments

3. The PPDU tail bit field is 6 bits of 0, which are required to return the convolutional
encoder to the zero state. This improves the error probability of the convolutional
decoder, which relies on future bits when decoding and which may be not be
available past the end of the message. The PLCP tail bit field is produced by replacing
6 scrambled 0 bits following the end of message with 6 unscrambled 0 bits.

4. The number of bits in the data field is a multiple of N 5,5, the number of coded bits

in an OFDM symbol (48, 96, 192, or 288 bits). To achieve that, the length of the
message is extended so that it becomes a multiple of N 555, the number of data bits

per OFDM symbol. At least 6 bits are appended to the message in order to
accommodate the tail bits. The number of OFDM symbols N g,,,, the number of bits

in the data field N ,74, and the number of pad bits N ,,, are calculated from the
length of the PSDU (LENGTH) as follows:

N oy = Ceiling (16 + 8 x LENGTH + 6)/ N pgpc )
N pata =N sym X N pgps

The function ceiling (.) is a function that returns the smallest integer value greater
than or equal to its argument value. The appended bits ( pad bits ) are set to zeros
and subsequently scrambled with the rest of the bits in the data field.

N cgps and N 5 are Rate dependent parameters listed in the following table.

Rate-Dependent Values

Data Rate |[Modulation Coding Coded Bits per (Coded Bits per Data Bits per

(Mbps) Rate (R) [Subcarrier OFDM Symbol |OFDM Symbol
(NBPSC) (NCBPS) (NDBPS)

6 BPSK 1/2 1 48 24

9 BPSK 3/4 1 48 36

12 QPSK 1/2 2 96 48

18 QPSK 3/4 2 96 72

24 16-QAM 1/2 4 192 96

27 16-QAM 9/16 4 192 108

36 16-QAM 3/4 4 192 144

48 64-QAM 2/3 6 288 192

54 64-QAM 3/4 6 288 216
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WLAN_ExtrPSDU

FSDU

Description Extract PSDU from DATA
Library WLAN, Signal Source
Class SDFWLAN_ExtrPSDU

Parameters
Name Description Default Type |Range
Length joctet number of PSDU 100 int [1,
4095]
Rate |data rate: Mbps_6, Mbps_9, Mbps_12, Mbps_18, Mbps_24, Mbps_27, Mbps_6 lenum
Mbps_36, Mbps_48, Mbps_54
Pin Inputs

Pin Name Description |[Signal Type
1 |DATA |DATA bits int
Pin Outputs

Pin Name Description Signal Type
2 |PSDU |PSDU bits |int

Notes/Equations

1. This model is used to extract PSDU field from data bits. Refer to the following figure.
:__ PLCP Header ._J'

RATE|Reserved| LENGTH |Parity | Tail | SERVIGE Tail .
dbits | 1bt | 12bits |1 bit |6bits| 16bits | =P |6 bits| Fad Bits

—

—
e
- I

- _ Coded/OFDM | Coded/OFDM
(BPSK, r=1/2) (RATE is indicated in SIGNAL) |
1
-t |-t -]
PLCF Preamble SIGNAL DATA

12 symbols 1 OFDM symbal | variable number of OF DM symbols

PPDU Frame Format

References
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and Physical Layer (PHY) specifications: High-speed Physical Layer in the 5 GHz
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WLAN_LPreambleGen

U?I!L

Description Long training sequence generator
Library WLAN, Signal Source
Class SDFWLAN_LPreambleGen

Pin Outputs

Pin Name Description Signal Type
1 |output |52 long training sequences complex

Notes/Equations

1. This model is used to generate the long training sequence in order to obtain the long
OFDM training symbol. This symbol consists of 52 subcarriers, which are modulated
by the elements of sequence L, given by

L 051 — {11 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! -11 -11 1/ 1/ -11 1! -11 1! _11 _11 -11 -11 -11 1! 1! _11 _11 1/ -11
1,-1,1,1,1, 1}

References
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WLAN_PSDU

WWLAN

!

Description Source of coder
Library WLAN, Signal Source
Class SDFWLAN_PSDU

Pin Outputs

Pin Name Description Signal Type
1 |output |source signal |int

Notes/Equations

1. This model is used to generate 100 octets of PSDU data according to the following
table.

PSDU

## Value Value |Value Value Value
1...5 04 02 00 2e 00
6...10 |60 08 cd 37 a6
11...15 |00 20 dé 01 3c
16...20 |f1 00 60 08 ad
21...25 [3b af 00 00 4a
26...30 |6f 79 2C 20 62
31...35 |72 69 67 68 74
36...40 |20 73 70 61 72
41...45 |6b 20 6f 66 20
46...50 64 69 76 69 6e
51...55 |69 74 79 2C Oa
56...60 44 61 75 67 68
61...65 |74 65 72 20 6f
66...70 |66 20 45 6¢C 79
71...75 |73 69 75 6d 2c
76...80 |0a 46 69 72 65
81...85 |2d 69 6e 73 69
86...90 |72 65 64 20 77
91...95 |65 20 74 72 65
96...100 |61 da 57 99 ed
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WLAN_SIGNAL

WLAN

| SIGNAL | 1

Description SIGNAL field of PPDU
Library WLAN, Signal Source
Class SDFWLAN_SIGNAL

Parameters

Name Description Default Type Range

Length joctet number of PSDU 100

int [1,
4095]
Rate |data rate: Mbps_6, Mbps_9, Mbps_12, Mbps_18, Mbps_24, Mbps_27, Mbps_6 |enum
Mbps_36, Mbps_48, Mbps_54
Pin Outputs
Pin Name Description Signal Type
1 |output |SIGNAL bits int
output

Notes/Equations

1. The model is used to generate SIGNAL field of PPDU frame, which is composed of 24
bits, as illustrated in the following figure. Bits 0 to 3 encode the rate; bit 4 is
reserved for future use; bits 5 to 16 encode the length field of the TXVECTOR, with
the least significant bit (LSB) being transmitted first; bit 17 is the positive (even)
parity bit for bits 0 to 16; bits 18 to 23 constitute the signal tail field and are all set

to zero.
RATE LENGTH SIGNAL TAIL
{4 bats) (12 bats) {6 bats)
Rl R2 R3 Rd| R|LSB MSB P PO 0™ 00 S0 et 0
i | 1 |3 |."- 415 ||f: |7 |{'§ |‘J |l||I|]|]2 ]]3 ||-l- |15 |]{1 17 |E|l‘1‘|2“ |3| |33|:.':.

Imansmut Order

Signal Field Bit Assignments

2. The rate field conveys information about the type of modulation and the coding rate

as used in the rest of the packet. Bits R1 to R4 are set dependent on Rate according
to the values in the following table.

Contents of Rate Field
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Rate (Mbps) R1 to R4

6 1101
9 1111
12 0101
18 0111
24 1001
27 1010
36 1011
48 0001
54 0011

3. The length field is an unsigned 12-bit integer that indicates the number of octets in
the PSDU that the MAC is currently requesting the physical layer to transmit. The
transmitted value will be in the 1 to 4095 range; the LSB will be transmitted first.

4, Encoding of the single SIGNAL OFDM symbol will be performed with BPSK modulation
of the subcarriers and using convolutional coding at R = 1/2. The encoding
procedure, which includes convolutional encoding, interleaving, modulation mapping
processes, pilot insertion, and OFDM modulation, is as used for transmission of data
at a 6 Mbps rate. Contents of the SIGNAL field are not scrambled.

References
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and Physical Layer (PHY) specifications: High-speed Physical Layer in the 5 GHz
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WLAN_SPreambleGen

Description Short training sequence generator
Library WLAN, Signal Source
Class SDFWLAN_SPreambleGen

Parameters

Name Description Default Type

ShortType |type of short training sequence: A, |B enum
B

Pin Outputs
Pin Name Description Signal Type

1 |output |52 short training complex
sequences

Notes/Equations

1. This model is used to generate the short training sequence in order to obtain the

short OFDM training symbol; this symbol consists of 12 subcarriers that are
modulated by the elements of sequence S.
« If ShortType=B, the short training sequences used for IEEE 802.11a and
HIPERLAN/2 standards are:

So.51 — 41376

' {Ol Ol 1+jl Ol OI 0/ _l_jl 0/ 0/ Ol 1+jl Ol Ol OI _1_jl 0/ 0/ OI _l_jl Ol Ol OI 1+jl OI
OI Ol OI OI 0/ _1_jl OI OI Ol _1_jl OI OI OI 1+jl OI OI OI 1+jl OI Ol OI 1+jl OI OI OI

1+j, 0,0}
o If ShortType=A, the short training sequences used only for HIPERLAN/2

standards are:
SD.Sl

= V1376 . £0,0,0,0,-1+, 0, 0, 0, 1+j, 0, 0, 0, 1}, 0, 0, 0, -1-j, 0, 0, 0, -1+j,
O/ O, O, '1'jl 0, 0, '1+jl 0, 0, O/ _1_jl OI Ol OI_1+jI Ol OI 0I _1_jl OI OI O’ 1_j’ O’ O’
OI 1+jl 0,0,0,0}

The #1376 multiplication factor normalizes the average power of the resulting

OFDM symbol, which uses 12 out of 52 subcarriers.
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WLAN_ Tail

Description Attach tail bits
Library WLAN, Signal Source
Class SDFWLAN_Tail

Parameters
Name Description Default Type |Range
Length joctet number of PSDU 100 int [1,
4095]
Rate |data rate: Mbps_6, Mbps_9, Mbps_12, Mbps_18, Mbps_24, Mbps_27, Mbps_6 lenum
Mbps_36, Mbps_48, Mbps_54
Pin Inputs
Pin Name Description Signal Type
1 |input |DATA without "zero" tail bits |int
Pin Outputs
Pin Name Description Signal Type
2 output |DATA with six nonscrambled "zero"tail int
bits

Notes/Equations

1. This model is used to add six O tail bits to the scrambled DATA field of PPDU. The
position of tail bits is illustrated in the following figure.

et PLCP Header ol
RATE |Reserved| LENGTH |Parity | Tail | SERVICE Tall .
Abits| 1bt | 12bits |1 b |6bits| 16bits | =29 | g bits| Pad Bits
e — |
~  _ Coded/OFDM | Coded/OFDM |
1 IBPSK, r=1/2) (RATE is indicated in SIGMAL)
- | -
PLCP Preamble SIGNAL DATA

12 symbols 1 OFDM symbol | variable number of OFDM symbols

PPDU Frame Format

References
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About WLAN Design Library

The Agilent EEsof WLAN Design Library is for the 5 and 2.4 GHz wireless LAN market, IEEE
802.11a in the Americas, MMAC in Japan, BRAN HIPERLAN/2 in Europe, IEEE 802.11b and
IEEE 802.11g. This design library focuses on the physical layer of WLAN systems and is
intended to be a baseline system for designers to get an idea of what a nominal or ideal
system performance would be. Evaluations can be made regarding degraded system

performance due to system impairments that may include nonideal component
performance.

209



Advanced Design System 2011.01 - WLAN Design Library

Agilent Instrument Compatibility

This WLAN design library is compatible with Agilent E443xB ESG-D Series Digital RF Signal
Generator and Agilent E4438C ESG Vector Signal Generator.

Also, this WLAN design library is compatible with Agilent 89600 Series Vector Signal
Analyzer.

The following table shows more information of instrument models, Firmware revisions, and
options.

Agilent Instrument Compatibility Information

WLAN Design ESG Models VSA Models

Library

SpecVersion=1999 E443xB, Firmware Revision B.03.75 89600 Series, software version 3.01
Option 410 - "802.11a" Software Option B7R - "802.11a and HIPERLAN/2
Personality (Signal Studio) OFDM Modulation Analysis"

E4438C, Firmware Revision C.02.20

Option 410 - "802.11a" Software

Personality (Signal Studio)
For more information about Agilent ESG Series of Digital and Analog RF Signal Generator
and Options, please visit

http://www.agqgilent.com/find/ESG

For more information about Agilent 89600 Series Vector Signal Analyzer and Options,
please visit

http://www.agilent.com/find/89600
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WLAN Systems

Three wireless LAN standards, IEEE 802.11, ETSI BRAN HIPERLAN/2, and MMAC
HISWAN, are being developed. IEEE 802.11 was initiated in 1990, and several draft
standards have been published for review including IEEE 802.11 and IEEE 802.11b for 2.4
GHz with 5.5 and 11 Mbps. The scope of the standard is to develop a MAC and physical
layer specification for wireless connectivity for fixed, portable and moving stations within a
local area.

In July 1998, the IEEE 802.11 standardization group selected OFDM as the basis for a
new physical layer standard (IEEE 802.11a). This new physical layer standard has been
finalized and targets 6 Mbps to 54 Mbps data rates in a 5 GHz band. A common MAC
mechanism has been specified for IEEE 802.11, IEEE 802.11a, and IEEE 802.11b. The
MAC mechanism provides CSMA/CA.

The HIPERLAN/2 standard is being developed in the ETSI/BRAN project. The system can
operate globally in a 5 GHz band. Core specifications of the HIPERLAN/2 standard were
finalized at the end of 1999. HIPERLAN/2 provides high-speed 6 Mbps to 54 Mbps wireless
multimedia communications between mobile terminals and various broadband core
networks.

The physical layer of HIPERLAN/2 was harmonized with IEEE 802.11a. Orthogonal
frequency division multiplexing (OFDM) was selected as the modulation scheme; the
coding/modulation scheme for the subcarriers of OFDM symbol is the same as that in IEEE
802.11a. In support of QoS, HIPERLAN/2 adopts a centralized and scheduled MAC
mechanism.

The HISWAN standard is being developed by ARIB, the Japanese Multimedia Mobile Access
Communication group. The physical layer of HISWAN is the same as IEEE 802.11a.

All three 5 GHz WLAN standards have physical layers based on OFDM. OFDM transmits
data simultaneously over multiple, parallel frequency sub-bands and offers robust
performance under severe radio channel conditions. OFDM also offers a convenient
method for mitigating delay spread effects. A cyclic extension of the transmitted OFDM
symbol can be used to achieve a guard interval between symbols. Provided that this guard
interval exceeds the excess delay spread of the radio channel, the effect of the delay
spread is constrained to frequency selective fading of the individual sub-bands. This fading
can be canceled by means of a channel compensator, which takes the form of a single tap
equalizer on each sub-band.

The IEEE 802.11a transmitter and receiver OFDM physical layer block diagram is shown in
the following figure.

Major specifications for the IEEE 802.11a OFDM physical layer are listed in the following
table.
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- 1 A I
FEC Interleaving+ IFFT * Gl ﬁLn::c _\* G
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é HPA

AGC Amp
_,| 1@ Remove |- FET —Demapping+ FEC
Det, Gl \ . Deinterleaving| " |Decoder
ks
LNA
Ex Lev. Det. AFC
Clock Recovery
IEEE 802.11a Transmitter and Receiver for OFDM Physical Layer Block Diagram
IEEE 802.11a OFDM Physical Layer Major Specifications
Specification Settings
Information data rate |6, 9, 12, 18, 24, 36, 48 and 54 Mbps
Modulation BPSK OFDM, QPSK OFDM, 16-QAM OFDM, 64-QAM OFDM
Error correcting code |K = 7 (64 states) convolutional code
Coding rate 1/2, 2/3, 3/4
Number of subcarriers |52
OFDM symbol 4.0 ps
duration
Guard interval 0.8ps ( T'gp)

Occupied bandwidth  |16.6 MHz
The HIPERLAN/2 transmitter is shown in the following figure.

Major specifications for the HIPERLAN/2 OFDM physical layer are listed in the following
table.

PDU train 21 FEC | P iericaving | - i
train scrambling : interleaving mapping
fomDLC - (s2) |- <dme 1 4 [7] 655 S
{transmit } (3.3)
o PHY ’

OFDM adi
. = bursts > radio

(5.6) ll,ir;; transmitter

HIPERLAN/2 Transmitter for OFDM Physical Layer Block Diagram
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HIPERLAN/2 Transmitter for OFDM Physical Layer Block Diagram

HIPERLAN/2 OFDM Physical Layer Major Specifications

Specification Settings
Information data rate 6,9, 12, 18, 24, 27, 36, and 54 Mbps
Modulation BPSK OFDM, QPSK OFDM, 16-QAM OFDM, and 64-QAM OFDM
Error correcting code K = 7 (64 states) convolutional code
Coding rate 1/2, 3/4, 9/16
Number of subcarriers 52
Sampling rate f. = 1T 20 MHz
Useful symbol part duration T 64T 3.2 us
Cyclic prefix duration Tep 16=T 0.8 us (mandatory)
82T 0.4 us (mandatory)
Symbol interval Ts 80«T 4.0 us (Ty+Tep )

2xT 3,6 us (Ty+Tep )
Sub-carrier spacing & 0.3125 MHz (1/Ty )

Spacing between the two outmost sub-carriers |16.25 MHz
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Component Libraries

The WLAN Design Library is organized by library according to the types of behavioral

models and subnetworks.

11b Receivers

This library provides models for use with IEEE 802.11b receivers.

WLAN_11bBurstRec: 11b burst receiver

WLAN_11bBurstSync: 11b burst synchronizer
WLAN_11bCIREstimator: channel estimator for 802.11b
WLAN_11bDFE: decision feedback equalizer for 11b
WLAN_11bDemuxBurst: 11b burst demultiplexer and frequency compensator
WLAN_11bDescrambler: 11b descrambler
WLAN_11bFreqEstimator: 11b frequency offset estimator
WLAN_11bPreamble: signal source of IEEE 802.11b preamble
WLAN_11bRake: rake combiner for 802.11b

WLAN_11b_Equalizer: 802.11b receiver with equalizer
WLAN_11b_Rake: 802.11b Rake receiver

WLAN_CCKDemod: 11b CCK demodulator

WLAN_CCK_RF_Rx_DFE: 802.11b CCK receiver with equalizer
WLAN_CCK_RF_Rx_Rake: 802.11b CCK Rake receiver
WLAN_CCK_Rx_DFE: 802.11b CCK receiver with equalizer
WLAN_CCK_Rx_Rake: 802.11b CCK Rake receiver
WLAN_Despreader: barker despreader for 11b
WLAN_FcCompensator: carrier frequency compensation for 802.11b
WLAN_HeaderDemap: header demapper

WLAN_PhaseRotator: phase rotator after decision feedback equalizer for 11b
WLAN_PrmblDemap: preamble demapper

WLAN_RecFilter: receiver matched filter

11b Signal Sources

This library provides IEEE 802.11b signal source generator. All models can only be used

with IEEE 802.11b.

WLAN_11SignalSrc: signal source of IEEE 802.11 with idle
WLAN_11bCCKSignalSrc: signal source of IEEE 802.11b with idle and CCK
modulation

WLAN_11bCCKSignalSrcl: signal source of IEEE 802.11b with idle and CCK
modulation

WLAN_11bCCK_RF: RF Signal source of IEEE 802.11b with idle and CCK modulation

WLAN_11bMuxBurst: IEEE 802.11b burst multiplexer
WLAN_11bPBCCSignalSrc: signal source of IEEE 802.11b with idle and PBCC
modulation

WLAN_11bScrambler: IEEE 802.11b scrambler

WLAN_Barker: barker spreader
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WLAN_CCKMod: CCK modulator
WLAN_CRC: CRC calculation
WLAN_HeaderMap: header mapper
WLAN_IdlePadding: idle padding
WLAN_MuxPLCP: PLCP multiplexer
WLAN_PBCCConvCoder: PBCC convolutional encoder
WLAN_PBCCMod: PBCC modulator
WLAN_PLCPHeader: IEEE 802.11b PLCP header without CRC
WLAN_PLCPPreamble: IEEE 802.11b PLCP preamble
WLAN_PSDUMap: PSDU mapper
WLAN_PreambleMap: preamble mapper
WLAN_TransFilter: pulse-shaping filter

Channel Components

This library provides the WLAN channel model.

WLAN_ChannelModel: WLAN channel model

Channel Coding Components

This library provides models for channel coding, scrambling and interleaving in the
transmitter end, and channel decoding and deinterleaving in the receiving end. All models
can be used with IEEE 802.11a and HIPERLAN/2 systems.

WLAN_11aConvDecoder: 11a viterbi decoder

WLAN_ConvCoder: convolutional coding of input bits

WLAN_ConvDecoder: bit-by-bit viterbi decoder for WLAN convolutional code (for IEEE
802.11a, HIPERLAN/2, and MMAC systems)

WLAN_ConvDecoderl_2: convolutional decoder for 1/2 rate
WLAN_Deinterleaver: deinterleaving of input bits

WLAN_Interleaver: interleave input bits

WLAN_PuncCoder: puncture coder

WLAN_PuncCoderP1: puncture coder pattern P1 for HIPERLAN/2 systems
WLAN_PuncConvCoder: punctured convolutional encoder
WLAN_PuncConvDecoder: punctured convolutional decoder
WLAN_PuncDecoder: puncture decoder

WLAN_PuncDecoderl: punctured convolutional decoder (for IEEE 802.11a,
HIPERLAN/2 and MMAC systems)

WLAN_PuncDecoderP1: puncture decoder pattern P1 for HIPERLAN/2 systems
WLAN_Scrambler: scramble the input bits

Measurements

This library provides models for BER/PER, EVM and constellation measurements for IEEE
802.11a systems.
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WLAN_80211a_BERPER: Bit and packet error rate measurements sink
WLAN_80211a_Constellation: Constellation measurement sink
WLAN_80211a_EVM: 802.11a EVM measurement
WLAN_80211a_RF_EVM: EVM model for WLAN EVM Measurement
WLAN_DSSS_CCK_PBCC_EVM: EVM measurement for DSSS/CCK/PBCC WLAN signals
(802.11b and non-OFDM 802.11qg)

Modulation Components

OFDM subcarriers are modulated using BPSK, QPSK, 16-QAM or 64-QAM modulation. This
library provides models for BPSK, QPSK, 16-QAM or 64-QAM modulation and
demodulation for IEEE 802.11a, HIPERLAN/2, and MMAC systems.

e WLAN_BPSKCoder: BPSK mapping

« WLAN_BPSKDecoder: BPSK demapping

« WLAN_Demapper: BPSK, QPSK, 16-QAM or 64-QAM demapping according to data
rate

WLAN_Mapper: BPSK, QPSK, 16-QAM or 64-QAM mapping according to data rate
WLAN_QAM16Coder: 16-QAM mapping

WLAN_QAM16Decoder: 16-QAM demapping

WLAN_QAM64Coder: 64-QAM mapping

WLAN_QAM64Decoder: 64-QAM demapping

WLAN_QPSKCoder: QPSK mapping

WLAN_QPSKDecoder: QPSK demapping

WLAN_SoftDemapper: 11a soft demapper

Multiplex Components
This library provides models for IEEE 802.11a and HIPERLAN/2 systems.

