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version 2.1 of the License, or (at your option) any later version. This library is distributed in the hope
that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of MERCHANTABILITY or FITNESS
FOR A PARTICULAR PURPOSE. See the GNU Lesser General Public License for more details. You should
have received a copy of the GNU Lesser General Public License along with this library; if not, write to
the Free Software Foundation, Inc., 51 Franklin St, Fifth Floor, Boston, MA 02110-1301 USA
Permission is hereby granted to use or copy this program under the terms of the GNU LGPL, provided
that the Copyright, this License, and the Availability of the original version is retained on all
copies.User
documentation of any code that uses this code or any modified version of this code must cite the
Copyright, this License, the Availability note, and "Used by permission." Permission to modify the code
and to distribute modified code is granted, provided the Copyright, this License, and the Availability
note are retained, and a notice that the code was modified is included. Qt Availability:
http://www.gtsoftware.com/downloads Patches Applied to Qt can be found in the installation at:
$HPEESOF_DIR/prod/licenses/thirdparty/qt/patches. You may also contact Brian Buchanan at Agilent
Inc. at brian_buchanan@agilent.com for more information.

The HISIM_HV source code, and all copyrights, trade secrets or other intellectual property rights in and
to the source code, is owned by Hiroshima University and/or STARC.
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directory names. The business entity formerly known as "HP EEsof" is now part of Agilent Technologies
and is known as "Agilent EEsof". To avoid broken functionality and to maintain backward compatibility
for our customers, we did not change all the names and labels that contain "HP" or "HPEESOF"
references.

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

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

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

The Agilent EEsof Fixed WiMAX wireless design library (WDL) is for the WiMAX OFDM (802.16-2004)
market. This wireless design library follows IEEE Std 802.16-2004 and IEEE P802.16-2004/Cor1/D5.
The design library focuses on WirelessMAN-OFDM PHY (section 8.3) in IEEE Std 802.16-2004 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 non-ideal component performance.
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WiIMAX Systems

While wireless connectivity options have expanded rapidly in recent years, wireless network access is
available now only in limited physical areas. Internet and internet users need broadband access that
extends over longer distances to more locations. The industry solution is the Worldwide
Interoperability for Microwave Access ( WiMAX) standard, developed to create certified standards-
based products from a wide range of vendors.

WIMAX, a data-on-the-go alternative to cable and DSL, is a standards-based broadband wireless
access technology for enabling the last-mile delivery of information. WiMAX will provide fixed,
nomadic, portable and, eventually, mobile wireless broadband connectivity without the need for direct
line-of-sight connection between a base station and a subscriber station. In a typical cell radius
deployment of 3 to 10 Km, WiMAX-certified systems can be expected to support capacity of up to 40
Mbps per channel, for fixed and portable access applications. This is enough bandwidth to
simultaneously support hundreds of businesses with T-1 speed connectivity and thousands of
residences with DSL speed connectivity. Mobile network deployments are expected to provide up to 15
Mbps of capacity within a typical cell-radius deployment of up to 3 Km. It is expected that WiMAX
technology will be incorporated in notebook computers and PDAs starting as early as the end of 2006,
enabling urban areas and cities to become MetroZones for portable outdoor broadband wireless access.
WiMAX technology has the potential to enable service carriers to converge the all-IP-based network for
triple-play services such as data, voice, and video.

The IEEE 802.16 standard originally specified an operating frequency band from 10 to 66 GHz. The
802.16-2004 supports fixed broadband wireless access for both licensed and unlicensed spectra in the
2-to-11-GHz range. However, the 802.16e amendment is under development to address mobile
broadband wireless access.

In addition to supporting the 2-to-11-GHz frequency range, the 802.16-2004 standard supports three
physical layers ( PHYs). The mandatory PHY mode is 256-point FFT Orthogonal Frequency Division
Multiplexing (OFDM). The other two PHY modes are Single Carrier (SC) and 2048 Orthogonal
Frequency Division Multiple Access (OFDMA) modes. The corresponding European standardize ETSI
HiperMAN standard defines a single PHY mode identical to the 256 OFDM mode in the 802.16-2004
standard.

Because the goal of WIMAX is to promote the interoperability of equipment based on either the
802.16-2004 or HiperMAN standards, the forum has chosen to support the 256 OFDM mode
exclusively. To ensure worldwide interoperability, the WiMAX Forum will only certify equipment
supporting that particular PHY mode.

WiFi 802.11a and 802.11g also use OFDM and have established an excellent performance record for
robust wireless networking. However, WiFi uses 64 OFDM. The number before OFDM refers to the
number of carriers that can be used in the overall modulation scheme. The much greater number of
carriers for WiMAX helps achieve greater range because a receiver using 256 OFDM can tolerate delay
spreads up to 10 times greater than systems using 64 OFDM. Also, 256 OFDM provides good non-line-
of-sight capability.

This Fixed WiMAX just supports WirelessMAN-OFDM PHY (256-point FFT OFDM) in IEEE Std 802.16-
2004.

Major specifications for the WirelessMAN-OFDM PHY physical layer are listed in the following table.
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Specification Settings

Information data rate up to 75 Mbps at 20 MHz bandwidth
Modulation BPSK, QPSK, 16-QAM, 64-QAM

Error correcting code Reed Solomon Coder and Convolutional Coder
Coding rate 1/2, 2/3, 3/4

Nppr 256

Number of data subcarriers 192

Number of pilot subcarriers 8

Number of total subcarriers used 200

Number of lower frequency guard subcarriers |28
Number of higher frequency guard subcarriers 27

n :Sampling factor For channel bandwidths that are a multiple of 1.75 MHz, then n = 8/7
G: Ratio of CP time to "useful" time 1/4,1/8, 1/16, 1/32
BW: Nominal channel bandwidth From 1.5 MHz to 28 MHz
F fleori(n- BW)/8000) x 8000
Af F./Nppr
Tb: Useful symbol time 1/(Af
Tg: CP time G-T,
Ts: OFDM symbol time T,+T
g
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Component Libraries

The Fixed WiMAX wireless design library is organized by library according to the types of behavioral
models and subnetworks.

Channel Components
The channel model provides fixed WiMAX channel model (SUI channel model).

« WMAN_FWA_Channel: FWA Channel model

Channel Coding Components

The channel coding models provide channel coding and scrambling in the transmitter end, and channel
decoding in the receiving end.

« WMAN_CRC_Coder: CRC generator

WMAN_Puncturer: puncturer or de-puncturer
WMAN_RSDecoder: Reed Solomon decoder
WMAN_Scramber: Scrambler

WMAN_FEC: Forward error correction encoder
WMAN_FEC_Decoder: Forward error correction decoder

Measurement Component
The measurement models provide basic measurements.

WMAN_DL_Constellation_RF: Downlink constellation measurement
WMAN_DL_RF_CCDF_FD: Downlink CCDF measurement with frame duration
WMAN_DL_SpecFlat: Downlink spectral flatness measurement
WMAN_RF_CCDF: CCDF measurement

WMAN_UL_Constellation_RF: Uplink constellation measurement
WMAN_UL_RF_CCDF_FD: Uplink CCDF measurement with frame duration
WMAN_UL_SpecFlat: Uplink spectral flatness measurement

WMAN_EVM: EVM measurement (in Sink location)

Multiplex Components
The multiplex models provide framing and de-framing in WMAN transceivers.

WMAN_BurstWoFEC: Other bursts generator without FEC
WMAN_DL_DemuxBurst: Downlink bursts demultiplexer
WMAN_DL_DemuxBurst_FD: Downlink bursts demultiplexer with frame duration
WMAN_DL_MuxBurst: Downlink bursts multiplexer

WMAN_DL_MuxBurst_FD: Downlink bursts multiplexer with frame duration
WMAN_DL_MuxFrame: Downlink frame demultiplexer
WMAN_DemuxOFDMSym: OFDM symbol demultiplexer

10
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WMAN_UL_DemuxBurst: Uplink bursts demultiplexer
WMAN_UL_MuxBurst: Uplink bursts multiplexer
WMAN_UL_MuxFrame: Uplink frame demultiplexer
WMAN_UL_MuxOFDMSym: Uplink OFDM symbol multiplexer

Receiver Components

The receiver models provide channel estimator, frame synchronization and frequency synchronization,
top level baseband receivers and top level RF receivers.

WMAN_DL_ChEstimator: Downlink channel estimator

WMAN_DL_DemuxFrame: Downlink frame de-multiplexer with frequency offset compensation,
cyclic prefix removed

WMAN_DL_DemuxFrame_FD: Downlink frame de-multiplexer with frame duration
WMAN_DL_FrameSync: Downlink frame synchronizer

WMAN_DL_FregSync: Downlink frequency synchronizer
WMAN_DL_PhaseTracker: Downlink phase tracker

WMAN_Demapper: Soft demapper

WMAN_UL_ChEstimator: Uplink channel estimator

WMAN_UL_DemuxFrame: Uplink frame de-multiplexer with frequency offset compensation, cyclic
prefix removed

WMAN_UL_DemuxFrame_FD: Uplink frame de-multiplexer with frame duration
WMAN_UL_FrameSync: Uplink frame synchronizer

WMAN_UL_FreqSync: Uplink frequency synchronizer

WMAN_UL_PhaseTracker: Uplink phase tracker

WMAN_DL_Receiver: Downlink baseband receiver

WMAN_DL_Receiver_RF: Downlink RF receiver

WMAN_DL_Rx_FD: Downlink baseband receiver with frame duration
WMAN_DL_Rx_FD_RF: Downlink RF receiver with frame duration
WMAN_UL_Receiver: Uplink baseband receiver

WMAN_UL_Receiver_RF: Uplink RF receiver

WMAN_UL_Rx_FD: Downlink baseband receiver with frame duration
WMAN_UL_Rx_FD_RF: Downlink RF receiver with frame duration

Signal Source Components

The signal source models provide models to generate downlink and uplink signal sources.

WMAN_DCD: DCD generator
WMAN_DLFP: Downlink frame prefix generator
WMAN_DL_MAP: Downlink map generator
WMAN_DL_Pilot: Downlink pilot generator
WMAN_MACHeader: MAC header generator
WMAN_Preamble: Preamble generator
WMAN_UCD: UCD generator
WMAN_UL_MAP: Uplink map generator
WMAN_UL_Pilot: Uplink pilot generator
WMAN_BrdcstMessage: Downlink broadcast message generator
WMAN_DL_SignalSrc: Downlink baseband signal source
WMAN_DL_SignalSrc_RF: Downlink RF signal source
WMAN_DL_Src_FD: Downlink baseband signal source with frame duration
WMAN_DL_Src_FD_RF: Downlink RF signal source with frame duration
WMAN_DataPattern: Data pattern

11
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WMAN_MACPDU: MAC PDU generator
WMAN_UL_SignalSrc: Uplink baseband signal source
WMAN_UL_SignalSrc_RF: Uplink RF signal source
WMAN_UL_Src_FD: Uplink baseband signal source with frame duration
WMAN_UL_Src_FD_RF: Uplink RF signal source with frame duration

12
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Desigh Examples

This Fixed WiMAX wireless design library provides design examples of WirelessMAN-OFDM PHY
transmitter and receiver. Three workspaces are provided in this Fixed WiMAX WDL,

« WMAN_OFDM_Tx_wrk
« WMAN_OFDM_Rx_wrk
« WMAN_OFDM_FrameDuration_wrk

WMAN_OFDM_Tx_wrk

This library provides transmitter design examples of WMAN WirelessMAN-OFDM PHY system. The
transmitter measurements are EVM, constellation, spectrum mask and CCDF and etc.

« WMAN_OFDM_DL_TXEVM: measure downlink EVM (or RCE) and show the demodulated
constellation

« WMAN_OFDM_DL_TxSpecFlat: measure downlink transmitter spectral flatness

« WMAN_OFDM_DL_TxWaveform: measure downlink transmitter CCDF, waveform and spectrum
mask

e WMAN_OFDM_UL_TXEVM: measure uplink EVM (or RCE) and show the demodulated constellation

WMAN_OFDM_Rx_wrk

This library provides receiver design examples of WMAN WirelessMAN-OFDM PHY system. The receiver
measurements are sensitivity, PER on fading channel and etc.

« WMAN_OFDM_DL_AWGN_BER: measure downlink BER/PER in AWGN environment

« WMAN_OFDM_DL_RxSentivity: measure downlink receiver minimum input level sensitivity

« WMAN_OFDM_UL_Fading_BER: measure uplink BER/PER in fading channel

« WMAN_OFDM_UL_RxAdjCh: measure uplink receiver adjacent and alternate channel rejection

WMAN_OFDM_FrameDuration_wrk

This workspace provides some design examples of transmitter and receiver to support frame duration
in WirelessMAN-OFDM PHY system.

« WMAN_OFDM_DL_Fading_BER_FD: measure downlink BER/PER in fading channel with frame
duration

e WMAN_OFDM_DL_TXEVM_FD: measure downlink EVM (or RCE) and show the demodulated
constellation with frame duration

« WMAN_OFDM_DL_TxWaveform_FD: measure downlink transmitter CCDF, waveform and
spectrum mask with frame duration

« WMAN_OFDM_UL_AWGN_BER_FD: measure uplink BER/PER in AWGN environment with frame
duration

« WMAN_OFDM_UL_SubCh_TxEVM_FD: measure uplink EVM (or RCE) and show the demodulated
constellation with subchannelization

13
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Glossary of Terms

AWGN addition white Gaussian noise

CCDF complementary cumulative distribution function
CP cyclic prefix

CSMA/CA |carrier sense multiple access/collision avoidance
DL downlink

EVM error vector magnitude

FEC forward error correction

FFT fast fourier transform

IEEE Institute of Electrical and Electronic Engineering
IFFT inverse fast fourier transform

MAC medium access control

OFDM orthogonal frequency division multiplexing

PA power amplifier

PER packet error rate

PHY physical layer

PLCP physical layer convergence protocol

PSDU PLCP service data unit
QPSK quadrature phase shift keying

RCE relative constellation error
RF radio frequency

RX receive or receiver

SDU service data unit

TX transmit or transmitter

UL uplink

WIiMAX  |worldwide interoperability for microwave access
WMAN wireless metropolitan area networks
WDL wireless design library

14
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WMAN Channel Coding Components

The channel coding models provide channel coding and scrambling in the transmitter end, and channel
decoding in the receiving end.

WMAN CRC Coder (WMAN CRC Coder) (wman)

WMAN FEC (WMAN Forward Error Correction Coder) (wman)

WMAN FEC Decoder (WMAN Forward Error Correction Decoder) (wman)
WMAN Puncturer (WMAN Puncturer) (wman)

WMAN RSDecoder (WMAN Reed-Solomon Decoder) (wman)

WMAN Scrambler (WMAN Scrambler) (wman)

16
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WMAN_CRC_Coder (WMAN CRC Coder)

VUMAN
.
CRC &

Encoder

WMAN_CRC_Coder

Description CRC generator
Library WMAN, Channel Coding
Class SDFWMAN_CRC_Coder
Derived From WMAN_CRC_Base

Parameters
Name Description Default Type Range
ParityPosition Parity bits position: Tail, Head Tail enum
ReverseData reverse the data sequence or not: NO, YES NO enum
ReverseParity reverse the parity bits or not: NO, YES NO enum
ComplementParity |complement parity bits or not: NO, YES NO enum
Messagelength input message length 172 int [1, c0)
CRCLength added CRC length, Polynomial's size is equal to 12 int (0, )

(CRCLength+1)
InitialState initial state of encoder, the same range as generator {0,0,0,0,0,0,0,0,0,0,0,0,0%} |int

polynomial array
Polynomial generator polynomial {1,1,1,1,1,0,0,0,1,0,0,1,1} /int

array

Pin Inputs

Pin Name Description |Signal Type

1

In input data |int

Pin Outputs

Pin Name Description |Signal Type

2

Out output data |int

Notes/Equations

1.

2.

This model is used to add CRC bits to the input information, where the length of CRC bits can be
greater than 32.

Each firing, (MessagelLength + CRCLength) tokens are produced when MessagelLength tokens are
consumed. CRCLength is the length of CRC bits that is related with Polynomial, where
CRCLength=Length(Polynomial)-1.

This mode performs the same operations as CRC_Coder. For more details, refer to CRC_Coder.
The main difference is that the length of CRC bits can be greater than 32 in WMAN_CRC_Coder.
For example, the CRC32 shall be calculated in WMAN OFDM using the following standard
generator polynomial of degree 32:

2 2 7 = 7

Gix) = _,;33_,__,;- +x +x +x +.1.'13+.J.'1 +.J:10+.J:S+.J;"+.J:5+.J:4+.1;3+.J:+J
Then, Polynomial can be setto"1000001001100000100011101101101 11",
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WMAN_FEC (WMAN Forward Error Correction Coder)

WTAT
FEC

LN
B

WMAN_FEC

Description Forward error correction encoder
Library WMAN, Channel Coding
Class SDFWMAN_FEC

Parameters
Name Description Default Type Range
Rate_ID Rate identifier 1 int [0, 6]
DatalLength Data byte length before FEC 100 int [1, o]
Subchannelization |Indication of subchannelization: NO, NO enum
YES
Subchannellndex Subchannel index 8 int [1, 15] or [17, 31]
Pin Inputs

Pin Name Description Signal Type
1 in data before FEC |int
Pin Outputs

Pin [IName Description Signal Type
2 |out data after FEC |int

Notes/Equations

1. This subnetwork is used to do forward error correction coding, consisting of Reed-Solomon coder,
Convolutional coder, puncturer and interleaver.
2. The schematic of this subnetwork is shown in WMAN_FEC schematic.
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WMAN_FEC schematic

8 4 3 2
3. RS coder is used when Subchannelization=NO. Field Generator Polynomial is ¥ *% +& *x +1

Message length entered into RS coder (note when Rate_ID=0, RS coder is bypassed), code length
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after RS coding is specified in Data-Rate-Dependent Parameters RS code section. The redundant
bits are added after the input bits originally, but they need to be sent before the input bits. When
Subchannelization=YES, RS coder is not employed. Input bits are put into CC coder directly.
4, The CC coder is native rate of 1/2. A constraint length equal to 7 and shall use the generator
polynomials codes shown blow:
Gy = 1Tlger

For X
Gy = 133pcr

ForY

X output

Data in | bt | bt | bit | bt
delay delay delay delay

Y output

Convolutional Encoder of Rate 1/2

Rate_ID Modulation Uncoded block Coded block Overall coding |RS code CC code
size(bytes) size(bytes) rate rate
0 BPSK 12 24 1/2 (12,12,0) |1/2
1 QPSK 24 48 1/2 (32, 24,4) 2/3
2 QPSK 36 48 3/4 (40,36,2) |5/6
3 16QAM 48 96 1/2 (64,48,8) 2/3
4 16QAM 72 96 3/4 (80,72,4) |5/6
5 64QAM 96 144 2/3 (108,96,6) |3/4
6 64QAM 108 144 3/4 (120,108,6) |5/6

5. Puncturer is used to realize different code rate. When Subchannelization=NO, CC code rate is
used as Puncturer rate; when Subchannelization=YES, RS encoder is bypassed, so the overall
coding rate shall be used as Puncturer rate (Inner Convolutional Code with Puncturing
Configuration).

Inner Convolutional Code with Puncturing Configuration

Rate1/2 (2/3  3/4 5/6
dfree 10 |6 5 4

X 1 |10 101 10101
y 1 11 110 11010

XY Xy YqXq Yy Yo Xg Yq Yy Xg Xg Yq Yy X3 Yy Xe
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6. The interleaver has three parameters. I is set 12 here, ° = ¢¢Hl(NBPSC)/Z) NCBPS and NBPSC
are set according to Block Sizes of the Bit Interveaver (NCBPS/NBPSC).

Block Sizes of the Bit Interveaver (NCBPS/NBPSC)

Modulation | No. of Subchannels

16 (Default) 8 4 2 1
BPSK 192/1 96/1 48/1 |24/1 12/1
QPSK 384/2 192/296/2 |48/2 |24/2
16-QAM 768/4 384/4/192/4 196/4 48/4
64-QAM 1152/6 576/6 |288/6 144/6 72/6

References

1. IEEE Std 802.16-2004, Part 16: Air Interface for Fixed Broadband Wireless Access Systems,
Section 8.3 WirelessMAN-OFDM PHY, October 1, 2004.

2. IEEE P802.16-2004/Cor1/D3, Corrigendum to IEEE Standard for Local and Metropolitan Area
Networks - Part 16: Air Interface for Fixed Broadband Wireless Access Systems, May 2005.
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WMAN_FEC_Decoder (WMAN Forward Error Correction
Decoder)

WWAR

@J_’ FEC &

Decoder

WMAN_FEC_Decoder

Description Forward error correction decoder
Library WMAN, Channel Coding
Class SDFWMAN_FEC_Decoder

Parameters
Name Description Default Type Range
Rate_ID rate identifier 1 int [0, 6]
DatalLength data byte length before FEC encoding 100 int [1, o]
Subchannelization |indication of subchannelization: NO, NO enum
YES

Subchannellndex |subchannel index 8 int [1, 15] or [17, 31]
Pin Inputs
Pin [IName Description Signal Type
1 in data before FEC encoding |real
Pin Outputs
Pin Name Description Signal Type
2 |out data after FEC int

encoding

Notes/Equations

1. This subnetwork is used to do forward error correction decoding, consisting of Reed-Solomon
decoder, Viterbi decoder, de-puncturer and de-interleaver.

2. If Subchannelization=NO, Viterbi decoder is followed by RS decoder; If Subchannelization=YES,
Viterbi decoder results are output directly.

3. The schematic of this subnetwork is shown in WMAN_FEC Decoder Schematic.
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WMAN_FEC_Decoder Schematic
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WMAN_Puncturer (WMAN Puncturer)

WA
-5

@!—b llil —

WMAN_Puncturer

Description Puncturer and Depuncturer
Library WMAN, Channel Coding
Class SDFWMAN_ Puncturer

Parameters

Name Description
NumOfBranch |[Number of convolution branch
Pattern Position mask code of reserved bits

PunctureMode |Selection of stealing or inserting: Stealing,
Inserting

Pin Inputs

Pin Name Description Signal Type

1 in input of anytype
puncture

Pin Outputs

Pin Name Description Signal Type

2 out |output of puncture janytype

Notes/Equations

Default Type

2
{1,1}

Stealing

int

int
array

enum

Range
[1, 3]
{0, 1}

1. This model is used to do puncture or de-puncture depending on PunctureMode. De-puncture is
reverse of puncture. Puncturing pattern and serialization order that shall be used to realize
different code rates are defined in Inner Convolutional Code with Puncturing Configuration. In the
table, "1" means a transmitted bit and "0" denotes a removed bit where X and Y are in reference
to Convolutional Encoder of Rate 1/2. NumOfBranch is the number of output branches of
convolutional coder, which has two branches (X,Y) here. For example, if PunctureMode=Stealing,
Pattern="1 1 0 1", NumOfBranch=2, it means X ; Y ; X, Y, isconsumed and X ; Y ; Y 5 is

produced.If PunctureMode=Inserting, Pattern="1 1 0 1", NumOfBranch=2, it means X ; Y ; Y 5 is

consumed and X ; Y ; X, Y, is produced.

Inner Convolutional Code with Puncturing Configuration
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Rate 1/2 2/3 3/4 5/6
dfee 10 6 5 4

X 1 10 101 10101
vy o1 11 110 11010

XY XY X Y Yo X Y Y XX Y Y XgY, Xe

X output

Data in | hit | hit | hit | bt | bit | it
e
delay delay delay delay delay delay

Y output

Convolutional Encoder of Rate 1/2
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Section 8.3 WirelessMAN-OFDM PHY, October 1, 2004.

2. IEEE P802.16-2004/Cor1/D3, Corrigendum to IEEE Standard for Local and Metropolitan Area
Networks - Part 16: Air Interface for Fixed Broadband Wireless Access Systems, May 2005.
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WMAN_RSDecoder (WMAN Reed-Solomon Decoder)

WIVIAN .
R-S *

B

Decoder
WMAN_RSDecoder

Description Reed Solomon Decoder
Library WMAN, Channel Coding
Class SDFWMAN_RSDecoder

Parameters

Name Description Default Sym Type |Range

CodelLength Length of input codewords 32 n int [16, 255]
MessagelLength |Length of output message symbols 24 k int [1, CodelLength - 2]
ParityPlace place of parity byte in coded array: Head, Tail |Tail enum

Pin Inputs

Pin Name Description Signal Type
1 |in received symbol |int
Pin Outputs

Pin [IName Description Signal Type

2 out decoded int
symbol

Notes/Equations

1. This model is used to perform Reed-Solomon error correcting decoding over the input signal. Each
firing, NeadeLength tokens are consumed at pin input and NmeszugeLengte  tokens are produced.

2. This model is only used for WMAN RS decoder, the Galois field generator polynomial is
pix) = .J;S +.J:4'+.J.'3 +ax +1

‘I\'pm'fr',' = ‘Ncadci_cngr}:_hmc::ugd_cngﬁ: and the Iength Of Shortened bytes 'ﬁ":J":Gf'J‘CJ’:CL:'

F

, the length of parity bytes Npuriry is calculated as follows:

is calculated as

follows:
! r::':ar'rcnc:." = 16— rpm'.:r'.'

The parity bytes can be placed as prefix or postfix of the information bytes for flexibility.

3. Decoding Routines
The Berlekamp iterative algorithm locates the error in RS code and generates an error location
polynomial. By finding the root of the error location polynomial, the error position can be
determined. If decoding is successful, the information symbols are output; otherwise, the
received data is unaltered.
For the shortened code, the same number of "0" symbols is inserted into the same position as in
the RS encoder, and a inverse-free Berlekamp-Massey Reed-Solomon decoder is used to decode
the block. After decoding, the padded symbols are discarded leaving the desired information
symbols.Forney defines an errata locator polynomial using what are now called the Forney
syndromes to correct both errors and erasures of RS codes.
Getting Syndromes
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Syndromes indicate an erroneous situation. When the generator polynomial g(x) and the received
code word r(x) are given, the occurrence of one or more errors during transmission of an encoded

block is known. Suppose that ¥ errors and ° erasures occur in the received vector " with

s+t2v=d-1 | ot @ pe a primitive element in GF( £ ),then the syndromes are:

n-1

Sp= Yo = YWz Y rxt sl<k<d-1)
i=0 =1 =1

where Zi is the ith erasure location,
o
Wi is the ith erasure amplitude,

Xi is the ith error location, and i is the ith error amplitude.

-1
L j-1
S(ix) = ZSJ-A

l=k=<d-1 j=1

S is known for . So the syndrome polynomial is:

Alx) = H (1 —ZJ.J.'] = ZAJ.J.“E
Let the erasure locator polynomial be defined by J=1 §=0

An = 1
where 0

and the

are known functions of
for 15j<s

and
is the polynomial with zeros at the inverse erasure location.
So the Forney syndrome is equal to:

J"LJ;S
Z1Lav E

Alx)

o= Y AS,._;=>DX Jor(lsksd-1-1)

_‘r':I:I J:l
T,
Here, *
is known for 1 Sk=d-1-s
. LY
since "¢
=
and */

are known, and

D; = }:r-ZAI:XJ;T": Jor(1<j<v)
i=0
are not known. It is clear that if * = 0, then 1% = 5k for 1Sk=d-1 o T(x)

d-1-x

Tix) = Z 'A"'_,.L.J:"Ik

be the polynomial defined by k=1

(1+Tix)o(x) = Wix)

then we can get a substitution:

¥ v
olx) = H il +XJ-_J:] = Zﬁj.fr
1

PPt eef o o
Wix) = olx)+ Pix] and Jj= j=0

where is the error locator polynomial with

"
Fix) = Z D_,EXJ""H[ 1-X;x)
ji=1 hj
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Inverse-free BM algorithm
Thus, an inverse-free BM algorithm can be used to find the error locator polynomial with

syndromes replaced by the Forney syndromes. The modified BM algorithm is given as follows:

(©), . _ 1 400~ _ 1 .i0)
« Initially define ¥ () =1 A7(x) =1 A

e Set k=k+1 ¢ Tu
is unknown, stop. Otherwise compute:

S ik-11

A

iy _ (k-1
87 = X W
j=0
]_J.['K]I;.J:] _ T['\_l]].l[h_lll;.l.'] _a[.x]«h[.x—l][‘x]x
NG | - .{ﬂﬁm=U]und[2?-,['x_“;-k—1]
LoLx) = ) ) )
lg_pe-v Gf8™ 2 0yand(20 "V <k - 1)
NG |'.J:-."‘-,["L_“|;.J:] .{'ﬂﬁm= U]G.F'{'ﬂz;‘-,[h_“}‘k—l]
1 p["‘_“x G = Oand(W Y ek- 1)
Famlh =1 . [ . - (k=1
R ifiet =0 orifl 20 T s k- 1)
5 Af(3™M 20) and(20.* "V <k -1
e return to step 2

(&)

=D,R‘=Uand]‘ =1 .!'ﬂk*_inll

PP * P P B
Finally, the error locator polynomial is computed as ¥} = K (x)) /A
(=1-15],

A=p (0) is a field element in GF('wman-4-6-70.gif!). The roots of )

, Where

are the inverse location of ¥ errors, which are usually found by a Chien-search procedure.

If the order of the polynomial is greater than ld=1-5]/2 , which means the received

codeword block has more than ld-1-s]/2 errors, the error cannot be corrected.
Determining Error Values

In the case of non-binary codes, error values must be known. Error values will be solved and

corrected, unless the order of the error location polynomial is greater than Ld
which case uncorrected information symbols will not be used.

~~1 ~-1 ~_1
() () Z1 22 oy
The roots of ©*) and A are | +v}

errors and the *
erasures. Then the errata values are determined by the equation:

~ TS S | .
Wi = (A(Z2 )/ (T(Z0)) for(l=h<s+v)
Al = 500100 modal - 1572
where (x)=Sx)T(x)modx
s+ s+
o A rvr Tl e j
T(x) = AlxIGx) = HLl Zix) = ZTJ;A
i=1 i=0 . . .
and ! ! is the errata evaluator polynomial with where
s B ozl
T(Z ) = Z}.HLl -ZiZy')
Ty = 1 £ . . . (x) . .
0 and ! is the derivative of **) with respect to x and evaluated
n-__l
at ¥ =4
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WMAN_Scrambler (WMAN Scrambler)
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WMAN_Scrambler

Description Scrambler
Library WMAN, Channel Coding
Class SDFWMAN_Scrambler

Parameters

Name Description Default Type Range

Scramblelnit Initial state of scrambler {0} int {0, 1}
array

Rate_ID Rate identifier 1 int [0, 6]

DatalLength Data byte length before padding and scrambling 1100 int [1, o]

Mode Scramble or Descramble: scramble, descramble |scramble enum

Subchannelization |Indication of subchannelization: NO, YES NO enum

Subchannellndex |Subchannel index 8 int [1, 15] or [17, 31]

Pin Inputs

Pin [IName Description Signal Type

1 in input of scrambler int

Pin Outputs

Pin Name Description Signal Type

2 out output of int

scrambler

Notes/Equations

1. This model is used to do randomization and padding (Mode=scramble) in transmitter or
derandomization and de-padding (Mode=descramble) in receiver. It can be used in downlink and
uplink.

2. For descramble is reverse of scramble, only the process of scramble is illustrated below.

3. Each firing DataLengthx8 bit tokens are consumed at Pin in. The humber of tokens produced
needs to be calculated out. The output data is input of FEC, which in condition of
Subchannelization=NO is RS-CC and in condition of Subchannelization=YES (uplink only) is CC.
Whatever FEC is, a 0x00 tail byte must be added to output data, so there are at least
DatalLength+1 byte data to be output. Every burst is allocated to integer number symbols, and
data bits carried in one symbol depend on Rate_ID and Subchannelization and Subchannellndex.
The final output data length in byte is always larger than DataLength+1 and sometimes is not
integer multiple of length in byte (in condition of Subchannelization=YES). This means some
integer bytes and bits need to be padded into the DataLength+1 byte data. Integer bytes are
padded with OxFF and bits are padded with bit0. The sequence of output is
DatalLength+0xFF+one byte tail 0x00+bit0... The DataLength data and padded OxFF will be

randomized.
14 15
4, The PRBS generator shall be I+x7+x" 35 shown in PRBS for Data Randomization. Each data
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byte to be transmitted shall enter sequentially into the randomizer. Preambles are not
randomized. The seed value shall be used to calculate the randomization bits, which are combined
in an XOR operation with the serialized bit stream of each burst.

MLSB +MSB

— 1|2 3 l4 s a6 78 (o [O)ITI2)13])14]15

data out

data in

PRBS for Data Randomization
5. On the downlink, the randomizer shall be re-initialized at the start of each frame with the

sequence:1 001010100000 00. The randomizer shall not be reset at the start of burst#1.
Because FCH is fixed, the sequence in the randomizer at the start of burst#1 is fixedto 11010
0010110111. At the start of subsequent bursts, the randomizer shall be initialized with the
vector show in OFDM Randomizer Downlink Initialization Vector for Burst #2...N.

BSID DIUC Frame number
MSB h; |||I'h h| bt.] h_; h‘ hl h{l h1 h‘: hl |'r'.'[| LSB
LSB  |bg |bi|ba| b3 |1 |1 [bg|Dr|bs|bo|l Tou|bi vl MSB
OFDM randomizer DL initialization vector

~

b

OFDM Randomizer Downlink Initialization Vector for Burst #2...N
6. On the uplink, the randomizer is initialized with the vector shown in OFDM Randomizer Uplink

Initialization Vector.

BSID uluc Frame number
MSB hq b ﬁ| by h_x h‘: by :"J'(| by ba |by f"(|
LSB [by |01 |62 |63 |1 [V [bg|B7|bs|ba|l [B11|byo P13 01 MSB
OFDM randomizer UL initialization vector

OFDM Randomizer Uplink Initialization Vector
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WMAN Channel Components

The channel model provides fixed WiMAX channel model (SUI channel model).

o WMAN FWA Channel (WMAN FWA Channel) (wman)
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WMAN_FWA_Channel (WMAN FWA Channel)

ol
01_’ MAN FifiA _.g

Channel

WMAN_FWA_Channel

Description FWA channel model
Library WMAN, Channel Model
Class TSDFWMAN_FWA_Channel

Parameters
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Name Description

RIn Input resistance

ROut Output resistance

ModelType the SUI Channel number or User defined Channel:

SUI_1, SUI_2, SUI_3, SUI_4, SUI_5, SUIL_6,
UserDefined

RxAntBeamwidth the receive antenna beamwidth: omni, thirty

CellCoverPercentage the percentage of the cell location have Ricean_factors
greater or equal to the Ricean_factor value specified:
percent_90, percent_75, percent_50

Delay the delay of each tap in usec, effective only when
ModelType is set as UserDefined

Power the power in each tap in dB, effective only when
ModelType is set as UserDefined

Ricean_factor the Ricean K-factor in linear scale of each tap, effective
only when ModelType is set as UserDefined

DopplerFreq the Doppler maximal frequency of each tap in Hz,
effective only when ModelType is set as UserDefined

GainReductionFactor the total mean power reduction for a non-omni antenna
compared to an omni antenna in dB which should be
added to the path loss, effective only when ModelType is
set as UserDefined

PathLoss option for inclusion of large-scale pathloss: NO, YES

PropDistance the distance of BS and UE in meter, effective only when
PassLoss is set as YES

Env environment type options, effective only when PasslLoss
is set as YES: SuburbCentOrMediCity, MetropolitanCent

Hroof mean value of building heigh in meter, effective only
when PasslLoss is set as YES

BldgSpace mean value of building spacing in meter, effective only
when PasslLoss is set as YES

StreetWidth mean value of widths of street in meter, effective only
when PassLoss is set as YES

StreetOrient the orientation of the road with respect to the Tx-Rx
line, effective only when PassLoss is set as YES

AntHeigh_UE UE antenna height above X-Y plane in meter, effective
only when PassLoss is set as YES

AntHeigh_BS BS antenna height above X-Y plane in meter, effective
only when PasslLoss is set as YES

Pin Inputs

Pin [IName Description Signal Type

1 |input |channel input timed

signal
Pin Outputs
Pin Name Description Signal Type

2 |output|channel output signal timed

Notes/Equations

Default
50 Ohm
50 Ohm
SUL_3

omni

percent_90
{0.0,0.4,09}

{0.0 dB, -5.0 dB, -10.0
dB}

{1.0, 0.0, 0.0}

{0.4,0.3,0.5 }

0.0 dB

NO
1000

SuburbCentOrMediCity

20

50

30

90

6

30

1. This model is used to generate channel models for fixed wireless applications.

2. This model is implemented following IEEE 802.16a-03/01.

Unit Type
Ohm |int
Ohm |int
enum
enum
enum
sec |real
array
real
array
real
array
Hz |real
array
real
enum
m real
enum
m real
m real
m real
deg real
m real
m real

Range
0,)
0,)

(o,
1000.0]

(- 0]
[0.0,

1000.0]

[0.0,
1000.0]

(0.0,
1000.0]

[200,
5000]

(10,
500]

[1, 500]
[1, 500]
[0, 90]
[2, 10]

(4, 50]

A set of 6 modified Stanford University Interim (SUI) channel models and the UserDefined type
are constructed to simulate the multipath fading of the channel.
For the 6 SUI channel models, the multipath fading is modeled as a tapped-delay line with 3 taps
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with non-uniform delays. The gain associated with each tap is characterized by a distribution
(Ricean with a K-factor>0, or Rayleigh with K-factor=0) and the maximum Doppler frequency. For
each tap, we use the method of filtered noise to generate channel coefficients with the specified
distribution and spectral power density.
The definitions of the 6 specific SUI channels are shown in the following tables.

SUI-1 Channel

Tap 1 Tap 2 Tap 3 Units

Delay 0 0.4 0.9 us
Power (omni ant.) 0 -15 -20 |dB
90% K-fact. (omni) 4 0 0

75% K-fact. (omni) 20 0 0

Power (30-deg. ant.) |0 -21 -32 |dB
90% K-fact. (30 deg.) |16 0 0

75% K-fact. (30 deg.) |72 0 0

Doppler 0.4 0.3 0.5 Hz
Terrain Type A A A

Antenna Correlation Peny = 0.7
Gain Reduction Factor RRF=0 dB
Normalization Factor Fomni = —0.1771 dB
F3oo = —-0.0371 dB

SUI-2 Channel

Tap 1 Tap 2 Tap 3 Units

Delay 0 0.4 1.1 Ms
Power (omni ant.) 0 -12 -15 dB
90% K-fact. (omni) 2 0 0

75% K-fact. (omni) 11 0 0

Power (30-deg. ant.) |0 -18 -27 |dB
90% K-fact. (30 deg.) |8 0 0

75% K-fact. (30 deg.) |36 0 0

Doppler 0.2 0.15 |0.25 |Hz
Terrain Type C C C

Antenna Correlation Peny = 0.5
Gain Reduction Factor | GRF=2 dB

Normalization Factor Fomni = —0.3930 dB

F300 = —0.0768 dB

SUI-3 Channel
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Delay

Power (30-deg. ant.)
90% K-fact. (30 deg.)
75% K-fact. (30 deg.)

Power (30-deg. ant.)
90% K-fact. (30 deg.)
75% K-fact. (30 deg.)

Doppler
Terrain Type
Antenna Correlation

Gain Reduction Factor
Normalization Factor

SUI-4 Channel

Delay

Power (omni ant.)
90% K-fact. (omni)
75% K-fact. (omni)

Power (30-deg. ant.)
90% K-fact. (30 deg.)
75% K-fact. (30 deg.)

Doppler
Terrain Type
Antenna Correlation

Gain Reduction Factor
Normalization Factor

SUI-5 Channel

Delay

Power (omni ant.)

90% K-fact. (omni)
75% K-fact. (omni)
50% K-fact. (omni)

Power (30-deg. ant.)

90% K-fact. (30 deg.)
75% K-fact. (30 deg.)
50% K-fact. (30 deg.)

Doppler
Terrain Type
Antenna Correlation

Gain Reduction Factor
Normalization Factor

SUI-6 Channel
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Tap 1

0

0

1

7

0

3

19

0.4

Peny = 0.4
GRF=3 dB
Fomni = —1.5113 dB

F300 = —0.3573 dB

Tap 1

0

0

0

1

0

1

5

0.2

Peny = 0-3
GRF=4 dB
Fomni = —1.9218 dB

F3oo = —0.4532 dB

-
)
©
[

NI NNOO NOOO)|O

Peny = 0.3

GRF=4 dB
F = -1.5113dB

omni

F300 = —0.3573 dB

Tap 2 Tap 3
0.4 0.9
-5 -10
0 0

0 0
-11 |-22
0 0

0 0
0.3 0.5
B B
Tap 2 Tap 3
1.5 |4

-4 -8

0 0

0 0
-10 -20
0 0

0 0
0.15 |0.25
B B
Tap 2 Tap 3
4 10
-5 -10
0 0

0 0

0 0
-11 |-22
0 0

0 0

0 0
1.5 2.5
A
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dB

dB

Hz

Units

us
dB

dB

Hz

Units
Ms

dB

Hz
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Tap 1 Tap 2 Tap 3 Units

Delay 0 14 20 us
Power (omni ant.) 0 -10 -14 |dB
90% K-fact. (omni) 0 0 0

75% K-fact. (omni) 0 0 0

50% K-fact. (omni) 1 0 0

Power (30-deg. ant.) |0 -16 |-26 |dB
90% K-fact. (30 deg.) |0 0 0

75% K-fact. (30 deg.) |2 0 0

50% K-fact. (30 deg.) |5 0 0
Doppler 0.4 0.3 0.5 Hz
Terrain Type A A A

Antenna Correlation Peny = 0.3
Gain Reduction Factor | GRF=4 dB
Normalization Factor  |F, ... = —0.5683 dB
F3oo =-0.1184 dB

The total channel gain is hormalized by adding the specified Normalization Factor to each tap.
The specified Doppler is the maximum Doppler frequency parameter (fm) of the rounded
spectrum which has the power spectral density (PSD) function:

S = (11727 +07855, M =1
al 0 1l > 1

fo = fi
where m
The Gain Reduction Factor (GRF) is the total mean power reduction for a 30° antenna compared

to an omni antenna. If 30° antennas are used and Fathloss = YES
the specified GRF should be added to the path loss.
K-factors for the 90% and 75% cell coverage are shown in the tables, i.e. 90% and 75% of the
cell locations have K-factors greater or equal to the K-factor value specified, respectively. For the
SUI-5 and SUI-6, 50% K-factor values are also shown.
The Antenna Correlation, which has to be considered if multiple channels are simulated, is not
used in this model.
For the UserDefined channel, the number of taps, delay, power, K-factor and the maximum
Doppler frequency of each tap can be set by the parameters Delay, Power, Ricean_factor,
DopplerFreq and the GainReduction Factor.
The set of SUI channel models and the UserDefined type specify statistical parameters of
microscopic effects. To simulate the real channel, these statistics have to be combined with
macroscopic channel effects, i.e. the path loss (including shadowing) which is common to all of
the models.
The COST 231 WALFISCH-IKEGAMI model with a correction term is used to simulate the path loss
for both urban and suburban environments if the PathLoss is ON and other parameters are set
according to the specific environment.
3. Parameter Details
» ModelType specifies the type of SUI channel or the UserDefined type.
The relationship of the SUI channel type and the terrain type is shown in SUI Channel Type
and Terrain Type.

SUI Channel Type and Terrain Type

Terrain Type |SUI Channel

C SUI-1, SUI-2
B SUI-3, SUI-4
A SUI-5, SUI-6
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Terrain Type A is hilly terrain with moderate-to-heavy tree densities, while Terrain Type C is
mostly flat terrain with light tree densities.
If ModelType is set as one of the SUI channels, the SUI channel type and all the microscopic
statistical parameters are specified by parameters ModelType, RxAntBeamwidth and
CellCoverPercentage as shown in the corresponding table.
If ModelType is set as UserDefined, RxAntBeamwidth and CellCoverPercentage are not used
and all the microscopic statistical parameters are set by parameters Delay, Power,
Ricean_factor, DopplerFreq and the GainReduction Factor.

 RxAntBeamwidth specifies the receive antenna beamwidth: omnidirectional (360°) and 30°.

» CellCoverPercentage specifies the percentage of the cell location with Ricean_factors greater
or equal to the Ricean_factor value specified.

« Delay specifies the delay of each tap, which is effective only when ModelType is set as
UserDefined.

» Power specifies the power of each tap, which is effective only when ModelType is set as
UserDefined.

« Ricean_factor specifies the Ricean K-factor in linear scale of each tap, which is effective only
when ModelType is set as UserDefined.

» DopplerFreq specifies the Doppler maximal frequency of each tap, which is effective only
when ModelType is set as UserDefined.

« GainReductionFactor specifies the total mean power reduction for a non-omni antenna
compared to an omni antenna in dB which should be added to the path loss, which is
effective only when ModelType is set as UserDefined.

» PathLoss identifies whether the large-scale pathloss is included.

if FathLoss = NO  the path loss is not included in this model and the parameters describing
the environment are unused.

if FathLoss = YES  tha path loss for both urban and suburban environments is modeled by
the COST 231 W-I model with a correction term. There are three terms which make up the
model:
L‘b = ILCI + L’r'r: + Lm::."
LO = free space loss
Lrts= roof top to street diffraction
Lmsd= multi-screen loss
The correction term added to the COST 231 W-I model is given as follows:

alh,) = - | 1llog|

iju;?| —0.7 [Hyp—|, 1_551c.g[ﬂ-;;?__| —A| +20logiH .~ Hyp) - 0leg (H ,, -~ 3.5]J

where

A= 1_5510g(wi_‘,|_[1_1105(H~L_‘,|_0_?‘,|3_5

HUE is the antenna height of the SS and the Hroof is the mean value of
building height of this environment.
Details about COST 231 W-I model can be found in reference[3]
PropDistance specifies the distance of BS and SS.
Env specifies the propagation environment type including urban and suburban.
Hroof specifies the mean value of building height in the chosen environment.
BldgSpace specifies the mean value of building spacing in the chosen environment.
StreetWidth specifies the mean value of widths of street in the chosen environment.
StreetOrient specifies the orientation of the road with respect to the Tx-Rx line.
AntHeigh_UE and AntHeigh_BS specify the antenna height of the SS and BS.
PropDistance, Env, Hroof, BldgSpace, StreetWidth, StreetOrient, AntHeigh_UE, AntHeigh_BS
are used to calculate the path loss when the PathLoss is ON.
4, Output delay

A delay of 64 tokens is introduced in this model.

References
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WMAN Design Examples

This section includes the WMAN OFDM transmitter, receiver, and frame duration design examples.
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WMAN OFDM Transmitter Design Examples

The WMAN_OFDM_Tx workspace shows WMAN OFDM transmitter measurement characteristics
including EVM, Spectrum flatness, Waveform and CCDF.
Designs for these measurements include:

« WMAN_OFDM_DL_TxXEVM

« WMAN_OFDM_DL_TxSpecFlat
« WMAN_OFDM_DL_TxWaveform
« WMAN_OFDM_UL_TxEVM

Variables used in these designs are listed in VAR Parameters.

VAR Parameters

Parameter Name |Description Default Value
FCarrier RF frequency 3407 (MHz)
Bandwidth Nominal bandwidth |1.75 (MHz)
Power Signal power 0.01W

FFTSize FFT size 256
CyclicPrefix Cyclic prefix 1/4

OversamplingOption |Oversampling Option Ratio 1

Downlink Transmitter Error Vector
Magnitude Measurement

WMAN_OFDM_DL_TxEVM

Features

e Support the EVM measurement for each data rate
e Support EVM measurement and constellation output
» Consistent measurement results with Agilent 89600 software

Description

This example measures transmit modulation accuracy of WMAN_OFDM_DL RF signal source. Users can
change Rate_ID for all bursts from 0 to 6 in Signal_Generation_VARs to measure the EVM for each
data rate and can set different Rate_ID for each burst to display the constellation.

The schematic for this design is shown in WMAN_OFDM_DL_TxEVM Schematic.
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WMAN_OFDM DL_TxEVM.dsn lmml

Intannation

Push into Info to read local information

WMAN OFDM : Downlink Transmitter EVM Measurement

: DF
[ e o G e R | |
FHaLGEeE R RF_thannel_Y ARz Meazurement_WAR= OF
DOF
-
"
=3
OO TANEH
L l> TS EF _Zhual &
RF
VIMEN_DL Skt RF GahkF e B
DL Soaree_RF ouT Evk
|2 WA FF_ZEal T e RF_Zkwal A .
Ly ﬁ —| i =
| / '.'.'I'.'I.lII_D L_Consklatioa_RF '_';r,1.;||_|:||__.; ok llation_FF '.'.r.1.—II_I:IL_-. chrelaticn_FF
| - | CONE ltion | Cone liation 2 o E ko3
A il
.— e —\\ |

WMAN_OFDM_DL_TxEVM Schematic

WMAN_DL_SignalSrc_RF generates the ideal signal waveform which is fed to the Device Under Test
(DUT) GainRF. Output signal of GainRF is the distorted signal to be measured.

Model WMAN_EVM is used to measure EVM (or Relative Constellation Error, RCE), carrier frequency
offset, IQ_Offset as well as other aspects of the input signal. Model WMAN_EVM uses the same
algorithm as that in Agilent 89600 VSA, and thus the measurement results shall be consistent with the
latter. Note that, for getting reasonable measurement results, parameters of the WMAN_EVM model
should be consistent with the corresponding input signal.

If AverageType is set to OFF, only one frame is analyzed. If AverageType is set to RMS ( Video ), after
the first frame is analyzed the signal segment corresponding to it is discarded and new signal samples
are collected from the input to fill in the signal buffer of length 2 x FrameDuration. The
SymbolTimingAdjust parameter sets the percentage of symbol time by which we back away from the
symbol end before we perform the FFT. The TrackAmplitude, TrackPhase, TrackTiming, and
EqualizerTraining parameters determine the EVM measurement result. For more information, refer to
WMAN_EVM.

Models Constellation1, 2, 3 are used to display the constellation of the first 3 bursts.

Simulation Results

Key Parameter Setting
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Parameter Value

Signal Power 10 (dBm)

Bandwidth 14 MHz

Oversampling Option |Ratio 1

Gain 10 (in dB)

NumberOfBurst 3

Rate_ID {16-QAM-1/2, 16-QAM-1/2, 16-QAM-1/2}

Simulation results in the Data Display System are shown in Measurement results, which includes the

average EVM (or RCE) measurement result in dB and percentage and the constellation of the first 3
bursts.

The relative constellation RMS error, averaged over subcarriers, OFDM frames, and packets, shall not
exceed a burst profile dependent value according to Allowed relative constellation error versus data
rate as defined in section 8.3.10.1.2, IEEE Std 802.16-2004.

Allowed relative constellation error versus data rate

Burst type |Relative Constellation Error (dB)
BPSK-1/2  |-13.0
QPSK-1/2  |-16.0
QPSK-3/4 |-18.5
16-QAM-1/2 |-21.5
16-QAM-3/4 |-25.0
64-QAM-2/3 |-28.5
64-QAM-3/4 |-31.0
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EVM (or RCE)

RCE_dE FCErms_percent
-36.6681 1469

Constellation

1.0+ ® ® @ e
05
> ] @ ® $ &
o ]
o 0.0— A ’
m —
g -
a 8 @ ¢ ®
_|:|5_
1.0 ® o ® &
_15 T T T 1 | ' T T1 | ' T TT1 | T T T 1 | ' T T1 | I T T1
15 1.0 05 0.0 05 1.0 15
Feal

Measurement results

Benchmark

» Hardware platform: Pentium IV 2.26 GHz, 1024 MB memory
« Software platform: Windows 2000 Professional, ADS 2005A
« Simulation time: approximately 30 seconds

Downlink Transmitter Spectral Flathess Measurement

WMAN_OFDM_DL_TxSpecFlat Design

Features
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» Transmitter spectral flathess measurement

Description

WMAN_OFDM_DL_TxSpecFlat measures downlink transmitter spectral flathess measurement. The
schematic is shown in WMAN_ OFDM_DL_TxSpecFlat Schematic.

Push into Infc
read local infc

AN 202 16-2004
Deszign Information

WikdAN_OFDM_DL_ TxSpecklat_Info

WMAN_OFDM_DL_TxSpecFlat.dsn

Information
WMAN OFDM: Downlink Transmitter Spectral Flatness Measurement
E gﬁ?‘ual Generation_WAR NDtE‘:
Signa,;me,:n(daa) Rate_ID' Modulation R5-CC
FCarie3407 MHz ] BPSK 12
Numb erdfBust=1 1 QPSK 12
BurstiithF EC=1 2 QPSK 24 =] VAR AR
Datal ength=(200} 3 1B0AM 12 RF_Channel VARs Measurement_tAR=
DverssmplingDptian=1 4 160AM 34 Gain=10 FramesToAverage=10
B andwidth=14 MHz o B40AM 202
CyalicP refiz= 174 & AN 34

: AR
= o

ke =3
o oo —_—r

' GainRF Wikl AN_DL_SpecFlat

] LuT LL_SpecFlat
ihdAN_DL_SignalSre_RF Gain=dbpolan'dain,0) RIn=50 Ohm
DL_signalSrc_RF GCType=TOl RTemp=- Z73.15
FCarrie=FCarrier FCarrie=FCarrier
Fower=dbmtowSignal P ower) OversamplingOption=0wersamplin
NumberOfBurst=NumberOfBurst OF | B andwidth=Bandwidth
Burstifith FEC=Burstfith FEC CorelicP refiz=CyclicPrefix
Datalength=Datalength DF Frametode=FDD
Rate_ID=Rate_ID OF1 DL_Ratio=0.5

OwerzamplingOption=0wversamplingOptian

B andwidth=8andwidth
CoyclicP refiz=CyelicP refix
Idlelnterral=Idlelnteneal

CefaultMumericStart=0
LrefaultMumericStop=100
CefaultTimeStad=0 usec
DefaultTimeStop=100 uzac

FrameDuration=Continuous
Brd_hdeszage=H0O
Idlelnterval=Idlelnterval
MumberdfBurst=MumbearOfB urst

[ratalength=Catalength
Rate_Il=Rate_IL
FramesTofwerage=FrameasTofwer:

WMAN_OFDM_DL_TxSpecFlat Schematic

In Signal_Generation_VARs, Users can change Rate_ID from 0 to 6 for different modulations and code
rates, and other source parameters. In RF_Channel_VARs, the gain in RF DUT is defined. In
Measurement_Vars, the number of frames to average the results ( FramesToAverage ) is defined.

The data for spectral flathess measurement are taken from channel impulse responses (CIR) after
channel estimation. Only the CIRs in the burst with FEC-encoded are used to measure the spectral
flatness. The results shall be the average of FramesToAverage downlink subframes.

The average energy of the constellations in each of the n spectral lines shall deviate no more than
indicated in OFDM Spectral Flatness, as defined in Section 8.3.10.1.1, IEEE Std 802.16-2004.

OFDM Spectral Flatness
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Spectral Lines Spectral Flatnhess

Spectral lines from -50 to -1 and +1 to +50 +2/-2 dB from the measured energy averaged over all 200 active tones
Spectral lines from -100 to -50 and +50 to +100 |+2/-4 dB from the measured energy averaged over all 200 active tones
The absolute difference between adjacent subcarriers shall not exceed 0.1 dB.

Simulation Results

In this example, The performance of downlink OFDM spectral flatness is given. Parameter Settings
shows the parameter settings.

Parameter Settings

Parameter Value
FCarrier 3407 MHz
Bandwidth 14 MHz
Frame Duration N/A
Oversampling Option Ratio 2
Cycylic Prefix 1/4

Packet Length in One Frame 200 Bytes
Rate ID 0 (BPSK 1/2)
Frames to Average 10

The curves have been generated averaging over 10 frames. Downlink Spectral Flatness Simulation
Curve shows the simulation results.

Downlink Transmitter Spectral Flathess Measurement

Spectral Flathess 03 Absolute Difference between Adjacent Subcarrier
'1 .
T 5] ]
= 4 0.2]
£ 13 Z
] w017
= 0 s ]
L S oo ey n
= 1] T 00l it Ly | it M ,i)f iiAtﬁv J[ujﬁ m&
=1 £ 00ty the gl wilpy
[~ - ]
E -3 o ]
T ] -0.2]
5 -4 ]
-100 -80 -0 -40 X0 O 20 40 BO 8O0 100 -100 -80 -G0 -40 -20 0 20 40 G0 8O0 AC
Spectral Lines Spectral Lines

Downlink Spectral Flatness Simulation Curve

Benchmark

o Hardware Platform: Pentium IV 2.66GHz, 1 GB memory
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« Software Platform: Windows 2000, ADS 2005A
« Simulation Time: about 5 seconds for QPSK 1/2 ( Rate_ID=0)

WMAN OFDM Downlink Transmitter Waveform Measurement

WMAN_OFDM_DL_TxWaveform Design

Features

e Transmitter CCDF

« Preamble Power, Mean Power and Peak Power
e Transmitter Waveform

e Transmitter Spectrum

Description

This example measures CCDF and Power of WMAN OFDM Downlink Transmitter. The schematic is
shown in WMAN_OFDM_TxWaveform Schematic.
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Wit 02 16-2004 Pus
Design Information IOCE

WMAN_OFDM_DL_TxWaveform.dsn &=
WMAN OFDM: Transmitter CCDF, Waveform and Spectrun

Ncte o

Rate IV Modulsbon RE-C0 RF Channel YaRs Mea
| BPSK 12 canen Starl
CQIPSK 152 oty

Signal SoursehitRs

FCamier=2407 MHz

Power=dbmitow-107 1 - 5

Rate_I0={2, &, &1 2 OPSK 34

DIUC={3, 4, 51 i T60AM 12
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WMAN_OFDM_TxWaveform Schematic

OutputPoint means how many parts will X-axis be divied into in the CCDF figure. The larger
OutputPoint is, the closer measured curve is to reference curve. SymNum means the number of
symbol measured. StartSample in the WMAN_RF_CCDF model is used to discard the first frame delay
caused by receiver model.

Simulation Results

Parameter Setting lists some key parameters. Transmitter CCDF and Power Measurement shows
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transmitter CCDF and power measurement. Transmitter Waveform shows transmitter waveform.
Spectrum shows transmitter spectrum. The nominal channel bandwidth of the transmitter is 14MHz,
more information about transmitter Spectrum Mask is defined in 5.3.3 ETSI EN 301 021 V1.6.1(2003-
07) and 8.5.2 IEEE Std 802.16-2004. Spectral density of the transmitted signal shall fall within the
spectral mask.

Parameter Setting

Parameter Value
Signal Power -10 (dBm)
Bandwidth 14 MHz
Oversampling Option |Ratio 2
Gain 0 (in dB)
Output Point 1000
SymNum 100

RF Power Complementary Curmulative Distribution Function (CCOF)

1EZ

1E1—

CCOF (%)
i

1E-1—

1E'2 T T T T | T T T T | T T T T | T T T
-10 -4 0 3] 10

SignalRange (dB)

PeakPower dBEm MeanPower dBm FF Peak to Awg dB
-0.445 -5.818 5070

Transmitter CCDF and Power Measurement
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Benchmark

o Hardware Platform: Pentium IV 2.2GHz, 1 GB memory
» Software Platform: Window 2000, ADS 2005A
« Simulation Time: 2 seconds

Uplink Transmitter Error Vector
Magnitude Measurement

WMAN_OFDM_UL_TxEVM
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Features

« Support the EVM measurement for each data rate
e Support EVM measurement and constellation output
« Consistent measurement results with Agilent 89600 software

Description

This example measures transmit modulation accuracy of WMAN_OFDM_UL RF signal source. Users can

change Rate_ID for each SS from 0 to 6 in Signal_Generation_VARs to measure the EVM for each data
rate and can set different Rate_ID for each SS to display the constellation.

The schematic for this design is shown in WMAN_OFDM_UL_TxEVM Schematic.

WMAN_OFDM_UL_TxEVM.dsn
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WMAN_UL_SignalSrc_RF generates the ideal signal waveform which is fed to the Device Under Test
(DUT) GainRF. Output signal of GainRF is the distorted signal to be measured.

Model WMAN_EVM is used to measure EVM (or Relative Constellation Error, RCE), carrier frequency
offset, IQ_Offset as well as other aspects of the input signal. Model WMAN_EVM uses the same
algorithm as that in Agilent 89600 VSA, and thus the measurement results shall be consistent with the
latter. Note that, for getting reasonable measurement results, parameters of the WMAN_EVM model

should be consistent with the corresponding input signal.
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If AverageType is set to OFF, only one frame is analyzed. If AverageType is set to RMS ( Video ), after
the first frame is analyzed the signal segment corresponding to it is discarded and new signal samples
are collected from the input to fill in the signal buffer of length 2 x FrameDuration. The
SymbolTimingAdjust parameter sets the percentage of symbol time by which we back away from the
symbol end before we perform the FFT. The TrackAmplitude, TrackPhase, TrackTiming, and

EqualizerTraining parameters determine the EVM measurement result. For more information, refer to
WMAN_EVM.

Models Constellation1, 2, 3 are used to display the constellation of the first 3 SSs.

Simulation Results

Key Parameter Setting

Parameter Value

Signal Power 10 (dBm)

Bandwidth 14 MHz

Oversampling Option |Ratio 1

Gain 10 (in dB)

NumberOfSS 3

Rate_ID {16-QAM-1/2, 16-QAM-1/2, 16-QAM-1/2}

Simulation results in the Data Display System are shown in Measurement results, which includes the
average EVM (or RCE) measurement result in dB and percentage and the constellation of the first 3
SSs. The relative constellation RMS error, averaged over subcarriers, OFDM frames, and packets, shall
not exceed a burst profile dependent value according to Allowed relative constellation error versus
data rate as defined in section 8.3.10.1.2, IEEE Std 802.16-2004.

Allowed relative constellation error versus data rate

Burst type Relative Constellation Error (dB)
BPSK-1/2  |-13.0
QPSK-1/2  |-16.0
QPSK-3/4 -18.5
16-QAM-1/2 |-21.5
16-QAM-3/4 |-25.0
64-QAM-2/3 |-28.5
64-QAM-3/4 -31.0
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EVM (or RCE)

RCE_dE RCErms_percent
-35.558 1436

Constellation
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Measurement results

Benchmark

« Hardware platform: Pentium IV 2.26 GHz, 1024 MB memory
« Software platform: Windows 2000 Professional, ADS 2005A
o Simulation time: approximately 30 seconds

References

1. IEEE Std 802.16-2004, Part 16: Air Interface for Fixed Broadband Wireless Access Systems,
Section 8.3 WirelessMAN-OFDM PHY, October 1, 2004.

2. IEEE P802.16-2004/Cor1/D3, Corrigendum to IEEE Standard for Local and Metropolitan Area
Networks - Part 16: Air Interface for Fixed Broadband Wireless Access Systems, May 2005.
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WMAN OFDM Receiver Design Examples

The WMAN_OFDM_Rx workspace shows WMAN OFDM receiver measurement characteristics including
AWGN BER, Sensitivity, Fading BER and Adjacent channel rejection.

Designs for these measurements include:
« WMAN_OFDM_DL_AWGN_BER
« WMAN_OFDM_DL_RxSensitivity
« WMAN_OFDM_UL_Fading_BER
« WMAN_OFDM_UL_RxAdjCh

Variables used in these designs are listed in VAR Parameters.

