Agilent Technologies

Ultra-Wideband Design Library

August 2005



Notice

The information contained in this document is subject to change without notice.

Agilent Technologies makes no warranty of any kind with regard to this material,
including, but not limited to, the implied warranties of merchantability and fitness
for a particular purpose. Agilent Technologies shall not be liable for errors contained
herein or for incidental or consequential damages in connection with the furnishing,
performance, or use of this material.

Warranty

A copy of the specific warranty terms that apply to this software product is available
upon request from your Agilent Technologies representative.

Restricted Rights Legend

Use, duplication or disclosure by the U. S. Government is subject to restrictions as set
forth in subparagraph (c) (1) (ii) of the Rights in Technical Data and Computer
Software clause at DFARS 252.227-7013 for DoD agencies, and subparagraphs (c) (1)
and (c) (2) of the Commercial Computer Software Restricted Rights clause at FAR
52.227-19 for other agencies.

© Agilent Technologies, Inc. 1983-2005
395 Page Mill Road, Palo Alto, CA 94304 U.S.A.

Acknowledgments

Mentor Graphics is a trademark of Mentor Graphics Corporation in the U.S. and
other countries.

Microsoft®, Windows®, MS Windows®, Windows NT®, and MS-DOS® are U.S.
registered trademarks of Microsoft Corporation.

Pentium® is a U.S. registered trademark of Intel Corporation.
PostScript® and Acrobat® are trademarks of Adobe Systems Incorporated.

UNIX® is a registered trademark of the Open Group.

Java™ is a U.S. trademark of Sun Microsystems, Inc.

SystemC® is a registered trademark of Open SystemC Initiative, Inc. in the United
States and other countries and is used with permission.



Contents

1 Ultra-Wideband Design Library
INEFOAUCTION ...ttt e e e e snee e
UWB SYSEEITIS ...ttt ettt e e e e e e s s st e e e e e e e e e s s e eeeeeeeas
UWB Component LIDrari@S.........cuii ittt
DESIGN EXAMPIES. ...uiiiiiiiiiiie ettt et e e e st a bbbt e e s st e e e e nbaeee s
GlOSSArY OF TEIMS ...ttt ettt e et e e st ee s s naeeas

2 Channel Coding Components
L0 S TP OTPPR
UWB_INEEIEAVET ...ttt e e e e e e e e e e e e e s e e e aneeeaeas
UWB _ PUNCEUIET ...ttt e et e e e e et e e e e e et e e e e e eatneeaes
UWB_SCIamMbBIET .....uvviiieeee et e e e e e e e e e e e e aeeeeaeas

3 Measurement Components
UWB_EVM ettt ettt ettt ettt et e b e s e e
UWB_FH_EVM. ..ttt e
UWB_RF_CCDF ..ottt ettt ettt ettt ettt e enn e snn e e sneeen

4 Multiplex Components
UWB _CONJUOALE ... vttt ettt e eeittiee e sttt e e s st ee e s sttt e e e st e e e s s bt e e e e anbbbeee s s nnbeeeeeastbeeeean
UWB_DemUXDataPLCP .......ccoiiiiieiee et
UWB_DEMUXOFDMSYM ...ttt ettt e e e e e e e s
ULV T U= 1o (7= T] o PRSP
UWB_ MUXFTAIME ...ttt e et e e e e s e e e e et e e e e e anta e eaes
UWB_MUXHEAAPSDU. ...ttt e e e e e as
UWB_MUXOFDMSYIM ..ottt a st e e e e e s s s eeeeeeeas
UWB_TIiMESPreadiNg ... ..uvvieiiirieeeiiiiiiteeiitiieesssiteteessibeeeesssiareesessstreeesssnsseeessnssneeess

5 Receiver Components
UWB_ChESHMALOT ..uvviiiiiieeececcciiiees ettt e e e e e e e s st e e e e e e e e e e e e raaeeeeeas
UWB _ DEIMUXFTAIME . ...uuiii ittt sttt s e et e s e et e e e e e et e e e e eaatneeaes
UWB_FrAMESYINC ....veeieiiiieeeeeeiiiiit ettt ettt e e e e e e s sttt e e e e e e e s s s s b eeeeeeeas
UWB_FIEOSYNC ..ttt ettt e e e e e e e e st e e et e e e e s s e s nnnn e e e eeeeas
UWB_PRhaSETIACKET ....coeiieeieiiiiiiiiieis ettt e e e e e e st e e e e e e e e e e e e raeeeeeeas
UWB _RECEIVET .....uttiiiiieeee e ettt e e e e et e e e e e e e e e s e st bbb e e e e e e e e e s e e saannsraneeeaeas
UWB _ReCeIVEr FH RF ..o
UWB _RECEIVEI _RF ..o e s

6 Signal Source Components

WS =T I (o] o o1 oo SRR
UWB _PHY HEAAET ....cceiiiiiiieeeee ettt e e e e e aa e e e as
UWB_SIgN@ISOUICE .....iiiviiieeiitiie et e ettt e sttt e e st e e e st bee e s s snbne e e e estbeeee s




UWB_SiIgNalSOUICE_RF ....iiiiiiiiiie ittt e e nnaaeee s 6-15

UWB_SOUICE_FH R ..t a e e as 6-19
UWB_TIMEDOMAINSE( ...vvviiiiuiiiieeiiiiiiieesiteiee s sttt e s sibaeeesssibreeeesssbreeesssnsseeassnssseeesss 6-22
7 Receiver Design Examples
INEFOTUCTION ...ttt e e e e s e e 7-1
Minimum Receiver Sensitivity Measurements.........cccocuveeeiiiiiiieniiiiee e siiiiee e sieeeens 7-2
PER vs. Range in an AWGN ENVIFONMENt ........ccuviieiiiiieee e 7-4
PER vs. Range in a Fading ENVIrONMENT ..........ccoiiiiiiiiieee e 7-7
8 Transmitter Design Examples
INEFOTUCTION ...ttt e e e e sree e 8-1
L= ol 2] A =T g Too Lo 1 o PP 8-2
Complementary Cumulative Distribution Function Measurement ..............cccceeeeneee. 8-6
Error Vector Magnitude with Reference Signal...........ccccceviiiiiiiiiin e, 8-8
Error Vector Magnitude without Reference Signal..........ccccoocvvvieiiiiieni i, 8-11
Transmitter SPectrum MeEASUIEIMENT ........cciiiiiiieiiiiiiee it siiree e e 8-15
Index




Chapter 1: Ultra-Wideband Design Library

Introduction

The Agilent EEsof Ultra-Wideband Design Library supports the UWB multi-band
OFDM market. It follows IEEE P802.15-04/r0493r1, which is the latest version
(September 2004) of the IEEE 802.15.3a proposal. Data rates 55 and 106.67 Mbps in
the DataRate parameter in this design library are reserved for future use.