WLAN_BurstOut: real burst output

WLAN_BurstReceiver: burst receiver

WLAN_CommCtrl2: 2-input commutator with input particle number control
WLAN_CommCtrl3: 3-input commutator with input particle number control
WLAN__CosRollWin: cosine-rolloff window function

WLAN_DemuxBurst: burst demultiplexer with frequency offset compensator and
guard interval remover

WLAN_DemuxBurstNF: burst demultiplexer with guard interval remover, without
frequency offset compensator

WLAN_DemuxOFDMSym: OFDM signal demultiplexer

WLAN_DemuxSigData: signal and data signal demultiplexer

WLAN_DistCtrl2: 2-output distributor with output particle number control
WLAN_DistCtrl3: 3-output distributor with output particle number control
WLAN_H2CosRollWin: adds cosine-rolloff windows to burst signals for HIPERLAN/2
WLAN_H2MuxOFDMSym: OFDM symbol multiplexer for HIPERLAN/2
WLAN_InsertZero: insert zeros before data with input particle number control
WLAN_LoadIFFTBuff: data stream loader into IFFT buffer

WLAN_MuxBrdBurst: broadcast burst multiplexer for HIPERLAN/2
WLAN_MuxBurst: burst multiplexer

WLAN_MuxBurstNW: burst multiplexer without window function
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WLAN_MuxDLBurst: downlink burst multiplexer for HIPERLAN/2
WLAN_MuxDataChEst: data and estimated channel impulse response multiplexer
WLAN_MuxDiBurst: direct link burst multiplexer for HIPERLAN/2
WLAN_MuxOFDMSym: OFDM symbol multiplexer

WLAN_MuxSigData: signal and data multiplexer

WLAN_MuxULBurstL: uplink burst with long preamble multiplexer for HIPERLAN/2
WLAN_MuxULBurstS: uplink burst with short preamble multiplexer for HIPERLAN/2

Receivers
This library provides models for use with IEEE 802.11a receivers.

« WLAN_80211aRxFSync: IEEE 802.11a receiver with full frequency synchronization
function

e WLAN_80211aRxFSyncl: IEEE 802.11a receiver with full frequency synchronization
function

e WLAN_80211aRxNoFSync: IEEE 802.11a receiver without full frequency
synchronization function

e WLAN_80211aRxNoFSyncl: IEEE 802.11a receiver without full frequency
synchronization function

« WLAN_80211aRx_Soft: IEEE 802.11a receiver with full frequency synchronization

« WLAN_80211a_RF_RxFSync: IEEE 802.11a receiver with full frequency
synchronization

e WLAN_80211a_RF_RxNoFSync: IEEE 802.11a receiver without frequency
synchronization

« WLAN_80211a_RF_Rx_Soft: IEEE 802.11a receiver with full frequency

synchronization

WLAN_BurstSync: burst synchronizer

WLAN_ChEstimator: channel estimator

WLAN_FineFreqSync: fine carrier frequency synchronizer

WLAN_FreqSync: carrier frequency synchronizer

WLAN_OFDMEqualizer: OFDM equalizer by the channel estimation

WLAN_PhaseEst: phase estimator

WLAN_PhaseTrack: phase tracker in OFDM demodulation

WLAN_RmvNullCarrier: null sub-carrier remover in OFDM

Signal Sources

This library provides short and long training sequence generators and signal and data bits
generators. All models can be used with IEEE 802.11a and HIPERLAN/2 systems.

WLAN_80211aSignalSrc: IEEE 802.11a signal source

WLAN_80211aSignalSrcl: IEEE 802.11a signal source with idle
WLAN_80211a_RF: IEEE 802.11a signal source with RF modulation
WLAN_80211a_RF_WithPN: IEEE 802.11a signal source with RF modulation and
phase noise

WLAN_DATA: data part of PPDU

o WLAN_ExtrPSDU: extract PSDU from data

« WLAN_LPreambleGen: long training sequence generator
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WLAN_PSDU: source of coder
WLAN_SIGNAL: signal part of PPDU
WLAN_SPreambleGen: short training sequence generator
WLAN_Tail: attach tail bits

Test Components
This library provides auxiliary models for basic measurements.

WLAN_BERPER: bit and packet error rate measurements

WLAN_EVM: error vector magnitude

WLAN_RF_CCDF: RF signal complementary cumulative distribution function
WLAN_RF_PowMeas: power level measurement
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Glossary of Terms

ACPR adjacent channel power ratio

ARIB Association of Radio Industries and Business
BPSK binary phase shift keying

BRAN broadband radio access network

CIR channel impulse response

CSMA/CA |carrier sense multiple access/collision avoidance

ETSI European Telecommunication Standard
Institute

EVM error vector magnitude

FEC forward error correction

FFT fast fourier transform

GI guard interval

HIPERLAN |high performance local area network
HISAW high-speed wireless area network

IEEE Institute of Electrical and Electronic Engineering
IFFT inverse fast fourier transform

MAC medium access control

MMAC multimedia mobile access communication
OFDM orthogonal frequency division multiplexing
PA power amplifier

PHY physical layer

PHY-SAP |physical layer service access point

PPDU PLCP protocol data unit

PSDU PLCP service data unit

QAM quadrature amplitude modulation

QPSK quadrature phase shift keying

Sbu service data unit

WLAN wireless local area network
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Channel and Channel Coding
Components

WLAN 11aConvDecoder (wlan)
WLAN ConvCoder (wlan)
WLAN ConvDecoder (wlan)
WLAN Deinterleaver (wlan)
WLAN Interleaver (wlan)
WLAN PuncCoder (wlan)
WLAN PuncCoderP1 (wlan)
WLAN PuncConvCoder (wlan)
WLAN PuncDecoder (wlan)
WLAN PuncDecoderl (wlan)
WLAN PuncDecoderP1 (wlan)
WLAN Scrambler (wlan)
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WLAN_11aConvDecoder

WLAN

APy 2

TaComie

Description 11a viterbi decoder
Library WLAN, Channel Coding

Class SDFWLAN_11aConvDecoder
Derived From WLAN_ViterbiDecoder1l

Parameters
Name Description Default Type Range
TrunlLen path memory truncation length 60 int [20, 200)
InputFramelen |input bits 288 int [2, o0)
Pin Inputs
Pin Name Description Signal Type
1 |input |code words to be viterbi- real

decoded.
Pin Outputs

Pin Name Description Signal Type
2 |output decoded bits. |int

Notes/Equations

1. This component is used to viterbi-decode the input code words burst by burst and the

initial state of the decoder is all zero. InputFramelLen/2 output tokens are produced
when InputFramelen input tokens are consumed.
. Viterbi Decoding Algorithm
CC(2,1,7) is used as an example in the following algorithm. The generator functions
of the code are: g0 which equals 133 (octal) and g1 which equals 171 (octal).
Because the constraint length is 7, there are 64 possible states in the encoder. In the
Viterbi decoder all states are represented by a single column of nodes in the trellis at
every symbol instant. At each node in the trellis, there are 2 merging paths; the path
with the shortest distance is selected as the survivor.
In WLAN systems, the encoded packets are very long; it is impractical to store the
entire length of the surviving sequences before determining the information sequence
when decoding delay and memory is concerned. Instead, only the most recent L
information bits in each surviving sequence are stored. Once the path with the
shortest distance is identified, the symbol associated with the path L periods ago is
conveyed to the output as a decoded information symbol. Generally, parameter L
(normally L = 5K) is sufficiently large for the present symbol of the surviving
sequences to have a minimum effect on decoding of the L th previous symbol. In
WLAN systems, L=TrunLen.
The following is the Viterbi algorithm for decoding a CC(n,k,K) code, where K is the
constraint length of convolutional code. In our components, the convolutional code is
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processed with k=1.
Branch Metric Calculation

(o)

Branch metric ™ J , at the J th instant of the a path through the trellis is defined as
the logarithm of the joint probability of the received n-bit symbol

rjlr]---rjn

conditioned on the estimated transmitted n-bit symbol

(o) [ o)
C_‘i'. 1 C“i'z . C_‘i'..l'!

for the a path. That is,

I

3

m[cj-] = In

n
[1203le, )
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= ZlnPer-i|cJ-i ).

If receiver is regarded as a part of the channel, for the Viterbi decoder the channel
can be considered as an AWGN channel. Therefore,

Eid

fo)

m= Y T
-

Path Metric Calculation

(o)
The path metric M™ for the a path at the J th instant is the sum of the branch
metrics belonging to the a path from the first instant to the J th instant. Therefore,

J
i) o)
M = Zm F

i=1

Information Sequence Update

There are 2 K merging paths at each node in the trellis and the decoder selects from

O, Oy, oo o O . .
paths } - the one having the largest metric, namely,

(0 4)
&
v M T

[ Gia)

[ 0y)
maxM Y M

and this path is known as the survivor.

Decoder Output

When the survivor has been determined at the J th instant, the decoder outputs the (
J-L )th information symbol from its memory of the survivor with the largest metric.

References

1. IEEE Std 802.11a-1999, "Part 11: Wireless LAN Medium Access Control (MAC) and
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WLAN_ConvCoder

Description Convolutional coding the input bits
Library WLAN, Channel Coding

Class SDFWLAN_ConvCoder

Pin Inputs

Pin Name Description Signal Type

1 |input |bits to be int
coded
Pin Outputs

Pin Name Description Signal Type
2 |output|coded bits |int

Notes/Equations

1. This model is used to perform normal convolutional encoding of data rate 1/2 over
the input signal.
Each firing, 1 token is consumed and 2 tokens are produced.

2. Referring to the following figure, the generator polynomial is G 1 = 133 for output

oct

Aand G2 =171

oct for output B.

\\ Y
A __97.,_ Output Data B

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

Description Bit by bit viterbi decoder for 11a convolutional code
Library WLAN, Channel Coding

Class SDFWLAN_ConvDecoder

Derived From WLAN_ViterbiDecoder

Parameters

Name Description Default Type Range
SymbolLen |path memory truncation length |10 int (0, c0)
Pin Inputs

Pin Name Description Signal Type

1

input |The code words to be viterbi-decoded. real

Pin Outputs

Pin Name Description Signal Type

2

output the decoded int

bits.

Notes/Equations

1.

2.

This component is used to viterbi-decode the input code words. CC(2,1,7) and g0
133 g1 171 is decoded . There is a delay, the length of which is equal to the memory
length of convolutional code. Padding bits detect when the code words end.
One output token is produced when 2 input tokens are consumed.
The Viterbi decoding algorithm is described, using CC(2,1,7) as an example.
Generator functions of the code are g0 which equals 133 (octal), and g1 which equals
171 (octal).
Because the constraint length is 7, there are 64 possible states in the encoder. In the
Viterbi decoder all states are represented by a single column of nodes in the trellis at
every symbol instant. At each node in the trellis, there are 2 merging paths; the path
with the shortest distance is selected as the survivor.
In WLAN systems, the encoded packets are very long; it is impractical to store the
entire length of the surviving sequences before determining the information sequence
when decoding delay and memory is concerned. Instead, only the most recent L
information bits in each surviving sequence are stored. Once the path with the
shortest distance is identified the symbol associated with the path L periods ago is
conveyed to the output as a decoded information symbol. Generally, parameter L is
sufficiently large, normally L = 5K, for the present symbol of the surviving sequences
to have a minimum effect on decoding of the L th previous symbol. In WLAN
systems, L=8xSymbolLen.
The following is the Viterbi algorithm for decoding a CC(n,k,K) code, where K is the
constraint length of convolutional code. In our components, the convolutional code is
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processed with k=1.
Branch Metric Calculation

(o)

Branch metric ™ J , at the J th instant of the a path through the trellis is defined as

the logarithm of the joint probability of the received n-bit symbol /172 in

conditioned on the estimated transmitted n-bit symbol
o) (o) o)

<1 %2 Sn for the a path. That is,

HP( Llcﬂ J

a—l

Z InP(r l|c.~ ').

If Rake receiver is regarded as a part of the channel, for the Viterbi decoder the
channel can be considered as an AWGN channel. Therefore,

= In

Path Metric Calculation

(o)
The path metric M for the a path at the J th instant is the sum of the branch
metrics belonging to the a path from the first instant to the J th instant. Therefore,

o

Information Sequence Update

o, Oy, ...,
There are 2 K merging paths at each node in the trellis; from paths s >* the

decoder selects the one having the largest metric, namely,
(CLs) (s

oy ) - ) 5
max(M M ..M ).

this path is known as the survivor.
Decoder Output
When the two survivors have been determined at the J th instant, the decoder

outputs the ( J-L )th information symbol from its memory of the survivor with the
largest metric.

References

1. IEEE Standard 802.11a-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer in the 5 GHz

228



Advanced Design System 2011.01 - WLAN Design Library
Band," 1999.
2. S. Lin and D. J. Costello, Jr., Error Control Coding Fundamentals and Applications ,
Prentice Hall, Englewood Cliffs NJ, 1983.

229



Advanced Design System 2011.01 - WLAN Design Library

WLAN_Deinterleaver

WLAN

ol e ol ok
ki

Description Deinterleave the input bits
Library WLAN, Channel Coding
Class SDFWLAN_Deinterleaver

Parameters

Name Description Default Type

Rate |data rate: Mbps_6, Mbps_9, Mbps_12, Mbps_18, Mbps_24, Mbps_27, Mbps_36, Mbps_6 |enum
Mbps_48, Mbps_54

Pin Inputs

Pin Name Description Signal Type
1 Jinput |input bits to be deinterleaved real
Pin Outputs

Pin Name Description Signal Type

2 output |deinterleaved real
bits

Notes/Equations

1. This model is used as a deinterleaver for HIPERLAN/2 and IEEE 802.11a. It performs
the inverse relation of an interleaver and is defined by two permutations.
j will be used to denote the index of the original received bit before the first
permutation; i denotes the index after the first and before the second permutation; k
denotes the index after the second permutation, just prior to delivering the coded
bits to the convolutional (Viterbi) decoder.
The first permutation is defined by

i = s x floor(j/s) + (j + floor(16 X j/ N ~gps)) modsj=0,1, ... N -gps - 1
The value of s is determined by the number of coded bits per subcarrier N 555
according to

s =max( N pgps /2, 1)

The second permutation is defined by

where N 5pc and N ~5pc are determined by data rates listed in the following table.
230



Advanced Design System 2011.01 - WLAN Design Library

Rate-Dependent Values

Data Rate Modulation Coding |Coded Bits per Coded Bits per Data bits per

(Mbps) Rate (R) Subcarrier OFDM Symbol |OFDM Symbol
(NBPSC) (NCBPS) (NDBPS)

6 BPSK 1/2 1 48 24

9 BPSK 3/4 1 48 36

12 QPSK 1/2 2 96 48

18 QPSK 3/4 2 96 72

24 (IEEE 802.11a) |16-QAM 1/2 4 192 96

27 (HIPERLAN/2) |16-QAM 9/16 4 192 108

36 16-QAM 3/4 4 192 144

48 (IEEE 802.11a) 64-QAM 2/3 6 288 192

54 64-QAM 3/4 6 288 216

References

1. IEEE Standard 802.11a-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer in the 5 GHz
Band," 1999.

2. ETSITS 101 475 v1.1.1, "Broadband Radio Access Networks (BRAN); HIPERLAN Type
2; Physical (PHY) layer," April, 2000.
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LAN_Interleaver

i

Description Interleave the input bits

Libr

ary WLAN, Channel Coding

Class SDFWLAN_Interleaver

Parameters

Name Description Default Type

Rate

data rate: Mbps_6, Mbps_9, Mbps_12, Mbps_18, Mbps_24, Mbps_27, Mbps_36, Mbps_6 |enum
Mbps_48, Mbps_54

Pin Inputs

Pin
1

Name Description Signal Type

input |input bits to be int
interleaved

Pin Outputs

Pin
2

Name |Description Signal Type

output interleaved int
bits

Notes/Equations

1.

This model is used for HIPERLAN/2 and IEEE 802.11a. Encoded data bits are
interleaved by a block interleaver with a block size corresponding to the number of
bits in a single OFDM symbol, N -gps -

The interleaver is defined by a two-step permutation. The first permutation ensures
that adjacent coded bits are mapped onto nonadjacent subcarriers. The second
permutation ensures that adjacent coded bits are mapped alternately onto less and
more significant bits of the constellation, thereby avoiding long runs of low reliability
bits.

k will be used to denote the index of the coded bit before the first permutation; i will
denote the index after the first and before the second permutation; j will denote the
index after the second permutation, just prior to modulation mapping.

The first permutation is defined by

i = (N gps /16) (k mod 16) + floor(k/16) k = 0, 1, ..., N cgps - 1

The function floor (.) denotes the largest integer not exceeding the parameter.
The second permutation is defined by
j =s x floor(i/s) + (i + N -gpg - floor(16 x i/ N ~gps)) modsi=0,1,..N

-1
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CBPS

where

s is determined by the number of coded bits per subcarrier N 555

according to

s=max (N pgps /2, 1)

where N 5ps and N g5 are determined by data rates listed in the following table.

Rate-Dependent Values

Data Rate Modulation Coding Coded Bits per Coded Bits per [Data Bits per
(Mbps) Rate (R) |Subcarrier OFDM Symbol OFDM Symbol
(NBPSC) (NCBPS) (NDBPS)
6 BPSK 1/2 1 48 24
9 BPSK 3/4 1 48 36
12 QPSK 1/2 2 96 48
18 QPSK 3/4 2 96 72
24 (IEEE 802.11a) 16-QAM 1/2 4 192 96
27 (HIPERLAN/2) 16-QAM 9/16 4 192 108
36 16-QAM 3/4 4 192 144
48 (IEEE 802.11a) 64-QAM 2/3 6 288 192
54 64-QAM 3/4 6 288 216
References
1. IEEE Standard 802.11a-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer in the 5 GHz
Band," 1999,
2. ETSITS 101 475 v1.1.1, "Broadband Radio Access Networks (BRAN); HIPERLAN Type

2; Physical (PHY) layer," April, 2000.
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WLAN_PuncCoder

WLAN

1 : "2

Description Puncture coder
Library WLAN, Channel Coding
Class SDFWLAN_PuncCoder

Parameters

Name Description Default Type

Rate |data rate: Mbps_6, Mbps_9, Mbps_12, Mbps_18, Mbps_24, Mbps_27, Mbps_36, Mbps_6 |enum
Mbps_48, Mbps_54

Pin Inputs

Pin Name Description Signal Type
1 |input |input signal to be perforated anytype
Pin Outputs

Pin Name Description Signal Type
2 |output output signal after perforated anytype

Notes/Equations

1. This model is used to perforate the input convolutional code to produce a punctured
convolutional code. Each firing, K tokens are consumed and N tokens are produced;
K and N are determined by Rate according to the following table.

Rate K |N
Mbps_6 2 2
Mbps_9 6 4
Mbps_12 2 2
Mbps_18 6 |4

Mbps_24 (IEEE 802.11a) 2 2
Mbps_27 (HIPERLAN/2) (18|16

Mbps_36 6 4
Mbps_48 (IEEE 802.11a) |4 |3
Mbps_54 6 |4

2. Typically, punctured convolutional code is generated by perforating a mother
convolutional code according to a certain pattern to achieve a different data rate.
This model determines the perforation pattern according to the Rate selected; the
input convolutional coded bits are read to determine whether to output the input bit
or simply discard it according to the pattern in the following figure.
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WLAN_PuncCoderP1

WLAMN

’_2

Description Puncture coder pattern P1
Library WLAN, Channel Coding
Class SDFWLAN_PuncCoderP1

Pin Inputs

Pin Name Description Signal Type
1 |input |input signal to be perforated anytype

Pin Outputs

Pin Name Description Signal Type

2 |output output signal after perforated anytype

Notes/Equations

1. This model is used to perforate the input convolutional code to produce a punctured
convolutional code. 26 tokens are consumed at input port and 24 tokens are
produced after the star is fired.

2. Punctured convolutional code is usually generated by perforating a mother
convolutional code according to a certain pattern. This model is rate independent. It
reads the input convolutional coded bits and determines either to output the input bit
or simply discard it according to the pattern given in the following table.