VAR Parameters

Parameter Name |Description Default Value
FCarrier RF frequency 3407 (MHz)
Bandwidth Nominal bandwidth |1.75 (MHz)
Power Signal power 0.01W

FFTSize FFT size 256
CyclicPrefix Cyclic prefix 1/4

OversamplingOption |Oversampling Option Ratio 1

Downlink BER and PER Measurement on AWGN Channel

WMAN_OFDM_DL_AWGN_BER Design

Features
« BER and PER measurement on AWGN channel

» Three decoder types supported in downlink receiver: Hard, Soft or CSI
e Multiple Eb/NO measurement points

Description

WMAN_OFDM_DL_AWGN_BER measures downlink BER and PER Measurement on AWGN channel. The
schematic is shown in WMAN_OFDM DL AWGN _ BER Schematic.
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WMAN_OFDM_DL_AWGN_BER.dsn T
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WMAN_OFDM_DL_AWGN_BER Schematic

Sweep'sar="BHo"
SiminstanceName[1]l="0F1"
SiminstanceMama[i]=
SimInstance Mame[3}=
SimInstance Name [4}=
SimInstanceMame[5}=
SimInstanceMame[i}=
Start=1

Stop=f

Step=1

DF BurstillfithF EC=Burstinith F EC
Ilg Datalength=Datalength
OF Rate_|D=Rate_ID
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Deefault Numeric Stop=100 CyrlicPrefin= Cyclic Prefix

Diefanlt Time Stan=0 usec ldle Interval=ldleirterval
DefaultTime Stop=100 usec DecoderType= DecoderType

In DL receiver, DecoderType can be selected with Hard, Soft or CSI.

Users can change Rate_ID from 0 to 6 in Signal_Generation_VARs and get BER and PER results for
different modulations and code rates. In EbNo_Computation, the Eb/NO is calculated. In
Measurement_Vars, the number of frames for simulating BER/FER is defined.

Simulation Results

In this example, The performances of downlink under AWGN channel for QPSK 1/2 ( Rate_ID=0 ) to
64QAM 3/4 ( Rate_ID=6 ) are given. Parameter Settings shows simulation conditions.

Parameter Settings
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Parameter Value

FCarrier 3407 MHz
Bandwidth 14 MHz

Frame Duration N/A
Oversampling Option Ratio 2

Cyclic Prefix 1/4

Packet Length in One Frame (Data Length) |200 Bytes

Rate ID 0,1,2,3,4,5,6
Channel AWGN

Decoder Type CSI

The curves have been generated averaging over 500 frames on AGWN fading channel. Downlink
Spectral Flatness Simulation Curve shows the simulation results.

Downlink BER and PER on AWGN channel
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Downlink BER and FER Simulation Curve

Benchmark

o Hardware Platform: Pentium IV 2.66GHz, 1 GB memory
« Software Platform: Windows 2000, ADS 2005A
» Simulation Time: about 110 seconds

Downlink Receiver Sensitivity Measurement

WMAN_OFDM_DL_RxSensitivity Design
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Features

e Receiver minimum input level sensitivity measurement

Description

WMAN_OFDM_DL_RxSensitivity measures the BER and PER results. The BER measured after FEC shall
be less than 10~ (-6) at the power levels RSS defined in equation (98) of section 8.3.11.1 of IEEE Std
802.16e-2005 (assuming 5dB implementation margin and 8dB Noise Figure). The schematic is shown

in WMAN_OFDM_DL_RxSensitivity Schematic.
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WMAN_OFDM_DL_RxSensitivity Schematic

In DL receiver, DecoderType can be selected with Hard, Soft or CSI.

O rEampling Sption=Cwe i amplig O ption
B anchy k=B anchy kit

Users can change Rate_ID from 0 to 6 in Signal_Generation_VARs and get BER and PER results for
different modulations and code rates. In Measurement_Vars, the number of frames for simulating

BER/FER is defined.
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Simulation Results

In this example, the performance for QPSK 3/4 ( Rate _ID=2 ) is given. Parameter Settings shows the
simulation conditions and DL Receiver Sensitivity shows the simulation results averaging over 200
frames.

DL Receiver Sensitivity

Parameter Value
FFT Size 256
Bandwidth 14 MHz
Oversampling Option Ratio 2
Cyclic Prefix 1/4
Packet Length in One Frame (Data Length) |864 Bytes
Rate ID QPSK 3/4
Decoder Type Hard

=] RS E=real(RSS_Power)

R55 [dBm) BER FER
B9AH 0,000 0.000

DL Receiver Sensitivity

Benchmark

» Hardware Platform: Pentium IV 2.26GHz, 1 GB memory
» Software Platform: Window 2000, ADS 2005A
e Simulation Time: 5 minutes

Uplink BER and PER Measurement on SUI Fading Channel

WMAN_OFDM_UL_Fading_BER Design

Features

BER and PER measurement on SUI fading channel

Three decoder types supported in uplink receiver: Hard, Soft or CSI
Multiple Eb/NO measurement points

SUI fading channel conditions

59



Advanced Design System 2011.01 - Fixed WiMax Design Library
Description

WMAN_OFDM_UL_Fading_BER measures uplink BER and PER Measurement on SUI fading channel. The
schematic is shown in WMAN_OFDM_UL_Fading_BER Schematic.

Dreszign Information
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WMAN_OFDM_UL_Fading_BER Schematic

The fading channel is SUI channel. Users can change channel type from SUI1 to SUI6. The SUI1 and
SUI2 are mostly flat terrain with light tree densities and have minimum path loss. The SUI5 and SUI6

are hilly terrain with moderate-to-heavy tree densities and have maximum path loss. The SUI3 and
SUI4 have intermediate pass loss.

In UL receiver, DecoderType can be selected with Hard, Soft or CSI.

Users can change Rate_ID from 0 to 6 in Signal_Generation_VARs and get BER and PER results for
different modulations and code rates. In EbNo_Computation, the Eb/NO is calculated. In
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Measurement_Vars, the number of frames for simulating BER/FER is defined.

Simulation Results

In this example, The performances of downlink under ITU3 fading channel for QPSK 1/2 ( Rate_ID=0)
to 64QAM 3/4 ( Rate_ID=6 ) are given. Parameter Settings shows simulation conditions.

Parameter Settings

Parameter Value

FCarrier 3407 MHz
Bandwidth 14 MHz

Frame Duration N/A
Oversampling Option Ratio 2

Cyclic Prefix 1/4

Packet Length in One Frame (Data Length) 200 Bytes

Rate ID 0,1,2,3,4,5,6
Fading Channel ITU 3

Decoder Type CSI

The curves have been generated averaging over 2000 frames on ITU fading channel. Uplink BER and
FER Simulation Curve shows the simulation results.

Uplink BER and PER on Fading Channel
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Benchmark

» Hardware Platform: Pentium IV 2.66GHz, 1 GB memory
« Software Platform: Windows 2000, ADS 2005A
« Simulation Time: about 3.6 hours for 16QAM 1/2 ( Rate_ID=3)

WMAN OFDM Uplink Receiver Adjacent and Alternate Channel Rejection

WMAN_OFDM_UL_RxAdjCh Design

Features

e Spectrum of desired signal and interference
+ BER and FER measurement of desired signal

Description

This example measures the adjacent and alternate channel rejection defined in section 8.4.13.2 IEEE
Std 802.16-2004. The schematic is shown in WMAN_OFDM_TxWaveform Schematic.
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WMAN OFDM UL RxAd|Ch.dsn
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The channel spacing (CS) is determined as the same as channel bandwidth of the desired system,
except for systems with a bandwidth of 8.75MHz. For 8.75MHz channel BW, CS is defined as 9MHz.
Adjacent channel Interference frequency offset is CS and Alternate channel Interference frequency
offset is 2 x CS.
The desired signal's strength is set 3 dB above the rate dependent receiver sensitivity. When the
interference signal's strength is set the value according to Specification requirements the BER should
be less than 1e-6. For the BER_FER model 500 frame is to be measured and EstRelVariance =0.01.

Because the desired signal and interference use different transmit format, their frame structure ,
modulate type, frame length may be different. When measuring the spectrum of both signal, the Start
and Stop should be set carefully to include both signal.
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Specification requirements
Modulation |<th |<th

16-QAM-3/4 |-11 |-30
64-QAM-2/3 -4 |-23

Simulation Results

Parameter Setting lists some key parameters.Spectrum and BER FER shows spectrum of desired
signal and interference as well as BER and FER of desired signal.

Parameter Setting

Parameter Value

RF_Freq 3407 MHz
RF_BW 14 MHz
IF_BW 14 MHz
Ctol -11
Frame 500

EstRelVariance |0.01

Spertrum

BER FER

4
0 ’mw oaong U000

[elily]

Spectrum and BER_FER

Benchmark

« Hardware Platform: Pentium IV 2.66GHz, 1 GB memory
« Software Platform: Window 2000, ADS 2005A
e Simulation Time: 30 minutes

References

1. IEEE Std 802.16-2004, Part 16: Air Interface for Fixed Broadband Wireless Access Systems,
Section 8.3 WirelessMAN-OFDM PHY, October 1, 2004.

2. IEEE P802.16-2004/Cor1/D3, Corrigendum to IEEE Standard for Local and Metropolitan Area
Networks - Part 16: Air Interface for Fixed Broadband Wireless Access Systems, May 2005.
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WMAN OFDM FrameDuration Design Examples

The WMAN_OFDM_FrameDuration workspace shows WMAN OFDM FrameDuration measurement
characteristics including Fading BER, AWGN BER, EVM and Waveform.
Designs for these measurements include:

« WMAN_OFDM_DL_Fading_BER_FD
WMAN_OFDM_DL_TxEVM_FD
WMAN_OFDM_DL_TxWaveform_FD
WMAN_OFDM_UL_AWGN_BER_FD
WMAN_OFDM_UL_SubCh_TxEVM_FD

Variables used in these designs are listed in VAR Parameters.

VAR Parameters

Parameter Name |Description Default Value
FCarrier RF frequency 3407 (MHz)
Bandwidth Nominal bandwidth |1.75 (MHz)
Power Signal power 0.01W

FFTSize FFT size 256
CyclicPrefix Cyclic prefix 1/4
OversamplingOption |Oversampling Option Ratio 1
FrameMode Frame Mode FDD

DL_Ratio Downlink Ratio 0.5
FrameDuration Frame Duration 5ms

VAR Parameters

Downlink BER and PER Measurement on SUI Fading Channel

WMAN_OFDM_DL_Fading_BER_FD Design

Features

« BER and PER measurement on SUI fading channel

Frame structure supported ( FrameDuation from 2.5 msec to 20 msec)
Three decoder types supported in downlink receiver: Hard, Soft or CSI
Multiple Eb/NO measurement points

SUI fading channel conditions

Description

WMAN_OFDM_DL_Fading_BER_FD measures downlink BER and PER Measurement on SUI fading
channel. The schematic is shown in WMAN_OFDM_DL_Fading BER _FD Schematic.
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WMAN_OFDM_DL_Fading_BER_FD Schematic

In DL source, the frame structure is supported.
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The fading channel is SUI channel. Users can change channel type from SUI1 to SUI6. The SUI1 and
SUI2 are mostly flat terrain with light tree densities and have minimum path loss. The SUI5 and SUI6
are hilly terrain with moderate-to-heavy tree densities and have maximum path loss. The SUI3 and
SUI4 have intermediate pass loss.

In DL receiver, DecoderType can be selected with Hard, Soft or CSI.

Users can change Rate_ID from 0 to 6 in SignalSourseVARs and get BER and PER results for different
modulations and code rates. In EbNo_Computation, the Eb/NO is calculated. In Measurement_Vars,
the number of frames for simulating BER/FER is defined.

Simulation Results

In this example, The performances of downlink under ITU3 fading channel for QPSK 1/2 ( Rate_ID=0)
to 64QAM 3/4 ( Rate_ID=6 ) are given. Parameter Settings shows simulation conditions.

Parameter Settings
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Parameter Value

FCarrier 3407 MHz
Bandwidth 14 MHz

Frame Duration 5 msec
Oversampling Option Ratio 2

Cyclic Prefix 1/4

Packet Length in One Frame (Data Length) |[4000 Bytes

Rate ID 0,1,2,3,4,5,6
Fading Channel ITU 3

Decoder Type CslI

The curves have been generated averaging over 100 frames on ITU fading channel. Downlink Spectral

Flatness Simulation Curve shows the simulation results.

Downlink BER and PER on Fading Channel

BER on Fading Channel PER on Fading Channel
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Downlink BER and FER Simulation Curve

Benchmark

o Hardware Platform: Pentium IV 2.66GHz, 1 GB memory
» Software Platform: Windows 2000, ADS 2005A
» Simulation Time: about 2 hours for QPSK 3/4 ( Rate_ID=2)

Downlink Transmitter Error Vector

Magnitude Measurement with FrameDuration
68
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WMAN_OFDM_DL_TxEVM_FD

Features

» Support the EVM measurement for each data rate and frame duration
e Support EVM measurement and constellation output
« Consistent measurement results with Agilent 89600 software

Description

This example measures transmit modulation accuracy of WMAN_DL_Src_FD RF signal source. Users
can change Rate_ID for all bursts from 0 to 6 in Signal_Generation_VARs to measure the EVM for each
data rate and can set different Rate_ID for each burst to display the constellation.

The schematic for this design is shown in WMAN_OFDM_DL_TxEVM_FD Schematic.

WMAN_OFDM_DL_TxEVM_FD.dsn L el
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WMAN_OFDM_DL_TxEVM_FD Schematic

WMAN_DL_Src_FD_RF generates the ideal signhal waveform which is fed to the Device Under Test
(DUT) GainRF. Output signal of GainRF is the distorted signal to be measured.
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Model WMAN_EVM is used to measure EVM (or Relative Constellation Error, RCE), carrier frequency
offset, IQ_Offset as well as other aspects of the input signal. Model WMAN_EVM uses the same
algorithm as that in Agilent 89600 VSA, and thus the measurement results shall be consistent with the
latter. Note that, for getting reasonable measurement results, parameters of the WMAN_EVM model
should be consistent with the corresponding input signal.

If AverageType is set to OFF, only one frame is analyzed. If AverageType is set to RMS ( Video ), after
the first frame is analyzed the signal segment corresponding to it is discarded and new signal samples
are collected from the input to fill in the signal buffer of length 2 x FrameDuration. The
SymbolTimingAdjust parameter sets the percentage of symbol time by which we back away from the
symbol end before we perform the FFT. The TrackAmplitude, TrackPhase, TrackTiming, and
EqualizerTraining parameters determine the EVM measurement result. For more information, refer to
WMAN_EVM.

Models Constellation_Broadcast and Constellationl, 2, 3 are used to display the constellation of the
broadcast message and other parts of the burstl, as well as the bursts2, 3.

Simulation Results

Key Parameter Setting

Parameter Value

Signal Power 10 (dBm)

Bandwidth 14 MHz

Oversampling Option |Ratio 1

Gain 10 (in dB)

NumberOfBurst 3

Rate_ID {16-QAM-1/2, 16-QAM-1/2, 16-QAM-1/2}
DL_Ratio 0.5

Frame Duration 5ms

Simulation results in the Data Display System are shown in Measurement results, which includes the
average EVM (or RCE) measurement result in dB and percentage and the constellation of the broadcast
message and other parts of the burstl, as well as the bursts2, 3.

The relative constellation RMS error, averaged over subcarriers, OFDM frames, and packets, shall not
exceed a burst profile dependent value according to Allowed relative constellation error versus data
rate as defined in section 8.3.10.1.2, IEEE Std 802.16-2004 and 8.3.10.3, Corl D5.

Allowed relative constellation error versus data rate

Burst type |Relative Constellation Error (dB)
BPSK-1/2  |-13.0
QPSK-1/2  |-16.0
QPSK-3/4 |-18.5
16-QAM-1/2 |-21.5
16-QAM-3/4 |-25.0
64-QAM-2/3 |-28.5
64-QAM-3/4 |-31.0
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EVM (or RCE)

RCE_dBE RCErms_percent
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Measurement results

Benchmark

o Hardware platform: Pentium IV 2.66 GHz, 1024 MB memory
« Software platform: Windows 2000 Professional, ADS 2005A
» Simulation time: approximately 35 seconds

WMAN OFDM Downlink Transmitter Waveform Measurement with Frame
Duration

WMAN_OFDM_DL_TxWaveform_FD Design

Features

e Transmitter CCDF

71



Advanced Design System 2011.01 - Fixed WiMax Design Library
« Preamble Power, Mean Power and Peak Power
e Transmitter Waveform
o Transmitter Spectrum

Description

This example measures CCDF and Power of WMAN OFDM Downlink FD Transmitter.The schematic is
shown in WMAN_OFDM_TxWaveform Schematic.
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WMAN_OFDM_TxWaveform_FD Schematic

OutputPoint means how many parts will X-axis be divided into in the CCDF figure. The larger
OutputPoint is, the closer measured curve is to reference curve. SymNum means the number of
symbol measured. StartSample in the WMAN_RF_CCDF model is used to discard the first frame delay
caused by receiver model.
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Simulation Results

Parameter Setting lists some key parameters. Transmitter CCDF and Power Measurement shows
transmitter CCDF and power measurement. Transmitter Waveform shows transmitter waveform.
Spectrum shows transmitter spectrum. The nominal channel bandwidth of the transmitter is 14MHz,
more information about transmitter Spectrum Mask is defined in 5.3.3 ETSI EN 301 021 V1.6.1(2003-
07) and 8.5.2 IEEE Std 802.16-2004. Spectral density of the transmitted signal shall fall within the
spectral mask.

Parameter Setting

Parameter Value
Signal Power -10 (dBm)
Bandwidth 14 MHz
Oversampling Option |Ratio 2
Gain 0 (in dB)
Output Point 1000
SymNum 100
RF Power Complementany Cumulative Distribution Function (CC0DF)
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Transmitter CCDF and Power Measurement
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Benchmark

« Hardware Platform: Pentium IV 2.2GHz, 1 GB memory
» Software Platform: Window 2000, ADS 2005A
» Simulation Time: 60 seconds
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Uplink BER and PER Measurement on AWGN Channel with FrameDuration

WMAN_OFDM_UL_AWGN_BER_FD Design

Features
« BER and PER measurement on AWGN channel

o Three decoder types supported in uplink receiver: Hard, Soft or CSI
o Multiple Eb/NO measurement points

Description

WMAN_OFDM_UL_AWGN_BER_FD measures downlink BER and PER Measurement on AWGN channel.
The schematic is shown in WMAN _OFDM_UL _AWGN BER_FD Schematic.
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WMAN_OFDM_UL_AWGN_BER_FD Schematic
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Users can change Rate ID from 0 to 6 in Signal_Generation_VARs and get BER and PER results for
different modulations and code rates. In EbNo_Computation, the Eb/NO and corresponding NDensity is
calculated. In Measurement_Var s, the number of frames for simulating BER/FER is defined.

Simulation Results

In this example, The performances of uplink PUSC for BPSK 1/2 (Rate_ID=0), QPSK 1/2 (Rate_ID=1),
QPSK 3/4 (Rate_ID=2), 16QAM 1/2 (Rate_ID=3), 16QAM 3/4 (Rate_ID=4), 64QAM 2/3 (Rate_ID=5)
and 64QAM 3/4 (Rate_ID=6) are given. Parameter Settings shows the simulation conditions.

Parameter Settings

Parameter Value
FCarrier 3407 MHz
Zone Type UL PUSC
FFT Size 256
Bandwidth 14 MHz
Frame Duration 5 msec
Oversampling Option Ratio 2
Cyclic Prefix 1/4
Packet Length in One Frame (Data 200 Bytes
Length)
Rate ID BPSK 1/2, QPSK 1/2, QPSK 3/4, 16QAM 1/2, 16QAM 3/4, 64QAM 2/3 and 64QAM
3/4
Decoder Type CsI

The curves have been generated averaging over 2000 frames. Uplink BER and FER Simulation Curve
shows the simulation results.
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Uplink BER and PER on AWGI

BER on AWGN
5E-1 : —_—
1E-1-
1E-2—
@
m 5]
® o
o S
S 1E-3- w
L b
=t _—
@ ©
% o
@ i
1E-4- o Rate ID
_ 0
1E-3- 1
1E-5— |
— 5
6
1E'G|||||||||||||| T T 7 T [ T | T 1 T 17T 1E-AI"|'|'|'|'
23455?391&1112131415151?13 2 3 4 5 6

Eb/Mo (dB)

Uplink BER and FER Simulation Curve

Benchmark

« Hardware Platform: Centrino Duo 2.0GHz, 2 GB memory
« Software Platform: Windows XP, ADS 2005A
« Simulation Time: about 1.5 hours for QPSK 1/2 (Rate_ID=0)
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Uplink Transmitter Subchannel Error Vector
Magnitude Measurement with FrameDuration

WMAN_OFDM_UL_SubCh_TxEVM_FD

Features

e Support the EVM measurement for each data rate and frame duration
e Support EVM measurement and constellation output

« Consistent measurement results with Agilent 89600 software

Description

This example measures transmit modulation accuracy of WMAN_UL_Src_FD RF signal source. Users

can change Rate_ID for all bursts from 0 to 6 in Signal_Generation_VARs to measure the EVM for each
data rate and can set different Rate_ID for each burst to display the constellation.

The schematic for this design is shown in WMAN_OFDM_UL_Subch TXEVM_FD Schematic.
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Constellation
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Rate_|D=Rate_IL
Subchannelization=5ubchanneliz
Subchannellndex=Subchannalind
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WMAN_UL_Src_FD_RF generates the ideal signal waveform which is fed to the Device Under Test
(DUT) GainRF. Output signal of GainRF is the distorted signal to be measured.

Model WMAN_EVM is used to measure EVM (or Relative Constellation Error, RCE), carrier frequency
offset, IQ_Offset as well as other aspects of the input signal. Model WMAN_EVM uses the same
algorithm as that in Agilent 89600 VSA, and thus the measurement results shall be consistent with the
latter. Note that, for getting reasonable measurement results, parameters of the WMAN_EVM model
should be consistent with the corresponding input signal. For more details on WMAN_EVM, see
document of this model.
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Simulation Results

Parameter Setting

Parameter Value
Signal Power 10 (dBm)
Bandwidth 14 MHz
Oversampling Option |Ratio 1
Gain 10 (in dB)
NumberOfSS 1

Rate_ID 16-QAM-1/2
DL_Ratio 0.5

Frame Duration 5ms

Simulation results in the Data Display System are shown in Measurement results, which includes the
average EVM (or RCE) measurement result in dB and percentage and the constellation of the broadcast
message and other parts of the burstl, as well as the bursts2, 3.

The relative constellation RMS error, averaged over subcarriers, OFDM frames, and packets, shall not
exceed a burst profile dependent value according to Allowed relative constellation error versus data
rate as defined in section 8.3.10.1.2, IEEE Std 802.16-2004 and 8.3.10.3, Corl D5.

Allowed relative constellation error versus data rate

Burst type Relative Constellation Error (dB)
BPSK-1/2  |-13.0
QPSK-1/2  |-16.0
QPSK-3/4 |-18.5
16-QAM-1/2 |-21.5
16-QAM-3/4 |-25.0
64-QAM-2/3 |-29.0
64-QAM-3/4 -30.0
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EVM (or RCE)

RCE_dBE RCErms_percent
-35.5931 1.588

Constellation
1.5
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FHeal

Measurement results

Benchmark

« Hardware platform: Pentium IV 2.66 GHz, 1024 MB memory
« Software platform: Windows 2000 Professional, ADS 2005A
o Simulation time: approximately 50 seconds

References

1. IEEE Std 802.16-2004, Part 16: Air Interface for Fixed Broadband Wireless Access Systems,
Section 8.3 WirelessMAN-OFDM PHY, October 1, 2004.

2. IEEE P802.16-2004/Corl1/D5, Corrigendum to IEEE Standard for Local and Metropolitan Area
Networks - Part 16: Air Interface for Fixed Broadband Wireless Access Systems, Sept. 2005.
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WMAN Measurement Components

The measurement models provide basic measurements.

WMAN DL Constellation RF (WMAN Downlink Constellation Measurement) (wman)
WMAN DL RF CCDF FD (WMAN Downlink RF CCDF FD) (wman)

WMAN DL SpecFlat (WMAN Downlink Spectral Flatness Measurement) (wman)
WMAN RF CCDF (WMAN RF CCDF) (wman)

WMAN UL Constellation RF (WMAN Uplink Constellation Measurement) (wman)
WMAN UL RF CCDF FD (WMAN Uplink RF CCDF FD) (wman)

WMAN UL SpecFlat (WMAN Uplink SpecFlat) (wman)
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WMAN_DL_Constellation_RF (WMAN Downlink Constellation
Measurement)
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WMAN_DL_Constellation_RF
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Description Downlink constellaton measurement with broadcast message and frame duration
Library WMAN, Measurement
Class TSDFWMAN_DL_Constellation_RF

Parameters

Name Description Default Unit Type Range

RIn Input resistance 50 Ohm Ohm |int (0, c0)

RTemp TEMPERATURE —273.15 |Celsius real [-273.15,

o]

FCarrier Carrier frequency 1900 MHz |Hz real (0, c0)

Sensitivity voltage output sensitivity, Vout/Vin 1 real (-00, )

Phase Reference phase in degrees 0.0 deg real (-00, )

GainImbalance Gain imbalance in dB Q channel relative to I channel 0.0 real (-c0, )

Phaselmbalance Phase imbalance in dB Q channel relative to I channel 0.0 real (-0, )

NumberOfBurst Number of Burst 1 int [1, 16]

DatalLength MAC PDU payload byte length of each burst {100} int [1, 4095]
array

Rate_ID Rate ID of each burst {1} int [0, 6]
array

PreamblePresent Preamble present or not {0} int {0, 1}
array

PrmITimeShift Preamble time shift of each burst {0} int [0, 255]
array

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

Ratio 16, Ratio 32

Bandwidth Bandwidth 1.75 MHz |Hz real (0, 1e9]

CyclicPrefix Cyclic prefix 0.25 real [0, 1]

IdleInterval Idle interval 10.0 usec |sec real [0, 1000)

PilotPN_Phase Pilot PN phase 0 int [0, 4095]

start Frame Number 1200 int [0, o)

stop Frame Number 2399 int [start, co)

FrameMode Frame mode: FDD, TDD FDD enum

DL_Ratio Downlink ratio 0.5 real [0.01,

0.99]
FrameDuration Frame duration: Continuous, time 2.5 ms, time 4 ms, time 5 Continuous enum
ms, time 8 ms, time 10 ms, time 12.5 ms, time 20 ms
Brd_Message Broadcast message enabled or not: NO, YES NO enum

Pin Inputs
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Pin |[Name

Description
1 |RF_Signal |input of RF

signal

Notes/Equations

Advanced Design System 2011.01 - Fixed WiMax Design Library
Signal Type

timed

1. This subnetwork is used to do WMAN downlink constellation measurement.
The schematic for this subnetwork is shown in WMAN DL Constellation RF Schematic.
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WMAN_DL_Constellation_RF Schematic

2. The input timed signal is demodulated from RF to baseband by QAM_Demod. Then, frame
synchronization, frequency offset, frame demultiplex, channel estimate, phase track and channel
compensation are completed by WMAN_DL_FrameSync, WMAN_DL_FreqSync,
WMAN_DL_ChEstimator and WMAN_DL_PhaseTracker respectively. The equalized data are
collected by the Sink named Constellation.

The constellations displayed in Data Display window depend on the parameters start, stop which

decide which part of signal is measured and the number of constellation points and the parameter
Rate_ID which decides the constellation-mapping.
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1. IEEE Std 802.16-2004, Part 16: Air Interface for Fixed Broadband Wireless Access Systems,
Section 8.3 WirelessMAN-OFDM PHY, October 1, 2004.

2. IEEE P802.16-2004/Cor1/D3, Corrigendum to IEEE Standard for Local and Metropolitan Area
Networks - Part 16: Air Interface for Fixed Broadband Wireless Access Systems, May 2005.
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WMAN_DL_RF_CCDF_FD (WMAN Downlink RF CCDF FD)

L

WMAN
DL RF
CCDF

WMAN_DL_RF_CCDF_FD

Description Downlink CCDF measurment with broadcast message and frame duration

Library WMAN, Measurement
Class TSDFWMAN_DL_RF_CCDF_FD

Parameter

Name
RLoad
RTemp

S

StartSample

SymLen
SymNum

OutputPoint

RefR
NumberOfB
DatalLength

Rate_ID

urst

PreamblePresent

IdleInterval
Bandwidth

OversamplingOption

CyclicPrefix
FrameMode
DL_Ratio

FrameDuration

Brd_Message

Description
Source resistance
TEMPERATURE

Sample from which measurement begin
length of input signal symbol

Number of symbols

Indicate output precision

Reference resistance

Number of Burst

MAC PDU payload byte length of each burst

Rate ID of each burst
Preamble present

Idle interval
Bandwidth

Oversampling ratio option: Ratio 1, Ratio 2, Ratio 4, Ratio 8,

Ratio 16, Ratio 32
Cyclic prefix

Frame mode: FDD, TDD
Downlink ratio

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

Broadcast message enabled or not: NO, YES

Pin Inputs
Pin Name Description Signal Type
1 |RF_Signal [received RF signal to be timed

measured

Notes/Equations

Default Unit
50 Ohm |Ohm
—273.15 Celsius

0
2560
1
100

50 Ohm |Ohm

1
{100}

{1}

{0}

10 usec |sec

1.75 Hz
MHz

Ratio 1

0.25
FDD
0.5

time 5
ms

NO

Type
int
real

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

enum

real
enum
real

enum

enum

Range
(0, x)

[-273.15,
0]

[1, 16]
[1,16383]

[0, 6]

{0, 1}

[0, 1000]
(0, 1e9]

[0, 1]

[0.01,
0.99]

1. This subnetwork measures the complementary cumulative distribution function (CCDF) of the
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WMAN OFDM downlink RF signal, PeakPower and MeanPower.

2. The distribution range is divided into segments according to the OutputPoint parameter and is
sent to the SignalRange_dB NumericSink. The corresponding distribution probability is calculated
based on these segments and sent to the CCDF NumericSink. Peak power of 99.9% probability
and average power of input signals are calculated. These results are collected by the PeakPower
and AvgPower NumericSinks.

3. The schematic for this subnetwork is shown in WMAN_DL_RF_CCDF_FD Schematic.
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WMAN_DL_RF_CCDF_FD Schematic
4, 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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Networks - Part 16: Air Interface for Fixed Broadband Wireless Access Systems, Sept. 2005.
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WMAN_DL_SpecFlat ( WMAN Downlink Spectral Flatnhess
Measurement)

WIMAN

| |
L
@ ’ | I SpecFlat

Diowwnlink

WMAN_DL_SpecFlat

Description Downlink spectral flathess measurement
Library WMAN, Measurement
Class TSDFWMAN_DL_SpecFlat

Parameters

Name Description Default Unit Type Range

RIn Input resistance 50 Ohm Ohm |int (0, c0)

RTemp TEMPERATURE —273.15 |Celsius real [-273.15,

®]
FCarrier Carrier frequency 3407 MHz |Hz real (0, c0)
OversamplingOption |Oversampling ratio option: Ratio 1, Ratio 2, Ratio 4, Ratio 8, Ratio 1 enum
Ratio 16, Ratio 32

Bandwidth Bandwidth 1.75 MHz |Hz real (0, 1e9]

CyclicPrefix Cyclic prefix 0.25 real [0, 1]

FrameMode Frame mode: FDD, TDD FDD enum

DL_Ratio Downlink ratio 0.5 real [0.01,

0.99]
FrameDuration Frame duration: Continuous, time 2.5 ms, time 4 ms, time 5 Continuous enum
ms, time 8 ms, time 10 ms, time 12.5 ms, time 20 ms

Brd_Message Broadcast message enabled or not: NO, YES NO enum

Idlelnterval Idle interval 0.0 usec [sec real [0, 1000)

NumberOfBurst Number of Burst 1 int [1, 16]

DatalLength MAC PDU payload byte length of each burst {100} int [1, 4095]
array

Rate_ID Rate ID of each burst {1} int [0, 6]
array

PreamblePresent Preamble present or not {0} int {0, 1}
array

PrmITimeShift Preamble time shift of each burst {0} int [0, 255]
array

FramesToAverage |Number of frames for the average CIR 1 int [1, o)

Pin Inputs

Pin Name Description Signal Type

1 |RF_Signal |input of RF timed

signal

Notes/Equations

1. This subnetwork is used to measure the spectral flathess of WMAN OFDM Downlink subframe. The
schematic for this subnetwork is shown in WMAN_DL_SpecFlat Schematic.
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1. In this subnetwork, the data (CIRs) are taken from the channel estimation to measure the
spectral flatness. Only the CIRs in the burst with FEC-encoded are used to measure the spectral
flatness. The results shall be the average of FramesToAverage downlink subframes, where
FramesToAverage is set by users. The measurement results are output to Sink SpecEnergy.
Meanwhile the difference energy between adjacent subcarriers from -100 to 100 are output to
Sink SpecDiff, and spectral lines from -100 to 100 are output to Sink SpecLines. The number of
subcarriers in which the spectral energies are out of the spectral mask and in which the difference
between adjacent subcarriers exceed 0.1 dB are output to Sink StatParam.

References

1. IEEE Std 802.16-2004, Part 16: Air Interface for Fixed Broadband Wireless Access Systems,
Section 8.3 WirelessMAN-OFDM PHY, October 1, 2004.

2. IEEE P802.16-2004/Cor1/D3, Corrigendum to IEEE Standard for Local and Metropolitan Area
Networks - Part 16: Air Interface for Fixed Broadband Wireless Access Systems, May 2005.
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WMAN_RF_CCDF (WMAN RF CCDF)

WMAN

& Jpl|RF
CCDF

WMAN_RF_CCDF

Description CCDF measurment
Library WMAN, Measurement
Class TSDFWMAN_RF_CCDF

Parameters
Name Description Default |Unit |Type Range
RLoad Source resistance 50 Ohm |Ohm |int (0, =)
RTemp TEMPERATURE —273.15|Celsius real |[—-273.15,
o]

StartSample Sample from which measurement 0 int

begin
SymLen length of input signal symbol 2560 int
SymNum Number of symbols 1 int
OutputPoint |Indicate output precision 100 int
RefR Reference resistance 50 Ohm |Ohm |real
Pin Inputs
Pin [Name Description Signal Type
1 |RF_Signal |received RF signal to be timed

measured

Notes/Equations

1. This subnetwork measures the complementary cumulative distribution function (CCDF) of the RF
signal, PeakPower and MeanPower.

2. SymLenxSymNum+ StartSample  tolens are consumed at Pin in and the latest

tokens are used for measurement.The distribution range is divided into
segments according to the OutputPoint parameter and is sent to the SignalRange_dB
NumericSink. The corresponding distribution probability is calculated based on these segments
and sent to the CCDF NumericSink. Peak power of 99.9% probability and average power of input
signals are calculated. These results are collected by the PeakPower and AvgPower NumericSinks.
3. The schematic for this subnetwork is shown in WMAN_RF_CCDF Schematic.

SymLen ® SymNum
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WMAN_RF_CCDF Schematic
4, 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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WMAN_UL_Constellation_RF (WMAN Uplink Constellation
Measurement)

SI ' oocow

LLConstelation

WMAN_UL_Constellation_RF

Description Uplink constellaton measurement with broadcast message and frame duration

Library WMAN, Measurement
Class TSDFWMAN_UL_Constellation_RF

Parameters

Name

RIn

RTemp

FCarrier
Sensitivity
Phase
GainImbalance
PhaseImbalance
NumberOfSS
DatalLength

Rate_ID

Subchannelization
Subchannellndex

MidambleRepetition

PrmITimeShift

OversamplingOption

Bandwidth
CyclicPrefix
IdleInterval
PilotPN_Phase
start

stop

FrameMode
DL_Ratio
FrameDuration

Parameters

Description

Input resistance

TEMPERATURE

Carrier frequency

voltage output sensitivity, Vout/Vin

Reference phase in degrees

Gain imbalance in dB Q channel relative to I channel
Phase imbalance in dB Q channel relative to I channel
Number of subscribes

MAC PDU payload byte length of each subscribe

Rate ID of each subscribe

Subchannelization or not: NO, YES
List of each subchannel index

Midamble repetition of each subscribe
Preamble time shift of each subscribe

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

Bandwidth
Cyclic prefix
Idle Interval
Pilot phase

Sample number to start collecting data for display the
constellation

Sample number to stop collecting data for display the
constellation

Frame mode: FDD, TDD
Downlink ratio

Frame duration: Continuous, time 2.5 ms, time 4 ms, time 5
ms, time 8 ms, time 10 ms, time 12.5 ms, time 20 ms
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Default
50 Ohm
-273.15
1900 MHz |Hz
1

0.0 deg
0.0

0.0

1

{100}

Unit
Ohm

{1}

NO
{8}

{0}
{0}
Ratio 1

1.75 MHz |Hz
0.25

10 usec sec
0

1200

2399

FDD
0.5
Continuous

Celsius

Type
int
real
real
real
real
real
real
int
int
array
int
array
enum
int
array
int
array
int
array
enum

real
real
real
int
int

int

enum
real
enum

Range

(0, )
[-273.15, ]
(0, )

(-00, )

(-00, )

(-00, )

(-00, )

[1, 16]

[1, 4095]

[0, 6]

[1, 15] or
[17, 31]
[0, 3]

[0, 255]

(0, 1e9]
[0, 1]

[0, 1000]
[0, 4095]
[0, o)

[start, o)

[0.01, 0.99]
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Pin [IName Description Signal Type
1 |RF_Signal input of RF timed
signal

Notes/Equations

1. This subnetwork is used to do WMAN uplink constellation measurement.
The schematic for this subnetwork is shown in WMAN UL _Constellation RF Schematic.
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WMAN_UL_Constellation_RF Schematic

2. The input timed signal is demodulated from RF to baseband by QAM_Demod. Then frame
synchronization, frequency offset, frame demultiplex, channel estimate, phase track and channel
compensation are completed by WMAN_UL_FrameSync, WMAN_UL_FreqSync,
WMAN_UL_DemuxFrame, WMAN_UL_ChEstimator and WMAN_UL_PhaseTracker respectively. The
equalized data are collected by the Sink named Constellation.
The constellations displayed in Data Display window depend on the parameters start, stop that
decide which part of signal is measured and the number of constellation points and the parameter
Rate_ID which decides the constellation-mapping.
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2. IEEE P802.16-2004/Cor1/D3, Corrigendum to IEEE Standard for Local and Metropolitan Area
Networks - Part 16: Air Interface for Fixed Broadband Wireless Access Systems, May 2005.
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WMAN_UL_RF_CCDF_FD (WMAN Uplink RF CCDF FD)

s

WMAN
UL RF
CCDF

WMAN_UL_RF_CCDF_FD

Description Uplink CCDF measurment with broadcast message and frame duration

Library WMAN, Measurement
Class TSDFWMAN_UL_RF_CCDF_FD

Parameters

Name
RLoad
RTemp

StartSample

SymLen
SymNum

OutputPoint

RefR
NumberOfS
DatalLength

Rate_ID

Subchannel
Subchannel

S

ization
Index

MidambleRepetition

Idlelnterval
Bandwidth

OversamplingOption

CyclicPrefix

PrmITimeShift

FrameMode
DL_Ratio

FrameDuration

Pin Inputs

Pin |[Name

1 |RF_Signal received RF signal to be

Description

Description

Source resistance

TEMPERATURE

Sample from which measurement begin

length of input signal symbol

Number of symbols

Indicate output precision

Reference resistance

Number of subscribers

MAC PDU payload byte length of each subscriber

Rate ID of each subscriber

Subchannelization or not: NO, YES
List of each subchannel index

Midamble repetition of each subscriber

Idle Interval
Bandwidth

Oversampling ratio option: Ratio 1, Ratio 2, Ratio 4, Ratio 8,

Ratio 16, Ratio 32
Cyclic prefix
Preamble time shift of each subscriber

Frame mode: FDD, TDD
Downlink ratio

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

Signal Type
timed

measured
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Default Unit
50 Ohm |Ohm
—273.15 |Celsius

0
2560
1
100

50 Ohm |Ohm

1
{100}

{1}

NO
{8}

{03}

10 usec |sec

1.75 Hz
MHz

Ratio 1

0.25
{0}

FDD
0.5

time 5
ms

Type
int
real
int
int
int
int
real
int
int
array
int
array
enum
int
array
int
array
real
real

enum

real
int
array
enum
real
enum

Range
(0, )
[-273.15, o]

[1, 16]
[1, 16383]

[0, 6]

[1, 15] or
[17, 31]
[0, 3]

[0, 1000]
(0, 1e9]

[0, 1]
[0, 255]

[0.01, 0.99]
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Notes/Equations

1. This subnetwork measures the complementary cumulative distribution function (CCDF) of the
WMAN OFDM uplink RF signal, PeakPower and MeanPower.

2. The distribution range is divided into segments according to the OutputPoint parameter and is

sent to the SignalRange_dB NumericSink. The corresponding distribution probability is calculated

based on these segments and sent to the CCDF NumericSink. Peak power of 99.9% probability

and average power of input signals are calculated. These results are collected by the PeakPower
and AvgPower NumericSinks.

3. The schematic for this subnetwork is shown in WMAN UL _RF CCDF _FD Schematic.
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WMAN_UL_RF_CCDF_FD Schematic

4. 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.

References

1. IEEE Std 802.16-2004, Part 16: Air Interface for Fixed Broadband Wireless Access Systems,
Section 8.3 WirelessMAN-OFDM PHY, October 1, 2004.

2. IEEE P802.16-2004/Cor1/D5, Corrigendum to IEEE Standard for Local and Metropolitan Area
Networks - Part 16: Air Interface for Fixed Broadband Wireless Access Systems, Sept. 2005.
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WMAN_UL_SpecFlat (WMAN Uplink SpecFlat)

WYIMAN

SpecFlat

Uplink

WIMAN_UL_SpecFlat

P

Description Uplink spectral flathess measurement

Library WMAN, Measurement
Class TSDFWMAN_UL_SpecFlat

Parameters

Name Description

RIn Input resistance
RTemp TEMPERATURE
FCarrier Carrier frequency

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

Ratio 16, Ratio 32

Bandwidth Bandwidth

CyclicPrefix Cyclic prefix
FrameMode Frame mode: FDD, TDD
DL_Ratio Downlink ratio

FrameDuration

Frame duration: Continuous, time 2.5 ms, time 4 ms, time 5

ms, time 8 ms, time 10 ms, time 12.5 ms, time 20 ms

IdleInterval Idle Interval
NumberOfSS
SSWithFEC

Subchannelization

Number of subscribers
The number of subscriber with FEC
Subchannelization or not: NO, YES

Subchannellndex List of each subchannel index

DatalLength

Rate_ID Rate ID of each subscriber

MidambleRepetition |Midamble repetition of each subscriber

PrmITimeShift Preamble time shift of each subscriber

TimeOffset Time offset of each subscriber

FramesToAverage |Number of frames for the average CIR

Pin Inputs

Pin Name Description

1 |RF_Signal |input of RF
signal

Signal Type
timed

MAC PDU payload byte length of each subscriber

95

Default
50 Ohm
—-273.15

3407 Hz
MHz

Ratio 1

1.75 Hz
MHz

0.25
FDD
0.5

time 5
ms

0.0 usec |sec
1

1

NO

{8}

{100}

{1}

{0}

{03}

{0 usec} |sec

Unit
Oohm
Celsius

Type
int
real
real

enum

real

real
enum
real
enum

real
int
int
enum
int
array
int
array
int
array
int
array
int
array

real
array

int

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

(0, 1e9]

[0, 1]

[0.01, 0.99]

[0, 1000]
[1, 16]
(1, 16]

[1, 15] or [17,
31]

[1, 16383]

(0, 6]

(0, 3]

[0, 255]

[0,

Idlelnterval]
[1, =)
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Notes/Equations

1. This subnetwork is used to measure the spectral flatness of WMAN OFDM Uplink subframe. The
schematic for this subnetwork is shown in WMAN_UL_SpecFlat Schematic.
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2. In this subnetwork, the data (CIRs) are taken from the channel estimation to measure the
spectral flatness. The results shall be the average of FramesToAverage uplink subframes, where
FramesToAverage is set by users. The measurement results are output to Sink SpecEnergy.
Meanwhile the difference energy between adjacent subcarriers from -100 to 100 are output to
Sink SpecDiff, and spectral lines from -100 to 100 are output to Sink SpecLines. The number of
subcarriers in which the spectral energies are out of the spectral mask and in which the difference
between adjacent subcarriers exceed 0.1 dB are output to Sink StatParam. Note that for
subchannelization mode, only the CIRs on the subcarriers allocated to SS with FEC-encoded are
used to measure the spectral flatness, and the spectral energies on other subcarriers are set to
zero.

References

1. IEEE Std 802.16-2004, Part 16: Air Interface for Fixed Broadband Wireless Access Systems,
Section 8.3 WirelessMAN-OFDM PHY, October 1, 2004.

2. IEEE P802.16-2004/Cor1/D3, Corrigendum to IEEE Standard for Local and Metropolitan Area
Networks - Part 16: Air Interface for Fixed Broadband Wireless Access Systems, May 2005.
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WMAN Multiplex Components

The multiplex models provide framing and de-framing in WMAN transceivers.

WMAN BurstWoFEC (WMAN Burst Without FEC Generator) (wman)
WMAN DemuxOFDMSym (WMAN OFDM demultiplexer) (wman)
WMAN DL DemuxBurst (WMAN Downlink Demultiplex Burst) (wman)
WMAN DL DemuxBurst FD (WMAN Downlink Demultiplex Burst FD) (wman)
WMAN DL MuxBurst (WMAN Downlink Multiplex Burst) (wman)
WMAN DL MuxBurst FD (WMAN Downlink Multiplex Burst FD) (wman)
WMAN DL MuxFrame (WMAN Downlink Multiplex Frame) (wman)
WMAN UL DemuxBurst (WMAN Uplink burst demultiplexer) (wman)
WMAN UL MuxBurst (WMAN Uplink MuxBurst) (wman)

WMAN UL MuxFrame (WMAN Uplink Frame Multiplexer) (wman)
WMAN UL MuxOFDMSym (WMAN Uplink MuxOFDMSym) (wman)
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WMAN_BurstWoFEC (WMAN Burst Without FEC Generator)

AR
B 1 |amqd
WIMAN_BurstWoFEC

B

Description Bursts without FEC generator
Library WMAN, Multiplex

Class SDFWMAN_BurstWoFEC

Derived From SDFWMAN_UL_Base

Parameters

Name Description Default Type Range

NumberOfSS Number of subscribers 1 int [1, 16]

SSWithFEC The number of subscriber with FEC 1 int [1, 16]

DatalLength MAC PDU payload byte length of each {100} |int [1, 16383]

subscriber array

Rate_ID Rate ID of each subscriber {1} int [0, 6]
array

Subchannelization |Subchannelization or not: NO, YES NO enum

Subchannellndex |List of each subchannel index {8} int [1, 15] or [17, 31]
array

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 lcomplex

Notes/Equations

1. This model is used to generate data signal after constellation mapper of the bursts without FEC.

2. Each firing,
o if NumberOfss =1

o if NumberOf55>1

, 1 tokens are consumed and produced and the output is 0.
, Nbits tokens are consumed, where Nbits is defined as:
Numberdf55
Ny, = 8 Z N mboi 1] % CodedBIkSize[R[i]]

i=1 i=SSWirhFEC

NumberOfss

192% Z Ny mborl1]

(=L imiRrEC tokens are produced, where, NSymbol[i] is the number of
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OFDM symbols of the ith SS and depends on DatalLength[i] and Rate_ID[i].
The data-rate-dependent parameters are defined in Data-Rate-Dependent Parameters.

Data-Rate-Dependent Parameters

Rate_ID Modulation Uncoded block size |Coded block size |Overall coding RS code CC code

(R) (bytes) (bytes) rate rate
0 BPSK 12 24 1/2 (12,12,0) |1/2
1 QPSK 24 48 1/2 (32,24,4) 2/3
2 QPSK 36 48 3/4 (40,36,2) |5/6
3 16-QAM 48 96 1/2 (64,48,8) 2/3
4 16-QAM 72 96 3/4 (80,72,4) |5/6
5 64-QAM 96 144 2/3 (108,96,6) |3/4
6 64-QAM 108 144 3/4 (120,108,6) |5/6

3. If this model is used in downlink, the parameters NumberOfSS and SSWithFEC mean the
NumberOfBurst and BurstWithFEC respectively.

References

1. IEEE Std 802.16-2004, Part 16: Air Interface for Fixed Broadband Wireless Access Systems,
Section 8.3 WirelessMAN-OFDM PHY, October 1, 2004.

2. IEEE P802.16-2004/Cor1/D3, Corrigendum to IEEE Standard for Local and Metropolitan Area
Networks - Part 16: Air Interface for Fixed Broadband Wireless Access Systems, May 2005.
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WMAN_DemuxOFDMSym (WMAN OFDM demultiplexer)

Il >

U ]

WMAN_DemuxOFDMSym

Description OFDM symbol demultiplexer
Library WMAN, Multiplex
Class SDFWMAN_DemuxOFDMSym

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 de-multiplex the OFDM symbol into data and pilots. Data subcarriers are
sent to the output and the pilot subcarriers are discarded.
2. Each firing,
e 200 tokens are consumed at pin Dataln
e 192 tokens are produced at pin DataOut
3. The data at Dataln pin are mapped from indices 0 to 199 to the frequency offset indices -100 to
100, excluding DC subcarriers with index 0. Then the data on pilot subcarriers whose frequency
offset indices are {-88, -63, -38, -13, 13, 38, 63, 88} are removed. The rest are data subcarriers,
which are output to pin DataOut.
References
1. IEEE Std 802.16-2004, Part 16: Air Interface for Fixed Broadband Wireless Access Systems,
Section 8.3 WirelessMAN-OFDM PHY, October 1, 2004.
2. IEEE P802.16-2004/Cor1/D3, Corrigendum to IEEE Standard for Local and Metropolitan Area

Networks - Part 16: Air Interface for Fixed Broadband Wireless Access Systems, May 2005.
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WMAN_DL_DemuxBurst (WMAN Downlink Demultiplex
Burst)

|
P

YA

_
WMAN_DL_DemuxBurst

Ty,

Description Downlink bursts demultiplexer
Library WMAN, Multiplex

Class SDFWMAN_DL_DemuxBurst
Derived From WMAN_DL_Base

Parameters

Name Description Default Type Range

NumberOfBurst [INumber of Burst 1 int [1, 16]

BurstWithFEC |The number of burst with FEC 1 int [1, 16]

DatalLength MAC PDU payload byte length of each burst|{100} |int [1,
array 16383]

Rate_ID Rate ID of each burst {1} int [0, 6]
array

Pin Inputs

Pin Name Description Signal Type

1 |In input of downlink data before demultiplexer |complex

Pin Outputs

Pin [Name Description Signal Type

2 |FCH FCH data complex

3 |DataFEC output data with FEC |complex

4

DataWoFEC |input data without FEC complex

Notes/Equations

. Each firing,

1. This model is used to extract downlink data sequence in frequency domain into FCH, coded burst

and uncoded bursts. In the downlink data sequence, the FCH is followed by one or multiple
downlink bursts. The coded burst can occupy anywhere of downlink bursts. This is inverse
function of WMAN_DL_MuxBurst.

( NumberQfBurst Y
1925 | 1+ % Nyyppli]
I: = l /' ‘I\‘r.g'.-'mba." [{]

tokens are consumed at pin In where

is the number of OFDM symbols of ith downlink burst. 192 means the number of data subcarriers
in one OFDM symbol. Rate_ID (R) determine the number of data symbols per DL burst. Data-
rate-dependent parameters (modulation, coding rate, coded bytes/uncoded bytes per OFDM
symbol) are set according to Data-Rate-Dependent Parameters, which is based on the
specification.
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Data-Rate-Dependent Parameters

Rate_ID |Modulation [lUncoded block Coded block Overall coding |RS code CC code
size(bytes) size(bytes) rate rate
0 BPSK 12 24 1/2 (12,12,0) |1/2
1 QPSK 24 48 1/2 (32,24,4) |2/3
2 QPSK 36 48 3/4 (40,36,2) |5/6
3 16-QAM 48 96 1/2 (64,48,8) 2/3
4 16-QAM 72 96 3/4 (80,72,4) |5/6
5 64-QAM 96 144 2/3 (108,96,6) |3/4
6 64-QAM 108 144 3/4 (120,108,6) |5/6

The number of OFDM symbols of ith downlink burst (wman-6-04-010.gif!) is calculated as:
Nsympeli] = ceill(DataLength[i] + 11}/ (uncodedBlockSize[R[i]]))

where

e The FCH burst is one OFDM symbol long, so 192 tokens are produced at pin FCH.
192 % Ny, oy [butts tWith FEC]

. tokens are produced at pin DataWithFEC.
(" NumberQfBurst Y
192 % Y N o[ 1]
. (=L i bursVik PEC " tokens are produced at pin DataWoFEC.
References

1. IEEE Std 802.16-2004, Part 16: Air Interface for Fixed Broadband Wireless Access Systems,
Section 8.3 WirelessMAN-OFDM PHY, October 1, 2004.

2. IEEE P802.16-2004/Cor1/D3, Corrigendum to IEEE Standard for Local and Metropolitan Area
Networks - Part 16: Air Interface for Fixed Broadband Wireless Access Systems, May 2005.
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WMAN_DL_DemuxBurst_FD (WMAN Downlink Demultiplex
Burst FD)

WWIMAN

P
[ |

Downlink

WMAN_DL_DemuxBurst_FD

oy

Description Downlink bursts demultiplexer with broadcast message and frame duration
Library WMAN, Multiplex

Class SDFWMAN_DL_DemuxBurst_FD

Derived From WMAN_DL_Base

Parameter

Name Description Default Type Range

NumberOfBurst [Number of Burst 1 int [1, 16]

BurstWithFEC |The number of burst with FEC 1 int [1, 16]

DatalLength MAC PDU payload byte length of each burst {100} |int [1,
array 16383]

Rate_ID Rate ID of each burst {1} int [0, 6]
array

Brd_Message |Broadcast message enabled or not: NO, YES |INO enum

Pin Inputs

Pin Name Description Signal Type

1 |In input of downlink data before demultiplexer |complex

Pin Outputs

Pin [Name Description Signal Type

2 |FCH FCH data complex

3 |DL_MAP broadcast message complex
4 |DataFEC output data with FEC |complex
5 |DataWoFEC |input data without FEC |complex

Notes/Equations

1. This model is used to extract downlink data sequence in frequency domain into FCH, broadcast
burst, coded burst and uncoded bursts. In the downlink data sequence, the FCH is followed by the
broadcast burst and one or multiple downlink bursts. The coded burst can occupy anywhere of
downlink bursts. This is the inverse function of WMAN_DL_MuxBurst_FD.

2. Each firing,

r Number OfBurst ]
192%| 1+ ‘Nrﬁ'r'.:."c:r + Z ‘M.S",'mbo.f[i]
. =1 " tokens are consumed at pin In. where Npracat s the
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number of OFDM symbols of the broadcast burst where it is equal to 21 when Brd_Message

is YES and is equal to 0 when Brd_Message is NO. Nsymeat l1]is the number of OFDM
symbols of ith downlink burst. 192 means the number of data subcarriers in one OFDM
symbol. Rate_ID (R) determine the number of data symbols per DL burst. Data-rate-
dependent parameters (modulation, coding rate, coded bytes/uncoded bytes per OFDM
symbol) are set according to Data-Rate-Dependent Parameters, which is based on the
specification.

Data-Rate-Dependent Parameters

Rate_ID |Modulation [Uncoded block Coded block Overall coding RS code CC code
size(bytes) size(bytes) rate rate

0 BPSK 12 24 1/2 (12,12,0) |1/2

1 QPSK 24 48 1/2 (32,24,4) 2/3

2 QPSK 36 48 3/4 (40,36,2) |5/6

3 16-QAM 48 96 1/2 (64,48,8) [2/3

4 16-QAM 72 926 3/4 (80,72,4) |5/6

5 64-QAM 96 144 2/3 (108,96,6) 3/4

6 64-QAM 108 144 3/4 (120,108,6) |5/6
The number of OFDM symbols of ith downlink burst(!wman-6-05-018.gif!) is calculated as
follows:

N mpaili] = ceill{DataLength[i]+ 11)/(uncodedBlockSize[R[i]]))

The FCH burst is one OFDM symbol long, so 192 tokens are produced at pin FCH.
192 X N g,y [ buttst With FEC]

. tokens are produced at pin DataWithFEC.
r Number OfBurst h
192 % Z J"'*‘r_g.r.mg,,:,;[{.]
. (= L # st W FEC " tokens are produced at pin DataWoFEC.
o) r f
o 192X Norasym tokens are produced at pin DL_MAP where Norasm s 21,
References

1. IEEE Std 802.16-2004, Part 16: Air Interface for Fixed Broadband Wireless Access Systems,
Section 8.3 WirelessMAN-OFDM PHY, October 1, 2004.

2. IEEE P802.16-2004/Cor1/D5, Corrigendum to IEEE Standard for Local and Metropolitan Area
Networks - Part 16: Air Interface for Fixed Broadband Wireless Access Systems, Sept. 2005.
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WMAN_DL_MuxBurst (WMAN Downlink Multiplex Burst)

Burstiith FEC
FC H][urst'l.l'l.l'oF EC
owrlin

WMAN_DL_MuxBurst

Description Downlink bursts multiplexer
Library WMAN, Multiplex

Class SDFWMAN_DL_MuxBurst

Derived From WMAN_DL _ Base

Parameters

Name Description Default Type Range

NumberOfBurst |[Number of Burst 1 int [1, 16]

BurstWithFEC |The number of burst with FEC 1 int [1, 16]

DatalLength MAC PDU payload byte length of each burst|{100} |int [1,
array 16383]

Rate_ID Rate ID of each burst {1} int [0, 6]
array

Pin Inputs

Pin Name Description Signal Type

1 |FCH FCH data complex

2 |DataFEC input data with FEC complex
3 |DataWoFEC |input data without FEC |complex
Pin Outputs

Pin Name Description Signal Type
4 |Out output of downlink multiplexer \complex

Notes/Equations

1. This model is used to multiplex downlink FCH, coded burst and uncoded bursts into one downlink
complete sequence in frequency domain. The FCH is followed by one or multiple downlink bursts.
The coded burst can occupy anywhere of downlink bursts.

2. Each firing,

( NemberOfBurse )
192x {1+ > N omboil i
i=1 J .
. tokens are produced at pin Out.

where Nsymeorli] is the number of OFDM symbols of the ith downlink burst. 192 means the
number of data subcarriers in one OFDM symbol. Rate_ID (R) determines the number of
data symbols per DL burst. Data-rate-dependent parameters (modulation, coding rate,
coded bytes/uncoded bytes per OFDM symbol) are set according to Data-Rate-Dependent
Parameters, which is based on the specification.
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Data-Rate-Dependent Parameters

Rate_ID |[Modulation [Uncoded block Coded block
size(bytes) size(bytes)

0 BPSK 12 24

1 QPSK 24 48

2 QPSK 36 48

3 16-QAM 48 96

4 16-QAM 72 96

5 64-QAM 96 144

6 64-QAM 108 144

as:

Advanced Design System 2011.01 - Fixed WiMax Design Library

Overall coding RS code

rate
1/2
1/2
3/4
1/2
3/4
2/3
3/4

Ngmpel ] = ceill(DataLength[i] + 11)/(uncodedBlockSize[R[i]]))

(" NumberQfBurst

192 % Z

i= 1 i=burstWirh FEC

References

A

N.S'-,-mbc.-f [ '!.]

|
A

tokens are consumed at pin DataWithFEC.

(12,12,0)
(32,24,4)
(40,36,2)
(64,48,8)
(80,72,4)
(108,96,6)

CC code
rate

1/2
2/3
5/6
2/3
5/6
3/4

(120,108,6) |5/6

The FCH burst is one OFDM symbol long, so 192 tokens are consumed at pin FCH.
192 % Ny, oy [butts tWith FEC]

tokens are consumed at pin DataWoFEC.

The number of OFDM symbols of the ith downlink burst (wman-6-06-027.gif!) is calculated

1. IEEE Std 802.16-2004, Part 16: Air Interface for Fixed Broadband Wireless Access Systems,
Section 8.3 WirelessMAN-OFDM PHY, October 1, 2004.

2. IEEE P802.16-2004/Cor1/D3, Corrigendum to IEEE Standard for Local and Metropolitan Area
Networks - Part 16: Air Interface for Fixed Broadband Wireless Access Systems, May 2005.
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WMAN_DL_MuxBurst_FD (WMAN Downlink Multiplex Burst
FD)

94 E WIMAT
BurstinfithF EC
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Diowenilink
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WMAN_DL_MuxBurst_FD

Description Downlink bursts multiplexer with broadcast message and frame duration
Library WMAN, Multiplex

Class SDFWMAN_DL_MuxBurst_FD

Derived From WMAN_DL_Base

Parameters

Name Description Default Type Range

NumberOfBurst [Number of Burst 1 int [1, 16]

BurstWithFEC |The number of burst with FEC 1 int [1, 16]

DatalLength MAC PDU payload byte length of each burst [{100} |int [1,
array 16383]

Rate_ID Rate ID of each burst {1} int [0, 6]
array

Brd_Message |Broadcast message enabled or not: NO, YES |INO enum

Pin Inputs

Pin [Name Description Signal Type

1 |FCH FCH data complex

2 |DL_MAP broadcast message complex
3 |DataFEC input data with FEC complex
4 DataWoFEC |input data without FEC |complex
Pin Outputs

Pin [IName Description Signal Type
5 |Out |output of downlink multiplexer |complex

Notes/Equations

1. This model is used to multiplex downlink FCH, broadcast burst, coded burst and uncoded bursts
into one downlink complete sequence in frequency domain. The FCH is followed by the broadcast
burst and one or multiple downlink bursts. The coded burst can occupy anywhere of downlink
bursts.

2. Each firing,

¢ NumberQfBurst i
2 7 ! [
192x |1+ Ng 4ot Z N, mboilil
i=1 /

tokens are produced at pin Out.
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where ‘I\'rﬁ'.":."c:r
is the number of OFDM symbols of the broadcast burst where it is equal to 21 when Brd_Message

is YES and is equal to 0 when Brd_Message is NO. Nsymber [1]

is the number of OFDM symbols of the ith downlink burst. 192 means the number of data
subcarriers in one OFDM symbol. Rate_ID (R) determines the number of data symbols per DL
burst. Data-rate-dependent parameters (modulation, coding rate, coded bytes/uncoded bytes per
OFDM symbol) are set according to Data-Rate-Dependent Parameters, which is based on the
specification.