This design library focuses on the physical layer of UWB systems and is intended to
be a baseline system for designers to get an idea of what 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.

UWB Systems

In the high-data-rate wireless personal-area network (WPAN) space, two important
solutions (one presented by the Multiband-OFDM Alliance and the other by the UWB
Forum) provide similar data and range capabilities. Simply, these groups recognize
that multiple UWB architectures are emerging to satisfy various price, data rate, and
energy consumption requirements and that a means must be devised to enable their
coexistence. This can be accomplished through a common physical-layer (PHY)
standard that allows compliant UWB devices to use DS-UWB, MB-OFDM and/or
some future UWB technology, while still inter-operating and coordinating in a shared
UWB spectrum.

The direct-sequence UWB (DS-UWB) PHY protocol uses sub-nanosecond pulse
sequences and occupies a lower-frequency band of 3.1 to 5 GHz and/or a
higher-frequency band of 6 to 10.4 GHz. Different data rates are achieved through
variable-length spreading sequences combined with 1/2- or 3/4-rate
forward-error-correction codes. The data rates include 28, 55, 110, 220, 500, 660,
1,000 and 1,320 Mbps. The 660- and 1,320-Mbps modes operate without FEC for low
energy consumption, specifically for handheld wireless devices.

MB-OFDM physical-layer protocol uses frequency hopping of 528-MHz-wide OFDM
channels. The protocol uses 122 carriers or tones, of which 100 carry quadrature
phase-shift keying modulated data. A basic 640-Mbps data rate combined with FEC
rates of 11/32, 1/2, 5/8, or 3/4, and frequency-spreading ratios of 1, 2, or 4 on the
carriers, results in data rates of 53.3, 80, 110, 160, 200, 320, and 480 Mbps. Multiple
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Ultra-Wideband Design Library

modes of operation include a mandatory 3-band mode (mode 1) operating between 3.1
and 5 GHz. Before any two MB-OFDM radios can communicate in their high-rate
OFDM mode, they must first synchronize using a time-based sequence.

This UWB DL supports MB-OFDM proposal IEEE 802.15.3a.

The MB-OFDM (IEEE P802.15-04/0493r1) transmitter physical layer block diagram
is shown in Figure 1-1; major specifications are listed in Table 1-1.

X7
Stage J
Interleaver

QPSK
Mapper

Convolutional

Scrambler - Code

= Puncturer IFFT 3= DAC

Time
Frequency
Kernel

Figure 1-1. MB-OFDM Transmitter Physical Layer Block Diagram

Table 1-1. MB-OFDM Transmitter Physical Layer Major Specifications

Specification Settings

Information data rate 53.3, 80, 110, 160, 200, 320, 400 and 480 Mbps

(53.3, 110 and 200 Mbps are mandatory)
QPSK OFDM

Modulation

Error correcting code K =7 (64 states) convolutional code

Coding rate 1/3,11/32, 1/2, 5/8, 3/4
Number of data subcarriers 100

Number of defined pilot subcarriers 10

Number of guard subcarriers 12

Number of total subcarriers used 122

AF: Subcarrier frequency spacing 4.125 MHz (= 528 MHz/128)

Teer: IFFT/FFT period

242.42 ns (UAR)

Tzp: Zero pad duration

70.08 ns (= 37/528 MHz)
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UWB Component Libraries

UWB component libraries are organized according to the type of behavioral models
and subnetworks.

The Channel Coding library provides channel coding, scrambling and interleaving in
the transmitter end, and channel decoding and de-interleaving in the receiving end
(details in Chapter 2, Channel Coding Components) .

< UWB_FCS: UWB frame check sequence

< UWB_Interleaver: UWB interleaver or de-interleaver
< UWB_Puncturer: UWB puncturer or de-puncturer

< UWB_Scrambler: UWB scrambler

The Measurement library provides basic measurements (details in Chapter 3,
Measurement Components) .

- UWB_EVM: UWB EVM measurement without frequency hopping
- UWB_FH_EVM: UWB EVM measurement with frequency hopping
 UWB_RF_CCDF: UWB CCDF measurement

The Multiplex library provides models for use with MB-OFDM systems (details in
Chapter 4, Multiplex Components) .

< UWB_Conjugate: UWB conjugator

< UWB_DemuxDataPLCP: UWB PLCP and PSDU demultiplexer

« UWB_DemuxOFDMSym: UWB OFDM symbol demultiplexer

< UWB_GuardGain: UWB guard subcarriers gain

e UWB_MuxFrame: UWB frame multiplexer

< UWB_MuxHeadPSDU: UWB PLCP header and PSDU multiplexer
 UWB_MuxOFDMSym: UWB OFDM symbol multiplexer

< UWB_TimeSpreading: UWB time-domain spreader or despreader

The Receiver library provides models for use with UWB MB-OFDM receivers (details
in Chapter 5, Receiver Components) .

< UWB_ChEstimator: UWB channel estimator
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Ultra-Wideband Design Library

< UWB_DemuxFrame: frame de-multiplexer with frequency offset compensation,
cyclic prefix and guard interval removed

< UWB_FrameSync: UWB coarse timing synchronizer

< UWB_FregSync: UWB frequency synchronizer

< UWB_PhaseTracker: UWB phase tracker

< UWB_Receiver: UWB receiver

e UWB_Receiver_FH_RF: UWB RF frequency hopping receiver
< UWB_Receiver_RF: UWB RF receiver

The Signal Source library provides models for use with UWB MB-OFDM signal
sources (details in Chapter 6, Signal Source Components).