PDU-Wise Bit Numbering Puncture Pattern Transmit Sequence
(after pallel-to-serial conversion)

0-155 X: LLLHOLILLLIG Y X5 Y5 X3 ¥ 35X 4 Y 4 X5 Y5 X6V g
' XgY7XgYgX10YgX11Y10X12Y11X13Y 12
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WLAN_PuncConvCoder

WLAN [

Description Punctured convolutional encoder
Library WLAN, Channel Coding
Class SDFWLAN_PuncConvCoder

Parameters

Name Description Default Type Range

Rate |rate determining punctured convolutional code type: Mbps_6, Mbps_9, Mbps_6 |enum
Mbps_12, Mbps_18, Mbps_24, Mbps_27, Mbps_36, Mbps_48, Mbps_54

Length joctet number of PSDU 100 int [1,
4095]

Pin Inputs

Pin Name Description Signal Type
1 |input |signal to be encoded |int
Pin Outputs

Pin Name Description [Signal Type
2 |output lencoded signal |int

Notes/Equations

1. This subnetwork is used to perform punctured convolutional encoding over the input
signal. The schematic for this subnetwork is shown in the following figure.

@ws @

R

Canal

-

ConstInt

LA N LA N LULA N

. e e P m < [l e
Ll Ll Ll Ll
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WWLAN_CommCtdZ  WLAN_Comv Coder  WYLAN_DistCirl2 WLAN_Panc Coder

WLAN_PuncConvCoder Schematic

2. A convolutional coding model is used to encode into mother convolutional code of
data rate 1/2. A puncture encoder model is used to generate punctured convolutional
code. The Rate parameter determines the type of WLAN punctured convolutional
code.
Before convolutional coding, 8 zero bits are inserted after NDATA bits. Before
punctured coding, 16 zero bits are discarded. The number of OFDM symbols (DATA
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part) N gy is:

N sy = Ceiling ((16 + 8 x Length + 6) / N pgps )

where N 55 is determined by data rate according to the following table.
NDATA is NDBPS x N ¢y .

*Data Rate Modulation |*Coding |Coded Bits per |[Coded Bits per Data Bits per

(Mbps)* Rate (R)* |Subcarrier OFDM Symbol OFDM Symbol
(NBPSC) (NCBPS) (NDBPS)

6 BPSK 1/2 1 48 24

9 BPSK 3/4 1 48 36

12 QPSK 1/2 2 96 48

18 QPSK 3/4 2 96 72

24 16-QAM 1/2 4 192 96

27 16-QAM 9/16 4 192 108

36 16-QAM 3/4 4 192 144

48 64-QAM 2/3 6 288 192

54 64-QAM 3/4 6 288 216

3. Referring to the following figure, the generator polynomial G 1 = 133
isand G2 =171

oct for A output

oct for B output.

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

WLAN
i i: . 2

Description Puncture decoder
Library WLAN, Channel Coding
Class SDFWLAN_PuncDecoder

Parameters

Name Description Default Type

Rate |data rate: Mbps_6, Mbps_9, Mbps_12, Mbps_18, Mbps_24, Mbps_27, Mbps_36, Mbps_6 |enum
Mbps_48, Mbps_54

Pin Inputs

Pin Name Description Signal Type

1 |input |input signal to be real
refilled

Pin Outputs

Pin Name Description Signal Type
2 |output joutput signal after refilled |real

Notes/Equations

1. This model is used to refill the coding that was perforated during the puncture
encoding process. It interpolates a zero value to the punctured data stream to form a
full-length data stream. The perforation pattern is determined based on Rate, it then
interpolates zero into the input bits to form the output.

Each firing, K tokens are consumed and N tokens are produced. K and N are
determined according to the following table.

Rate K |N
Mbps_6 2 2
Mbps_9 4 |6
Mbps_12 2 2
Mbps_18 4 |6

Mbps_24 (IEEE 802.11a) |2 |2
Mbps_27 (HIPERLAN/2) |16 |18

Mbps_36 4 |6
Mbps_48 (IEEE 802.11a) |3 4
Mbps_54 4 |6

239



Advanced Design System 2011.01 - WLAN Design Library

X, K5 | Ko | %o | X |

Source ata | HE.| X M3 ‘ Ky

Al A % Ayl oAy /,,; Ay A, % i,
Fmended Data . 7 . ’A Stalen Big
Bﬂgﬁ: By 5/ B |3..g|3l

Bit Stolen Dt

(sentireceived data) | Bo A B2 A{Ba| AdBe| AqBo| Aq 55x|

- N %
Tt Tnserted Diata Ao A_L\& As A*\. \ As A_:\'\. ﬁ Inserted Dummy Bl
Bﬂ\hl\ﬂﬂ B-\B_.L BU&BL

M bl

Decoded Data |!-'u |!-’1 |:_,2
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WLAN_PuncDecoderl

[ WLAN

Description Punctured convolutional decoder

Library WLAN, Channel Coding
Class SDFWLAN_PuncDecoderl

Parameters
Name Description Default Type Range
Rate rate determining punctured convolutional code type: Mbps_6, Mbps_9, Mbps_6 |enum

Mbps_12, Mbps_18, Mbps_24, Mbps_27, Mbps_36, Mbps_48, Mbps_54

SymbolLen |path memory truncation length
Pin Inputs

Pin Name Description Signal Type
1 |input [signal to be real

decoded
Pin Outputs

Pin Name Description [Signal Type
2 |output |decoded signal |real

Notes/Equations

10 int  |(0, o)

1. This subnetwork is used to perform punctured convolutional decoding of data rate
1/2 over the input signal. The schematic is shown in the following figure.

WL AN PAL AN

>

WLAN PuncDecoder WLAN ConvDecoder

WLAN_PuncDecoderl Schematic

Punctured convolutional encoded input is decoded to normal convolutional coded
data. A general Viterbi convolutional decoder is used for further decoding.

The data rate of the mother convolutional code is 1/2; generator polynomials for X
outputisG ; =171 ,,and G, = 133, for Y output.

References
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WLAN_PuncDecoderP1

WWLAN
1 -:: >

Description Puncture decoder pattern P1
Library WLAN, Channel Coding
Class SDFWLAN_PuncDecoderP1

Pin Inputs
Pin Name Description Signal Type
1 |input |input signal to be real
refilled
Pin Outputs
Pin Name Description Signal Type

2 |output |output signal after refilled real

Notes/Equations

1. This model depunctures data that was perforated during the puncture encoding
process.
Each firing, 24 tokens are consumed at input port and 26 tokens are produced.
2. This model is rate independent. It interpolates zero value to the punctured data
stream to form a full-length data stream according to the pattern shown in the
following table.
PDU-Wise Bit Numbering Puncture Pattern Transmit Sequence
(after pallel-to-serial conversion)
0-155 X: 1111110111111 X ;Y X5 Y 5 X3 Y3 X, Y 4, XsY s XY

Y: 1111111111110
XgY7XgYgXi1gYgX11Y10X12Y11X13Y 12
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WLAN_Scrambler

WLAN
01101 |

Description Scramble the input bits
Library WLAN, Channel Coding
Class SDFWLAN_Scrambler

Parameters
Name |Description Default Type |Range
InitState |initial state of scrambler 101110 |int Oorl
1 array array size
is7
Length |octet number of PSDU 100 int [1, 4095]
Rate data rate: Mbps_6, Mbps_9, Mbps_12, Mbps_18, Mbps_ 24, Mbps_6 enum
Mbps_27, Mbps_36, Mbps_48, Mbps_54
Pin Outputs
Pin Name Description Signal Type
1 |output scramble int
sequence

Notes/Equations

1. This model is used for HIPERLAN/2 and IEEE 802.11a to generate scramble sequence
used for scrambling and descrambling.
The length-127 frame synchronous scrambler (the following figure) uses the
generator polynomial S(x) as follows. 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

The same scrambler is used to scramble transmitted data and descramble received
data.

[ata In

Descrambled
Data Chut

244



Advanced Design System 2011.01 - WLAN Design Library

Data Scrambler

2. According to IEEE 802.11a, the initial state of the scrambler is set to a pseudo

random non-zero state. The seven LSBs of the SERVICE field will be set to all zeros
prior to scrambling to enable estimation of the initial state of the scrambler in the
receiver.

. According to HIPERLAN/2, all PDU trains belonging to a MAC frame are transmitted

by using the same initial state for scrambling. Initialization is performed as follows:

Broadcast PDU train in case AP uses one sector: scrambler initialized at the
5th bit of BCH, at the 1st bit of FCH, at the 1st bit of ACH without priority,
and at the 1st bit of ACH with priority.

Broadcast PDU train in case AP uses multiple sectors: scrambler initialized
at the 5th bit of BCH.

FCH and ACH PDU train transmitted only in the case of a multiple sector
AP: scrambler initialized at the 1st bit of FCH, at the 1st bit of ACH without
priority, and at the 1st bit of ACH with priority.

Downlink PDU train, uplink PDU train with short preamble, uplink PDU train
with long preamble, and direct link PDU train: scrambler initialized at the
1st bit of the PDU train.

The initial state is set to a pseudo random non-zero state determined by the Frame
counter field in the BCH at the beginning of the corresponding MAC frame. The Frame
counter field consists of the first four bits of BCH, represented by (n4n3n2n1),

and is transmitted unscrambled. n 4 is transmitted first. The initial state is derived by
appending (n4n3n2n1),tothe fixed binary number (111) , in the form (111 n

4n3n2n1l),.Forexample, if the Frame counter is given as (0100) , , the initial
state of the scrambler will be (1110100) , . The transport channel content starting
with (10011101000) , will be scrambled to (00111110011) , .
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Measurements for WLAN Design Library

WLAN 80211a BERPER (wlan)
WLAN 80211a Constellation (wlan)
WLAN 80211a EVM (wlan)

WLAN 80211a RF EVM (wlan)
WLAN DSSS CCK PBCC EVM (wlan)
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WLAN_80211a_BERPER

BERPER

Description Bit and packet error rate measurements sink
Library WLAN, Measurements
Class SDFWLAN_80211a_BERPER

Parameters

Name Description Default Type Range

Length joctet number of PSDU |256 int [1, 4095]

Delay |delay number of PSDUs |2 int [0, )

Start |start frame of PSDUs 100 int [0, o)

Stop |stop frame of PSDUs 100 int [Start,
)

Pin Inputs

Pin Name Description Signal Type

1 |ref reference input PSDU |int
2 |test received PSDU int

Notes/Equations

1. This subnetwork measures bit and packet error rates. The schematic for this
subnetwork is shown in the following figure.
The reference signal of IEEE 802.11a and the received signal inputs are fed into this
subnetwork; bit and packet error rates are saved and can be displayed in a Data
Display window.
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WLAN_80211a_BERPER Schematic
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WLAN_80211a_Constellation

Description Constellation measurement sink
Library WLAN, Measurements
Class SDFWLAN_80211a_Constellation

Parameters
Name Description Default Type |Range
Length joctet number of PSDU 256 int [1,
4095]
Rate |data rate: Mbps_6, Mbps_9, Mbps_12, Mbps_18, Mbps_24, Mbps_27, Mbps_6 lenum
Mbps_36, Mbps_48, Mbps_54
Nf number of frames for the measurement 1 int [1, o)
Pin Inputs
Pin Name Description Signal Type
1 |input received signal to be complex
tested

Notes/Equations

1. This subnetwork integrates symbol demultiplexer WLAN_DemuxOFDMSym and
SIGNAL and DATA signals demultiplexer WLAN_DemuxSigData, and sinks.
The schematic for this subnetwork is shown in the following figure. Sinks named
Constellation, QAMConstellation, and BPSKConstellation show OFDM symbol, DATA,
and SIGNAL constellations, respectively. Results are saved and can be displayed in a
Data Display window.
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WLAN_80211a_Constellation Schematic
2. QAMConstellation shows constellations based on Rate values given in the following
table.

Rate-Dependent Values

Data Rate (Mbps) Modulation

6 BPSK
9 BPSK
12 QPSK
18 QPSK
24 16-QAM
27 16-QAM
36 16-QAM
48 64-QAM
54 64-QAM
References

1. IEEE Standard 802.11a-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer in the 5 GHz
Band," 1999,
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WLAN_80211a_EVM

1 802.11a
P EVWM

Description 802.11a EVM measurement
Library WLAN, Measurements
Class TSDF_WLAN_80211a_EVM

Parameters
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Name Description Default Unit Type Range
RLoad load resistance. DefaultRLoad |DefaultRLoad Ohm real (0, )

will inherit from the DF

controller.
RTemp physical temperature, in DefaultRTemp Celsius|real |[-273.15, o)

degrees C, of load resistance.
DefaultRTemp will inherit from
the DF controller.

FCarrier carrier frequency 5.2e9 Hz real (0, o)

Start start time for data recording. |DefaultTimeStart sec real |[0, o0)
DefaultTimeStart will inherit
from the DF Controller.

AverageType average type: Off, RMS RMS (Video) enum
(Video)

FramesToAverage number of frames that will be |20 int [1, )
averaged if AverageType is
RMS (Video)

DataSubcarrierModulation /modulation format of the data |Auto Detect enum

subcarriers: Auto Detect,
BPSK, QPSK, QAM 16, QAM
64

GuardInterval guard interval time, 0.25 real |[0, 1]
expressed as a fraction of the
FFT time length

SearchLength search length 1.0e-3 sec real |(0, o0)

ResultLengthType Auto Select automatically Auto Select enum
decides the ResultLength
value, whereas Manual
Override sets it to the
specified value: Auto Select,
Manual Override

ResultLength result length when 60 int [1, 1367]
ResultLengthType is set to
Manual Override. If
ResultLengthType is set to
Auto Select then this value is
used as the maximum
ResultLength.

MeasurementOffset measurement offset 0 int [0, o)
MeasurementInterval measurement interval 11 int [1, c0)
SubcarrierSpacing spacing between subcarriers |312.5e3 Hz real [(0, c0)
in Hz
SymbolTimingAdjust amount of time (expressed as |-3.125 real |[-
a percent of the FFT time 100*GuardInterval,
length) to back away from the 0]

end of the symbol time when
deciding the part of the
symbol that the FFT will be
performed on

Sync determines whether Short Training enum
synchronization will be based |Seq
on a short or long preamble
symbol sequence: Short
Training Seq, Channel
Estimation Seq

Pin Inputs
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Pin Name Description |[Signal Type
1 Jinput |input signal |timed

Notes/Equations

1. This component performs an EVM measurement for an 802.11a WLAN signal. The
input signal must be a timed RF (complex envelope) signal or the component will
error out. This measurement provides results for EVMrms_percent, EVM_dB,
PilotEVM_dB, CPErms_percent, IQ_Offset_dB, and SyncCorrelation. To use these
results in an ael expression or in the Goal expression in an optimization setup, you
must prefix them with the instance name of the component followed by a dot, for
example W1.EVM_dB .

Following is a brief description of the algorithm used (the algorithm used is the same
as the one used in the Agilent 89600 VSA) and a detailed description of the
parameter usage. The following figure shows the structure of an OFDM burst. Many of
the terms mentioned later in these notes such as the preamble, SIGNAL symbol,
DATA symbols, guard intervals (GI) are shown in this figure.
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Structure of an OFDM Burst.

2. 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. The recommended minimum duration for idle part is 2
psec.

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 x burstLength + 3 x idle, where burstLength is the
duration of a burst in seconds and idle is the duration of the idle part in seconds. If it
is known that Start is close to the beginning of a burst then SearchLength can be set
to burstLength + 2 x idle. 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 based on the value of the
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Sync parameter. 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.
. 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 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.
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 final result.
. With the DataSubcarrierModulation parameter the designer can specify the data
subcarrier modulation format. If DataSubcarrierModulation is set to Auto Detect , the
algorithm will use the information detected within the OFDM burst (SIGNAL symbol -
RATE data field) to automatically determine the data subcarrier modulation format.
Otherwise, the format determined from the OFDM burst will be ignored and the
format specified by the DataSubcarrierModulation parameter will be used in the
demodulation for all data subcarriers. This parameter has no effect on the
demodulation of the pilot subcarriers and the SIGNAL symbol, whose format is
always BPSK.
. The GuardInterval parameter specifies the guard interval (also called cyclic
extension) length for each symbol time, as a fraction of the FFT time period. The
value must match the guard interval length actually used in the input signal in order
for the demodulation to work properly.
. The ResultLengthType and ResultLength parameters control how much data is
acquired and demodulated.

When ResultLengthType is set to Auto Select, the measurement result
length is automatically determined from the information in the decoded
SIGNAL symbol (LENGTH data field). In this case, the parameter
ResultLength defines a maximum result length for the burst in symbol
times; that is, if the measurement result length that is automatically
detected is bigger than ResultLength it will be truncated to ResultLength.
When ResultLengthType is set to Manual Override , the measurement result
length is set to ResultLength regardless of what is detected from the
SIGNAL symbol of the burst. The value specified in ResultLength includes
the SIGNAL symbol but does not include any part of the burst preamble.

The following table summarizes the differences between how Auto Select and Manual
Override modes determine the measurement result length. The table lists the
measurement result lengths actually used for Auto Select and Manual Override
modes for three different values of the ResultLength parameter (30, 26 and 20
symbol-times). It is assumed that the input burst is 26 symbol-times long.

ResultLength Parameter Settings
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ResultLength Type ResultLength Measurement Result Length Actually Used

Auto Select 20 20
Auto Select 26 26
Auto Select 30 26
Manual Override 20 20
Manual Override 26 26
Manual Override 30 30

Note that when ResultLengthType is set to Manual Override and ResultLength=30
(greater than the actual burst size) the algorithm will demodulate the full 30 symbol-
times even though this is 4 symbol-times beyond the burst width.

. With the MeasurementInterval and MeasurementOffset parameters the designer can
isolate a specific segment of the ResultLength for analysis. Only the segment
specified by these two parameters will be analyzed in order to get the EVM results.
The following figure shows the interrelationship between the SearchLength,
ResultLength, MeasurementInterval, and MeasurementOffset.

L Search Length (ms) >
-« Pulse (Burst) >
Preamble Symbol-times
< pd

Result Length

R —

I‘ﬂeasur:ament Measurement
Offset Interval

Interrelationship between SearchLength, ResultLength, MeasurementInterval, and MeasurementOffset.

. With SubcarrierSpacing parameter the designer can specify 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.

. 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.
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WLAN_80211a_RF_EVM

Description 802.11a EVM Measurement
Library WLAN, Measurements

Class TSDFWLAN_80211a_RF_EVM
Derived From WLAN_ReceiverBase

Parameters

Name
RIn
ROut
RTemp

GainImbalance

PhaseImbalance

RefFreq
Sensitivity
Phase
Length
Rate

Order
ScramblerInit
GuardType

GuardInterval

TSYM

Idle
FreqOffset
Nf

Start

Stop

Description

input resistance

output resistance

physical temperature, in degrees C

gain imbalance in dB, Q channel relative to I
channel

phase imbalance in degrees, Q channel
relative to I channel

internal reference frequency
voltage output sensitivity, Vout/Vin
reference phase in degrees

octet number of PSDU

data rate: Mbps_6, Mbps_9, Mbps_12,
Mbps_18, Mbps_24, Mbps_27, Mbps_36,
Mbps_48, Mbps_54

FFT points=2/~Order
initial state of scrambler

type of guard interval: T/2, T/4, T/8, T/16,
T/32, UserDefined

guard interval defined by user

one OFDM symbol interval

padded number of zeros between two bursts
actual frequency offset

number of frames for the measurement

sample number to start collecting numeric
data

sample number to stop collecting numeric
data

t for each array element: array size must be 7.

Pin Inputs
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Default
DefaultRIn
DefaultROut
DefaultRTemp

0.0
0.0

5200MHz
1

0.0

256
Mbps_6

6
1011101
T/4

16

4e-6
0
0.0
30

DefaultNumericStart

DefaultNumericStop

Unit Type

Ohm |real

Ohm |real
real

real

real

Hz |real
real

deg |real
int
enum

int
int
array
enum

int
sec |real
int
Hz |real
int
int

int

Range
(0, @)
(0, @)

[-273.15,
)

(_ool OO)
(-OO, OO)

(0, o)
(-wl w)
(_ool oo)

[1, 4095]

[6, 11]
{0, 1}t

[0, 2 Order
]

(0, @)

[0, =)
(-00, )

[1, o) see
Note 3

[0, )

[Start, o0)
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Pin Name Description Signal Type
1 |ActualSig RF signal timed
2 |RefSig reference signal complex

Notes/Equations

1. This subnetwork measures the error vector magnitude of IEEE 802.11a.
The schematic for this subnetwork is shown in the following figure. IEEE 802.11a
timed RF signal and baseband signal (that serves as reference signal for EVM) are fed
into this subnetwork. EVM results can be displayed in a Data Display window.
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WLAN_80211a_RF_EVM Schematic
2. Nfis the number of frames used to generate an averaged EVM_Results value. Start
and Stop define the number (or frame) to start collecting EVM_Results and to stop
collecting EVM_Results, respectively. If Start < Nf, then EVM_Results values for
indexes < Nf are the sum of the EVM values of all previous frames divided by Nf. For
example, if Nf is 5 and Start is 1, then the first EVM_Results value is EVM1 / 5
(where EVML1 is the EVM value of the first frame). The second EVM_Results value is
(EVM1 + EVM2) / Nf. Once the index reaches Nf, then the EVM_Results value will be
the average EVM of the first Nf frames. For values of index > Nf, the EVM_Results
value is the average EVM of the last (most recent) Nf frames. So, it is best to set
Start = Nf in the EVM simulation schematic. The first Nf-Start EVM_Results are not
correct if Start < Nf.
3. The baseband WLAN_EVM model determines the error vector magnitude. The
observed signal is tested in @ manner similar to an actual receiver.
o Start of frame is detected.
« Transition from short to channel estimation sequences is detected and fine
timing (with one sample resolution) is established.
Coarse and fine frequency offsets are estimated.
The packet is derotated according to estimated frequency offset.
The complex channel response coefficients are estimated for each subcarrier.
Each data OFDM symbol is transformed into subcarrier received values; the
phase from the pilot subcarriers is estimated; subcarrier values are rotated
according to the estimated phase; and, each subcarrier value is divided by a
complex estimated channel response coefficient.
» For each data-carrying subcarrier, the closest constellation point is determined
and the Euclidean distance from it is calculated.
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e« The RMS average of all errors in a packet is calculated using the formula

lsyuCarriers
v 2| 2 UG LR =Ll g k)" +(Qi 7, k) - Qgll, ], k)]
L li=1l k=1
Z Carriers xIN gy PD

Errorgys = £ N
where
Carriers is the number of subcarriers (48 or 52) in one OFDM symbol

Nstv is the length of the packet

Ny is the number of frames for the measurement

UoliJ, k), Boli. ), k) denotes the ideal symbol point of the i** frame,
i OFDM symbol of the frame,

B subcarrier of the OFDM symbol in the complex plane

(I, k), Q. J, k) denotes the observed point of the ©  frame,
¢h

J OFDM symbol of the frame,
th

k™ subcarrier of the OFDM symbol in the complex plane

Po is the average power of the constellation

4, The test must be performed over at least 20 frames hf, and the RMS average taken.
Packets under test must be at least 16 OFDM symbols long.