Data-Rate-Dependent Parameters

Rate_ID Modulation Uncoded block Coded block Overall coding |RS code CC code
size(bytes) size(bytes) rate rate
0 BPSK 12 24 1/2 (12,12,0) [1/2
1 QPSK 24 48 1/2 (32,24,4) 2/3
2 QPSK 36 48 3/4 (40,36,2) |5/6
3 16-QAM 48 96 1/2 (64,48,8) 2/3
4 16-QAM 72 96 3/4 (80,72,4) 5/6
5 64-QAM 96 144 2/3 (108,96,6) [3/4
6 64-QAM 108 144 3/4 (120,108,6) |5/6

The number of OFDM symbols of the ith downlink burst(!wman-6-07-035.gif!) is calculated as

N mpoili] = ceili{DataLength[i]+ 11)/(uncodedBlockSize[R[i]]))

follows:

The FCH burst is one OFDM symbol long, so 192 tokens are consumed at pin FCH.
192 % Ny, poi[butstWith FEC]

tokens are consumed at pin DataWithFEC.

(" NumberQfBurst )
7 ; i
192 % z N, ot L]
i=1i=barstWithFEC 4

tokens are consumed at pin DataWoFEC.
192 X N, isym

tokens are consumed at pin DL_MAP where Nprasym s 21,
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WMAN_DL_MuxFrame (WMAN Downlink Multiplex Frame)

& piiioe
R<iiE]

Description Downlink frame multiplexer
Library WMAN, Multiplex

Class SDFWMAN_DL_MuxFrame
Derived From WMAN_DL_Base

Parameters

Name Description Default Unit Type |Range

NumberOfBurst Number of Burst 1 int [1, 16]

DatalLength MAC PDU payload byte length of each burst {100} int [1,
array |16383]

Rate_ID Rate ID of each burst {1} int [0, 6]
array

PreamblePresent Preamble present {0} int {0, 1}
array

Idlelnterval Idle interval 10 usec sec |real [0, 1000]

Bandwidth Bandwidth 1.75 MHz |Hz |real (0, 1e9]

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

16, Ratio 32

PrmITimeShift Preamble time shift of each burst {0} int [0, 255]
array

CyclicPrefix Cyclic prefix 0.25 real [0, 1]

FrameMode Frame mode: FDD, TDD FDD enum

DL_Ratio Downlink ratio 0.5 real [0.01,

0.99]
FrameDuration Frame duration: Continuous, time 2.5 ms, time 4 ms, time 5 ms, Continuous enum
time 8 ms, time 10 ms, time 12.5 ms, time 20 ms

Brd_Message Broadcast message enabled or not: NO, YES NO enum

Pin Inputs

Pin Name Description Signal Type

1 |Prml_4X64 preamble with 4X64 subcarriers i complex
2 |Prmi_even |preamble with even subcarriers lcomplex

3 |DL_Bursts |input of downlink burst complex

Pin Outputs

Pin [Name Description Signal Type

4  |DL_Subframe output of downlink complex
frame

Notes/Equations
1. This model is used to multiplex preamble, FCH, broadcast message, multiple bursts and gaps into
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one downlink subframe in time domain. Idle interval insertion and preamble shift are
implemented.
2. Each firing,

Samplesprume  torens are produced at pin DL_Subframe.

Samplesp, e

where is the number of total samples of one downlink subframe.
~OQversampl ing Option

o 2 ® 256 x(1+ &)

tokens are consumed at pin Prml_4X64 and pin Prml_even,
where G denotes the parameter CyclicPrefix.

( Number OfBurst J
SC“lmPICSGFD_-W x| 1+ ‘Nrﬁ'r'om."cu:r_-'lfc::r.;gc + Z ‘M.S",'mbo.f[i]
i=1 4 .
. tokens are consumed at pin
DL_Bursts.
where Vsympalll s the number of OFDM symbols of the ith downlink burst.

The variables all above are calculated in section 3.
3. WMAN DL Subframe Structure shows the downlink subframe format, which includes: long
preamble, FCH, and one or multiple downlink bursts each transmitted with different burst profile.

preamble | FCH | DL burst#1 ] DL burst#2 { DL burst#m ‘
DLFP Broadcast regular - MAC h’"-“'fzf_ pad
MSEs MAC PDUs (MAC PDU)

WMAN DL Subframe Structure

One WMAN downlink subframe consists of long preamble, FCH, broadcast message and multiple
downlink bursts. There is an idle interval (filled zeros) before preamble in this signal source and
this idle interval is for Agilent connected solution.

The downlink long preamble consists of two consecutive OFDM symbols.

FCH is transmitted in one OFDM symbol.

Rate_ID (R) determines the number of data symbols per DL burst. Data-rate-dependent
parameters (modulation, coding rate, coded bytes/uncoded bytes per OFDM symbol) are set
according to Data-Rate-Dependent Parameters, which is based on the specification.

Data-Rate-Dependent Parameters

Rate_ID |[Modulation [lUncoded block Coded block Overall coding |RS code CC code
size(bytes) size(bytes) rate rate
0 BPSK 12 24 1/2 (12,12,0) |1/2
1 QPSK 24 48 1/2 (32,24,4) 2/3
2 QPSK 36 48 3/4 (40,36,2) |5/6
3 16-QAM 48 96 1/2 (64,48,8) 2/3
4 16-QAM 72 96 3/4 (80,72,4) |5/6
5 64-QAM 96 144 2/3 (108,96,6) |3/4
6 64-QAM 108 144 3/4 (120,108,6) |5/6

The number of OFDM symbols of the ith downlink burst (lwman-6-08-048.gif!) is calculated as:
Nsympoil ] = ceill(DataLength[i] + 11)/ (uncodedBlockSize[R[i]]))
PreamblePresent indicates whether the downlink burst starts with a short preamble or not. Let
Frml[i] represent the number of OFDM symbol per each preamble present. If PreamblePresent is
set to 1 in the ith burst, then Frlid =1 otherwise, Frmilil =0
So the total number of OFDM symbols Neataisymeel for the downlink frame is calculated as:
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Number OfBurst

-7 ‘ ; . 2R
‘Wrroru.fﬁ','mbo.f =2+1+ Z I\‘WrS','mba.f[{] + Fr ml‘[{] I+ ‘Wrﬂf'oudcu:r_-l)’c::ugc

T — F —_ 7
JJ"'r,!'i"."r:.v;.,n..".:r.::J‘_-'l.)".:::u_s:._rc - hﬁ'r'mﬂ'cu:r_-'-fc::ugc =121

where if Brd_Message=NO and if
Brd_Message=YES.
The number of samples per one OFDM symbol (!wman-6-08-057.gif!) is calculated as:

Quersampling Qprion -
SCA’J‘?TII'.;'EIC’SGFD_.H = 2 ver LIJ‘?",L-'"'.I"S' PrarXEStﬂ XL_l"‘GI

Bandwidth determines the nominal channel bandwidth. The sampling frequency (Fs) implemented

in the design is decided by Bandwidth, OversamplingOption and related sampling factor('wman-6-
. . F. = floori(Ng w Bandw idth)/ 80007 % 8000

08-059.gif!) as follows: =

_J"rJC.I'Dn"
The sampling factors(!wman-6-08-061.gif!) are listed in Sampling Factor Requirement.

Sampling Factor Requirement

Sampling factor n Bandwidth

8/7 For channel bandwidths that are a multiple of 1.75 MHz
86/75 else for channel bandwidths that are a multiple of 1.5 MHz
144/125 else for channel bandwidths that are a multiple of 1.25 MHz
316/275 else for channel bandwidths that are a multiple of 2.75 MHz
57/50 else for channel bandwidths that are a multiple of 2.0 MHz
8/7 else for channel bandwidths not otherwise specified

The samples of Idlelnterval( !wman-_6-08-_062.gif!) is calculated as follows:
Samples,,;, = Idlelnterval x pOversumplingOption F,

. Y lesp, .
So, the total samples of one downlink frame ~“"F'“Frame g

Sampfcside'c + Nmma’.’iymbm’ ~ SamPJCSOFDM

if FrameDuration = Continuous

Samples = 4 _ _

Framc . OversamplingOption
FrameDuration X F_x 2 prnger

if FrameDuration ¢ Continuous
where F . is the sampling frequency. FrameDuration can be selected as 2.5 ms, 4 ms, 5 ms, 8 ms,

10 ms, 12.5 ms and 20 ms according to the specification.

4. When FrameDuration=Continuous, both parameters FrameMode and DL_Ratio are inactive. This
model just combines idle interval, preamble, FCH, broadcast message and multiple bursts as one
signal stream (not the real downlink subframe) and outputs this stream. When
FrameDuration<>Continuous, both parameters FrameMode and DL_Ratio are active. This model
combines idle interval, preamble, FCH, broadcast message and multiple bursts and gaps as one
downlink subframe and outputs this downlink subframe.

When FrameMode=FDD, the DL_Ratio is inactive and the full subframe can be loaded the
downlink signal. The first part is idle interval ( the number of zeros is Samplesidle ), the second
part is the downlink signal (the humber is 'wman-6-08-066.gif!), the third part is filled with zeros.
When FrameMode=TDD, the DL_Ratio is active. This DL_Ratio (or DLRatio in equation) parameter
determines where to put the downlink subframe. DL_Ratio splits the frame into two parts. The
first part (The number of samples is lwman-6-08-067.gif!) is to transmit downlink signal and the
second part should be filled with zeros.

References
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WMAN_UL_DemuxBurst (WMAN Uplink burst demultiplexer)

WA Tl A
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.

T

alin

WMAN_UL_DemuxBurst

Description Uplink burst demultiplexer
Library WMAN, Multiplex

Class SDFWMAN_UL_DemuxBurst
Derived From WMAN_UL_Base

Parameters

Name Description Default Type Range

NumberOfSS Number of subscribers 1 int [1, 16]

SSWithFEC The number of subscriber with FEC 1 int [1, 16]

DatalLength MAC PDU payload byte length of each {100} |int [1, 16383]

subscriber array

Rate_ID Rate ID of each subscriber {1} int [0, 6]
array

Subchannelization |Subchannelization or not: NO, YES NO enum

Subchannellndex |List of each subchannel index {8} int [1, 15] or [17, 31]
array

Pin Inputs

Pin Name |Description Signal Type

1 |DataMux |input data including the data with FEC coding and without FEC complex

coding
Pin Outputs
Pin [Name Description Signal Type

2 |DataWithFEC |output data with FEC complex

3 |DataWoFEC |output data without complex
FEC

Notes/Equations

1. This model is used to de-multiplex input chain into FEC-encoded burst and other uncoded bursts.
2. Each firing,
(NumberOf55 N

192% Y Noymorlil

i=1 A

. tokens are consumed at pin DataMux for non-subchannelization
mode and 192xNMaxDataSym tokens are consumed for subchannelization mode,
where
The number of OFDM data symbols of ith uplink SS(!'wman-6-09-070.gif!) is calculated as
follows:
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N mpaili]l = ceili{DataLength[i] + 11)/(uncodedBlockSize[R[i]]) % 16/N_,, 4o [1])
Here Nsubchannels[i] is the number of subchannels of the ith SS. For non-subchannelization
mode, Nsubchannels[i] is equal to 16; For subchannelization mode, Nsubchannels[i] is
determined by Subchannellndex[i], shown in Number of Subchannels.

Number of Subchannels

SubchannelIndex Nsubchannels
1,3,5,7,9,11,13,15,17,19,21,23, |1
2,6,10,14,18,22,26,30 2
4,12,20,28 4
8,24 8

NMaxDataSym is the maximum number of data symbols among all SSs.
e 192xNSymbol[SSWIithFEC] tokens are produced at pin DataWithFEC.
 NumberOfss Y

192 % Y N ymborl 1]

. = 1 i=SSWiRPEC " tokens are produced at pin DataWoFEC.

3. This mode performs the reverse operations against WMAN_UL_MuxBurst. For more details, refer
to WMAN_UL_MuxBurst.

References

1. IEEE Std 802.16-2004, Part 16: Air Interface for Fixed Broadband Wireless Access Systems,
Section 8.3 WirelessMAN-OFDM PHY, October 1, 2004.

2. IEEE P802.16-2004/Cor1/D3, Corrigendum to IEEE Standard for Local and Metropolitan Area
Networks - Part 16: Air Interface for Fixed Broadband Wireless Access Systems, May 2005.
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WMAN_UL_MuxBurst (WMAN Uplink MuxBurst)
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WMAN_UL_MuxBurst

Description Uplink burst multiplexer
Library WMAN, Multiplex

Class SDFWMAN_UL_MuxBurst
Derived From WMAN_UL_Base

Parameters

Name Description Default Type Range

NumberOfSS Number of subscribers 1 int [1, 16]

SSWithFEC The number of subscriber with FEC 1 int [1, 16]

DatalLength MAC PDU payload byte length of each {100} |int [1, 16383]

subscriber array

Rate_ID Rate ID of each subscriber {1} int [0, 6]
array

Subchannelization |Subchannelization or not: NO, YES NO enum

Subchannellndex |List of each subchannel index {8} int [1, 15] or [17, 31]
array

Pin Inputs

Pin Name Description Signal Type

1 |DataWithFEC |input data with FEC complex
2 |DataWoFEC |input data without FEC complex
Pin Outputs

Pin Name |Description Signal Type
3 |DataMux |output data including the data with FEC coding and without FEC coding |complex

Notes/Equations

1. This model is used to multiplex FEC-encoded SS and other uncoded SSs into a complete chain.
2. Each firing,
e 192xNSymbol[SSWithFEC] tokens are consumed at pin DataWithFEC.

" NumberQfss Y
192 % > N ymborl 1]
. = L iz SWirkFEC " tokens are consumed at pin DataWoFEC.
(Numbe rQf55 Y
192%| Y Ngypulil
. i=1 " tokens are produced at pin DataMux for non-subchannelization
mode and 192xNMaxDataSym tokens are produced for subchannelization mode.

where
The number of OFDM data symbols of ith uplink SS('wman-6-10-076.gif!) is calculated as
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follows:

N mpoili]l = ceili{Datalength[i] + 11)/(uncodedBlockSize[R[i]]) % 16/N i [1])
Here Nsubchannels[i] is the humber of subchannels of the ith SS. For non-subchannelization
mode, Nsubchannels[i] is equal to 16; For subchannelization mode, Nsubchannels[i] is
determined by Subchannellndex][i], shown in Number of Subchannels.

Number of Subchannels

SubchannelIndex Nsubchannels
1,3,5,7,9,11,13,15,17,19,21,23, |1
2,6,10,14,18,22,26,30 2
4,12,20,28 4
8,24 8

NMaxDataSym is the maximum number of data symbols among all SSs.

3. The OFDM data symbol has 192 data subcarriers. In non-subchannelization mode, The SS with

FEC-encoded is inserted into SSs without FEC-encoded to form a bursts chain according to the
parameter of SSWithFEC, where each SS occupies a burst.

In subchannelization mode, all the SSs share one burst, which has NMaxDataSym OFDM data
symbols. Each SS is assigned to a subchannel index which specifies the subcarriers that used by
the SS. In this model, all the SSs' data will be mapped into corresponding data subcarriers, while
other unused data subcarriers are set with zeros. Note that each SS has different length of data
symbols which is determined by Datalength and Rate_ID, so in the case that, one SS has data to
transmit and another SS has no more data to transmit in the same data symbol, the data
subcarriers allocated to the SS which has no more data to transmit will be filled with zeros.

References

1.

2.

IEEE Std 802.16-2004, Part 16: Air Interface for Fixed Broadband Wireless Access Systems,
Section 8.3 WirelessMAN-OFDM PHY, October 1, 2004.

IEEE P802.16-2004/Cor1/D3, Corrigendum to IEEE Standard for Local and Metropolitan Area
Networks - Part 16: Air Interface for Fixed Broadband Wireless Access Systems, May 2005.

116



Advanced Design System 2011.01 - Fixed WiMax Design Library

WMAN_UL_MuxFrame (WMAN Uplink Frame Multiplexer)
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WMAN_UL_MuxFrame

Description Uplink frame multiplexer
Library WMAN, Multiplex

Class SDFWMAN_UL_MuxFrame
Derived From WMAN_UL_Base

Parameters

Name
NumberOfSS
DatalLength

Rate_ID

Subchannelization
Subchannellndex

MidambleRepetition

OversamplingOption

Bandwidth
CyclicPrefix
PrmITimeShift

TimeOffset

IdleInterval

Power

FrameMode
DL_Ratio
FrameDuration

Pin Inputs

Pin |[Name
1 UL_Bursts
2 Prml_Even

Description
Number of subscribers

MAC PDU payload byte length of each subscriber

Rate ID of each subscriber

Subchannelization or not: NO, YES
List of each subchannel index

Oversampling ratio option: Ratio 1, Ra
Ratio 16, Ratio 32

Bandwidth
Cyclic prefix
Preamble time shift of each subscriber

Time offset of each subscribe

Idle Interval
Power of each subscribe

Frame mode: FDD, TDD
Downlink ratio

Frame duration: Continuous, time 2.5
ms, time 8 ms, time 10 ms, time 12.5

Description
input of uplink Subscribers

input of preamble with even
subcarriers

3 |InitialRanging input of Initial ranging contention slot
4 | BW_Requests |input of BW requests contention slot

Pin Outputs

Midamble repetition of each subscriber

Default
1
{100}

{1}

NO
{8}

{0}

tio 2, Ratio 4, Ratio 8, |Ratio 1

1.75 MHz
0.25

{0}
{0 usec}

10 usec
{0.01 w}

FDD
0.5

ms, time 4 ms, time 5 |Continuous

ms, time 20 ms

Signal Type
complex
complex

complex
complex

117

Unit Type

Hz

sec

secC

int
int
array
int
array
enum
int
array
int
array
enum

real
real
int
array

real
array

real

real
array

enum
real
enum

Range
[1, 16]
[1, 16383]

[0, 6]

[1,15] or [17,
31]

[0, 3]

(0, 1e9]
[0, 1]
[0, 255]

(o,
Idlelnterval]

[0, 1000]
(0, »)

[0.01, 0.99]
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Pin [Name Description Signal Type
5 |UL_Subframe output of uplink complex
Subframe

Notes/Equations

1. This model is used to multiplex contention slot for Initial Ranging, contention slot for BW
Requests, short preamble, data OFDM symbols and midambles into a complete uplink subframe.
Also the idle interval is inserted before contention slot for Initial Ranging. The contention slot for
Initial Ranging and contention slot for BW Requests have two OFDM symbols respectively.

2. Each firing,

o SamplesOFDM tokens are consumed at pin Prml_Even when subchannelization is not
employed. For subchannelization mode, NumberOfSS x SamplesOFDM tokens are consumed
at pin Prml_Even.

SamplesOFDM is the humber of one OFDM symbol data, defined as

Ouersampling Oprion -
SH.P??PEIC’SGFD:H =2 versumpling Prarij'ﬁ X|._J.+GI

« For non-subchannelization mode, NBurst tokens are consumed at pin UL_Bursts; For
subchannelization mode, SamplesOFDMx NMaxDataSym tokens are consumed at pin

UL_Bursts.
where,
NBurst is
NumberOf55
N purse = Z Ny mpel1] % Samplesgrp

i=1
The number of OFDM data symbols of ith uplink SS(!'wman-6-11-081.gif!
) is calculated as follows:

N mpoili] = cetll(DataLlength[i] + 11)/(uncodedBlockSize[R[i]]) % 16/N

subchannels [{] )

Here Nsubchannels[i] is the humber of subchannels of the ith SS. For non-subchannelization
mode, Nsubchannels[i] is equal to 16; For subchannelization mode, Nsubchannels[i] is
determined by Subchannellndex][i], shown in Number of Subchannels.

Number of Subchannels

SubchannelIndex Nsubchannels
1,3,5,7,9,11,13,15,17,19,21,23, |1
2,6,10,14,18,22,26,30 2
4,12,20,28 4
8,24 8

NMaxDataSym is the maximum number of data symbols among all SSs.
« SamplesOFDM x2 tokens are consumed at pin InitialRanging.
» SamplesOFDM x2 tokens are consumed at pin BW_Requests.
» Ntotal tokens are produced at pin UL_Subframe.
Ntotal is the number of samples in one uplink subframe, containing the idle interval,
contention slot for Initial Ranging, contention slot for BW Requests, preambles, data symbols
and midambles.
When FrameDuration=Continuous, for non-subchannelization mode
Numberdf5s Nomb er 3855
Nognay = Sumplesyy +| 5+ % N [0+ Y Midamble[i] | % Samplesgr

i=1 i=1
When FrameDuration=Continuous, for subchannelization mode
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Ny = Samplespy +max(5+Ng, o 0[] + Midamble[i]) x Samplesgppy

When FrameDuration<>Continuous, for non-subchannelization mode and subchannelization
mode, the number of samples per one frame is

/ = m ' Guersampling Qprion
! - - » i -
Nt = Sumples, . + FrameDuartion = F_x 2

Samples, ;.

where, the samples of Idlelnterval( ) is calculated as follows:

OuverzamplingOprion
Samples,, = IdieInterval x F_x 27" = mFImEERIEn

Bandwidth determines the nominal channel bandwidth. The sampling frequency (Fs)
implemented in the design is decided by Bandwidth as follows:

F. = fleor((nx Bandwidth)/8000) x 8000

FrameDuration can be selected as 2.5 ms, 4 ms, 5ms, 8 ms, 10 ms, 12.5 ms and 20 ms
according to the specification.
Midamble[i]
represents the number of midamble symbols in ith uplink SS.
If MidambleRepetition|[1] is not zero
. . . oy e idamble Repetition[i]+ 1,
Midamble[i] = round((Ng,,,pp[1])/2 )
else
Midamble[i] = 0
3. For non-subchannelization mode, the transmission time of each SS will be adjusted according to
the value in TimeOffset. 0 means the SS's signal arrives at BS exactly as scheduled. Two adjacent
SSs signals may be overlapped if the TimeOffset are set with different values. Note that the actual
time offset delay of each SS is the value in TimeOffset minus the last SS's value in TimeOffset.
All the SSs should have the same time offset in subchannelization mode.
In this model, for non-subchannelization mode, the output voltages of all SSs are adjusted
according to Power. The first SS's output voltage is adjusted to be 1, by multiplying signal
amplitude with Gain, where Gain is defined as:
Gain = 256 % 20rc.":ump.l'.'r:gﬂpr.'or:f,I_\m )

For other SSs, the ith SS's output voltage is adjusted aligned with first SS's by multiplying signal
amplitude with Gain[i] respectively, where Gain[i] is defined as:

Gain[i] = Gain[l] % J(Power[i])/(Fower[1])
Here Power[1] is the first SS's Power.
In subchannelization mode, the first SS's output voltage is adjusted to be 1. For all the
subcarriers have the same power, the output voltages of the SS are in proportion to the number
of subcarriers the SS contain. So the first value in the array of Power is used to adjust the first
SS's output voltage, and other SSs' output voltages are generated according to the number of
subcarriers compared with the first SS's subcarriers.

4, When FrameDuration=Continuous, both parameters FrameMode and DL_Ratio are inactive. This
model just combines idle interval, preamble and multiple bursts as one signal stream (not the real
uplink subframe) and outputs this stream. When FrameDuration<>Continuous, both parameters
FrameMode and DL_Ratio are active. This model combines idle interval, preamble, and multiple
bursts and gaps as one uplink subframe and outputs this uplink subframe.

When FrameMode=FDD, the DL_Ratio is inactive and the full subframe can be loaded the
downlink signal. The first part is idle interval (the number of zeros is Samplesidle), the second
part is the uplink signal (the number of samples is lwman-6-11-095.gif!), the third part is filled
with zeros.

When FrameMode=TDD, the DL_Ratio is active. This DL_Ratio (or DLRatio in equation) parameter
determines where to put the uplink subframe. DL_Ratio splits the frame into two parts. The first
part (The number of samples is lwman-6-11-096.gif!) should be filled with zeros and the second
part is to transmit uplink subframe.
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WMAN_UL_MuxOFDMSym (WMAN Uplink MuxOFDMSym)

3T >

WMAN_UL_MuxOFDMSym

Description Uplink OFDM symbol multiplexer
Library WMAN, Multiplex

Class SDFWMAN_UL_MuxOFDMSym

Derived From WMAN_UL_Base

Parameters

Name Description Default Type Range

NumberOfSS Number of subscribers 1 int [1, 16]

DatalLength MAC PDU payload byte length of each {100} |int [1, 16383]

subscriber array

Rate_ID Rate ID of each subscriber {1} int [0, 6]
array

Subchannelization |Subchannelization or not: NO, YES NO enum

Subchannellndex |List of each subchannel index {8} int [1, 15] or [17, 31]
array

Pin Inputs

Pin Name Description Signal Type

1 |Data |input of data carriers complex

2 |Pilot |input of continual pilot value complex

h5 Pin Outputs

Pin [Name Description Signal Type
3 |Out output of OFDM symbol |complex

Notes/Equations

1. This model is used to multiplex data and pilot subcarriers into the OFDM symbol in the uplink.
2. Each firing,
« For non-subchannelization mode, 192 tokens are consumed at pin Data, and for
subchannelization mode, 192xNMaxDataSym tokens are consumed at pin Data.
where NMaxDataSym is the maximum number of data symbols among all SSs.
hr_-'lfuxﬂuru.ﬂ",'m = mu'r[‘w.ﬂ",'mbo.l’[i] )
The number of OFDM data symbols of ith uplink SS(!'wman-6-12-099.gif!) is calculated as
follows:
Ngmioil1] = ceill(DataLength[i] + 11)/(uncodedBlockSize[R[i]]) % 16/N_,p o0 [E1)
Here Nsubchannels[i] is the number of subchannels of the ith SS. For non-subchannelization
mode, Nsubchannels[i] is equal to 16; For subchannelization mode, Nsubchannels[i] is
determined by Subchannellndex][i], shown in Number of Subchannels.
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Number of Subchannels

SubchannelIndex Nsubchannels
1,3,5,7,9,11,13,15,17,19,21,23, |1
2,6,10,14,18,22,26,30 2
4,12,20,28 4
8,24 8

« For non-subchannelization mode, 1 tokens are consumed at pin Pilot, and for
subchannelization mode, NMaxDataSym tokens are consumed at pin Pilot.

« For non-subchannelization mode, 200 tokens are produced at pin Out, and for
subchannelization mode, 200xNMaxDataSym tokens are produced at pin Out.

3. In non-subchannelization mode, the data at pin Data are mapped into data subcarriers. In every

OFDM symbol, 192 data are mapped. The frequency offset indices of data subcarriers are from -
100 to 100, excluding DC subcarriers of index 0 and pilot subcarriers. The frequency offset indices
of pilot subcarriers are {-88, -63, -38, -13, 13, 38, 63, 88}. The basic values on pilot subcarriers
are BasicValue = {1, -1, 1, -1, 1, 1, 1, 1}. Finally the values BasicValuexPilot are mapped into
pilot subcarriers, where Pilot is the value at pin Pilot.

In subchannelization mode, the data at pin Data are also mapped into data subcarriers. In every
OFDM symbol, 192 data are mapped. The values on pilot subcarriers depend on corresponding
subchannels. The relation of subchannel index with pilot subcarriers allocated is shown in
Allocation of Subchannels. Note that pilot subcarriers are allocated only if two or more
subchannels are allocated. The values BasicValuexPilot are only mapped into the pilot subcarriers
which the active SSs contain, while other non-active pilot subcarriers are filled with zeros. The
values BasicValuexPilot is the same as those in non-subchannelization mode.

Subchannel Index Allocated Freguency oflset indices of
subearriers
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Allocation of Subchannels
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WMAN Receiver Components

The receiver models provide channel estimator, frame synchronization and frequency synchronization,
top level baseband receivers and top level RF receivers.

WMAN Demapper (WMAN Demapper) (wman)

WMAN DL ChEstimator (WMAN Downlink Channel Estimator) (wman)
WMAN DL DemuxFrame (WMAN Downlink Demultiplex Frame) (wman)
WMAN DL DemuxFrame FD (WMAN Downlink Demultiplex Frame FD) (wman)
WMAN DL FrameSync (WMAN Downlink Frame Synchronizer) (wman)
WMAN DL FreqSync (WMAN Downlink Frequency Synchronizer) (wman)
WMAN DL PhaseTracker (WMAN Downlink Phase Tracker) (wman)

WMAN DL Receiver (Downlink baseband receiver) (wman)

WMAN DL Receiver RF (WMAN Downlink Receiver RF) (wman)

WMAN DL Rx FD (WMAN DL Receiver with Frame Duration) (wman)
WMAN DL Rx FD RF (WMAN DL Receiver RF with Frame Duration) (wman)
WMAN UL ChEstimator (WMAN Uplink Channel Estimator) (wman)

WMAN UL DemuxFrame (WMAN Uplink Frame Demultiplexer) (wman)
WMAN UL DemuxFrame FD (WMAN Uplink Demultiplexer Frame FD) (wman)
WMAN UL FrameSync (WMAN Uplink Subframe Synchronizer) (wman)
WMAN UL FreqSync (WMAN Uplink Frequency Synchronizer) (wman)
WMAN UL PhaseTracker (WMAN Uplink Phase Tracker) (wman)

WMAN UL Receiver (WMAN Uplink Receiver) (wman)

WMAN UL Receiver RF (WMAN Uplink Receiver RF) (wman)

WMAN UL Rx FD (WMAN Uplink Receiver with Frame Duration) (wman)
WMAN UL Rx FD RF (WMAN UL Receiver RF with Frame Duration) (wman)
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WMAN_Demapper (WMAN Demapper)

-} WWIAN

WIMAN_Demapper

Description Soft demapper
Library WMAN, Receiver
Class SDFWMAN_Demapper

Parameters

Name Description Default Type Range
ModulationType |modulation type: BPSK, QPSK, QAM16, QAM64 QPSK |enum

DecoderType demapping type: Hard, Soft, CSI CslI enum

Subchannelization Indication of subchannelization: NO, YES NO enum

Subchannellndex subchannel index 8 int [1, 15] or [17, 31]
Pin Inputs

Pin Name |Description Signal Type

1 |input |signal to be demodulated complex
2 |CSIBits channel state information |complex
Pin Outputs

Pin Name Description |Signal Type
3  |output decision bits |real

Notes/Equations

1. This model de-maps uniform BPSK, QPSK, 16QAM, and 64QAM to determine the soft-bit
information that is used by Viterbi decoding.
2. Each firing,

- - J""i'r.l 1 :
« the CSI and input pins consume  demedulation tokens each;

N : XN : 4xN :
demedularion  tokens for BPSK, demedulution  tokens for QPSK, demedulutien tokens for
0N

16QAM, or demadutation  tolens for 64QAM are generated at pin output.
Subchannelization and Subchannellndex determine the number of data subcarriers in one

OFDM symbol which equals to demodulated constellation per OFDM symbol ( Naemodutation ).
Niemeautation i calculated as:
N, = 192xN /16

subchanne
Here Nsubchannels is the number of subchannels. For non-subchannelization mode,
Nsubchannels is equal to 16; For subchannelization mode, Nsubchannels is determined by
Subchannellndex, shown in Number of Subchannels.

emeodulution

Number of Subchannels
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Nsubchannels SubchannelIndex

1 1,3,5,7,9,11,13,15,17,19,21,23,25,27,29,31
2 2,6,10,14,18,22,26,30

4 4,12,20,28

8 8,24

3. Decision equations:
o 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:
b0 = 2.0-|bl|; bl =4 - |Q]; b2 = -Q; b3-2.0|b4]|; b4 =4 - |I|; b5 = -I.
o 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:
b0 = 2.0-|bl|; bl = -Q; b2 = 2.0-|b3]|; b3 = -I.
o 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:
b0 = -Q; bl = -I.
» The decision equation for BPSK is: b0 = -I.
4. 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.
« when DecoderType is set to Soft, if b < -1.0, -1.0 is output; if b > 1.0, 1.0 is output,
otherwise, b is output directly.
« when DecoderType is set to CSI, b is multiplied by CSI (normalized channel response
estimation) and output. Different bits which form one constellation have the same CSI.

References
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WMAN_DL_ChEstimator (WMAN Downlink Channel
Estimator)

WA

EI I CIR 'g

Dromwnlink

WMAN_DL_ChEstimator

Description Downlink channel estimator
Library WMAN, Receiver

Class SDFWMAN_DL_ChEstimator
Derived From WMAN_DL_Base

Parameters

Name Description Default Type Range

NumberOfBurst |Number of Burst 1 int [1, 16]

DatalLength MAC PDU payload byte length of each burst {100} |int [1,
array 16383]

Rate_ID Rate ID of each burst {1} int [0, 6]
array

PreamblePresent |Preamble present 0 int {0, 1}
array

PrmITimeShift Preamble time shift of each burst {0} int [0, 255]
array

CyclicPrefix Cyclic prefix 0.25 real [0, 1]

Brd_Message Broadcast message enabled or not: NO, YES INO enum

Pin Inputs

Pin [IName 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. This model is used to estimate WMAN downlink channel impulse response (CIR) based on the pilot
channels and output the estimated channel impulse response (CIR) on the active subcarriers.
2. Each firing,
- Nu mbcr'ﬂﬂ.’i‘u rst b
1+ Z Prml[i]

i=1 i

. _ tokens are consumed at pin input.
where £l s the number of OFDM symbol per each preamble present. If
Prmi[i] = 1 Frml[i] =0

x 200

PreamblePresent is set to 1 in the ith burst, then , otherwise,
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s NemberOfBurst \

200 1+ Y N omboil i

. =1 " tokens are produced at pin coef.
where Nsymbor] is the number of OFDM symbols of the ith downlink burst. 200 means the
number of used subcarriers in one OFDM symbol. Rate_ID (R) determine the number of data
symbols per DL burst. Data-rate-dependent parameters (modulation, coding rate, coded
bytes/uncoded bytes per OFDM symbol) are set according to Data-Rate-Dependent
Parameters, which is based on the specification.

Data-Rate-Dependent Parameters

Rate_ID Modulation Uncoded block Coded block Overall coding RS code CC code
size(bytes) size(bytes) rate rate
0 BPSK 12 24 1/2 (12,12,0) |1/2
1 QPSK 24 48 1/2 (32,24,4) 2/3
2 QPSK 36 48 3/4 (40,36,2) |5/6
3 16-QAM 48 96 1/2 (64,48,8) 2/3
4 16-QAM 72 96 3/4 (80,72,4) |5/6
5 64-QAM 96 144 2/3 (108,96,6) |3/4
6 64-QAM 108 144 3/4 (120,108,6) 5/6

The number of OFDM symbols of ith downlink burst (Iwman-7-03-017.gif!) is calculated as:
Ngmpel ] = ceill(DataLength[i] + 11)/(uncodedBlockSize[R[i]]))

3. This model uses preamble in which only even subcarriers are used, identified as Frven o
estimate the CIRs. The estimated CIRs are calculated using active subcarrier pilot channels. The

PEVEN training symbol includes 200 subcarriers, given by Peven
[ﬁXPAL‘r_l:_k] ;‘-mo::'EZO
EVEN(k) — ‘l 0 k20

mad 2

The sequence PALL is defined as:

PALL(-100:100) = {1-j, 1-j, -1-j, 1+], 1-j, 1-j, -1+], 1-j, 1-j, 1-j, 1+j, -1-], 1+4], 1+], -1-j, 1+], -
1-j,-1-j, 1-j, -1+j, 1-j, 1-j, -1-j, 1+j, 1-j, 1-j, -1+4j, 1-j, 1-j, 1-j, 1+], -1-j, 1+4], 1+], -1-j, 1+], -1-
J, -1-3, 1-3, -1+j, 1-j, 1-j, -1-j, 1+j, 1-j, 1-j, -1+], 1-j, 1-j, 1-j, 1+], -1-j, 1+], 1+j, -1-], 1+j, -1-],
-1-j, 1-3, -1+, 14§, 14§, 1-j, -1+, 14j, 14j, -1-j, 1+4]j, 14]j, 14j, -1+j, 1-j, -1+j, -1+], 1-j, -1+],
1-j, 1-j,1+j, -1-j, -1-j, -1-j, -1+j, 1-j, -1-j, -1-j, 1+4j, -1-j, -1-j, -1-j, 1-j, -1+j, 1-j, 1-j, -1+j, 1-]j,
-1+j,-1+j, -1-j, 1+j, 0, -1-j, 1+j, -1+j, -1+j, -1-j, 1+j, 1+j, 1+j, -1-j, 1+j, 1-j, 1-j, 1], -1+j, -
1+j, -1+4j, -14j, 1-j, -1-, -1-j, -1+], 1-j, 1+], 1+], -1+j, 1-j, 1-j, 1-j, -1+4j, 1-j, -1-j, -1-], -1-],
1+j, 1+j, 1+j, 1+j, -1-j, -1+j, -1+j, 1+j, -1-j, 1-j, 1-j, 1+4j, -1-j, -1-j, -1-j, 1+j, -1-j, -1+j, -1+j,
-1+j, 1-j, 1-j, 1-3, 1-j, -1+4j, 1+], 1+j, -1-j, 1+j, -1+j, -1+j, -1-j, 1+j, 1+j, 1+j, -1-j, 1+j, 1-j, 1-
j, 1-3, =143, -14j, -14j, -1+4j, 1-j, -1-j, -1-j, 1-j, -1+j, -1-j, -1-j, 1-], -1+], -1+], -1+4], 1-], -
1+jll+jl 1+jl 1+jl _1-jl -1_jl _1-jl -1-jl 1+jl 1_jl 1__]}

Set 01119 are the input signals, hohishisa ore the estimated CIRs. The estimated CIR in

even subcarriers can be calculated as:
hl: = 'J‘-,:‘{;PE'L-'E..'\-'_

P

i=02,..198 imod2 =

The estimated CIR in odd subcarriers are interpolated by raised cosine filter.
4. If a downlink burst starts with short preamble, the short preamble will be used to estimate its
CIR, otherwise, the previous preamble will be used.

References
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WMAN_DL_DemuxFrame (WMAN Downlink Demultiplex
Frame)

& [ WHAN 5

FEY /
K Bl
WMAN_DL_DemuxFrame

OFDM Sym

Description Downlink frame demultiplexer
Library WMAN, Receiver

Class SDFWMAN_DL_DemuxFrame
Derived From WMAN_DL_Base

Parameters

Name Description Default |Unit Type |Range

NumberOfBurst Number of Burst 1 int [1, 16]

DatalLength MAC PDU payload byte length of each burst {100} int [1,
array 16383]

Rate_ID Rate ID of each burst {1} int [0, 6]
array

PreamblePresent Preamble present {0} int {0, 1}
array

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

Bandwidth Bandwidth 1.75 Hz |real (0, 1e9]

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

CyclicPrefix Cyclic prefix 0.25 real [0, 1]

Pin Inputs

Pin Name Description Signal Type

1 |index |synchronization index |int

2 |DeltaF |carrier frequency offset real

3 |input |input of downlink frame |complex
Pin Outputs

Pin [Name Description Signal Type
4 |preamble |output preamble for channel estimation |complex
5 |data output data sequence complex

Notes/Equations

1. This model is used to demultiplex downlink subframe into data symbol and preamble which is
used for channel estimation. Idle interval and cyclic prefix are removed, and time and carrier
frequency offsets are compensated before demultiplexing.

2. Each firing,

Samplesgp, e
o

tokens are consumed at pin Input,
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Samplesy.
where PLES Frame

is the number of total samples of one downlink subframe.
1 token is consumed at pin index which indicates the value of synchronization index.
1 token is consumed at pin DeltaF which indicates the value of carrier frequency offset.

4 NumberOfBurst Y
256 x| 1+ Y Neymbalil
i=1 4 .
. ~n~ tokens are produced at pin Data,

Where ‘h"r.fn",'mba.f[{.]
is the number of OFDM symbols of the ith downlink burst.
Number QfBurst

1+ Z Prml[i]

. i=1 tokens are produced at pin Preamble,

where Frmilil s the number of preamble of the ith downlink burst and 1 indicates only the
second symbol of the long preamble is output.
The variables all above are calculated in note 3.
3. Parameters calculation:
WMAN DL Subframe Structure shows the downlink subframe format, which includes: long
preamble, FCH, and one or multiple downlink bursts each transmitted with different burst profile.

| preamble | FCH | DL burst#l ] DL burst#2 { DL burst#m ‘
DLFP Broadeast regular MAC Msg pad
msgs | MAC PDUs (MACPDU)

WMAN DL Subframe Structure

One WMAN downlink subframe consists of long preamble, FCH and multiple downlink bursts.
There is an idle interval before preamble in this signal source and this idle interval is for Agilent
connected solution.

The downlink long preamble consists of two consecutive OFDM symbols.

FCH is transmitted in one OFDM symbol.

Rate_ID (R) determines the number of data symbols per DL burst. Data-rate-dependent
parameters (modulation, coding rate, coded bytes/uncoded bytes per OFDM symbol) are set
according to Data-Rate-Dependent Parameters, which is based on the specification.

Data-Rate-Dependent Parameters

Rate_ID Modulation |Uncoded block size Coded block size Overall coding RS code CC code

(R) (bytes) (bytes) rate rate
0 BPSK 12 24 1/2 (12,12,0) 1/2
1 QPSK 24 48 1/2 (32,24,4) [2/3
2 QPSK 36 48 3/4 (40,36,2) |5/6
3 16-QAM 48 96 1/2 (64,48,8) |2/3
4 16-QAM 72 96 3/4 (80,72,4) |5/6
5 64-QAM 96 144 2/3 (108,96,6) |3/4
6 64-QAM 108 144 3/4 (120,108,6) |5/6

The number of OFDM symbols of the ith downlink burst (wman-7-04-035.gif!
) is calculated as:
Nsompoilt] = ceil({DataLength[i] + 11}/ (uncodedBlockSize[R[{]]})
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PreamblePresent indicates whether the downlink burst starts with a short preamble or not. Let

Prmi[i] represent the number of OFDM symbol per each preamble present. If PreamblePresent is
set to 1 in the ith burst, then il =1 otherwise, Frmilil =0
So the total number of OFDM symbols Neewaisymoel for the downlink frame is calculated as:
NumberOfBurst
N,prisombor = 2T 1+ z (N gyt [1] + Prmi[i])
i=1
The number of samples per one OFDM symbol (lwman-7-04-042.gif!) is calculated as:
Samplesgppy = 20 CFOmHIREORIOR L 056 % (1 + G)

where G denotes the parameter CyclicPrefix.

Bandwidth determines the nominal channel bandwidth. The sampling frequency (Fs) implemented

in the design is decided by Bandwidth, OversamplingOption and related sampling factor(!'wman-7-
. F. = floor((N, ® Bandwidth)/8000) x 8000

04-044.gif!) as,

Jucror
The sampling factors(!wman-7-04-046.gif!) are listed in Sampling Factor Requirement.

Sampling Factor Requirement

sampling factor n bandwidth

8/7 For channel bandwidths that are a multiple of 1.75 MHz
86/75 else for channel bandwidths that are a multiple of 1.5 MHz
144/125 else for channel bandwidths that are a multiple of 1.25 MHz
316/275 else for channel bandwidths that are a multiple of 2.75 MHz
57/50 else for channel bandwidths that are a multiple of 2.0 MHz
8/7 else for channel bandwidths not otherwise specified

The samples of IdleInterval ('wman-7-04-047.gif!) is calculated as:

Quersamplin g Option
Samples, ;. = Idlelnterval x 27 "< METRIST B

. Y lesp.. .
So, the total samples of one downlink frame ~“"P " Frume g

Sf"jmplle‘gr.’umc = Sf"lmpllf‘g.:d.l’c + ‘Nrroru.f.ﬁ",'mbof b SumpICSGFD_-H

. Output pin delay adjustment
Because of the transmission delay, a detected frame usually falls into 2 consecutive received

blocks, so the buffer length for input Pin is X Samplespupe . The start point of the detected
frame is determined by the input signal at pin index. Only after receiving the second input block,
this model can output one actual subframe. So this model causes one subframe delay.

The DeltaF pin inputs the estimated frequency offset (wman-7-04-052.gif!) of each received
frame.The ith estimated frequency offset (lwman-7-04-053.gif!) compensates for the phase in the

Xy Kqs cees X B
current frame only. Assume O Samplespane =1 s the input signal from the input pin
Yoo ¥ps s ¥ _

01 Samplesrane=1 g the sequence, whose

A afy
JANARAT .

¥p = xe

starting from the first point of the frame,

phase caused by frequency offset is removed, then:

where
Af,
is frequency offset of the ith received frame which is the input at pin DeltaF,
1
TSFCP' = ~Qversampling Option

F_ox?2

is the sample time interval in WMAN system.
After making frequency offset compensation, the actual WMAN downlink data payload will be

extracted and output at pin data, the Peven
in long preamble and the preamble of each burst will be extracted and output consecutively in
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ascending order at pin preamble, the Idle and Paxer

in long preamble parts should be discarded. Pin Index inputs the start point of a detected WMAN
downlink subframe (excluding Idle). The output data extracted from the OFDM symbol begin from
half position of the CP, i.e. 0.5x256xCyclicPrefixx20versamplingOption, for better robust
performance against timing synchronization error, CP of each OFDM symbol is also discarded. The
cyclic prefix removal process is shown in Cyclic Prefix Removal.

Cyelic
Prafix

Ohatpxt
» = >

Cyclic Prefix Removal

The equation is:

i =¥ wrsamplingOprion - . . g
L Index + Sampels,,; + QOvermamplingOPIen 256 % (1 + CyclicPrefix/2)
where
k=0, .., J"'uF‘F]‘“,t:l:::-f'm' * hrorm’.’i‘ymbo!_l
MU L ”I-\‘h"rFFTPo."J:.r X l;‘ﬁ"r.ra.ran_','J.'zbaI -1n-1

are samples including data payload and preamble.
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WMAN_DL_DemuxFrame_FD (WMAN Downlink Demultiplex
Frame FD)

3 '
R?;mhrﬂfgﬂmion

' G

2 5
Prrmil DATA

=~ —pe

& OFD Sym _N

WMAN_DL_DemuxFrame_FD

Description Downlink frame demultiplexer with broadcast message and frame duration
Library WMAN, Receiver

Class SDFWMAN_DL_DemuxFrame_FD

Derived From WMAN_DL_Base

Parameters

Name Description Default Unit Type |Range

NumberOfBurst Number of Burst 1 int [1, 16]

DatalLength MAC PDU payload byte length of each burst {100} int [1,
array |16383]

Rate_ID Rate ID of each burst {1} int [0, 6]
array

PreamblePresent Preamble present {0} int {0, 1}
array

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

Bandwidth Bandwidth 1.75 MHz |Hz |real (0, 1e9]

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

16, Ratio 32

CyclicPrefix Cyclic prefix 0.25 real [0, 1]

FrameMode Frame mode: FDD, TDD FDD enum

DL_Ratio Downlink ratio 0.5 real [0.01,

0.99]
FrameDuration Frame duration: Continuous, time 2.5 ms, time 4 ms, time 5 ms, Continuous enum
time 8 ms, time 10 ms, time 12.5 ms, time 20 ms

Brd_Message Broadcast message enabled or not: NO, YES NO enum

Pin Inputs

Pin Name Description Signal Type

1 Jindex |synchronization index |int
2 |DeltaF |carrier frequency offset real
3 Jinput |input of downlink frame |complex

Pin Outputs

Pin [Name Description Signal Type
4 |preamble output preamble for channel estimation complex

5 |data output data sequence complex

6 |all_bursts |output all the preamble and data sequences |complex

Notes/Equations
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1. This model is used to demultiplex downlink subframe into data symbol and preamble which is
used for channel estimation. Idle interval and cyclic prefix are removed, and time and carrier
frequency offsets are compensated before demultiplexing.
2. Each firing,

5y lesg, .
4MPiESFrame  tokens are consumed at pin Input,

S lesg, . .
where UMPEESFrame g the total sample of one downlink subframe.

« 1 token is consumed at pin index which indicates the value of synchronization index.
« 1 token is consumed at pin DeltaF which indicates the value of carrier frequency offset.

« Number OfBurst b
T ~Qversampling Option ' r :
256 = 2 11+ ‘I\‘B.l-.-_-'c:_r—'_ z ’NS','mbo-" [{]
i=1 S .
. tokens are produced at pin Data,

where N5ymbor 1]

is the number of OFDM symbols of the ith downlink burst. Npracer
is the number of OFDM symbols of the broadcast burst where it is equal to 21 when
Brd_Message is YES and is equal to 0 when Brd_Message is NO

s Number OfBurst Y

256 2 OversamplingOprion {1 + Y Pmil]

. =1 " tokens are produced at pin Preamble,

where £l is the number of preamble of the ith downlink burst.
All above variables are calculated in section 3.

( Numbe rQfBurst NumberOfBurst Y
. Oversumpling Qprion . .
256 x 27 ETEmpInE ERIOn o {1 Vgt S Neuulil+1+ Y Prmii]
i=1 i=1 4
. tokens are

produced at pin all_bursts where the output is all the data symbols and preambles
3. Parameters calculation:
WMAN DL Subframe Structure shows the downlink subframe format, which includes: long
preamble, FCH, broadcast burst and one or multiple downlink bursts each transmitted with
different burst profile. If a frame duration is specified, zero gaps will be inserted at then end to
form a complete frame.

| preamble | FCH | DL burst#l ] DL burst#2 { DL burst#m ‘
DLFP Broadcast | regular MAC Msg pad
msgs | MAC PDUs (MAC PDU)

WMAN DL Subframe Structure

In WMAN Library, one WMAN downlink subframe consists of Idle, long preamble, FCH, broadcast
burst and downlink bursts each including only one MAC PDU or zero gaps added.

The downlink long preamble consists of two consecutive OFDM symbols.

FCH is transmitted in one OFDM symbol.

The broadcast burst consists of 21 consecutive OFDM symbols.

FrameMode is determines the generated frame is FDD mode or TDD mode. If FDD mode, the full
frame is used to transmit this uplink signal source. If TDD mode, the frame is used to transmit
both downlink and uplink signal source, the first part is for downlink transmission and the second
part is for uplink transmission. These two parts are controlled by the DL_Ratio parameter in one
frame.

DL_Ratio is used to split one frame into two parts. When FrameMode=TDD and

135



Advanced Design System 2011.01 - Fixed WiMax Design Library
FrameDuration<>Continuous, it is active. The first part (duration is FrameDuration*DL_Ratio) is
to transmit downlink (filled by zeros) and the rest part (second part) is to transmit uplink source.
FrameDuration specifies the frame type. It's type is enum. There are 8 cases (Continuous, time
2.5 ms, time 4 ms, time 5 ms, time 8 ms, time 10 ms, time 12.5 ms and time 20 ms). When
FrameDuration =Continuous, the downlink source is transmitted continuously (without frame
structure) and both FrameMode and DL_Ratio parameters are inactive. When FrameDuration
<>Continuous, the downlink source is transmitted frame by frame (with frame structure) and
both FrameMode and DL_Ratio parameters are active.

Rate_ID (R) determines the number of data symbols per DL burst. Data-rate-dependent
parameters (modulation, coding rate, coded bytes/uncoded bytes per OFDM symbol) are set
according to Data-Rate-Dependent Parameters, which is based on the specification.

Data-Rate-Dependent Parameter

Rate_ID |Modulation [Uncoded block Coded block Overall coding |RS code CC code
size(bytes) size(bytes) rate rate
0 BPSK 12 24 1/2 (12,12,0) |1/2
1 QPSK 24 48 1/2 (32,24,4) 2/3
2 QPSK 36 48 3/4 (40,36,2) |5/6
3 16-QAM 48 96 1/2 (64,48,8) |2/3
4 16-QAM 72 96 3/4 (80,72,4) |5/6
5 64-QAM 96 144 2/3 (108,96,6) 3/4
6 64-QAM 108 144 3/4 (120,108,6) |5/6

The number of OFDM symbols of the ith downlink burst(!lwman-7-05-075.gif!) is calculated as

N mpoli] = ceil((DataLength[i]+ 11)/(uncodedBlockSize[R[{]]))

follows:

PreamblePresent indicates whether the downlink burst starts with a short preamble or not. Let
Frmlli] represent the number of OFDM symbol per each preamble present. If preamblePresent

is set to 1 in the ith burst, then Prmlili] = 1 Frmi[i] = 0

So the total number of OFDM symbols Necraisymbel  for the downlink frame is calculated as

NumberOfBurzr

, otherwise,

‘h"rraru.f.ﬂ",'mba.f =2+1+ ‘H"rﬂ.":."r::r + z L‘Nr.ﬂ'-r-m bl [ ‘E] + Prml [ ‘E] )

i=1
follows:

The number of samples per one OFDM symbol (lwman-7-05-082.gif!) is calculated as:

QuersumplingO prion - y .
— 7 7
Samplesgppy = 2 ® 256 x(1+G)

Bandwidth determines the nominal channel bandwidth. The sampling frequency (Fs) implemented
in the design is decided by Bandwidth, OversamplingOption and related sampling factor as
F. = floor( (N

Jucter

* Bandwidth)/8000) » 8000
follows,

The sampling factors are listed in Sampling Factor Requirement.

Sampling Factor Requirement
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sampling factor n bandwidth

8/7 For channel bandwidths that are a multiple of 1.75 MHz
86/75 else for channel bandwidths that are a multiple of 1.5 MHz
144/125 else for channel bandwidths that are a multiple of 1.25 MHz
316/275 else for channel bandwidths that are a multiple of 2.75 MHz
57/50 else for channel bandwidths that are a multiple of 2.0 MHz
8/7 else for channel bandwidths not otherwise specified

The samples of IdleInterval( Samplesig, ) is calculated as follows:

Quersumpling @ ption
versumpling prorx F

Samples, y, = ldlelnterval x 2

If FrameDuration is Continuous, the total samples of one downlink frame SamplesF e

Samplesp, . = Samples,y + N ysumpa XSamplesgpp
is
Otherwise, if FrameDuration is set to other values (2.5 ms, 4 ms, 5 ms, 8 ms, 10 ms, 12.5 ms or

20 ms), the total samples of one downlink frame Samplesr,ume

. Quersumpling Qprion
— o . VR
Samplesp, == Samples,, +FrameDurationx F_x2

is

. Output pin delay adjustment
Because of the transmission delay, a detected frame usually falls into 2 consecutive received
2 Samplesp,, me

blocks, so the buffer length for input Pin is . The start point of the detected
frame is determined by the input signal at pin index. Only after receiving the second input block,
this model can output one actual subframe. So this model causes one subframe delay.

. The DeltaF pin inputs the estimated frequency offset (wman-7-05-092.gif!) of each received
frame.The ith estimated frequency offset (lwman-7-05-093.gif!) compensates for the phase in the

A X s oees 'J‘-Sump-fCEr-.wr:_l

current frame only. Assume sequences are the input signals from the

input pin starting from Index, -0 1 7 YSamplezr -1

frequency offset, are removed, then:

are the sequences, whose phase caused by

IMAFAT,.,
¥ = A Xe

where

Af s frequency offset of the ith received frame which is the input at pin DeltaF,
1

T =
Step F. % jﬂl'c.":amp.f.:ngﬂprfon

is the sample time interval in WMAN system.
After making frequency offset compensation, the actual WMAN downlink data payload will be

extracted and output at pin data, the Pevey i long preamble and the preamble of each burst will

be extracted and output consecutively in ascending order at pin preamble, the Idle and Pover in
long preamble parts should be discarded. Pin Index inputs the start point of a detected WMAN
downlink subframe (including Idle). The output data extracted from the OFDM symbol begin from
half position of the CP, i.e. 0.5x256xXwxlixMpepiEx20versamplingOption, for better robust
performance against timing synchronization error. The cyclic prefix removal process is shown in
Cyclic Prefix Removal.
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Cyclic Prefix Removal
The equation is:

1

- = . k = G anm N . x N —
kT Vit ndex+ Sampels, ,_+ 27 mpl=atpien 256w (1 + eyelicPrefix #2)" Yo PP Tpeint T tetal Symbol

SO NL Y U Nprreae X (N tzmbed — 1)) - 1

sequences including data payload and preamble.
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WMAN_DL_FrameSync (WMAN Downlink Frame

Synchronizer)

VAN 3
it od

WMAN_DL_FrameSync

Description Downlink frame synchronization
Library WMAN, Receiver

Class SDFWMAN_DL_FrameSync

Derived From WMAN_DL_Base

Parameters

Name Description

NumberOfBurst Number of Burst

DatalLength MAC PDU payload byte length of each burst
Rate_ID Rate ID of each burst

PreamblePresent Preamble present

IdleInterval Idle interval

Bandwidth Bandwidth

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

CyclicPrefix Cyclic prefix

FrameMode Frame mode: FDD, TDD

DL_Ratio Downlink ratio

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

Brd_Message Broadcast message enabled or not: NO, YES

Pin Inputs

Pin [IName Description |Signal Type

1 |input |downlink complex
frame
Pin Outputs
Pin [IName Description Signal Type
2 lindex |synchronization frame start int
position
3 |corr |correlation result real

Notes/Equations

1. This Model is used to achieve downlink frame synchronization.
139

Default Unit Type

1
{100}

{1}

{0}

10 usec sec
1.75 MHz |Hz
Ratio 1

0.25
FDD
0.5

Continuous

NO

int
int
array
int
array
int
array
real
real

enum

real
enum
real

enum

enum

Range
[1, 16]
(1,
16383]
[0, 6]
{0, 1}

[0, 1000]
(0, 1€9]

[0, 1]

[0.01,
0.99]
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Samplesp, me Samplesp, me

2. Each firing, tokens are consumed at Pin input, where is the total

sample number per downlink frame; 1 token is produced at Pin index which indicates the value of

: . . Samplesy,.
synchronization index; PLESPrame

autocorrelation values.

3. One WMAN downlink frame consists of Idle, long preamble, FCH and multiple downlink bursts.
The downlink long preamble consists of two consecutive OFDM symbols.
FCH is transmitted in one OFDM symbol. The number of OFDM symbols of ith downlink burst (

Nsymborli] ) is calculated as:
N ot 1] = ceil((DataLlength[i]+ 11)/{uncodedBlockSize[RatelD[i]]))

PreamblePresent indicates whether the downlink burst starts with a short preamble or not. Let
Prmi[i] represent the number of OFDM symbol per each preamble present. If PreamblePresent is
set to 1 in the ith burst, then Frmilil =1 otherwise Frmili =0

So the total number of OFDM symbols Neewisymeel  for the downlink frame is calculated as:

tokens are produced at pin corr which indicate the

Number QfBurst

arlr Z I.‘JMS'r'mba.f[{-] + Prml[i])+N

BrowdeastMessuge

N

T —
total Symboal —

i=1
where NBroadcastMessage=0 if Brd_Message=NO, NBroadcastMessage=21 if Brd_Message=YES.
The number of samples per one OFDM symbol ( Samplesorpy ) is calculated as:

Quersumpling Option . . .
Samplesgppy = 2 X250 %1+

The samples of IdleInterval ( Niate ) is calculated as:

Quersumpling Option

Samples,,, = Idlelnterval x 2 W F_

. S lesy. .
The total samples of one downlink frame ““"F ¢ Frume g

. T
‘ Samplesye + Niprisympol X SMPlesgpp

if FrameDuration = Continuous

Quersampling Option

Samplesp, me =
WSc,ampJ'csmr__+ FrameDuration X F_x2

if FrameDuration 0 Continuous

4, The preamble in the downlink consists of two consecutive OFDM symbols. The first OFDM symbol
uses only subcarriers the indices of which are a multiple of 4. As a result, the time domain of the
first symbol consists of four repetitions of 64-sample fragment, preceded by a CP. The second
OFDM symbol utilizes only even subcarriers, resulting in time domain structure composed of two
repetition of a 128-sample fragment, preceded by a CP. The time domain structure is shown in
Downlink Long Preamble Structure.

Downlink Long Preamble Structure

P 64 1 64 ! 64 ! B4 cp 128 ' 128

7 T, I, T, >

5. The synchronization algorithm is based on autocorrelation of the repetitive fragments of the first
preamble symbol. Autocorrelation is calculated between two sequences. The sequences length are
_ ~Oversumpling Oprion . ] . -1
L=2 X(256x(1+G)-64)  The distance between the first sequence and the
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) N = ~Quersampling Oprion % 64 ) )
second sequenceis ‘' T ~ . So In the absence of noise autocorrelation get
maximum when the first sequence is at the start of the preamble. Autocorrelation is calculated as

below:

L-1
Correlation; = Z Sample,  , x(Sample)® vy
I=0
i=0... Samplesp, pme—L—N
Samples, .,
. When the start of long preamble is found, the start point subtracts
and is output at Pin index.
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WMAN_DL_FreqSync (WMAN Downlink Frequency
Synchronizer)

é_:’ WA 3
S AF

WMAN_DL_FreqSync

Description Downlink frequency synchronizer
Library WMAN, Receiver

Class SDFWMAN_DL_FregSync

Derived From WMAN_DL_Base

Parameters
Name Description Default Unit Type |Range
NumberOfBurst Number of Burst 1 int [1, 16]
DatalLength MAC PDU payload byte length of each burst {1003} int [1,
array |16383]
Rate_ID Rate ID of each burst {1} int [0, 6]
array
PreamblePresent Preamble present {0} int {0, 1}
array
IdleInterval Idle interval 10 usec sec |real [0, 1000]
Bandwidth Bandwidth 1.75 MHz |Hz |real (0, 1e9]
OversamplingOption |Oversampling ratio option: Ratio 1, Ratio 2, Ratio 4, Ratio 8, Ratio |Ratio 1 enum
16, Ratio 32
CyclicPrefix Cyclic prefix 0.25 real [0, 1]
FrameMode Frame mode: FDD, TDD FDD enum
DL_Ratio Downlink ratio 0.5 real [0.01,
0.99]
FrameDuration Frame duration: Continuous, time 2.5 ms, time 4 ms, time 5 ms, Continuous enum
time 8 ms, time 10 ms, time 12.5 ms, time 20 ms
Brd_Message Broadcast message enabled or not: NO, YES NO enum
Pin Inputs
Pin Name Description Signal Type
1 |input |downlink frame complex
2 |index |downlink frame start index |int
Pin Outputs
Pin Name Description Signal Type
3 |DeltaF [frequency real
offset
Notes/Equations
1. This Model is used to achieve downlink frequency synchronization.
2. Each firing, “4"P'eSrume tokens are consumed at Pin input, where S@"P{®Fume s the total
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sample per downlink frame; 1 token is consumed at Pin index which indicates the value of
synchronization index; 1 token is produced at Pin DeltaF which indicates the value of frequency
offset.
. One WMAN downlink frame consists of Idle, long preamble, FCH and multiple downlink bursts.
The downlink long preamble consists of two consecutive OFDM symbols.
FCH is transmitted in one OFDM symbol. The number of OFDM symbols of ith downlink
burst(!'wman-7-07-130.gif!) is calculated as:

N ombat [1] = ceili{ DataLength[i]+ 11)/(uncodedBlockSize[RatelD[i]])) PreamblePresent indicates

whether the downlink burst starts with a short preamble or not. Let Z7![il represent the
number of OFDM symbol per each preamble present. If PreamblePresent is set to 1 in the ith

burst, then Frmili] =1 otherwise Frmilil =0
So the total number of OFDM symbols Neewaisymoel for the downlink frame is calculated as:
NumberQf Burst

r — AT . i 1 r
‘Nraru.f.ﬂ",'m bal — < +1+ Z L-‘I'\' Svmbal [ '!] + Frml [ {] I+ N BroudcustMessuge

i=1

where NBroadcastMessage=0 if Brd_Message=NO, NBroadcastMessage=21 if Brd_Message=YES.
The number of samples per one OFDM symbol (lwman-7-07-137.gif!) is calculated as:

Oversampling Oprion -
Sﬁmlﬁ?ﬂlf.s'olr.—n_.w =2 versumpling Prarij'ﬁ X|._J.+GI

The samples of IdleInterval( 'wman-7-07-139.gif!) is calculated as:

Quersamplin g Option
Samples, ;. = Idlelnterval x 27 "< METRIST B

So the total samples of one downlink frame Samplespryme

T
Samplesye + N yoratsympol X SAMPleSopp

if FrameDuration = Continuous

Quersumpling Qption

Samplesp, . =
}Samp!csmr__ + FrameDuration x F X 2

if FrameDuration O Continuous

is

. The preamble in the downlink consists of two consecutive OFDM symbols. The first OFDM symbol
uses only subcarriers the indices of which are a multiple of 4. As a result, the time domain of the
first symbol consists of four repetitions of 64-sample fragment, preceded by a CP. The second
OFDM symbol utilizes only even subcarriers, resulting in time domain structure composed of two
repetition of a 128-sample fragment, preceded by a CP. The time domain structure is shown in
Downlink Long Preamble Structure.