< UWB_Freq_Hopping: UWB frequency hopping synthesizer
UWB_PHY_Header: UWB physical header generator

UWB_SignalSource: UWB signal source
UWB_SignalSource_RF: UWB RF signal source

UWB_Source_FH_RF: UWB RF frequency hopping signal source

UWB_TimeDomainSeq: UWB time domain synchronization sequence generator

Design Examples

Design examples for UWB receiver and transmitter projects are available in ADS at
File > Example Project > UWB.

UWB_OFDM_Rx_prj provides UWB receiver test and measurement design examples
based on IEEE P802.15-04/0493r1 (details in Chapter 7, Receiver Design Examples).

« UWB_OFDM_RxSensitivity.dsn: minimum receiver sensitivity measurement

 UWB_OFDM_PER_vs Range AWGN.dsn: PER performance under an AWGN
channel

« UWB_OFDM_PER_vs_Range Fading.dsn: PER performance under multipath
channel

UWB_OFDM_Tx_prj provides UWB transmitter test and measurement design
examples based on IEEE P802.15-04/0493r1 (details in Chapter 8, Transmitter
Design Examples).
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« UWB_OFDM_Demo.dsn: encodes a multi-band OFDM PHY frame.

 UWB_OFDM_TxCCDF.dsn: measures the complementary cumulative
distribution function of the transmitted signal.

 UWB_OFDM_TxXEVM.dsn: measures error vector magnitude and records
constellations of the reference signal and the signal to be measured. The
transmitter is a UWB RF signal source with frequency hopping that provides a
reference signal.

 UWB_OFDM_TxXEVM_ TruncatedSignal.dsn: measures error vector magnitude
and records constellations of the signal to be measured. The transmitter is a
UWB RF signal source without frequency hopping and without a reference
signal. The signal provided by the transmitter can be arbitrarily truncated
when the signal is longer than one frame.

< UWB_TxSpectrum.dsn: measures transmitter signal power spectrum density.
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Glossary of Terms

AWGN

additive white Gaussian noise

CCDF

complementary cumulative distribution function

CSMA/CA

carrier sense multiple access/collision avoidance

DS-uwB

direct-sequence UWB

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

MB-OFDM

multi-band orthogonal frequency division multiplexing

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

RF

radio frequency

RX

receive or receiver

SDU

service data unit

TFC

time frequency code

>

transmit or transmitter

uwB

ultra wideband

WPAN

wireless personal-area network
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UWB_FCS

! FCS 2
Description  UWB frame check sequence
Library UWB, Channel Coding
Parameters
Name Description Pefault Type Range
DatalLength Octet number of PSDU 100 int [1, 4095]
Pin Inputs
Pin  |Name Description Bignal Type
1 PSDU data int
Pin Outputs
Pin  |Name Description Bignal Type
2 output output signals int
Notes/Equations

1. This subnetwork model appends a frame check sequence after frame body.

2. Frame check sequence is a 32-bit field containing a 32-bit CRC. The FCS is
calculated over the frame body field. Some systems in the 802 family use all
fields of the MAC header and the frame body field for calculating the FCS; these
are referred to as the calculation fields.

FCS calculation using the standard generator polynomial of degree 32:

FCS is the ones complement of the sum (modulo 2) of:

= the remainder of xK(x31+x30+x29+--+x2+x+ 1) divided (modulo 2) by G(x)

(where k is the number of bits in the calculation fields)

and
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= the remainder after multiplication of the contents (treated as a polynomial)
of the calculation fields by x32, then division by G(x).

The FCS field is transmitted beginning with the coefficient of the highest-order
term.

For a typical transmitter implementation, the initial remainder of the division
is preset to all ones, then modified by dividing the calculation fields by
generator polynomial G(x). The ones-complement of this remainder is
transmitted (with the highest-order bit first) as the FCS field.

. The schematic for this subnetwork is shown in Figure 2-1.

The CRC encoder consists of the division circuit and the control part for setting
the initial value to all ones, implementing the division operation, exporting the
remainder and taking a ones-complement of the remainder. The basic unit of
the division circuit includes Delay and UWB_XOR; the Delay component
simulates the register in the division circuit.

UWB_XOR (schematic is shown in Figure 2-2) implements a logic exclusive OR
operation for pin 1 and pin 2 inputs and sends the results to the Delay
component if its input from pin 3 is 1; it will set the value of Delay to 1 if its
input from pin 3 is 0.

. DatalLength is the calculation field length. The unit for DataLength is bytes
instead of bits; so the length of information bits will be 8xDatalLength.
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Figure 2-1. UWB_FCS Schematic
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Figure 2-2. UWB_XOR Schematic
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UWB _Interleaver

[

ki md

Description  UWB interleaver or de-interleaver
Library UWAB, Channel Coding

Class SDFUWB_Interleaver

Derived From UWB_Base

Parameters
Name Description Default Type
DataRate Datarate: _53.3 Mbps, _55 | _53.3 Mbps enum
Mbps, _80 Mbps, _106.67
Mbps, _110 Mbps, _160
Mbps, _200 Mbps, _320
Mbps, _400 Mbps, _480
Mbps
InterleavingOption Interleaving option: Interleaving enum
Interleaving,
Deinterleaving
Pin Inputs
Pin |Name Description Bignal Type
1 Input data to be processed anytype
Pin Outputs
Pin |Name Description Bignal Type
2 Output processed data anytype
Notes/Equations

1. This model performs interleaving or deinterleaving; the coded and padded bit
stream is interleaved prior to modulation.

2. Each firing, 6/TSFxNcgps tokens are consumed and 6/TSFxN¢gpg tokens are
generated. TSF is the time spreading factor; Ncgps is the number of coded bits
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per OFDM symbol. TSF and Ncgps are based on the data rate as shown in
Table 2-1.