References

1. IEEE Standard 802.11a-1999, "Part 11: Wireless LAN Medium Access Control (MAC)

and Physical Layer (PHY) specifications: High-speed Physical Layer in the 5 GHz
Band," 1999.
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WLAN_DSSS_CCK_PBCC_EVM

v o SR
—» pace
EVM

Description EVM measurement for DSSS/CCK/PBCC WLAN signals (802.11b and

non-OFDM 802.119g)
Library WLAN, Measurements
Class TSDF_WLAN_DSSS_CCK_PBCC_EVM

Parameters
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Name Description Default Unit Type Range
RLoad load resistance. DefaultRLoad will inherit | DefaultRLoad Ohm |real (0, o)
from the DF controller.
RTemp physical temperature, in degrees C, of DefaultRTemp Celsius real |[-
load resistance. DefaultRTemp will 273.15,
inherit from the DF controller. )
FCarrier carrier frequency in Hz 2.4e9 Hz real |(0, o0)
Start start time for data recording. DefaultTimeStart sec real [[0, o0)
DefaultTimeStart will inherit from the DF
Controller.
AverageType average type: OFF, RMS (Video) RMS (Video) enum
FramesToAverage number of frames that will be averaged 20 int [1, o)
if AverageType is RMS (Video)
DataModulationFormat modulation format: Auto Detect, Barker |Auto Detect enum

1, Barker 2, CCK 5.5, CCK 11, PBCC 5.5,
PBCC 11, PBCC 22, PBCC 33

SearchlLength search length in sec 1.0e-3 sec real |(0, o0)

ResultLengthType setting of ResultLength (see description |Auto Select enum
of ResultLength parameter): Auto
Select, Manual Override

ResultLength result length (maximum result length) in 2816 int [1,
chips when ResultLengthType = Manual 108344]
Override (Auto Select)

MeasurementOffset measurement offset in number of chips |22 int [0, o0)

MeasurementInterval measurement interval in number of 2794 int [1, o)
chips

MirrorFrequencySpectrum |mirror the frequency spectrum: NO, YES |NO enum

ChipRate chip rate in Hz 11e6 Hz real |(0, o0)

ClockAdjust clock adjustment in chips 0.0 real |[-0.5,

0.5]

EqualizationFilter turn off/on the equalization filter: OFF, |OFF enum
ON

FilterLength equalization filter length 21 int [3, )T

DescrambleMode descramble mode: Off, Preamble Only, |On enum
Preamble & Header Only, On

ReferenceFilter reference filter: Rectangular, Gaussian |Rectangular enum

ReferenceFilterBT reference filter BT (used for Gaussian 0.5 real |[0.05,
filter) 100]

T FilterLength must be an odd number.
Pin Inputs

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

Notes

1. This component performs an EVM measurement for a CCK or PBCC WLAN burst. This
includes all WLAN 802.11b and 802.11g signals with hon-OFDM bursts. The input
signal must be a timed RF (complex envelope) signal or the component will error out.
This measurement provides results for:
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Avg_WLAN_80211b_1000_chip_Pk_EVM_pct: average EVM in percentage
as specified by the standard (section 18.4.7.8 Transmit modulation
accuracy in 802.11b specification; pages 55-57) except that the EVM value
is normalized
WLAN_80211b_1000_chip_Pk_EVM_pct: EVM in percentage as specified by
the standard (section 18.4.7.8 Transmit modulation accuracy in 802.11b
specification; pages 55-57) with the exception that the EVM value is
normalized versus frame
Avg_EVMrms_pct: average EVM rms in percentage as defined in the Agilent
89600 VSA
EVMrms_pct: EVM rms in percentage as defined in the Agilent 89600 VSA
versus frame
EVM_Pk_pct: peak EVM in percentage versus frame
EVM_Pk_chip_idx: peak EVM chip index versus frame
Avg_MagErr_rms_pct: average magnitude error rms in percentage
MagErr_rms_pct: magnitude error rms in percentage versus frame
MagErr_Pk_pct: peak magnitude error in percentage versus frame
MagErr_Pk_chip_idx: peak magnitude error chip index versus frame
Avg_PhaseErr_deg: average phase error in degrees
PhaseErr_deg: phase error in degrees versus frame
PhaseErr_Pk_deg: peak phase error in degrees versus frame
PhaseErr_Pk_chip_idx: peak phase error chip index versus frame
Avg_FreqError_Hz: average frequency error in Hz
FreqError_Hz: frequency error in Hz versus frame
Avg_IQ_Offset_dB: average IQ offset in dB
IQ_Offset_dB: IQ offset in dB versus frame
Avg_SyncCorrelation: average sync correlation
SyncCorrelation: sync correlation versus frame

Results named Avg_ are averaged over the number of frames specified by the
designer (if AverageType is set to RMS ( Video )). Results that are not named Avg_
are results versus frame. To use any of the results in an ael expression or in the Goal
expression in an optimization setup, you must prefix them with the instance name of
the component followed by a dot, for example W1.Avg_EVMrms_pct .

Following is a brief description of the algorithm used (the algorithm used is the same
as the one used in the Agilent 89600 VSA) and a detailed description of the
parameter usage.

. 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. The recommended minimum duration for idle part is 2
gsec.

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. Since the time instant specified by the Start parameter can be a little
after the beginning of a burst, it is recommended that SearchLength is set to a value
approximately equal to 2 x burstLength + 3 x idle, where burstLength is the
duration of a burst in seconds and idle is the duration of the idle part in seconds. If it
is known that Start is close to the beginning of a burst then SearchLength can be set
to burstLength + 2 x idle. 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
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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, the I and Q envelopes of the input signal are extracted. The
FCarrier parameter sets the frequency of the internal local oscillator signal for the I
and Q envelope extraction. Then synchronization is performed based on the
preamble. Finally, the burst is demodulated and analyzed to get the EVM
measurement results.
. 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 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; when a burst is detected it is demodulated
and analyzed. These steps are repeated until FramesToAverage bursts are processed.
If a burst is misdetected for any reason the results from its analysis are discarded.
The EVM results obtained from all successfully detected, demodulated, and analyzed
bursts are averaged to give the final averaged results. The EVM results from each
successfully analyzed burst are also recorded (in the variables that are not named
Avg_ ).
. With the DataModulationFormat parameter the designer can specify the modulation
format used in the PSDU part of the frame. If DataModulationFormat is set to Auto
Detect, the algorithm will use the information detected in the PLCP header part of the
frame to automatically determine the modulation format. Otherwise, the modulation
format determined from the PLCP header is ignored and the modulation format
specified by the DataModulationFormat parameter is used in the demodulation of the
PSDU part of the frame.
. The ResultLengthType and ResultLength parameters control how much data is
acquired and demodulated.

When ResultLengthType is set to Auto Select , the measurement result
length is automatically determined from the information in the PLCP header
part of the frame. In this case, the parameter ResultLength defines a
maximum result length for the burst in chips; that is, if the measurement
result length that is automatically detected is bigger than ResultLength it
will be truncated to ResultLength. The maximum result length specified by
the ResultLength parameter includes the PLCP preamble and PLCP header.
When ResultLengthType is set to Manual Override , the measurement result
length is set to ResultLength regardless of what is detected in the PLCP
header part of the frame. The result length specified by the ResultLength
parameter includes the PLCP preamble and PLCP header.

The following table summarizes how Auto Select and Manual Override modes
determine the measurement result length. The table lists the measurement result
lengths actually used for Auto Select and Manual Override modes for three different
values of the ResultLength parameter (3300, 2816 and 2200 chips). It is assumed
that the input burst is 2816 chips long.

ResultLength Parameter Settings
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ResultLengthType ResultLength Measurement Result Length Actually Used

Auto Select 2200 2200
Auto Select 2816 2816
Auto Select 3300 2816
Manual Override 2200 2200
Manual Override 2816 2816
Manual Override 3300 3300

Note that when ResultLengthType is set to Manual Override and ResultLength=3300
(greater than the actual burst size) the algorithm will demodulate the full 3300 chips
even though this is 484 chips beyond the burst width.

With the MeasurementInterval and MeasurementOffset parameters the designer can
isolate a specific segment of the ResultLength for analysis. Only the segment
specified by these two parameters will be analyzed in order to get the EVM results.
The values of MeasurementInterval and MeasurementOffset are in number of chips
and are relative to the ideal starting point of the PLCP preamble portion of the burst.
For a signal that uses the long PLCP format, the ideal starting point of the PLCP
preamble is exactly 128 symbol times (128 x 11 chips) before the start of the SFD
sync pattern. For a signal that uses the short PLCP format, the ideal starting point of
the PLCP preamble is exactly 56 symbol times (56 x 11 chips) before the start of the
SFD sync pattern.

The MirrorFrequencySpectrum parameter can be used to conjugate the input signal
(when MirrorFrequencySpectrum is set to YES ) before any other processing is done.
Conjugating the input signal is necessary if the configuration of the mixers in your
system has resulted in a conjugated signal compared to the one at the input of the
up-converter and if the preamble and header are short format. In this case, if
MirrorFrequencySpectrum is not set to YES the header bits (which carry the
modulation format and length information) will not be recovered correctly so the
demodulation of the PSDU part of the frame will most likely fail.

The ChipRate parameter specifies the fundamental chip rate of the signal to be
analyzed. The default is 11 MHz, which matches the chip rate of 802.11b and
802.11g; however, this parameter can be used when experimenting with signals that
do not follow the standard specifications. A special case is the optional 802.11g 33
Mbit PBCC mode, where the chip rate of the transmitted signal starts at 11 MHz, but
changes to 16.5 MHz in the middle of the burst. In this case ChipRate should still be
set to 11 MHz (the algorithm will automatically switch to 16.5 MHz at the appropriate
place in the burst).

Although the algorithm synchronizes to the chip timing of the signal, it is possible for
the synchronization to be slightly off. The ClockAdjust parameter allows the designer
to specify a timing offset which is added to the chip timing detected by the algorithm.
This parameter should only be used when trying to debug unusual signals.

The EqualizationFilter and FilterLength parameters define whether an equalization
filter will be used or not and what the filter length (in number of chips) should be.
Using an equalization filter can improve dramatically the EVM results because the
equalizer can compensate for ISI caused by the transmit filter. However, an
equalization filter can also compensate for distortion introduced by the DUT. If the
filter used in the transmitter is Gaussian, then turning the equalizer off and selecting
a Gaussian reference filter might be a better option.

The DescrambleMode parameter specifies what type of descrambling is done.

Off means no descrambling is done.
Preamble Only means the PLCP preamble is descrambled.
Preamble & Header Only means that the PLCP preamble and PLCP header

are descrambled.
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On means that all parts of the burst are descrambled.

Normally, 802.11b or 802.11g signals have all bits scrambled before transmission, so
this parameter should normally be set to On . However, when debugging an 802.11b
or 802.11g transmitter, it is sometimes helpful to disable scrambling in the
transmitter, in which case you should disable descrambling in this component.

If the input signal's preamble is scrambled but you disable descrambling of the
preamble (or vice versa), then the algorithm will not be able to synchronize to the
signal properly. Similarly, if the input signal's header is scrambled but you disable
descrambling of the header (or vice versa) then the algorithm will not be able to
correctly identify the burst modulation type and burst length from the header.

The ReferenceFilter parameter can be used to select a reference filter for EVM
analysis. If a Gaussian reference filter is selected, then the ReferenceFilterBT
parameter sets its BT (bandwidth time product).

While the IEEE 802.11b/g standards do not specify either a transmit filter or a
receive filter, these do have a spectral mask requirement, and a transmitter must use
some sort of transmit filter to meet the spectral mask. On the other hand, the
description of the EVM measurement in the standard does not use any receive or
measurement filter.

The absence of the need to use any transmit or receive filter is partly because the
standard has a very loose limit for EVM (35% peak on 1000 chips of data). If the
standard definition is followed when calculating EVM, no measurement or reference
filter should be used (ReferenceFilter must be set to Rectangular). However, this
means that even a completely distortion-free input signal will still give non-zero EVM
unless the input signal has a zero-ISI transmit filter.

If a non-zero-ISI transmit filter is used and additional distortion is added to the signal
due to the DUT, then the EVM will measure the overall error due to both the transmit
filter ISI and the DUT distortion. Turning on the equalizer will remove most of the
transmit filter ISI, but it can also remove some of the distortion introduced by the
DUT. To get a better idea of the EVM due to DUT distortion a reference filter that
matches the transmit filter can be used.

Currently, only Rectangular and Gaussian filters are available as reference filters.

265



Advanced Design System 2011.01 - WLAN Design Library

Modulation Components

WLAN BPSKCoder (wlan)
WLAN BPSKDecoder (wlan)
WLAN Demapper (wlan)
WLAN Mapper (wlan)

WLAN QAM16Coder (wlan)
WLAN QAM16Decoder (wlan)
WLAN QAM64Coder (wlan)
WLAN QAM64Decoder (wlan)
WLAN QPSKCoder (wlan)
WLAN QPSKDecoder (wlan)
WLAN SoftDemapper (wlan)
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WLAN_BPSKCoder

Description BPSK mapping
Library WLAN, Modulation
Class SDFWLAN_BPSKCoder

Pin Inputs

Pin Name Description Signal Type

1 |input |input data int
bits
Pin Outputs

Pin Name Description Signal Type
2 |output signal after constellation mapping |complex

Notes/Equations

1. This model is used to perform BPSK constellation mapping and modulation.
This model consumes one input token and produces one complex output token.
Mapping is illustrated in the following figure.

BPSK Q4

by
£

0 |
! >

BPSK Constellation Mapping

References

1. IEEE Standard 802.11a-1999, "Part 11: Wireless LAN Medium Access Control (MAC)

and Physical Layer (PHY) specifications: High-speed Physical Layer in the 5 GHz
Band," 1999.

2. ETSITS 101 475 v1.1.1, "Broadband Radio Access Networks (BRAN); HIPERLAN Type
2; Physical (PHY) layer," April, 2000.

267



Advanced Design System 2011.01 - WLAN Design Library

WLAN_BPSKDecoder

—H _."2

Description BPSK demapping
Library WLAN, Modulation
Class SDFWLAN_BPSKDecoder

Pin Inputs

Pin Name Description Signal Type

1 |input [signal to be complex
demodulated

Pin Outputs

Pin Name Description Signal Type

2 |output |signal after real

demodulation

Notes/Equations

1. This model is used to perform BPSK decoding, which is the reverse process used by
WLAN_BPSKCoder.
This model decodes the complex BPSK signal to float-pointing data to be decoded by
a Viterbi convolutional decoder.

References

1. IEEE Standard 802.11a-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer in the 5 GHz
Band," 1999.

2. ETSITS 101 475 v1.1.1, "Broadband Radio Access Networks (BRAN); HIPERLAN Type
2; Physical (PHY) layer," April, 2000.
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WLAN_Demapper

—— 2
—H i

Description BPSK, QPSK 16-QAM or 64-QAM demapping
Library WLAN, Modulation
Class SDFWLAN_Demapper

Parameters
Name Description Default Type
Rate |data rate: Mbps_6, Mbps_9, Mbps_12, Mbps_18, Mbps_24, Mbps_27, Mbps_36, Mbps_6 |enum
Mbps_48, Mbps_54
Pin Inputs
Pin Name Description Signal Type
1 |input |signal to be complex
demodulated
Pin Outputs
Pin Name Description Signal Type
2 |output signal after real

demodulation

Notes/Equations

1. This model demaps BPSK, QPSK, 16-QAM or 64-QAM data.

When Rate is set to 6 or 9 Mbps, the BPSK input signal data will be mapped to
floating-point data for Viterbi convolutional decoding according to the BPSK mapping
constellation.

When Rate is set to 12 or 18 Mbps, the QPSK input signal data will be demapped to
floating-point data for Viterbi convolutional decoding according to the QPSK mapping
constellation.

When Rate is set to 24, 27, or 36 Mbps, the 16-QAM input signal data will be
demapped to floating-point data for Viterbi convolutional decoding according to the
16-QAM mapping constellation.

When Rate is set to 48 or 54Mbps, the QAM input signal data will be mapped to
floating-point data for Viterbi convolutional decoding according to the 64-QAM
mapping constellation.

References

. IEEE Standard 802.11a-1999, "Part 11: Wireless LAN Medium Access Control (MAC)

and Physical Layer (PHY) specifications: High-speed Physical Layer in the 5 GHz
Band," 1999,

269



Advanced Design System 2011.01 - WLAN Design Library

270



Advanced Design System 2011.01 - WLAN Design Library

WLAN_Mapper

WLAN

Mapper

Description Mapping of BPSK, QPSK 16-QAM or 64-QAM
Library WLAN, Modulation
Class SDFWLAN_Mapper

Parameters

Name Description

Rate |data rate: Mbps_6, Mbps_9, Mbps_12, Mbps_18, Mbps_24, Mbps_27, Mbps_36,
Mbps_48, Mbps_54

Pin Inputs

Pin Name Description Signal Type

1 Jinput |input data int
bits
Pin Outputs

Pin Name Description Signal Type
2 |output signal after constellation mapping |complex

Notes/Equations

1. This model maps BPSK, QPSK, 16-QAM or 64-QAM data.

Default Type
Mbps_6 |enum

When Rate is 6 or 9 Mbps, BPSK mapping will consume one input bit to produce

complex output data, as illustrated in the following figure.
BPSK Ql

+117

BPSK Constellation Mapping

When Rate is 12 or 18 Mbps, input data bits are formed in 2-bit groups and mapped
to complex data as illustrated in the following figure. After mapping, the output signal

is normalized by normalization factor a , where

a = 1/(.J2)
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QPSK Mapping and Corresponding Bit Patterns

When Rate is 24, 27, or 36 Mbps, input data bits will be formed into 4-bit groups and
mapped to complex data as illustrated in the following figure. After mapping, the
output signal is normalized by normalization factor a , where

a = 1/(.J10)
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16-QAM Mapping and Corresponding Bit Patterns

When Rate is 48 or 54Mbps, input data bits are formed in 6-bit groups and mapped
to as illustrated in the following figure. After mapping, the output signal is normalized
by normalization factor a, where

a = 1/(J42)
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64-QAM Mapping and Corresponding Bit Patterns

References

1. IEEE Standard 802.11a-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer in the 5 GHz
Band," 1999,
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WLAN_QAM16Coder

WLAN

QAMIECo

Description 16-QAM mapping
Library WLAN, Modulation
Class SDFWLAN_QAM16Coder

Pin Inputs

Pin Name Description Signal Type

1 |input |input data int
bits
Pin Outputs

Pin Name Description Signal Type
2 |output signal after constellation mapping |complex

Notes/Equations

1. This model is used to perform 16-QAM mapping.
This model groups the input data bits into 4-bit groups and maps them to complex
signal from the 16-QAM constellation illustrated in the following figure. After
mapping, the output signal is normalized by normalization factor a, where

a = 1/(.J10)
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16-QAM Mapping and Corresponding Bit Patterns
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1. IEEE Standard 802.11a-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer in the 5 GHz
Band," 1999.

2. ETSITS 101 475 v1.1.1, "Broadband Radio Access Networks (BRAN); HIPERLAN Type
2; Physical (PHY) layer," April, 2000.
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WLAN_QAM16Decoder

WLAN
1 —a 2
b g >

QAM18De

Description 16-QAM demapping
Library WLAN, Modulation
Class SDFWLAN_QAM16Decoder

Pin Inputs

Pin Name Description Signal Type

1 |input [signal to be complex
demodulated

Pin Outputs

Pin Name Description Signal Type

2 |output |signal after real

demodulation

Notes/Equations

1. This model is used to perform 16-QAM demapping, the reverse of the process
performed by WLAN_QAM16Coder.
Complex QAM input signal data is demapped to floating-point data for Viterbi
convolutional decoding according to 16-QAM.