P 64 : d : Hd : 6d P 128 : 128

'r-: Ty "'.=: Ty >

Downlink Long Preamble Structure
. The algorithm is based on correlation of the repetitive fragments of the first preamble symbol.

Autocorrelation is calculated between two sequences.

. _ A Qversumpling Option g , . . .
The sequence length is L=z ¥ (236 % (1 +G)—64 - 20)
The distance between the two sequences is
N = ~Quersampling Option s 62

start = index + 10 % ~OQversampling Option

F. = (floor((Ng,,,., * Bandwidth)/8000) x8000)
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fL-1 1

Af = —arg, Z Sample., 1% (Sample)®. e vy | X F/ 20 % 64)

i=0 /
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WMAN_DL_PhaseTracker (WMAN Downlink Phase Tracker)

- WIMAN
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WMAN_DL_PhaseTracker

Description Downlink phase tracker
Library WMAN, Receiver

Class SDFWMAN_DL_PhaseTracker
Derived From WMAN_DL_Base

Parameters

Name Description Default Type Range

NumberOfBurst |Number of Burst 1 int [1, 16]

DatalLength MAC PDU payload byte length of each burst {100} |int [1,
array 16383]

Rate_ID Rate ID of each burst {1} int [0, 6]
array

PreamblePresent |Preamble present 0 int {0, 1}
array

PilotPN_Phase |the Pilot PN phase 0 int [0, 2047]

Brd_Message Broadcast message enabled or not: NO, YES INO enum

Pin Inputs

Pin Name |Description Signal Type

1 |Data input of data symbol complex

2 |CIR_Raw |estimated channel impulse response complex

input

Pin Outputs

Pin [Name Description Signal Type

3 |CIR_Track ichannel impulse response after phase track complex

4  Theta phase difference between current CIR and estimated CIR |real

Notes/Equations

1. This model is used to track the phase offset in downlink demodulation systems, and update the
estimated CIR (Channel impulse response) using the phase offset detected in the phase tracking
algorithm.

2. Each firing,

e 200NTotalDataSym tokens are consumed at pin Data.
where
NTotalDataSym is the sum of each burst's data symbols, defined as:

Number OfBursr

‘NrToruIDuru.S ym = Z ‘h"r.S",'mbo.l' [ {.] + ‘ﬁ"rﬂ.-'ouu'r:u: tMezzuge
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where NBroadcastMessage=0 if Brd_Message=NO, NBroadcastMessage=21 if
Brd_Message=YES.

The number of OFDM data symbols of ith downlink burst ( Nsymoet 1] ) is calculated as:
Nsompol ] = cetl((DataLength[i] + 11)/(uncodedBlockSize[R[(]]))

o 200NTotalDataSym tokens are consumed at pin CIR_Raw.
o 200NTotalDataSym tokens are produced at pin CIR_Track
« NTotalDataSym token are produced at pin Theta.

3. The eight pilots at frequency offset indices of {-88, -63, -38, -13, 13, 38, 63, 88} are used to

obtain the current estimated CIR of these subcarriers. Then the maximum likelihood algorithm is

used to detect the phase offset o
between the CIRs at pin CIR_Raw which are obtained by the preamble, and the current estimated
CIRs. The equation is:

] Y

{ Z Hi xeonj(H')

k=1 A

0= a

B

Where,

Hi js the current estimated CIR.

Hy is the previous estimated CIR obtained by the preamble.

The estimated CIRs from pin CIR_Raw are updated by the phase offset 0,

Set HO, H1, ..., H199 and o 1

respectively. Then

, H19 are the input CIR_Raw and updated CIRs,

H, = lexar.e

The updated CIRs are output at pin CIR_Track. The phase offset is output at pin Theta.
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WMAN_DL_Receiver (Downlink baseband receiver)

P
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WMAN_DL_Receiver

Description Downlink baseband receiver
Library WMAN, Receiver
Class SDFWMAN_DL_Receiver

Parameters

Name
NumberOfBurst
BurstWithFEC
DatalLength

Rate_ID

PreamblePresent

PrmITimeShift

DIUC

FrameNumber
BSID

OversamplingOption

Bandwidth

CyclicPrefix
IdleInterval

PilotPN_Phase

DecoderType
Pin Inputs

Pin |[Name

Description

Description

Number of Burst

The number of burst with FEC

MAC PDU payload byte length of each burst

Rate ID of each burst

Preamble present or not
Preamble time shift of each burst
DIUC of each burst

Frame Number
BS ID

Oversampling ratio option: Ratio 1, Ratio 2, Ratio 4, Ratio 8, Ratio
16, Ratio 32
Bandwidth

Cyclic prefix
Idle interval

Pilot PN phase

soft decision viterbi decoding type: Hard, Soft, CSI

Signal Type

1 |FrameData |input of DL Frame data |complex

Pin Outputs
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Default Unit Type

1
1
{100}

{1}

{0}

{0}

{1}

0
0
Ratio 1

1.75
MHz

0.25

10.0
usec

0

Soft

Hz

secC

int
int
int
array
int
array
int
array
int
array
int
array
int
int

enum

real

real
real

int

enum

Range
[1, 16]
[1, 16]

(1,
4095]

(0, 6]
{0, 1}
[0, 255]
[0, 15]

[0, 15]
[0, 15]

(0, 1e9]

[0, 1]
[0,
1000)
[o,
4095]
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Pin Name |Description Signal Type
2 |CIR output of channel estimation of all bursts complex
3 |ForEVM |output of Modulated data of all bursts for complex
EVM
PDUFCS |output of MAC PDU data of burst with FEC int
5 |PSDU |output of PSDU bits int
6 |DLFP output of DLFP bits int

Notes/Equations

1. This subnetwork model implements WMAN OFDM downlink baseband receiver following IEEE
802.16-2004 specification. The downlink baseband receiver schematic is shown in
WMAN_DL_Receiver Schematic.

\
!
|

— | =
J L e R L %::’;r"’"' 4’|

o=

i odin

= @ @ — 'E ?

- —

WMAN_DL_Receiver Schematic

2. Receiver functions are implemented as follows.
Start of frame is detected. WMAN_DL_FrameSync calculates the correlation between the received
signal and the preambles, and selects the index with the maximum correlation value as the start
of subframe.
Frequency offset is estimated. WMAN_DL_FreqSync calculates the frequency offset.
The packet is de-rotated according to the estimated frequency offsets (frequency
synchronization). The phase effect caused by the frequency offset is compensated by
WMAN_DL_DemuxFrame. WMAN_DL_DemuxFrame outputs channel estimation sequences for
channel estimator and the OFDM symbols for FCH and multi-bursts. This WMAN_DL_DemuxFrame
component introduces one subframe delay.
Complex channel impulse responses (CIR) are estimated and interpolated for each subcarrier
(channel estimation). First, gets CIRs for the even subcarriers by pilots in the short preambles.
Then, WMAN_DL_ChEstimator gets CIRs for the odd subcarriers by interpolating even subcarriers'
CIRs. These CIRs are output at pin CIR. The output signal can be used to measure spectral
flatness and etc.
Each OFDM symbol is transformed into 200 subcarriers by FFT. Phase of the pilot subcarriers are
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estimated, then all subcarrier values are de-rotated according to the estimated phase.
WMAN_DL_PhaseTracker implements these functions.
Each subcarrier value is divided by a complex estimated channel response coefficient (phase
tracking, phase synchronization, and equalization). This simple one-tap frequency domain channel
response compensation is implemented in the receiver.
After equalization, the demodulated OFDM symbols for FCH and multi-bursts are output at pin
For_EVM. The signal can be used to show the demodulated constellation and to calculate the RCE
(relative constellation error) or EVM.
WMAN_DemuxOFDMSym de-multiplexes 200 subcarriers into 192 data subcarriers and 8 pilot
subcarriers. WMAN_DemuxOFDMSym just outputs signal at 192 data subcarriers.
The burst with FEC-encoded is separated from the multi-bursts in WMAN_DL_DemuxBurst.
The demodulated OFDM symbols of burst with FEC are then de-mapped by WMAN_Demapper.
Three demapper types (CSI, Soft and Hard) are supported in WMAN_Demaper.
After FEC decoding, de-interleaving, de-scrambling, the MAC PDU data are achieved, which are
divided into MAC header, MAC PDU payloads and CRC. The MAC PDU and its payloads are output
at pin PDUFCS and PSDU respectively.
The demodulated FCH OFDM symbol is also de-mapped by WMAN_Demapper. After FEC decoding,
de-interleaving, de-scrambling, the decoded DLFP is output at pin DLFP.

3. Parameter Details

« NumberOfBurst specifies the number of active downlink bursts.

o BurstWithFEC specifies the downlink burst with FEC.

« Datalength is the array of each DL burst's MAC PDU payload byte length. Rate_ID is the
array of each DL burst's Rate ID, whose range is from 0 to 6. DataLength and Rate_ID (R)
determine the number of data symbols per DL burst. Data-rate-dependent parameters
(modulation, coding rate, coded bytes/uncoded bytes per OFDM symbol) are set according to
Mandatory Channel Coding per Modulation, which is based on the specification.

Mandatory Channel Coding per Modulation

Rate_ID Modulation Uncoded block Coded block Overall coding RS code CC code
size(bytes) size(bytes) rate rate
0 BPSK 12 24 1/2 (12,12,0) |1/2
1 QPSK 24 48 1/2 (32,24,4) 2/3
2 QPSK 36 48 3/4 (40,36,2) |5/6
3 16-QAM 48 96 1/2 (64,48,8) 2/3
4 16-QAM 72 96 3/4 (80,72,4) 5/6
5 64-QAM 96 144 2/3 (108,96,6) [3/4
6 64-QAM 108 144 3/4 (120,108,6) |5/6

o PreamblePresent is the array of each DL burst's preamble present. It determines whether
preamble is placed before the burst or not. If "1," preamble is placed before the burst,
otherwise preamble is not placed before the burst.

e PrmITimeShift is an array parameter. Its size should be same as NumberOfBurst and it
determine the number of samples of cyclic shift delay in time for the preamble symbols

« DIUC, FrameNumber, BSID are used to generate the scrambler DL initialization vector.

« OversamplingOption indicates the oversampling ratio of transmission signal. There are six
oversampling ratios (1, 2, 4, 8, 16, 32) to support in this receiver. For example, if
OversamplingOption = Ratio 2, it means the IFFT size is 512.

« Bandwidth determines the nominal channel bandwidth. The sampling frequency (Fs)
implemented in the design is decided by Bandwidth, OversamplingOption and related

sampling factor as follows, F, = floor((nx Bandwidth)/8000) x 8000

The sampling factors are listed in Sampling Factor Requirement.

Sampling Factor Requirement
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sampling factor n bandwidth

8/7 For channel bandwidths that are a multiple of 1.75 MHz
86/75 else for channel bandwidths that are a multiple of 1.5 MHz
144/125 else for channel bandwidths that are a multiple of 1.25 MHz
316/275 else for channel bandwidths that are a multiple of 2.75 MHz
57/50 else for channel bandwidths that are a multiple of 2.0 MHz
8/7 else for channel bandwidths not otherwise specified
» CyclicPrefix (G) specifies the ratio of cyclic prefix time to "useful" time, whose range is from
Oto 1.

« IdleInterval specifies the time of idle interval between two consecutive subframes.
» PilotPN_Phase specifies the start phase of pilots (PRBS). The specification requires
PilotPN_Phase = 0.
» DecoderType specifiers the Viterbi decoder type chosen from CSI, Soft and Hard.
4. Output Pin Delay Adjustment
Before introducing delays for each output pins, the number of OFDM symbols per frame is
deduced in this section.
WMAN DL Subframe Structure shows the downlink subframe format, it includes: long preamble,
FCH, and one or multiple downlink bursts each transmitted with different burst profile.

\ preamble \ FCH | DL burst#] ] DL burst#2 { DL burst#m |
DLFP Broadcast regular MAC Msg pad
msgs | MAC PDUs (MAC PDU)

WMAN DL Subframe Structure

One WMAN downlink subframe consists of long preamble, FCH and multiple downlink bursts.
There is an idle interval before preamble in this signal source and this idle interval is for Agilent
connected solution.
The downlink long preamble consists of two consecutive OFDM symbols.
FCH is transmitted in one OFDM symbol. The number of OFDM symbols of ith downlink burst
('wman-7-09-166.qif!) is calculated as follows:

Ngompoilt] = ceil({DataLength[i] + 11}/ (uncodedBlockSize[R[{]]))
Pream.bIePresent indicates whether the downlink burst starts with a short preamble or not. Let
Prml[i]l represent the number of OFDM symbol per each preamble present. If preamblePresent is
set to 1 in the ith burst, then Frmilid =1 otherwise, Frmilil =0

So the total number of OFDM symbols Neewisymbel  for the downlink frame is calculated as follows:
Number OfBurst
‘Nrroruiﬁ','mba.f =2+1+ Z [«Jll"'r.ﬂ'-,-mba.f[{.] + me![{] )
i=1
The number of samples per one OFDM symbol (lwman-7-09-173.gif!) is calculated as:

Qversum@ling Qption -
Sﬁmlﬁ;':!lf.gorp_.w = 2 ver I'JJ‘?".U"'J"S’ PTGJ"XESI:J X|._J.+G-|

The samples of IdleInterval ('wman-7-09-175.gif!) is calculated as:
Quersumpling Qprion % F.

Samplesp, me

Samples,y, = ldlelnterval x 2

So, the total samples of one downlink frame is

Samplespyme = Samplesyye + Nigrisympar X Samplesgrp

This model works on frame by fame. Each firing, Samplesrrume tokens are consumed at Pin
FrameData.

For_EVM pin has one WMAN OFDM DL frame delay. This pin outputs all the number of OFDM
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symbols in one subframe except preambles. Each firing, pin For_EVM produces

- .-'\"umbcr'OfBu rst Y
W0x| 1+ T Noyuli]
i=1 4

tokens.
{ NumberQfBurst Y

200 | 1+ 3 N mboili]

Moreover, the first =1 output signals at the For_EVM pin are zeros.

PSDUFCS has one frame delay. This pin outputs demodulated PSDU and FCS information bits
after fully decoding (de-interleaving, Viterbi decoding and De-scrambling). So, the delay of
PSDUFCS |S 8w DHFHLEHth[BE.H'.S'FH;!-FP!FEC] + 20 . The flrst 8 x Dd?u.[.t’ﬂgi’h[EE.H'SF”;J:FJE’JFEC] + 80

bits at the PSDUFCS pin are zeros.
PSDU also has one frame delay. This pin outputs demodulated PSDU information bits after fully

decoding (de-interleaving, Viterbi decoding and De-scrambling). So, the delay of PSDUFCS is
8 x DataLength[BurstWithFEC) The first 8 x DataLength[BurstWithFEC) bits at the PSDU pin

ares zero.
CIR output pin also has one frame delay. Each firing, pin CIR produces
i _-'l."umbc."ﬂfﬂu For Y r .-'\"umbcr@fﬁ'u rst Y

2001+ z prml[i]

200%{1+ Z prmi[i]
i=1

i=1 " tokens. The first " output signals at
the CIR pin are zeros.
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WMAN_DL_Receiver_RF (WMAN Downlink Receiver RF)

WA

OF Db
&I ' RF
DL Receiver

202 16-2004

i-}}w @-l-‘s @c.n @m

WMAN_DL_Receiver_RF

Description Downlink RF receiver
Library WMAN, Receiver
Class TSDFWMAN_DL_Receiver_RF

Parameters

Name
RIn
RTemp

FCarrier

Sensitivity
Phase
GainImbalance
PhaseIlmbalance
NumberOfBurst
BurstWithFEC
DatalLength

Rate_ID
PreamblePresent
PrmITimeShift
DIUC

FrameNumber
BSID
OversamplingOption

Bandwidth
CyclicPrefix
IdleInterval

PilotPN_Phase
DecoderType
Pin Inputs

Description
input resistance
TEMPERATURE

Carrier frequency

voltage output sensitivity, Vout/Vin

Reference phase in degrees

Gain imbalance in dB Q channel relative to I channel
Phase imbalance in dB Q channel relative to I channel
Number of Burst

The number of burst with FEC

MAC PDU payload byte length of each burst

Rate ID of each burst

Preamble present or not
Preamble time shift of each burst
DIUC of each burst

Frame Number
BS ID

Oversampling ratio option: Ratio 1, Ratio 2, Ratio 4, Ratio 8,

Ratio 16, Ratio 32
Bandwidth

Cyclic prefix

Idle interval

Pilot PN phase
soft decision viterbi decoding type: Hard, Soft, CSI
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Default
50 Ohm
—-273.15

3407
MHz

1

0.0
0.0
0.0

1

1
{100}

{1}

{0}

{03}

{1}

0
0
Ratio 1

Unit
Ohm
Celsius

Hz

deg

1.75 MHz |Hz

0.25

10.0
usec

0
Soft

secC

Type
int
real

real

real
real
real
real
int
int

int
array

int
array

int
array

int
array

int
array

int
int
enum

real
real
real

int

enum

Range
(0, )

[-273.15,
o]

(0, )

(-00, 00)
(-00, 00)
(-00, 00)
(-00, 00)
[1, 16]
[1, 16]
[1, 4095]

(0, 6]

{0, 1}

[0, 255]

[0, 15]

[0, 15]
[0, 15]

(0, 1€9]
[0, 1]
[0, 1000)

[0, 4095]
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Pin Name Description Signal Type
1 |RF_Signal |input of RF timed
signal
Pin Outputs
Pin Name |Description Signal Type
2 |CIR output of channel estimation of all bursts complex
3 |ForEVM |output of Modulated data of all bursts for complex
EVM
4  |PDUFCS |output of MAC PDU data of burst with FEC int
5 |PSDU |output of PSDU bits int
6 |DLFP output of DLFP bits int

Notes/Equations

1. This subnetwork demodulates and decodes signal-band WMAN downlink RF signals.
The schematic for this subnetwork is shown in WMAN_DL_Receiver_RF Schematic.

g'aa

hA A —
OF0Om
CER .‘ ’ C| . Baretand
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I ++ I 26T '
RF_Signal  0AM Dernod —
FF_Demodulator ;
T Reraiver
OL BE_Receiver
R7

WMAN_DL_Receiver_RF Schematic

The received RF signhal is demodulated by QAM_Demod, the demodulated signal is then fed to the
baseband receiver for baseband processing.

2. The schematic of WMAN OFDM downlink baseband receiver is shown in WMAN_DL_Receiver
Schematic.
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WMAN_DL_Receiver Schematic

. Receiver functions are implemented as follows:

Start of frame is detected. WMAN_DL_FrameSync calculates the correlation between the received
signal and the preambles, and selects the index with the maximum correlation value as the start
of subframe.

Frequency offset is estimated. WMAN_DL_FreqSync calculates the frequency offset.

The packet is de-rotated according to the estimated frequency offsets (frequency
synchronization). The phase effect caused by the frequency offset is compensated by
WMAN_DL_DemuxFrame. WMAN_DL_DemuxFrame outputs channel estimation sequences for
channel estimator and the OFDM symbols for FCH and multi-bursts. This WMAN_DL_DemuxFrame
component introduces one frame delay.

Complex channel impulse responses (CIR) are estimated and interpolated for each subcarrier
(channel estimation). First, gets CIRs for the even subcarriers by pilots in the short preambles.
Then, WMAN_DL_ChEstimator gets CIRs for the odd subcarriers by interpolating even subcarriers'
CIRs. These CIRs are output at pin CIR. The output signal can be used to measure spectral
flatness and etc.

Each OFDM symbol is transformed into 200 subcarriers by FFT. Phase of the pilot subcarriers are
estimated, then all subcarrier values are de-rotated according to the estimated phase.
WMAN_DL_PhaseTracker implements these functions.

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

After equalization, the demodulated OFDM symbols for FCH and multi-bursts are output at pin
For_EVM. The signal can be used to show the demodulated constellation and to calculate the RCE
(relative constellation error) or EVM.

WMAN_DemuxOFDMSym de-multiplexes 200 subcarriers into 192 data subcarriers and 8 pilot
subcarriers. WMAN_DemuxOFDMSym just outputs signal at 192 data subcarriers.

The burst with FEC-encoded is separated from the multi-bursts in WMAN_DL_DemuxBurst.

The demodulated OFDM symbols of burst with FEC are then de-mapped by WMAN_Demapper.
Three demapper types (CSI, Soft and Hard) are supported in WMAN_Demapper.

After FEC decoding, de-interleaving, de-scrambling, the MAC PDU data are achieved, which are
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divided into MAC header, MAC PDU payloads and CRC. The MAC PDU and its payloads are output
at pin PSDUFCS and PSDU respectively.
The demodulated FCH OFDM symbol is also de-mapped by WMAN_Demapper. After FEC decoding,
de-interleaving, de-scrambling, the decoded DLFP is output at pin DLFP.

4, 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 used to set the modulator output RF power. This is true for an ideal transmitted
signal (no impairments added) or when small impairments are added. If large impairments
are added to the signal (using GainImbalance, I_OriginOffset, and Q_OriginOffset
parameters) the output RF power may be different from the value of the Power parameter.
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.
GainIlmbalance, 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:
il . r (I).-IT-"\

Vepltl = AL‘}"II;E‘:ICOS[@CF:I —g'L"G[r] smmer+ m,-l;l
where A is a scaling factor based on the Power and ROut parameters specified by the user,
VI(t) is the in-phase RF envelope, VQ(t) is the quadrature phase RF envelope, g is the gain

Gainlmbulunce

20
imbalance & = 10 and, ¢ (in degrees) is the phase imbalance.
Next, the signal VRF(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(2xROutxPower)
NumberOfBurst specifies the number of active downlink bursts.
BurstWithFEC specifies the downlink burst with FEC.
Datalength is the array of each DL burst's MAC PDU payload byte length. Rate_ID is the
array of each DL burst's Rate ID, whose range is from 0 to 6. DataLength and Rate_ID (R)
determine the number of data symbols per DL burst. Data-rate-dependent parameters
(modulation, coding rate, coded bytes/uncoded bytes per OFDM symbol) are set according to
Mandatory Channel Coding per Modulation, which is based on the specification.

Mandatory Channel Coding per Modulation

Rate_ID Modulation Uncoded block Coded block Overall coding RS code CC code
size(bytes) size(bytes) rate rate
0 BPSK 12 24 1/2 (12,12,0) 1/2
1 QPSK 24 48 1/2 (32,24,4) 2/3
2 QPSK 36 48 3/4 (40,36,2) |5/6
3 16-QAM 48 96 1/2 (64,48,8) 2/3
4 16-QAM 72 96 3/4 (80,72,4) 5/6
5 64-QAM 96 144 2/3 (108,96,6) |3/4
6 64-QAM 108 144 3/4 (120,108,6) |5/6

PreamblePresent is the array of each DL burst's preamble present. It determines whether

preamble is placed before the burst or not. If "1," preamble is placed before the burst,

otherwise preamble is not placed before the burst.

PrmITimeShift is an array parameter. Its size should be same as NumberOfBurst and it
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determines the number of samples of cyclic shift delay in time for the preamble symbols

« DIUC, FrameNumber, BSID are used to generate the scrambler DL initialization vector.

« OversamplingOption indicates the oversampling ratio of transmission signal. There are six
oversampling ratios (1, 2, 4, 8, 16, 32) to support in this receiver. For example, if
OversamplingOption = Ratio 2, it means the IFFT size is 512.

+ Bandwidth determines the nominal channel bandwidth. The sampling frequency (Fs)
implemented in the design is decided by Bandwidth, OversamplingOption and related
sampling factor as follows,

F, = (floor((Npyp, X Bandwidth) /8000) x 8000) x 27 ¢/sem#tingOprien
The sampling factors are listed in Sampling Factor Requirement.

Sampling Factor Requirement

sampling factor n bandwidth

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

86/75 else for channel bandwidths that are a multiple of 1.5 MHz

144/125 else for channel bandwidths that are a multiple of 1.25 MHz

316/275 else for channel bandwidths that are a multiple of 2.75 MHz

57/50 else for channel bandwidths that are a multiple of 2.0 MHz

8/7 else for channel bandwidths not otherwise specified

» CyclicPrefix (G) specifies the ratio of cyclic prefix time to "useful" time, whose range is from

0 to 1.

» IdleInterval specifies the time of idle interval between two consecutive subframes.
« PilotPN_Phase specifies the start phase of pilots (PRBS). The specification requires
PilotPN_Phase = 0.
» DecoderType specifies the Viterbi decoder type chosen from CSI, Soft and Hard.
5. Output Pin Delay Adjustment
Before introducing delays for each output pins, the number of OFDM symbols per frame is
deduced in this section.
WMAN DL Frame Structure shows the downlink frame format, it includes: long preamble, FCH,
and one or multiple downlink bursts each transmitted with different burst profile.

preamble ‘ FCH | DL burst#1 ] DL burst#2 - { DL burst#m |
DLFP Broadcast regular | MAC MHE_ pad
msgs | MAC PDUs (MAC PDU)

WMAN DL Frame Structure

One WMAN downlink subframe consists of long preamble, FCH and multiple downlink bursts.
There is an idle interval before preamble in this signal source and this idle interval is for Agilent
connected solution.
The downlink long preamble consists of two consecutive OFDM symbols.
FCH is transmitted in one OFDM symbol. The number of OFDM symbols of the ith downlink burst
('wman-7-10-196.gif!) is calculated as follows:

Nsympeli] = ceill(DataLength[i] + 11)/(uncodedBlockSize[R[i]]))
PreamblePresent indicates whether the downlink burst starts with a short preamble or not. Let
Frmi[i] represent the number of OFDM symbol per each preamble present. If PreamblePresent is

set to 1 in the ith burst, then Frlid =1 otherwise, Frmilil =0
So the total number of OFDM symbols Neataisymeel  for the downlink frame is calculated as follows:
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NumberQfBurst
Nraru.l’.ﬁ-r-mba.f =2+1+ z U\r’g.r.mg,a;[f] + Prml[i])
i=1
The number of samples per one OFDM symbol ('wman-7-10-203.gif!) is calculated as:
Samplesgppy = 20 CFUmHIREORIOR 056 % (1 + G)
The samples of Idlelnterval (!gvman-j?-})O—_ZOS.gif!) is calculated as follows:
versumpling Qption % F.

Samplesp,, me

Samples,y, = ldlelnterval x 2
So, the total samples of one downlink frame is
Samplespme = Samplesyye + Nigrisympar X Samplesorp

Samplesp,, .

This model work on frame by fame. Each firing, tokens are consumed at Pin

FrameData.
For_EVM pin has one WMAN OFDM DL frame delay. This pin outputs all the number OFDM
s NumberOfBurst Y
200 x {1 Y Nsymsali]
i=1 /

symbols except preambles. Each firing, pin For_EVM produces

( NumberOfBursr Y

200%| 1+ T Noyppld]
i=1 I

tokens. Moreover, the first
Zeros.
PSDUFCS has one frame delay. This pin outputs demodulated PSDU and FCS information bits

after fully decoding (de-interleaving, Viterbi decoding and De-scrambling). So, the delay of
PSDUFCS is 8 x DataLength[BurstWithFEC] + 80

The first S DataLength[BurstWithFEC]+80  pjts ot the PSDUFCS pin are zeros.
PSDU also has one frame delay. This pin outputs demodulated PSDU information bits after fully

decoding (de-interleaving, Viterbi decoding and De-scrambling). So, the delay of PSDUFCS is
8 x DataLlength[BurstWithFEC) _The first 8x DataLength[BurstWithFEC) bits at the PSDU pin

output signals at the For_EVM pin are

ares zero.
CIR output pin also has one frame delay. Each firing, pin CIR produces
'y NumberOfBurst Y ( NumberQfBurst A

200x|1+ Y promi[i]
i=1

2001+ Z prml[i]

tokens. The first =1 output signals at

the CIR pin are zeros.
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WMAN_DL_Rx_FD (WMAN DL Receiver with Frame Duration)

7
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6
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'I Baseband ol
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Duration I 2

WMAN_DL_Rx_FD

Description Downlink baseband receiver with broadcast message and frame duration
Library WMAN, Receiver
Class SDFWMAN_DL_Rx_FD

Parameters
Name Description Default Unit Type Range
OversamplingOption |Oversampling ratio option: Ratio 1, Ratio 2, Ratio 4, Ratio Ratio 1 enum
8, Ratio 16, Ratio 32
Bandwidth Bandwidth 1.75 MHz Hz |real (0, 1e9]
CyclicPrefix Cyclic prefix 0.25 real [0, 1]
FrameMode Frame mode: FDD, TDD FDD enum
DL_Ratio Downlink ratio 0.5 real [0.01,
0.99]
FrameDuration Frame duration: Continuous, time 2.5 ms, time 4 ms, time 5 ms enum
time 5 ms, time 8 ms, time 10 ms, time 12.5 ms, time 20
ms
Brd_Message Broadcast message enabled or not: NO, YES NO enum
IdleInterval Idle interval 0.0 usec sec |real [o,
1000)
BSID BSID {0X00, 0X00, 0X00, int [0, 255]
0X00, 0X00, 0X01} array
FrameNumber Frame Number 0 int [0, 15]
NumberOfBurst Number of Burst 1 int [1, 16]
BurstWithFEC The number of burst with FEC 1 int [1, 16]
DatalLength MAC PDU payload byte length of each burst {100} int [1,
array |16383]
Rate_ID Rate ID of each burst {1} int [0, 6]
array
PreamblePresent Preamble present or not {0} int {0, 1}
array
PrmITimeShift Preamble time shift of each burst {0} int [0, 255]
array
PilotPN_Phase Pilot PN phase 0 int [o,
4095]
DecoderType soft decision viterbi decoding type: Hard, Soft, CSI Soft enum
Pin Inputs
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Pin Name Description Signal Type

1 |FrameData |input of DL Frame data |complex

Pin Outputs

Pin |[Name

2 |CIR

3 |ForEVM

4 |PDUFCS

5 |PSDU

6 |DLFP

7 |Brd_message

Notes/Equations

Description
output of channel estimation of all bursts

output of Modulated data of all bursts for
EVM

output of MAC PDU data of burst with FEC
output of PSDU bits

output of DLFP bits

output of broadcast message

Signal Type
complex
complex

int
int
int
int

1. This subnetwork model implements WMAN OFDM downlink baseband receiver following IEEE
802.16-2004 specification. The downlink baseband receiver schematic is shown in

WMAN DL

Rx FD Schematic.
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WMAN_DL_Rx_FD Schematic
2. Receiver functions are implemented as follows:
Start of frame is detected. WMAN_DL_FrameSync calculates the correlation between the received
signal and the preambles, and selects the index with the maximum correlation value as the start

of frame.
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Frequency offset is estimated. WMAN_DL_FreqSync calculates the frequency offset and makes
frequency synchronization using the preambles.
The packet is de-rotated according to the estimated frequency offsets (frequency

synchronization). The phase effect caused by the frequency offset is compensated by

WMAN_DL_DemuxFrame_FD. WMAN_DL_DemuxFrame_FD outputs channel estimation sequences
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and the OFDM symbols for FCH, broadcast burst and multi-bursts. This
WMAN_DL_DemuxFrame_FD component introduces one frame delay.
Complex channel impulse responses (CIR) are estimated and interpolated for each subcarrier
(channel estimation). First, WMAN_DL_ChEstimator gets CIRs for the even subcarriers by pilots in
the short preambles or midambles. Then, WMAN_DL_ChEstimator gets CIRs for the odd
subcarriers by interpolating even subcarriers' CIRs. These CIRs are output at pin CIR. The output
signal can be used to measure spectral flathess and etc.
Each OFDM symbol is transformed into 200 subcarriers by FFT. Phase of the pilot subcarriers are
estimated, then all subcarrier values are de-rotated according to the estimated phase.
WMAN_DL_PhaseTracker implements these functions.
Each subcarrier value is divided by a complex estimated channel response coefficient (phase
tracking, phase synchronization, and equalization). This simple one-tap frequency domain channel
response compensation is implemented in the receiver.
After equalization, the demodulated OFDM symbols for FCH and multi-bursts are output at pin
For_EVM. The signal can be used to show the demodulated constellation and to calculate the RCE
(relative constellation error) or EVM.
WMAN_DemuxOFDMSym de-multiplexes 200 subcarriers into 192 data subcarriers and 8 pilot
subcarriers. WMAN_DemuxOFDMSym just outputs signal at 192 data subcarriers.
The burst with FEC-encoded is separated from the multi-bursts in WMAN_DL_DemuxBurst_FD.
The demodulated OFDM symbols of burst with FEC are then de-mapped by WMAN_Demapper.
Three demapper types (CSI, Soft and Hard) are supported in WMAN_Demaper.
After FEC decoding, de-interleaving, de-scrambling, the MAC PDU data are achieved, which are
divided into MAC header, MAC PDU payloads and CRC. The MAC PDU and its payloads are output
at pin PDUFCS and PSDU respectively.
The demodulated FCH OFDM symbol is also de-mapped by WMAN_Demapper. After FEC decoding,
de-interleaving, de-scrambling, the decoded DLFP is output at pin DLFP.
The decoded broadcast messages are output at pin Brd_message.

3. Parameter Details

« NumberOfBurst specifies the number of active downlink bursts.

o BurstWithFEC specifies the downlink burst FEC.

o Datalength is the array of each DL burst's MAC PDU payload byte length. Rate_ID is the
array of each DL burst's Rate ID, whose range is from 0 to 6. DataLength and Rate_ID (R)
determine the number of data symbols per DL burst. Data-rate-dependent parameters
(modulation, coding rate, coded bytes/uncoded bytes per OFDM symbol) are set according to
Mandatory Channel Coding per Modulation, which is based on the specification.

Mandatory Channel Coding per Modulation

Rate_ID Modulation Uncoded block Coded block Overall coding RS code CC code
size(bytes) size(bytes) rate rate
0 BPSK 12 24 1/2 (12,12,0) |1/2
1 QPSK 24 48 1/2 (32,24,4) 2/3
2 QPSK 36 48 3/4 (40,36,2) |5/6
3 16-QAM 48 96 1/2 (64,48,8) |2/3
4 16-QAM 72 96 3/4 (80,72,4) |5/6
5 64-QAM 96 144 2/3 (108,96,6) |3/4
6 64-QAM 108 144 3/4 (120,108,6) 5/6

« PreamblePresent is the array of each DL burst's preamble present. It determines whether
preamble is placed before the burst or not. If "1," preamble is placed before the burst,
otherwise preamble is not placed before the burst.

o PrmITimeShift is an array parameter. It's size should be same as NumberOfBurst, which
determine the number of samples of cyclic shift delay in time for the preamble symbols

« DIUC, FrameNumber, BSID are used to generate the scrambler DL initialization vector.

« OversamplingOption indicates the oversampling ratio of transmission signal. There are six
oversampling ratios (1, 2, 4, 8, 16, 32) to support in this receiver. For example, if
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OversamplingOption = Ratio 2, it means the IFFT size is 512.
« Bandwidth determines the nominal channel bandwidth. The sampling frequency (Fs)
implemented in the design is decided by Bandwidth, OversamplingOption and related
sampling factor as follows,

F. = floar((nx Bandwidth)/8000) » 8000

The sampling factors are listed in Sampling Factor Requirement.

Sampling Factor Requirement

sampling factor n bandwidth

8/7 For channel bandwidths that are a multiple of 1.75 MHz
86/75 else for channel bandwidths that are a multiple of 1.5 MHz
144/125 else for channel bandwidths that are a multiple of 1.25 MHz
316/275 else for channel bandwidths that are a multiple of 2.75 MHz
57/50 else for channel bandwidths that are a multiple of 2.0 MHz
8/7 else for channel bandwidths not otherwise specified
« CyclicPrefix (G) specifies the ratio of cyclic prefix time to "useful" time, whose range is from
Oto 1.

« FrameMode is determines the generated frame is FDD mode or TDD mode. If FDD mode, the
full frame is used to transmit this uplink signal source. If TDD mode, the frame is used to
transmit both downlink and uplink signal source, the first part is for downlink transmission
and the second part is for uplink transmission. These two parts are controlled by the
DL_Ratio parameter in one frame.

o DL_Ratio is used to split one frame into two parts. When FrameMode=TDD and
FrameDuration<>Continuous, it is active. The first part (duration is
FrameDuration*DL_Ratio) is to transmit downlink (filled by zeros) and the rest part (second
part) is to transmit uplink source.

« FrameDuration specifies the frame type. It's type is enum. There are 8 cases (Continuous,
time 2.5 ms, time 4 ms, time 5 ms, time 8 ms, time 10 ms, time 12.5 ms and time 20 ms).
When FrameDuration =Continuous, the downlink source is transmitted continuously (without
frame structure) and both FrameMode and DL_Ratio parameters are inactive. When
FrameDuration <>Continuous, the downlink source is transmitted frame by frame (with
frame structure) and both FrameMode and DL_Ratio parameters are active.

» Brd_Message specifies whether the broadcast burst is inserted or not. The broadcast burst is
transmitted with BPSK 1/2 after FCH burst and before the data bursts. The number of OFDM
symbols in the broadcast burst is 21.

« IdleInterval specifies the time of idle interval between two consecutive subframes.

« PilotPN_Phase specifies the start phase of pilots (PRBS). The specification requires
PilotPN_Phase = 0.

» DecoderType specifiers the Viterbi decoder type chosen from CSI, Soft and Hard.

4. Output Pin Delay Adjustment
Before introducing delays for each output pins, the number of OFDM symbols per frame is
deduced in this section.
WMAN DL Subframe Structure shows the downlink subframe format, it includes: long preamble,
FCH, broadcast burst and one or multiple downlink bursts each transmitted with different burst
profile.

\ preamble \ FCH | DL burst#l] ] DL burst#2 { DL burst#m |
DLFP Broadcast regular MAC Msg pad
msgs | MAC PDUs (MAC PDU)
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WMAN DL Subframe Structure

One WMAN downlink frame consists of Idle, long preamble, FCH, broadcast burst and multiple
downlink bursts.

The downlink long preamble consists of two consecutive OFDM symbols.

FCH is transmitted in one OFDM symbol. The number of OFDM symbols of ith downlink
burst(!lwman-7-11-222.gif!) is calculated as follows:

N mpoli] = ceil((DataLength[i]+ 11)/(uncodedBlockSize[R[{]]))

PreamblePresent indicates whether the downlink burst starts with a short preamble or not. Let

Prmili] represent the number of OFDM symbol per each preamble present. If preamblePresent

is set to 1 in the ith burst, then Prmili] = 1 Prmili] =0
So the total number of OFDM symbols Necraisymbel - for the downlink frame is calculated as

NumberQfBurst

, otherwise,

‘Wrraru.f.ﬁ".'mba.f =2+1+ ‘I\"rﬂ.":."r::r + z l;‘l\'r.ﬂ"r'm bl [ j] + Prml [ ‘E] )

follows: =1
N pracar is the number of OFDM symbols of the broadcast burst where it is equal to 21 when
Brd_Message is YES, and is equal to 0 when Brd_Message is NO.

The number of samples per one OFDM symbol (lwman-7-11-230.gif!) is calculated as:

Quersumpling prion - _ .
— 7 7
Samplesgppyy = 2 x256x(1+G)

The samples of IdleInterval( Niate ) is calculated as follows:

Quersampling @ ption
versumpling O prion % F.

Samples, y, = ldlelnterval x 2

If FrameDuration is Continuous, the total samples of one downlink frame Samplesr e is

— T
Samplesp, . = Samples,y + N ysmpa XSamplesgpp

Otherwise, if FrameDuration is set to other values (2.5 ms, 4 ms, 5 ms, 8 ms, 10 ms, 12.5 ms or
Sf"lmuﬂ { C3F rame

20 ms), the total samples of one downlink frame is

. Quersumpling Qption
- ol . T D
Sampe'esﬁumc = Sampl'esl;dh__ + FrameDuration X F_x 2

Samplesg, .
PUeSFame  tokens are consumed at Pin

This model work on frame by fame. Each firing,
FrameData.

For_EVM pin has one WMAN OFDM DL frame delay. This pin outputs all the number OFDM
symbols except preambles. Each firing, pin For_EVM produces

s .-'\"umbc."ﬂﬂ':‘u Fot ]
200 x| 1+ Np,yoop + > Nsympwll]
i=1 " tokens. Moreover, the first
e NumberQfBurst ]
200 %| 1+ Np,yoss + > Nsymuall]
i=1 I

" output signals at the For_EVM pin are zeros.
PSDUFCS has one frame delay. This pin outputs demodulated PSDU and FCS information bits
after fully decoding (de-interleaving, Viterbi decoding and De-scrambling). So, the delay of

. 8xDataLength[BurstWithFEC] + 80 . 8 DataLength[BurstWithFEC] + 80
PSDUFCS is . The first
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bits at the PSDUFCS pin ares zero.
PSDU also has one frame delay. This pin outputs demodulated PSDU information bits after fully
decoding (de-interleaving, Viterbi decoding and De-scrambling). So, the delay of PSDUFCS is
8 % DataLength[BurstWithFEC] 8 % DataLength[BurstWithFEC)

. The first bits at the PSDU pin
ares zero.
CIR output pin also has one frame delay. Each firing, pin CIR produces
Number QfBurst i [ NumberOffurst y
200%) 1+ Z prml[i] 2001 1+ Z prmi[i]

=1 " tokens. the first = output signals at

the CIR pin are zeros.
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WMAN_DL_Rx_FD_RF (WMAN DL Receiver RF with Frame
Duration)

WWIMAR

OFOn
RF
H DL Receiver
202.16-2004
Framea

Duration

&o}w B By B, B

WMAN_DL_Rx_FD_RF

Description Downlink RF receiver with broadcast message and frame duration
Library WMAN, Receiver

Class TSDFWMAN_DL_Rx_FD_RF

Parameters
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Name Description Default
RIn input resistance 50 Ohm
RTemp TEMPERATURE -273.15
FCarrier Carrier frequency 3407 MHz
Sensitivity voltage output sensitivity, Vout/Vin 1
Phase Reference phase in degrees 0.0
GainImbalance Gain imbalance in dB Q channel relative to I channel 0.0
PhaseImbalance Phase imbalance in dB Q channel relative to I channel 0.0
OversamplingOption Oversampling ratio option: Ratio 1, Ratio 2, Ratio 4, Ratio 1

Ratio 8, Ratio 16, Ratio 32
Bandwidth Bandwidth 1.75 MHz
CyclicPrefix Cyclic prefix 0.25
FrameMode Frame mode: FDD, TDD FDD
DL_Ratio Downlink ratio 0.5
FrameDuration Frame duration: Continuous, time 2.5 ms, time 4 ms, |time 5 ms

time 5 ms, time 8 ms, time 10 ms, time 12.5 ms, time

20 ms
Brd_Message Broadcast message enabled or not: NO, YES NO
IdleInterval Idle interval 0.0 usec
BSID BSID {0X00, 0X00, 0X00,

0X00, 0X00, 0X01}
FrameNumber Frame Number 0
NumberOfBurst Number of Burst 1
BurstWithFEC The number of burst with FEC 1
DatalLength MAC PDU payload byte length of each burst {100}
Rate_ID Rate ID of each burst {1}
PreamblePresent Preamble present or not {0}
PrmITimeShift Preamble time shift of each burst {0}
DecoderType soft decision viterbi decoding type: Hard, Soft, CSI Soft
Pin Inputs
Pin Name Description Signal Type
1 |RF_Signal input of RF timed
signal
Pin Outputs
Pin [Name Description Signal Type
2 [CIR output of channel estimation of all bursts complex
3 |ForEVM output of Modulated data of all bursts for complex
EVM

4 |PDUFCS output of MAC PDU data of burst with FEC int
5 |PSDU output of PSDU bits int
6 |DLFP output of DLFP bits int
7 |Brd_message joutput of broadcast message int

Notes/Equations
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Unit
Ohm
Celsius

Hz

deg

Hz

sec

Type
int

real

real
real
real
real
real
enum

real
real
enum
real

enum

enum
real
int
array
int
int
int
int
array
int
array
int
array
int
array
enum

Range

0,)
[\-273.15,

(0, 1€9]
[0, 1]

[0.01,
0.99]

[0, 1000)
[0, 255]

[0, 15]
[1, 16]
[1, 16]
[1, 16383]

[0, 6]

{0, 1}

[0, 255]
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1. This subnetwork demodulates and decodes signal-band WMAN downlink RF signals. The schematic
for this subnetwork is shown in WMAN_DL _Rx FD_RF Schematic.

—
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RF_Demodulator Timedl2TaCx
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RE= O

R7 Part
CIR

WMAN_DL_Rx_FD_RF Schematic

The received RF sighal is demodulated by QAM_Demod, the demodulated signal is then fed to the
baseband receiver for baseband processing.

2. The schematic of WMAN OFDM downlink baseband receiver is shown in WMAN DL Rx FD
Schematic.

166



Advanced Design System 2011.01 - Fixed WiMax Design Library
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WMAN_DL_Rx_FD Schematic

. Receiver functions are implemented as follows:

Start of frame is detected. WMAN_DL_FrameSync calculates the correlation between the received
signal and the preambles, and selects the index with the maximum correlation value as the start
of frame.

Frequency offset is estimated. WMAN_DL_FreqSync calculates the frequency offset and makes
frequency synchronization using the preambles.

The packet is de-rotated according to the estimated frequency offsets (frequency
synchronization). The phase effect caused by the frequency offset is compensated by
WMAN_DL_DemuxFrame_FD. WMAN_DL_DemuxFrame_FD outputs channel estimation sequences
and the OFDM symbols for FCH, broadcast burst and multi-bursts. This
WMAN_DL_DemuxFrame_FD component introduces one frame delay.

Complex channel impulse responses (CIR) are estimated and interpolated for each subcarrier
(channel estimation). First, WMAN_DL_ChEstimator gets CIRs for the even subcarriers by pilots in
the short preambles or midambles. Then, WMAN_DL_ChEstimator gets CIRs for the odd
subcarriers by interpolating even subcarriers' CIRs. These CIRs are output at pin CIR. The output
signal can be used to measure spectral flatness and etc.

Each OFDM symbol is transformed into 200 subcarriers by FFT. Phase of the pilot subcarriers are
estimated, then all subcarrier values are de-rotated according to the estimated phase.
WMAN_DL_PhaseTracker implements these functions.

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

After equalization, the demodulated OFDM symbols for FCH and multi-bursts are output at pin
For_EVM. The signal can be used to show the demodulated constellation and to calculate the RCE
(relative constellation error) or EVM.

WMAN_DemuxOFDMSym de-multiplexes 200 subcarriers into 192 data subcarriers and 8 pilot
subcarriers. WMAN_DemuxOFDMSym just outputs signal at 192 data subcarriers.

The burst with FEC-encoded is separated from the multi-bursts in WMAN_DL_DemuxBurst_FD.
The demodulated OFDM symbols of burst with FEC are then de-mapped by WMAN_Demapper.
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Three demapper types (CSI, Soft and Hard) are supported in WMAN_Demaper.
After FEC decoding, de-interleaving, de-scrambling, the MAC PDU data are achieved, which are
divided into MAC header, MAC PDU payloads and CRC. The MAC PDU and its payloads are output
at pin PDUFCS and PSDU respectively.
The demodulated FCH OFDM symbol is also de-mapped by WMAN_Demapper. After FEC decoding,
de-interleaving, de-scrambling, the decoded DLFP is output at pin DLFP.
The decoded broadcast messages are output at pin Brd_message.

4. 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 used to set the modulator output RF power. This is true for an ideal transmitted
signal (no impairments added) or when small impairments are added. If large impairments
are added to the signal (using GainImbalance, I_OriginOffset, and Q_OriginOffset
parameters) the output RF power may be different from the value of the Power parameter.
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.
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:

I - P

Veplt) = 4 LV‘,[I] cos(®, 1) — gV,(1) ﬂanr__r+ JSDJ’I/'I

where A is a scaling factor based on the Power and ROut parameters specified by the user,
VI(t) is the in-phase RF envelope, VQ(t) is the quadrature phase RF envelope, g is the gain
imbalance

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

Next, the signal VRF(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(2ROutPower)

NumberOfBurst specifies the number of active downlink bursts.

BurstWithFEC specifies the downlink burst FEC.

DatalLength is the array of each DL burst's MAC PDU payload byte length. Rate_ID is the
array of each DL burst's Rate ID, whose range is from 0 to 6. DataLength and Rate_ID (R)
determine the number of data symbols per DL burst. Data-rate-dependent parameters
(modulation, coding rate, coded bytes/uncoded bytes per OFDM symbol) are set according to
Mandatory Channel Coding per Modulation, which is based on the specification.

Mandatory Channel Coding per Modulation

Rate_ID |Modulation [lUncoded block Coded block Overall coding RS code CC code
size(bytes) size(bytes) rate rate
0 BPSK 12 24 1/2 (12,12,0) 1/2
1 QPSK 24 48 1/2 (32,24,4) 2/3
2 QPSK 36 48 3/4 (40,36,2) |5/6
3 16-QAM 48 96 1/2 (64,48,8) 2/3
4 16-QAM 72 96 3/4 (80,72,4) |5/6
5 64-QAM 96 144 2/3 (108,96,6) |3/4
6 64-QAM 108 144 3/4 (120,108,6) 5/6

PreamblePresent is the array of each DL burst's preamble present. It determines whether
168



Advanced Design System 2011.01 - Fixed WiMax Design Library

preamble is placed before the burst or not. If "1," preamble is placed before the burst,
otherwise preamble is not placed before the burst.

PrmITimeShift is an array parameter. It's size should be same as NumberOfBurst, which
determine the number of samples of cyclic shift delay in time for the preamble symbols
DIUC, FrameNumber, BSID are used to generate the scrambler DL initialization vector.
OversamplingOption indicates the oversampling ratio of transmission signal. There are six
oversampling ratios (1, 2, 4, 8, 16, 32) to support in this receiver. For example, if
OversamplingOption = Ratio 2, it means the IFFT size is 512.

Bandwidth determines the nominal channel bandwidth. The sampling frequency (Fs)
implemented in the design is decided by Bandwidth, OversamplingOption and related
sampling factor as follows,

F, = (100 r((Ngyepoy X Bandwidth)/8000) x 8000) x 277" semlizgdpsion

The sampling factors are listed in Sampling Factor Requirement.

Sampling Factor Requirement

sampling factor n bandwidth

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

86/75 else for channel bandwidths that are a multiple of 1.5 MHz

144/125 else for channel bandwidths that are a multiple of 1.25
MHz

316/275 else for channel bandwidths that are a multiple of 2.75
MHz

57/50 else for channel bandwidths that are a multiple of 2.0 MHz

8/7 else for channel bandwidths not otherwise specified

CyclicPrefix (G) specifies the ratio of cyclic prefix time to "useful" time, whose range is from
0 to 1.

FrameMode is determines the generated frame is FDD mode or TDD mode. If FDD mode, the
full frame is used to transmit this uplink signal source. If TDD mode, the frame is used to
transmit both downlink and uplink signal source, the first part is for downlink transmission
and the second part is for uplink transmission. These two parts are controlled by the
DL_Ratio parameter in one frame.

DL_Ratio is used to split one frame into two parts. When FrameMode=TDD and
FrameDuration<>Continuous, it is active. The first part (duration is
FrameDuration*DL_Ratio) is to transmit downlink (filled by zeros) and the rest part (second
part) is to transmit uplink source.

FrameDuration specifies the frame type. It's type is enum. There are 8 cases (Continuous,
time 2.5 ms, time 4 ms, time 5 ms, time 8 ms, time 10 ms, time 12.5 ms and time 20 ms).
When FrameDuration =Continuous, the downlink source is transmitted continuously (without
frame structure) and both FrameMode and DL_Ratio parameters are inactive. When
FrameDuration <>Continuous, the downlink source is transmitted frame by frame (with
frame structure) and both FrameMode and DL_Ratio parameters are active.

Brd_Message specifies whether the broadcast burst is inserted or not. The broadcast burst is
transmitted with BPSK 1/2 after FCH burst and before the data bursts. The number of OFDM
symbols in the broadcast burst is 21.

IdleInterval specifies the time of idle interval between two consecutive subframes.
DecoderType specifies the Viterbi decoder type chosen from CSI, Soft and Hard.

5. Output Pin Delay Adjustment
Before introducing delays for each output pins, the number of OFDM symbols per frame is
deduced in this section.
WMAN DL Frame Structure shows the downlink frame format, it includes: long preamble, FCH,

broadcast burst and one or multiple downlink bursts each transmitted with different burst profile.
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preamble ‘ FCH | DL burst#1 ] DL burst#2 - { DL burst#m |
DLFP Broadcast regular MAC |"'+-1.~\'g_ pad
msgs | MAC PDUSs (MAC PDU)

WMAN DL Frame Structure

One WMAN downlink frame consists of Idle, long preamble, FCH, broadcast burst and multiple
downlink bursts.

The downlink long preamble consists of two consecutive OFDM symbols.

FCH is transmitted in one OFDM symbol. The number of OFDM symbols of ith downlink burst(

Nsombar [y -
svmeailt] s calculated as follows:

N mpoili] = ceili{DataLength[i]+ 11)/(uncodedBlockSize[R[{]]))

PreamblePresent indicates whether the downlink burst starts with a short preamble or not. Let

Prmili] represent the number of OFDM symbol per each preamble present. If preamblePresent
is set to 1 in the ith burst, then Prmi[i] = 1 Prmi[i] =0

So the total number of OFDM symbols Niowisymbol  for the downlink frame is calculated as

NumberOfBursr

, otherwise,

N

r I | r
roralSymbol T < +1+N

Bracer T Z (Ngympt 1] + Prmi[i])
follows: i=1

Npracar is the number of OFDM symbols of the broadcast burst where it is equal to 21 when
Brd_Message is YES, and is equal to 0 when Brd_Message is NO.

The number of samples per one OFDM symbol ( Sdmp!”om”) is calculated as:

Oversampling prion - . .
Samplesgppy = 2 vErSUmpiiRgLpIon o 2[ex(l1+G)

The samples of IdleInterval( ‘ﬂ”“”‘) is calculated as follows:

Quersampling Qption
versumpling O p) aer

Samples, y, = ldlelnterval x 2

. . . . S lesg, .
If FrameDuration is Continuous, the total samples of one downlink frame AMPEEFrame g

Otherwise, if FrameDuration is set to other values (2.5 ms, 4 ms, 5 ms, 8 ms, 10 ms, 12.5 ms or

20 ms), the total samples of one downlink frame Samplesr,me is

, Oversampling Option
Samplesp = Samples,, +FrameDurationx F_x12 versumpling Optien

This model work on frame by fame. Each firing, Samplespime tokens are consumed at Pin
FrameData.
For_EVM pin has one WMAN OFDM DL frame delay. This pin outputs all the number OFDM

symbols except preambles. Each firing, pin For_EVM produces

Iy NumberOfBurst i
. ! / [
200 1+ Ng 4o T Z a"\'_g.r.mboj[{]
i=1 /

tokens. Moreover, the first
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4 NumberOfBurst Y

200x) 1+ ‘Nrﬂr'c:'r::r + Z ‘Nr.S",'mba.l' [ ‘r.]

=1 ' output signals at the For_EVM pin are zeros.
PSDUFCS has one frame delay. This pin outputs demodulated PSDU and FCS information bits
after fully decoding (de-interleaving, Viterbi decoding and De-scrambling). So, the delay of

SxDataLength[BurstWithFEC] + 80 . 8 x DataLength[BurstWithFEC] + 80
. The first

PSDUFCS is
bits at the PSDUFCS pin ares zero.

PSDU also has one frame delay. This pin outputs demodulated PSDU information bits after fully
decoding (de-interleaving, Viterbi decoding and De-scrambling). So, the delay of PSDUFCS is

8 % DataLength[BurstWithFEC] 8 x DataLength[ BurstWithFEC)

. The first bits at the PSDU pin
ares zero.
CIR output pin also has one frame delay. Each firing, pin CIR produces
Number QfBurst ) ( NumberOfBurst |
200%) 1+ Z prml[i] 2001 1+ Z prmli[i]

i=1 A i=1 o

tokens. the first
output signals at the CIR pin are zeros.
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WMAN_UL_ChEstimator (WMAN Uplink Channel Estimator)

WA
~

EI p| R -

Lplink
WMAN_UL_ChEstimator

Description Uplink channel estimator
Library WMAN, Receiver

Class SDFWMAN_UL_ChEstimator
Derived From WMAN_UL_Base

Parameters

Name Description Default Type Range

NumberOfSS Number of subscribers 1 int [1, 16]

DatalLength MAC PDU payload byte length of each 100 int [1, 16383]

subscriber array

Rate_ID Rate ID of each subscriber 1 int [0, 6]
array

Subchannelization |Subchannelization or not: NO, YES NO enum

Subchannellndex |List of each subchannel index {8} int [1, 15] or [17, 31]
array

MidambleRepetition Midamble repetition of each subscriber 0 int [0, 3]
array

PrmITimeShift Preamble time shift of each subscriber {0} int [0, 255]
array

CyclicPrefix Cyclic prefix 0.25 real [0, 1]

Pin Inputs

Pin [IName 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. This model is used to estimate WMAN uplink channel impulse response (CIR) based on the pilot
channels and output the estimated channel impulse response (CIR) on the active subcarriers.
2. Each firing,
if subchannelization is not used

(NumberOfss )
200 x Z Midamble[i]
i=1 4
. _ _ tokens are consumed at pin input.
where Midamble[i] s the number of midamble of the ith uplink SS;

172



Advanced Design System 2011.01 - Fixed WiMax Design Library
(NumberOf55 \

{ Z N symio[1]

i=1 4

. tokens are produced at pin coef where Nsymeotli] is the number
of OFDM symbols of the ith uplink SS.
if subchannelization is used
200 x max(Midamble[i])  toKens are consumed at pin input.
max(Midamb(e[i]) is the maximum of Midamble[i] _

x 200

where

a . .
200X max(Nsymper 1) to1ens are produced at pin coef.

maxiNc, i . . Nc, I
where (Nsymbol ] is the maximum of symbotli] )

MidambleRepetition indicates each SS's midamble repetition interval in OFDM symbols.
MidambleRepetition and number of OFDM symbols of SS(lwman-7-13-291.gif!)determine
Midamble[] , Which is calculated as follows:

if MidambleRepetition[i] is not zero,

R .1 I:I'Jl 2 I: I: 2 I:
Midamble[i] = round((Ng, . .[i])/ pMidamble Reperirionlil + 1,

Midamble[i] = 0

else round means if the decimal is not less than 0.5, the quotient should be
plus one.

The number of OFDM data symbols of ith uplink SS(!'wman-7-13-296.gif!) is calculated as
follows:

N mpeili] = ceili{Datalength[i] + 11)/(uncodedBlockSize[R[i]]) % 16/N_,, 4 nners [1])

Here Nsubchannels[i] is the number of subchannels of the ith SS. For non-subchannelization
mode, Nsubchannels[i] is equal to 16; for subchannelization mode, Nsubchannelsl[i] is
determined by Subchannellndex[i], shown in Number of Subchannels, uncodedBlockSize is
date-rate-dependent parameter as Data-Rate-Dependent Parameters.

Number of Subchannels

SubchannelIndex Nsubchannels
1,3,5,7,9,11,13,15,17,19,21,23, |1
2,6,10,14,18,22,26,30 2
4,12,20,28 4
8,24 8

NMaxDataSym is the maximum number of data symbols among all SSs.

Data-Rate-Dependent Parameters

Rate_ID Modulation Uncoded block Coded block Overall coding RS code CC code
(R) size(bytes) size(bytes) rate rate

0 BPSK 12 24 1/2 (12,12,0) |1/2

1 QPSK 24 48 1/2 (32,24,4) 2/3

2 QPSK 36 48 3/4 (40,36,2) |5/6

3 16-QAM 48 96 1/2 (64,48,8) |2/3

4 16-QAM 72 96 3/4 (80,72,4) |5/6

5 64-QAM 96 144 2/3 (108,96,6) |3/4

6 64-QAM 108 144 3/4 (120,108,6) 5/6

. This model uses the uplink short preambles to estimate the CIRs. If an uplink burst have
midambles, the proximate midamble will be used to estimate CIRs. The estimated CIRs are
calculated using active subcarrier pilot channels.

. If subchannelization is not employed in this uplink subframe, CIR estimation is performed as
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downlink CIR estimation.

The Fevey training symbol includes 200 subcarriers, given by Feven
, [ W2x Py k) Koz =0
EVEN(K] = ‘l 0 [

Mo =

The sequence PALL is defined as follows:

PALL(-100:100) = {1-j, 1-j, -1-j, 1+], 1-j, 1-j, -1+4], 1-j, 1-j, 1-j, 1+4], -1-j, 1+], 1+j, -1-], 1+], -
1-jl-1-jl 1-jl -1+jl l'j/ l-jl -l-jl 1+jl 1-jl 1-jl '1+j/ 1-jl 1-jl 1'j/ 1+jl '1'j/ 1+jl 1+j/ -1-jl 1+jl -1-
.jl -1_.jl 1-.jl -1+jl l-jl 1-jl -1-.jl 1+jl 1-jl l-jl _1+jr l-jl 1_j/ l-jl 1+j/ -l-jl 1+j/ 1+jl '1_j/ 1+jl '1'jr
_1_.1! 1-jl -1+jl 1+jl 1+jl 1-jl -1+jl 1+jl 1+jl _1_j/ 1+jr 1+j/ 1+jr '1+jr 1-jl '1+jr '1+j/ l'jr '1+j/
1_jl 1-jll+jl _1_jr -1-jl -1_jl _1+jl 1_jl _1-jl -l-jl 1+jr 'l'jr '1'jr '1'jr 1'jr -1+jl 1'jr l'jr -1+jl l'jr
-1+j,-1+j, -1-j, 1+j, 0, -1-j, 1+j, -1+j, -1+j, -1-j, 1+j, 1+j, 1+j, -1-j, 1+j, 1-j, 1-j, 1-j, -1+], -
1+jl _1+jl _1+jl 1_jl -1-jl -1_jl _1+jl 1_jl 1+jl 1+j/ -1+jl 1_j/ 1-jl 1-jl -1+jl 1-.jl -1-jl '1_j/ -1-jl
1+jl 1+jl 1+jl 1+jl _1_.1! -1+jl -1+jl 1+jl _1-jl 1_j/ 1'jr 1+jl _l'jr '1_j/ _1-jl 1+jr _1-jl '1+jr '1+j/
-1+jl 1-jl 1_jl 1-jl 1_jr -1+jl 1+jl 1+jl -1_jl 1+jl '1+jr '1+j/ _1-jl 1+j/ 1+jl 1+j/ _1-jl 1+jr 1-jl 1-
jr 1-jl _1+jr -1+jl -1+jl _1+jl 1_jl -1-jl -1-jl 1'jr '1+jr -1-jl _1'jr 1'jr '1+jr '1+jr -1+jl 1'jr -
1+4j,14j, 1+j, 143, -1-j, -1-j, -1-j, -1-j, 1+4j, 1-j, 1-j}

Set “0rt1ertioe

are the input signals, hoohys---sh1g0

are the estimated CIRs.The estimated CIR in even subcarriers can be calculated as follows:
hy = %/ Ppve,

where i =02,..., 198 imed?2 = 0 _

The estimated CIR in odd subcarriers is interpolated by raised cosine filter.
5. If subchannelization is employed in this uplink subframe, the preamble is referred to as the

subchannelization preamble defined by Psus  preamble subcarriers that do not fall within the
allocated subchannels are set to zero. Although the uplink bursts occupy different subcarriers of
the same OFDM symbol, its CIR will be estimated separately. The estimated CIR in allocated
subcarriers can be calculated as follows:

h, = ']‘_.:XIP.SUBL.