Table 2-1. Data-Rate-Dependent Parameters

Conjugate Overall Coded Bits per
DataRate Coding | Symmetric Time Spreading | Spreading | OFDM Symbol
(Mbps) Modulation Rate (R) |Inputto IFFT | Factor (TSF) Gain (Nceps)
53.3 QPSK 1/3 Yes 2 4 100
80 QPSK 1/2 Yes 2 4 100
110 QPSK 11/32 No 2 2 200
160 QPSK 1/2 No 2 2 200
200 QPSK 5/8 No 2 2 200
320 QPSK 1/2 No 1 (no spreading) | 1 200
400 QPSK 5/8 No 1 (no spreading) | 1 200
480 QPSK 3/4 No 1 (no spreading) | 1 200

3. Bit interleaving is performed in three stages: symbol interleaving across the
OFDM symbols; intra-symbol tone interleaving; and intra-symbol cyclic shifts.
The symbol interleaver permutes bits across OFDM symbols to promote
frequency across sub-bands; the tone interleaver permutes bits across the data
tones within an OFDM symbol to promote frequency diversity across tones and
provide robustness against narrow-band interferers.

Symbol block interleaving is performed among the 6/TSFxNggpg coded bits
(6/TSF symbols). Let sequences {U(i)} and {S(i)} represent the input and output
bits of the symbol block interleaver, respectively. The input-output relationship
of this interleaver is given by:

S(l) - UBF'O()rS\I ! E‘l’(G/‘l’SF)X'\/IOCI(ilNCBPS)E
0 CBPS 0

i=0, ..., (6/TSFxN¢cgps-1)

where the function Floor(.) returns the largest integer value less than or equal
to its argument value, and where Mod(.) returns the remainder after division of

i by Ncgps-
The output of the symbol block interleaver is then passed through a tone block

interleaver.The outputs of the symbol block interleaver are grouped into blocks
of Ncgps bits and then permuted using a regular block interleaver of size
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NTint*x10, where Ntint=Ncgps/10. Let sequences {S(i)} and {T(i)} represent the

input and output bits of the tone block interleaver, respectively. The
input-output relationship of this interleaver is given by:

. O i . O
T(i) = SDFIoorEN '_ E+ 10Mod(i, N1, 0
0 Tint 0

i=0, cee NCBPS_l

The output of the tone block interleaver is then passed through the last stage,
which consists of a different cyclic shift of each block of Ncgpg bits within the

span of the symbol block interleaver defined above. Let {T(b,i)} and {V(b,i)}
represent the input and output sequences, respectively. The input-output
relationship is given by:

V(b, i) = T(b, Mod(i + A(b), Negps))
i=0, ey NCBPS_l

For conjugate symmetric mode, Ncgps=100: A(b)=bx33, b=0,1,2

For non-conjugate symmetric mode with TSF=2, Ncgps=200: A(b)=bx66,

b=0,1,2
For non-conjugate symmetric mode with TSF=1, Ncgps=200: A(b)=bx33,
b=0,1,2, ..., 5.

4. When InterleavingOption is set to Interleaving, interleaving is performed;
otherwise, the reverse process is performed.

References

[1] IEEE P802.15-04/0493r1, Multi-band OFDM Physical Layer Proposal for IEEE
802.15 Task Group 3a, September 2004.
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UWB_Puncturer

LB

j—’ ll:l —bz

Description  UWB puncturer or de-puncturer
Library UWB, Channel Coding

Class SDFUWB_Puncturer

Derived From UWB_Base

Parameters
Name Description Default Type Range
DataRate Data rate: _53.3 Mbps, _55 | _53.3 Mbps enum

Mbps, _80 Mbps, _106.67

Mbps, _110 Mbps, _160

Mbps, _200 Mbps, _320

Mbps, _400 Mbps, _480

Mbps
DatalLength Octet number of PSDU 100 int [1, 4095]
InfoType Information type: Header, | PSDU enum

PSDU
PunctureMode Type of puncture mode: Stealing enum

Stealing, Inserting:

Stealing, Inserting
Pin Inputs
Pin |Name Description Signal Type
1 Input data stream to be punctured or inserted anytype
Pin Outputs
Pin  |Name Description Signal Type
2 Output punctured or inserted data stream anytype
Notes/Equations

1. This model is used to delete some of the encoded bits on the transmitter side in
order to derive various coding rates from R=1/3 convolutional code, or insert
dummy O bits into the convolutional decoder on the receiver side in place of the
omitted bits. For multirate information refer to note 5.
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2. Set Datalength only when InfoType=PSDU.

3. If InfoType=Header, the PLCP header is processed; if InfoType=PSDU, the
PLCP frame body is processed.

4. If PunctureMode=Stealing, omitting is performed; if PunctureMode=Inserting,
inserting is performed.

5. Each firing, if PunctureMode=Stealing, N1 tokens are consumed and N2 tokens
are output; else if PunctureMode=Inserting, N2 tokens are consumed and N1
tokens are output,
where

N1=[N

sym x NCBPS x R—‘ x3

N2 = Ngym > Ncgps

where R is coding rate, Nc-gpg is the number of coded bits per OFDM symbol,

and Nsym is the number of OFDM symbols of PLCP header or PLCP frame
body before time-domain spreading.

If InfoType=Header, Nsym is 6; if InfoType=PSDU, Nsym is calculated:

8 x DatalLength+32+ 6
6 R
X

Nsym =

TSF 6
7SE * Neees

6. Puncture patterns are shown in Figure 2-3 through Figure 2-6. In each case,
the tables are filled left to the right with encoder output bits. For the last block
of bits, the process is stopped at the point at which the encoder output bits are
exhausted, and the puncturing patterns applied to the partially filled block.
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where TSF is time spreading factor, DatalLength is the length, in bytes, of PLCP
frame body data. TSF, R, Ncgpg are based on the data rate as shown in

Table 2-2.