References

1. IEEE Standard 802.11a-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer in the 5 GHz
Band," 1999.

2. ETSITS 101 475 v1.1.1, "Broadband Radio Access Networks (BRAN); HIPERLAN Type
2; Physical (PHY) layer," April, 2000.
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WLAN_QAM64Coder

Description 64-QAM mapping
Library WLAN, Modulation
Class SDFWLAN_QAM64Coder

Pin Inputs

Pin Name Description Signal Type

1 |input |input data int
bits
Pin Outputs

Pin Name Description Signal Type
2 |output signal after constellation mapping |complex

Notes/Equations

1. This model is used to perform 64-QAM mapping.
This model groups the input data bits to 6-bit groups and maps them to a complex
signal from the 64-QAM constellation illustrated in the following figure. After
mapping, the output signal is normalized by normalization factor a , where

a = 1/(.42)
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64-QAM Mapping and Corresponding Bit Patterns

References

1. IEEE Standard 802.11a-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer in the 5 GHz

Band," 1999.
2. ETSITS 101 475 v1.1.1, "Broadband Radio Access Networks (BRAN); HIPERLAN Type

2; Physical (PHY) layer," April, 2000.
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WLAN_QAM64Decoder

WLAN
1 —a 2
b g >

QAMBADe

Description 64-QAM demapping
Library WLAN, Modulation
Class SDFWLAN_QAM64Decoder

Pin Inputs

Pin Name Description Signal Type

1 |input [signal to be complex
demodulated

Pin Outputs

Pin Name Description Signal Type

2 |output |signal after real

demodulation

Notes/Equations

1. This model is used to perform 64-QAM demapping, which is the reverse process of
WLAN_QAM64Coder.
This model demaps the input complex QAM signal data to floating-point data for
Viterbi convolutional decoding according to the 64-QAM mapping constellation.

References

1. IEEE Standard 802.11a-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer in the 5 GHz
Band," 1999.

2. ETSITS 101 475 v1.1.1, "Broadband Radio Access Networks (BRAN); HIPERLAN Type
2; Physical (PHY) layer," April, 2000.
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WLAN_QPSKCoder

Description QPSK mapping
Library WLAN, Modulation
Class SDFWLAN_QPSKCoder

Pin Inputs

Pin Name Description Signal Type

1 |input |input data int
bits
Pin Outputs

Pin Name Description Signal Type
2 |output signal after constellation mapping |complex

Notes/Equations

1. This model is used to perform QPSK constellation mapping and modulation.
This model groups the input data bits into 2-bit groups and maps them to complex
data according to the QPSK constellation illustrated in the following figure. After
mapping, the output signal is normalized by normalization factor a, where
a = 1/(.J2)
QPSK
bgby

0l 11
. I L]

y i Ili-
0 10
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QPSK Mapping and Corresponding Bit Patterns

References

1. IEEE Standard 802.11a-1999, "Part 11: Wireless LAN Medium Access Control (MAC)

and Physical Layer (PHY) specifications: High-speed Physical Layer in the 5 GHz
Band," 1999.

2. ETSI TS 101 475 v1.1.1, "Broadband Radio Access Networks (BRAN); HIPERLAN Type
2; Physical (PHY) layer," April, 2000.
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WLAN_QPSKDecoder

WLAN
1 —a 2
b g >

QPSKDe

Description QPSK demapping
Library WLAN, Modulation
Class SDFWLAN_QPSKDecoder

Pin Inputs

Pin Name Description Signal Type

1 |input [signal to be complex
demodulated

Pin Outputs

Pin Name Description Signal Type

2 |output |signal after real

demodulation

Notes/Equations

1. This model is used to perform QPSK demodulation, which is the reverse process of
WLAN_QPSKCoder.
This model maps the input complex QPSK signal data to floating-point data for Viterbi
convolutional decoding according to the QPSK mapping constellation.

References

1. IEEE Standard 802.11a-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer in the 5 GHz
Band," 1999.

2. ETSITS 101 475 v1.1.1, "Broadband Radio Access Networks (BRAN); HIPERLAN Type
2; Physical (PHY) layer," April, 2000.
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WLAN_SoftDemappe

Lo

SoftDemap

Description 11a soft demapper
Library WLAN, Modulation
Class SDFWLAN_SoftDemapper

Parameters
Name Description Default Type
Rate data rate: Mbps_6, Mbps_9, Mbps_12, Mbps_18, Mbps_24, Mbps_27, Mbps_36, |Mbps_6 lenum

Mbps_48, Mbps_54

DecoderType [demapping type: Hard, Soft, CSI CsI enum
Pin Inputs

Pin Name Description Signal Type

1 |input |signal to be demodulated complex

2 |CSIBits ichannel state information |complex

Pin Outputs

Pin Name Description Signal Type

3 |output |decision bits |real

Notes/Equations

1. This

model demaps BPSK, QPSK, 16-QAM or 64-QAM data.

When Rate is set to 6 or 9 Mbps, BPSK input signal data will be demapped to
floating-point data according to the BPSK mapping constellation.

When Rate is set to 12 or 18 Mbps, QPSK input signal data will be demapped to
floating-point data according to the QPSK mapping constellation.

When Rate is set to 24, 27, or 36 Mbps, 16-QAM input signal data will be
demapped to floating-point data according to the 16-QAM mapping
constellation.

When Rate is set to 48 or 54Mbps, the 64-QAM input signal data will be
demapped to floating-point data for Viterbi convolutional decoding according to
the 64-QAM mapping constellation.

If input is multiplied by sqrt(42) and I is the real part of product and Q is the
imaginary part, the decision equations for 64-QAM are:

bo0=1,b1 =4-|I|;b2=2-1|b1|; b3 =Q; b4 =4-|Q|; b5 =2 - |b4].

If input is multiplied by sqrt(10) and I is the real part of product and Q is the
imaginary part, the decision equations for 16-QAM are:

bo =1;b1 =2-|b0|; b2 =Q; b3 =2 - |b2|.

If input is multiplied by sqrt(2) and I is the real part of product and Q is the
imaginary part, the decision equations for QPSK are:

bo =1I; b1 = Q.
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o The decision equation for BPSK is: b0 = 1.

Based on the above calculations, let any one of decision bits equal b:

« when DecoderType is set to Hard, if b < 0, -1.0 is output, otherwise 1.0 is
output.

o when DecoderType is set to Soft, if b < -1.0, -1.0 is output; if b > 1.0, 1.0 is
output.

« when DecoderType is set to CSI, b is multiplied by CSI (= [H(i)| 2 ) and output.
Different bits which form one mapping symbol have the same CSI.

References

1.

IEEE Standard 802.11a-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer in the 5 GHz
Band," 1999.

. M. R. G. Butler, S. Armour, P.N. Fletcher, A.R. Nix, D.R. Bull, "Viterbi Decoding

Strategies for 5 GHz Wireless LAN Systems," 2001 IEEE.
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Multiplex Components for WLAN Design
Library

WLAN BurstOut (wlan)
WLAN BurstReceiver (wlan)
WLAN CommCtri2 (wlan)
WLAN CommcCtri3 (wlan)
WLAN CosRollWin (wlan)
WLAN DemuxBurst (wlan)
WLAN DemuxBurstNF (wlan)
WLAN DemuxOFDMSym (wlan)
WLAN DemuxSigData (wlan)
WLAN DistCtri2 (wlan)
WLAN DistCtri3 (wlan)
WLAN H2CosRollWin (wlan)
WLAN H2MuxOFDMSym (wlan)
WLAN InsertZero (wlan)
WLAN LoadIFFTBuff (wlan)
WLAN MuxBrdBurst (wlan)
WLAN MuxBurst (wlan)
WLAN MuxBurstNW (wlan)
WLAN MuxDataChEst (wlan)
WLAN MuxDiBurst (wlan)
WLAN MuxDLBurst (wlan)
WLAN MuxOFDMSym (wlan)
WLAN MuxSigData (wlan)
WLAN MuxULBurstL (wlan)
WLAN MuxULBurstS (wlan)
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WLAN_BurstOut

Burst

Description Output a real burst
Library WLAN, Multiplex
Class SDFWLAN_BurstOut

Parameters

Name Description Default Type |Range

Length joctet number of PSDU 100 int [1,

4095]

Rate |data rate: Mbps_6, Mbps_9, Mbps_12, Mbps_18, Mbps_24, Mbps_27, Mbps_6 lenum
Mbps_36, Mbps_48, Mbps_54

Order |FFT points=2~0rder 6 int [6, 11]

Pin Inputs

Pin Name Description Signal Type

1 |input [received burst signals |complex
2 |index |synchronization index |int
Pin Outputs

Pin Name Description Signal Type
3 |output |outputed burst signals complex

Notes/Equations

1. This model is used to output a real burst signal after burst synchronization.
2. Length and Rate parameters determine the number of complex signals in one burst.
The number of OFDM symbols, N gy, can be calculated as:

Ngyy = Ceiling((16 + 8 x Length + 6)/Npgpg)
where N 55 is determined by data rate, shown in the following table.

Rate-Dependent Values
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Data Rate |[Modulation Coding Coded Bits per [Coded Bits per Data Bits per

(Mbps) Rate (R) [Subcarrier OFDM Symbol |OFDM Symbol
(NBPSC) (NCBPS) (NDBPS)

6 BPSK 1/2 1 48 24

9 BPSK 3/4 1 48 36

12 QPSK 1/2 2 96 48

18 QPSK 3/4 2 96 72

24 16-QAM 1/2 4 192 96

27 16-QAM 9/16 4 192 108

36 16-QAM 3/4 4 192 144

48 64-QAM 2/3 6 288 192

54 64-QAM 3/4 6 288 216

After determining N gy, , the number of input tokens N .., can be calculated as

follows

- Ord Order -2 -
ﬁ"io#aﬂ = (2 d Cr+2 raer ]XI;I‘\'SKH'FS]

The buffer length for input pin 1is 2 X N, ..;; N ;.5 tokens are fired each operation.

Based on the input signal at index pin 2, this model determines the starting point of
10 short preambles, then 2 long preambles, one SIGNAL OFDM symbol and N gy,

DATA OFDM symbols, which consist of one burst.

References

1. IEEE Standard 802.11a-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer in the 5 GHz
Band," 1999,
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WLAN_BurstReceiver

Description Burst receiver
Library WLAN, Multiplex
Class SDFWLAN_BurstReceiver

Parameters

Name Description

Length octet number of PSDU

Rate data rate: Mbps_6, Mbps_9, Mbps_12, Mbps_18, Mbps_24,
Mbps_27, Mbps_36, Mbps_48, Mbps_54

Order FFT points=2~0Order

GuardType type of guard interval: T/2, T/4, T/8, T/16, T/32, UserDefined
GuardInterval |guard interval defined by user

Idle padded number of zeros between two bursts
Pin Inputs

Pin Name Description Signal Type
1 |input |received signals complex

Pin Outputs
Pin Name Description Signal Type
2 |output |output received signals complex

3 |sync |output signal for OFDM symbol synchronization complex

Notes/Equations

1. This model is used to output signals for OFDM symbol synchronization, which includes

the 10 short preambles.

Length and Rate parameters are used to determine the number of complex signals in

one burst. The number of OFDM symbols, N ¢y, is:

N gy = Ceiling (( 16 + 8 x Length + 6) / N pgp )

Default Type Range

256
Mbps_6

6
T/4
16

int
enum
int
enum
int

int

where N 555 is determined by data rate according to the following table.

Rate-Dependent Values
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Data Rate |[Modulation Coding Coded Bits per Coded Bits per Data Bits per

(Mbps) Rate(R) Subcarrier OFDM Symbol OFDM Symbol
(NBPSC) (NCBPS) (NDBPS)

6 BPSK 1/2 1 48 24

9 BPSK 3/4 1 48 36

12 QPSK 1/2 2 96 48

18 QPSK 3/4 2 96 72

24 16-QAM 1/2 4 192 96

27 16-QAM 9/16 4 192 108

36 16-QAM 3/4 4 192 144

48 64-QAM 2/3 6 288 192

54 64-QAM 3/4 6 288 216

After determining N ¢y, , the number of input tokens N

tota) €@N be calculated:

where Idle is Idle parameter; and GI (GuardInterval parameter) is defined as:

if GuardType=T/32, GI = 2 Order -5

if GuardType=T/16, GI = 2 Order -4

if GuardType=T/8, GI = 2 Order -3

if GuardType=T/4, GI = 2 Order -2

if GuardType=T/2, GI = 2 Order -1

if GuardType=UserDefined, GI is determined by GuardInterval.

All input data is output at pins 2 and 3.

References

1. IEEE Standard 802.11a-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer in the 5 GHz
Band," 1999.

289



Advanced Design System 2011.01 - WLAN Design Library

WLAN_CommCtri2

2 WLAN
3
1 >*”"— >
WLAN_2

Description 2-input commutator with input particle number control
Library WLAN, Multiplex
Class SDFWLAN_CommCtri2

Parameters

Name Description Default Type Range

NumInputl number of particles from input |1 int  |[1, o)
1

NumInput2 number of particles from input |1 int  |[1, )
2

Pin Inputs

Pin Name Description |[Signal Type

1 jinl input 1 anytype

2 |in2 input 2 anytype

Pin Outputs

Pin Name Description Signal Type

3 |output |output comprised of two inputs |[anytype

Notes/Equations

1. This model is used to combine two input signals into one.
NumInputl from input 1 and NumInput2 from input 2 data particles are combined
and output.
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WLAN_CommCtri3

Description 3-input commutator with input particle number control
Library WLAN, Multiplex
Class SDFWLAN_CommCtri3

Parameters

Name Description Default Type Range

NumInputl number of particles from input |1 int  |[1, o)
1

NumInput2 number of particles from input |1 int  |[1, )
2

NumInput3 number of particles from input |1 int  |[1, o)
3

Pin Inputs

Pin Name Description |Signal Type

1 |inl input 1 anytype

2 |in2 input 2 anytype

3 |in3 input 3 anytype

Pin Outputs

Pin Name Description Signal Type

4 |output output comprised of three anytype
inputs

Notes/Equations

1. This model combines three input signals into one. NumInputl from input 1,
NumInput2 from input 2 and NumInput3 from in3 data particles are combined and
output.
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WLAN_CosRolIWin

Description Add Cosine-Rolloff windows to Burst signals

Library WLAN, Multiplex
Class SDFWLAN_CosRollWin

Parameters
Name Description
Length octet number of PSDU

Rate data rate: Mbps_6, Mbps_9, Mbps_12, Mbps_18,
Mbps_24, Mbps_27, Mbps_36, Mbps_48, Mbps_54

FFT points=2~0Order
type of window: Specification, CosRolloff

Order
WindowType
TransitionTime the transition time of window function

GuardType type of guard interval: T/2, T/4, T/8, T/16, T/32,

UserDefined

GuardInterval |guard interval defined by user

Pin Inputs

Pin Name Description |Signal Type
1 |input |input signals complex
Pin Outputs

Pin Name Description Signal Type

2 |output signals after adding window function [complex

Notes/Equations

Default
100
Mbps_6

6
Specification
100nsec sec

T/4

16

1. This model is used to add a window function to burst signals.
2. Two types of window functions are provided in this model:
e Specification, according to the 802.11a specification, can be expressed as:

SinzLi—[[U.S +t/Tpg) 1:I

Welt) = 1

L—TTR/E < E-l < TTRXJEI

Sin*( 305~ (t=T)/Typ)) (T-Trg/2) <t < T+ (Tpp/2))

T 1z is TransitionTime, which is usually set to 100 nsec.

Unit Type |Range

int  |[1, 4095]
enum

int |[6, 11]
enum

real |((O,
800nsec]

enum

int [0, 2 Order
1

W - (t) represents the time-windowing function, depending on the value of the
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duration parameter T, may extend over more than one period T g .

The following figure illustrates extending the windowing function over more than
one period and shows smoothed transitions by applying a windowing function.
e CosRolloff can be expressed as:

windowLength = 2xint(Tpp/ (2 x (50 x lD_gx"E[GrdU_&]] 1

-1
Symbollrnterval = n/(windowLength)
Weli]l = 0.5-05% cos(({+0.5) xsymbollnterval) 0<i<windowlLength

T 1z is TransitionTime, which is usually set to 100 nsec; Order specifies the FFT
size. W ;[ i ] represents the i th coefficient of discrete time-windowing function.

The following figure illustrates OFDM windowing and cyclic extension.
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OFDM frame with Windowing and Cyclic Extension; a=single reception, b=two receptions of FFT period

References

1. IEEE Standard 802.11a-1999, Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer in the 5 GHz
Band, 1999,
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WLAN_DemuxBurst

Description Burst de-multiplexer with frequency offset compensator and guard

interval remover
Library WLAN, Multiplex
Class SDFWLAN_DemuxBurst

Parameters

Name Description

Length octet number of PSDU

Rate data rate: Mbps_6, Mbps_9, Mbps_12, Mbps_18, Mbps_ 24,
Mbps_27, Mbps_36, Mbps_48, Mbps_54

Order FFT points=2/~0Order

GuardType type of guard interval: T/2, T/4, T/8, T/16, T/32, UserDefined
GuardInterval |guard interval defined by user

TSYM one OFDM symbol interval

Idle padded number of zeros between two bursts
FregOffset actual frequency offset

Pin Inputs

Pin Name Description Signal Type

1 |input [received burst signals |complex
2 index |synchronization index |int

3 |DeltaF |carrier frequency real
offset

Pin Outputs

Pin Name |Description Signal Type
4 |LPrmbl1l |output first long preamble OFDM signals complex
5 |LPrmbl2 joutput second long preamble OFDM signals complex
6 |output |output SIGNAL and DATA OFDM signals complex

Notes/Equations

Default Unit Type Range

256
Mbps_6

6
T/4
16

4e-6 sec

0.0 Hz

int
enum

int
enum
int

real
int
real

[1, 4095]

[6, 11]

[0, 2
Order ]

[0, )
[0, )

(_ool OO)

1. This model is used to demultiplex the received burst signals into two long preambles,

SIGNAL and DATA OFDM signals, removing the guard interval and the carrier

frequency offset.

2. The transmitter transmits burst-by-burst in ADS. The burst sequence is a continuous
stream. (The 802.11 burst is transmitted burst-by-burst.) This model includes
frequency compensation. The transmitted consecutive bursts are independent.

The DeltaF pin 3 inputs the estimated frequency offset (A f ;) of each received burst.
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This estimated frequency offset must not effect the next bursts in the frequency
compensator. The FreqOffset parameter is set as the actual frequency offset between
the transmitter and the receiver; when the ith burst is processed, the actual phase of
previous i-1 bursts is calculated and removed. The ith estimated frequency offset (A f
; ) compensates for the phase in the current burst only.

. Length and Rate parameters are used to determine the number of complex signals in
one burst. The number of OFDM symbols, N gy, is:

N oy = Ceiling (16 + 8 x Length + 6) / N pgps )

where N 55 is determined by data rate listed in the following table.

Rate-Dependent Values

Data Rate |[Modulation Coding Coded bits per |[Coded Bits per Data Bits per

(Mbps) Rate (R) [Subcarrier OFDM Symbol |OFDM Symbol
(NBPSC) (NCBPS) (NDBPS)

6 BPSK 1/2 1 48 24

9 BPSK 3/4 1 48 36

12 QPSK 1/2 2 96 48

18 QPSK 3/4 2 96 72

24 16-QAM 1/2 4 192 96

27 16-QAM 9/16 4 192 108

36 16-QAM 3/4 4 192 144

48 64-QAM 2/3 6 288 192

54 64-QAM 3/4 6 288 216

After determining N gy, , the number of input tokens N .., can be calculated:

N total = (2 Order +2 Order—E) % ( N Sym + 5)

The buffer length for input pinis 2 X N ;..; 7 N ;.5 tokens are fired each operation.

This model determines the first point of the received burst according to the input
signal at index pin 2. The following figure illustrates the selection of one burst signal.
first point of

the true burst
10 short preambles .__/ 10 short preambles

E
T
1

Chrdar=2
10x2 . _ . Two long preambles,
i Two long preambles, index SIGHAL and DATA OFDM
index SIGHAL and DATA OFDM |e e »
>
first received burst second received burst
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Determining the True Burst

Referring to the previous figure, the first point of the true burst includes two long
preambles, one SIGNAL OFDM symbol, and N ¢,,, DATA OFDM symbols that are

output at the LPrmbl1 , LPrmbl2 , and output pins, respectively. The frequency offset
and the guard interval will be removed after the true burst is determined.
x0,x1,..,x,-1are the true burst signals from the first point of the true burst in

the previous figure; , y 0, ¥ 1, ..., y 5, -1 the phase caused by frequency offset, are

removed
where

= Ord Order - 2 N
N = (2 rder 4 > Oraer _)x(_ SYM+3)

Then, the equation is

) —2nAflk+ LT
j—'k = .},k e

where

A f; __is the frequency offset which is the input at DeltaF pin 3,

Lzloxzorder-Z

32%x107°
.-,Ordcr

if Order=6, T=50 nsec; if Order=7, T=25 nsec.

T =

After removing the phase caused by frequency offset, the long preambles, SIGNAL
and DATA OFDM symbols will be output.

The first long preamble (2 979" complex signals) is output at LPrmbl1 pin; the second
long preamble (2 979€r complex signals) is output at LPrmbl2 pin; N sym + 1 OFDM

symbols (SIGNAL and DATA parts) is output at output pin.
This model causes one burst delay.

References

1.