The sequence Fsus s defined as follows:

PSUB(-100:100) = {1+j, 1+j, -1-j, 1+j, -1+j, 1+j, 1+j, 1+j, -1-j, -1-j, 1-j, -1-j, 1-j, 1+j, 1-j,
1+j,1+j, -1-j, -1-j, 1+j, 1-j, 1+j, -1-j, 1+j, 1+j, 1+j, 1+j, -1-j, 1+j, -1+j, 1+j, 1+j, 1+j, -1-j, -1-
jl l_jl -1-jl -1_jl 1+jl 1_jl 1+jl 1+jl -1-jl -1_jl 1+jl 1-jl 1+jr -1-jl 1+jl 1+jl 1+jl 1+jl -1-jl 1+j/ -
1+jl 1+jl 1+jl 1+jl _1_.1! -1-jl 1_jl _1-jl 1_jl _1-jl '1+jr '1_j/ _1'jr 1+j/ 1+jr '1_j/ _1+jl '1'jr 1+jl -
l_jl _1-jl 1+jl 1+jl -1_jl 1+jl -1+jl 1+jl 1+jl 1+j/ _1'jr 'l_j/ 1'jr 'l_j/ l'jr '1_j/ _1+jl '1_jr _1'jr
1+jl 1+j/ -1-jl -1+jl _1'j/ 1+jl '1'j/ -1-jl OI1+jI 1+j/ -1-jl 1+jl '1+j/ 1+jl 1+j/ 1+jl _1'j/ -1-jl 1'j/
-l-jl 1-jl 1+jl l'j/ 1+jl 1+j/ -1-jl -1-jl 1+jl 1-jl 1+jl -1-jl 1+jl 1+jl '1'j/ -l-jl 1+j/ -1-jl 1'j/ -l-jl
-1_.jl -1-jl 1+jl 1+jl -1+.jl 1+jl 1-jl -1-jl _1+jl _1_j/ -1-jl 1+jr 1+jl '1'jr '1+j/ -1-jl 1+j/ _1-jl '1'jr
_1_.1! -1-jl 1+jl -1-jl 1_jl -1-jl -l-jl -1-jl 1+jl 1+j/ _1+jl 1+jr _1+jl 1+jr 1-jl 1+jr 1+jl 'l'jr '1'j/
1+jl 1-jl 1+jl _1-jl 1+jl 1+jl 1+jl 1+jl -l_jl 1+jr '1+jr 1+jr 1+jr 1+jr -1-jl '1_j/ 1'jr '1_j/ _1-jl -1-
j/ -1+jl -1-jl '1'j/ 1+jl 1+j/ -1_jl -1+jl -1-jl 1+jl -1-jl '1'j}

the unallocated subcarriers of the uplink burst will be set to zero.
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WMAN_UL_DemuxFrame (WMAN Uplink Frame

Demultiplexer)

WRLAMN

Fang &
% B Ever 07
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WMAN_UL_DemuxFrame

Description Uplink frame demultiplexer
Library WMAN, Receiver

Class SDFWMAN_UL_DemuxFrame
Derived From WMAN_UL_Base

Parameters

Name Description

NumberOfSS Number of subscribers

DatalLength MAC PDU payload byte length of each subscriber
Rate_ID Rate ID of each subscriber

Subchannelization |Subchannelization or not: NO, YES

Subchannellndex List of each subchannel index

MidambleRepetition |Midamble repetition of each subscriber

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

Ratio 16, Ratio 32

Bandwidth Bandwidth

CyclicPrefix Cyclic prefix

PrmITimeShift Preamble time shift of each subscriber
IdleInterval Idle Interval

Pin Inputs

Pin [Name Description Signal Type
1 |UL_Subframe received frame signals complex

2 |Index synchronization index of each burst|int

3 |DeltaF carrier frequency offset real

Pin Outputs
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Default Unit Type

1 int
{100} int
array
{1} int
array
NO enum
{8} int
array
{0} int
array
Ratio 1 enum

1.75 Hz |real
MHz

0.25 real
{0} int
array

10 usec |sec |real

Range
[1, 16]
[1, 16383]

[0, 6]

[1, 15] or [17,
31]

(0, 3]

(0, 1e9]

[0, 1]
[0, 255]

[0, 1000]
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Pin Name Description Signal Type
4  |Prml output of preamble and midamble complex
5 |UL_Bursts output of uplink data symbol complex
6 InitialRanging output of Initial ranging contention complex
slot
7 |BW_Requests joutput of BW requests contention slot |complex

Notes/Equations

1. This model is used to de-multiplex the uplink subframe into contention slot for Initial Ranging,

contention slot for BW Requests, short preambles, data OFDM symbols and midambles. The idle
interval and cyclic prefix of each OFDM symbol are also removed, and the time and carrier
frequency offset is compensated.

2. Each firing,
e For non-subchannelization mode, NumberOfSS tokens are consumed at pin Index, while one

tokens are consumed for subchannelization mode.

For non-subchannelization mode, NumberOfSS tokens are consumed at pin DeltaF. For
subchannelization mode, the pin DeltaF is useless.

Nprml tokens are produced at pin Prml for non-subchannelization mode. For
subchannelization mode, 25620versamplingOption (1+NMaxMidamble) tokens are produced

at pin Prml.
where
NumberOf55
Npws = Y 256 pOversamplingOptien (| 4 Midamble[i])
Nprml is i=1 Midamble[i] is the

number of midambles the ith SS's contains according to parameter MidambleRepetition. If
MidambleRepetition[1] is not zero

Midamble[i] = round((Ng,, p[1] ]x"fmddmwc‘qcxr':r':m[':]+l'| clse
NMaxMidamble is the maximum number of midambles among all SSs.

For non-subchannelization mode, NBurst tokens are produced at pin UL_Bursts. For
subchannelization mode, 25620versamplingOption NMaxDataSym tokens are produced at
pin UL_Bursts.

NumberOf55

N _ Z 756 % E;:Jl'r:.":r.m':;..'.l'.:r:gl‘f-‘;.-u‘.:.:,u': w

rﬂu rsr ‘IV.S vmbol [{]

where NBurst is defined as: =1

The number of OFDM data symbols of ith uplink SS( Nsympat 1] ) is calculated as follows:

Ngympeili] = ceilil{DataLength[i] + 11)/(uncodedBlockSize[R[i]]) %X 16/N 4 0nners 1)

Here Nsubchannels[i] is the number of subchannels of the ith SS. For non-subchannelization
mode, Nsubchannels[i] is equal to 16; For subchannelization mode, Nsubchannels[i] is
determined by Subchannellndex[i], shown in Number of Subchannels.

Number of Subchannels

SubchannellIndex Nsubchannels
1,3,5,7,9,11,13,15,17,19,21,23, 1
2,6,10,14,18,22,26,30 2
4,12,20,28 4
8,24 8

NMaxDataSym is the maximum number of data symbols among all SSs.
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« SamplesOFDM?2 tokens are produced at pin InitialRanging.
» SamplesOFDM2 tokens are produced at pin BW_Requests.
» Ntotal tokens are consumed at pin UL_Subframe.
Ntotal is the number of samples in one Uplink frame, containing idle interval, contention slot
for Initial Ranging, contention slot for BW Requests, preambles, data symbols and
midambles, defined as following.
For non-subchannelization mode
Noumber@d#55 Nember0755
N oot = Sumples, y +| 5+ Z .-"r'sy_,”“l,[f]+ E Midumble[i]| # Saumples g oo

i=1 i=1
For subchannelization mode
Nigra = Samplesyy. +max(3+Ng, o a[i] + Midamble[i]) x Samplesgrpy

where, SamplesOFDM is the number of samples within one OFDM symbol, defined as:

Quersum@ling Qprion -
Sﬁm.l'-’-!lf-sorp_.w = 2 ver I'JJ‘?".U"'J"S’ PTGJ"XESI:J X|._J.+G|

The samples of IdleInterval ( ~“"P /¢

Samples,y, = ldlelnterval X F,

3. The buffer length for input pin UL_Subframe is 2 Ntotal, and Ntotal tokens are consumed at each
firing.
1. Non-subchannelization mode
The first point of the ith received uplink SS is determined according to the ith input value at pin
Index. Then the frequency offset will be removed after the first point of the ith burst is

determined. Assume x0, x 1, ..., xN-1 are the samples from the first point of the ith burst (SS),
and y0, y1, ..., yN-1 are the samples after removing the phase caused by the frequency offset,
where N is the number of the received ith SS's samples including the preamble, data symbols and
midambles.

Then the equation of frequency offset removal is

) is calculated as follows:

~2MAFAT,,,
¥ = A Xe

where &% s frequency offset of the ith received SS which is the input at pin DeltaF,

1
TSJ‘CP' - Quersumpling Option
Fox?2

is the sample time interval in WMAN system.

The sampling frequency (Fs) implemented in the design is decided by Bandwidth and related
sampling factor.

For each SS, the removal of frequency offset should be performed. Then the cyclic prefix is
removed. The output data are extracted from the OFDM symbol ahead with half the CP length,
0.5256CyclicPrefix20versamplingOption for better robust performance against timing
synchronization error. The cyclic prefix removal process is shown in Cyclic Prefix Removal.

Cyelic
Prgfix

Chatpoxt
> 2 >

Cyclic Prefix Removal

After the removal of cyclic prefix, the data symbols are output at pin UL_Bursts; The preambles
and midambles are extracted and output at pin Prml. Also the data in contention slot for Initial
Ranging and contention slot for BW Requests are extracted and output at InitialRanging and
BW_Requests respectively.
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2. Subchannelization mode
Since all the SSs share one time slot (burst), only one value at pin Index is consumed each firing.

The first point of the burst is determined according to the value at pin Index. Then the cyclic
prefix is removed which is the same as that in non-subchannelization mode. Note that no
frequency offset compensation is done in subchannelization mode.

This model causes one frame delay.

References

1. IEEE Std 802.16-2004, Part 16: Air Interface for Fixed Broadband Wireless Access Systems,

Section 8.3 WirelessMAN-OFDM PHY, October 1, 2004.
2. IEEE P802.16-2004/Cor1/D3, Corrigendum to IEEE Standard for Local and Metropolitan Area
Networks - Part 16: Air Interface for Fixed Broadband Wireless Access Systems, May 2005.
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WMAN_UL_DemuxFrame_FD (WMAN Uplink Demultiplexer

Frame FD)

WA
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WMAN_UL_DemuxFrame_FD

Description Uplink frame demultiplexer with broadcast message and frame duration

Library WMAN, Receiver
Class SDFWMAN_UL_DemuxFrame_FD
Derived From WMAN_UL_Base

Parameters

Name Description Default Unit Type

NumberOfSS Number of subscribers 1 int

DatalLength MAC PDU payload byte length of each subscriber {100} int
array

Rate_ID Rate ID of each subscriber {1} int
array

Subchannelization |Subchannelization or not: NO, YES NO enum

Subchannellndex List of each subchannel index {8} int
array

MidambleRepetition |Midamble repetition of each subscriber {0} int
array

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

Ratio 16, Ratio 32

Bandwidth Bandwidth 1.75MHz |Hz |real

CyclicPrefix Cyclic prefix 0.25 real

PrmITimeShift Preamble time shift of each subscriber {0} int
array

Idlelnterval Idle Interval 10 psec sec |real

FrameMode Frame mode: FDD, TDD FDD enum

DL_Ratio Downlink ratio 0.5 real

FrameDuration Frame duration: Continuous, time 2.5 ms, time 4 ms, time 5 ms, |Continuous enum

time 8 ms, time 10 ms, time 12.5 ms, time 20 ms

Pin Inputs

Pin Name Description Signal Type

1 |UL_Subframe received frame signals complex

2 |Index synchronization index of each burst|int

3 |DeltaF carrier frequency offset real

Pin Outputs
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Range
[1, 16]
[1, 16383]

(0, 6]

[1, 15] or
[17, 31]

(0, 3]

(0, 1e9]
[0, 1]
[0, 255]

[0, 1000]

[0.01, 0.99]



Advanced Design System 2011.01 - Fixed WiMax Design Library

Pin Name Description Signal Type
4  |Prml output of preamble and midamble complex
5 |UL_Bursts output of uplink data symbol complex
6 |InitialRanging joutput of Initial ranging contention slot complex
7 | BW_Requests |output of BW requests contention slot complex
8 |all_bursts output all the preamble and data sequences complex

Notes/Equations

1. This model is used to de-multiplex the uplink subframe into contention slot for Initial Ranging,

contention slot for BW Requests, short preambles, data OFDM symbols and midambles. The idle
interval and cyclic prefix of each OFDM symbol are also removed, and the carrier frequency offset
is compensated according to the value achieved at pin DeltaF.

2. Each firing,
« For non-subchannelization mode, NumberOfSS tokens are consumed at pin Index, while one

tokens are consumed for subchannelization mode.

For non-subchannelization mode, NumberOfSS tokens are consumed at pin DeltaF. For
subchannelization mode, the pin DeltaF is useless.

Nprml tokens are produced at pin Prml for non-subchannelization mode. For
subchannelization mode, 256 x20versamplingOption x(1+NMaxMidamble) tokens are
produced at pin Prml.

where

Nprml is

Neumber Of55
g qﬂl'cr':umpf.:r:gﬂpr.:o!: . . _
Z 256 % 2 % (1 + Midamble[i])
i=1

Midamble[i] is the nhumber of midambles the ith SS's contains according to parameter
MidambleRepetition.

1 —
‘h"'p."m.f -

; : . v~y Midamble R ition[i]+1
M{dumb!f[z] — -"Gi!?’!dllllf\f'_g..mbd[f]]x’? umbleRepetition[i] + :I

MidambleRepetition[i]
If is not zero
else

Midamble[i] = 0

NMaxMidamble is the maximum number of midambles among all SSs.
For non-subchannelization mode, NBurst tokens are produced at pin UL_Bursts. For
subchannelization mode, 256 x20versamplingOption x NMa&AaTtaZyu tokens are produced
at pin UL_Bursts.
where NBurst is defined as:

Neamber Of55

N _ Z 756 Eol'cr':ump.f.'ngﬂpr.'on w N

r.!':?.u rst ! .5",'mba.f[‘r.:|

i=1

N ol
The number of OFDM data symbols of ith uplink SS( syméel ) is calculated as follows:

N5 mpotli] = ceilliDataLength[i] + 11)/ (uncodedBlockSize[R[i]]) x 16/ N

, )
subchunncls’

Here Nsubchannels is the number of subchannels. For non-subchannelization mode,
Nsubchannels is equal to 16; For subchannelization mode, Nsubchannels is determined by
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Subchannellndex, shown in Number of Subchannels.

Number of Subchannels

Nsubchannels SubchannelIndex

1 1,3,5,7,9,11,13,15,17,19,21,23,25,27,29,31
2 2,6,10,14,18,22,26,30

4 4,12,20,28

8 8,24

NMa&AaTaZyy is the maximum number of data symbols among all SSs.
SamplesOFDMx 2 tokens are produced at pin InitialRanging.
SamplesOFDMx2 tokens are produced at pin BW_Requests.

Nallbursts tokens are output at pin all_bursts.

The Nallbursts is defined as follows:

For non-subchannelization mode

{ Numbe rQf558 Numbe rOf55 b
. _ . . . .
Nopburere = | 1+ Z N mber 11+ Z Midamble[i]| xSamples ppy
i=1 i=1 /

For subchannelization mode
N ibarsts = maxi(] +N5-,-mbai[f] + Midamble[i]) = Sumpe'fsorﬂﬂ

where, SamplesOFDM is the number of one OFDM symbol data, defined as

OversumplingO prion o .
Sumpe'csor&w = QUrersImpIREELIEn L aSE X (1 + G)

Ntotal tokens are consumed at pin UL_Subframe.

Ntotal is the number of samples in one Uplink frame, containing idle interval, contention slot
for Initial Ranging, contention slot for BW Requests, preambles, data symbols and
midambles, defined as following.

For non-subchannelization mode when FrameDuration=Continuous

( NumberQf5s NumberQf5s |
N

T
tetod

= Samples;,; +{5+ Z N mporl11 T Z Midamble[i]| x Samples ;ppuy

i=1 i=1 4

For subchannelization mode
N g = Samples;y +max(5+N; o, [i]+ Midamble[i]) x Samples 5ppy,

when FrameDuration=Continuous
When FrameDuration<>Continuous, the total number of samples per one frame is

. Quersumplin g0 ption
T _ — . n ol
N = Sumpe'csmrr__+} rameDuration X F_x2

where, SamplesOFDM is the number of one OFDM symbol data, defined as

Quersumpling prion - y .
— 1 o)
Samplesgppy = 2 x 256 x(1+G)

Samples, .,

The samples of Idlelnterval( ) is calculated as follows:

Quersampling Qprion
Samples, y, = ldlelnterval x F_x 27 <= mPnsEpien
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3. The buffer length for input pin UL_Subframe is 2x Ntotal, and Ntotal tokens are consumed at
each firing. The first point of the received uplink burst of each SS is determined according to the
input value at pin Index. The cyclic prefix and frequency offset will be removed after the true
burst is determined. The output data extracted from the OFDM symbol begin ahead with half the
CP length, 0.5x256xXywxhxMpe@pi§x20versamplingOption, for better robust performance against
timing synchronization error. The cyclic prefix removal process is shown in Cyclic Prefix Removal.

Cyelic
Prafix

Ohatpaxt
P - >

Cyclic Prefix Removal

Note that the frequency offset will be removed only for subchannelization mode.

Assume x0, x 1, ..., xN-1 are the received signals from the first point of the ith burst (SS), and
vy0, v1, ..., yN-1 are the signals after removing the phase caused by the frequency offset, where
N is the number of the received SS's signals, including the preamble, data symbols and
midambles.

Then the equation of frequency offset removal is

—2MAFAT,,
}?i = 'J;i. e

where
A s frequency offset of the ith received SS which is the input at pin DeltaF,
1

T =
Step F: » EOI'C:":HM,UHJ’:SOHHG‘H

is the sample time interval in WMAN system.

The sampling frequency (Fs) implemented in the design is decided by Bandwidth and related
sampling factor.

This model causes one frame delay.

References
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Networks - Part 16: Air Interface for Fixed Broadband Wireless Access Systems, Sept. 2005.
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WMAN_UL_FrameSync (WMAN Uplink Subframe
Synchronizer)

VAN 3
gt o4

WMAN_UL_FrameSync

Description Uplink frame synchronization
Library WMAN, Receiver

Class SDFWMAN_UL_FrameSync
Derived From WMAN_UL_Base

Parameters

Name Description Default Unit Type |Range

NumberOfSS Number of subscribers 1 int [1, 16]

DatalLength MAC PDU payload byte length of each subscriber {100} int [1, 16383]
array

Rate_ID Rate ID of each subscriber {1} int [0, 6]
array

Subchannelization |Subchannelization or not: NO, YES NO enum

Subchannellndex List of each subchannel index {8} int [1, 15] or
array |[[17, 31]

MidambleRepetition |Midamble repetition of each subscriber {0} int [0, 3]
array

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

Ratio 16, Ratio 32

Bandwidth Bandwidth 1.75 MHz |Hz |real (0, 1e9]

CyclicPrefix Cyclic prefix 0.25 real [0, 1]

PrmITimeShift Preamble time shift of each subscribe {0} int [0, 255]
array

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

FrameMode Frame mode: FDD, TDD FDD enum

DL_Ratio Downlink ratio 0.5 real [0.01, 0.99]

FrameDuration Frame duration: Continuous, time 2.5 ms, time 4 ms, time 5 ms, Continuous enum

time 8 ms, time 10 ms, time 12.5 ms, time 20 ms
Pin Inputs

Pin [IName Description |Signal Type
1 |input |uplink frame complex
Pin Outputs

Pin Name Description Signal Type
2 lindex |synchronization burst start position |int
3 |corr |correlation result real

Notes/Equations
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This model is used to achieve uplink subframe synchronization.

Samplesp, me Samplesp, me

Each firing, tokens are consumed at Pin input, where is the number
of total samples per uplink subframe; NumberOfBurst

tokens are produced at Pin index which indicate the value of synchronization indices (Note when
Subchannelization=YES, NumberOfBurst s 1. when Subchannelization=NO,

NumberOfBurst = NumberOf55 ); Samplesp me
correlation values.

The non-subchannelization and subchannelization modes are supported in WMAN OFDM uplink.

For non-subchannelization mode, WMAN OFDM uplink subframe structure is shown in Uplink
Subframe Format for Non-subchannelization Mode.

tokens are produced at Pin corr which indicate the

L Subframe
i -
Idle Content ion slot Cortt ention =lot UL PHY PLOU UL FHY FDIT
Irterval | for Initial Ranging for BW Eequests from 55#1 from 55#k
DATA . DATA
Preamble Syrmbol s [ Midamble | = Syrmbol

Uplink Subframe Format for Non-subchannelization Mode

One WMAN uplink subframe consists of Idle, contention slot for Initial Ranging and contention slot

for BW, and multiple uplink bursts.

Contention slot for Initial Ranging and contention slot for BW Requests consist of two OFDM

symbols respectively.

Each uplink burst consists of one short preamble, data symbols and midambles.

The short preamble consists of one OFDM symbols.

The number of OFDM data symbols of ith uplink SS(!wman-7-16-354.gif!) is calculated as follows:
Nsympali] = ceili(DataLength[i] + 11}/ (uncodedBlockSize[R[i]]))

MidambleRepetition indicates each SS's midamble repetition interval in OFDM symbols. Let

Midamble[i]

represent the number of midamble symbols in ith uplink burst,
if MidambleRepetition[i]

is not zero,
; : . M idamble R irlor[i]+1
J-if{dumb!{:[{] — ‘,.aundulﬁ\‘r&lmm![{] V72 wmble Reperitiorn[i] + )

else, Midamble[i] = 0

So the total number of OFDM symbols Niota symbol
for the uplink frame is calculated as follows:

Numberdf55
‘NrfﬂfufS','mf:lG.f = 2 —+ 2 —+ z I‘-’Nr.s,rr‘ba.f[{] + l + ,‘-I{dfn‘m&!f[{] )
i=1
The number of samples per one OFDM symbol (lwman-7-16-362.gif!) is calculated as:
Samplesqppy = o OversumplingOption . 256 % (1 + G)
where G is the CyclicPrefix.
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Samples, y.
The samples of IdleInterval( ) is calculated as follows:

Oversampling Oprion
Samples,,, = Idlelnterval x F_x2 versumpling Oprion

Sump!fsrr'umc
When FrameDuration=Continuous, the total samples of one uplink subframe
is

_ ;
Samplesp, .. = Samples,y +N o ppe X Samplesgrp

Samplesg, ..
When FrameDuration<>Continuous, the total samples of one uplink subframe

IS

. Quersumpling Option
Samplesp,, . = Samples,y + FrameDuration x [, x 27 " mFmEERHas

For subchannelization mode, WMAN OFDM Uplink subframe structure is shown in Uplink Subframe

Format for Subchannelization Mode.

Subchannelization .
Preamble MAC FDU
Contention slot | Contention slu;.
Ldle for Initial for BW ULPHYPDU | Zere | Subchannel#1
Interval . from S8#1 Padding
Ranging Requests
UL PHY FDU
from SS#K Subchannel#k

Uplink Subframe Format for Subchannelization Mode

One WMAN uplink subframe consists of Idle, contention slot for Initial Ranging and contention slot
for BW, and one uplink burst which contains all SSs.
The number of OFDM data symbols of ith uplink SS(!'wman-7-16-371.gif!
) is calculated as follows:
Ngompatl 1] = ceil((DataLength[i] + 11)/(uncodedBlockSize[Ratel D[i]]) % 16/ N,

sbechunnels )

Here Nsubchannels is the number of subchannels. Nsubchannels is determined by
Subchannellndex, shown in Number of Subchannels.

Number of Subchannels

Nsubchannels SubchannelIndex

1 1,3,5,7,9,11,13,15,17,19,21,23,25,27,29,31
2 2,6,10,14,18,22,26,30

4 4,12,20,28

8 8,24

So the total number of OFDM symbols Niorai symbet
for the uplink frame is calculated as follows:
Moo sympor = 2+ 2+ max(Ng,, . [i]1+ 1+ Midamble[i])
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So the total samples of one uplink subframe Samplesprume

is

Samplespme = Samplesye + Nigrisymper X Samplesorpy
. Uplink subframe synchronization method varies according to Subchannelization parameter. The
scope of uplink synchronization is limited to round about the exact start of the preamble
assuming coarse synchronization is set up in downlink.
Case 1: Subchannelization=NO
When Subchannelization=NO, the entire 16 subchannels are used. The data preamble consists of
one OFDM symbol utilizing only even subcarriers. The time domain waveform consists of 2 times
128 samples preceded by a CP. The time domain structure is shown in PEVEN Time Domain
Structure.

P cyeny Time Domain Structure

The synchronization algorithm is based on autocorrelation of the repetitive fragments of the first
preamble symbol. Autocorrelation is calculated between two sequences. The sequences length are
L = pOversamplingOprien . 256 (14 G)— 128)
. ] ) N = 2l'f-‘l'c.":.:m':;..l.f.:J':_gIC-‘;.-IJ‘.:.:JJ': % 128
. The distance between the first sequence and the second sequence is
. So In the absence of noise autocorrelation get maximum when the first sequence is at the start
of the preamble. Autocrrelation is calculated as:

L-1
Correlation; = Z Sample,  , x(Sample)® vy

I=0

i= 0. Samplesp, pme—L—N

Case 2: Subchannelization=YES
When subchannelization transmission is employed, the data preamble consists of a 256 samples
sequence preceded by a CP. The frequency domain sequence for the 256 samples is defined by

Fsus . Preamble subcarriers that do not fall within the allocated subchannels shall be set to zero.
The sequence PSUB is defined as follows:

PSUB(-100:100) = {1+j, 1+j, -1-j, 1+j, -1+j, 1+4j, 1+j, 1+j, -1-j, -1-j, 1-j, -1-j, 1-j, 1+j, 1-j,
1+j,14j, -1-j, -1-j, 1+j, 1-j, 1+j, -1-j, 1+j, 1+j, 1+j, 1+4j, -1-j, 1+j, -1+, 1+j, 1+j, 1+j, -1-j, -1-
jl l_jl -1-jl -1_jl 1+jl 1_jl 1+jl 1+jl -1-jl -1_jl 1+jl 1-jl 1+jr -1-jl 1+jl 1+jl 1+jl 1+jl -1-jl 1+j/ -
1+jl 1+jl 1+jl 1+jl _1_.1! -1-jl 1_jl _1-jl 1_jl -1-jl '1+jr -1-jl _l'jr 1+j/ 1+jr '1_j/ -1+jl '1'jr 1+jl -
l_jl _l-jl 1+jl 1+jl _1_.1! 1+jl -1+jl 1+jl 1+jl 1+j/ _1'jr 'l_j/ l'jr '1_j/ l'jr '1_j/ _1+jl '1_jr _1-jl
1+jl 1+jl -l-jl -1+jl -1-jl 1+jl -1-jl -1-jl OI1+jI 1+jl -l-jl 1+jl -1+jl 1+jl 1+jl 1+jl -1-jl -1-jl 1-jl
-1-jl 1-jl 1+jl 1'j/ 1+jl 1+j/ -1-jl -1-jl 1+jl 1-jl 1+jl -1-jl 1+jl 1+jl -1-jl -1-jl 1+jl -1-jl 1-jl -1-jl
-1_.jl -1-jl 1+jl 1+jl _1+jl 1+jl 1-jl -1_jl _1+jl _1_j/ -1-jl 1+jr 1+jl _1'jr '1+j/ -1-jl 1+j/ -1-jl '1'jr
_1_.1! -1-jl 1+jl -1-jl 1_jl -1-jl -1-jl -1-jl 1+jl 1+jl -1+jl 1+jr _1+jl 1+jr 1-jl 1+jr 1+jl '1'jr -1-jl
1+jl 1-jl 1+jl _1-jl 1+jl 1+jl 1+jl 1+jl -1_jl 1+jl '1+jr 1+j/ 1+jr 1+j/ _1'jr 'l_j/ 1'jr 'l_j/ _l-jl -1-
j/ -1+jl '1'jr -1-jl 1+jl 1+jl -1_jl '1+j/ '1'j/ 1+jr '1'j/ '1'j}

The synchronization algorithm is based on correlation between received signal and local
preamble. Frequency offset of the users are assumed to be zero. Received signal is the sum in

time domain of all the users. Local preamble is the sum of all the users.

Samples, . and is
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output at Pin index.
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WMAN_UL_FreqSync (WMAN Uplink Frequency
Synchronizer)

<§: VWIS 2
S AF

WMAN_UL_FreqSync

Description Uplink frequency synchronizer
Library WMAN, Receiver

Class SDFWMAN_UL_FregSync

Derived From WMAN_UL_Base

Parameters

Name Description Default Unit Type

NumberOfSS Number of subscribers 1 int

DatalLength MAC PDU payload byte length of each subscriber {100} int
array

Rate_ID Rate ID of each subscriber {1} int
array

Subchannelization |Subchannelization or not: NO, YES NO enum

Subchannellndex List of each subchannel index {8} int
array

MidambleRepetition |Midamble repetition of each subscriber {0} int
array

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

Ratio 16, Ratio 32

Bandwidth Bandwidth 1.75 MHz |Hz |real

CyclicPrefix Cyclic prefix 0.25 real

IdleInterval Idle Interval 10 usec sec |real

FrameMode Frame mode: FDD, TDD FDD enum

DL_Ratio Downlink ratio 0.5 real

FrameDuration Frame duration: Continuous, time 2.5 ms, time 4 ms, time 5 ms, Continuous enum

time 8 ms, time 10 ms, time 12.5 ms, time 20 ms

Pin Inputs

Pin Name Description Signal Type

1 |input |uplink frame complex

2 lindex |synchronization burst start position |int
Pin Outputs

Pin Name Description Signal Type

3 |DeltaF [frequency real
offset

Notes/Equations

1. This model is used to do uplink frequency synchronization.
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Range
[1, 16]
[1, 16383]

(0, 6]

[1, 15] or
[17, 31]

(0, 3]

(0, 1e9]
[0, 1]
[0, 1000]

[0.01, 0.99]



2.

3.
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Samplesp, me Samplesp, me

tokens are consumed at Pin input, where is the total
NumberOfBurst  tokens are consumed at Pin index which indicate

NumberOfBurst  ¢okens are produced at Pin DeltaF which
NumberOfBurst o 1.

Each firing,
sample per uplink subframe;
the value of synchronization indices;
indicate the value of frequency offsets. Note when Subchannelization=YES,

when Subchannelization=NO, NumberOfBurst = NumberOfss

The non-subchannelization and subchannelization modes are supported in WMAN OFDM uplink.
For non-subchannelization mode, WMAN OFDM uplink subframe structure is shown in Uplink
Subframe Format for Non-subchannelization Mode.

L Subframe
-
Idle Content ion =lot Corttention =lot UL PHY PDU UL FHY FDU
Irterval | for Indtial Ranging for BW FRequests from S5#1 from S5#k
DATA . DATA
Preamble Syrmbol « | Midamhle | = Syrmbol

Uplink Subframe Format for Non-subchannelization Mode

One WMAN uplink subframe consists of Idle, contention slot for Initial Ranging and contention slot

for BW, and multiple uplink bursts.

Contention slot for Initial Ranging and contention slot for BW Requests consist of two OFDM

symbols respectively.

Each uplink burst consists of one short preamble, data symbols and midambles.

The short preamble consists of one OFDM symbols.

The number of OFDM data symbols of ith uplink SS(!wman-7-17-392.gif!) is calculated as follows:
Ngompotlt] = ceil({DataLength[i] + 11}/ (uncodedBlockSize[R[(]]))

MidambleRepetition indicates each SS's midamble repetition interval in OFDM symbols. Let

Midamble[i] represent the number of midamble symbols in ith uplink burst, if

s M iclam ble Repetition[i] + 1 !

MidambleRepetition[i] Midamble[i] = round((Ng, 5 [1]1)/2

Midamble[i] =0

is not zero,
else,
So the total number of OFDM symbols Necraisymeel  for the uplink frame is calculated as follows:
NumberOfss
2+2+ z (N5, mpeili] + 1+ Midamble[i])
i=1
The number of samples per one OFDM symbol (lwman-7-17-400.gif!) is calculated as:

Oversumpling Oprion -
Sump'!ICSOFD_-H = 2 ver UJ‘J",U-"J"S prarszt} Xkl"‘Gl

N

r.ro.ru.l'.ff ymbal =

where G is the CyclicPrefix.

Samples, .
Pi€le ) is calculated as follows:

Quersumpling Qprion

The samples of IdleInterval(

Samples,,, = Idlelnterval x F_x2

Samplesp, ...
When FrameDuration=Continuous, the total samples of one uplink subframe is

_ ;
Samplesp, .. = Samples,y +N o ppe X Samplesgrp
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Samplesg,
When FrameDuration<>Continuous, the total samples of one uplink subframe
Samplesp, me = Samples, .+ FrameDuration x F_ X nOversumpling Option

For subchannelization mode, WMAN OFDM Uplink subframe structure is shown in Uplink Subframe
Format for Subchannelization Mode.

Subchannelization .
Preamble MAC FDU
Contention slot | Contention slath-
Tdle for Initial for BW ULPHYFDU | Zero | Subchannel#1
Interval . from S5#1 Padding
Ranging Requests
UL PHY FDU
from SS#k Subchannel#k

Uplink Subframe Format for Subchannelization Mode

One WMAN uplink subframe consists of Idle, contention slot for Initial Ranging and contention slot

for BW, and one uplink burst which contains all SSs.

The number of OFDM data symbols of ith uplink SS(!'wman-7-17-409.qif!) is calculated as follows:
Ngympetl 1] = ceil((DataLength[i]+ 11)/(uncodedBlockSize[Ratel D[]]) % 167N,

subechunnelz )

Here Nsubchannels is the number of subchannels. Nsubchannels is determined by
Subchannellndex, shown in Number of Subchannels.

Number of Subchannels

Nsubchannels SubchannelIndex

1 1,3,5,7,9,11,13,15,17,19,21,23,25,27,29,31
2 2,6,10,14,18,22,26,30

4 4,12,20,28

8 8,24

Noppiso . .
So the total number of OFDM symbols “#«isymbel - for the uplink frame is calculated as follows:
‘ﬁ*rfﬂfd.fS'r'me.f = 2 =+ 2 =+ md.’;t;ﬁi‘rs,r,mbar[f:] + l + f‘-’ffdfn‘mbf‘f[{] :|
. 5 lesg. .
So the total samples of one uplink subframe AIPLES Frame g
Samplesp,me = Samplesye + Nigisympar X Samplesgrp

. Case 1: Subchannelization=NO

When the entire 16 subchannels are used, the data preamble consists of one OFDM symbol
utilizing only even subcarriers. The time domain waveform consists of 2 times 128 samples
preceded by a CP. The time domain structure is shown in PEVEN Time Domain Structure.

128
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P cyeny Time Domain Structure

The algorithm is based on autocorrelation of the repetitive fragments of the first preamble
symbol. Autocorrelation is calculated between two sequences.

Quersumpling Qprion , . , . .
. ! 3 _ 198 _2
The sequence length is = ® (236 % (1 +G) - 128 -20)
The distance between the two sequences is

N = 20|'c.":ump.f.’ngﬂprfan % 178
start = index+ 10 x Eallcrmmmmgomm

F. = (floor((Ng,,,., * Bandwidth)/8000) x8000)
fL—1 3

Af = —arg z Sampllf:mrrhf W (Sample)® e wet| X F:x"ifi't ® 128)
i=0 ’

5. Case 2: Subchannelization=YES
The frequency offsets are assumed to be zero.
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1. IEEE Std 802.16-2004, Part 16: Air Interface for Fixed Broadband Wireless Access Systems,
Section 8.3 WirelessMAN-OFDM PHY, October 1, 2004.

2. IEEE P802.16-2004/Cor1/D3, Corrigendum to IEEE Standard for Local and Metropolitan Area
Networks - Part 16: Air Interface for Fixed Broadband Wireless Access Systems, May 2005.
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WMAN_UL_PhaseTracker (WMAN Uplink Phase Tracker)

- WA

@*I—b AVE
' tmckm

Lplink
WMAN_UL_PhaseTracker

Ty

Description Uplink phase tracker
Library WMAN, Receiver

Class SDFWMAN_UL_PhaseTracker
Derived From WMAN_UL_Base

Parameters

Name Description Default Type Range

NumberOfSS Number of subscribers 1 int [1, 16]

Datalength MAC PDU payload byte length of each {100} |int [1, 16383]

subscriber array

Rate_ID Rate ID of each subscriber {1} int [0, 6]
array

Subchannelization |Subchannelization or not: NO, YES NO enum

Subchannellndex |List of each subchannel index {8} int [1, 15] or [17, 31]
array

MidambleRepetition Midamble repetition of each subscriber 0 int [0, 3]
array

PilotPN_Phase the Pilot PN phase 0 int [0, 2047]

Pin Inputs

Pin Name Description Signal Type

1 |Data input of data symbol complex

2 |CIR_Raw |estimated channel impulse response complex

input

Pin Outputs

Pin Name Description Signal Type

3 |CIR_Track |channel impulse response after phase track complex

4 |Theta phase difference between current CIR and estimated CIR |real

Notes/Equations

1. This model is used to track the phase in pilot subcarriers caused by the doppler shift in uplink
demodulation systems, and update the estimated CIR (Channel impulse response) using the
phase offset detected in the phase tracking algorithm.

2. Each firing,

o 200xNTotalDataSym tokens are consumed at pin Data.
where
NTotalDataSym is the number of total OFDM data symbols.
For non-subchannelization mode, NTotalDataSym is the sum of each SS's data symbols.

192



Advanced Design System 2011.01 - Fixed WiMax Design Library
NumberOfss

‘h"rTaruIDuruS ym z ‘IV.S' ','mba.f[j]
i=1
Where, the number of OFDM data symbols of ith uplink SS(!wman-7-18-423.gif!) is
calculated as follows:

N mpaili]l = ceili{DataLength[i] + 11)/(uncodedBlockSize[R[i]]) % 16/N_,, 4o [1])

Here Nsubchannels[i] is the number of subchannels of the ith SS. For non-subchannelization
mode, Nsubchannels[i] is equal to 16; For subchannelization mode, Nsubchannels[i] is
determined by Subchannellndex[i], shown in Number of Subchannels.

Number of Subchannels

SubchannelIndex Nsubchannels
1,3,5,7,9,11,13,15,17,19,21,23, |1
2,6,10,14,18,22,26,30 2
4,12,20,28 4
8,24 8

For subchannelization mode, NTotalDataSym is the maximum number of data symbols
among all SSs.
’h"rToru.fDuru.S",'m = muxl;‘”.ﬁ",‘mbof [{] )
e 200xNTotalDataSym tokens are consumed at pin CIR_Raw.
o 200xNTotalDataSym tokens are produced at pin CIR_Track.
+ NTotalDataSym tokens are produced at pin Theta.

3. For non-subchannelization mode, all the eight pilot subcarriers at frequency offset indices of {-88,
-63, -38, -13, 13, 38, 63, 88} are used to obtain the current estimated CIR of these subcarriers.
Then the maximum likelihood algorithm is used to detect the phase offset ®
between the CIRs at pin CIR_Raw which are obtained by the preamble or midambles, and the
current estimated CIRs. The equation is:

8 i
Z Hi conj( H';)

k=1

8 = arg
z

i
A

v!here,

Hi

is the current estimated CIR.

H';

is the previous estimated CIR obtained by the preamble or midambles

For subchannelization mode, only the pilot subcarriers assigned to the SS are used to detect the
phase offset, assuming each SS has the different phase offset.

Finally the estimated CIRs from pin CIR_Raw are updated by the phase offset . For
subchannelization mode, each SS's phase offset ? is only used to update CIR_Raw data belong to
the same SS.

In non-subchannelization mode, set HO, H1, ... , H199 and , ey are the input
CIR_Raw and updated CIRs, respectively. Then

'H‘.: = HI;XE"EB

The updated CIRs are output at pin CIR_Track. The phase offset is output at pin Theta for non-
subchannelization mode, and for subchannelization mode, the phase offset of the SS with FEC-
encoded is output at pin Theta.
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References

1. IEEE Std 802.16-2004, Part 16: Air Interface for Fixed Broadband Wireless Access Systems,
Section 8.3 WirelessMAN-OFDM PHY, October 1, 2004.

2. IEEE P802.16-2004/Cor1/D3, Corrigendum to IEEE Standard for Local and Metropolitan Area
Networks - Part 16: Air Interface for Fixed Broadband Wireless Access Systems, May 2005.

194



Advanced Design System 2011.01 - Fixed WiMax Design Library

WMAN_UL_Receiver (WMAN Uplink Receiver)

WA AN
OF Db

@I—b Baseband

UL Receiver

202.16-2004

i&*@ <9’-& @’m

WMAN_UL_Receiver

Description Uplink baseband receiver
Library WMAN, Receiver
Class SDFWMAN_UL_Receiver

Parameters

Name
NumberOfSS
SSWithFEC
DatalLength

Rate_ID

Subchannelization
Subchannellndex

MidambleRepetition
PrmITimeShift

UIUC

FrameNumber

BSID
OversamplingOption

Bandwidth

CyclicPrefix
IdleInterval

Description

Number of subscribers

The number of subscriber with FEC

MAC PDU payload byte length of each subscriber

Rate ID of each subscriber

Subchannelization or not: NO, YES
List of each subchannel index

Midamble repetition of each subscriber
Preamble time shift of each subscriber

UIUC of each subscriber
Frame Number
BS ID

Oversampling ratio option: Ratio 1, Ratio 2, Ratio 4, Ratio 8,

Ratio 16, Ratio 32
Bandwidth

Cyclic prefix
Idle Interval

PilotPN_Phase Pilot phase

DecoderType demapping type: Hard, Soft, CSI
Pin Inputs

Pin [Name Description Signal Type

1 |FrameData |input of baseband signal |complex

Pin Outputs

195

Default Unit Type

1
1
{100}

{1}

NO
{8}

{0}

{03}

{1}

0

0

Ratio 1

1.75 Hz
MHz

0.25

10 usec |sec
0

CsI

int
int
int
array
int
array
enum
int
array
int
array
int
array
int
int
int
enum

real

real
real
int
enum

Range
[1, 16]
[1, 16]
[1, 4095]

[0, 6]

[1, 15] or [17,
31]

[0, 3]

[0, 255]

[0, 15]
[0, 15]
[0, 15]

(0, 1e9]

[0, 1]
[0, 1000]
[0, 4095]
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Pin Name |Description Signal Type
2 |CIR output of channel estimation of all bursts complex
3 |ForEVM |output of Modulated data of all bursts for complex
EVM
PDUFCS |output of MAC PDU data of burst with FEC int
5 |PSDU |output of PSDU bits int

Notes/Equations

1. This subnetwork implements the uplink baseband receiver algorithm for WMAN OFDM according
to the specification.
2. The schematic WMAN_UL_Receiver is shown in WMAN_UL_Receiver Schematic.
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WMAN_UL_Receiver Schematic

3. In WMAN uplink, non-subchannelization and subchannelization modes are supported.
The following description of receiver functions assumes that the non-subchannelization mode is
employed. Starts of uplink subframe bursts are detected in WMAN_UL_FrameSync.
WMAN_FrameSync calculates the correlation between the first half part and the second half part
of the received short preambles, and selects the index with the maximum correlation value as the
start of each SS's burst. The start of each burst is send to WMAN_UL_DemuxFrame.
Frequency offsets are estimated in WMAN_UL_FreqSync. WMAN_UL_FregSync calculates the
frequency offset using the short preamble and sends the frequency offset to
WMAN_UL_DemuxFrame.
According to the starts of uplink subframe bursts, the uplink subframe is de-multiplex into several
parts in WMAN_UL_DemuxFrame, including contention slots for Initial Ranging and BW Requests,
the short preamble, midambles and data symbols. The phase effect caused by the frequency
offset is compensated, and the idle interval and the cyclic prefix of each OFDM symbol are also
removed in WMAN_UL_DemuxFrame.
The data symbols, short preamble and midambles are passed into frequency domain through FFT
transformation. The short preamble and midambles used for channel estimation, where channel
estimation is done in WMAN_UL_ChEstimation.

196



Advanced Design System 2011.01 - Fixed WiMax Design Library
WMAN_UL_ChEstimation uses the preambles and midambles to get the channel impulse response
(CIR) coefficients. First the CIRs in the even subcarriers are calculated by a simple divider, then
the CIRs in the odd subcarriers are interpolated by a FIR filter. Finally WMAN_UL_ChEstimation
duplicates the estimated CIRs the number of data symbols. The channel estimation result is
output at pin CIR.

WMAN_UL_PhaseTracker is used to track the phase caused by doppler frequency shift by
comparing the previous CIRs and the CIRs in pilot subcarriers of the current data symbols. Then
the estimated CIR is updated according to the phase offset detected.
After the estimated CIRs going through WMAN_UL_PhaseTracker, they are used for channel
equalization which is implemented by a simple divider. The equalized data are output at pin
ForEVM for EVM measurements.
Then the pilot subcarriers are removed from the equalized signals in WMAN_DemuxOFDMSym,
and the burst with FEC-encoded is separated from the bursts chain in WMAN_DemuxBurst which
is send to WMAN_Demapper. In WMAN_Demapper, Three demapper types (CSI, Soft and Hard)
are supported.
After FEC decoding, de-interleaving, de-scrambling, the MAC PDU data are obtained, which are
divided into MAC header, MAC PDU payloads and CRC. The MAC PDU and its payloads are output
at pin PDUFCS and PSDU respectively.
In subchannelization mode, because all SSs share one burst using different subchannels, only one
start of uplink subframe burst will be detected in WMAN_UL_FrameSync. And
WMAN_UL_FreqSync will do nothing, resulting in no frequency offset compensation is needed in
WMAN_DemuxFrame. In WMAN_UL_ChEstimation, no interpolation is needed because the CIRs in
all data subcarriers are available for each subchannel. The process after WMAN_UL_DemuxBurst
is the same as that in non-subchannelization mode.

4. Parameter Details

« NumberOfSS specifies the number of active subscribers (SS).

» SSWithFEC specifies the SS which goes through FEC encoding and decoding.

« Datalength is the array of each SS's MAC PDU payload byte length.Rate_ID is the array of
each SS's Rate ID, whose range is from 0 to 6. DataLength and Rate_ID determine the
number of data symbols per SS. Data-rate-dependent parameters (modulation, coding rate,
coded bytes/uncoded bytes per OFDM symbol) will be set according to Mandatory Channel
Coding per Modulation, which is based on the specification.

Mandatory Channel Coding per Modulation

Rate_ID |Modulation [lUncoded block Coded block Overall coding RS code CC code
size(bytes) size(bytes) rate rate

0 BPSK 12 24 1/2 (12,12,0) 1/2

1 QPSK 24 48 1/2 (32,24,4) [2/3

2 QPSK 36 48 3/4 (40,36,2) |5/6

3 16-QAM 48 96 1/2 (64,48,8) 2/3

4 16-QAM 72 96 3/4 (80,72,4) 5/6

5 64-QAM 96 144 2/3 (108,96,6) |3/4

6 64-QAM 108 144 3/4 (120,108,6) |5/6

» Subchannelization is the boolean value to indicate whether subchannelization is employed or
not.

« Subchannellndex is the array of each SS's subchannel index allocated. This parameter is
valid only when Subchannelization is set to YES. Note that the values in Subchannellndex
should be in ascending order.

« MidambleRepetition is the array of each SS's midamble repetition interval in OFDM symbols.
When the last section of symbol after the last midamble is higher than half the midamble
repetition interval, a postamble shall be added at the end of the allocation. Midamble
Repetition Interval shows the meaning each MidambleRepetition value corresponds to.

Midamble Repetition Interval
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Value [Meaning

0b00 |Preamble only

0b01 |Midamble after every 8 data symbols
0Ob10 |Midamble after every 16 data symbols
Obl1 |Midamble after every 32 data symbols

« UIUC, FrameNumber, BSID are used to generate the scrambler UL initialization vector.

« PilotPN_Phase specifies the start phase of pilots (PRBS). The specification requires
PilotPN_Phase = 0.

« OversamplingOption specifies the oversampling ratio of the transmission signal.
OversamplingOption is Ratio 1, Ratio 2, ..., Ratio 32, which indicates the oversampling ratio
of transmission signal is 1, 2, ..., 32.

« Bandwidth is the nominal channel bandwidth. The sampling frequency implemented in the
design is decided by Bandwidth, OversamplingOption and related sampling factor as follows,

F. = floor{(nx Bandwidth)/8000) > 8000

The sampling factors are listed inSampling Factor Requirement.

Sampling Factor Requirement

sampling factor n bandwidth

8/7 For channel bandwidths that are a multiple of 1.75 MHz
86/75 else for channel bandwidths that are a multiple of 1.5 MHz
144/125 else for channel bandwidths that are a multiple of 1.25 MHz
316/275 else for channel bandwidths that are a multiple of 2.75 MHz
57/50 else for channel bandwidths that are a multiple of 2.0 MHz
8/7 else for channel bandwidths not otherwise specified

» CyclicPrefix (G) specifies the ratio of guard time (cyclic prefix) to useful symbol period,
whose range is from 0 to 1.
« PrmITimeShift indicates the humber of samples of cyclic shift which are delayed in time in
the preamble and midamble symbols.
« IdleInterval specifies the time of idle interval between two consecutive subframes.
» DecoderType specifiers the Viterbi decoder type chosen from CSI, Soft and Hard.
5. Output Pin Delay Adjustment
Before introducing delays for each output pins, the number of OFDM symbols per frame is
deduced in this section.
The non-subchannelization and subchannelization modes are supported in WMAN OFDM uplink.
For non-subchannelization mode, WMAN OFDM uplink subframe structure is shown in Uplink
Subframe Format for Non-subchannelization Mode.

L Subframe
-~} |
Idle Content1on =lot Corttention =zlot UL PHY PDU UL FHY FDU
Irterval | for Indtial Ranging for BW Requests from S5#1 from S5#k
DAaTA . DATA
Preamble Syrmbol +« | Midamhle | = Syrmbol

Uplink Subframe Format for Non-subchannelization Mode
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One WMAN uplink subframe consists of Idle, contention slot for Initial Ranging and contention slot
for BW, and multiple uplink bursts.
Contention slot for Initial Ranging and contention slot for BW Requests consist of two OFDM
symbols respectively.
Each uplink burst consists of one short preamble, data symbols and midambles.
The short preamble consists of one OFDM symbols.
The number of OFDM data symbols of ith uplink SS (Iwman-7-19-440.gif!) is calculated as
follows.

Ngmpoil ] = ceill(DataLength[i] + 11}/ (uncodedBlockSize[R[i]]))
MidambleRepetition indicates each SS's midamble repetition interval in OFDM symbols. Let
Midamble[i]

represent the number of midamble symbols in ith uplink burst,
if MidambleRepetition[i]

is not zero

R Ii I:‘..l 2 I: I: 2 I:
Midamble[i] = round((Ng,, p.i[1])/ pMidumble Reperitionlil + 1,

else

Midamble[i] = 0

So the total number of OFDM symbols Necuasymbel  for the uplink frame is calculated as follows:
NumberOfss
2+2+ Z (Ngympei ] + 1+ Midamble[i])
i=1
The number of samples per one OFDM symbol (lwman-7-19-448.gif!) is calculated as:
Samplesgppy = 20 OmHIEOPIOR L 056 % (1 + G)

where, G is the CyclicPrefix.
The samples of IdleInterval( 'wman-7-19-450.gif!) is calculated as follows:
Samples, y. = Idlelnterval x F

N

T —
tatul Symbol —

Samplesp, .

So, the total samples of one uplink subframe is

Samplesp, .. = Samples, .+ N, isumbot XSamplesgrpy

For subchannelization mode, WMAN OFDM Uplink subframe structure is shown in Uplink Subframe
Format for Subchannelization Mode.

Subchannelization .
Preamble MAC FDU
Idl Contention slot | Contention sluth. UL PDU 7 .
¢ for Initial fox BW FHY ero | Subchannel#1
Interval . from S8#1 Padding
Ranging Requests
UL PHY PDU
from SS#k Subchannel#k

Uplink Subframe Format for Subchannelization Mode

One WMAN uplink subframe consists of Idle, contention slot for Initial Ranging and contention slot
for BW, and one uplink burst which contains all SSs.
The number of OFDM data symbols of ith uplink SS(!wman-7-19-455.gif!) is calculated as follows:
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N mpaili]l = ceiliiDataLength[i] + 11)/(uncodedBlockSize[R[i]]) x 16/N

subchunnels ['!] )

Here Nsubchannels[i] is the number of subchannels. Nsubchannels[i] is determined by
Subchannellndex]i], shown in Number of Subchannels.

Number of Subchannels

SubchannellIndex Nsubchannels
1,3,5,7,9,11,13,15,17,19,21,23, 1
2,6,10,14,18,22,26,30 2
4,12,20,28 4
8,24 8

So the total number of OFDM symbols Neeraisymbel
for the uplink frame is calculated as follows:
Noradsymbor = 2+ 2 +max(Ng, . o[i]+ 1+ Midamble[i])

Samplesp, .

So, the total samples of one uplink subframe is

Sf"lmplle‘gr.’umc = ‘S‘C"Impllfs.:u'.fc + ‘wroru.f.ﬁ",'mbo.f b Sumpl'fs@f-’ﬂ_-lf
In the receiver, one frame delay occurs.
(Numbe rQf55s \

200{ Y Nspmsali]

i=1 / delay is introduced at pin ForEVM and CIR for non-subchannelization
200 x max(Ng,ppoplil)

mode and delay for subchannelization mode.

8 x DataLength{BurstWithFEC]+80  phitq delay is introduced at pin PDUFCS, where 80 bits are the

MAC Header and CRC attached.

8x DataLength{BurstWithFEC]  pits delay is introduced at pin PSDU.

References

1.

2.

IEEE Std 802.16-2004, Part 16: Air Interface for Fixed Broadband Wireless Access Systems,
Section 8.3 WirelessMAN-OFDM PHY, October 1, 2004.

IEEE P802.16-2004/Cor1/D3, Corrigendum to IEEE Standard for Local and Metropolitan Area
Networks - Part 16: Air Interface for Fixed Broadband Wireless Access Systems, May 2005.
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WMAN_UL_Receiver_RF

Description Uplink RF receiver
Library WMAN, Receiver
Class TSDFWMAN_UL_Receiver_RF

Parameters

Name

RIn

RTemp
FCarrier
Sensitivity
Phase
GainImbalance
PhaseImbalance
NumberOfSS
SSWithFEC
DatalLength

Rate_ID

Subchannelization
Subchannellndex

MidambleRepetition

PrmITimeShift

UIUC
FrameNumber
BSID

OversamplingOption

Bandwidth
CyclicPrefix
IdleInterval
PilotPN_Phase
DecoderType
Pin Inputs

Description

input resistance

TEMPERATURE

Carrier frequency

voltage output sensitivity, Vout/Vin

Reference phase in degrees

Gain imbalance in dB Q channel relative to I channel
Phase imbalance in dB Q channel relative to I channel
Number of subscribers

The number of subscriber with FEC

MAC PDU payload byte length of each subscriber

Rate ID of each subscriber

Subchannelization or not: NO, YES
List of each subchannel index

Midamble repetition of each subscriber
Preamble time shift of each subscriber

UIUC of each subscriber
Frame Number
BS ID

Oversampling ratio option: Ratio 1, Ratio 2, Ratio 4, Ratio

8, Ratio 16, Ratio 32

Bandwidth

Cyclic prefix

Idle Interval

Pilot phase

demapping type: Hard, Soft, CSI
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Unit
Ohm

Default
50 Ohm

= 273.15 Celsius

3407 MHz Hz
1

0.0 deg
0.0

0.0

1

1

{100}

{13

NO
{8}

{03

{03

{1}

0

0

Ratio 1

1.75 MHz Hz
0.25

10 usec sec
0

CsI

Type
int
real
real
real
real
real
real
int
int

int
array

int
array

enum

int
array

int
array

int
array

int
int
int
enum

real
real
real
int
enum

Range
(0, )

[- 273.15, ]
(0, )
(00, @)
(00, @)
(-0, @)
(-00, @)
[1, 16]
[1, 16]
[1, 4095]

[0, 6]

[1, 15] or [17,
31]

[0, 3]

[0, 255]

[0, 15]
[0, 15]
[0, 15]

(0, 1e9]
[0, 1]

[0, 1000]
[0, 4095]
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Pin Name Description Signal Type
1 |RF_Signal |input of RF timed
signal
Pin Outputs
Pin Name |Description Signal Type
2 |CIR output of channel estimation of all bursts complex
3 |ForEVM |output of Modulated data of all bursts for complex
EVM
4  |PDUFCS |output of MAC PDU data of burst with FEC int
5 |PSDU |output of PSDU bits int

Notes/Equations

1. This subnetwork is used to demodulate and decode WMAN uplink RF signals. The schematic for
this subnetwork is shown in WMAN_UL Receiver RF Schematic.

L

FEDU

FDUFCS
DE M g———

< > ' CIAMD_.-__-.i D
RF_Signal FarEwhid

RF_Demodulatar UL BB _Receiver "

T1 T S

CIR

R7

WMAN_UL_Receiver_RF Schematic

2. The input timed signal is demodulated from RF to baseband by QAM_Demod and fed into the
WMAN OFDM baseband receiver. The WMAN OFDM baseband receiver schematic is shown in
WMAN_UL_Receiver Schematic.

202



Advanced Design System 2011.01 - Fixed WiMax Design Library

[ - [
Dln!m_l.ﬂt Dln!rrﬂ_p.ﬂ‘z Inkema =3 Wl FFT [~ ': ; = — _;
s B
] 5 FiE
vf FFT1 AT 1]
! Remove MULL subcarriers
UL_Freg=are
LAt
—H : —— 1 — e 4] L .
FramebaE — _r FFET e 2 " e b — _FLI_ mkhr' L
= UL_Framesyre = Ll Ll "\.'- R —DJ Leot
UL_bemurframe FFTZ . Gae UL_ChEsImaks UL FraseTmder
#3 Bi0
Fermove NULL subcarrners
—
—O CIR
e DngaLs s
POUFEE
= ™ e DEb_ e L0 F DU L PEmc B |
(]
= LR | pfo
S n g NI S 2y
F DEmapper FEC_Decoder DEscTAmbler g iz FEbl
&=
fpr

G| DEmL FOREWE U L_DEmLGELs |

WMAN_UL_Receiver Schematic

. Receiver functions are implemented as specified in the IEEE 802.16-2004 Standard. In WMAN
uplink, non-subchannelization and subchannelization modes are supported.

The following description of receiver functions assumes that the non-subchannelization mode is
employed. Starts of uplink subframe bursts are detected in WMAN_UL_FrameSync.
WMAN_FrameSync calculates the correlation between the first half part and the second half part
of the received short preambles, and selects the index with the maximum correlation value as the
start of each SS's burst. The start of each burst is send to WMAN_UL_DemuxFrame.

Frequency offsets are estimated in WMAN_UL_FreqSync. WMAN_UL_FregSync calculates the
frequency offset using the short preamble and sends the frequency offset to
WMAN_UL_DemuxFrame.

According to the starts of uplink subframe bursts, the uplink subframe is de-multiplex into several
parts in WMAN_UL_DemuxFrame, including contention slots for Initial Ranging and BW Requests,
the short preamble, midambles and data symbols. The phase effect caused by the frequency
offset is compensated, and the idle interval and the cyclic prefix of each OFDM symbol are also
removed in WMAN_UL_DemuxFrame.

The data symbols, short preamble and midambles are passed into frequency domain through FFT
transformation. The short preamble and midambles used for channel estimation, where channel
estimation is done in WMAN_UL_ChEstimation.

WMAN_UL_ChEstimation uses the preambles and midambles to get the channel impulse response
(CIR) coefficients. First the CIRs in the even subcarriers are calculated by a simple divider, then
the CIRs in the odd subcarriers are interpolated by a FIR filter. Finally WMAN_UL_ChEstimation
duplicates the estimated CIRs the number of data symbols. The channel estimation result is
output at pin CIR.

WMAN_UL_PhaseTracker is used to track the phase caused by doppler frequency shift by
comparing previous CIRs and the CIRs in pilot subcarriers of the current data symbols. Then the
estimated CIR is updated according to the phase offset detected.

After the estimated CIRs going through WMAN_UL_PhaseTracker, they are used for channel
equalization which is implemented by a simple divider. The equalized data are output at pin
ForEVM for EVM measurements.

Then the pilot subcarriers are removed from the equalized signals in WMAN_DemuxOFDMSym,
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and the burst with FEC-encoded is separated from the bursts chain in WMAN_DemuxBurst which
is send to WMAN_Demapper. In WMAN_Demapper, Three demapper types (CSI, Soft and Hard)
are supported.
After FEC decoding, de-interleaving, de-scrambling, the MAC PDU data are obtained, which are
divided into MAC header, MAC PDU payloads and CRC. The MAC PDU and its payloads are output
at pin PDUFCS and PSDU respectively.
In subchannelization mode, because all SSs share one burst using different subchannels, only one
start of uplink subframe burst will be detected in WMAN_UL_FrameSync. And
WMAN_UL_FregSync will do nothing, resulting in no frequency offset compensation is needed in
WMAN_DemuxFrame. In WMAN_UL_ChEstimation, no interpolation is needed because the CIRs in
all data subcarriers are available for each subchannel. The process after WMAN_UL_DemuxBurst
is the same as that in non-subchannelization mode.
4. Parameter Details
« RIn is the RF input 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 parameter is the RF signal frequency.
» Gainlmbalance and PhaseImbalance add certain impairments to the ideal output RF signal.
Impairments are added as described here.
The unimpaired RF I and Q envelope voltages have gain and phase imbalance applied. The

RF is given by:
(e oo o [ LN
\'3u‘_l = HL\'ik?.ICDSkmC?.I —g'rzuj smLmCr+ m;',-'

where V1(t) is the in-phase RF envelope, V2(t) is the quadrature phase RF envelope, g is the

gain imbalance:

Guindmbulunce

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

« NumberOfSS specifies the number of active subscribers (SS).