Table 2-2. Data-Rate-Dependent Parameters

Data Conjugate Overall Coded bits per
Rate Coding | Symmetric Time Spreading Spreading | OFDM symbol
(Mbps)  |Modulation Rate (R) | Inputto IFFT Factor (TSF) Gain (Ncgps)
53.3 QPSK 1/3 Yes 2 4 100
80 QPSK 1/2 Yes 2 4 100
110 QPSK 11/32 No 2 2 200
160 QPSK 1/2 No 2 2 200
200 QPSK 5/8 No 2 2 200
320 QPSK 1/2 No 1 (no spreading) 1 200
400 QPSK 5/8 No 1 (no spreading) 1 200
480 QPSK 3/4 No 1 (no spreading) 1 200
Souree Data 5, [ [ g [, o [ o [ o [ |
4L
o Ty [ [ [y [ [y | o e [ e iy
EwodedDats B, [B,[B, [B, [B,[B.[B,[B. [ [Bs[B,| 7] stolenmit
o, e e Tes T TesTe e e e,
BitStDlen_Data %
NN 4 NN 8 A Y 8 N DN ENE AT
4L
By |8y o o il T e B R )
Bit Tuseried Data | Po |By | By [By [By [B [B,[Bo[B[Bo[By| R Inserted Durnay it
CACRGE AR CA GRS EA c_nﬁ\w
4L

¥ | Vo

Decoded Data | [ |3 | [ [ [ [® o |

Figure 2-3. Puncture Patterns (R=11/32)
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Source Data
Encoded Data VA
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Decoded Data

Encoded Data
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8 Y N
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Figure 2-5. Puncture Patterns (R=5/8)
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Figure 2-6. Puncture Patterns (R=3/4)
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UWB_Scrambler

(]
1 01101 2
Description  UWB scrambler
Library UWB, Channel Coding
Class SDFUWB_Scrambler
Derived From UWB_Base
Parameters
Name Description Default Type Range
DataRate Data rate: _53.3 Mbps, _55 | _53.3 Mbps enum
Mbps, _80 Mbps, _106.67
Mbps, _110 Mbps, _160
Mbps, _200 Mbps, _320
Mbps, _400 Mbps, _480
Mbps
DataLength Octet number of PSDU 100 int [1, 4095]
InfoType Information type: Header, | PSDU enum
PSDU
ScramblerSeed Scrambler seed selection: | Seed 00 enum
Seed 00, Seed 01, Seed
10, Seed 11
Pin Inputs
Pin  |Name Description Bignal Type
1 Input bits to be scrambled int
Pin Outputs
Pin  |Name Description Bignal Type
2 Output scrambled bits int
Notes/Equations

1. This model is used to scramble the PLCP header or frame body.

The PLCP frame format is shown in Figure 2-7.
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Reserved| Rate| Length |Reserved Screl;\mtbler Reserved Blgr;é Prv_el_ameble Reserved
3bits [5bitg12bits | 3bits | ot | 2bits [M5%r|  PBE | 12bits

PHY |Tail| MAC HCS Tail [Pad Frame Payload FCs Tail | Pad
Header| Bits| Header Bits| Bits| Variable Length 0 - 4059 bytes Bits| Bits

< PLCP Header > 53.3, 80, 110, 160, 200, »
‘ 53.3 Mbps 320, 400, 480 Mbps

Figure 2-7. PLCP Frame Format

PLCP Preamble

If InfoType=Header, the PLCP header is scrambled. Each firing, 200 tokens are
consumed and 200 tokens are output. That is, contents of the entire PLCP
header are consumed, but only the combination of the MAC Header, HCS, the
tail bits following it, and the pad bits will be scrambled; tail bits following HCS
will be reset to zero after scrambling.

If InfoType=PSDU, the PLCP frame body is scrambled. Each firing, N tokens
are consumed and N tokens are output That is, contents of the entire PLCP
frame body are consumed and all bits are scrambled; tail bits following FCS will
be reset to zero after scrambling.

N = [[Nsympgpy X Negps X R |

where R is the coding rate of PSDU, N¢cgpg is the number of coded bits per
OFDM symbol, and Nsympgpy is the number of OFDM symbols of PSDU before
time-domain spreading.

8 x DatalLength + 32+ 61
x R
6
75k X Neees

_ b6
NSyMpspu = T5E

where TSF is time spreading factor, and DatalLength is the length, in bytes, of
PLCP frame body data. TSF, R, Ncgps are based on the data rate as shown in

Table 2-3.

Table 2-3. Data-Rate-Dependent Parameters

Data Conjugate Overall Coded bits per
Rate Coding | Symmetric Time Spreading Spreading | OFDM symbol
(Mbps) Modulation Rate (R) | Inputto IFFT Factor (TSF) Gain (Nceps)

53.3 QPSK 1/3 Yes 2 4 100

80 QPSK 1/2 Yes 2 4 100
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Table 2-3. Data-Rate-Dependent Parameters (continued)

Data Conjugate Overall Coded bits per
Rate Coding | Symmetric Time Spreading Spreading | OFDM symbol
(Mbps) | Modulation Rate (R) | Inputto IFFT Factor (TSF) Gain (Nceps)

110 QPSK 11/32 No 2 2 200

160 QPSK 1/2 No 2 2 200

200 QPSK 5/8 No 2 2 200

320 QPSK 1/2 No 1 (no spreading) 1 200

400 QPSK 5/8 No 1 (no spreading) 1 200

480 QPSK 3/4 No 1 (no spreading) 1 200

2. The polynomial generator for PRBS used to scramble the input bits is

g(D)=1+D14+ D15 where D is a single bit delay. The polynomial not only forms a
maximal length sequence, but is also a primitive polynomial. Using this
generator, the corresponding PRBS, x, is generated as

Xp = Xn_1aU Xn_15
where
n=0, 1, 2, ...

The following sequence defines initialization vector Xj,j; that is specified by the
seed value in Table 2-4.

Xinit = [Xp_1Xh_1---Xh_14Xh _15]
where
Xh_k

represents the binary initial value at the output of the kth delay element.

Table 2-4. Scrambler Seed Selection

Scrambler Output First 16 bits
Seed Identifier (S 1,S9) | Seed Value (Xx_1X_2..X_14X-15) | X0X1--X15

0,0 00111111 1111111 0000000000001000
0,1 01111111 1111111 0000000000000100
1,0 101111111111 111 0000000000001110
1,1 111111111111 111 0000000000000010
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3. At the first firing, the seed identifier used to initialize the PRBS is specified by
ScramblerSeed. At subsequent firings, the PRBS is initialized with seed

identifier increased in a 2-bit rollover counter for each PLCP header or frame
body.