IEEE Standard 802.11a-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer in the 5 GHz
Band," 1999.
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WLAN_DemuxBurstNF

Description Burst de-multiplexer w/guard interval remover, wo/frequency offset
compensator

Library WLAN, Multiplex

Class SDFWLAN_DemuxBurstNF

Parameters

Name Description Default Type Range

Length octet number of PSDU 256 int [1, 4095]

Rate data rate: Mbps_6, Mbps_9, Mbps_12, Mbps_18, Mbps_ 24, Mbps_6 |enum

Mbps_27, Mbps_36, Mbps_48, Mbps_54

Order FFT points=2/~0Order 6 int [6, 11]

GuardType type of guard interval: T/2, T/4, T/8, T/16, T/32, UserDefined T/4 enum

GuardInterval |guard interval defined by user 16 int [0, 2
Order ]

Idle padded number of zeros between two bursts 0 int [0, c0)

Pin Inputs

Pin Name Description Signal Type

1 |input |received burst signals |complex
2 |index |synchronization index |int
Pin Outputs

Pin Name |Description Signal Type
3 |LPrmbl1 |output first long preamble OFDM signals complex
4  |LPrmbl2 joutput second long preamble OFDM signals complex
5 Joutput |output SIGNAL and DATA OFDM signals complex

Notes/Equations

1. This model is used to demultiplex the received burst signals into long preamble OFDM
symbols and SIGNAL and DATA OFDM symbols, and for removing the guard interval.
Length and Rate parameters are used to determine the number of complex signals in
one burst. The number of OFDM symbols, N gy, is:

N oyy = Ceiling ((16 + 8 x Length + 6) / N pgps )

where N 55 is determined by data rate, shown in the following table.

Rate-Dependent Values
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Data Rate Modulation Coding |Coded Bits per Coded Bits per Data Bits per

(Mbps) Rate (R) Subcarrier OFDM Symbol |OFDM Symbol
(NBPSC) (NCBPS) (NDBPS)

6 BPSK 1/2 1 48 24

9 BPSK 3/4 1 48 36

12 QPSK 1/2 2 96 48

18 QPSK 3/4 2 96 72

24 16-QAM 1/2 4 192 96

27 16-QAM 9/16 4 192 108

36 16-QAM 3/4 4 192 144

48 64-QAM 2/3 6 288 192

54 64-QAM 3/4 6 288 216

After determining N gy, , the number of input tokens N , can be calculated:

tota

Ntota/= (ZOrder+20rder—2_)x4+(2_0rder+GI) x (NSYM+ 1) + Idle

The length of buffer for input pinis 2 x N, ..; N ;. tokens are fired each

operation. According to input signal at the index pin, this model can determine the
first point of the received burst. The following figure illustrates the selection of one
burst signal.

first point of

the true burst
10 short preambles 10 short preambles

| 2
T

Cirdar =2
10=2 Two long preambles,
L g i i g . . g, A _— =
- Two long preambles, index SIGNAL and DATA OFDM
index SIGNAL and DATA OFDM pe -
" >
first received burst second recerved burst

Determining the True Burst

Referring to the previous figure, the first point of the true burst includes two long
preambles, one SIGNAL OFDM symbol and N gy, DATA OFDM symbols that are

output at LPrmbl1, LPrmbl2 and output pins, respectively. The first long preamble (2

Order complex signals) is output at LPrmbi1; the second long preamble (2 Order
complex signals) is output at LPrmbl2; N gy, + 1 OFDM symbols (SIGNAL and DATA

parts) are output at output pin.
This model causes one burst delay.

298



Advanced Design System 2011.01 - WLAN Design Library
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WLAN_DemuxOFDMSym

Description OFDM symbol demultiplexer
Library WLAN, Multiplex
Class SDFWLAN_DemuxOFDMSym

Parameters
Name |Description Default Type Range
Carriers )number of carriers in one OFDM symbol |52 int {52}
Data number of input data in one OFDM 48 int {48}
symbol
Pin Inputs
Pin Name Description Signal Type
1 |input |equalized signals before de- complex
multiplexer
Pin Outputs
Pin Name Description Signal Type

2 |data |OFDM demodulation data complex

Notes/Equations

1. The model is used to demultiplex IEEE 802.11a OFDM symbol (such as QPSK, 16-
QAM, and 64-QAM modulation) into data and pilots.

2. Subcarrier frequency allocation is illustrated in the following figure. The 52 complex
inputs are composed of 48 complex data and 4 pilot signals that are demultiplexed
into 48 complex data and 4 pilots according to the following figure; the pilots are not
output.

{j” d[ r 3|{|; 1.||'r|’ 7 d;\q d:}U(' L|:1 LI:HIJ;' dap dl: |’3|(||_1. d-_j

|
|
I
|
I

16 21 7 1] 7 21 26

Subcarrier Numbers

Subcarrier Frequency Allocation

Outputdataarey O,y 1, ..., y47; inputsignalsare x0, x 1, ..., x51. The
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equations are:

yi=X; =0,1,2,3,4

y,.=x,-+1__i=5,...,17

y, X,'+2__i=18,...,29

yl Xi+3__i=30’...’42

y:,=X;,,4 ;=43,44,645, 46,47
References

1. IEEE Standard 802.11a-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer in the 5 GHz
Band," 1999.
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WLAN_DemuxSigData

WLAN _
<

SFOM Sym

Description SIGNAL and DATA signals demultiplexer
Library WLAN, Multiplex
Class SDFWLAN_DemuxSigData

Parameters
Name Description Default Type |Range
Length joctet number of PSDU 100 int [1,
4095]
Rate |data rate: Mbps_6, Mbps_9, Mbps_12, Mbps_18, Mbps_24, Mbps_27, Mbps_6 lenum
Mbps_36, Mbps_48, Mbps_54
Pin Inputs

Pin Name Description Signal Type
1 |input |equalized signals complex
Pin Outputs

Pin Name Description Signal Type
2 |SIGNAL joutput SIGNAL signal [complex
3 |DATA |output DATA signal |complex

Notes/Equations

1. This model is used to demultiplex the received equalized input signal into one
SIGNAL OFDM symbol and N ¢y, DATA OFDM symbols.

The Length and Rate parameters are used to determine the number of complex
signals in one burst. The number of DATA OFDM symbols N g, is:

N gyy = Ceiling ((16 + 8 x Length + 6) / N pgps )
where N 55 is determined by data rate given in the following table.

The SIGNAL OFDM symbol is output at SIGNAL pin 2, DATA OFDM symbols are
output at DATA pin 3.

Rate-Dependent Values
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Data Rate |[Modulation Coding Coded Bits per [Coded Bits per Data Bits per

(Mbps) Rate (R) [Subcarrier OFDM Symbol |OFDM Symbol
(NBPSC) (NCBPS) (NDBPS)

6 BPSK 1/2 1 48 24

9 BPSK 3/4 1 48 36

12 QPSK 1/2 2 96 48

18 QPSK 3/4 2 96 72

24 16-QAM 1/2 4 192 96

27 16-QAM 9/16 4 192 108

36 16-QAM 3/4 4 192 144

48 64-QAM 2/3 6 288 192

54 64-QAM 3/4 6 288 216

References

1. IEEE Standard 802.11a-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer in the 5 GHz
Band," 1999.
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WLAN_DistCtrl2

WLAN 3
1 _/_< "2
=
WLAN_2

Description 2-output distributor with output particle number control
Library WLAN, Multiplex
Class SDFWLAN_DistCtri2

Parameters

Name Description Default Type Range

NumOutputl number of particles directed to output |1 int [1, o)
1

NumOutput2 number of particles directed to output |1 int  |[1, )
2

Pin Inputs

Pin Name Description Signal Type

1 |input |input to be distributed over the two anytype

outputs
Pin Outputs

Pin Name Description |Signal Type
2 |outl |output1l anytype
3 |out2 |output2 anytype

Notes/Equations

1. This model is used to distribute one data stream to two outputs.
NumOutputl and NumOutput2 data particles are distributed to output 1 and output
2, respectively.
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WLAN_DistCtrI3

Description 3-output distributor with output particle number control
Library WLAN, Multiplex
Class SDFWLAN_DistCtriI3

Parameters

Name Description Default Type Range

NumOutputl number of particles directed to output |1 int [1, o)
1

NumOutput2 number of particles directed to output |1 int  |[1, )
2

NumOutput3 number of particles directed to output |1 int [1, )
3

Pin Inputs

Pin Name Description Signal Type

1 |input |input to be distributed over the three anytype

outputs
Pin Outputs

Pin Name Description |[Signal Type
2 |outl |output1l anytype
3 |out2 |output2 anytype
4  out3 |output 3 anytype

Notes/Equations

1. This model is used to distribute one data stream to three outputs.
NumOutputl, NumOutput2, and NumOutput3 data particles are distributed to output
1, output 2, and output 3, respectively.
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WLAN_H2CosRollWin

Description Add Cosine-Rolloff windows to Burst signals
Library WLAN, Multiplex
Class SDFWLAN_H2CosRollWin

Parameters

Name Description Default Type Range
NSYM number of OFDM symbols 1 int [1, o)
GuardType |type of guard interval: T_2, T_4,T_8, T_16, T_32 T 4 enum
BurstType |type of burst type: Broadcast, Downlink, UplinkS, UplinkL, Directlink Broadcast | lenum

Order FFT points=2~0Order 6 int [6, 11]
Pin Inputs

Pin Name Description |Signal Type
1 Jinput |input signals lcomplex

Pin Outputs

Pin Name Description Signal Type

2 |output signals after adding Cosine-Rolloff complex
windows

Notes/Equations

1. This model is used to add cosine-rolloff windowing to HIPERLAN/2 PHY burst signals.
2. The cosine-rolloff windowing function can be expressed as follows.
symbollnterval=n/windowLength;
for (i=0; i<windowLength; i++)
W+[i]=0.5-0.5xcos((/+ 0.5) x symbollnterval )

W [ i] represents the ith coefficient of cosine-rolloff windowing, the width of

window is determined by the Order parameter that determines the size of FFT. If
Order=6, windowLength is 1; if Order=7, windowlLength is 3; if Order=8,
windowlLength is 7.

Windowing is determined by the type of burst. The windowing modes based on
symbols are illustrated in the following figure. According to reference[1] 5.7 PHY
bursts:

section 1 and section 5 use the windowing mode illustrated in the following
figure (a)

section 2 uses the widowing mode illustrated in the following figure (d),
with the guard interval equal to 1/4 of T g

section 3, 4, 6, and 8 use the windowing mode illustrated in the following
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figure (c)
section 7 uses windowing mode illustrated in the following figure (b)
data symbols use the windowing mode illustrated in the following figure
(d), and parameter T .., is set by the GuardType parameter defined by

the designer.

The parameter T 1 is implemented in order to smooth the transitions between the
consecutive subsections. This creates a small overlap, of duration T 15, as shown in
the following figure. In our cosine-rolloff window design, the T ;5 is approximately

100 nsec. Smoothing the transition is required in order to reduce the spectral side-
lobes of the transmitted waveform. However, the binding requirements are the
spectral mask and modulation accuracy requirements, as detailed in reference[1]
5.8.2.2 and 5.9. Time domain windowing, as described here, is just one way to
achieve those objectives. Other methods, such as frequency domain filtering, can be
used to achieve the same goal; therefore, the transition shape and duration of the
transition are informative parameters.

T =508 = 4045 | =

-t

'

™
Iy

S~
i

@)

T=10"08u = 80y=

(b)

OFDM Frame with Cyclic Extension and Windowing: (a) 5 short symbols Type A; (b) 10 short symbols Type B
(c) 2 long symbols; (d) data symbols
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1. ETSITS 101 475 v1.2.1, "Broadband Radio Access Networks (BRAN); HIPERLAN Type
2; Physical (PHY) layer," November, 2000.

2. ETSITS 101 761-1 v1.1.1, "Broadband Radio Access Networks (BRAN); Data Link
Control (DLC) Layer Partl: Basic Data Transport Functions," April, 2000.
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WLAN_H2MuxOFDMSym

W LAM
e Hi2

Description OFDM symbol multiplexer for HiperLAN2
Library WLAN, Multiplex
Class SDFWLAN_H2MuxOFDMSym

Parameters

Name |Description Default Type Range

NSYM  |number of OFDM symbols 1 int [1, )

Carriers \number of carriers in one OFDM symbol |52 int {52}

Data number of input data in one OFDM 48 int {48}
symbol

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

Pin Inputs

Pin Name Description |Signal Type
1 |data |datainput |complex
Pin Outputs

Pin Name Description Signal Type
2 |output |OFDM symbol data output complex

Notes/Equations

1. The model is used to multiplex data, pilots into the HiperLAN/2 OFDM symbol.
2. The stream of complex numbers is divided into groups of N ., = 48 complex numbers

d knt where k is the subcarrier of OFDM symbol n.
The contribution of the pilot subcarriers for the nth OFDM symbol is produced by
Fourier transform of sequence P, given by
P -26, 26 = {OIOIOIOIOI1I0I0I0I0I0I0I0I0I0I0I 0101011101010101010101
0,0090,0,10,0,0,0,0,0,0,0,0,0,0,0,0,-1,0,0,0, 0, 0}

The polarity of the pilot subcarriers is controlled by the sequence p ,, , which is a

cyclic extension of the 127 elements sequence and is given by

P 0...126 — {11111111_11_11_1111 -1,-1,-1,-1,1,1,-1,1,-1,-1,1,1,-1,1,1,-1,

11111111 1111_1111 1111_1111 11_11 _1111 1111_1111 _11_11_1111 _1111_11_11 1/ -
11_1111 11111111 _11_111111 _11_1111_11 11_11 1111 _11_11 _11 1/ 11_11_11_11 _11
11_11 _11 11_111111 1111_1111 _1111_1111 _11_11 _11_11 _1111_1111 11_1111_11
111111-11 -11 11_11_11 _1111 1111 -11-11-11-11 -11-11-1}
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Each sequence element is used for one OFDM symbol. The Phase parameter controls
the start position of the cyclic sequence.
Subcarrier frequency allocation is illustrated in the following figure.

{l.” i!_. |J 2|{|.;_ d|—l,|li T {IH\' d_‘ﬂ.l]{. d]_; dzl_.!l'l;l 1'_:_._;. dl: |’_‘| d_|_; d"--.i'
| I |
| ] i

--- ! - - - --- -- - ! ame : -
| |
| I |
| I I

A i 21 T 0 ) 2] 26

Subcarrier Numbers

Subcarrier Frequency Allocation

This model combines 48 input complex data and four pilots into an OFDM symbol.
Pilot positions are -21, -7, 7 and 21; these pilots are

P-21=p,
P-7=p,
P7=p,
P21 =-p,

where n represent nth OFDM symbol in the each Burst.
Data and pilots are combined according to subcarrier allocation; output data y 0, y 1,
... , ¥ 51 equations are:

y;=d;i=0,1,2,3,4

y,+1=d;i=5,..17
Yi9=P-7
y,+2=d,;i=18,..,29
Yy32=P7
Y46 =P21

y;+4=d,i=43,44,45, 46,47

References

1. ETSI TS 101 475 v1.2.1, "Broadband Radio Access Networks (BRAN); HIPERLAN Type
2; Physical (PHY) layer," November, 2000.
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WLAN_InsertZero

1 pZ

WLAN_Ins0

Description Insert zero to data with input particle number control
Library WLAN, Multiplex
Class SDFWLAN_InsertZero

Parameters

Name Description Default Sym Type Range
NumInsert number of zeros inserted before input data |0 N int [0, )
NumInput lnumber of particles from input 1 M int (0, )
Pin Inputs

Pin Name Description |[Signal Type

1 Jinput |input anytype

Pin Outputs

Pin Name Description Signal Type

2 |output output after zero anytype
inserted

Notes/Equations

1. This component inserts N zeros before M input data, thus adding idle time between
two bursts.
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WLAN_LoadIFFTBuff

WLAN

1 o % )2

Description Data stream loader into IFFT buffer
Library WLAN, Multiplex
Class SDFWLAN_LoadIFFTBuff

Parameters

Name |Description Default Type Range
Carriers )number of carriers in one OFDM symbol |52 int {52}
Order |IFFT points=2/~Order 6 int [6, 11]
Pin Inputs

Pin Name Description Signal Type

1 |input [transmitted signal before IFFT complex

Pin Outputs

Pin Name Description Signal Type

2 |output [IFFT input signal, zero padded complex

Notes/Equations

1. The model is used to load transmission data into the IFFT buffer.
2. The Order parameter is the order of FFT. It must satisfy

2 Order § Carriers
3. Assume x (0), x (1), ..., x (51) are input signals, y (0), y (1), ...,y (M -1) are
output signals, where, M = 2 0rder . data loading is:

y(i)=x(26+1{) i=1,..,26

yiii=10 (=027, ... M-26-1

yill=x(i-M+26) i=M-26,....M-1
References

1. IEEE Standard 802.11a-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer in the 5 GHz
Band," 1999.

2. ETSITS 101 475 v1.1.1, "Broadband Radio Access Networks (BRAN); HIPERLAN Type
2; Physical (PHY) layer," April, 2000.
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WLAN_MuxBrdBurst

WLAN

= b [ L2 |

W rdEBurst

Description Broadcast burst multiplexer
Library WLAN, Multiplex
Class SDFWLAN_MuxBrdBurst

Parameters

Name Description Default Type Range
NSYM number of OFDM symbols 1 int [1, o)
GuardType |type of guard interval: T_2, T_4,T_8,T_16, T_32[T_4 enum

Order FFT points=2~0Order 6 int [6, 11]
Pin Inputs

Pin Name |Description Signal Type
1 |SPrmblA [short preamble A complex
2 |SPrmblB |short preamble B complex
3 |LPrmbl |long preamble complex
4

input OFDM symbols of broadcast PDU complex
train

Pin Outputs
Pin Name Description Signal Type

5 |output broadcast burst complex
signal

Notes/Equations

1. This model is used to multiplex short and long preambles, broadcast PDU train or
broadcast PDU train plus FCH and ACH PDU train OFDM symbols into a broadcast

burst. Guard interval insertion is implemented.

2. The broadcast burst consists of a preamble tpreamb,e

section

Noym>Tsg
where

= 16.0 psec and a payload

N gy is the number of OFDM symbols in the payload section, set in the

NSYM parameter
T g is the OFDM symbol interval

(T g=4.0psec if GuardType=T_4, T ¢ = 3.2 psec if GuardType=T_8).
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The broadcast burst preamble structure is illustrated in the following figure.
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Broadcast Burst Preamble

The broadcast burst preamble sections illustrated in the previous figure are described

here. The term short OFDM symbol refers to length that is 16 samples instead of a

regular OFDM symbol of 64 samples used in HiperLAN/2 systems.

Section 1 consists of 5 specific short OFDM symbols denoted A and IA. The
first 4 short OFDM symbols (A, IA, A, IA) constitute a regular OFDM symbol
consisting of 12 loaded sub-carriers (£2, £6, £10, £14, £18, and £22)
given by the frequency-domain sequence SA

SA-26...26 = Y1376 « £0.0,0,0,-1+j,0,0,0,1+j,0,0, 0,1-},0,0,0,-1-
jIOIOIOI_1+jI Ol OIOI_l_jI OI 0/ 0/ _1+jl OI OI Ol _1_jl Ol Ol 0/ _1+jl OI OI OI -
1_jl OI Ol OI 1_jl OI OI OI 1+jl OI OI Ol 0}

The last short symbol IA is a repetition of the preceding 16 time-domain
samples.

Section 2 consists of 5 specific short OFDM symbols denoted B and IB. The
first 4 short OFDM symbols (B, B, B, B) constitute a regular OFDM symbol
consisting of 12 loaded sub-carriers (£4, £8, £12, £16, £20, and £24)
given by the frequency-domain sequence SB

SB-26...26 = V13/® + 10,0,14j, 0,0, 0,-1-j, 0, 0, 0, 1+j, 0, 0, O, -1-j, O,
OI Ol _1_jl Ol OI OI 1+jl OI OI OI Ol OI OI 0/ _1_jl OI OI Ol _1_jl OI OI 0/ 1+-I OI

0,0,1+j,0,0,0,1+j,0,0,0, 1+j, 0, 0}

The last short symbol IB is a sign-inverted copy of the preceding short
symbol B, i.e. IB=-B.

Section 3 consists of two OFDM symbols (C) of normal length preceded by
a cyclic prefix (CP) of the symbols. All 52 sub-carriers are in use and are
modulated by the elements of the frequency-domain sequence SC given by
sc-26...26 ={1,1,-1,-1,1,1,-1,1,-1,1,1,1,1,1,1,-1,-1,1,1, -1,
1,-1,1,1,1,1,01-1,-1,1,1,-1,1,-1,1,-1,-1,-1,-1,-1,1,1,-1,-1,1,-
1111_11 1111 111}

The cyclic prefix CP is a copy of the 2 ( Order -1) |ast samples of the C
symbols and is thus double in length compared to the cyclic prefix of
normal data symbols.

The broadcast burst formed by concatenating the above described preamble with the

data

payload is illustrated in the following figure.
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¥
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PHY Burst Structure for Broadcast Burst

The broadcast PDU train format, based on the number of sectors the AP uses (single
or multiple), is illustrated in the following figure. In the case of multiple sectors, each
BCH is transmitted using an individual broadcast PDU train.

Preamble BCH FOUH

ACH | Mumber of sectors per AP © 1

Preamble BCH number of sectors per AP = |

Broadcast PDU Train Formats

The number of OFDM symbols per transport channels is shown in the following table.