« SSWithFEC specifies the SS which goes through FEC encoding and decoding.

« DatalLength is the array of each SS's MAC PDU payload byte length.Rate_ID is the array of
each SS's Rate ID, whose range is from 0 to 6. DataLength and Rate_ID determine the
number of data symbols per SS. Data-rate-dependent parameters (modulation, coding rate,
coded bytes/uncoded bytes per OFDM symbol) will be set according to Mandatory Channel
Coding per Modulation, which is based on the specification.

Mandatory Channel Coding per Modulation

Rate_ID Modulation Uncoded block Coded block Overall coding RS code CC code
size(bytes) size(bytes) rate rate

0 BPSK 12 24 1/2 (12,12,0) |1/2

1 QPSK 24 48 1/2 (32,24,4) |2/3

2 QPSK 36 48 3/4 (40,36,2) |5/6

3 16-QAM 48 96 1/2 (64,48,8) |2/3

4 16-QAM 72 96 3/4 (80,72,4) |5/6

5 64-QAM 96 144 2/3 (108,96,6) [3/4

6 64-QAM 108 144 3/4 (120,108,6) |5/6

« Subchannelization is the boolean value to indicate whether subchannelization is employed or

not.

e Subchannellndex is the array of each SS's subchannel index allocated. This parameter is
valid only when Subchannelization is set to YES. Note that the values in SubchannelIndex
should be in ascending order.

+ MidambleRepetition is the array of each SS's midamble repetition interval in OFDM symbols.
When the last section of symbol after the last midamble is higher than half the midamble
repetition interval, a postamble shall be added at the end of the allocation. Midamble
Repetiton Interval shows the meaning each MidambleRepetition value corresponds to.
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Midamble Repetiton Interval

Value [Meaning

0b00 |Preamble only

0b01 |Midamble after every 8 data symbols
0b10 |Midamble after every 16 data symbols
Ob11 |Midamble after every 32 data symbols

o UIUC, FrameNumber, BSID are used to generate the scrambler UL initialization vector.

« PilotPN_Phase specifies the start phase of pilots (PRBS). The specification requires
PilotPN_Phase = 0.

« OversamplingOption specifies the oversampling ratio of the transmission signal.
OversamplingOption is Ratio 1, Ratio 2, ... , Ratio 32, which indicates the oversampling ratio
of transmission signal is 1, 2, ..., 32.

« Bandwidth is the nominal channel bandwidth. The sampling frequency implemented in the
design is decided by Bandwidth, OversamplingOption and related sampling factor as follows:

F. = floori{(nx Bandwidth)/8000) x 8000

The sampling factors are listed in Sampling Factor Requirements.

Sampling Factor Requirements

sampling factor n bandwidth

8/7 For channel bandwidths that are a multiple of 1.75 MHz
86/75 else for channel bandwidths that are a multiple of 1.5 MHz
144/125 else for channel bandwidths that are a multiple of 1.25 MHz
316/275 else for channel bandwidths that are a multiple of 2.75 MHz
57/50 else for channel bandwidths that are a multiple of 2.0 MHz
8/7 else for channel bandwidths not otherwise specified

» CyclicPrefix (G) specifies the ratio of guard time (cyclic prefix) to useful symbol period,
whose range is from 0 to 1.
« PrmITimeShift indicates the humber of samples of cyclic shift which are delayed in time in
the preamble and midamble symbols.
» IdleInterval specifies the time of idle interval between two consecutive subframes.
« DecoderType specifiers the Viterbi decoder type chosen from CSI, Soft and Hard.
5. Output Pin Delay Adjustment
Before introducing delays for each output pins, the number of OFDM symbols per frame is
deduced in this section.
The non-subchannelization and subchannelization modes are supported in WMAN OFDM uplink.
For non-subchannelization mode, WMAN OFDM uplink subframe structure is shown in Uplink
Subframe Format for Non-subchannelization Mode.

L Subframe
-
Idle Content 1on slot Contention =lot UL PHY PDU UL FHY FDU
Irterval | for Indtial Ranging for BW Requests from S55#1 from S5#k
DATA . DATA
Preamble Syrmbol « | Midamble | = Syrmbol

205



Advanced Design System 2011.01 - Fixed WiMax Design Library
Uplink Subframe Format for Non-subchannelization Mode

One WMAN uplink subframe consists of Idle, contention slot for Initial Ranging and contention slot
for BW, and multiple uplink bursts.
Contention slot for Initial Ranging and contention slot for BW Requests consist of two OFDM
symbols respectively.
Each uplink burst consists of one short preamble, data symbols and midambles.
The short preamble consists of one OFDM symbols.
The number of OFDM data symbols of ith uplink SS (!wman-7-20-473.gif!) is calculated as
follows:

Nsympeli] = ceill(DataLength[i] + 11}/ (uncodedBlockSize[R[i]]))
MidambleRepetition indicates each SS's midamble repetition interval in OFDM symbols. Let
Midamble[i] renresent the number of midamble symbols in ith uplink burst,

sy Midamble Repetition[i] + 1 )

if MidambleRepetition[i] s not zero Midamble[i] = round((Ng,ppa[i])/2

else
Midamble[i] = 0

So the total number of OFDM symbols Neewaisymoel  for the uplink frame is calculated as follows:
Numberdf55
2+2+ Z (Ngympoil 1] + 1+ Midamble[i])

i=1

N

T —_—
rorl Symbol

The number of samples per one OFDM symbol (!wman-7-20-481.gif!) is calculated as:
Samplesgppy = g OversamplingOprien . o560 (1 + G)
where, G is the CyclicPrefix.

The samples of IdleInterval( ~“"F !¢l

Samples,y,. = ldleinterval X F,

) is calculated as follows:

Samplesp, .

So, the total samples of one uplink subframe is

Samplespyme = Samplesyye + Nigrisympar X Samplesgrp

For subchannelization mode, WMAN OFDM Uplink subframe structure is shown in Uplink Subframe
Format for Subchannelization Mode.

Subchannelization .
Preamble MAC FDU
Contention slot | Contention slath.
Tdle for Initial for BW ULPHYPDU | Zero | Subchannel#1
Interval . from SS#1 Padding
Ranging Requests
UL FHY PDU
fram SR Subchannel#k

Uplink Subframe Format for Subchannelization Mode

One WMAN uplink subframe consists of Idle, contention slot for Initial Ranging and contention slot
for BW, and one uplink burst which contains all SSs.
The number of OFDM data symbols of ith uplink SS (wman-7-20-488.gif! ) is calculated as

206



Advanced Design System 2011.01 - Fixed WiMax Design Library
N, iel ]l = ceil((DataLength[i] + 11)/(uncodedBlockSize[R[{]]) % 164N ;i nneis [1])
follows:
Here Nsubchannels[i] is the number of subchannels. Nsubchannels[i] is determined by
Subchannellndex[i], shown in Number of Subchannels.

Number of Subchannels

Subchannellndex Nsubchannels
1,3,5,7,9,11,13,15,17,19,21,23, 1
2,6,10,14,18,22,26,30 2
4,12,20,28 4
8,24 8

So the total number of OFDM symbols Necuasymbel  for the uplink frame is calculated as follows:
‘W'raru.f.ﬁ",'mba.f = 2 =+ 2 +mu.1;l;f\-'_5.r.mbal,-[.!'] =+ J. +4"l’ffd(4‘mb|!lf[f] :|

. Samplesg, .

So, the total samples of one uplink subframe PICFrame g
Samplespme = Samplesyye + Nigrisympar X Samplesorp

In the receiver, one frame delay occurs.

(Numbe raf5s )

EUUX{ Y Nopoali]

i=1 A

delay is introduced at pin ForEVM and CIR for non-subchannelization

5 o -
mode and 00 X 74X (Nsymporli1) delay for subchannelization mode.
8 x DataLength[BurstWithFEC] + 80

MAC Header and CRC attached.

8 x DataLength[BurstWithFEC]  pits delay is introduced at pin PSDU.

References

1. IEEE Std 802.16-2004, Part 16: Air Interface for Fixed Broadband Wireless Access Systems,
Section 8.3 WirelessMAN-OFDM PHY, October 1, 2004.

2. IEEE P802.16-2004/Cor1/D3, Corrigendum to IEEE Standard for Local and Metropolitan Area
Networks - Part 16: Air Interface for Fixed Broadband Wireless Access Systems, May 2005.
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WMAN_UL_Rx_FD

Description Uplink baseband receiver with broadcast message and frame duration
Library WMAN, Receiver
Class SDFWMAN_UL_Rx_FD

Parameters

Name
OversamplingOption

Bandwidth
CyclicPrefix
FrameMode
DL_Ratio

FrameDuration
Idlelnterval
BSID

FrameNumber
NumberOfSS
SSWithFEC
Subchannelization
Subchannellndex

DatalLength
Rate_ID
MidambleRepetition
PrmITimeShift

PilotPN_Phase

Description

Oversampling ratio option: Ratio 1, Ratio 2, Ratio 4,

Ratio 8, Ratio 16, Ratio 32
Bandwidth

Cyclic prefix

Frame mode: FDD, TDD
Downlink ratio

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

20 ms
Idle Interval
BSID

Frame Number

Number of subscribers

The number of subscriber with FEC
Subchannelization or not: NO, YES
List of each subchannel index

MAC PDU payload byte length of each subscriber
Rate ID of each subscriber

Midamble repetition of each subscriber
Preamble time shift of each subscriber

Pilot phase

DecoderType demapping type: Hard, Soft, CSI
Pin Inputs
Pin [Name Description Signal Type

1 |FrameData |input of baseband signal complex
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Default Unit Type
Ratio 1 enum
1.75 MHz Hz real
0.25 real
FDD enum
0.5 real
time 5 ms enum
0.0 psec sec |real
{0X00, 0X00, 0X00, int
0X00, 0X00, 0X01} array
0 int
1 int
1 int
NO enum
{8%} int
array
{100} int
array
{1%} int
array
{0} int
array
{0%} int
array
0 int
CSI enum

Range

(0, 1e9]
[0, 1]

[0.01,
0.99]

[0, 1000]
[0, 255]

(0, 15]
(1, 16]
(1, 16]

[1, 15] or
[17, 31]
[1, 16383]
[0, 6]

[0, 3]

[0, 255]

[0, 4095]
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Pin Outputs

Pin Name |Description
2 |[CIR

output of channel estimation of all bursts

3 |ForEVM |output of Modulated data of all bursts for

EVM

PDUFCS |output of MAC PDU data of burst with FEC

5 |PSDU |output of PSDU bits

Notes/Equations

Signal Type
complex

complex

int
int

1. This subnetwork implements the uplink baseband receiver algorithm for WMAN OFDM according

to the specification.

The schematic WMAN_UL_Receiver is shown in WMAN UL _Rx FD Schematic.
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2. In WMAN uplink, non-subchannelization and subchannelization modes are supported.
The following description of receiver functions assumes that the non-subchannelization mode is
employed. Starts of uplink subframe bursts are detected in WMAN_UL_FrameSync.
WMAN_FrameSync calculates the correlation between the received signal and the short
preambles, and selects the index with the maximum correlation value as the start of each SS's
burst. The start of each burst is send to WMAN_UL_DemuxFrame_FD.
Frequency offsets are estimated in WMAN_UL_FreqSync. WMAN_UL_FreqSync calculates the
frequency offset using the short preamble and sends the frequency offset to
WMAN_UL_DemuxFrame_FD.
According to the starts of uplink subframe bursts, the uplink subframe is de-multiplex into several
parts in WMAN_UL_DemuxFrame_FD, including contention slots for Initial Ranging and BW
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Requests, the short preamble, midambles and data symbols. The phase effect caused by the
frequency offset is compensated, and the idle interval and the cyclic prefix of each OFDM symbol
are also removed in WMAN_UL_DemuxFrame_FD.
The data symbols, short preamble and midambles are passed into frequency domain through FFT
transformation. The short preamble and midambles used for channel estimation, where channel
estimation is done in WMAN_UL_ChEstimation.
WMAN_UL_ChEstimation uses the preambles and midambles to get the complex channel response
coefficients (CIR). First the CIRs in the even subcarriers are counted by a simple divider, then the
CIRs in the odd subcarriers are interpolated by a FIR filter. Finally WMAN_UL_ChEstimation
duplicates the estimated CIRs the number of data symbols. The channel estimation result is
output at pin CIR.
WMAN_UL_PhaseTracker is used to track the phase caused by doppler shift by comparing the
previous CIRs and the CIRs in pilot subcarriers of the current data symbols. Then the estimated
CIR is updated according to the phase offset detected.
After the estimated CIRs going through WMAN_UL_PhaseTracker, they are used for channel
equalization which is implemented by a simple divider. The equalized data are output at pin
ForEVM for EVM measurements.
Then the pilot subcarriers are removed from the equalized signals in WMAN_DemuxOFDMSym,
and the burst with FEC-encoded is separated from the bursts chain in WMAN_DemuxBurst which
is send to WMAN_Demapper. In WMAN_Demapper, Three demapper types (CSI, Soft and Hard)
are supported.
After FEC decoding, de-interleaving, de-scrambling, the MAC PDU data are achieved, which are
divided into MAC header, MAC PDU payloads and CRC. The MAC PDU and its payloads are output
at pin PDUFCS and PSDU respectively.
In subchannelization mode, because all SSs share one burst using different subchannels, only one
start of uplink subframe burst will be detected in WMAN_UL_FrameSync. And
WMAN_UL_FregSync will do nothing, resulting in no frequency offset compensation is needed in
WMAN_DemuxFrame. In WMAN_UL_ChEstimation, no interpolation is needed because the CIRs in
all data subcarriers are available for each subchannel. The process after WMAN_UL_DemuxBurst
is the same as that in non-subchannelization mode.

3. Parameter Details

« OversamplingOption specifies the oversampling ratio of the transmission signal.
OversamplingOption is Ratio 1, Ratio 2, ..., Ratio 32, which indicates the oversampling ratio
of transmission signal is 1, 2, ..., 32.

« Bandwidth defines the nominal bandwidth. According to the specification, the supported
nominal bandwidths are 1.25MHz, 1.5MHz, 1.75 MHz, 2.5 MHz, 3 MHz, 3.5 MHz, 5 MHz, 5.5
MHz, 6 MHz, 7 MHz, 10 MHz, 11 MHz, 12 MHz, 14 MHz, 15 MHz, 20 MHz, 24 MHz and 28
MHz. This parameter type is floating. Other bandwidth except the above is also supported.
The sampling frequency implemented in the design is decided by Bandwidth,
OversamplingOption and related sampling factor as follows:

F. = floor((nx Bandwidth)/8000) x 8000

The sampling factors are listed in Sampling Factor Requirement.

Sampling Factor Requirement

sampling factor n bandwidth

8/7 For channel bandwidths that are a multiple of 1.75 MHz
86/75 else for channel bandwidths that are a multiple of 1.5 MHz
144/125 else for channel bandwidths that are a multiple of 1.25 MHz
316/275 else for channel bandwidths that are a multiple of 2.75 MHz
57/50 else for channel bandwidths that are a multiple of 2.0 MHz
8/7 else for channel bandwidths not otherwise specified

» CyclicPrefix specifies the ratio of guard time (cyclic prefix) to useful symbol period, whose
range is from 0 to 1.
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FrameMode is determines the generated frame is FDD mode or TDD mode. If FDD mode, the
full frame is used to transmit this uplink signal source. If TDD mode, the frame is used to
transmit both downlink and uplink signal source, the first part is for downlink transmission
and the second part is for uplink transmission. These two parts are controlled by the
DL_Ratio parameter in one frame.
DL_Ratio is used to split one frame into two parts. When FrameMode=TDD and
FrameDuration<>Continuous, it is active. The first part (duration is
FrameDuration*DL_Ratio) is to transmit downlink (filled by zeros) and the rest part (second
part) is to transmit uplink source.
FrameDuration specifies the frame type. It's type is enum. There are 8 cases (Continuous,
time 2.5 ms, time 4 ms, time 5 ms, time 8 ms, time 10 ms, time 12.5 ms and time 20 ms).
When FrameDuration =Continuous, the uplink source is transmitted continuously (without
frame structure) and both FrameMode and DL_Ratio parameters are inactive. When
FrameDuration <>Continuous, the uplink source is transmitted frame by frame (with frame
structure) and both FrameMode and DL_Ratio parameters are active.
IdleInterval specifies the time of idle interval between two consecutive subframes. The
default value is 0.0 psec.
FrameNumber, BSID are used to generate the scrambler UL initialization vector.
NumberOfSS specifies the number of active subscribes (SS).
SSWithFEC specifies the SS which goes through FEC encoding and decoding.
Subchannelization is the boolean value to indicate whether subchannelization is employed or
not.
Subchannellndex is the array of each SS's subchannel index allocated. This parameter is
valid only when Subchannelization is set to YES. Note that the values in Subchannellndex
should be in ascending order.
DatalLength is the array of each SS's MAC PDU payload byte length.
Rate_ID is the array of each SS's Rate ID, whose range is from 0 to 6. DataLength and
Rate_ID determine the number of data symbols per SS. Data-rate-dependent parameters
(modulation, coding rate, coded bytes/uncoded bytes per OFDM symbol) will be set
according to Mandatory Channel Coding per Modulation, which is based on the specification.

Mandatory Channel Coding per Modulation

Rate_ID Modulation Uncoded block Coded block Overall coding RS code CC code
size(bytes) size(bytes) rate rate
0 BPSK 12 24 1/2 (12,12,0) |1/2
1 QPSK 24 48 1/2 (32,24,4) 2/3
2 QPSK 36 48 3/4 (40,36,2) |5/6
3 16-QAM 48 96 1/2 (64,48,8) |2/3
4 16-QAM 72 96 3/4 (80,72,4) |5/6
5 64-QAM 96 144 2/3 (108,96,6) |3/4
6 64-QAM 108 144 3/4 (120,108,6) 5/6

MidambleRepetition is the array of each SS's midamble repetition interval in OFDM symbols.
When the last section of symbol after the last midamble is higher than half the midamble
repetition interval, a postamble shall be added at the end of the allocation. Midamble
Repetition Interval shows the meaning each MidambleRepetition value corresponds to.

Midamble Repetition Interval

Value [Meaning

0b00 |Preamble only

0b01 |Midamble after every 8 data symbols
0Ob10 |Midamble after every 16 data symbols
Ob11l |Midamble after every 32 data symbols
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« PrmITimeShift indicates the number of samples of cyclic shift are delayed in time in the
preamble and midamble symbols
« PilotPN_Phase specifies the start phase of pilots (PRBS). The specification requires
PilotPN_Phase = 0
» DecoderType specifiers the Viterbi decoder type chosen from CSI, Soft and Hard.
4. Output Pin Delay Adjustment
Before introducing delays for each output pins, the number of OFDM symbols per frame is
deduced in this section.
The non-subchannelization and subchannelization modes are supported in WMAN OFDM uplink.
For non-subchannelization mode, one WMAN uplink subframe consists of Idle, contention slot for
Initial Ranging and contention slot for BW, and multiple uplink bursts. Contention slot for Initial
Ranging and contention slot for BW Requests consist of two OFDM symbols respectively. Each
uplink burst consists of one short preamble, data symbols and midambles. The short preamble
consists of one OFDM symbols.
The number of OFDM data symbols of ith uplink SS (lwman-7-21-501.gif! ) is calculated as

Nsompoili] = ceill(DataLength[i]+ 11)/(uncodedBlockSize[R[i]]))

follows:
MidambleRepetition indicates each SS's midamble repetition interval in OFDM symbols. Let

Midamble[i] rapresent the number of midamble symbols in ith uplink burst,
if MidambleRepetition[i] is not zero

1 . e Midamble R irton[i]+1
a'i'fidumb.!'f[.!] = ra“ndf‘l‘l‘l\;ﬁ"mbo.’[{]:IIJE umbleRepetition[i]+ )

Midamble[i] = 0
else

So the total number of OFDM symbols Niotasymeal  for the uplink frame is calculated as follows:
Number Of55

2+2+ z (Ngympar[i]1+ 1+ Midamble[i])

i=1

N

r p—
totalSymbal —

The number of samples per one OFDM symbol (!wman-7-21-509.gif!) is calculated as:

QuersumplingO prion - y .
—_ A o)
Samplesgppy = 2 x 256 x(1+G)

where, G is the CyclicPrefix.

Samples,y,

The samples of Idlelnterval ( ) is calculated as follows:

Samples,y, = ldlelnterval x F,

When FrameDuration=Continuous, the total samples of one uplink subframe Samplesrme is

. r
Samplesg,, .. = Samples, + N 5,mpot X SAMPIEs gpp

When FrameDuration<>Continuous, the total samples of one uplink subframe SaAmples prume is

. Quersumpl ing Qption
_ g - " )
Samplesg, = Samples,, + FrameDuration x F_x2

For subchannelization mode, one WMAN uplink subframe consists of Idle, contention slot for
Initial Ranging and contention slot for BW, and one uplink burst which contains all SSs.
The number of OFDM data symbols of ith uplink SS (lwman-7-21-517.gif! ) is calculated as
Nsompatli] = ceilliDataLength[i] + 11)/(uncodedBlockSize[R[i]]) % 10/ N_,p pinners)
follows:
Here Nsubchannels is the number of subchannels. Nsubchannels is determined by
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Subchannellndex, shown in Number of Subchannels as follows:

Number of Subchannels

Nsubchannels SubchannelIndex

1 1,3,5,7,9,11,13,15,17,19,21,23,25,27,29,31
2 2,6,10,14,18,22,26,30

4 4,12,20,28

8 8,24

So the total number of OFDM symbols Niorai sy bl
for the uplink frame is calculated as follows:

Norad symbol = 242 "'m“-"';‘ﬁ*rs-,-mbar[i] + 1+ Midamble[i])

When FrameDuration=Continuous, the total samples of one uplink subframe Samplesp ume is

— T
Samplesp, . = Samples,y + N ysmpa XSamplesgpp

In the receiver, one frame delay occurs.
(Numberdf55 Y

200 x{ S Noympali]
i=1 A
delay is introduced at pin ForEVM and CIR for non-subchannelization
d 200 x max(Ng, 0o [1])

mode an
delay for subchannelization mode.

8 x DataLength{BurstWithFEC]+80 phitq delay is introduced at pin PDUFCS, where 80 bits are the
MAC Header and CRC attached.

8% DataLength|BurstWithFEC] pits delay is introduced at pin PSDU.
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WMAN_UL_Rx_FD_RF (WMAN UL Receiver RF with Frame
Duration)
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WMAN_UL_Rx_FD_RF

Description Uplink RF receiver with broadcast message and frame duration
Library WMAN, Receiver
Class TSDFWMAN_UL_Rx_FD_RF

Parameters
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Name Description Default
RIn input resistance 50 Ohm
RTemp TEMPERATURE = 273.15
FCarrier Carrier frequency 3407 MHz
Sensitivity voltage output sensitivity, Vout/Vin 1
Phase Reference phase in degrees 0.0
GainImbalance Gain imbalance in dB Q channel relative to I channel 0.0
PhaseImbalance Phase imbalance in dB Q channel relative to I 0.0

channel

OversamplingOption |Oversampling ratio option: Ratio 1, Ratio 2, Ratio 4, Ratio 1

Ratio 8, Ratio 16, Ratio 32

Bandwidth Bandwidth 1.75 MHz
CyclicPrefix Cyclic prefix 0.25
FrameMode Frame mode: FDD, TDD FDD
DL_Ratio Downlink ratio 0.5
FrameDuration Frame duration: Continuous, time 2.5 ms, time 4 time 5 ms
ms, time 5 ms, time 8 ms, time 10 ms, time 12.5
ms, time 20 ms
IdleInterval Idle Interval 0.0 psec
BSID BSID {0X00, 0X00, 0X00,
0X00, 0X00, OX01}
FrameNumber Frame Number 0
NumberOfSS Number of subscribers 1
SSWithFEC The number of subscriber with FEC 1
Subchannelization |Subchannelization or not: NO, YES NO
Subchannellndex List of each subchannel index {8}
DatalLength MAC PDU payload byte length of each subscriber {100}
Rate_ID Rate ID of each subscriber {1}
MidambleRepetition Midamble repetition of each subscriber {0}
PrmITimeShift Preamble time shift of each subscriber {0}
DecoderType demapping type: Hard, Soft, CSI CSI
Pin Inputs
Pin Name Description Signal Type
1 |RF_Signal |input of RF timed
signal
Pin Outputs

Pin Name |Description

2 |[CIR output of channel estimation of all bursts
3 |ForEVM |output of Modulated data of all bursts for
EVM

PDUFCS |output of MAC PDU data of burst with FEC
5 |PSDU |output of PSDU bits

Notes/Equations

Signal Type
complex
complex

int

int
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Unit
Oohm
Celsius

Hz

deg

Hz

sec

Type
int

real

real
real
real
real
real

enum

real
real
enum
real

enum

real
int
array
int
int
int
enum
int
array
int
array
int
array
int
array
int
array
enum

Range
(0, =)

[- 273.15,
o]

(0, )

(-00, )
(-00, )
(-00, )

('ool OO)

(0, 1e9]
[0, 1]

[0.01,
0.99]

[0, 1000]
[0, 255]

[0, 15]
[1, 16]
[1, 16]

[1, 15] or
[17, 31]
[1, 16383]
[0, 6]

[0, 3]

[0, 255]
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1. This subnetwork is used to demodulate and decode WMAN uplink RF signals. The schematic for
this subnetwork is shown in WMAN_UL Rx_FD_RF Schematic.
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2. The input timed signal is demodulated from RF to baseband by QAM_Demod and fed into the

WMAN OFDM baseband receiver. The WMAN OFDM baseband receiver schematic is shown in
WMAN UL Rx FD Schematic.
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3. Receiver functions are implemented as specified in the IEEE 802.16-2004 Standard.In WMAN
uplink, non-subchannelization and subchannelization modes are supported.
The following description of receiver functions assumes that the non-subchannelization mode is
employed. Starts of uplink subframe bursts are detected in WMAN_UL_FrameSync.
WMAN_FrameSync calculates the correlation between the received signal and the short
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preambles, and selects the index with the maximum correlation value as the start of each SS's
burst. The start of each burst is send to WMAN_UL_DemuxFrame_FD.
Frequency offsets are estimated in WMAN_UL_FreqSync. WMAN_UL_FreqSync calculates the
frequency offset using the short preamble and sends the frequency offset to
WMAN_UL_DemuxFrame_FD.
According to the starts of uplink subframe bursts, the uplink subframe is de-multiplex into several
parts in WMAN_UL_DemuxFrame_FD, including contention slots for Initial Ranging and BW
Requests, the short preamble, midambles and data symbols. The phase effect caused by the
frequency offset is compensated, and the idle interval and the cyclic prefix of each OFDM symbol
are also removed in WMAN_UL_DemuxFrame_FD.
The data symbols, short preamble and midambles are passed into frequency domain through FFT
transformation. The short preamble and midambles used for channel estimation, where channel
estimation is done in WMAN_UL_ChEstimation.
WMAN_UL_ChEstimation uses the preambles and midambles to get the complex channel response
coefficients (CIR). First the CIRs in the even subcarriers are counted by a simple divider, then the
CIRs in the odd subcarriers are interpolated by a FIR filter. Finally WMAN_UL_ChEstimation
duplicates the estimated CIRs the number of data symbols. The channel estimation result is
output at pin CIR.
WMAN_UL_PhaseTracker is used to track the phase caused by doppler shift by comparing the
previous CIRs and the CIRs in pilot subcarriers of the current data symbols. Then the estimated
CIR is updated according to the phase offset detected.
After the estimated CIRs going through WMAN_UL_PhaseTracker, they are used for channel
equalization which is implemented by a simple divider. The equalized data are output at pin
ForEVM for EVM measurements.
Then the pilot subcarriers are removed from the equalized signals in WMAN_DemuxOFDMSym,
and the burst with FEC-encoded is separated from the bursts chain in WMAN_DemuxBurst which
is send to WMAN_Demapper. In WMAN_Demapper, Three demapper types (CSI, Soft and Hard)
are supported.
After FEC decoding, de-interleaving, de-scrambling, the MAC PDU data are achieved, which are
divided into MAC header, MAC PDU payloads and CRC. The MAC PDU and its payloads are output
at pin PDUFCS and PSDU respectively.
In subchannelization mode, because all SSs share one burst using different subchannels, only one
start of uplink subframe burst will be detected in WMAN_UL_FrameSync. And
WMAN_UL_FreqgqSync will do nothing, resulting in no frequency offset compensation is needed in
WMAN_DemuxFrame. In WMAN_UL_ChEstimation, no interpolation is needed because the CIRs in
all data subcarriers are available for each subchannel. The process after WMAN_UL_DemuxBurst
is the same as that in non-subchannelization mode.
4, Parameter Details
« RIn is the RF input 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 parameter is the RF signal frequency.
e GainImbalance and Phaselmbalance add certain impairments to the ideal output RF signal.
Impairments are added as described here.
The unimpaired RF I and Q envelope voltages have gain and phase imbalance applied. The
RF is given by:
Cr e c oo o D
Vit = HL\‘lLTJCUSth?J - gV,(1) anmcr+ ﬁ;‘t‘l
where V1(t) is the in-phase RF envelope, V2(t) is the quadrature phase RF envelope, g is the
gain imbalance:

Guinimbulunce

¢ = 10 20

and, ¢ (in degrees) is the phase imbalance.
« OversamplingOption specifies the oversampling ratio of the transmission signal.
OversamplingOption is Ratio 1, Ratio 2, ... , Ratio 32, which indicates the oversampling ratio
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of transmission signal is 1, 2, ..., 32.
Bandwidth defines the nominal bandwidth. According to the specification, the supported
nominal bandwidths are 1.25MHz, 1.5MHz, 1.75 MHz, 2.5 MHz, 3 MHz, 3.5 MHz, 5 MHz, 5.5
MHz, 6 MHz, 7 MHz, 10 MHz, 11 MHz, 12 MHz, 14 MHz, 15 MHz, 20 MHz, 24 MHz and 28
MHz. This parameter type is floating. Other bandwidth except the above is also supported.
The sampling frequency implemented in the design is decided by Bandwidth,
OversamplingOption and related sampling factor as follows:

F. = floor((nx Bandwidth) /8000 x 8000

The sampling factors are listed in Sampling Factor Requirement.

Sampling Factor Requirement

sampling factor n bandwidth

8/7 For channel bandwidths that are a multiple of 1.75 MHz
86/75 else for channel bandwidths that are a multiple of 1.5 MHz
144/125 else for channel bandwidths that are a multiple of 1.25 MHz
316/275 else for channel bandwidths that are a multiple of 2.75 MHz
57/50 else for channel bandwidths that are a multiple of 2.0 MHz
8/7 else for channel bandwidths not otherwise specified

CyclicPrefix specifies the ratio of guard time (cyclic prefix) to useful symbol period, whose
range is from 0 to 1.

FrameMode is determines the generated frame is FDD mode or TDD mode. If FDD mode, the
full frame is used to transmit this uplink signal source. If TDD mode, the frame is used to
transmit both downlink and uplink signal source, the first part is for downlink transmission
and the second part is for uplink transmission. These two parts are controlled by the
DL_Ratio parameter in one frame.

DL_Ratio is used to split one frame into two parts. When FrameMode=TDD and
FrameDuration<>Continuous, it is active. The first part (duration is
FrameDuration*DL_Ratio) is to transmit downlink (filled by zeros) and the rest part (second
part) is to transmit uplink source.

FrameDuration specifies the frame type. It's type is enum. There are 8 cases (Continuous,
time 2.5 ms, time 4 ms, time 5 ms, time 8 ms, time 10 ms, time 12.5 ms and time 20 ms).
When FrameDuration =Continuous, the uplink source is transmitted continuously (without
frame structure) and both FrameMode and DL_Ratio parameters are inactive. When
FrameDuration <>Continuous, the uplink source is transmitted frame by frame (with frame
structure) and both FrameMode and DL_Ratio parameters are active.

IdleInterval specifies the time of idle interval between two consecutive subframes. The
default value is 0.0 psec.

FrameNumber, BSID are used to generate the scrambler UL initialization vector.
NumberOfSS specifies the number of active subscribes (SS).

SSWithFEC specifies the SS which goes through FEC encoding and decoding.
Subchannelization is the boolean value to indicate whether subchannelization is employed or
not.

Subchannellndex is the array of each SS's subchannel index allocated. This parameter is
valid only when Subchannelization is set to YES. Note that the values in Subchannellndex
should be in ascending order.

DatalLength is the array of each SS's MAC PDU payload byte length.

Rate_ID is the array of each SS's Rate ID, whose range is from 0 to 6. DataLength and
Rate_ID determine the number of data symbols per SS. Data-rate-dependent parameters
(modulation, coding rate, coded bytes/uncoded bytes per OFDM symbol) will be set
according to Mandatory Channel Coding per Modulation, which is based on the specification.

Mandatory Channel Coding per Modulation
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Rate_ID Modulation Uncoded block Coded block Overall coding RS code CC code
size(bytes) size(bytes) rate rate
0 BPSK 12 24 1/2 (12,12,0) |1/2
1 QPSK 24 48 1/2 (32,24,4) 2/3
2 QPSK 36 48 3/4 (40,36,2) |5/6
3 16-QAM 48 96 1/2 (64,48,8) 2/3
4 16-QAM 72 96 3/4 (80,72,4) |5/6
5 64-QAM 96 144 2/3 (108,96,6) |3/4
6 64-QAM 108 144 3/4 (120,108,6) 5/6

o MidambleRepetition is the array of each SS's midamble repetition interval in OFDM symbols.
When the last section of symbol after the last midamble is higher than half the midamble
repetition interval, a postamble shall be added at the end of the allocation. Midamble
Repetition Interval shows the meaning each MidambleRepetition value corresponds to,

Value Meaning

0b00 |Preamble only

0b01 |Midamble after every 8 data symbols
0b10 |Midamble after every 16 data symbols
Ob1l1 |Midamble after every 32 data symbols

« PrmITimeShift indicates the number of samples of cyclic shift are delayed in time in the
preamble and midamble symbols.
« DecoderType specifiers the Viterbi decoder type chosen from CSI, Soft and Hard.
5. Output Pin Delay Adjustment

Before introducing delays for each output pins, the number of OFDM symbols per frame is
deduced in this section.
The non-subchannelization and subchannelization modes are supported in WMAN OFDM uplink.
For non-subchannelization mode, one WMAN uplink subframe consists of Idle, contention slot for
Initial Ranging and contention slot for BW, and multiple uplink bursts. Contention slot for Initial
Ranging and contention slot for BW Requests consist of two OFDM symbols respectively. Each
uplink burst consists of one short preamble, data symbols and midambles. The short preamble
consists of one OFDM symbols.

The number of OFDM data symbols of ith uplink SS ( Nsymbot L] ) is calculated as follows:

N mpoli] = ceil((DataLength[i]+ 11)/(uncodedBlockSize[R[i]]))

MidambleRepetition indicates each SS's midamble repetition interval in OFDM symbols. Let
Midamble[i] represent the number of midamble symbols in ith uplink burst,

i ; . iy MidambleR irion[i]+1
fHIddH?b.!'f[.{] - -"'f?if”d';l;a"‘fr_g..mboj[f]:II'E umbleReperition[i]+ )

MidambleRepetition[i] is not zero

Midamble[i] = 0
else

So the total number of OFDM symbols Niowasymbol  for the uplink frame is calculated as follows:
Number Of55

2+2+ z (Ngympor[i1+ 1+ Midamble[i])

i=1

N

r —_—
roral Symbal —

Samplesgrpyy

The number of samples per one OFDM symbol ( ) is calculated as:

Quersumpling prion - _ .
— 7 7
Samplesgppyy = 2 x256x(1+G)
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where, G is the CyclicPrefix.

Samples, y,

The samples of IdleInterval( ) is calculated as follows:

Samples,y, = ldlelnterval x F,

When FrameDuration=Continuous, the total samples of one uplink subframe SaAmples prume is

—_— T
Samplesp, . = Samples,y + Ny psymper X Samplesgrp

Sf"lmp El"?‘5'.f'_."r.n'r:.:

When FrameDuration<>Continuous, the total samples of one uplink subframe is

. Quersumpl ing Qption
— T . n )
Sc,ampa'fsrmmc = Sumpe'cslwc + FrameDuration x F_x 2

For subchannelization mode, one WMAN uplink subframe consists of Idle, contention slot for

Initial Ranging and contention slot for BW, and one uplink burst which contains all SSs.

The number of OFDM data symbols of ith uplink SS(!'wman-7-22-550.gif!) is calculated as follows:
N g muetlf]l = ceil({DataLength[i] + 11)/ (uncodedBlockSize[R[i]]) % 16/ N_,p b p.)

Here Nsubchannels is the number of subchannels. Nsubchannels is determined by
Subchannellndex, shown in Number of Subchannels as follows:

Number of Subchannels

Nsubchannels SubchannelIndex

1 1,3,5,7,9,11,13,15,17,19,21,23,25,27,29,31
2 2,6,10,14,18,22,26,30

4 4,12,20,28

8 8,24

So the total number of OFDM symbols Niowisymbal  for the uplink frame is calculated as follows:

Nt Symbal = 242 +mu.1;|;,’\e’5,r,mb0![!] + 1+ Midamble[i])

When FrameDuration=Continuous, the total samples of one uplink subframe Samplesp ume is

— T
Samplesp, . = Samples,y + N sompa X Samplesgpp

In the receiver, one frame delay occurs.
( NumberQf55 Y

200 X{ > Nsymald]

i=1

delay is introduced at pin ForEVM and CIR for non-subchannelization

2 N i1
mode and 200 X M4x (Nsymperl i) delay for subchannelization mode.

8 x DataLength[BurstWithFEC]+80 phits delay is introduced at pin PDUFCS, where 80 bits are the
MAC Header and CRC attached.

8> DataLength[BurstWithFEC] pirs delay is introduced at pin PSDU.
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IEEE P802.16-2004/Cor1/D5, Corrigendum to IEEE Standard for Local and Metropolitan Area
220



Advanced Design System 2011.01 - Fixed WiMax Design Library
2.
Networks - Part 16: Air Interface for Fixed Broadband Wireless Access Systems, Sept. 2005.

221



Advanced Design System 2011.01 - Fixed WiMax Design Library

WMAN Signal Source Components

The signal source models provide models to generate downlink and uplink signal sources.

WMAN BrdcstMessage (WMAN Broadcast Message) (wman)

WMAN DataPattern (WMAN Data Pattern) (wman)

WMAN DCD (WMAN DCD) (wman)

WMAN DLFP (WMAN Downlink Frame Prefix) (wman)

WMAN DL MAP (WMAN Downlink MAP) (wman)

WMAN DL Pilot (WMAN Downlink Pilot Generator) (wman)

WMAN DL SignalSrc (WMAN Downlink Signal Source) (wman)

WMAN DL SignalSrc RF (WMAN Downlink Signal Source RF) (wman)
WMAN DL Src FD (WMAN DL Signal Source with FrameDuration) (wman)
WMAN DL Src FD RF (WMAN DL Source RF with FrameDuration) (wman)
WMAN MACHeader (WMAN MAC Header) (wman)

WMAN MACPDU (WMAN MAC PDU) (wman)

WMAN Preamble (WMAN Preamble Generator) (wman)

WMAN UCD (WMAN UCD) (wman)

WMAN UL MAP (WMAN Uplink MAP) (wman)

WMAN UL Pilot (WMAN Uplink Pilot Generator) (wman)

WMAN UL SignalSrc (WMAN Uplink Signal Source) (wman)

WMAN UL SignalSrc RF (WMAN Uplink Signal Source RF) (wman)

WMAN UL Src FD (WMAN Uplink Signal Source with Frame Duration) (wman)
WMAN UL Src FD RF (WMAN UL Source RF with Frame Duration) (wman)
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WIMAN_BrdestiMessage

Description Broadcast messages
Library WMAN, Signal Source
Class SDFWMAN_BrdcstMessage

Parameters

Name
FrameMode
DL_Ratio

FrameDuration

BSID

FrameNumber
DL_ChannellD
DCD_Count
UCD_Count
NumberOfBurst
CID

PreamblePresent
DatalLength
Rate_ID

UL_ChannelID
UL_NumberOfSS
UL_CID

UL_Datalength

UL_Rate_ID

UL_Subchannelization
UL_Subchannellndex

UL_MidambleRepetition

Bandwidth
Pin Outputs

Description
Frame mode: FDD, TDD
Downlink ratio

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

20 ms
BSID

Frame number
Downlink channel ID
DCD count

UCD count

Number of Burst
CID

Preamble present indication
MAC PDU payload byte length of each burst
Rate ID of each burst

Uplink channel ID
Uplink number of subscribers
Uplink CID

Uplink MAC PDU payload byte length of each
subscriber

Uplink Rate ID of each subscriber

Uplink Subchannelization or not: NO, YES
Uplink list of each subchannel index

Uplink Midamble repetition of each subscriber

Bandwidth

223

Default Unit Type
FDD enum
0.5 real
time 5 ms enum
{0X00, 0Xo00, int
0X00, 0X00, 0X00, array
0X01}
0 int
0 int
0 int
0 int
1 int
{1} int
array
{0} int
array
{100} int
array
{1} int
array
0 int
1 int
{0} int
array
{100} int
array
{1} int
array
NO enum
{8} int
array
{0} int
array
1.75 MHz Hz |real

Range

[0.01,
0.99]

[0, 255]

[0, 15]
[0, 255]
[0, 255]
[0, 255]
[1, 15]
[1, OXFFff]

{0,1}%

[1, 16383]

[0, 6]

[0, 255]
[1, 16]
[0, 65535]

[1, 16383]
[0, 6]

[1, 15] or
[17, 31]
[0, 3]

(0, 1€9]
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Pin Name |Description Signal Type
1 |BrdMssg output of broadcast int
messages

Notes/Equations

1. This model is used to generate the broadcast message including DL-MAP, UL-MAP, DCD and UCD.
The DL-MAP, UL-MAP, DCD and UCD are added with CRC32 (HCS) in the this subnetwork. The
number of OFDM symbols in the broadcast burst is 21, and the broadcast burst is transmitted
with BPSK 1/2 (RatelD 0). If the amount of data (including DL-MAP, UL-MAP, DCD and UCD) to
transmit does not fit exactly the amount of data allocated in the broadcast burst, padding of OxFF

shall be added to the end of the transmission block. The schematic for this subnetwork is shown
in WMAN_BrdcstMessage Schematic.
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AN _UCD WUIAN_CRC_Coger Reme i '\,
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AN OLIEY )
—
Dco| p——wM o o> < ]
Encoder
AN _DCD MAN_CRC_Coder ek
ji7ad] [t RS
A
[ T | :!\"' D
— b NN N ..
L Map Encoder Asyacomm o BrdMzzg
UURLAN_UIL_MAP etk rse WaN_CRC_Coder Regerre Buzllemes L1
UL_Map RS (11 RE BS
[LEN] L
— ] > — ">
— -—
nL map Encoder
WUMAN_DL_Mep Rewke e WAN_CRC Coder  Remeirs
DL_MAR R3 s Ri

WMAN_BrdcstMessage Schematic
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WMAN_DataPattern (WMAN Data Pattern)

AN
010001 o

CataPattem

WIMAN_DataPattern

Description Data pattern
Library WMAN, Signal Source
Class SDFWMAN_DataPattern

Parameters

Name Description Default Type Range

Pattern WMAN data pattern: PN9, PN15, FIX4, 4.1 4 0,_8_1.8_0,_16_1_16_0, PN9
_32.1.32.0,_64_1 64_0,S_BPSK, S_QPSK, S_16-QAM, S_64-QAM
Datalength payload byte length

enum

100 int [1,

4095]
Pin Outputs

Pin Name |Description Signal Type
1 |pattern data pattern |int

Notes/Equations

1. This subnetwork is used to generate Data Pattern.
2. The schematic of this subnetwork is shown in WMAN DataPattern Schematic.

/ \ /C 1\Constlnt
N N

DataFattern

@—»—-—» CHOP [ — T[T

L2

WiaveForm _hop INtToBEits

WMAN_DataPattern Schematic
3. For the Pattern parameter:

« if PN9 is selected, a 511-bit pseudo-random test pattern is generated according to CCITT
225



Advanced Design System 2011.01 - Fixed WiMax Design Library

Recommendation 0.153
o 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
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 0s.
o if S_BPSK, S_QPSK, S_16-QAM or S_64-QAM is selected, sequences below are generated.
These are test messages for receiver sensitivity measurement.
S_BPSK = [0xE4,0xB1]
S_QPSK = [0xE4, 0xB1, OxE1, 0xB4]
S_16-QAM = [0xA8, 0x20, 0xB9, 0x31, OXEC, 0x64, OxFD, 0x75]
S_64-QAM = [0xB6, 0x93, 0x49, 0xB2, 0x83, 0x08, 0x96, Ox11, 0x41, 0x92, 0x01, 0x00,
OxBA, O0xA3, Ox8A, O0x9A, 0x21, 0x82, 0xD7, 0x15, 0x51, 0xD3, 0x05, 0x10, 0xDB, 0x25,
0x92, OxF7, 0x97, 0x59, OxF3, 0x87, 0x18, OxBE, OxB3, O0xCB, 0x9E, 0x31, 0xC3, OxDF,
0x35, 0xD3, 0xFB, 0xA7, 0x9A, OxFF, 0xB7, 0xDB]
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WMAN_DCD (WMAN DCD)

WhivARN

DCD| =

WMAN_DCD

Description DCD generator
Library WMAN, Signal Source
Class SDFWMAN_DCD

Parameters

Name Description Default

DL_ChannellD Downlink channel ID 0

DCD_Count DCD count 0

FrameDuration Frame duration: Continuous, time 2.5 ms, time 4 ms, time 5 |time 5 ms

ms, time 8 ms, time 10 ms, time 12.5 ms, time 20 ms

FrameNumber Frame number 0

AutoMACHeaderSetting |/Auto MAC Header setting or not: NO, YES NO

MAC_Header MAC header data {0XA2, 0X48, 0X22,
0X4F, 0X93, OX0E}

Pin Outputs

Pin [IName Description |Signal Type
1 jout DCD int

Notes/Equations

Type
int
int
enum
int
enum

int
array

Range

(o,
255]

[o,
255]

[0, 15]

[o,
255]

1. This model is used to generate Downlink Channel Descriptor (DCD) message for WMAN OFDM
system. A DCD shall be transmitted by the BS to define the characteristics of a downlink physical
channel. In this DCD message format, DIUC from 1 to 7 are defined with different burst profiles

(Rate ID), shown as follows.
DIUC Rate ID

0 (BPSK 1/2)

1 (QPSK 1/2)

2 (QPSK 3/4)

3 (16-QAM 1/2)

4 (16-QAM 3/4)

5 (64-QAM 2/3)

7 6 (64-QAM 3/4)

MW N

2. Each firing,

(MACHeader + DCDHeaderLength+ DCDIELength x DCDIENumber) -8 41 ans are
produced. MACHeader is 6. DCDHeaderLength is 11. DCDIELength is 6. DCDIENumber is 7.

3. Note that DCD of the model generated does not include HCS, which will be added later.
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WMAN_DLFP (WMAN Downlink Frame Prefix)

WA
OLFF

s

WMAN_DLFP

Description Downlink frame prefix generator
Library WMAN, Signal Source
Class SDFWMAN_DLFP

Parameters

Name
BSID
DIUC

FrameNumber
NumOfBurst
Rate_ID

DatalLength

PreamblePresent

Brd_Message

Description
Base station identifier
Downlink interval usage code

Frame index
Number of burst
Rate identifier

MAC PDU payload byte length of each burst
Preamble present indication

Broadcast message or not: NO, YES

Rate_ID_Brd Rate ID of broadcast message

DIUC_Brd Downlink interval usage code for broadcast
message

Pin Outputs

Pin Name Description Signal Type

1 |out downlink frame prefix |int

Notes/Equations

Default Type

0
{0}

0
1

{1}

{100}

{0}

NO

int
int
array
int
int
int
array
int
array
int
array
enum
int
int

Range
[0, 15]
[0, 15]

[0, 15]
[1, 16]
[0, 6]

(1,
16383]

{0,1}

[0, 6]
[0, 15]

1. This model is used to generate Downlink Frame Prefix (DLFP). The FCH contains DLFP to specify
burst profile and length of one or several downlink bursts immediately following the FCH.

2. Each firing 10x8 bit tokens are produced at Pin out. The content in DLFP is specified in the
following table.

OFDM Downlink Frame Prefix Format
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Syntax

DL_Frame_Prefix_Format(){

Base_Station_ID

Frame_Number

Configuration_Change_Count

reserved
Rate_ID
reserved

Length

for(n=0;n<3;n++){
DL_Frame_Prefix_IE(){
DIUC

if(DIUC!=0){

Preamble present
Length

} else {
Start Time

igd;
HCS

b

size

4 bits

4 bits
4 bits
4 bits
4 bits
1 bits

11
bits

4 bits

1 bits

11
bits

12
bits

8 bits

Advanced Design System 2011.01 - Fixed WiMax Design Library

Notes

4 LSB of BS ID.The burst specified by the DLFP shall not be decoded if these bits
do not match those of the BS on which it is registered.

4 LSB of the Frame Number of current frame

4 LSB of Change Count value as specified in 6.3.2.3.1.

Shall be set to zero

Encoded according to the Table 224

Shall be set to zero

Number of OFDM symbols in the first burst including preamble if present

Defines the burst profile of the corresponding burst

If "1",preamble is placed at the first symbol in the burst
Number of OFDM symbols in the burst

Start time of STC zone in units of symbol duration counted from the beginning of
the frame

An 8-bit Header Check Sequence; calculated as specified in Table 5.

3. Note that DLFP of the model generated does not include HCS, which will be added later. The
Section of Configuration_Change_Count is filled with zero. The Section of Start Time is not used

here and filled with zero.
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IEEE Std 802.16-2004, Part 16: Air Interface for Fixed Broadband Wireless Access Systems,
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Networks - Part 16: Air Interface for Fixed Broadband Wireless Access Systems, May 2005.
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WMAN_DL_MAP (WMAN Downlink MAP)

WIMAN
1.¢.1 ‘@I’

DL_MAP
WMAN_DL_MAP

Description Downlink map generator
Library WMAN, Signal Source
Class SDFWMAN_DL_MAP

Parameters

Name Description Default

DCD_Count DCD count 0

BSID BSID {0X00, 0X00, 0X00, 0X00, 0X00,
0X01}

NumberOfBurst Number of Burst 1

CID CID {1}

DIUC Downlink interval usage code {0}

PreamblePresent Preamble present indication {0}

AutoStartTimeSetting |Auto setting of start time or not: NO, YES INO

StartTime start time {1}

DatalLength MAC PDU payload byte length of each {100}
burst

Rate_ID Rate ID of each burst {1}

AutoMACHeaderSetting /Auto MAC deader setting or not: NO, YES |NO

MAC_Header MAC header data {0XA2, 0X48, 0X22, 0X4F, 0X93,
OXOE?}

Pin Outputs
Pin Name Description Signal Type

1 | DLMAP |output DL int
MAP

Notes/Equations

Type
int
int
array
int
int
array
int
array
int
array
enum
int
array
int
array
int
array
enum
int
array

Range
[0, 255]
[0, 255]

[1, 15]
[1, Oxffff]

[0, 15]

{0, 1}

(1,
0x07ff]

[1,
16383]

[0, 6]

[0, 255]

1. This model is used to generate DL-MAP IE for WMAN OFDM system. DL-MAP is a MAC Layer
Message that tells a subscriber station (SS) about the construction of the downlink OFDM signal.
This allows the SS to decode the DL transmission and extract any messages that are either
specifically designated for a particular SS or any broadcast messages that the BTS is sending to

all SS's.

2. Each firing,
produced.
MACHeader is 6.

DLMAPHeaderLength is 8.
231
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DLMAPIELength is 4.

When NumberOfBurst <4 'p| MAPIENumber is 1 which is the End MAP IE.

When NumberOfBurst 24  p| MAPIENumber is VumberOffurst =3+ 1 \hich are the End MAP IE and
the data bursts excluding the first three data bursts.

The DL-MAP IEs for the first four bursts (Broadcast burst and the first three data bursts) are

defined in the DLFP.

3. When AutoStartTimeSetting is set to YES, the starting time for each DL-MAP IE is calculated
automatically. Otherwise the values in the parameter StartTime are used. When
AutoMACHeaderSetting is set to YES, the MAC header is calculated automatically. Otherwise the
values in the parameter MAC_Header are used.

4, Note that DL-MAP of the model generated does not include HCS, which will be added later.

References

1. IEEE Std 802.16-2004, Part 16: Air Interface for Fixed Broadband Wireless Access Systems,

Section 8.3 WirelessMAN-OFDM PHY, October 1, 2004.
2. IEEE P802.16-2004/Cor1/D5, Corrigendum to IEEE Standard for Local and Metropolitan Area
Networks - Part 16: Air Interface for Fixed Broadband Wireless Access Systems, Sept. 2005.
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WMAN_DL_Pilot ( WMAN Downlink Pilot Generator)

WA

LN

WMAN_DL_Pilot

Description Downlink pilot generator
Library WMAN, Signal Source

Class SDFWMAN_DL_Pilot

Derived From WMAN_DL _Base

Parameters

Name Description Default Type Range

NumberOfBurst |Number of Burst 1 int [1, 16]

DatalLength MAC PDU payload byte length of each burst|{100} |int [1,
array 16383]

Rate_ID Rate ID of each burst {1} int [0, 6]
array

PreamblePresent |Preamble present {0} int {0, 1}
array

PilotPN_Phase the Pilot PN phase 0 int [0, 2047]

Brd_Message Broadcast message or not: NO, YES NO enum

Pin Outputs

Pin [IName |Description Signal Type

1 |output |a sequence for the downlink pilot int

modulation

Notes/Equations

1. This model is used to generate the sequence used for pilot modulation in OFDM downlink symbols
following the frame preamble, including the FCH burst and one or multiple downlink bursts.

NumberQfBurst

1+ Z ‘M.S",'mba.f[{-] +‘|\"r45'r'om.’r:a:r.-'lfc::agc

2. Each firing, =t tokens are produced, where 1 is the number
of OFDM symbol of FCH, NSymbol[i] is the number of data symbols of the ith downlink burst
which is determined by the DataLength and Rate_ID (R). NBroadcastMessage is the number of
OFDM symbols of broadcast message, NBroadcastMessage=0 if Brd_Message=NO and
NBroadcastMessage=21 if Brd_Message=YES. Data-rate-dependent parameters (modulation,
coding rate, coded bytes/uncoded bytes per OFDM symbol) are set according to values listed in
the following table, which is based on the specification.
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Rate_ID |Modulation [Uncoded block Coded block Overall coding |RS code CC code
size(bytes) size(bytes) rate rate
0 BPSK 12 24 1/2 (12,12,0) |1/2
1 QPSK 24 48 1/2 (32,24,4) 2/3
2 QPSK 36 48 3/4 (40,36,2) |5/6
3 16-QAM 48 96 1/2 (64,48,8) 2/3
4 16-QAM 72 96 3/4 (80,72,4) |5/6
5 64-QAM 96 144 2/3 (108,96,6) |3/4
6 64-QAM 108 144 3/4 (120,108,6) |5/6

The number of OFDM symbols of ith downlink burst(!wman-8-06-014.gif!) is calculated as:
Nsympali] = ceili(DataLength[i] + 11}/ (uncodedBlockSize[R[i]]))

3. The pseudo-random binary sequence (PRBS) generator is shown in Pseudo-Random Binary
11 9
X" +X +1

Sequence (PRBS) Generator, for which the polynomial is . The output value used for

the pilot modulation for OFDM symbol k is derived by 1=2% The index k represents the symbol
index relative to the beginning of the downlink subframe and the first symbol of the preamble is

denoted by k=0.
MSH LSk

Initialization DL 0 L 11 b 111
\Cl.]ll-.‘l'll.'C\

Pseudo-Random Binary Sequence (PRBS) Generator

PreamblePresent indicates whether the downlink bursts starts with a short preamble or not. Let
Prmi[i] represent the number of OFDM symbol per each preamble present. If PreamblePresent is
set to 1 in the ith burst, then £rmilid =1 otherwise, Frmilil =0 ¢ Prmllil =1 then the
indices of the OFDM symbols after this preamble add 1. PilotPN_Phase specifies the start phase of
pilots (PRBS). The specification requires PilotPN_Phase = 0.
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WMAN_DL_SignalSrc (WMAN Downlink Signal Source)

5

YWAN *ﬁ

i (e ||
& BE 3
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DL Saource . §

WMAN_DL_SignalSre

Description Downlink baseband signal source
Library WMAN, Signal Source
Class SDFWMAN_DL_SignalSrc

Parameters
Name Description Default Unit Type |Range
NumberOfBurst Number of Burst 1 int [1, 16]
BurstWithFEC The number of burst with FEC 1 int [1, 16]
Datalength MAC PDU payload byte length of each burst {100} int [1,
array |4095]
Rate_ID Rate ID of each burst {1} int [0, 6]
array
PreamblePresent Preamble present or not {0} int {0, 1}
array
PrmITimeShift Preamble time shift of each burst {0} int [0, 255]
array
DIUC DIUC of each burst {1} int [0, 15]
array
FrameNumber Frame Number 0 int [0, 15]
BSID BS ID 0 int [0, 15]
OversamplingOption |Oversampling ratio option: Ratio 1, Ratio 2, Ratio 4, Ratio 1 enum
Ratio 8, Ratio 16, Ratio 32
Bandwidth Bandwidth 1.75 MHz Hz |real (0, 1e9]
CyclicPrefix Cyclic prefix 0.25 real [0, 1]
Idlelnterval Idle interval 10.0 usec sec |real [o,
1000)
PilotPN_Phase Pilot PN phase 0 int [o,
4095]
MAC_Header MAC header data {0XA2, 0X48, 0X22, OX4F, int [0, 255]
0X93, O0XO0E} array
Pin Inputs

Pin [Name Description Signal Type
1 |MAC_Data |input of raw data |int
Pin Outputs
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Pin Name Description Signal Type
2 |FrameData |output of DL Subframe complex
3 |ForEVM output of DL multiplexed data for EVM complex
test
PDUFCS output of MAC PDU data of burst with FEC |int
5 |DLFP output of DLFP bits int

Notes/Equations

1. This subnetwork generates a WMAN Downlink subsystem baseband signhal. The schematic for this
subnetwork is shown in WMAN_DL_SignalSrc Schematic.
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WMAN_DL_SignalSrc Schematic

2. The input of this subnetwork is MAC PDU data of the FEC-encoded burst; MAC header data is
specified by MAC_Header.

3. WMAN_DL_SignalSrc is implemented according to specification.
WMAN DL frame structure shows the downlink frame format. It includes the long preamble, FCH,
and one or several downlink bursts carrying MAC PDUs. In WMAN Library, one downlink frame
contains maximum 16 bursts except FCH and each burst contains only one MAC PDU. Among
these bursts, only one FEC-encoded bursted is supported which is randomized, RS-CC coded and
interleaved. Other bursts will be provided PN sequences as their coded source respectively.

| preamble | FCH | DLburst#l | DLburst#2 }|-—{ DL burstfm |
DLEP Broadcast regular M-'“" Mh‘g_ pad
msgs | MAC PDUs (MAC PDU)

WMAN DL frame structure

The downlink long preamble consists of two consecutive OFDM symbols. The first OFDM symbol
uses only subcarriers the indices of which are a multiple of 4 identified as Paxer and the second

OFDM symbol utilizes only even subcarriers identified as PEVEN  The basic sequence for one
OFDM symbol time domain packet is implemented by WMAN_Preamble.
The FCH is coded in the following manner:

« WMAN_DLFP generates the DLFP, then an 8 bit Header Check Sequence is padded.
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Randomized by WMAN_Scramble with initial state 100101010000000.

Convolutional encoded and interleaved by WMAN_FEC.

The FEC-encoded burst is coded in the following manner:

Add MAC header with parameter MAC_Header.

Randomized by WMAN_Scramble.

RS-CC encoded, punctured (by WMAN_Puncture) and interleaved by WMAN_FEC.

After encoding, the FCH and coded burst will be mapped to the constellation respectively.
Other bursts without FEC, will be provided PN sequence as their coded bits and mapped to
the constellation according to their Rate_ID by WMAN_BurstWoFEC.

The FCH, FEC-encoded burst are concatenated with non-coded bursts by
WMAN_DL_MuxBurst.

WMAN_DL_Pilot generates modulated pilot for downlink bursts. After IFFT and cyclic prefix

insertion, the Pixer and FEVEN are combined with downlink payload (including FCH and
downlink bursts) in WMAN_DL_MuxFrame. At last, oversampling is implemented by a
transmitter filter.

4, Parameter Details.

« NumberOfBurst specifies the number of active downlink bursts.

o BurstWithFEC specifies the downlink burst FEC.

« Datalength is the array of each DL burst's MAC PDU payload byte length. Rate_ID is the
array of each DL burst's Rate ID, whose range is from 0 to 6. DataLength and Rate_ID (R)
determine the number of data symbols per DL burst. Data-rate-dependent parameters
(modulation, coding rate, coded bytes/uncoded bytes per OFDM symbol) are set according to
Mandatory Channel Coding per Modulation, which is based on the specification.

Rate_ID |Modulation [lUncoded block Coded block Overall coding RS code CC code
size(bytes) size(bytes) rate rate
0 BPSK 12 24 1/2 (12,12,0) |1/2
1 QPSK 24 48 1/2 (32,24,4) 2/3
2 QPSK 36 48 3/4 (40,36,2) |5/6
3 16-QAM 48 96 1/2 (64,48,8) |2/3
4 16-QAM 72 96 3/4 (80,72,4) |5/6
5 64-QAM 96 144 2/3 (108,96,6) 3/4
6 64-QAM 108 144 3/4 (120,108,6) |5/6

« PreamblePresent is the array of each DL burst's preamble present. It determines whether
preamble is placed before the burst or not. If "1", preamble is placed before the burst,
otherwise preamble is not placed before the burst.

« PrmITimeShift is an array parameter. Its size should be the same as NumberOfBurst, which
determines the number of samples of cyclic shift delay in time for the preamble symbols.

« DIUC, FrameNumber, BSID are used to generate the scrambler DL initialization vector.

« OversamplingOption indicates the oversampling ratio of transmission signal. There are six
oversampling ratios (1, 2, 4, 8, 16, 32) to support in this source. For example, if
OversamplingOption = Ratio 2, it means the IFFT size is 512.