4. Output scrambled data bits s, are obtained as follows:
Sm = dp O X
where
m=0, 1, 2 ...
d,, represents the unscrambled data bits.
References

[1] 1IEEE P802.15-04/0493r1, Multi-band OFDM Physical Layer Proposal for IEEE
802.15 Task Group 3a, September 2004.
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UWB_EVM

Description

Ly
Evi

Library UWB, Measurement

[T

UWB EVM measurement without frequency hopping

Parameters
Name Description Default nit pe ange
RLoad Input resistance DefaultRLoad Ohm real (0, )
RTemp Temperature DefaultRTemp Celsius real [-273.15, ©0)
FCarrier Carrier frequency 3432MHz Hz real (0, )
Gainlmbalance Gain imbalance, Q vs | 0.0 dB real (-0, 00)
Phaselmbalance Phase imbalance, Q vs | 0.0 deg real (-0, 00)
DataRate Datarate: _53.3 Mbps, _55 | _53.3 Mbps enum
Mbps, _80 Mbps, _106.67
Mbps, _110 Mbps, _160
Mbps, _200 Mbps, _320
Mbps, _400 Mbps, _480
Mbps
DatalLength Octet number of PSDU 100 int [1, 4095]
PreambleFormat PLCP preamble format: Standard Format enum
Standard Format,
Shortened Format
PreamblePattern Preamble pattern for Pattern 1 enum
Time-domain
synchronization sequence:
Pattern 1, Pattern 2,
Pattern 3, Pattern 4
CoverSeq Cover sequences for time | 1 int [1, 2]
domain preamble
OversamplingOption Oversampling ratio: Ratio | Ratio 2 enum
1, Ratio 2, Ratio 4, Ratio 8
Bandwidth Bandwidth 528 MHz Hz real (0, )
CyclicPrefix Cyclic prefix with zero 70.08 nsec sec real [0, 00)
padding
Guardinterval Guard interval with zero 0.0 nsec sec real [0, 00)
padding
Idleinterval Idle Interval 0.0 nsec sec real [0, 00)
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Name Description Default nit Type Range
ScramblerSeed Scrambler seed selection: | Seed 00 enum

Seed 00, Seed 01, Seed

10, Seed 11
PilotPN_Phase Phase of pilot PN 0 int [0, 126]
SearchMode Searching mode EveryFrame enum

synchronization:
EveryFrame, Once

SearchWindow Searching window 24 int T
synchronization

StartFrame Start frame 0 int [0, )

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

FrameLength Frame length 4096 int [1, ©)

DisplayOption Display option: RMS, dB RMS enum

tThe minimum value of this parameter should be the number of OFDM symbols in the synchronization sequences portion of the PLCP
preamble, and the maximum value of this parameter should be the number of OFDM symbols in one MB-OFDM frame.

Pin Inputs

Pin  |Name Description Bignal Type
1 RF_Signal received RF signal to be measured timed
Notes/Equations

1. This subnetwork model measures the EVM of a UWB RF signal source;

frequency hopping is not used, and a source reference signal is not required.
Further, it supports the EVM measurement of an arbitrarily truncated UWB
RF signal that is longer than one frame, which meets connected solution
requirements.

. The schematic for this subnetwork is shown in Figure 3-1.

UWB_Receiver_RF extracts the signal to be measured, which is the baseband
signal on which the EVM measurement is performed.

Demapper and Mapper restore the reference signal by hard decision. RMSE
calculates the root mean square error between the signal to be measured and
the reference signal as the EVM measurement result. NumericSink
RxConstellation records the constellation of the signal to be measured and
NumericSink TxConstellation records the constellation of the reference signal.

UWB_EVM 3-3



Measurement Components

Parameters RLoad through SearchWindow (as listed above) configure
UWB_Receiver_RF; parameters StartFrame through DisplayOption configure

RMSE.
el 25
Hame k=
MumericSink
TxConstellation
T — - —»
Demappe 1 hiapper »
Demapper Mapper Fork2
)] MappingPS0oU F2
T |
RF !
Facener ([ — — RMSE
Paort - - » B
RF_Signal bl { bl
- B _Receiver RF ™ o
oL Fork3 iy
F1
( I - |

Lt

Hame ks

MumericSink
FxConstellation

Figure 3-1. UWB_EVM Schematic

References

[1] IEEE P802.15-04/0493r1, Multi-band OFDM Physical Layer Proposal for IEEE
802.15 Task Group 3a, September 2004.
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UWB_FH_EVM

Description

1
— FH

Library UWB, Measurement

LB
E

UWB EVM measurement with frequency hopping

Parameters
Name Description Default nit pe Range
RLoad Input resistance DefaultRLoad Ohm real (0, ©0)
RTemp Temperature DefaultRTemp Celsius real [-273.15, 00)
Gainlmbalance Gain imbalance, Q vs | 0.0 dB real (-00, 00)
Phaselmbalance Phase imbalance, Q vs | 0.0 deg real (-00, 00)
Delay Frequency synthesizer 1.8939 nsec sec real [0, ©0)

delay '
DataRate Data rate: _53.3 Mbps, _55 | _53.3 Mbps enum

Mbps, _80 Mbps, _106.67

Mbps, _110 Mbps, _160

Mbps, _200 Mbps, _320

Mbps, _400 Mbps, _480

Mbps
DatalLength Octet number of PSDU 100 int [1, 4095]
PreambleFormat PLCP preamble format: Standard Format enum

Standard Format,

Shortened Format
TFC_Number Time frequency code: TFC1 enum

TFC1, TFC2, TFC3, TFC4,

TFC5, TFC6
OversamplingOption Oversampling ratio: Ratio | Ratio 2 enum

1, Ratio 2, Ratio 4, Ratio 8
Bandwidth Bandwidth 528 MHz Hz real (0, )
CyclicPrefix Cyclic prefix with zero 70.08 nsec sec real [0, ©0)

padding '
Guardinterval Guard interval with zero 0.0 nsec sec real [0, ©0)

padding '
Idlelnterval Idle Interval 0.0 nsec sec real [0, ©0)
ScramblerSeed Scrambler seed selection: | Seed 00 enum

Seed 00, Seed 01, Seed

10, Seed 11
PilotPN_Phase Phase of pilot PN 0 int [0, 126]
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Name Description Default nit Type Range
SearchMode Searching mode EveryFrame enum
synchronization:
EveryFrame, Once
SearchWindow Searching window 24 int T
synchronization
StartFrame Start frame 0 int [0, ©)
FramesToAverage Number of frames for the |1 int [1, ©)
average RMSE
FrameLength Frame length 4096 int [1, )
DisplayOption Display option: RMS, dB RMS enum
tThe minimum value of this parameter should be the number of OFDM symbols in the synchronization sequences portion of the PLCP
preamble, and the maximum value of this parameter should be the number of OFDM symbols in one MB-OFDM frame.