Number of OFDM Symbols per Transport Channel (Excluding Physical Layer Preambles)

PHY mode BCH, FCH, ACH, SCH, LCH, RCH,
150ct. |270oct. 90oct. |90ct. 540ct. 9oct.

BPSK, code rate=1/2 5 9 3 3 18 3

BPSK, code rate=3/4 2 12

QPSK, code rate=1/2 9

QPSK, code rate=3/4 1 6

16QAM, code rate=9/16 4

16QAM, code rate=3/4 3

64QAM, code rate=3/4 2
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WLAN_MuxBurst

WLAR
s|u] oura :

SFDM Sym

Description Burst multiplexer
Library WLAN, Multiplex
Class SDFWLAN_MuxBurst

Parameters

Name Description

Length octet number of PSDU

Rate data rate: Mbps_6, Mbps_9, Mbps_12, Mbps_18, Mbps_24,
Mbps_27, Mbps_36, Mbps_48, Mbps_54

Order FFT points=2~0Order

GuardType type of guard interval: T/2, T/4, T/8, T/16, T/32, UserDefined
GuardInterval |guard interval defined by user

Pin Inputs

Pin Name |Description Signal Type
1 |SPrmbl short preamble complex

2 |LPrmbl |long preamble complex

3 |input |SIGNAL and DATA OFDM symbols complex

Pin Outputs

Pin Name Description Signal Type
4 |output burst signal |complex

Notes/Equations

Default Type Range

100 int [1, 4095]

Mbps_6 |enum

6 int [6, 11]

T/4 enum

16 int [0, 2
Order]

1. This model is used to multiplex short and long preambles and SIGNAL and DATA
OFDM symbols into a burst. The guard interval insertion and the window function are
also implemented. The burst is the time of the PPDU frame format.

2. Length and Rate parameters are used to determine the number of complex signals in
one burst. The number of OFDM symbols (DATA part), N gy, as follows

N sy = Ceiling ((16 + 8 x Length + 6) / N pgps )

where N 555 is determined by data rate, shown in the following table.

Rate-Dependent Values
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6

9

12
18
24
27
36
48
54

BPSK
BPSK
QPSK
QPSK
16-QAM
16-QAM
16-QAM
64-QAM
64-QAM
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Data Rate |[Modulation Coding Coded Bits per [Coded Bits per Data Bits per

Rate (R) [Subcarrier

1/2
3/4
1/2
3/4
1/2
9/16
3/4
2/3
3/4

(NBPSC)
1

| DDA IN DN

6

OFDM Symbol
(NCBPS)

48
48
96
96
192
192
192
288
288

OFDM Symbol
(NDBPS)

24
36
48
72
96
108
144
192
216

The number of input tokens for input SPrmbl pin 1, LPrmbl pin 2 and input pin 3 are 2
Order, p Order 2 Order x ( N ¢,,, + 1), respectively. The number of output tokens is (2

Order 2 Order-2'y x (N gy + 5), which includes all complex signals in one burst.

References

1. IEEE Standard 802.11a-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer in the 5 GHz
Band," 1999.
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WLAN_MuxBurstNW

WLAR
s|u] oura :

SFDM Sym

Description Burst multiplexer without window function
Library WLAN, Multiplex
Class SDFWLAN_MuxBurstNW

Parameters

Name Description Default Type Range

Length octet number of PSDU 100 int [1, 4095]

Rate data rate: Mbps_6, Mbps_9, Mbps_12, Mbps_18, Mbps_24, Mbps_6 lenum
Mbps_27, Mbps_36, Mbps_48, Mbps_54

Order FFT points=2~0Order 6 int [6, 11]

GuardType type of guard interval: T/2, T/4, T/8, T/16, T/32, UserDefined T/4 enum

GuardInterval |guard interval defined by user 16 int [0, 2

Order ]

Pin Inputs

Pin Name |Description Signal Type

1 |SPrmbl short preamble complex

2 |LPrmbl |long preamble complex

3 |input |SIGNAL and DATA OFDM symbols complex

Pin Outputs

Pin Name Description Signal Type
4 |output burst signal |complex

Notes/Equations

1. This model multiplexes the short preambles, long preambles, and SIGNAL and DATA
OFDM symbols into a burst. Guard interval insertion is also implemented. The burst is
the PPDU frame format time.

2. Length and Rate parameters determine the number of complex signals in one burst.
The number of OFDM symbols (DATA part), N gy is:

N sy = Ceiling ((16 + 8 x Length + 6) / N pgps )

where N 55 is data rate given in the following table.

Rate-Dependent Parameters
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Data Rate |[Modulation Coding Coded Bits per [Coded Bits per Data Bits per

(Mbps) Rate (R) [Subcarrier OFDM Symbol |OFDM Symbol
(NBPSC) (NCBPS) (NDBPS)

6 BPSK 1/2 1 48 24

9 BPSK 3/4 1 48 36

12 QPSK 1/2 2 96 48

18 QPSK 3/4 2 96 72

24 16-QAM 1/2 4 192 96

27 16-QAM 9/16 4 192 108

36 16-QAM 3/4 4 192 144

48 64-QAM 2/3 6 288 192

54 64-QAM 3/4 6 288 216

2 Order  Order 3 Order » (N g, + 1) tokens are input at SPrmbl pin 1, LPrmbl pin
2, and input pin 3, respectively.

(2 Order, 3 Order-2'y x (N gy + 5) tokens are output, which includes all complex
signals in one burst.

References

1. IEEE Standard 802.11a-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer in the 5 GHz
Band," 1999.
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WLAN_MuxDataChEst

Description Data and estimated channel impluse response multiplexer
Library WLAN, Multiplex
Class SDFWLAN_MuxDataChEst

Parameters
Name Description Default Type |Range
Length joctet number of PSDU 256 int [1,
4095]
Rate |date rate: Mbps_6, Mbps_9, Mbps_12, Mbps_18, Mbps_24, Mbps_27, Mbps_6 lenum
Mbps_36, Mbps_48, Mbps_54
Order |FFT points=2~0rder 6 int [6, 11]
Pin Inputs
Pin Name Description Signal Type
1 |input |input signals from FFT complex
2 |Coef |input estimated channel impulse complex
response
Pin Outputs
Pin Name Description Signal Type
3 |output |output signals complex
4 |chl output estimated channel impulse response [complex

Notes/Equations

1. This model is used to multiplex the data signal and estimated channel impulse
response.
There is only one OFDM estimated channel impulse response and several OFDM DATA
or SIGNAL signals. WLAN_PhaseTrack or WLAN_RmvNullCarrier models work per
OFDM symbol. In order to match WLAN_PhaseTrack or WLAN_RmvNullCarrier, this
model is needed in the receiver.

2. Length and Rate parameters are used to determine the number of complex signals in
one burst. The number of OFDM symbols (DATA part), N s, are calculated as

follows.

N oy = Ceiling ((16 + 8 x Length + 6) / N pgps )

where N 55 is determined by data rate listed in the following table.

Rate-Dependent Values
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Data Rate |[Modulation Coding

(Mbps)

6 BPSK

9 BPSK
12 QPSK
18 QPSK
24 16-QAM
27 16-QAM
36 16-QAM
48 64-QAM
54 64-QAM

So, there are N ¢y, + 1 OFDM symbols in one burst.

Rate (R)

1/2
3/4
1/2
3/4
1/2
9/16
3/4
2/3
3/4

Coded Bits per |Coded Bits per |Data Bits per

Subcarrier
(NBPSC)

1

||~ DDA IN DN

OFDM Symbol

(NCBPS)
48

48

96

96

192

192

192

288

288

OFDM Symbol
(NDBPS)

24
36
48
72
96
108
144
192
216

The signal at input pin 1 is output directly at output pin 3. The number of signals
input and output is 2 9" x (N gy + 1).
The number of signals at input Coef pin 2 is 52 (the number of active carriers in one
OFDM symbol). The WLAN_PhaseTrack and WLAN_RmvNullCarrier models can be

used after WLAN_MuxDataChEst, both models using one OFDM symbol. The number
of output signals at ch/ pin 4 is 52 x ( N gy + 1), which is generated by repeating

the Coef input signal 52 times. It is implemented as follows:

for (k=0;k<NSYM+1;k++)

{

}

for (1i=0;i<52;i++)

{

inl = Coef%(52-1-1);
chl%(52*%(NSYM+1-k)-1-1)<<in1;

}

References

1. IEEE Standard 802.11a-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer in the 5 GHz
Band," 1999.
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WLAN_MuxDiBurst

Description Direct link burst multiplexer
Library WLAN, Multiplex
Class SDFWLAN_MuxDiBurst

Parameters

Name Description Default Type Range
NSYM number of OFDM symbols 1 int [1, o)
GuardType |type of guard interval: T_2,T_4,T_8,T_16,T_32T_4 enum

Order FFT points=2~0Order 6 int [6, 11]
Pin Inputs

Pin Name |Description Signal Type
1 |SPrmblB |short preamble complex

2 |LPrmbl |long preamble complex

3 |input OFDM symbols of Direct link PDU train \complex

Pin Outputs

Pin Name Description Signal Type
4  |output Direct link burst signal |complex

Notes/Equations

1. This model is used to multiplex short and long preambles and a direct link PDU train
into a direct link burst signal. Guard interval insertion is implemented.

2. Direct link burst consists of a preamble tpre(_j,mb,e = 16.0 psec and a payload section

Nsym*Ts
where
N gy is the number of OFDM symbols in the payload section, set in the

NSYM parameter
T g is the OFDM symbol interval

(T g=4.0psecif GuardType=T_4, T 5 = 3.2 psec if GuardType=T_8).

The direct link burst preamble structure is illustrated in the following figure.
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Direct Link Burst Preamble

The direct link burst preamble sections illustrated the previous figure are described
here. The term short OFDM symbol refers to its length that is 2 ©79€r -2 samples
instead of a regular OFDM symbol of 2 ©rder samples used in HiperLAN/2 systems.

Section 7 consists of 10 specific short OFDM symbols denoted B and IB.
The first 4 short OFDM symbols in this section (B, B, B, B) constitute a
regular OFDM symbol consisting of 12 loaded sub-carriers (4, £8, £12,
+£16, £20, and £24) given by the frequency sequence SB:

SB -26, ..., -26 = 1376 X {01011+jlololol_1_jIOIOIOI1+jIOIOIOI_1_jIOIOIOI_1_

j10101011+j10101 Ol 0/ 0/ OI Ol _1_jl Ol OI 0/ _l_jl OI OI Ol 1+jl Ol Ol OI 1+jl 01
0,0,1+j,0,0,0, 1+j, 0, 0}

The last short symbol in section 7 (IB) is a sign-inverted copy of the
preceding short symbol B, i.e. IB = -B.

Section 8 consists of two OFDM symbols (C) of normal length preceded by
a cyclic repetition (CP) of the symbols. All 52 sub-carriers are used and are
modulated by the elements of the frequency-domain sequence SC given

by:

SC 226, ..., -26 = {1,1,-1,-1,1,1,-1,1,-1,1,1,1,1,1,1,-1,-1,1,1, -

1,1,-1,1,1,1,1,0,1,-1,-1,1,1,-1,1,-1,1, -1,-1, -1,-1, -1, 1,1, -1,-1,
i,-1,1,-1,1,1,1,1}

The cyclic repetition CP is a copy of the last 2 ©7der -1 samples of the C
symbols and is thus double in length compared to the cyclic prefix of the
normal data symbols.

The direct link burst, formed by concatenating the above described preamble with the
data payload, is illustrated in the following figure.

Preamble £ san Pavlosd gy o
- ki »>

| BB l i | H] | H | 3| B [ £ | H | e L { L | [ | Drta | | L ] Dhida Ny

PHY Burst Structure for Direct Link Burst

One preamble must be added at the beginning of each direct link PDU train; see the
following figure. The preamble of the direct link PDU train must have a length of 4
OFDM symbols; see reference [1].

A direct link PDU train must consist of all LCHs and SCHs belonging to the same pair
of source and destination MAC IDs. A set of SCHs and LCHs is granted for each DLCC
by one RG. An MT cannot receive more than one direct link PDU train containing
UDCHs, DCCHs, and LCCHs per MAC frame per source MAC ID, that is, all
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corresponding DLCCs must be grouped in a single PDU train. A receiver can receive
the RBCH, UMCHs, and UBCHs from the same transmitter in separate PDU trains.

DLOC-ID g, MT oo M1 DLCC-ID k, M1 e M1 DLOC-IDym, MT 1to M1

M A A

o~ o~ —— r.-'- -
Preamble ‘ LCHs SCHs | LCHs SCHs ‘_____ LCHs | SCHs

Direct Link PDU Train

The number of OFDM symbols per transport channel is shown in the following table.

Number of OFDM Symbols per Transport Channel (Excluding Physical Layer Preambles)

PHY mode BCH, FCH, |ACH, |[SCH, LCH, RCH,
150ct. |270oct. |90ct. 9oct. |540ct. |9oct.

BPSK, code rate=1/2 5 9 3 3 18 3

BPSK, code rate=3/4 2 12

QPSK, code rate=1/2 9

QPSK, code rate=3/4 1 6

16QAM, code rate=9/16 4

16QAM, code rate=3/4 3

64QAM, code rate=3/4 2

References

1. ETSITS 101 475 v1.2.1, "Broadband Radio Access Networks (BRAN); HIPERLAN Type
2; Physical (PHY) layer," November, 2000.

2. ETSITS 101 761-1 v1.1.1, "Broadband Radio Access Networks (BRAN); Data Link
Control (DLC) Layer Partl: Basic Data Transport Functions," April, 2000.
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WLAN_MuxDLBurst

Description Downlink burst multiplexer
Library WLAN, Multiplex
Class SDFWLAN_MuxDLBurst

Parameters

Name Description Default Type Range
NSYM number of OFDM symbols 1 int [1, o)
GuardType |type of guard interval: T_2,T_4,T_8,T_16,T_32T_4 enum

Order FFT points=2~0Order 6 int [6, 11]
Pin Inputs

Pin Name Description Signal Type
1 |LPrmbl long preamble complex

2 |input |OFDM symbols of Downlink PDU complex
train

Pin Outputs

Pin Name Description Signal Type

3 |output Downlink burst complex
signal

Notes/Equations

1. This model is used to multiplex long preambles and downlink PDU train OFDM
symbols into a downlink burst. Guard interval insertion is implemented.

2. The downlink burst consists of a preamble of length tpreamb,e = 8.0 ysec and a
payload section of length N ¢, X T g,

where

N gy is the number of OFDM symbols in the payload section, set in the

NSYM parameter
T ¢ is the OFDM symbol interval
(T g=4.0psecif GuardType=T_4, T 5 = 3.6 psec if GuardType=T_8).

The downlink burst preamble structure is illustrated in the following figure.
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Downlink Burst Preamble

The downlink burst preamble is equal to Section 3 of the broadcast burst preamble. It
is composed of two OFDM symbols (C) of normal length preceded by a cyclic
repetition (CP) of the symbols. All the 52 sub-carriers are in use and are modulated
by elements of the frequency-domain sequence SC given by

SC 26, .., 26 =
{11 11 _11 _11 1/ 11 _11 11 _11 1/ 1/ 11 11 11 1/ _11 _11 11 11 _11 1/ _11 1/ 11 11
1/ Ol

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}

The cyclic prefix CP is a copy of the 2 9rder -1 |ast samples of the C symbols and is
thus double in length compared to the cyclic prefix of the normal data symbols.

The downlink burst formed by concatenating the above described preamble with the
data payload is illustrated in the following figure.

Preamble vy an Payload rpgy oap

| cp | [ | [ | [ | Dhata | P Dhata M,

PHY Burst Structure for Downlink Burst

The downlink PDU train is mapped onto the downlink burst when Number of sectors
per AP=1; the FCH-and-ACH PDU train is mapped onto the Downlink burst when
Number of sectors per AP>1.

One preamble must be added in the beginning of each FCH-and-ACH PDU train if
multiple sectors are used per AP.

The preamble of the FCH-and-ACH PDU train must be 2 OFDM symbols (reference
[1]). Possible FCH-and-ACH PDU trains are shown in the following figure. The upper
drawing shows the case where an FCH is present, whereas the length of the FCH is
zero in the lower drawing.

Preamhble FCH

ACH ‘

Preamble ACH

Possible FCH-and-ACH PDU Trains

One preamble is added at the beginning of each downlink PDU train, see the

following figure. The preamble of the downlink PDU train must have a length of 2
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OFDM symbols (reference [1] ).

DLCC-ID j. MAC 1Dy DLCC-ID Kk, MAC ID i DLCC-ID m. MAC ID i
o LN .

Y ‘ .
Preamble (r«'n'm ‘[.:'uc SCHs ‘[n'i[h 1_"" SCHs | LCHs W

Possible downlink PDU Trains

A set of SCHs and LCHs is granted for each DLCC by one RG. An MT cannot receive
more than one downlink PDU train containing UDCHs, the DCCH and LCCHs per MAC
frame; that is, all corresponding DLCCs must be grouped in a single PDU train. RBCH,
UMCHs and UBCHs are received in separate PDU trains.

The following table lists the number of OFDM symbols per transport channel.

Number of OFDM Symbols per Transport Channel (Excluding Physical Layer Preambles)

PHY mode BCH, FCH, |ACH, |[SCH, LCH, RCH,
150ct. |270oct. |90oct. 9oct. 540ct. |9oct.

BPSK, code rate=1/2 5 9 3 3 18 3

BPSK, code rate=3/4 2 12

QPSK, code rate=1/2 9

QPSK, code rate=3/4 1 6

16QAM, code rate=9/16 4

16QAM, code rate=3/4 3

64QAM, code rate=3/4 2

References

1. ETSITS 101 475 v1.2.1, "Broadband Radio Access Networks (BRAN); HIPERLAN Type
2; Physical (PHY) layer," November, 2000.

2. ETSITS 101 761-1 v1.1.1, "Broadband Radio Access Networks (BRAN); Data Link
Control (DLC) Layer Partl: Basic Data Transport Functions," April, 2000.

327



Advanced Design System 2011.01 - WLAN Design Library

WLAN_MuxOFDMSym

Des

cription OFDM symbol multiplexer

Library WLAN, Multiplex
Class SDFWLAN_MuxOFDMSym

Parameters

Name |Description Default Type |Range

Length |octet humber of PSDU 100 int [1,

4095]

Rate data rate: Mbps_6, Mbps_9, Mbps_12, Mbps_18, Mbps_24, Mbps_27, Mbps_6 lenum
Mbps_36, Mbps_48, Mbps_54

Carriers )number of carriers in one OFDM symbol 52 int {52}

Data number of input data in one OFDM symbol 48 int {48%

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

Pin Inputs

Pin Name Description |[Signal Type

1 |data |data input |complex

Pin Outputs

Pin Name Description Signal Type

2 |output |OFDM symbol data output complex

Notes/Equations

1.
2.

This model is used to multiplex data and pilots into the IEEE 802.11a OFDM symbol.
The stream of complex numbers is divided into groups of N _, = 48 complex

numbers. This is denoted by writing the complex number d , ., , which corresponds to

subcarrier k of OFDM symbol n.
The contribution of the pilot subcarriers for the nth OFDM symbol is produced by
Fourier transform of sequence P, given by

{OIOIOIOIOI1IOIOIOIOIOIOIOIOIOIOIOIOIOI1I0I0I0I0I0I0I0I
0,0,0,9,0,0,0,9,9,0,0,0,0,-1,0,0,0,0,0}

The polarity of the pilot subcarriers is controlled by sequence Pp
which is a cyclic extension of the 127 elements sequence and is given by

1,1,-1,- , ,-1,-1,1,1,-1,1,-1,-1,1,1,-1,1,1,-1,1,1,1,1, 1,1,
_11111111_1111 1_11_1111 1111_1111 _11_11_1111 _1111_11_11 11_11_1111 1111
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1111 _11_111111_11_1111_11 11_111111 _11_11_1111 11_11_11_11 _1111_11_11 11
_111111 1/11_1111_1111_1111_11_11_11_11 _1111_1111 11_1111_11 111111_11
-1111-11-11 -11111111 -11-11-11-11-11-11-1}

Each sequence element is used for one OFDM symbol. The first element P 0
multiplies the pilot subcarriers of the SIGNAL symbol, while the elements from P ;

are used for DATA symbols.
Subcarrier frequency allocation is shown in the following figure.

L1; i.l_l P 1||L|-: disP 5 d ¥ dj:l.‘-'f.' d."'-l 'L1_'\--.J Pj Ll;” L||__" I"!] L1_|: i]_r..
|
I
I
I
I
|

26 2 7 1] 7 21 il
Subcarrier Mumbers

Subcarrier Frequency Allocation

This model combines 48 input complex data and four pilots into an OFDM symbol.
Pilot positions are -21, -7, 7 and 21. These pilots are

P-21=p,
P-7=p,
P7=p,
P21 =-p,

where n represents nth OFDM symbols in the Burst.
Data and pilots are combined according to subcarrier allocation in the previous figure,

outputdata y o, ¥ 4, --- , ¥ 51 €quations are:
y,=d;i=0,1,2,3,4

Ys=P 3
y,+1=d,i=5,..,17
Yi9=P-7
y,+2=d,;i=18,..,29
Y32=P7
y, +3=d,i=30,..,42
Y 46 = P21

y +4=d, i=43,44,45, 46, 47

References

1. IEEE Standard 802.11a-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer in the 5 GHz
Band," 1999.
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WLAN_MuxSigData

2 . WLAR
1 5| oama 3
1 oromem

Description SIGNAL and DATA multiplexer
Library WLAN, Multiplex
Class SDFWLAN_MuxSigData

Parameters
Name Description Default Type |Range
Length joctet number of PSDU 100 int [1,
4095]
Rate |data rate: Mbps_6, Mbps_9, Mbps_12, Mbps_18, Mbps_24, Mbps_27, Mbps_6 lenum
Mbps_36, Mbps_48, Mbps_54
Pin Inputs

Pin Name |Description [Signal Type

1 |SIGNAL SIGNAL complex
signals

2 |DATA |DATA signals |complex

Pin Outputs

Pin Name Description Signal Type
3 |output output signals [complex

Notes/Equations

1. This model is used to multiplex the SIGNAL and DATA signals into the output signals.
Length and Rate parameters are used to determine the number of complex signals in
one burst. The number of OFDM symbols (DATA part), N ¢y, as follows

N gy = Ceiling (16 + 8 x Length + 6) / N pgps )

where N 555 is determined by the data rate in the following table.