+ Bandwidth determines the nominal channel bandwidth. The sampling frequency (Fs)
implemented in the design is decided by Bandwidth, OversamplingOption and related
sampling factor ('wman-8-07-030.gif!) as:

F, = floor((Ngeo, % Bandwidth)/8000) x 8000

The sampling factors are listed in Sampling Factor Requirement.
sampling factor n bandwidth

8/7 For channel bandwidths that are a multiple of 1.75 MHz
86/75 else for channel bandwidths that are a multiple of 1.5 MHz
144/125 else for channel bandwidths that are a multiple of 1.25 MHz
316/275 else for channel bandwidths that are a multiple of 2.75 MHz
57/50 else for channel bandwidths that are a multiple of 2.0 MHz
8/7 else for channel bandwidths not otherwise specified

+ CyclicPrefix (G) specifies the ratio of cyclic prefix time to "useful" time, whose range is from
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Oto 1.
» IdleInterval specifies the time of idle interval between two consecutive frames.
» PilotPN_Phase specifies the start phase of pilots (PRBS). The specification requires
PilotPN_Phase = 0.
 MAC_Header specifies the MAC header of FEC-encoded burst.
5. Samples per frame
One WMAN downlink frame consists of Idle, long preamble, FCH and multiple downlink bursts.
The downlink long preamble consists of two consecutive OFDM symbols.
FCH is transmitted in one OFDM symbol. The number of OFDM symbols of the ith downlink burst
('wman-8-07-032.gif!) is calculated as:
Nsympoil ] = ceill(DataLength[i] + 11)/ (uncodedBlockSize[R[i]]))
PreamblePresent indicates whether the downlink burst starts with a short preamble or not. Let
Frml[i]l represent the number of OFDM symbol per each preamble present. If preamblePresent is

set to 1 in the ith burst, then Frd =1 otherwise, Frmilil =0
So the total number of OFDM symbols Neewisymoel  for the downlink frame is calculated as:
NumberOfBurst
Nooraisympor = 21 1+ > (N gymper [ 1] + Prmi[i])
i=1
The number of samples per one OFDM symbol ('wman-8-07-039.gif!) is calculated as:
Samplesgppy = 20 CFUmHIREORIOR 056 % (1 + G)

The samples of IdleInterval( ~“™"P !¢

Samples,y, = ldlelnterval x 2

) is calculated as:
Quersumpling Qprion % I

. 5 lesp, .
So, the total samples of one downlink frame ~“"# " Frame g

Samplespyme = Samplesyye + Nigrisympar X Samplesgrp
This model work on frame by frame. Each firing,

8x DataLength yokens are consumed at pin MAC_PDU,

Samplesrume tokens are produced at pin FrameData,

s NeumberOfBurst \

200 1+ > N omboil i
=1 ’ tokens are produced at pin ForEVM,
§x DataLength+80 o1 ang are produced at pin PSDUFCS, and 11 tokens are produced at pin
DLFP.
6. Output delay

10 % ~oversumpling Option o . ] ) .
= delay is introduced by the transmitter filter in the design

WMAN_DL_SignalSrc, where the delay are equal to 'Len8th—11/2 | angth is the parameter in the

transmitter filter.
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WMAN_DL_SignalSrc_RF (WMAN Downlink Signal Source
RF)

WA {
RF E
o O ’g
DL Source 1
_»,

WMAN_DL_SignalSrc_RF

Description Downlink RF signal source
Library WMAN, Signal Source
Class TSDFWMAN_DL_SignalSrc_RF

Parameters

239



Name
ROut
RTemp

FCarrier

Power
MirrorSpectrum
GainImbalance
PhaseImbalance
I_OriginOffset

Q_OriginOffset

IQ_Rotation
NumberOfBurst
BurstWithFEC
DatalLength

Rate_ID
PreamblePresent
PrmITimeShift
DIUC

FrameNumber
BSID

OversamplingOption

Bandwidth
CyclicPrefix
IdleInterval
PilotPN_Phase
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Description
Source resistance
TEMPERATURE

Carrier frequency

Power

Indication of mirror spectrum about carrier: NO, YES

Gain imbalance in dB Q channel relative to I channel

Phase imbalance in dB Q channel relative to I channel

I origin offset in percent with repect to output rms
voltage

g origin offset in percent with repect to output rms
voltage

IQ rotation in degrees

Number of Burst

The number of burst with FEC

MAC PDU payload byte length of each burst

Rate ID of each burst

Preamble present or not
Preamble time shift of each burst
DIUC of each burst

Frame Number
BS ID

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

Bandwidth
Cyclic prefix
Idle interval
Pilot PN phase

DataPattern WMAN Data Pattern: PN9, PN15, FIX4, _4_1 4 0,
. 8180,_16_1_16_0,_32_1 .32 0, _64_1_64_0,
S_BPSK, S_QPSK, S_16-QAM, S_64-QAM

MAC_Header MAC header data

Pin Outputs

Pin [Name Description Signal Type

1 |RF_Signal joutput of RF signal timed

2 ForEVM  output of DL multiplexed data for EVM complex

test
3 |PDUFCS |output of MAC PDU data of burst with FEC |int
PSDU output of PSDU bits int
5 |DLFP output of DLFP bits int

Notes/Equations

Default
50 Ohm
—-273.15

3407 MHz
0.01 W
NO

0.0

0.0

0.0

0.0

0.0

1

1
{100}

{13}

{03}

{03

{1}

0
0
Ratio 1

1.75 MHz
0.25

10.0 usec
0

PN9

{0XA2, 0X48,
0X22, OXA4F,
0X93, 0XOE}

Unit
Ohm
Celsius

Hz
w

Hz

SecC

Type |Range

int (0, )

real [-273.15,
o]

real (0, )
real (0, o)

enum

real |(—oo, )
real |(—oo, )
real (-0, )

real |(—o0, )

real |(—oo, )
int [1, 16]
int [1, 16]

int [1, 4095]
array

int [0, 6]
array

int {0, 1}
array

int [0, 255]
array

int [0, 15]
array

int [0, 15]
int [0, 15]
enum

real (0, 1e9]
real [0, 1]
real [0, 1000)
int [0, 4095]
enum

int [0, 255]
array

1. This subnetwork generates a WMAN Downlink subsystem RF signal. The subnetwork includes
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WMAN_DL_SignalSrc, which generates the downlink baseband signal of WMAN Downlink
subsystem, and the RF_Modulator.

The schematic for this subnetwork is shown in WMAN_DL_SignalSrc_RF Schematic.

VAR?
| n1oom
[
RandomBits .
ViMAN_DL_Signalsrc_EE RF Signa
A L

CxToRect FF_Modulator

WMAN_DL_SignalSrc_RF Schematic
2. The WMAN OFDM downlink baseband signal source format follows the specification. The schematic

is shown in WMAN DL _SignalSrc Schematic.
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WMAN_DL_SignalSrc Schematic
3. Source functions are implemented as follows:
The input of this subnetwork is MAC PDU data of the FEC-encoded burst; MAC header data is

specified by MAC_Header.

WMAN DL frame structure shows the downlink frame format. It includes the long preamble, FCH,
and one or several downlink bursts carrying MAC PDUs. In WMAN Library, one downlink frame
contains maximum 16 bursts except FCH and each burst contains only one MAC PDU. Among
these bursts, only one FEC-encoded bursted is supported which is randomized, RS-CC coded and
interleaved. Other bursts will be provided PN sequences as their coded source respectively.

| preamble | FCH | DLburst#l | DLburst#2 }|-—{ DL burstém |
DLEFP Broadcast regular M-'“" M-‘\'g: pad
msgs | MAC PDUs (MAC PDU)
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WMAN DL frame structure

The downlink long preamble consists of two consecutive OFDM symbols. The first OFDM symbol

uses only subcarriers the indices of which are a multiple of 4 identified as Paxer and the second

OFDM symbol utilizes only even subcarriers identified as PEven | The basic sequence for one
OFDM symbol time domain packet is implemented by WMAN_Preamble.
The FCH is coded in the following manner:

WMAN_DLFP generates the DLFP, then an 8 bit Header Check Sequence is padded.
Randomized by WMAN_Scramble with initial state 100101010000000.

Convolutional encoded and interleaved by WMAN_FEC.

The FEC-encoded burst is coded in the following manner:

Add MAC header with parameter MAC_Header.

Randomized by WMAN_Scramble.

RS-CC encoded, punctured (by WMAN_Puncture) and interleaved by WMAN_FEC.

After encoding, the FCH and coded burst will be mapped to the constellation respectively.
Other bursts without FEC, will be provided PN sequence as their coded bits and mapped to
the constellation according to their Rate_ID by WMAN_BurstWoFEC.

The FCH, FEC-encoded burst are concatenated with non-coded bursts by
WMAN_DL_MuxBurst.

WMAN_DL_Pilot generates modulated pilot for downlink bursts. After IFFT and cyclic prefix

insertion, the FPaxer and PEVEN are combined with downlink payload (including FCH and
downlink bursts) in WMAN_DL_MuxFrame.
At last, oversampling is implemented by a transmitter filter.

4. 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 used to set the modulator output RF power. This is true for an ideal transmitted
signal (no impairments added) or when small impairments are added. If large impairments
are added to the signal (using GainImbalance, I_OriginOffset, and Q_OriginOffset
parameters) the output RF power may be different from the value of the Power parameter.
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.
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
' . ' "-bi’[‘l'l

Vepltl = AL'V’J,[I]COE.ILI:-;IL_I]—g\"e(a‘] smmei‘+ JSEI/'I;'I
RF is given by: where A is a scaling factor
based on the Power and ROut parameters specified by the user, VI(t) is the in-phase RF
envelope, VQ(t) is the quadrature phase RF envelope, g is the gain imbalance

Gairdmbulunce

20
g=10 and, 'wman-8-08-061.gif!(in degrees) is the phase imbalance.
Next, the signal VRF(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(2xROutxPower).
NumberOfBurst specifies the number of active downlink bursts.
BurstWithFEC specifies the downlink burst FEC.
Datalength is the array of each DL burst's MAC PDU payload byte length. Rate_ID is the
array of each DL burst's Rate ID, whose range is from 0 to 6. DataLength and Rate_ID (R)
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determine the number of data symbols per DL burst. Data-rate-dependent parameters
(modulation, coding rate, coded bytes/uncoded bytes per OFDM symbol) are set according to
the values listed in the following table, which is based on the specification.

Rate_ID |[Modulation [Uncoded block Coded block Overall coding RS code CC code
size(bytes) size(bytes) rate rate
0 BPSK 12 24 1/2 (12,12,0) |1/2
1 QPSK 24 48 1/2 (32,24,4) 2/3
2 QPSK 36 48 3/4 (40,36,2) |5/6
3 16-QAM 48 96 1/2 (64,48,8) |2/3
4 16-QAM 72 96 3/4 (80,72,4) |5/6
5 64-QAM 96 144 2/3 (108,96,6) |3/4
6 64-QAM 108 144 3/4 (120,108,6) |5/6

« PreamblePresent is the array of each DL burst's preamble present. It determines whether
preamble is placed before the burst or not. If "1", preamble is placed before the burst,
otherwise preamble is not placed before the burst.

o PrmITimeShift is an array parameter. Its size should be the same as NumberOfBurst, which
determines the number of samples of cyclic shift delay in time for the preamble symbols.

« DIUC, FrameNumber, BSID are used to generate the scrambler DL initialization vector.

« OversamplingOption indicates the oversampling ratio of transmission signal. There are six
oversampling ratios (1, 2, 4, 8, 16, 32) to support in this source. For example, if
OversamplingOption = Ratio 2, it means the IFFT size is 512.

+ Bandwidth determines the nominal channel bandwidth. The sampling frequency (Fs)
implemented in the design is decided by Bandwidth, OversamplingOption and related
sampling factor ('wman-8-08-062.gif!) as:

F. = floor((Ng % Bandwidth)/8000) » 8000

Jacrar

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

8/7 For channel bandwidths that are a multiple of 1.75 MHz
86/75 else for channel bandwidths that are a multiple of 1.5 MHz
144/125 else for channel bandwidths that are a multiple of 1.25 MHz
316/275 else for channel bandwidths that are a multiple of 2.75 MHz
57/50 else for channel bandwidths that are a multiple of 2.0 MHz
8/7 else for channel bandwidths not otherwise specified
» CyclicPrefix (G) specifies the ratio of cyclic prefix time to "useful" time, whose range is from
Oto 1.

» IdleInterval specifies the time of idle interval between two consecutive frames.
» PilotPN_Phase specifies the start phase of pilots (PRBS). The specification requires
PilotPN_Phase = 0.
« MAC_Header specifies the MAC header of FEC-encoded burst.
5. Key parameter calculation:

One WMAN downlink frame consists of Idle, long preamble, FCH and multiple downlink bursts.
The downlink long preamble consists of two consecutive OFDM symbols.
FCH is transmitted in one OFDM symbol. The number of OFDM symbols of ith downlink
burst(!'wman-8-08-064.gif!) is calculated as:

Ngompotlt] = ceil((DataLength[i] + 11}/ (uncodedBlockSize[R[(]]))
PreamblePresent indicates whether the downlink burst starts with a short preamble or not. Let
Prml[i] represent the number of OFDM symbol per each preamble present. If preamblePresent is
set to 1 in the ith burst, then Frmilid =1 otherwise, Frmilil =0

So the total number of OFDM symbols Neeraisymbel
for the downlink frame is calculated as:
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NumberOfBurst
’Nrraru.f.ﬁ','mba.l’ =2+1+ z [«"\'r.ﬁ-r-mba.f[‘f] + Prme’[f] )
i=1

The number of samples per one OFDM symbol (!wman-8-08-071.gif!) is calculated as:

Qversum@ling Qprion -
SHMPEICSGFD.'H = 2 ver I'JJ‘?".U"'J"S’ prar}{jsb X|._J.+G-|

The samples of IdleInterval( 'wman-8-08-073.gif!) is calculated as:

Quersamplin g Oprion
Samples,,. = Idielnterval x 27 "< mFETRIEE o

. 5 lesp.
So, the total samples of one downlink frame ~%"F"“ Frume

Samplespyme = Samplesyye + Nigrisympar X Samplesorp
6. Output delay

30 % ~oversumpling Oprion

is

delay is introduced by the transmitter filter in the design WMAN_DL_SignalSrc, where the delay
are equal to 'Length—1)72 | angth is the parameter in the transmitter filter.
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WMAN_DL_Src_FD (WMAN DL Signal Source with
FrameDuration)
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WMAN_DL_Src_FD

Description Downlink baseband signal source with broadcast message and frame duration
Library WMAN, Signal Source
Class SDFWMAN_DL_Src_FD

Parameters
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Name
OversamplingOption

Bandwidth
CyclicPrefix
FrameMode
DL_Ratio

FrameDuration
Brd_Message

IdleInterval
BSID

FrameNumber
DL_ChannelID
DCD_Count
NumberOfBurst
BurstWithFEC
CID

DataLength
Rate_ID
PreamblePresent
PrmITimeShift

PilotPN_Phase

AutoMACHeaderSetting

MAC_Header

UL_ChannelID
UCD_Count
UL_NumberOfSS
UL_CID

UL_Datalength

UL_Rate_ID

UL_Subchannelization

UL_Subchannellndex

Advanced Design System 2011.01 - Fixed WiMax Design Library

Description

Oversampling ratio option: Ratio 1, Ratio 2, Ratio 4,

Ratio 8, Ratio 16, Ratio 32
Bandwidth

Cyclic prefix

Frame mode: FDD, TDD
Downlink ratio

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

20 ms

Broadcast message enabled or not: NO, YES
Idle interval

BSID

Frame Number

Downlink channel ID

DCD count

Number of Burst

The number of burst with FEC
CID of each burst

MAC PDU payload byte length of each burst
Rate ID of each burst

Preamble present or not

Preamble time shift of each burst

Pilot PN phase
Auto MAC header setting or not: NO, YES
MAC header data

Uplink channel ID

UCD count

Uplink nhumber of subscribers
Uplink CID

Uplink MAC PDU payload byte length of each
subscriber

Uplink Rate ID of each subscriber

Uplink Subchannelization or not: NO, YES
Uplink list of each subchannel index

UL_MidambleRepetition Uplink Midamble repetition of each subscriber

Pin Inputs

Pin |[Name

Description

Signal Type

1 |MAC_Data |input of raw data |int

Pin Outputs
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Default
Ratio 1

1.75 MHz
0.25
FDD
0.5

time 5 ms

NO
0.0 usec

{0X00, 0X00,
0X00, 0X00, 0X00,
0X01}

0
0
1
1
1
{

{100}
{1}
{0}
{0}

0
YES

{0XA2, 0X48,
0X22, OX4F, 0X93,
OXOE}

0
1
1

{0}
{100}
{1}

NO
{8}

{03

Unit Type

enum

real
real
enum

real

enum

enum
real
int
array

int
int
int
int
int
int
array
int
array
int
array
int
array
int
array
int
enum
int
array
int
int
int
int
array
int
array
int
array
enum
int
array
int
array

Range

(0, 1€9]
[0, 1]

[0.01,
0.99]

[0, 1000)
[0, 255]

[0, 15]
[0, 255]
[0, 255]
[1, 16]
[1, 16]
[0, 65535]

[1, 16383]

[0, 6]

{0, 1}

[0, 255]

[0, 4095]

[0, 255]

[0, 255]
[0, 255]
[1, 16]
[0, 65535]

[1, 16383]

[0, 6]

[1, 15] or
[17, 31]

[0, 3]
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Pin Name Description Signal Type

2 |FrameData |output of DL Subframe complex

3 |ForEVM output of DL multiplexed data for EVM complex
test

4 |PDUFCS output of MAC PDU data of burst with FEC |int

5 |DLFP output of DLFP bits int

6 |Brd_message output of broadcast message int

Notes/Equations

1. This subnetwork generates a WMAN Downlink subsystem baseband signal. The schematic for this
subnetwork is shown in WMAN_DL_Src FD Schematic.
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WMAN_DL_Src_FD Schematic
2. The input of this subnetwork is MAC PDU data of the FEC-encoded burst; MAC header data is
specified by MAC_Header.
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3. WMAN_DL_Src_FD is implemented according to the specification.

WMAN DL Subframe Structure shows the downlink subframe format. It includes the long
preamble, FCH, broadcast burst and one or several downlink bursts carrying MAC PDUs. The
duplexing method shall be either FDD or TDD. In TDD mode, the downlink subframe occupies the
first part of the frame, and the uplink subframe is in the last (second) part of the frame. If the
transmission time for all the bursts does not fit the time of the downlink subframe allocated, gaps
will be padded at the end of subframe. The broadcast burst always immediately follows the FCH if
exist consisting of 21 consecutive OFDM symbols. One downlink subframe contains maximum 16
bursts except FCH and each burst contains only one MAC PDU. Among these bursts, only one
FEC-encoded bursted is supported which is randomized, RS-CC coded and interleaved. Other
bursts will be provided PN sequences as their coded source respectively.

| preamble | FCH | DLburst#l | DLburst#2 }|-—{ DL burst#m |
DLEP Broadcast regular MAC MHE‘. pad
msgs MAC PDUs (MAC PDU)

WMAN DL Subframe Structure

The downlink long preamble consists of two consecutive OFDM symbols. The first OFDM symbol
uses only subcarriers the indices of which are a multiple of 4 identified as Fix6t and the second

OFDM symbol utilizes only even subcarriers identified as PEVEN  The basic sequence for one OFDM
symbol time domain packet is implemented by WMAN_Preamble.
The FCH is coded in the following manner:

« WMAN_DLFP generates the DLFP, then an 8 bit Header Check Sequence is padded.

» Randomized by WMAN_Scramble with initial state 100101010000000.

e Convolutional encoded and interleaved by WMAN_FEC.

The FEC-encoded burst is coded in the following manner:

Add MAC header with parameter MAC_Header.

Randomized by WMAN_Scramble.

RS-CC encoded, punctured (by WMAN_Puncture) and interleaved by WMAN_FEC.

After encoding, the FCH and coded burst will be mapped to the constellation respectively.
Other bursts without FEC, will be provided PN sequence as their coded bits and mapped to
the constellation according to their Rate_ID by WMAN_BurstWoFEC.

The FCH , FEC-encoded burst are concatenated with non-coded bursts by
WMAN_DL_MuxBurst.

WMAN_DL_Pilot generates modulated pilot for downlink bursts. After IFFT and cyclic prefix

insertion, the Paxer and PEVEN are combined with downlink payload (including FCH and
downlink bursts) in WMAN_DL_MuxFrame.
At last, oversampling is implemented by a transmitter filter.

4, Parameter Details

« NumberOfBurst specifies the number of active downlink bursts.

o BurstWithFEC specifies the downlink burst FEC.

« Datalength is the array of each DL burst's MAC PDU payload byte length. Rate_ID is the
array of each DL burst's Rate ID, whose range is from 0 to 6. DataLength and Rate_ID (R)
determine the number of data symbols per DL burst. Data-rate-dependent parameters
(modulation, coding rate, coded bytes/uncoded bytes per OFDM symbol) are set according to
the values listed in the following tagble, which is based on the specification.
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Rate_ID |Modulation [Uncoded block Coded block Overall coding RS code CC code
size(bytes) size(bytes) rate rate
0 BPSK 12 24 1/2 (12,12,0) |1/2
1 QPSK 24 48 1/2 (32,24,4) 2/3
2 QPSK 36 48 3/4 (40,36,2) |5/6
3 16-QAM 48 96 1/2 (64,48,8) 2/3
4 16-QAM 72 96 3/4 (80,72,4) |5/6
5 64-QAM 96 144 2/3 (108,96,6) 3/4
6 64-QAM 108 144 3/4 (120,108,6) |5/6

PreamblePresent is the array of each DL burst's preamble present. It determines whether
preamble is placed before the burst or not. If "1", preamble is placed before the burst,
otherwise preamble is not placed before the burst.
PrmITimeShift is an array parameter. Its size should be the same as NumberOfBurst, which
determines the number of samples of cyclic shift delay in time for the preamble symbols.
DIUC, FrameNumber, BSID are used to generate the scrambler DL initialization vector.
OversamplingOption indicates the oversampling ratio of transmission signal. There are six
oversampling ratios ( 1, 2, 4, 8, 16, 32 ) to support in this source. For example, if
OversamplingOption = Ratio 2, it means the IFFT size is 512.
Bandwidth determines the nominal channel bandwidth. The sampling frequency (Fs)
implemented in the design is decided by Bandwidth, OversamplingOption and related
sampling factor ('wman-8-09-086.gif!) as follows,

F_= floor((Ng ® Bandwidth)/8000) x 8000

_‘T:JC.er'

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

8/7 For channel bandwidths that are a multiple of 1.75 MHz
86/75 else for channel bandwidths that are a multiple of 1.5 MHz
144/125 else for channel bandwidths that are a multiple of 1.25 MHz
316/275 else for channel bandwidths that are a multiple of 2.75 MHz
57/50 else for channel bandwidths that are a multiple of 2.0 MHz
8/7 else for channel bandwidths not otherwise specified

CyclicPrefix (G) specifies the ratio of cyclic prefix time to "useful" time, whose range is from
0 to 1.

FrameMode is determines the generated frame is FDD mode or TDD mode. If FDD mode, the
full frame is used to transmit this uplink signal source. If TDD mode, the frame is used to
transmit both downlink and uplink signal source, the first part is for downlink transmission
and the second part is for uplink transmission. These two parts are controlled by the
DL_Ratio parameter in one frame.

DL_Ratio is used to split one frame into two parts. When FrameMode=TDD and
FrameDuration<>Continuous, it is active. The first part (duration is
FrameDuration*DL_Ratio) is to transmit downlink (filled by zeros) and the rest part (second
part) is to transmit uplink source.

FrameDuration specifies the frame type. It's type is enum. There are 8 cases (Continuous,
time 2.5 ms, time 4 ms, time 5 ms, time 8 ms, time 10 ms, time 12.5 ms and time 20 ms).
When FrameDuration =Continuous, the downlink source is transmitted continuously (without
frame structure) and both FrameMode and DL_Ratio parameters are inactive. When
FrameDuration <>Continuous, the downlink source is transmitted frame by frame (with
frame structure) and both FrameMode and DL_Ratio parameters are active.

Brd_Message specifies whether the broadcast burst is inserted or not. The broadcast burst is
transmitted with BPSK 1/2 after FCH burst and before the data bursts. The number of OFDM
symbols in the broadcast burst is 21.

Idlelnterval specifies the time of idle interval between two consecutive frames.
PilotPN_Phase specifies the start phase of pilots (PRBS). The specification requires
PilotPN_Phase = 0.
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« AutoMACHeaderSetting specifies whether the MAC_Header is generated automatically or not.
« MAC_Header specifies the MAC header of FEC-encoded burst. This parameter is only active
when AutoMACHeaderSetting is set to NO.
o UL_ChannellID specifies the uplink channel ID. This parameter is used in UL-MAP.
o UCD_Count specifies the UCD count. This parameter is used in UCD.
+ UL_NumberOfSS specifies the number of the uplink subscribers. This parameter is used in
UL-MAP.
« UL_CID specifies the CID for the uplink subscribers. This parameter is used in UL-MAP.
« UL_DatalLength specifies the data length for the uplink subscribers. This parameter is used in
UL-MAP.
o UL_Rate_ID specifies the rate ID for the uplink subscribers. This parameter is used in UL-
MAP.
o UL_Subchannelization specifies whether subchannelization is used or not. This parameter is
used in UL-MAP.
e UL_Subchannellndex specifies the index of subchannels for the uplink subscribers. This
parameter is used in UL-MAP.
« UL_MidambleRepetition specifies the repetition of midambles for the uplink subscribers. This
parameter is used in UL-MAP.
5. Samples per frame
One WMAN downlink frame consists of Idle, long preamble, FCH, broadcast burst and multiple
downlink bursts.
The downlink long preamble consists of two consecutive OFDM symbols.
FCH is transmitted in one OFDM symbol. The number of OFDM symbols of the ith downlink
burst(!lwman-8-09-088.gif!) is calculated as follows:

N mpoili] = ceili{DataLength[i] + 11)/(uncodedBlockSize[R[{]]))

PreamblePresent indicates whether the downlink burst starts with a short preamble or not. Let

Frmi[i] represent the number of OFDM symbol per each preamble present. If preamblePresent

is set to 1 in the ith burst, then © ™11 =1 Prmii] = 0

So the total number of OFDM symbols Niowisymsel  for the downlink frame is calculated as
follows:

otherwise,

NumberOfBurzr
r _ " r P AT : . L
N oratsympor = 2T 1T Np oo, t > (Nsymboa[1] + Prmili])

i=1

Npracar is the number of OFDM symbols of the broadcast burst where it is equal to 21 when
Brd_Message is YES and is equal to 0 when Brd_Message is NO.
The number of samples per one OFDM symbol (lwman-8-09-096.gif!) is calculated as:

Quersumpling prion - _ .
— 7 7
Samplesgppyy = 2 x256x(1+G)

The samples of IdleInterval( Samplesig, ) is calculated as follows:

Quersumpling @ ption
versumpling O prion % F.

Samples, y, = ldlelnterval x 2

If FrameDuration is Continuous, the total samples of one downlink frame SaAmplespy e is

— T
Samplesp, . = Samples,y + N ysmpa XSamplesgpp

Otherwise, if FrameDuration is set to other values (2.5 ms, 4 ms, 5 ms, 8 ms, 10 ms, 12.5 ms or

20 ms), the total samples of one downlink frame =" !®SFrune

250



Advanced Design System 2011.01 - Fixed WiMax Design Library

. Quersumpling Qption
- ol . T e
Samp.!'esﬂumc = Sampa'c’sl;dh__ + FrameDuration X F_x 2

is
8 % DataLength

This model work on frame by frame. Each firing, tokens are consumed at pin

Samplesp,, .

MAC_PDU,
{ Number OfBursr b

200 x| 1+ Ng, 4., + > Nsymeali]

" tokens are

tokens are produced at pin FrameData, i=1

8 x DataLength + 80

produced at pin ForEVM, tokens are produced at pin PSDUFCS, and 11 tokens

are produced at pin DLFP.

6. Output delay
30 % ~oversumplingO prion o ] ] ) . .
< delay is introduced by TransmitterFilter in the design WMAN_DL_SignalSrc,
(Length—1)/2 ; ; ; ;
where the delay are equal to . Length is the parameter in TransmitterFilter.
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2. IEEE P802.16-2004/Cor1/D5, Corrigendum to IEEE Standard for Local and Metropolitan Area

Networks - Part 16: Air Interface for Fixed Broadband Wireless Access Systems, Sept. 2005.
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WMAN_DL_Src_FD_RF (WMAN DL Source RF with
FrameDuration)

PR ‘92
A

RF V.
Frame 3
Duration ‘3;
O O N
DL Source . !I

WMAN_DL_Src_FD_RF

Description Downlink RF signal source with broadcast message and frame duration
Library WMAN, Signal Source
Class TSDFWMAN_DL_Src_FD_RF

Parameters
Name Description Default Unit Type Range
ROut Source resistance 50 Ohm Ohm |int (0, )
RTemp TEMPERATURE —-273.15 Celsius real [-273.15,
]

FCarrier Carrier frequency 3407 MHz Hz real (0, o)
Power Power 0.01 W w real (0, o)
MirrorSpectrum Indication of mirror spectrum about carrier: NO, YES |NO enum
GainImbalance Gain imbalance in dB Q channel relative to I channel 0.0 real |(—oo, c0)
Phaselmbalance Phase imbalance in dB Q channel relative to I channel |0.0 real |(—oo, o)
I_OriginOffset I origin offset in percent with repect to output rms 0.0 real |(—oco, )

voltage
Q_OriginOffset q origin offset in percent with repect to output rms 0.0 real |(—o0, )

voltage
IQ_Rotation IQ rotation in degrees 0.0 real |(—oo, c0)
OversamplingOption Oversampling ratio option: Ratio 1, Ratio 2, Ratio 4, |Ratio 1 enum

Ratio 8, Ratio 16, Ratio 32
Bandwidth Bandwidth 1.75 MHz Hz real (0, 1e9]
CyclicPrefix Cyclic prefix 0.25 real [0, 1]
FrameMode Frame mode: FDD, TDD FDD enum
DL_Ratio Downlink ratio 0.5 real |[0.01, 0.99]
FrameDuration Frame duration: Continuous, time 2.5 ms, time 4 ms, time 5 ms enum

time 5 ms, time 8 ms, time 10 ms, time 12.5 ms,

time 20 ms
Brd_Message Broadcast message enabled or not: NO, YES NO enum
IdleInterval Idle interval 0.0 usec sec real |[0, 1000)
BSID BSID {0X00, 0Xo00, int [0, 255]

0X00, 0X00, array
0X00, 0X01}

FrameNumber Frame Number 0 int [0, 15]
DL_ChannelID Downlink channel ID 0 int [0, 255]
DCD_Count DCD count 1 int [0, 255]



Advanced Design System 2011.01 - Fixed WiMax Design Library
DataPattern WMAN Data Pattern: PN9, PN15, FIX4, _4_ 1 4 0, PNOS enum
~8.180,_16_1_16_0,_32_1.32 0,_64_1_64_0,
S_BPSK, S_QPSK, S_16-QAM, S_64-QAM

NumberOfBurst Number of Burst 1 int [1, 16]

BurstWithFEC The number of burst with FEC 1 int [1, 16]

CID CID of each burst {1} int [0, 65535]
array

DataLength MAC PDU payload byte length of each burst {100} int [1, 16383]
array

Rate_ID Rate ID of each burst {1} int [0, 6]
array

PreamblePresent Preamble present or not {0} int {0, 1}
array

PrmITimeShift Preamble time shift of each burst {0} int [0, 255]
array

UL_ChannelID Uplink channel ID 0 int [0, 255]

UCD_Count UCD count 1 int [0, 255]

UL_NumberOfSS Uplink number of subscribers 1 int [1, 16]

UL_CID Uplink CID {0} int [0, 65535]
array

UL_Datalength Uplink MAC PDU payload byte length of each {100} int [1, 16383]

subscriber array

UL_Rate_ID Uplink Rate ID of each subscriber {1} int [0, 6]
array

UL_Subchannelization |Uplink Subchannelization or not: NO, YES NO enum

UL_Subchannellndex |Uplink list of each subchannel index {8} int [1, 15] or
array |[[17, 31]

UL_MidambleRepetition Uplink Midamble repetition of each subscriber {0} int [0, 3]
array

Pin Outputs

Pin Name Description Signal Type

1 |RF_Signal output of RF signal timed

2 |ForEVM output of DL multiplexed data for EVM complex

test

3 |PDUFCS output of MAC PDU data of burst with FEC |int

4 |PSDU output of PSDU bits int

5 DLFP output of DLFP bits int

6 |Brd_message output of broadcast message int

Notes/Equations

1. This subnetwork generates a WMAN Downlink subsystem RF signal. The subnetwork includes
WMAN_DL_Src_FD, which generates the downlink baseband signal of WMAN Downlink subsystem,
and the RF_Modulator.

The schematic for this subnetwork is shown in WMAN_DL_Src_FD_RF Schematic.
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WMAN_DL_Src_FD_RF Schematic

2. The WMAN OFDM downlink baseband signal source format follows the specification. The schematic
is shown in WMAN_DL_Src FD Schematic.
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WMAN_DL_Src_FD Schematic
. Source functions are implemented as follows:
The input of this subnetwork is MAC PDU data of the FEC-encoded burst; MAC header data is

specified by MAC_Header.

WMAN DL Frame Structure shows the downlink subframe format. It includes the long preamble,
FCH, broadcast burst and one or several downlink bursts carrying MAC PDUs. The duplexing
method shall be either FDD or TDD. In TDD mode, the downlink subframe occupies the first part
of the frame, and the uplink subframe is in the last (second) part of the frame. If the transmission
time for all the bursts does not fit the time of the downlink subframe allocated, gaps will be
padded at the end of subframe. The broadcast burst always immediately follows the FCH if exist
consisting of 21 consecutive OFDM symbols. One downlink subframe contains maximum 16 bursts
except FCH and each burst contains only one MAC PDU. Among these bursts, only one FEC-
encoded bursted is supported which is randomized, RS-CC coded and interleaved. Other bursts
will be provided PN sequences as their coded source respectively.
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| preamble | FCH | DLburst#l | DLburst#2 || DL burst#fm |
DLEP Broadcast regular MM.. MM““'. pad
msgs | MAC PDUs (MAC PDU)

WMAN DL Frame Structure

The downlink long preamble consists of two consecutive OFDM symbols. The first OFDM symbol

uses only subcarriers the indices of which are a multiple of 4 identified as Paxer and the second

OFDM symbol utilizes only even subcarriers identified as PEVEN  The basic sequence for one OFDM
symbol time domain packet is implemented by WMAN_Preamble.
The FCH is coded in the following manner:

WMAN_DLFP generates the DLFP, then an 8 bit Header Check Sequence is padded.
Randomized by WMAN_Scramble with initial state 100101010000000.

Convolutional encoded and interleaved by WMAN_FEC.

The FEC-encoded burst is coded in the following manner:

Add MAC header with parameter MAC_Header.

Randomized by WMAN_Scramble.

RS-CC encoded, punctured (by WMAN_Puncture) and interleaved by WMAN_FEC.

After encoding, the FCH and coded burst will be mapped to the constellation respectively.
Other bursts without FEC, will be provided PN sequence as their coded bits and mapped to
the constellation according to their Rate_ID by WMAN_BurstWoFEC.

The FCH, FEC-encoded burst are concatenated with non-coded bursts by
WMAN_DL_MuxBurst.

WMAN_DL_Pilot generates modulated pilot for downlink bursts. After IFFT and cyclic prefix

insertion, the Fixer gng Feven
are combined with downlink payload (including FCH and downlink bursts) in

WMAN_DL_MuxFrame.
At last, oversampling is implemented by a transmitter filter.

4. 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 used to set the modulator output RF power. This is true for an ideal transmitted
signal (no impairments added) or when small impairments are added. If large impairments
are added to the signal (using GainImbalance, I_OriginOffset, and Q_OriginOffset
parameters) the output RF power may be different from the value of the Power parameter.
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.
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:

s ' q:'n\ll-\l

k",”_-flr] = AL\",[rlcosﬂmr__rj —g\fc,l;r]mntmr__r+ JSDJ‘/‘I

where A is a scaling factor based on the Power and ROut parameters specified by the user,
VI(t) is the in-phase RF envelope, VQ(t) is the quadrature phase RF envelope, g is the gain
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imbalance

Guinimbulunce
g =10 20
and, ¢ (in degrees) is the phase imbalance.
Next, the signal VRF(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(2xROutxPower).

NumberOfBurst specifies the number of active downlink bursts.

BurstWithFEC specifies the downlink burst FEC.

Datalength is the array of each DL burst's MAC PDU payload byte length. Rate_ID is the
array of each DL burst's Rate ID, whose range is from 0 to 6. DataLength and Rate_ID (R)
determine the number of data symbols per DL burst. Data-rate-dependent parameters
(modulation, coding rate, coded bytes/uncoded bytes per OFDM symbol) are set according to
Mandatory Channel Coding per Modulation, which is based on the specification.

Rate_ID Modulation Uncoded block Coded block Overall coding RS code CC code
size(bytes) size(bytes) rate rate
0 BPSK 12 24 1/2 (12,12,0) |1/2
1 QPSK 24 48 1/2 (32,24,4) |2/3
2 QPSK 36 48 3/4 (40,36,2) |5/6
3 16-QAM 48 96 1/2 (64,48,8) 2/3
4 16-QAM 72 96 3/4 (80,72,4) |5/6
5 64-QAM 96 144 2/3 (108,96,6) [3/4
6 64-QAM 108 144 3/4 (120,108,6) |5/6

PreamblePresent is the array of each DL burst's preamble present. It determines whether
preamble is placed before the burst or not. If "1", preamble is placed before the burst,
otherwise preamble is not placed before the burst.
PrmITimeShift is an array parameter. Its size should be the same as NumberOfBurst, which
determines the number of samples of cyclic shift delay in time for the preamble symbols.
DIUC, FrameNumber, BSID are used to generate the scrambler DL initialization vector.
OversamplingOption indicates the oversampling ratio of transmission signal. There are six
oversampling ratios (1, 2, 4, 8, 16, 32) to support in this source. For example, if
OversamplingOption = Ratio 2, it means the IFFT size is 512.
Bandwidth determines the nominal channel bandwidth. The sampling frequency (Fs)
implemented in the design is decided by Bandwidth, OversamplingOption and related
sampling factor(!lwman-8-10-121.gif!) as follows:

F. = floor( (N

Jucter

® Bandwidth)/8000) x 8000

The sampling factors are listed in Sampling Factor Requirement.
sampling factor n bandwidth

8/7 For channel bandwidths that are a multiple of 1.75 MHz
86/75 else for channel bandwidths that are a multiple of 1.5 MHz
144/125 else for channel bandwidths that are a multiple of 1.25 MHz
316/275 else for channel bandwidths that are a multiple of 2.75 MHz
57/50 else for channel bandwidths that are a multiple of 2.0 MHz
8/7 else for channel bandwidths not otherwise specified

CyclicPrefix (G) specifies the ratio of cyclic prefix time to "useful" time, whose range is from
0to 1.

FrameMode is determines the generated frame is FDD mode or TDD mode. If FDD mode, the
full frame is used to transmit this uplink signal source. If TDD mode, the frame is used to
transmit both downlink and uplink signal source, the first part is for downlink transmission
and the second part is for uplink transmission. These two parts are controlled by the
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DL_Ratio parameter in one frame.

o DL_Ratio is used to split one frame into two parts. When FrameMode=TDD and
FrameDuration<>Continuous, it is active. The first part (duration is
FrameDuration*DL_Ratio) is to transmit downlink (filled by zeros) and the rest part (second
part) is to transmit uplink source.

« FrameDuration specifies the frame type. It's type is enum. There are 8 cases (Continuous,
time 2.5 ms, time 4 ms, time 5 ms, time 8 ms, time 10 ms, time 12.5 ms and time 20 ms).
When FrameDuration =Continuous, the downlink source is transmitted continuously (without
frame structure) and both FrameMode and DL_Ratio parameters are inactive. When
FrameDuration <>Continuous, the downlink source is transmitted frame by frame (with
frame structure) and both FrameMode and DL_Ratio parameters are active.

o Brd_Message specifies whether the broadcast burst is inserted or not. The broadcast burst is

transmitted with BPSK 1/2 after FCH burst and before the data bursts. The number of OFDM

symbols in the broadcast burst is 21.

IdleInterval specifies the time of idle interval between two consecutive frames.

UL_ChannelID specifies the uplink channel ID. This parameter is used in UL-MAP.

UCD_Count specifies the UCD count. This parameter is used in UCD.

UL_NumberOfSS specifies the number of the uplink subscribers. This parameter is used in

UL-MAP.

UL_CID specifies the CID for the uplink subscribers. This parameter is used in UL-MAP.

« UL_Datalength specifies the data length for the uplink subscribers. This parameter is used in
UL-MAP.

« UL_Rate_ID specifies the rate ID for the uplink subscribers. This parameter is used in UL-
MAP.

o UL_Subchannelization specifies whether subchannelization is used or not. This parameter is
used in UL-MAP.

o UL_Subchannellndex specifies the index of subchannels for the uplink subscribers. This
parameter is used in UL-MAP.

« UL_MidambleRepetition specifies the repetition of midambles for the uplink subscribers. This
parameter is used in UL-MAP.

5. Key parameter calculation:

One WMAN downlink frame consists of Idle, long preamble, broadcast burst, FCH, broadcast burst
and multiple downlink bursts.

The downlink long preamble consists of two consecutive OFDM symbols.

FCH is transmitted in one OFDM symbol. The number of OFDM symbols of ith downlink burst
('wman-8-10-123.gif!) is calculated as follows:

N mpaili]l = ceili(DataLength[i]+ 11)/(uncodedBlockSize[R[]]))

PreamblePresent indicates whether the downlink burst starts with a short preamble or not. Let
Prml[i]

represent the number of OFDM symbol per each preamble present. If preamblePresent is set to 1

in the ith burst, then Prmili] =1 , otherwise, Prmili] = 0

N .
So the total number of OFDM symbols torul Symbal
for the downlink frame is calculated as follows:
NumberQfBurst
2+ 1+ Ng, .+ > Wsyplid + Prmi[i])

i=1

N

T p—
tatal Symbol —

N

rBr'.::'c:r

is the number of OFDM symbols of the broadcast burst where it is equal to 21 when Brd_Message
is YES and is equal to 0 when Brd_Message is NO.

The number of samples per one OFDM symbol (lwman-8-10-131.gif!) is calculated as:
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QuersumplingO prion - _ .
— 7 7
Samplesgppy = 2 x 256 x(1+G)

The samples of IdleInterval( Samplesiy, ) is calculated as follows:

Quersumpling O prion

Samples, y. = ldlelnterval x 2 ® F

If FrameDuration is Continuous, the total samples of one downlink frame Samplesprame is

— T
Samplesp,, .. = Samples,y +N o mpo X Samplesgpp,,

Otherwise, if FrameDuration is set to other values (2.5 ms, 4 ms, 5 ms, 8 ms, 10 ms, 12.5 ms or
Samplesp, e

20 ms), the total samples of one downlink frame is

, Quersumpling Qption
- s . n )
Sc,amp.!'cs,-_f_ e — Sc,ampa'fsl;dh__ + FrameDuration x f: oL

6. Output delay
30 % Eol'cr':ump.f.:r:gﬂpr.:or:

delay is introduced by TransmitterFilter in the design WMAN_DL_SignalSrc,
where the delay are equal to (Length— 172 Length is the parameter in TransmitterFilter.

References

1. IEEE Std 802.16-2004, Part 16: Air Interface for Fixed Broadband Wireless Access Systems,
Section 8.3 WirelessMAN-OFDM PHY, October 1, 2004.

2. IEEE P802.16-2004/Cor1/D5, Corrigendum to IEEE Standard for Local and Metropolitan Area
Networks - Part 16: Air Interface for Fixed Broadband Wireless Access Systems, Sept. 2005.
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WMAN_MACHeader (WMAN MAC Header)

WWAR

[He zee JMER] € P @;I

WMAN_MACHeader

Description MAC header generator
Library WMAN, Signal Source
Class SDFWMAN_MACHeader

Parameters

Name Description Default Type Range

DatalLength MAC PDU payload byte length 100 int [1,
16383]

CID CID 0 int [0,
65535]

Pin Outputs

Pin [IName Description |Signal Type
1 |out MACHeader |int

Notes/Equations

1. This subnetwork is used to generate MAC Header.

2. Each firing 6 x 8 bit tokens are produced at Pin MACHeader.

3. Two MAC Header formats are defined. The first is the generic MAC header that begins each MAC
PDU containing either MAC management messages or CS data. The second is the bandwidth
request header used to request additional bandwidth. The single-bit Header Type (HT) field
distinguishes the generic MAC header and bandwidth request header formats. The HT field shall

be set to zero for the Generic Header and to one for a bandwidth request header. In this module,
HT is set to zero (Generic MAC Header).

Generic MAC Header
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Syntax [Size
HT 1 bit
EC 1 bit
Type 6 bit

reserved |1 bit
CI 1 bit
EKS 2 bit

reserved |1 bit
LEN 11
bit
CID 16
bit
HCS 8 bit
References
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Notes
Header Type. Shall be set to zero in Generic MAC header.
Encryption Control

This field indicates the subheaders and special payload types present in the message payload. Set zero
here.

0

CRC Indicator

Encryption Key Sequence
0

Length. The length in bytes of the MAC PDU including the MAC header and the CRC if present. The
length in bytes of payload is DataLength+10.

Connection identifier

Header Check Sequence

1. IEEE Std 802.16-2004, Part 16: Air Interface for Fixed Broadband Wireless Access Systems,
Section 8.3 WirelessMAN-OFDM PHY, October 1, 2004.

2. IEEE P802.16-2004/Cor1/D5, Corrigendum to IEEE Standard for Local and Metropolitan Area
Networks - Part 16: Air Interface for Fixed Broadband Wireless Access Systems, Sept. 2005.
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WMAN_MACPDU (WMAN MAC PDU)

WYMAMN
[Feaema] i)

B
B

WMAN_MACPDU

Description MAC PDU generator
Library WMAN, Signal Source
Class SDFWMAN_MACPDU

Parameters

Name Description Default Type Range

DatalLength MAC message payload byte length |100 int [1, 4095]

CIiD connection identifier 0 int [o,
65535]

AutoMACHeaderSetting |: NO, YES NO enum

Pin Inputs

Pin Name |Description Signal Type

1 |header |MAC header int

2 message |IMAC message payload |int

Pin Outputs

Pin Name |Description Signal Type
3 |MACPDU MAC PDU int

Notes/Equations

1. This subnetwork is used to generate MAC PDU.

2. Each firing 6x8 bit tokens are consumed at Pin header; DataLengthx8 bit tokens are consumed
at Pin data; (DataLength+10)x8 bit tokens are produced at Pin out.

3. The schematic of this subnetwork is shown in WMAN_MACPDU Schematic.

D"—'_.>_,_

- Zw

-\\ Consfnt k\-’ﬂ‘\ AN
Const : - Encoder B— o
o 0
IMAN_MACH=ader k\' "/ AsyncCommutator Revarse WhAAN_CRC_Coder Revarse
] =
e S $ B

Fort
N husz
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WMAN_MACPDU Schematic
4, The structure of MAC PDU is shown in MAC PDU. Each MAC PDU contains 6 bytes MAC Header,
DatalLength[SSWithFEC] bytes MAC PDU payload and 4 bytes CRC.
The parameter AutoMACHeaderSetting controls to generate 6 bytes MAC header. If
AutoMACHeaderSetting=YES, the 6 bytes MAC header is generated by WMAN_MACHeader,
otherwise, the 6 bytes MAC header is input from pin header.
VAL Hleader [MAC msg pavioad UEC
> bytes optional ) optional)

MAC PDU

References

1. IEEE Std 802.16-2004, Part 16: Air Interface for Fixed Broadband Wireless Access Systems,
Section 8.3 WirelessMAN-OFDM PHY, October 1, 2004.

2. IEEE P802.16-2004/Cor1/D3, Corrigendum to IEEE Standard for Local and Metropolitan Area
Networks - Part 16: Air Interface for Fixed Broadband Wireless Access Systems, May 2005.
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WMAN_Preamble (WMAN Preamble Generator)

WMAN_Preamble

Description Preamble generator
Library WMAN, Signal Source
Class SDFWMAN_Preamble

Parameters

Name Description Default Type Range

PreambleType Preamble type option: P_Even, P_0Odd, P_Even lenum

P_4X64

Subchannelization |Indication of subchannelization: NO, YES NO enum

Subchannellndex |list of each subchannel index {8} int [1, 15] or [17, 31]
array

Pin Outputs

Pin [IName |Description Signal Type

1  |output Preamble complex

sequences

Notes/Equations
1. This model is used to generate the frequency domain training sequence in order to obtain one
OFDM symbol defined for preamble.

If Subchannelization = NO  aqch firing, 200 output tokens are produced. The parameter
Subchannellndex is unused and the output sequence is decided by the parameter PreambleType.

f FreambleType = P_Even pe frequency sequence for the 2 times 128 sequence PEVEN is

defined by:
P (k) |"‘J'I,_EXP_,-J|_LLIL-R_] kmod? =0
—
EVEN 1 0 kmoﬂ 0
pf FreambleType = P_4x64 ‘he frequency sequence for the 4 times 64 sequence © *76+
is defined by:
. |.~EXNEXCOP’ULPAU_UC]] Kppogs = 0
Py, ealk) =
0 k3% 0
if FreambleType = F_0Odd , the frequency sequence for the 2 times 128 sequence PODDis
defined by:
l 0 J:‘-n"r:.'c.’"-' =0
Popplk) = o
oDD llﬁxPA‘[_‘[_Lk] kmodz;éu

The sequence PALL is defined as follows:

PALL(-100:100) = {1-j, 1-j, -1-j, 1+j, 1-j, 1-j, -1+j, 1-j, 1-j, 1-j, 14], -1-j, 1+4], 1+], -1-j, 1+], -

1-j,-1-j, 1-j, -1+j, 1-j, 1-j, -1-j, 1+4j, 1-j, 1-j, -1+j, 1-j, 1-j, 1-j, 14j, -1-j, 1+, 14, -1-j, 1+j, -1-

i -1-3, 143, -14j, 1-j, 1-j, -1-, 14j, 1-j, 1-j, -1+], 1-j, 1-j, 1-j, 1+], -1-j, 1+], 14j, -1-], 1+j, -1-],
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-1-j, 1-j, -1+4j, 1+], 14§, 1-§, -14j, 14, 1+], -1-j, 1+], 1+j, 14, -1+], 1-j, -1+], -1+], 1-j, -1+],
1-j, 1-3,14j, -1-j, -1-j, -1-j, -14j, 1-j, -1-j, -1-j, 14j, -1-j, -1-j, -1-j, 1-j, -1+], 1-j, 1-j, -1+, 1-],
-1+jl-1+jl -1-jl 1+jl 0, -1_jl 1+jl -1+jl -1+jl _1-jl 1+jl 1+jl 1+jl _1-jl 1+jl 1-jl 1_jl l-jl -1+jl -
1+j, -1+4j, -14j, 1-j, -1-j, -1-j, -14j, 1-j, 14, 1+], -1+j, 1-j, 1-j, 1-j, -1+j, 1-j, -1-j, -1-], -1-],
1+j, 1+4j, 1+], 1+j, -1-j, -1+], -1+j, 1+4j, -1-j, 1-j, 1-j, 1+4], -1-j, -1-J, -1-], 14], -1-], -1+, -14],
-1+jl 1-jl 1_.jl 1-jl l_jl _1+jl 1+jl 1+jl -1_.jl 1+jl '1+.j/ -1+jl -1-jl 1+j/ 1+jl 1+j/ -1-jl 1+j/ 1-jl 1-
jl l-jl -1+jl -1+jl -1+jl -1+jl 1-jl _1-jl _1_.1! 1-jl '1+jr -1-jl _l'jr l-jl '1+jr '1+jr -1+jl 1'jr -
1+jll+jl 1+jl 1+jl _1-jl -1_jl _1-jl -l-jl 1+jl 1_jl 1_.]}
If Subchannmelization = YES  oq0 firing, Nsubehannet > 200 output tokens are produced,
corresponding to the NSubchannel subchannels indexed by the parameter Subchannellndex
orderly, where the NSubchannel is the number of subchannels, i.e. the size of the parameter
Subchannellndex. Every 200 output tokens corresponding to one Subchannel is defined by PSUB.
Preamble subcarriers that do not fall within the allocated subchannel shall be set to zero.
The sequence PSUB is defined as follows:
PSUB(-100:100) = {1+4j, 1+4j, -1-j, 1+j, -1+j, 14j, 143, 1+j, -1-j, -1-j, 1-j, -1-j, 1-j, 1+j, 1-j,
1+j,14j, -1-j, -1-j, 1+], 1-j, 1+], -1-], 1+4], 1+j, 14j, 1+], -1-j, 1+4], -1+], 1+j, 14, 1+j, -1-j, -1-
jl 1_jr _1-jl -1_jl 1+jl 1-jl 1+jl 1+jl _1-jl -l_jl 1+jl l-jl 1+jl '1_j/ 1+jl 1+j/ 1+jl 1+j/ _1-jl 1+jr -
1+j, 1+j, 1+j, 1+j, -1-j, -1-j, 1-j, -1-j, 1-j, -1-j, -1+j, -1-j, -1-j, 1+j, 1+j, -1-j, -1+j, -1-j, 1+], -
1_jl -1-jl 1+jl 1+jl -1_.jl 1+jl -1+jl 1+jl 1+jl 1+jl _1'jr -1-jl 1'jr -1-jl 1'jr -1-jl -1+jl '1_j/ -1-jl
1+jl 1+jl -1_jl -1+jl -1-jl 1+jl -1-jl _1__1/ 0I1+jl 1+jl -1_jl 1+jl -1+jl 1+jl 1+jl 1+jl -1-jl -1-jl 1-jl
-1-jl 1-jl 1+jl 1-jl 1+jl 1+jl -l_jl _1-jl 1+jl 1-jl 1+j/ _l-jl 1+j/ 1+jl '1_jr -1-jl 1+jr '1'jr 1_jr -1-jl
-1-jl _1_jr 1+jl 1+jl _1+jr 1+jl 1-jl -1_jl _1+jr _1-jr '1'jr 1+jr 1+jr '1'jr '1+jr _1'jr 1+jr _1'jr '1'jr
-l-jl -1-jl 1+jl -1-jl 1-jl -1-jl '1'j/ -1-jl 1+j/ 1+jl -1+jl 1+j/ -1+jl 1+j/ 1-jl 1+j/ 1+jl '1'j/ '1'jl
1+jl 1-jl 1+jl -l-jl 1+jl 1+jl 1+jl 1+jl -1_jl 1+jl '1+jr 1+jl 1+jr 1+jl _1'jr '1_j/ 1'jr -1-jl -l-jl -1-
jl -1+jl _1-jl -1-jl 1+jl 1+jl _1_j/ -1+jl '1_.1/ 1+jl '1'jr 'l'j}

References

1. IEEE Std 802.16-2004, Part 16: Air Interface for Fixed Broadband Wireless Access Systems,
Section 8.3 WirelessMAN-OFDM PHY, October 1, 2004.

2. IEEE P802.16-2004/Cor1/D3, Corrigendum to IEEE Standard for Local and Metropolitan Area
Networks - Part 16: Air Interface for Fixed Broadband Wireless Access Systems, May 2005.
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WMAN_UCD (WMAN UCD)

Rl AL

UCD

WMAN_UCD

LN

Description UCD generator
Library WMAN, Signal Source
Class SDFWMAN_UCD

Parameters
Name Description
UCD_Count UCD count

RangingBackoffStart Ranging backoff start
RangingBackoffEnd Ranging backoff end
RequestBackoffStart Request backoff start
RequestBackoffEnd Request backoff end
AutoMACHeaderSetting Auto MAC Header Setting or not: NO,

YES
MAC_Header MAC header data
Pin Outputs

Pin [IName Description |Signal Type
1 out ucb int

Notes/Equations

1. This model is used to generate Uplink Channel Descriptor (UCD) message for WMAN OFDM

Default

N P N~ O

NO

{0XA2, 0X48, 0X22, OX4F, 0X93,
OXOE}

Type
int
int
int
int
int
enum
int
array

Range

[0, 255]
[0, 255]
[0, 255]
[0, 255]
[0, 255]

[0, 255]

system. An UCD shall be transmitted by the BS to define the characteristics of a uplink physical
channel. In this UCD message format, UIUC from 5 to 11 are defined with different burst profiles

(Rate ID), shown in OFDM UIUC Values.

OFDM UIUC Values

UIUC Rate ID
5 0 (BPSK 1/2)
6 1 (QPSK 1/2)
7 2 (QPSK 3/4)
8 3 (16-QAM 1/2)
9 4 (16-QAM 3/4)
10 |5 (64-QAM 2/3)
11 |6 (64-QAM 3/4)

2. Each firing (MACHeader+ UCDHeaderLength+ UCDIELength x UCDIENumber) -8 o1 anc are
produced. MACHeader is 6. UCDHeaderLength is 6. UCDIELength is 6. UCDIENumber is 7.

3. Note that UCD of the model generated does not include HCS, which will be added later.
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References

1. IEEE Std 802.16-2004, Part 16: Air Interface for Fixed Broadband Wireless Access Systems,
Section 8.3 WirelessMAN-OFDM PHY, October 1, 2004.
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267



Advanced Design System 2011.01 - Fixed WiMax Design Library

WMAN_UL_MAP (WMAN Uplink MAP)

WMAN |
1.0,1 o H
UL MAP

WMAN_UL_MAP

Description Uplink MAP generator
Library WMAN, Signal Source
Class SDFWMAN_UL_MAP
Derived From WMAN_UL_Base

Parameters
Name Description Default Type |Range
NumberOfSS Number of subscribers 1 int [1, 16]
DatalLength MAC PDU payload byte length of each {100} int [1, 16383]
subscriber array
Rate_ID Rate ID of each subscriber {1} int [0, 6]
array
Subchannelization Subchannelization or not: NO, YES NO enum
Subchannellndex List of each subchannel index {8} int [1, 15] or [17,
array |31]
MidambleRepetition Midamble repetition of each subscriber {0} int [0, 3]
array
UL_ChannelID Uplink channel ID 0 int [0, 255]
UCD_Count UCD count 0 int [0, 255]
Allocation_StartTime |Allocation of start time 0 int [0, o]
CID CID {03} int [0, 65535]
array
UIuC UIuC {0} int [0, 15]
array
AutoMACHeaderSetting |/Auto MAC deader setting or not: NO, YES |NO enum
MAC_Header MAC header data {0XA2, 0X48, 0X22, 0X4F, 0X93, |int [0, 255]
OXOE?} array
Pin Outputs

Pin [IName Description |Signal Type
1 jout UL_MAP int

Notes/Equations

1. This model is used to generate UL-MAP IE for WMAN OFDM system. UL-MAP is a MAC Layer
Message that tells a subscriber station (SS) about the construction of the uplink OFDM signal. UL-

MAP defines the entire access for a scheduling interval.
2. Each firing (MACHecader+ ULMAFHeaderLength + ULMAFIELength x ULMAFIENumber)
. 7

produced.

MACHeader is 6.
ULMAPHeaderLength is 7.
ULMAPIELength is 6.

8 tokens are
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ULMAPIENumber is NVumberOfss+1 \which are the End MAP IE and the data bursts.

3. When AutoMACHeaderSetting is set to YES, the MAC header is calculated automatically. Otherwise
the values in the parameter MAC_Header are used.

4. Note that UL-MAP of the model generated does not include HCS, which will be added later.

References

1. IEEE Std 802.16-2004, Part 16: Air Interface for Fixed Broadband Wireless Access Systems,
Section 8.3 WirelessMAN-OFDM PHY, October 1, 2004.

2. IEEE P802.16-2004/Cor1/D5, Corrigendum to IEEE Standard for Local and Metropolitan Area
Networks - Part 16: Air Interface for Fixed Broadband Wireless Access Systems, Sept. 2005.
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WMAN_UL_Pilot (WMAN Uplink Pilot Generator)

WIAN

WMAN_UL_Pilot

Description Uplink pilot generator
Library WMAN, Signal Source
Class SDFWMAN_UL_Pilot
Derived From WMAN_UL_Base

Parameters

Name Description Default Type Range

NumberOfSS Number of subscribers 1 int [1, 16]

Datalength MAC PDU payload byte length of each {100} |int [1, 16383]

subscriber array

Rate_ID Rate ID of each subscriber {1} int [0, 6]
array

Subchannelization |Subchannelization or not: NO, YES NO enum

Subchannellndex |List of each subchannel index {8} int [1, 15] or [17, 31]
array

MidambleRepetition Midamble repetition of each subscriber {0} int [0, 3]
array

PilotPN_Phase the Pilot PN phase 0 int [0, 2047]

Pin Outputs

Pin Name Description Signal Type

1 |output a sequence for the uplink pilot modulation |int

Notes/Equations

1. This model is used to generate the sequences used for pilot modulation in OFDM uplink symbols
following the preamble.
2. Each firing,
Numbe r0f55s
Z Nsymbor [1]
« For non-subchannelization mode, i=1 tokens are produced,

where, NSymbol[i] is the number of OFDM symbols of the ith SS and is calculated as follows:
Nsymeeli] = ceill(DataLength[i] + 11)/(uncodedBlockSize[R[i]]))

the UncodedBlockSize[R[i]] is decided by Rata_ID(i), as defined in Data-Rate-Dependent
Parameters.

Data-Rate-Dependent Parameters
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Rate_ID |Modulation [Uncoded block Coded block Overall coding RS code CC code
size(bytes) size(bytes) rate rate
0 BPSK 12 24 1/2 (12,12,0) |1/2
1 QPSK 24 48 1/2 (32,24,4) 2/3
2 QPSK 36 48 3/4 (40,36,2) |5/6
3 16-QAM 48 96 1/2 (64,48,8) 2/3
4 16-QAM 72 96 3/4 (80,72,4) |5/6
5 64-QAM 96 144 2/3 (108,96,6) 3/4
6 64-QAM 108 144 3/4 (120,108,6) |5/6

o For subchannelization mode, NMaxDataSym tokens are produced, where NMaxDataSym is
the maximum of NSymbol[i]. NSymbol[i] can be calculated as follows:

N sl = ceil((DataLength[i] + 11)/(uncodedBlockSize[R[i]]) x 16/N

subchunnels ['!] )

Here Nsubchannels[i] is the number of subchannels of the ith SS. For non-subchannelization
mode, Nsubchannels][i] is equal to 16; For subchannelization mode, Nsubchannels[i] is
determined by Subchannellndex[i], shown in Number of Subchannels.

Number of Subchannels

Subchannellndex Nsubchannels
1,3,5,7,9,11,13,15,17,19,21,23, 1
2,6,10,14,18,22,26,30 2
4,12,20,28 4
8,24 8

3. The pseudo-random binary sequence (PRBS) generator is shown in PRBS for Pilot Modulation, for

11 9
which the polynomial is X7+X +1 The output value used for the pilot modulation for OFDM

—_ 2 Ay
symbol k is derived by 1=2w . The index k represents the symbol index relative to the beginning
of the burst and the first symbol of the preamble is denoted by k=0.
MSE LSB

Initialization

S2quences o 1 0

| 0 1
r.|‘- |:~;|u ||H||||
Wy

PRBS for Pilot Modulation

MidambleRepetition is the array of each SS's midamble repetition interval in OFDM symbols.
When the last section of symbol after the last midamble is higher than half the midamble
repetition interval, a postamble shall be added at the end of the allocation.

Midamble Repetition Interval shows the meaning each MidambleRepetition value corresponds to.