Pin Inputs
Pin  |Name Description Bignal Type
1 RF_Signal received RF signal to be measured timed
Notes/Equations
1. This subnetwork model measures the EVM of a UWB RF signal source;

frequency hopping is used, and a source reference signal is not required.

. The schematic for this subnetwork is shown in Figure 3-2.

UWB_Receiver_FH_RF extracts the signal to be measured, which is the
baseband signal used for the EVM measurement.

Demapper and Mapper restore the reference signal by hard decision. RMSE
calculates the root mean square error between the signal to be measured and
the reference signal as the EVM measurement result. NumericSink
RxConstellation records the constellation of the signal to be measured and
NumericSink TxConstellation records the constellation of the reference signal.

Parameters RLoad through SearchWindow (as listed above) configure
UWB_Receiver_FH_RF; parameters StartFrame through DisplayOption
RMSE.
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1
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FxConstellation
Figure 3-2. UWB_FH_EVM Schematic
References

[1] IEEE P802.15-04/0493r1, Multi-band OFDM Physical Layer Proposal for IEEE
802.15 Task Group 3a, September 2004.

UWB_FH_EVM 3-7



Measurement Components

UWB_RF_CCDF

’ I_WWBE
! ., RF
CCDF

Description UWB CCDF measurment
Library UWB, Measurement
Parameters
Name Description Default nit pe ange
RLoad Input resistance DefaultRLoad Ohm real (0, ©0)
RTemp Temperature DefaultRTemp Celsius real [-273.15, 00)
StartSym Symbol from which 25740 int [0, ©)

measurement begin
BurstLen length of input signal burst | 6600 int [1, ©)
BurstNum Number of bursts 78 int [1, ©)
OutputPoint Indicate output precision 100 int [1, ©)
DataRate Data rate: _53.3 Mbps, _55 | _53.3 Mbps enum

Mbps, _80 Mbps, _106.67

Mbps, _110 Mbps, _160

Mbps, _200 Mbps, _320

Mbps, _400 Mbps, _480

Mbps
DataLength Octet number of PSDU 100 int [1, 4095]
PreambleFormat PLCP preamble format: Standard Format enum

Standard Format,

Shortened Format
PreamblePattern Preamble pattern for Pattern 1 enum

Time-domain

synchronization sequence:

Pattern 1, Pattern 2,

Pattern 3, Pattern 4
CoverSeq Cover sequences for time | 1 int [1, 2]

domain preamble
OversamplingOption Oversampling ratio: Ratio | Ratio 2 enum

1, Ratio 2, Ratio 4, Ratio 8
Bandwidth Bandwidth 528 MHz Hz real (0, ©0)
CyclicPrefix Cyclic prefix with zero 70.08 nsec sec real [0, ©0)

padding
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Name Description Default nit Type Range
Guardinterval Guard interval with zero 0.0 nsec sec real [0, ©)
padding

Idlelnterval Idle Interval 0.0 nsec sec real [0, ©)
Pin Inputs

Pin  |Name Description Bignal Type

1 RF_Signal received RF signal to be measured timed
Notes/Equations

1. This subnetwork model measures the complementary cumulative distribution
function (CCDF) of the RF signal.

The schematic for this subnetwork is shown in Figure 3-3.

[ |
Numerc

canal MNurmeric Sink

Const

¥

[ |

e Numerc
Mﬁxf Nurmeric Sink
| o UUNE
e _F) 5
| Framesyne B |
mr o] o | — - I
Port UWIB DemuxFrame LB _Diis Fune: lad ]
B fimedTaCx Fark? - Wt
MNurmeric Sink
2
o R numene
MNurmeric Sink

Figure 3-3. UWB_RF_CCDF Schematic

2. UWB_FrameSync performs frame synchronization. DataRate through
IdleInterval parameters configure it; these parameter settings must be
consistent with that of the UWB signal source.

UWB_DemuxFrame extracts the synchronized frames, which are output to
UWB_DisFunc for CCDF measurement. Measurement results are collected by
four NumericSinks. The distribution range is sent to NumericSink
SignalRange_dB and is divided into segments according to the OutputPoint
parameter. The corresponding distribution probability is calculated based on
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these segments and sent to NumericSink CCDF. UWB_DisFunc calculates peak
power of 99.9% probability and average power of the input signals. Results are
collected by NumericSinks PeakPower and MeanPower.

Note that PeakPower, MeanPower, and SignalRange units are dBm;
SignalRange is the absolute signal power minus MeanPower.

References

[1] 1IEEE P802.15-04/0493r1, Multi-band OFDM Physical Layer Proposal for IEEE
802.15 Task Group 3a, September 2004.
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UWB_Conjugate

Description  UWB Conjugator
Library UWB, Multiplex
Class SDFUWB_Conjugate
Derived From UWB_Base

Parameters
Name Description Pefault Type
DataRate Data rate: _53.3 Mbps, _55 | _53.3 Mbps enum
Mbps, _80 Mbps, _106.67
Mbps, _110 Mbps, _160
Mbps, _200 Mbps, _320
Mbps, _400 Mbps, _480
Mbps
Pin Inputs
Pin Name Description Signal Type
1 Input complex number to be conjugated complex
Pin Outputs
Pin  |Name Description Signal Type
2 Output conjugated complex number complex
Notes/Equations

1. This model performs a conjugate operation after QPSK mapping.
Each firing,

= For 53.3 and 80 Mbps data rates: 50 complex symbols are consumed and 100
complex symbols are generated.

= For 110, 160, 200, 320, 400, and 480 Mbps data rates: 100 complex symbols
are consumed and 100 complex symbols are generated.
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2. Let d,, represent the nth input complex symbol each firing and c,, represent the
nth output complex symbol each firing.