This model multiplexes one SIGNAL OFDM symbol and N ¢,,, DATA OFDM symbols
into N gy + 1 OFDM symbols for output. The SIGNAL OFDM symbol is output first,
then the DATA OFDM symbols are output.

Rate-Dependent Values
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Data Rate |[Modulation Coding Coded Bits per [Coded Bits per Data Bits per

(Mbps) Rate (R) [Subcarrier OFDM Symbol |OFDM Symbol
(NBPSC) (NCBPS) (NDBPS)

6 BPSK 1/2 1 48 24

9 BPSK 3/4 1 48 36

12 QPSK 1/2 2 96 48

18 QPSK 3/4 2 96 72

24 16-QAM 1/2 4 192 96

27 16-QAM 9/16 4 192 108

36 16-QAM 3/4 4 192 144

48 64-QAM 2/3 6 288 192

54 64-QAM 3/4 6 288 216

References

1. IEEE Standard 802.11a-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer in the 5 GHz
Band," 1999.
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WLAN_MuxULBurstL

Description Uplink burst with long preamble multiplexer
Library WLAN, Multiplex
Class SDFWLAN_MuxULBurstL

Parameters

Name Description Default Type Range
NSYM number of OFDM symbols 1 int [1, o)
GuardType |type of guard interval: T_2,T_4,T_8,T_16,T_32T_4 enum

Order FFT points=2~0Order 6 int [6, 11]
Pin Inputs

Pin Name |Description Signal Type

1 |SPrmblB |short preamble complex

2 |LPrmbl |long preamble complex

3 |input OFDM symbols of uplink PDU train icomplex

Pin Outputs

Pin Name Description Signal Type

4 output |uplink burst signal with long preamble |complex

Notes/Equations

1. This model is used to multiplex short and long preambles, and uplink PDU train into
an uplink burst signal with a long preamble. Guard interval insertion is implemented.

2. Uplink burst with long preamble consists of a preamble of length ¢
usec and a payload section of length N ¢\, X T g,

where

N gy is the number of OFDM symbols in the payload section, set in the

NSYM parameter
T g is the OFDM symbol interval

(T g=4.0psecif GuardType=T_4, T 5 = 3.6 psec if GuardType=T_8).

The uplink burst structure with long preamble is illustrated in the following figure and

described here.
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Uplink Burst with Long Preamble

The term short OFDM symbol refers only to its length that is 2 979 -2 samples
instead of a regular OFDM symbol of 2 979€r samples used in HiperLAN/2 systems.

Section 7 consists of 10 specific short OFDM symbols denoted in figure 1 by
B and IB. The first 4 short OFDM symbols in this section (B, B, B, B)
constitute a regular OFDM symbol consisting of 12 loaded sub-carriers (£4,
+£8, £12, £16, £20, and £24) given by the frequency-domain sequence
SB:

SB -26...-26 = !wlan-06-25-56.gif!x {0,0,1+j,0,0,0,-1-j,0,0,0,1+j,0,0,0,-
1_jIOIOIOI_1_jIOIOI0I1+jIOIOIOIOI OI OI OI _1_jl OI OI Ol _1_jl OI OI OI 1+jl OI
0,0,1+j,0,0,0,1+j,0,0,0,1+j, 0,0}

The last short symbol in section 7 (IB) is a sign-inverted copy of the
preceding short symbol B, i.e. IB = -B.

Section 8 consists of two OFDM symbols (C) of normal length preceded by
a cyclic repetition (CP) of the symbols. All 52 sub-carriers are in use and
these are modulated by the elements of the frequency-domain sequence
SC given by:

SC ¢ .26 =11,1-1,-1,1,1-1,1,-1,1,1,1,1,1,1,-1,-1,1,1,-1,

1,-1,1,1,1,1,0,1,-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%

The cyclic repetition CP is a copy of the 2 9rder -1 |ast samples of the C
symbols and is thus double in length compared to the cyclic prefix of the
normal data symbols. Thus section 8 is equal to section 3, section 4, and
section 6.

The uplink burst with long preamble is formed by concatenating the above described
preamble with the data payload.
The resulting uplink burst is illustrated in the following figure.

Pregmble re gup Paylioaed 15,
4 >

(£ i B | 1] B H BB | 1] | ||{| L | I P | [ana 1 | | [ | TR —

PHY Burst Structure for Uplink Burst with Long Preamble

One preamble must be added at the beginning of each uplink PDU train, the following
figure. The preamble used for uplink PDU trains is presented in the BCCH in the
uplink preamble field, which is set to 1 for the long preamble. The preamble of the
uplink PDU train with long preamble must have a length of 4 OFDM symbols, see
reference [1].

A set of SCHs and LCHs is granted for each DLCC by one RG. An MT cannot receive
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more than one uplink PDU train for the transmission of data, that is, all
corresponding DLCCs must be grouped in a single PDU train.
RCH access is possible.

DLOCC D ), MAC 1D DLCCID k, MAC 1D DLCCID m. MAC 1D |
e e A

My "'\- il

Preamble LCHs SCHs LCHs SCHs amamal CHS SCHs

Preamble RCH

Possible Uplink PDU Train with Long Preamble

The number of OFDM symbols per transport channels is shown in the following table.

Number of OFDM Symbols per Transport Channel (Excluding Physical Layer Preambles)

PHY mode BCH, [FCH, |ACH, SCH, |[LCH, |RCH,
150ct. |270ct. 90oct. |9oct. 540ct. 9oct.

BPSK, code rate=1/2 5 9 3 3 18 3

BPSK, code rate=3/4 2 12

QPSK, code rate=1/2 9

QPSK, code rate=3/4 1 6

16QAM, code rate=9/16 4

16QAM, code rate=3/4 3

64QAM, code rate=3/4 2

References

1. ETSITS 101 475 v1.2.1, "Broadband Radio Access Networks (BRAN); HIPERLAN Type
2; Physical (PHY) layer," November, 2000.

2. ETSITS 101 761-1 v1.1.1, "Broadband Radio Access Networks (BRAN); Data Link
Control (DLC) Layer Partl: Basic Data Transport Functions," April, 2000.
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WLAN_MuxULBurstS

Description Uplink burst with short preamble multiplexer
Library WLAN, Multiplex
Class SDFWLAN_MuxULBurstS

Parameters

Name Description Default Type Range
NSYM number of OFDM symbols 1 int [1, o)
GuardType |type of guard interval: T_2,T_4,T_8,T_16,T_32T_4 enum

Order FFT points=2~0Order 6 int [6, 11]
Pin Inputs

Pin Name |Description Signal Type

1 |SPrmblB |short preamble complex

2 |LPrmbl |long preamble complex

3 |input OFDM symbols of uplink PDU train icomplex

Pin Outputs

Pin Name Description Signal Type

4 |output juplink burst signal with short preamble complex

Notes/Equations

1. This model is used to multiplex short preamble, long preamble, and uplink PDU train
into a uplink burst signals with short preamble. Guard interval insertion is
implemented.

2. Uplink burst with short preamble consists of a preamble of length ¢t =12.0

preamble
Msec and a payload section of length N ¢\, X T g,

N gy is the number of OFDM symbols in the payload section, set in the

NSYM parameter
T g is the OFDM symbol interval

(T g=4.0psecif GuardType=T_4, T 5 = 3.6 psec if GuardType=T_8).

The short preamble structure for uplink bursts is illustrated in the following figure and
described here.
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Short Preamble for Uplink Bursts

The term short OFDM symbol refers to length that is 2 979€r -2 samples instead of a

regular OFDM symbol of 2 9r9€r samples used in HiperLAN/2 systems.
Sections 5 and 6 are equal to the broadcast burst preamble sections 2 and 3,
respectively.

Section 5 consists of 5 specific short OFDM symbols denoted B and IB. The
first 4 short OFDM symbols (B, B, B, B) constitute a regular OFDM symbol
consisting of 12 loaded sub-carriers (£4, £8, £12, £16, £20, and £24)
given by the frequency-domain sequence SB:

SB ,5 . 26 = 'wlan-06-26-61.gif!x {0,0,1+j,0,0,0,-1-j,0,0,0,1+j,0,0,0,-1-

jIOIOIOI_1_jIOIOI0I1+jIOIOIOIOI OI OI OI -1_jl OI OI OI _1_jl OI OI OI 1+jl OI OI
0,1+j,0,0,0,1+j,0,0,0, 1+j, 0, 0}

The last short symbol (IB) is a sign-inverted copy of the preceding short
symbol B, i.e. IB = -B.

Section 6 consists of two OFDM symbols (C) of normal length preceded by
a cyclic repetition (CP) of the symbols. All 52 sub-carriers are in use and
are modulated by the elements of the frequency-domain sequence SC
given by:

SC ¢ ,¢={1,1,-1,-1,1,1,-1,1,-1,1,1,1,1,1,1,-1,-1,1,1, -1,
i,-1,1,1,1,1,0,1,-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%

The cyclic prefix CP is a copy of the 2 0rder -1 |ast samples of the C symbols

and is thus double in length compared to the cyclic prefix of the normal
data symbols.

The uplink burst is formed by concatenating the above described preamble with the
data payload. The resulted uplink burst is as illustrated in the following figure.

Preamble fpge agme s |.“-|.“'!"”‘1 Fravioal

-+ L]

CFP | Dt Ny

|H Jl|H|H|IH| P | [ | { | CP | Data 1

PHY Burst Structure for Uplink Burst with Short Preamble

One preamble must be added at the beginning of each uplink PDU train, see the
following figure. The preamble used for uplink PDU trains is presented in the BCCH in
the uplink preamble field which is set to zero for the short preamble. The preamble of
the uplink PDU train with short preamble must have a length of 3 OFDM symbols, see
reference [1].
A number of SCHs and LCHs is granted for each DLCC by one RG. An MT cannot
receive more than one uplink PDU train for the transmission of data, that is, all
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corresponding DLCCs must be grouped in a single PDU train.
RCH access is possible.

ELOC-I12 3. MAC 1LYy DLCC-D K, MAC 1D DLCC-TE m, MAC T
A L A —

—r”

ral T T ral

Freamble LUHs SCHs LCHs SUH= amama| LCHS SUH=

Preambls KCH

Example Uplink PDU Train with Short Preamble

The number of OFDM symbols per transport channels is shown in the following table.

Number of OFDM Symbols per Transport Channel (Excluding Physical Layer Preambles)

PHY mode BCH, FCH, ACH, SCH, LCH, RCH,
150ct. |270oct. 90oct. |9oct. 540ct. 9oct.

BPSK, code rate=1/2 5 9 3 3 18 3

BPSK, code rate=3/4 2 12

QPSK, code rate=1/2 9

QPSK, code rate=3/4 1 6

16QAM, code rate=9/16 4

16QAM, code rate=3/4 3

64QAM, code rate=3/4 2

References

1. ETSI TS 101 475 v1.2.1, "Broadband Radio Access Networks (BRAN); HIPERLAN Type
2; Physical (PHY) layer," November, 2000.

2. ETSITS 101 761-1 v1.1.1, "Broadband Radio Access Networks (BRAN); Data Link
Control (DLC) Layer Partl: Basic Data Transport Functions," April, 2000.
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Test Components for WLAN Design
Library

WLAN BERPER (wlan)
WLAN EVM (wlan)

WLAN RF CCDF (wlan)
WLAN RF PowMeas (wlan)

339



Advanced Design System 2011.01 - WLAN Design Library

WLAN_BERPER

Description: Bit and packet error rate measurements
Library: WLAN, Test
Class: SDFWLAN_BERPER

Parameters

Name Description Default Unit Type Range
Length joctet number of PSDU 100 int [1:4095]
Delay |delay number of PSDUs |2 int [0, o)
Pin Inputs

Pin |IName Description Signal Type

1 |test |received PSDU int

2 ref reference input PSDU |int

Pin Outputs

Pin |IName Description Signal Type

3 |ber output BER real
value

4  |per output PER value real

Notes/Equations

1. This model is used to measure the input signal bit error rate (BER) and packet error
rate (PER).
1 token at pin ber and 1 token at pin per are produced when Length x 8 input tokens
are consumed. Note that the Length parameter is in bytes while test and ref signals
are in bits.

2. The model calculates the error rate after the specified Delay time. Its procedure is as
follows:

count = 0;
perr = 0;
err = 0;
brate = 0.0;

prate = 0.0;

if (count>=delay)

{

prev=err;_

for (i=0;i<length;i++)
{

tl = test%(i);

ri ref%(i);

t1 = t1&l;
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ri = ri1&1;
if (t1!=r1)
err = err+i;
}
if (err>prev)
perr = perr+l;
}
count++;
if ( count>delay )
{ brate = ((float) err)/((count-delay)*length); prate = (float) perr/(count-delay);}
ber%(0) << brate;
per%(0) << prate;

References

1. ETSI TS 101 475 v1.2.1, "Broadband Radio Access Networks (BRAN); HIPERLAN Type
2; Physical (PHY) layer," November, 2000.

2. ETSITS 101 761-1 v1.1.1, "Broadband Radio Access Networks (BRAN); Data Link
Control (DLC) Layer Partl: Basic Data Transport Functions," April, 2000.
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WLAN_EVM

WLAM

1;|E1.I'M |—.-3

Description Error Vector Magnitude
Library WLAN, Test
Class SDFWLAN_EVM

Parameters
Name |Description Default Type Range
Length |octet humber of PSDU 100 int [1, 4095]

Rate data rate: Mbps_6, Mbps_9, Mbps_12, Mbps_18, Mbps_24, Mbps_27, |Mbps_6 lenum
Mbps_36, Mbps_48, Mbps_54

Carriers )number of carriers in one OFDM symbol 52 int 48 or 52
Nf number of frames for the measurement 30 int [1, o) see

Note 4
Pin Inputs

Pin Name Description Signal Type
1 |inputl |ideal signal complex

2 |input2 |observed signal ,complex

Pin Outputs

Pin Name Description Signal Type
3 |output [EVM output |real

Notes/Equations

1. This model is used to determine RMS average of the error vector magnitude. Each
firing, NSYM x 52 or NSYM x 48 tokens are consumed at pins inputl and input2,
whereas 52 or 48 is determined by the input signal in which 4 pilot carriers are
removed, 48 is selected, otherwise, 52 is correct. Then, 1 token of EVM value is
produced.

2. Length and Rate parameters determine the number of complex signals in one burst.
The number of OFDM symbols, NSYM can be calculated as:

ﬂhrsyju = Ccahngu 16+ 8 chngth + 6:IJ'I¢NTDBPS ]
where N 55 is determined by data rate, shown in the following table.

Rate-Dependent Values
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Data Rate |[Modulation Coding Coded Bits per [Coded Bits per Data Bits per

(Mbps) Rate (R) [Subcarrier OFDM Symbol |OFDM Symbol
(NBPSC) (NCBPS) (NDBPS)

6 BPSK 1/2 1 48 24

9 BPSK 3/4 1 48 36

12 QPSK 1/2 2 96 48

18 QPSK 3/4 2 96 72

24 16-QAM 1/2 4 192 96

27 16-QAM 9/16 4 192 108

36 16-QAM 3/4 4 192 144

48 64-QAM 2/3 6 288 192

54 64-QAM 3/4 6 288 216

3. The averaged RMS EVM can be caculated as follows:
» the RMS average of all errors in a packet is calculated using the formula

N z z {ILIILL'~J'~JI?:|—IDI;LJ'~JI?]]2+|;QILLJ'J?]—Qggi~u;'~kj|j|2}
I j=1 k=1

; Carriers x Ngyy x P
N,

Errorgyg = *

where
Carriers is the number of subcarriers (48 or 52) in one OFDM symbol
N gy is the length of the packet

N (is the number of frames for the measurement

(IO0(i,j,k), QO(i,j,k))denotestheideal symbol point of the it frame, j
~_th
A OFDM symbol of the frame, _k t" subcarrier of the OFDM symbol in the
complex plane
(I(i,j, k), Q(i,j,k))denotesthe observed point of the i i’ frame, j "
OFDM
symbol of the frame, k ' subcarrier of the OFDM symbol in the complex
plane
P 0 is the average power of the constellation

4. The test must be performed over at least 20 frames N ., and the N ( RMS EVM are

averaged as one averaged RMS EVM. The packets under test must be at least 16
OFDM symbols long.

References

1. IEEE Standard 802.11a-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer in the 5 GHz
Band," 1999.
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WLAN_RF_CCDF

Description RF signal complementary cumulative distribution function
Library WLAN, Test
Class TSDFWLAN_RF_CCDF

Parameters

Name Description Default |Unit Type |lRange

StartSym  |symbol from which measurement begins |0 int [0, o)

BurstLen length of input signal burst 2560 int (1, )

OutputPoint |output precision 100 int (0, BurstLen *
BurstNum]

BurstNum |number of bursts 1 int (0, )

RLoad reference resistor 50.0 Ohm |real |(0, o)

RTemp temperature of reference resistor -273.15 real |[-273.15, o)

Pin Inputs

Pin Name Description |Signal Type

1

in input signals |timed

Notes/Equations

1. This subnetwork is used to measure the complementary cumulative distribution

function (CCDF) according to the input signals.

Each firing, BurstLen x BurstNum signals are input (BurstLen is the length of frame
and BurstNum is the number of frames to be measured).

The schematic is shown in the following figure.

WLAN_RF_DisFunc measures the distribution function according to the input signal
power; results are collected by the NumericSink components. The distribution range
is sent to the SignalRange NumericSink and is divided into segments according to the
OutputPoint parameter. The corresponding distribution probability is calculated based
on these segments and sent to the CCDF NumericSink.

WLAN_RF_DisFunc calculates peak power of 99.9% probability and average power of
input signals. These results are collected by the PeakPower and AvgPower
NumericSinks.

Note that the units of PeakPower and AvgPower are dBm; SignalRange is the
transient absolute signal power minus AvgPower , so the unit of SignalRange is dB.
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WLAN_RF_CCDF Schematic
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WLAN_RF_PowMeas

Description Power level measurement
Library WLAN, Test
Class SDFWLAN_RF_PowMeas

Parameters

Name Description Default Unit Type Range

SignalType |type of signal to be measured: Baseband, RF RF enum

RefR reference resistance 50.0 Ohm |real |(0, o)

Length octet number of PSDU 100 int [1,

4095]

Rate data rate: Mbps_6, Mbps_9, Mbps_12, Mbps_18, Mbps_24, Mbps_6 enum
Mbps_27, Mbps_36, Mbps_48, Mbps_54

Order FFT points=2~Order 6 int [6, 11]

Nf number of frames for the measurement 30 int [1, )

Pin Inputs

Pin Name Description Signal Type

1 |input [signal to be measured complex

Pin Outputs

Pin Name Description Signal Type

2 |outputlnst output instant power |real
3 |outputavg output average power real

Notes/Equations

1. This model is used to calculate instant and average power according to the received
signals. Power calculation is described as follows; the complex signal at instant i is
denoted as R ; ; the output is in dBm.

« If an RF signal is measured, power is expressed as
10log(R; /(2 x RefR))

« If a baseband signal is measured, power is expressed as
10log(R;)

2. Length and Rate parameters are used to determine the number of complex signals in
one burst. The number of OFDM symbols N ¢, is calculated:

N gyp = Ceiling ((16 + 8 x Length + 6)/ N pgps )
where N 555 is determined by the data rate listed in the following table.

After determining N , the number of input tokens N is calculated as follows:
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SYM total

N total = (2 Order 4 5 Order (-2) Yy x (N Sy + 5)

The buffer length for input and output pinsis N .., ; N , tokens are fired each

tota

operation. Instant power is calculated according to the magnitude at each point. For
the first frame, average power equals the instant power; for the second frame,
average power equals the average of 2 instant power. Accordingly, for Nf frame,
average power equals the average of Nf instant power.

Rate-Dependent Values

Data Rate Modulation Coding |Coded Bits per Coded Bits per Data Bits per

(Mbps) Rate (R) Subcarrier OFDM Symbol |OFDM Symbol
(NBPSC) (NCBPS) (NDBPS)

6 BPSK 1/2 1 48 24

9 BPSK 3/4 1 48 36

12 QPSK 1/2 2 96 48

18 QPSK 3/4 2 96 72

24 16-QAM 1/2 4 192 96

27 16-QAM 9/16 4 192 108

36 16-QAM 3/4 4 192 144

48 64-QAM 2/3 6 288 192

54 64-QAM 3/4 6 288 216

References

1. IEEE Standard 802.11a-1999, "Part 11: Wireless LAN Medium Access Control (MAC)
and Physical Layer (PHY) specifications: High-speed Physical Layer in the 5 GHz
Band," 1999,
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