Midamble Repetition Interval
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Value Meaning

0b00 |Preamble only

0b01 |Midamble after every 8 data symbols

0Ob10 |Midamble after every 16 data symbols

Obl1l |Midamble after every 32 data symbols

If one value in the array of MidamblePresent is set to nonzero, then the present midambles in this
burst should be counted when the data symbols is indexed.

PilotPN_Phase specifies the start phase of pilots (PRBS). The specification requires PilotPN_Phase
= 0.

References

1. IEEE Std 802.16-2004, Part 16: Air Interface for Fixed Broadband Wireless Access Systems,
Section 8.3 WirelessMAN-OFDM PHY, October 1, 2004.

2. IEEE P802.16-2004/Cor1/D3, Corrigendum to IEEE Standard for Local and Metropolitan Area
Networks - Part 16: Air Interface for Fixed Broadband Wireless Access Systems, May 2005.
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WMAN_UL_SignalSrc (WMAN Uplink Signal Source)

MIAR]

LIL Source

B

re.

WMAN_UL_SignalSre

Description Uplink baseband signal source
Library WMAN, Signal Source
Class SDFWMAN_UL_SignalSrc

Parameters

Name
NumberOfSS
SSWithFEC
DatalLength

Rate_ID

Subchannelization
Subchannellndex

MidambleRepetition
PrmITimeShift
TimeOffset

uIucC

FrameNumber

BSID
OversamplingOption

Bandwidth
CyclicPrefix
IdleInterval
PilotPN_Phase
MAC_Header

Power
Pin Inputs

Pin |[Name

Description

Description
Number of subscribers
The number of subscriber with FEC

MAC PDU payload byte length of each subscriber

Rate ID of each subscriber

Subchannelization or not: NO, YES
List of each subchannel index

Midamble repetition of each subscriber
Preamble time shift of each subscriber
Time offset of each subscriber

UIUC of each subscriber
Frame Number
BS ID

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

Bandwidth

Cyclic prefix

Idle Interval
Pilot phase

MAC header data

Power of each subscriber

Signal Type

1 |InputData |input of raw data |int

Pin Outputs
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Default
1

1

{100}

{1}

NO
{8

{03
{0}
{0 usec}

{1}

0

0

Ratio 1

1.75 MHz
0.25

10 usec
0

{0XA2, 0X48, 0X22,
0X4F, 0X93, OXOE}

{0.01W3}

Unit Type
int
int
int
array
int
array
enum
int
array
int
array
int
array

sec real
array

int
int
int
enum

Hz |real
real

sec |real
int
int
array

w real
array

Range
[1, 16]
[1, 16]
[1, 4095]

(0, 6]

[1, 15] or [17,
31]

(0, 3]

[0, 255]

(o,
IdleInterval]

[0, 15]
[0, 15]
[0, 15]

(0, 1e9]
[0, 1]

[0, 1000]
[0, 4095]
[0, 255]

(0, )
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Description

2 |FrameData |output of uplink Subframe
3 |ForEVM

4 |PDUFCS

output of Modulated data of all bursts for

EVM

output of MAC PDU data of burst with FEC

Notes/Equations

Signal Type
complex
complex

int

1. This subnetwork is used to generate a WMAN OFDM Uplink baseband signal.
The schematic for this subnetwork is shown in WMAN UL SignalSrc Schematic.
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WMAN_UL_SignalSrc Schematic

1. WMAN OFDM Uplink baseband signal source is implemented according to the specification. Non-
subchannelization and subchannelization modes are supported. The maximum number of SSs
supported is 16. For non-subchannelization mode, the maximum number of bursts supported is
16. For subchannelization mode, only one burst is supported, where maximum 16 SSs can be
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allocated, while each SS uses one different subchannel.

For the SS with FEC-encoded, one PHY MAC PDU is contained. The MAC PDU payload data of the
SS with FEC-encoded are input at pin InputData. The MAC PDU format is shown in MAC PDU
Format. Each MAC PDU contains 6 bytes MAC Header, DataLength[SSWithFEC] bytes MAC PDU
payload, and 4 bytes CRC. The total byte length of MAC PUD is DataLength[SSWithFEC]+10. The

MAC Header and CRC are padded in WMAN_MACPDU.
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MAC Header | MAC PDU Payload CRC
(6 Bytes) (DataLength bytes) | (4 Bytes)

MAC PDU Format

After MAC Header and CRC are padded, the MAC PDU is put into the randomizer
(WMAN_Scrambler). Then a 0x00 tail byte is added to the end of the randomized block, which is
reserved by RS-CC and CC. To form an integer number of OFDM symbols, unused bytes in the
burst payload may be padded by the bytes OxFF.

The data after padded will be encoded by RS-CC or CC with a specified rate corresponding to the
Rate_ID[SSWithFEC] which is done in WMAN_FEC. Then the signal after passing through the
puncturer, intelever and mapper will be combined with other SS's signal in WMAN_UL_MuxBurst.
The puncturer and intelever are also in WMAN_FEC. The other SS's signal data are generated in
WMAN_BurstWoFEC. WMAN_UL_MuxOFDMSym is used to multiplex data subcarriers and pilot
subcarriers, while the pilot subcarriers are produced in WMAN_UL_Pilot. Then after IFFT transfer,
the complete uplink subframe is produced in WMAN_UL_MuxFrame.

For non-subchannelization mode, WMAN OFDM uplink subframe structure is shown in Uplink
Subframe Format for Non-subchannelization Mode.

L Subframe
-t -
Idle Contert ion slot Corntention slot 1L FPHY PDUT UL FHY FDO
Interval | for Irdtial Renging for BW Requests from 55%1 = " % | from 55k
DATA . DATA
Preamble Syrmbol +« | Midamble | = Syrmbol

Uplink Subframe Format for Non-subchannelization Mode

A complete Uplink subframe is started with an idle interval, followed by contention slot for Initial
Ranging and contention slot for BW Requests. Then comes each SS's UL PHY PDU in order, which
includes the short preamble, data OFDM symbols and midambles. Each SS holds a time slot.

For subchannelization mode, WMAN OFDM Uplink subframe structure is shown in Uplink Subframe
Format for Subchannelization Mode.
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Subchannelization .
Preamble MAC FDU
Contention slot | Contention slath-
Tdle for Initial for BW ULPHYFDU | Zero | Subchannel#1
Interval . from S5#1 Padding
Ranging Requests
UL PHY FDU
from SSH Subchannel#k

Uplink Subframe Format for Subchannelization Mode

For subchannelization mode, each SS transmits signals simultaneously, using different
subchannels. The SSs shall be time-aligned. The time duration of uplink subframe is determined
by the longest time duration among all the SSs. consequently for other SSs having less time
duration, zeros will be padded at the end.

2. Parameter Details

« NumberOfSS specifies the number of active subscribers (SS).

« SSWIithFEC specifies the SS which goes through FEC encoding and decoding.

« Datalength is the array of each SS's MAC PDU payload byte length.Rate_ID is the array of
each SS's Rate ID, whose range is from 0 to 6. DataLength and Rate_ID determine the
number of data symbols per SS. Data-rate-dependent parameters (modulation, coding rate,
coded bytes/uncoded bytes per OFDM symbol) will be set according to Mandatory Channel
Coding per Modulation, which is based on the specification.

Mandatory Channel Coding per Modulation

Rate_ID Modulation Uncoded block Coded block Overall coding RS code CC code
size(bytes) size(bytes) rate rate

0 BPSK 12 24 1/2 (12,12,0) [1/2

1 QPSK 24 48 1/2 (32,24,4) [2/3

2 QPSK 36 48 3/4 (40,36,2) 5/6

3 16-QAM 48 96 1/2 (64,48,8) 2/3

4 16-QAM 72 96 3/4 (80,72,4) 5/6

5 64-QAM 96 144 2/3 (108,96,6) 3/4

6 64-QAM 108 144 3/4 (120,108,6) |5/6

e Subchannelization is the boolean value to indicate whether subchannelization is employed or
not.

e Subchannellndex is the array of each SS's subchannel index allocated. This parameter is
valid only when Subchannelization is set to YES. Note that the values in Subchannellndex
should be in ascending order.

« MidambleRepetition is the array of each SS's midamble repetition interval in OFDM symbols.
When the last section of symbol after the last midamble is higher than half the midamble
repetition interval, a postamble shall be added at the end of the allocation. Midamble
repetition interval shows the meaning each MidambleRepetition value corresponds to,

Midamble repetition interval
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Value Meaning
0b00 |Preamble only
0b01 |Midamble after every 8 data symbols
0Ob10 |Midamble after every 16 data symbols
Obl1l |Midamble after every 32 data symbols

» UIUC, FrameNumber, BSID are used to generate the scrambler UL initialization vector.

« PilotPN_Phase specifies the start phase of pilots (PRBS). The specification requires
PilotPN_Phase = 0.

« MAC_Header specifies the 6 byte data inserted in MAC Header.

« OversamplingOption specifies the oversampling ratio of the transmission signal.
OversamplingOption is Ratio 1, Ratio 2, ... , Ratio 32, which indicates the oversampling ratio
of transmission signal is 1, 2, ..., 32.

« Bandwidth is the nominal channel bandwidth. The sampling frequency implemented in the

design is decided by Bandwidth, OversamplingOption and related sampling factor as follows:
F. = floor{(nx Bandwidth)/8000) x 8000

The sampling factors are listed in Sampling Factor Requirements.

Sampling Factor Requirements

sampling factor n bandwidth

8/7 For channel bandwidths that are a multiple of 1.75 MHz
86/75 else for channel bandwidths that are a multiple of 1.5 MHz
144/125 else for channel bandwidths that are a multiple of 1.25 MHz
316/275 else for channel bandwidths that are a multiple of 2.75 MHz
57/50 else for channel bandwidths that are a multiple of 2.0 MHz
8/7 else for channel bandwidths not otherwise specified

» CyclicPrefix specifies the ratio of guard time (cyclic prefix) to useful symbol period, whose
range is from 0O to 1.

« PrmITimeShift indicates the humber of samples of cyclic shift which are delayed in time in
the preamble and midamble symbols.

» Idlelnterval specifies the time of idle interval between two consecutive subframes.

» TimeOffset is the array of each SS's time offset arrived at BS. 0 means the SS's signal
arrives at BS exactly when scheduled. Other values can be used to introduce a time offset to
simulate arrival differences between different SS transmissions. Note that the actual time
offset delay of each SS is the value in TimeOffset minus the last SS's time offset.

« Power is the array of each SS's transmitting power. In non-subchannelization mode, the first
SS's output voltage is adjusted to be 1, by multiplying signal amplitude with Gain, where
Gain is defined as:

Gain = 256 X 20|'cr':;;mp.f.:ngﬂpr.’onj,I_‘E )
For other SS, the ith SS's output voltage is adjusted aligned with the first SS's by multiplying
signal amplitude with Gain[i] respectively, where Gain[i] is defined as:
Gain[i] = Gain[l] % J(FPower[i])/(Power[1])
Here Power[1] is the first SS's Power.
In subchannelization mode, the first SS's output voltage is adjusted to be 1, while other SSs'
output voltages are adjusted according to the ratio of the number of subcarriers the SSs
contain to the number of subcarriers the first SS contains. Note that only the first value in
the array of Power is used to adjust the first SS's output voltage, and other values in the
array of Power are ignored.
3. Output Pin Delay Adjustment
Before introducing delays for each output pins, the number of OFDM symbols per frame is
deduced in this section.
The non-subchannelization and subchannelization modes are supported in WMAN OFDM uplink.
For non-subchannelization mode, one WMAN uplink subframe consists of Idle, contention slot for
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Initial Ranging and contention slot for BW, and multiple uplink bursts. Contention slot for Initial
Ranging and contention slot for BW Requests consist of two OFDM symbols respectively. Each
uplink burst consists of one short preamble, data symbols and midambles. The short preamble
consists of one OFDM symbols.
The number of OFDM data symbols of ith uplink SS('wman-8-18-179.gif!) is calculated as follows:

Ngomiot[f] = ceil({DataLength[i] + 11}/ (uncodedBlockSize[R[i]]))
MidambleRepetition indicates each SS's midamble repetition interval in OFDM symbols. Let

Midamble[i] renresent the number of midamble symbols in ith uplink burst,

s Midamble Repetivien [i] + 1 )

if MidambleRepetition[i] is not zero Midamble[i] = round((Ng,,poi[i1)/2

else
Midamble[i] = 0

So the total number of OFDM symbols Necrasymeel  for the uplink frame is calculated as follows:
Numberdfss
=2+2+ Z (Ngympei[ ] + 1+ Midamble[i])

i=1

N

T
ratul Svmbal

The number of samples per one OFDM symbol (lwman-8-18-187.gif!) is calculated as:

Oversumpling Oprion -
Sump'!ICSOFD_-H = 2 ver UJ‘J",U-"J"S prarszt} Xkl"‘Gl

where, G is the CyclicPrefix.
The samples of Idlelnterval( 'wman-8-18-189.gif!) is calculated as follows:
Samples,y, = ldlelnterval X F,

Samplesp, ..

So, the total samples of one uplink subframe is

Samplespme = Samplesyye + Nigrisympar X Samplesorp
For subchannelization mode, one WMAN uplink subframe consists of Idle, contention slot for
Initial Ranging and contention slot for BW, and one uplink burst which contains all SSs.
The number of OFDM data symbols of ith uplink SS(!lwman-8-18-193.qif!) is calculated as follows:
Ngompoili] = cetll(DataLength[i]+ 11)/ (uncodedBlockSize[R[i]]) % 16/N ,p 4 etz [1])
Here Nsubchannels[i] is the humber of subchannels of the ith SS. For non-subchannelization

mode, Nsubchannels[i] is equal to 16; For subchannelization mode, Nsubchannels[i] is
determined by Subchannellndex[i], shown in Number of Subchannels.

Number of Subchannels

SubchannelIndex Nsubchannels
1,3,5,7,9,11,13,15,17,19,21,23, |1
2,6,10,14,18,22,26,30 2
4,12,20,28 4
8,24 8

So the total number of OFDM symbols Neewaisymoel  for the uplink frame is calculated as follows:
‘hvr.l‘o.l‘u.f:)",'mbo.f = 2 =+ 2 =+ md.’[[_;’\‘rls,’,mbalf[fl] —+ l —+ Jll-fffjlfn‘mbflf[{] ]

So, the total samples of one uplink subframe ~4"P!¢Frume g
Samplesp,me = Samplesyy, + Nigisymper X Samplesorpy
30 % ~eversumpling O ption o . . . .
In the source, < delay is introduced by the transmitter filter in the design

; -
WMAN_UL_SignalSrc, where the delay is equal to ‘Length=1172" | angth is the parameter in the

transmitter filter.

References
278



Advanced Design System 2011.01 - Fixed WiMax Design Library
References

1. IEEE Std 802.16-2004, Part 16: Air Interface for Fixed Broadband Wireless Access Systems,
Section 8.3 WirelessMAN-OFDM PHY, October 1, 2004.

2. IEEE P802.16-2004/Cor1/D3, Corrigendum to IEEE Standard for Local and Metropolitan Area
Networks - Part 16: Air Interface for Fixed Broadband Wireless Access Systems, May 2005.

279



Advanced Design System 2011.01 - Fixed WiMax Design Library

WMAN_UL_SignalSrc_RF (WMAN Uplink Signal Source RF)

VAT é’
3

RF &
ORNS ’é;
UL Source —.@

WMAN_UL_SignalSrc_RF

Description Uplink RF signal source
Library WMAN, Signal Source
Class TSDFWMAN_UL_SignalSrc_RF

Parameters
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Name
ROut
RTemp
FCarrier
Power

MirrorSpectrum
GainImbalance
PhaseImbalance
I_OriginOffset

Q_OriginOffset

IQ_Rotation
NumberOfSS
SSWithFEC
DatalLength

Rate_ID

Subchannelization

Subchannellndex

MidambleRepetition

PrmITimeShift

TimeOffset

UIUC
FrameNumber
BSID

OversamplingOption

Bandwidth
CyclicPrefix
IdleInterval
PilotPN_Phase

Advanced Design System 2011.01 - Fixed WiMax Design Library

Description

Source resistance
TEMPERATURE

Carrier frequency

Power of each subscriber

Indication of mirror spectrum about carrier: NO, YES
Gain imbalance in dB Q channel relative to I channel
Phase imbalance in dB Q channel relative to I channel

I origin offset in percent with repect to output rms
voltage

g origin offset in percent with repect to output rms
voltage

IQ rotation in degrees

Number of subscribers

The number of subscriber with FEC

MAC PDU payload byte length of each subscriber

Rate ID of each subscriber

Subchannelization or not: NO, YES
List of each subchannel index

Midamble repetition of each subscriber
Preamble time shift of each subscriber
Time offset of each subscriber

UIUC of each subscriber
Frame Number
BS ID

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

Bandwidth
Cyclic prefix
Idle Interval
Pilot phase

DataPattern WMAN Data Pattern: PN9, PN15, FIX4, 4 1 4 0,
.8.1.80,_16_1_16_0,_32_1.32 0,_64_1_64_0,
S_BPSK, S_QPSK, S_16-QAM, S_64-QAM

MAC_Header MAC header data

Pin Outputs

Pin Name Description Signal Type

1 |RF_Signal |output of RF signal timed

2 [ForEVM  output of Modulated data of all bursts for complex

EVM
3 |PDUFCS |output of MAC PDU data of burst with FEC int
4 |PSDU output of PSDU bits int
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Default
50 Ohm
—-273.15
3407 MHz
{0.01W}

NO
0.0
0.0
0.0

0.0

0.0

1

1
{100}

{1}

NO
{8}

{03
{0}
{0 usec}

{1}

0

0

Ratio 1

1.75 MHz
0.25

10 usec
0

PNO

{0XA2, 0X48,
0X22, OX4F,
0X93, OXOE}

Unit
Ohm
Celsius
Hz

W

sec

Hz

sec

Type
int
real
real

real
array

enum
real
real
real

real

real
int
int
int
array
int
array
enum
int
array
int
array
int
array

real
array

int
int
int
enum

real
real
real
int
enum

int
array

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

)
)

)
)

(=, )
[1, 16]
[1, 16]
[1, 4095]

[0, 6]

[1, 15] or
[17, 31]

[0, 3]
[0, 255]

(0,
IdleInterval]

[0, 15]
[0, 15]
[0, 15]

(0, 1€9]
[0, 1]
[0, 1000]
[0, 4095]

[0, 255]
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Notes/Equations

1. This subnetwork is used to integrates an RF modulator with the baseband signal source. The

WMAN OFDM uplink baseband signal is fed into the RF modulator. The RF signal is timed signal
after RF modulation.

The schematic for this subnetwork is shown in WMAN UL SignalSrc_RF Schematic.

_"D _"<:> L] W AR

PsOU PSDUFCS

WU | LULLPAL ]
010001 D — o
caien UL BT [re———— [ » ) RFMod —p-—-—D
[ _F_-_. |
W AN _LIL_SignalSre RF_Signal
RandomBits ca RF_Modulstor

WMAN_UL_SignalSrc_RF Schematic

2. The WMAN OFDM uplink baseband signal source format follows the specification. The schematic is
shown in WMAN_UL_SignalSrc Schematic.
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WMAN_UL_SignalSrc Schematic
3. WMAN OFDM Uplink baseband signal source is implemented according to the specification. Non-
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subchannelization and subchannelization modes are supported. The maximum number of SSs
supported is 16. For non-subchannelization mode, the maximum number of bursts supported is
16. For subchannelization mode, only one burst is supported, where maximum 16 SSs can be
allocated, while each SS uses one different subchannel.
For the SS with FEC-encoded, one PHY MAC PDU is contained. The MAC PDU payload data of the
SS with FEC-encoded are generated in WMAN_DataPattern. The MAC PDU format is shown in MAC
PDU Format. Each MAC PDU contains 6 bytes MAC Header, DataLength[SSWithFEC] bytes MAC
PDU payload, and 4 bytes CRC. The total byte length of MAC PUD is DataLength[SSWithFEC]+10.
The MAC Header and CRC are padded in WMAN_MACPDU.

MAC Header | MAC PDU Payload CRC
(6 Bytes) (DataLength bytes) | (4 Bytes)

MAC PDU Format

After MAC Header and CRC are padded, the MAC PDU is put into the randomizer
(WMAN_Scrambler). Then a 0x00 tail byte is added to the end of the randomized block, which is
reserved by RS-CC and CC. To form an integer number of OFDM symbols, unused bytes in the
burst payload may be padded by the bytes OxFF.

The data after padded will be encoded by RS-CC or CC with a specified rate corresponding to the
Rate_ID[SSWithFEC] which is done in WMAN_FEC. Then the signal after passing through the
puncturer, intelever and mapper will be combined with other SS's signal in WMAN_UL_MuxBurst.
The puncturer and intelever are also in WMAN_FEC. The other SS's signal data are generated in
WMAN_BurstWoFEC. WMAN_UL_MuxOFDMSym is used to multiplex data subcarriers and pilot
subcarriers, while the pilot subcarriers are produced in WMAN_UL_Pilot. Then after IFFT transfer,
the complete uplink subframe is produced in WMAN_UL_MuxFrame.

For non-subchannelization mode, WMAN OFDM uplink subframe structure is shown in Uplink
Subframe Format for Non-subchannelization Mode.

L Subframe
i o
Tdle Content ion slot Cort ention slot UL PHY PLOU UL FHY FDIT
Irterval | for Irdtial Ranging for BW Eequests from S55#1 from S5k
DATA . DATA
Preamble Syrmbol « [ Midamble | = Syrmbol

Uplink Subframe Format for Non-subchannelization Mode

A complete Uplink subframe is started with an idle interval, followed by contention slot for Initial
Ranging and contention slot for BW Requests. Then comes each SS's UL PHY PDU in order, which
includes the short preamble, data OFDM symbols and midambles. Each SS holds a time slot.

For subchannelization mode, WMAN OFDM Uplink subframe structure is shown in Uplink Subframe
Format for Subchannelization Mode.
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Subchannelization .
Preamble MAC FDU
Contention slot | Contention slath-
Tdle for Initial for BW ULPHYFDU | Zero | Subchannel#1
Interval . from S5#1 Padding
Ranging Requests
UL PHY FDU
from SSH Subchannel#k

Uplink Subframe Format for Subchannelization Mode

For subchannelization mode, each SS transmits signals simultaneously, using different
subchannels. The SSs shall be time-aligned. The time duration of uplink subframe is determined
by the longest time duration among all the SSs. consequently for other SSs having less time
duration, zeros will be padded at the end.

4, 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 array of each SS's RF output signal power. The Power of the signal is defined as
the average SS's power excluding the idle interval time intervals.

MirrorSpectrum is used to mirror the RF_out sighal 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.
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:
Cr e e [ D
Vepltl = AL\'!IlF_ICOSK(!)CF_I—g'L’Gl\?_ISlELL(!)C?'i'm;Ul

where A is a scaling factor based on the Power and ROut parameters specified by the user,
VI(t) is the in-phase RF envelope, VQ(t) is the quadrature phase RF envelope, g is the gain
imbalance:

Guinlmbulunce

g =10 20

and, ¢

(in degrees) is the phase imbalance.

Next, the signal VRF(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(2xROutxPower).

NumberOfSS specifies the humber of active subscribers (SS).

SSWithFEC specifies the SS which goes through FEC encoding and decoding.

DatalLength is the array of each SS's MAC PDU payload byte length.Rate_ID is the array of

each SS's Rate ID, whose range is from 0 to 6. DataLength and Rate_ID determine the

number of data symbols per SS. Data-rate-dependent parameters (modulation, coding rate,

coded bytes/uncoded bytes per OFDM symbol) will be set according to Mandatory Channel
284



Advanced Design System 2011.01 - Fixed WiMax Design Library
Coding per Modulation, which is based on the specification.

Mandatory Channel Coding per Modulation

Rate_ID Modulation Uncoded block Coded block Overall coding RS code CC code
size(bytes) size(bytes) rate rate
0 BPSK 12 24 1/2 (12,12,0) 1/2
1 QPSK 24 48 1/2 (32,24,4) 2/3
2 QPSK 36 48 3/4 (40,36,2) |5/6
3 16-QAM 48 926 1/2 (64,48,8) [2/3
4 16-QAM 72 96 3/4 (80,72,4) 5/6
5 64-QAM 96 144 2/3 (108,96,6) |3/4
6 64-QAM 108 144 3/4 (120,108,6) |5/6

Subchannelization is the boolean value to indicate whether subchannelization is employed or
not.

Subchannellndex is the array of each SS's subchannel index allocated. This parameter is
valid only when Subchannelization is set to YES. Note that the values in SubchannelIndex
should be in ascending order.

MidambleRepetition is the array of each SS's midamble repetition interval in OFDM symbols.
When the last section of symbol after the last midamble is higher than half the midamble
repetition interval, a postamble shall be added at the end of the allocation. Midamble
Repetition Interval shows the meaning each MidambleRepetition value corresponds to,

Midamble Repetition Interval

Value [Meaning

0b00 |Preamble only

0b01 |Midamble after every 8 data symbols

0b10 |Midamble after every 16 data symbols

Obl1 |Midamble after every 32 data symbols

UIUC, FrameNumber, BSID are used to generate the scrambler UL initialization vector.
PilotPN_Phase specifies the start phase of pilots (PRBS). The specification requires
PilotPN_Phase = 0.

MAC_Header specifies the 6 byte data inserted in MAC Header.

OversamplingOption specifies the oversampling ratio of the transmission signal.
OversamplingOption is Ratio 1, Ratio 2, ... , Ratio 32, which indicates the oversampling ratio
of transmission signal is 1, 2, ..., 32.

Bandwidth is the nominal channel bandwidth. The sampling frequency implemented in the
design is decided by Bandwidth, OversamplingOption and related sampling factor as follows:

F. = floori{(nx Bandwidth)/8000) x 8000
The sampling factors are listed in Sampling Factor Requirement.

Sampling Factor Requirement

sampling factor n bandwidth

8/7 For channel bandwidths that are a multiple of 1.75 MHz
86/75 else for channel bandwidths that are a multiple of 1.5 MHz
144/125 else for channel bandwidths that are a multiple of 1.25 MHz
316/275 else for channel bandwidths that are a multiple of 2.75 MHz
57/50 else for channel bandwidths that are a multiple of 2.0 MHz
8/7 else for channel bandwidths not otherwise specified

» CyclicPrefix specifies the ratio of guard time (cyclic prefix) to useful symbol period, whose
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range is from 0 to 1.

o PrmITimeShift indicates the number of samples of cyclic shift which are delayed in time in
the preamble and midamble symbols.

« IdleInterval specifies the time of idle interval between two consecutive subframes.

o TimeOffset is the array of each SS's time offset arrived at BS. 0 means the SS's signal
arrives at BS exactly when scheduled. Other values can be used to introduce a time offset to
simulate arrival differences between different SS transmissions.Note that the actual time
offset delay of each SS is the value in TimeOffset minus the last SS's time offset.

5. Output Pin Delay Adjustment
Before introducing delays for each output pins, the number of OFDM symbols per frame is
deduced in this section.
The non-subchannelization and subchannelization modes are supported in WMAN OFDM uplink.
For non-subchannelization mode, one WMAN uplink subframe consists of Idle, contention slot for
Initial Ranging and contention slot for BW, and multiple uplink bursts. Contention slot for Initial
Ranging and contention slot for BW Requests consist of two OFDM symbols respectively. Each
uplink burst consists of one short preamble, data symbols and midambles. The short preamble
consists of one OFDM symbols.
The number of OFDM data symbols of ith uplink SS(!'wman-8-19-211.gif!) is calculated as follows:

Nsompoilt] = ceil({DataLength[i] + 11}/ (uncodedBlockSize[R[{]]})

MidambleRepetition indicates each SS's midamble repetition interval in OFDM symbols. Let

Midambic[i] represent the number of midamble symbols in ith uplink burst,

if MidambleRepetition[i]

is not zero _ -
Midamble[i] = round((Ng,,p[i1)/ oM idumble Reperition[dl+ 1,

else Midamble[i] = 0

So the total number of OFDM symbols Necuasymbel  for the uplink frame is calculated as follows:
NumberOfss

=2+2+ Z (Ngympei[ ] + 1+ Midamble[i])

i=1

N

T
ratul Svmbal

The number of samples per one OFDM symbol (!wman-8-19-219.gif!) is calculated as:

Oversumpling Oprion .
SHmF!fSOFD:H = 2 vet fﬂ?".l-"-"-"'g PrDrXEStJ X|._J.+G-I

where, G is the CyclicPrefix.
The samples of IdleInterval( 'wman-8-19-221.gif!) is calculated as follows:
Samples,y. = Idlelnterval X F

So, the total samples of one uplink subframe =P/ Frame

IS
Samplesp,me = Samplesyy, + Nigisymper X Samplesorpy

For subchannelization mode, one WMAN uplink subframe consists of Idle, contention slot for
Initial Ranging and contention slot for BW, and one uplink burst which contains all SSs.
The number of OFDM data symbols of ith uplink SS('wman-8-19-225.gif!) is calculated as follows:

N mpeili]l = ceili{DataLength[i] + 11)/(uncodedBlockSize[R[i]]) x 16/N

subchunnels ['!] !

Here Nsubchannels[i] is the number of subchannels of the ith SS. For non-subchannelization
mode, Nsubchannelsl[i] is equal to 16; For subchannelization mode, Nsubchannels[i] is
determined by Subchannellndex[i], shown in Number of Subchannels.

Number of Subchannels
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SubchannelIndex Nsubchannels
1,3,5,7,9,11,13,15,17,19,21,23, 1
2,6,10,14,18,22,26,30 2
4,12,20,28 4
8,24 8

So the total number of OFDM symbols Niorai sym et
for the uplink frame is calculated as follows:
Nt sympol = 2+ 2+max(Ng, (il + 1+ Midamble[i])

. Samplesy, .
So, the total samples of one uplink subframe PL€Frame g
Samplesp,me = Samplesye + Nigisympar X Samplesgrp

30 % ~oversampling O prion o . . . .
In the source, < delay is introduced by the transmitter filter in the design

WMAN_UL_SignalSrc, where the delay is equal to (Len8th=11/2" | angth is the parameter in the
transmitter filter.

References

1. IEEE Std 802.16-2004, Part 16: Air Interface for Fixed Broadband Wireless Access Systems,
Section 8.3 WirelessMAN-OFDM PHY, October 1, 2004.

2. IEEE P802.16-2004/Cor1/D3, Corrigendum to IEEE Standard for Local and Metropolitan Area
Networks - Part 16: Air Interface for Fixed Broadband Wireless Access Systems, May 2005.
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WMAN_UL_Src_FD (WMAN Uplink Signal Source with Frame
Duration)

WAL «5}
d e
LIL Source —N;?

WMAN_UL_Src_FD
Description Uplink baseband signal source with broadcast message and frame duration

Library WMAN, Signal Source
Class SDFWMAN_UL_Src_FD

Parameters
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Name
OversamplingOption

Bandwidth
CyclicPrefix
FrameMode
DL_Ratio
FrameDuration

IdleInterval
BSID

FrameNumber
NumberOfSS
SSWithFEC
CID

Subchannelization
Subchannellndex

DataLength
Rate_ID
MidambleRepetition
PrmITimeShift
TimeOffset

PilotPN_Phase

AutoMACHeaderSetting

MAC_Header

Power

Pin Inputs

Pin |[Name

Description

Advanced Design System 2011.01 - Fixed WiMax Design Library

Description

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

Bandwidth

Cyclic prefix

Frame mode: FDD, TDD
Downlink ratio

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

Idle Interval
BSID

Frame Number

Number of subscribers

The number of subscriber with FEC
CID of each subscriber

Subchannelization or not: NO, YES
List of each subchannel index

MAC PDU payload byte length of each subscriber
Rate ID of each subscriber

Midamble repetition of each subscriber
Preamble time shift of each subscriber

Time offset of each subscriber

Pilot phase
Auto MAC header setting or not: NO, YES
MAC header data

Power of each subscriber

Signal Type

1 |InputData |input of raw data |int

Pin Outputs

Pin [Name Description Signal Type

2 |FrameData |output of uplink Subframe complex

3 |ForEVM output of Modulated data of all bursts for complex
EVM

4 |PDUFCS output of MAC PDU data of burst with FEC int

Notes/Equations

1. This subnetwork is used to generate a WMAN OFDM Uplink subframe baseband signal.
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Default
Ratio 1

1.75 MHz
0.25

FDD

0.5

time 5 ms

0.0 psec

{0X00, 0X00,
0X00, 0X00, 0X00,
0X01}

0
1
1

{1}

NO
{8}

{100}

{1}

{0}

{0}

{0 psec}

0
YES

{0XA2, 0X48,
0X22, OX4F, 0X93,
OXOE}

{0.01wW}

Unit Type

enum

real
real
enum
real

enum

real
int
array
int
int
int
int
array
enum
int
array
int
array
int
array
int
array
int
array

real
array

int
enum
int
array

real
array

Range

(0, 1e9]
[0, 1]

[0.01, 0.99]

[0, 1000]
[0, 255]

[0, 15]
[1, 16]
[1, 16]
[0, 65535]

[1, 15] or
[17, 31]
[1, 16383]
[0, 6]

[0, 3]

[0, 255]
[o,

Idlelnterval]
[0, 4095]

[0, 255]

(0, )
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The schematic for this subnetwork is shown in WMAN UL Src FD Schematic.
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WMAN_UL_Src_FD Schematic

2. WMAN OFDM Uplink baseband signal source is implemented according to the specification. Non-
subchannelization and subchannelization modes are supported. The maximum number of SSs
supported is 16. For non-subchannelization mode, the maximum number of bursts supported is
16. For subchannelization mode, only one burst is supported, where maximum 16 SSs can be
allocated, while each SS uses one different subchannel.
For the SS with FEC-encoded, one PHY MAC PDU is contained. The MAC PDU payload data of the
SS with FEC-encoded are input at pin InputData. The MAC PDU format is shown in MAC PDU
Format. Each MAC PDU contains 6 bytes MAC Header, DataLength[SSWithFEC] bytes MAC PDU
payload, and 4 bytes CRC. The total byte length of MAC PUD is DataLength[SSWithFEC]+10. The
MAC Header and CRC are padded in WMAN_MACPDU.

MAC Header | MAC PDU Payload CRC
(6 Bytes) (DataLength bytes) | (4 Bytes)

MAC PDU Format

After MAC Header and CRC are padded, the MAC PDU is put into the randomizer
(WMAN_Scrambler). Then a 0x00 tail byte is added to the end of the randomized block, which is
reserved by RS-CC and CC. To form an integer number of OFDM symbols, unused bytes in the
burst payload may be padded by the bytes OxFF.
The data after padded will be encoded by RS-CC or CC with a specified rate corresponding to the
Rate_ID[SSWithFEC] which is done in WMAN_FEC. Then the signal after passing through the
puncturer, intelever and mapper will be combined with other SS's signal in WMAN_UL_MuxBurst.
The puncturer and intelever are also in WMAN_FEC. The other SS's signal data are generated in
290



Advanced Design System 2011.01 - Fixed WiMax Design Library
WMAN_BurstWoFEC. WMAN_UL_MuxOFDMSym is used to multiplex data subcarriers and pilot
subcarriers, while the pilot subcarriers are produced in WMAN_UL_Pilot. Then after IFFT transfer,
the complete uplink subframe is produced in WMAN_UL_MuxFrame.
For non-subchannelization mode, WMAN OFDM uplink subframe structure is shown in Uplink
Subframe Format for Non-Subchannelization Mode.

UL Subframe
i -
Idle Content 1on slot Contention =lot UL PHY PDU UL FHY FDU
Irterval | for Initial Ranging for BW Eequests from 5541 from 55#k
DATA . DATA
Preamble Syrmbol « | Midamble | Syrmbol

Uplink Subframe Format for Non-Subchannelization Mode

A complete Uplink subframe is started with an idle interval, followed by contention slot for Initial
Ranging and contention slot for BW Requests. Then comes each SS's UL PHY PDU in order, which
includes the short preamble, data OFDM symbols and midambles. Each SS holds a time slot.

For subchannelization mode, WMAN OFDM Uplink subframe structure is shown in Uplink Subframe

Format for Sub-Channelization Mode.

Subchannelization .
Preamble MAC FDU
Contention slot | Contention slath-
Ldle for Initial for BW ULPHYPDU | Zero | Subchannel#1
Interval . from S5#1 Padding
Ranging Requests
UL PHY PDU
from SSH Subchannel#k

Uplink Subframe Format for Sub-Channelization Mode

For subchannelization mode, each SS transmits signals simultaneously, using different
subchannels. The SSs shall be time-aligned. The time duration of uplink subframe is determined
by the longest time duration among all the SSs. consequently for other SSs having less time
duration, zeros will be padded at the end.

3. Parameter Details

+ OversamplingOption specifies the oversampling ratio of the transmission signal.
OversamplingOption is Ratio 1, Ratio 2, ... , Ratio 32, which indicates the oversampling ratio
of transmission signal is 1, 2, ... , 32.

» Bandwidth defines the nominal bandwidth. According to the specification, the supported
nominal bandwidths are 1.25MHz, 1.5MHz, 1.75 MHz, 2.5 MHz, 3 MHz, 3.5 MHz, 5 MHz, 5.5
MHz, 6 MHz, 7 MHz, 10 MHz, 11 MHz, 12 MHz, 14 MHz, 15 MHz, 20 MHz, 24 MHz and 28
MHz. This parameter type is floating. Other bandwidth except the above is also supported.
The sampling frequency implemented in the design is decided by Bandwidth,
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OversamplingOption and related sampling factor as follows:

F. = floor((nx Bandwidth)/8000) x 8000

The sampling factors are listed in Sampling Factor Requirement.

Sampling Factor Requirement

sampling factor n bandwidth

8/7 For channel bandwidths that are a multiple of 1.75 MHz
86/75 else for channel bandwidths that are a multiple of 1.5 MHz
144/125 else for channel bandwidths that are a multiple of 1.25 MHz
316/275 else for channel bandwidths that are a multiple of 2.75 MHz
57/50 else for channel bandwidths that are a multiple of 2.0 MHz
8/7 else for channel bandwidths not otherwise specified

CyclicPrefix specifies the ratio of guard time (cyclic prefix) to useful symbol period, whose
range is from 0 to 1.

FrameMode is determines the generated frame is FDD mode or TDD mode. If FDD mode, the
full frame is used to transmit this uplink signal source. If TDD mode, the frame is used to
transmit both downlink and uplink signal source, the first part is for downlink transmission
and the second part is for uplink transmission. These two parts are controlled by the
DL_Ratio parameter in one frame.

DL_Ratio is used to split one frame into two parts. When FrameMode=TDD and
FrameDuration<>Continuous, it is active. The first part (duration is
FrameDuration*DL_Ratio) is to transmit downlink (filled by zeros) and the rest part (second
part) is to transmit uplink source.

FrameDuration specifies the frame type. It's type is enum. There are 8 cases (Continuous,
time 2.5 ms, time 4 ms, time 5 ms, time 8 ms, time 10 ms, time 12.5 ms and time 20 ms).
When FrameDuration =Continuous, the uplink source is transmitted continuously (without
frame structure) and both FrameMode and DL_Ratio parameters are inactive. When
FrameDuration <>Continuous, the uplink source is transmitted frame by frame (with frame
structure) and both FrameMode and DL_Ratio parameters are active.

IdleInterval specifies the time of idle interval between two consecutive subframes. The
default value is 0.0 psec.

FrameNumber, BSID are used to generate the scrambler UL initialization vector.
NumberOfSS specifies the number of active subscribes (SS).

SSWithFEC specifies the SS which goes through FEC encoding and decoding.

CID specifies CID of each subscriber. Its type is integer array.

Subchannelization is the boolean value to indicate whether subchannelization is employed or
not.

Subchannellndex is the array of each SS's subchannel index allocated. This parameter is
valid only when Subchannelization is set to YES. Note that the values in Subchannellndex
should be in ascending order.

DatalLength is the array of each SS's MAC PDU payload byte length.

Rate_ID is the array of each SS's Rate ID, whose range is from 0 to 6. DataLength and
Rate_ID determine the number of data symbols per SS. Data-rate-dependent parameters
(modulation, coding rate, coded bytes/uncoded bytes per OFDM symbol) will be set
according to Mandatory Channel Coding per Modulation, which is based on the specification.

Mandatory Channel Coding per Modulation
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Rate_ID |Modulation [Uncoded block Coded block Overall coding RS code CC code
size(bytes) size(bytes) rate rate
0 BPSK 12 24 1/2 (12,12,0) |1/2
1 QPSK 24 48 1/2 (32,24,4) 2/3
2 QPSK 36 48 3/4 (40,36,2) |5/6
3 16-QAM 48 96 1/2 (64,48,8) 2/3
4 16-QAM 72 96 3/4 (80,72,4) |5/6
5 64-QAM 96 144 2/3 (108,96,6) 3/4
6 64-QAM 108 144 3/4 (120,108,6) |5/6

« MidambleRepetition is the array of each SS's midamble repetition interval in OFDM symbols.
When the last section of symbol after the last midamble is higher than half the midamble
repetition interval, a postamble shall be added at the end of the allocation. Midamble
Repetition Interval shows the meaning each MidambleRepetition value corresponds to.

Midamble Repetition Interval

Value [Meaning

0b00 |Preamble only

0b01 |Midamble after every 8 data symbols
0b10 |Midamble after every 16 data symbols
Ob11 |Midamble after every 32 data symbols

« PrmITimeShift indicates the nhumber of samples of cyclic shift are delayed in time in the
preamble and midamble symbols.

» TimeOffset is the array of each SS's time offset arrived at BS. 0 means the SS's signal
arrives at BS exactly when scheduled. Other values can be used to introduce a time offset to
simulate arrival differences between different SS transmissions. Note that the actual time
offset delay of each SS is the value in TimeOffset minus the last SS's time offset.

» PilotPN_Phase specifies the start phase of pilots (PRBS). The specification requires
PilotPN_Phase = 0.

o AutoMACHeaderSetting specifies how to get the 6 bytes MAC header. If
AutoMACHeaderSetting=YES, these 6 bytes MAC header is generated by WMAN_MACHeader
directly. If AutoMACHeaderSetting=NO, these 6 bytes MAC header is input by MAC_Header
parameter.

« MAC_Header specifies the 6 byte data inserted in MAC Header. It is active just when
AutoMACHeaderSetting=NO.

« Power is the array of each SS's transmitting power. In non-subchannelization mode, the first
SS's output voltage is adjusted to be 1, by multiplying signal amplitude with Gain, where

Gain is defined as: C9in = 236X o OversumplingOption ;. [300)

For other SS, the ith SS's output voltage is adjusted aligned with the first SS's by multiplying
signal amplitude with Gain[i] respectively, where Gain[i] is defined as:

Gain[i] = Gain[1]x J(Power[i])/ (Power[1])

Here Power[1] is the first SS's Power.
In subchannelization mode, the first SS's output voltage is adjusted to be 1, while other SSs'
output voltages are adjusted according to the ratio of the number of subcarriers the SSs
contain to the number of subcarriers the first SS contains. Note that only the first value in
the array of Power is used to adjust the first SS's output voltage, and other values in the
array of Power are ignored.
4. Output Pin Delay Adjustment

Before introducing delays for each output pins, the number of OFDM symbols per frame is

deduced in this section.

The non-subchannelization and subchannelization modes are supported in WMAN OFDM uplink.

For non-subchannelization mode, one WMAN uplink subframe consists of Idle, contention slot for

293



Advanced Design System 2011.01 - Fixed WiMax Design Library
Initial Ranging and contention slot for BW, and multiple uplink bursts. Contention slot for Initial
Ranging and contention slot for BW Requests consist of two OFDM symbols respectively. Each
uplink burst consists of one short preamble, data symbols and midambles. The short preamble
consists of one OFDM symbols.

The number of OFDM data symbols of ith uplink SS( Nsymbot [1] ) is calculated as follows:

N mpoili] = ceili(DataLength[i] + 11)/(uncodedBlockSize[R[i]]))

MidambleRepetition indicates each SS's midamble repetition interval in OFDM symbols. Let
Midamble[i]

represent the number of midamble symbols in ith uplink burst,
Midambie[i] = round((N;,, ., ,[i]) ypMidambleReperirionlil +1,

if MidambleRepetition[i]

is not zero

Midamble[i] = 0
else

So the total number of OFDM symbols Niorai sym et
for the uplink frame is calculated as follows:
Number Of55
=242+ 3 (Ngyupelil+ 1+ Midambleli])

i=1

N

T
tetul Symbal

SHP??PEIESOFD:H

The number of samples per one OFDM symbol ( ) is calculated as:

OversumplingO ption o .
Sumpe'csor&w = QUrersampIREEEIEAn L aSE X (1 + G)

where, G is the CyclicPrefix.

The samples of IdleInterval( >4™"P!eie

) is calculated as follows:
Samples,y, = IdleInterval x F,

When FrameDuration=Continuous, the total samples of one uplink subframe Samples prume is

Samplesp, e = Samples, + N sy mpa X Samplesgpp

. . . Samplesp,  me
When FrameDuration<>Continuous, the total samples of one uplink subframe * s
Quersumpl ing Option

Samplesg, = Samples,, + FrameDuration x F_x2

For subchannelization mode, one WMAN uplink subframe consists of Idle, contention slot for
Initial Ranging and contention slot for BW, and one uplink burst which contains all SSs.

The number of OFDM data symbols of ith uplink SS( Nsymbot [1] ) is calculated as follows:
N gomuelt] = ceili(DataLength[i] + 11)/ (uncodedBlockSize[R[i]]) x 16/ N

, )
subchannels’

Here Nsubchannels is the number of subchannels. Nsubchannels is determined by
Subchannellndex, shown in Number of Subchannels.

Number of Subchannels
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Nsubchannels SubchannelIndex

1 1,3,5,7,9,11,13,15,17,19,21,23,25,27,29,31
2 2,6,10,14,18,22,26,30

4 4,12,20,28

8 8,24

So the total number of OFDM symbols Niowaisymbel  for the uplink frame is calculated as follows:

Nt Symbal = 2+2+ mc"l']‘-i-‘w.s-,'mbo.f[i] + 1+ Midamble[i])

Samplesp, me

When FrameDuration=Continuous, the total samples of one uplink subframe is

Samplesp, me = Samples,y + Ny i5,mpar X Samplesgpp
10 % ~eversamplingO ption o . . . .
In the source, < delay is introduced by TransmitterFilter in the design

WMAN_UL_SignalSrc, where the delay is equal to 'Len8th=11/2 | angth is the parameter in
TransmitterFilter.

References

1. IEEE Std 802.16-2004, Part 16: Air Interface for Fixed Broadband Wireless Access Systems,
Section 8.3 WirelessMAN-OFDM PHY, October 1, 2004.

2. IEEE P802.16-2004/Cor1/D5, Corrigendum to IEEE Standard for Local and Metropolitan Area
Networks - Part 16: Air Interface for Fixed Broadband Wireless Access Systems, Sept. 2005.
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WMAN_UL_Src_FD_RF (WMAN UL Source RF with Frame
Duration)

WA «g‘}
3

RF -
OEEY >é1
LIL Source —’&

WMAN_UL_Src_FD_RF

Description Uplink RF signal source with broadcast message and frame duration
Library WMAN, Signal Source
Class TSDFWMAN_UL_Src_FD_RF

Parameters
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Name
ROut
RTemp
FCarrier
Power

MirrorSpectrum
GainImbalance

PhaseIlmbalance

I_OriginOffset
Q_OriginOffset

IQ_Rotation

OversamplingOption

Bandwidth
CyclicPrefix
FrameMode
DL_Ratio
FrameDuration

IdleInterval
BSID

FrameNumber
DataPattern

NumberOfSS
SSWithFEC
CID

Subchannelization
Subchannellndex

DatalLength

Rate_ID

MidambleRepetition

PrmlITimeShift

TimeOffset

Pin Outputs
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Description

Source resistance
TEMPERATURE

Carrier frequency

Power of each subscriber

Indication of mirror spectrum about carrier: NO, YES
Gain imbalance in dB Q channel relative to I channel
Phase imbalance in dB Q channel relative to I channel

I origin offset in percent with repect to output rms
voltage

g origin offset in percent with repect to output rms
voltage

IQ rotation in degrees

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

Bandwidth

Cyclic prefix

Frame mode: FDD, TDD
Downlink ratio

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

Idle Interval
BSID

Frame Number

WMAN Data Pattern: PN9, PN15, FIX4, 4 _1_4_0,
8180, _16_1_16_0, _32_1_32_0,_64_1_64_0,
S_BPSK, S_QPSK, S_16-QAM, S_64-QAM

Number of subscribers
The number of subscriber with FEC
CID of each subscriber

Subchannelization or not: NO, YES
List of each subchannel index

MAC PDU payload byte length of each subscriber
Rate ID of each subscriber

Midamble repetition of each subscriber
Preamble time shift of each subscriber

Time offset of each subscriber
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Default
50 Ohm
—-273.15
3407 MHz
{0.01W}

NO
0.0
0.0
0.0

0.0

0.0
Ratio 1

1.75 MHz
0.25
FDD
0.5
time 5 ms

0.0 psec

{0X00, 0X00,
0X00, 0X00,
0X00, 0X01}

0
PNO9

{1}

NO
{8}

{100}

{1}

{0}

{0}

{0 psec}

Unit
Ohm
Celsius
Hz

W

Hz

sec

sec

Type
int
real
real

real
array

enum
real
real
real

real

real

enum

real
real
enum
real
enum

real
int
array

int
enum

int
int
int
array
enum
int
array
int
array
int
array
int
array
int
array

real
array

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

)
)

)
)

)

(0, 1e9]
[0, 1]

[0.01, 0.99]

[0, 1000]
[0, 255]

[0, 15]

(1, 16]
(1, 16]
[0, 65535]

[1, 15] or
[17, 31]
[1, 16383]
[0, 6]

[0, 3]

[0, 255]

[o,
Idlelnterval]
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Pin Name Description Signal Type
1 |RF_Signal joutput of RF signal timed
2 |ForEVM |output of Modulated data of all bursts for complex
EVM
3 |PDUFCS |output of MAC PDU data of burst with FEC int
PSDU output of PSDU bits int

Notes/Equations

1. This subnetwork is used to integrates an RF modulator with the baseband signal source. The
WMAN OFDM uplink baseband signal is fed into the RF modulator. The RF signal is timed signal
after RF modulation.

The schematic for this subnetwork is shown in WMAN_UL_SignalSrc_RF Schematic.

—

Port
P=0L

Port
PSDUFCS
Wik _DataPatiern

FandaomBits _-O

rt
ST
9

P1 a e - — Im 2
WM _UL_Sre_FD i Port
WA _UL_Src_FD RF_Modulator FF_Signal
RF_Modulstor

WMAN_UL_SignalSrc_RF Schematic
2. The WMAN OFDM uplink baseband signal source format follows the specification. The schematic is
shown in WMAN_UL_Src_FD Schematic.
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WMAN_UL_Src_FD Schematic

3. WMAN OFDM Uplink baseband signal source is implemented according to the specification. Non-
subchannelization and subchannelization modes are supported. The maximum number of SSs
supported is 16. For non-subchannelization mode, the maximum number of bursts supported is
16. For subchannelization mode, only one burst is supported, where maximum 16 SSs can be
allocated, while each SS uses one different subchannel.
For the SS with FEC-encoded, one PHY MAC PDU is contained. The MAC PDU payload data of the
SS with FEC-encoded are generated in WMAN_DataPattern. The MAC PDU format is shown in MAC
PDU Format. Each MAC PDU contains 6 bytes MAC Header, DataLength[SSWithFEC] bytes MAC
PDU payload, and 4 bytes CRC. The total byte length of MAC PUD is DataLength[SSWithFEC]+10.
The MAC Header and CRC are padded in WMAN_MACPDU.

MAC Header | MAC PDU Payload CRC
(6 Bytes) (DataLength bytes) | (4 Bytes)

MAC PDU Format

After MAC Header and CRC are padded, the MAC PDU is put into the randomizer
(WMAN_Scrambler). Then a 0x00 tail byte is added to the end of the randomized block, which is
reserved by RS-CC and CC. To form an integer number of OFDM symbols, unused bytes in the
burst payload may be padded by the bytes OxFF.
The data after padded will be encoded by RS-CC or CC with a specified rate corresponding to the
Rate_ID[SSWithFEC] which is done in WMAN_FEC. Then the signal after passing through the
puncturer, intelever and mapper will be combined with other SS's signal in WMAN_UL_MuxBurst.
The puncturer and intelever are also in WMAN_FEC. The other SS's signal data are generated in
WMAN_BurstWoFEC. WMAN_UL_MuxOFDMSym is used to multiplex data subcarriers and pilot
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subcarriers, while the pilot subcarriers are produced in WMAN_UL_Pilot. Then after IFFT transfer,

the complete uplink subframe is produced in WMAN_UL_MuxFrame.
For non-subchannelization mode, WMAN OFDM uplink subframe structure is shown in Uplink

Subframe Format for Non-Subchannelization Mode.

L Subframe
-
Idle Content ion =lot Corttention =lot UL PHY PDU UL FHY FDU
Irterval | for Indtial Ranging for BW FRequests from S5#1 from S5#k
DATA . DATA
Preamble Syrmbol « | Midamhle | = Syrmbol

Uplink Subframe Format for Non-Subchannelization Mode

A complete Uplink subframe is started with an idle interval, followed by contention slot for Initial
Ranging and contention slot for BW Requests. Then comes each SS's UL PHY PDU in order, which
includes the short preamble, data OFDM symbols and midambles. Each SS holds a time slot.

For subchannelization mode, WMAN OFDM Uplink subframe structure is shown in Uplink Subframe

Format for Subchannelization Mode.

Subchannehzation .
Preamble MAC FDU
Idl Contention slot | Contention slath- UL PDU 7 .
¢ for Initial for BW FHY ero | Sybchannel#1
Interval . from S5#1 Padding
Ranging Requests
UL PHY PDU
from SS#k Subchannel#k

Uplink Subframe Format for Subchannelization Mode

For subchannelization mode, each SS transmits signals simultaneously, using different
subchannels. The SSs shall be time-aligned. The time duration of uplink subframe is determined
by the longest time duration among all the SSs. consequently for other SSs having less time
duration, zeros will be padded at the end.

4, 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 array of each SS" s RF output signal power. The Power of the signal is defined as
the average SS' s power excluding 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
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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:

Cor o - by

Vepltl = ,J.L'lr",u_l cosi@_f) —g"r'QLF.I anmCr+ ﬁ,-';'
where A is a scaling factor based on the Power and ROut parameters specified by the user,
VI(t) is the in-phase RF envelope, VQ(t) is the quadrature phase RF envelope, g is the gain
imbalance

Guinimbulunce

¢ = 10 20

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

Next, the signal VRF(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(2xROutxPower).

OversamplingOption specifies the oversampling ratio of the transmission signal.
OversamplingOption is Ratio 1, Ratio 2, ..., Ratio 32, which indicates the oversampling ratio
of transmission signal is 1, 2, ..., 32.

Bandwidth defines the nominal bandwidth. According to the specification, the supported
nominal bandwidths are 1.25MHz, 1.5MHz, 1.75 MHz, 2.5 MHz, 3 MHz, 3.5 MHz, 5 MHz, 5.5
MHz, 6 MHz, 7 MHz, 10 MHz, 11 MHz, 12 MHz, 14 MHz, 15 MHz, 20 MHz, 24 MHz and 28
MHz. This parameter type is floating. Other bandwidth except the above is also supported.
The sampling frequency implemented in the design is decided by Bandwidth,
OversamplingOption and related sampling factor as follows:

F. = floor((nx Bandwidth)/8000) x 8000

The sampling factors are listed in Sampling Factor Requirement.

Sampling Factor Requirement

sampling factor n bandwidth

8/7 For channel bandwidths that are a multiple of 1.75 MHz
86/75 else for channel bandwidths that are a multiple of 1.5 MHz
144/125 else for channel bandwidths that are a multiple of 1.25 MHz
316/275 else for channel bandwidths that are a multiple of 2.75 MHz
57/50 else for channel bandwidths that are a multiple of 2.0 MHz
8/7 else for channel bandwidths not otherwise specified

CyclicPrefix specifies the ratio of guard time (cyclic prefix) to useful symbol period, whose
range is from 0 to 1.

FrameMode is determines the generated frame is FDD mode or TDD mode. If FDD mode, the
full frame is used to transmit this uplink signal source. If TDD mode, the frame is used to
transmit both downlink and uplink signal source, the first part is for downlink transmission
and the second part is for uplink transmission. These two parts are controlled by the
DL_Ratio parameter in one frame.

DL_Ratio is used to split one frame into two parts. When FrameMode=TDD and
FrameDuration<>Continuous, it is active. The first part (duration is
FrameDuration*DL_Ratio) is to transmit downlink (filled by zeros) and the rest part (second
part) is to transmit uplink source.

FrameDuration specifies the frame type. It's type is enum. There are 8 cases (Continuous,

time 2.5 ms, time 4 ms, time 5 ms, time 8 ms, time 10 ms, time 12.5 ms and time 20 ms).
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When FrameDuration =Continuous, the uplink source is transmitted continuously (without
frame structure) and both FrameMode and DL_Ratio parameters are inactive. When
FrameDuration <>Continuous, the uplink source is transmitted frame by frame (with frame
structure) and both FrameMode and DL_Ratio parameters are active.

« IdleInterval specifies the time of idle interval between two consecutive subframes. The

default value is 0.0 psec.

FrameNumber, BSID are used to generate the scrambler UL initialization vector.

NumberOfSS specifies the humber of active subscribes (SS).

SSWithFEC specifies the SS which goes through FEC encoding and decoding.

CID specifies CID of each subscriber. Its type is integer array.

Subchannelization is the boolean value to indicate whether subchannelization is employed or

not.

e Subchannellndex is the array of each SS's subchannel index allocated. This parameter is
valid only when Subchannelization is set to YES. Note that the values in Subchannellndex
should be in ascending order.

» Datalength is the array of each SS's MAC PDU payload byte length.

« Rate_ID is the array of each SS's Rate ID, whose range is from 0 to 6. DataLength and
Rate_ID determine the number of data symbols per SS. Data-rate-dependent parameters
(modulation, coding rate, coded bytes/uncoded bytes per OFDM symbol) will be set
according to Mandatory Channel Coding per Modulation, which is based on the specification.

Mandatory Channel Coding per Modulation

Rate_ID |[Modulation [lUncoded block Coded block Overall coding RS code CC code
size(bytes) size(bytes) rate rate
0 BPSK 12 24 1/2 (12,12,0) |1/2
1 QPSK 24 48 1/2 (32,24,4) 2/3
2 QPSK 36 48 3/4 (40,36,2) |5/6
3 16-QAM 48 96 1/2 (64,48,8) 2/3
4 16-QAM 72 96 3/4 (80,72,4) |5/6
5 64-QAM 96 144 2/3 (108,96,6) |3/4
6 64-QAM 108 144 3/4 (120,108,6) 5/6

« MidambleRepetition is the array of each SS's midamble repetition interval in OFDM symbols.
When the last section of symbol after the last midamble is higher than half the midamble
repetition interval, a postamble shall be added at the end of the allocation. Midamble
Repetition Interval shows the meaning each MidambleRepetition value corresponds to.

Midamble Repetition Interval

Value Meaning

0b00 |Preamble only

0b01 |Midamble after every 8 data symbols
0b10 |Midamble after every 16 data symbols
Ob1l1 |Midamble after every 32 data symbols

« PrmITimeShift indicates the number of samples of cyclic shift are delayed in time in the
preamble and midamble symbols.

« TimeOffset is the array of each SS's time offset arrived at BS. 0 means the SS's signal
arrives at BS exactly when scheduled. Other values can be used to introduce a time offset to
simulate arrival differences between different SS transmissions. Note that the actual time
offset delay of each SS is the value in TimeOffset minus the last SS's time offset.

« Power is the array of each SS's transmitting power.

5. Output Pin Delay Adjustment
Before introducing delays for each output pins, the number of OFDM symbols per frame is
deduced in this section.
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The non-subchannelization and subchannelization modes are supported in WMAN OFDM uplink.
For non-subchannelization mode, one WMAN uplink subframe consists of Idle, contention slot for
Initial Ranging and contention slot for BW, and multiple uplink bursts. Contention slot for Initial
Ranging and contention slot for BW Requests consist of two OFDM symbols respectively. Each
uplink burst consists of one short preamble, data symbols and midambles. The short preamble
consists of one OFDM symbols.

The number of OFDM data symbols of ith uplink SS ( Nsymbot [1] ) is calculated as follows:

Ny mpaili] = ceili{DataLength[i]+ 11)/(uncodedBlockSize[R[i]]))

Mi_dambIeRepetition indicates each SS's midamble repetition interval in OFDM symbols. Let
Midamble[i] ropresent the number of midamble symbols in ith uplink burst,
if MidambleRepetition[i] is not zero

i ; , s MidumblcR irien[i]+1
;U{dumb.!'f[{] — f'ﬂif”d';';a'\'r_g..mbal,[f]]f'j umbleReperition[i]+ )

Midamble[i] = 0
else

NS . .
So the total number of OFDM symbols reraliymbal — for the uplink frame is calculated as follows:
Number Of55
N sumber = 212+ Z (Ngympot[i]+ 1+ Midamble[i])

i=1

SHP??PEIESGFD:H

The number of samples per one OFDM symbol ( ) is calculated as:

Quersuampling prion . ) .
Samplesgppy = 2 VErSUmpIIREE IO 286 % (1 + G)

where, G is the CyclicPrefix.

The samples of IdleInterval( 4P !eie

) is calculated as follows:
Samples,y, = ldleInterval x F,

Samplesp, me

When FrameDuration=Continuous, the total samples of one uplink subframe is

—_— T
Samplesp, . = Samples,y + N5 mpa XSamplesgpp

When FrameDuration<>Continuous, the total samples of one uplink subframe Samplesyume is

. Quersumpl ing Qprion
_ A . n 2
Samplesg, = Samples,, + FrameDuration x F_x2

For subchannelization mode, one WMAN uplink subframe consists of Idle, contention slot for
Initial Ranging and contention slot for BW, and one uplink burst which contains all SSs.

The number of OFDM data symbols of ith uplink SS( Nsymbot L] ) is calculated as follows:

N gomuelf] = ceil{{DataLength[i] + 11)/ (uncodedBlockSize[R[i]]) % 16/ N

. ]
swbchannels’

Here Nsubchannels is the number of subchannels. Nsubchannels is determined by
Subchannellndex, shown in Number of Subchannels.

Number of Subchannels
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Nsubchannels SubchannelIndex

1 1,3,5,7,9,11,13,15,17,19,21,23,25,27,29,31
2 2,6,10,14,18,22,26,30

4 4,12,20,28

8 8,24

So the total number of OFDM symbols Niowaisymbel  for the uplink frame is calculated as follows:

Nt Symbal = 2+2+ mc"l']‘-i-‘w.s-,'mbo.f[i] + 1+ Midamble[i])

Samplesp, me

When FrameDuration=Continuous, the total samples of one uplink subframe is

Samplesp, me = Samples,y + Ny i5,mpar X Samplesgpp
10 % ~eversamplingO ption o . . . .
In the source, < delay is introduced by TransmitterFilter in the design

WMAN_UL_SignalSrc, where the delay is equal to 'Len8th=11/2 | angth is the parameter in
TransmitterFilter.
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