= For 53.3 and 80 Mbps data rates:
Ch=dy
C(n +50)= d%(49-n)
wheren=0, 1, ..., 49

< For 110, 160, 200, 320, 400, and 480 Mbps data rates:
Ch=dy
wheren=0,1, ...,99

References

[1] IEEE P802.15-04/0493r1, Multi-band OFDM Physical Layer Proposal for IEEE
802.15 Task Group 3a, September 2004.

[2] IEEE P802.15-03/0268r3, Multi-band OFDM Physical Layer Proposal for IEEE
802.15 Task Group 3a, May 2004.
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UWB_DemuxDataPLCP

LD‘NB PEOU
M <

Description  UWB PLCP header and PSDU demultiplexer
Library UWB, Multiplex

Class SDFUWB_DemuxDataPLCP

Derived From UWB_Base

Parameters
Name Description Pefault Type Range
DataRate Data rate: _53.3 Mbps, _55 | _53.3 Mbps enum
Mbps, _80 Mbps, _106.67
Mbps, _110 Mbps, _160
Mbps, _200 Mbps, _320
Mbps, _400 Mbps, _480
Mbps
DatalLength Octet number of PSDU 100 int [1, 4095]
Pin Inputs
Pin Name Description Signal Type
1 Input data to be demultiplexed complex
Pin Outputs
Pin Name Description Signal Type
2 PLCPHeader PLCP header complex
3 PSDU PSDU complex
Notes/Equations

1. This model demultiplexes PLCP header and PSDU in a UWB frame.

2. Each firing, 122xNsym tokens are consumed, where Nsym is the number of
OFDM symbols in PLCP header and PSDU; 122xNSym.,q4er tokens are output
at pin PLCPHeader and 122xNsympgp tokens are output at pin PSDU, where
NSYyMpeader is the number of OFDM symbols in PLCP header, and Nsympgpy is
the number of OFDM symbols in PSDU after time domain despreading.
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NSYyMpeader @Nd NSympgpy are calculated as:

NSymHeader =6

(8 x DatalLength + 32+ 61

6 R

NSyMpspy = T5E *

6
s> Nceps

where R is the coding rate; Ncgpg is the number of coded bits per OFDM

symbol; TSF is the time spreading factor; Datalength is the length, in bytes, of
PSDU data. TSF, R, Ncgps are based on the data rate as shown in Table 4-1.

Table 4-1. Data-Rate-Dependent Parameters

Data Conjugate Overall Coded bits per
Rate Coding | Symmetric Time Spreading Spreading | OFDM symbol
(Mbps) Modulation Rate (R) | Inputto IFFT Factor (TSF) Gain (Nceps)

53.3 QPSK 1/3 Yes 2 4 100

80 QPSK 1/2 Yes 2 4 100

110 QPSK 11/32 No 2 2 200

160 QPSK 1/2 No 2 2 200

200 QPSK 5/8 No 2 2 200

320 QPSK 1/2 No 1 (no spreading) 1 200

400 QPSK 5/8 No 1 (no spreading) 1 200

480 QPSK 3/4 No 1 (no spreading) 1 200

References
[1] IEEE P802.15-04/0493r1, Multi-band OFDM Physical Layer Proposal for IEEE

802.15 Task Group 3a, September 2004.

[2] IEEE P802.15-03/0268r3, Multi-band OFDM Physical Layer Proposal for IEEE

802.15 Task Group 3a, May 2004.
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UWB_DemuxOFDMSym

]

)yt

Description  UWB OFDM symbol demultiplexer
Library UWB, Multiplex
Class SDFUWB_DemuxOFDMSym

Pin Inputs

Pin  |Name Description Bignal Type
1 In data subcarriers input complex
Pin Outputs

Pin  |Name Description Bignal Type
2 Data OFDM symbol output complex
Notes/Equations

1. This model extracts data from the corresponding subcarriers. Data is sent to
the output and the pilot and guard subcarriers are discarded.

Each firing 100 Data tokens are produced when 122 In tokens consumed.

2. In the transmit end, input data is mapped from indices 0 to 99 to the logical
frequency offset indices -56 to 56, excluding the locations reserved for the pilot,
guard, and DC subcarriers.

This model performs the reverse operation as UWB_MuxOFDMSym; for
mapping details refer to UWB_MuxOFDMSym.

References

[1] 1EEE P802.15-04/0493r1, Multi-band OFDM Physical Layer Proposal for IEEE
802.15 Task Group 3a, September 2004.

[2] IEEE P802.15-03/0268r3, Multi-band OFDM Physical Layer Proposal for IEEE
802.15 Task Group 3a, May 2004.
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UWB_GuardGain

o>

G

Description UWB guard subcarriers gain
Library UWB, Multiplex

Parameters

Name Description Default Type Range

GuardGain Gain of guard subcarriers | 1.0, 1.0, 1.0, 1.0, | real array (0, )
1.0

Pin Inputs

Pin |Name Description Bignal Type

1 Input data subcarriers input complex

Pin Outputs

Pin |Name Description Bignal Type

2 Output OFDM symbol output complex

Notes/Equations

1. This subnetwork model adjusts the gain of the guard subcarriers. While this
function is not defined in the IEEE specification, changing guard subcarrier
gain may be required in some cases.

The schematic for this subnetwork is shown in Figure 4-1.

2. Guard subcarrier amplitude is specified by the GuardGain parameter.
Typically, the number of elements in this floating-point array is 5; if < 5, zeros
will be appended to make 5 elements; if > 5, the sixth and subsequent elements
will be the guard gain of the second OFDM symbol. This parameter specifies
positive guard subcarriers values only; negative guard subcarrier gain will be
automatically set according to the rule of mirror.
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Figure 4-1. UWB_GuardGain Schematic
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[1]1EEE P802.15-04/0493r1, Multi-band OFDM Physical Layer Proposal for IEEE
802.15 Task Group 3a, September 2004.

[2] IEEE P802.15-03/0268r3, Multi-band OFDM Physical Layer Proposal for IEEE
802.15 Task Group 3a, May 2004.
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UWB_MuxFrame

Description  UWB frame multiplexer
Library UWB, Multiplex

Parameters
Name Description Default Unit Type Range
DataRate Datarate: _53.3 Mbps, _55 | _53.3 Mbps enum
Mbps, _80 Mbps, _106.67
Mbps, _110 Mbps, _160
Mbps, _200 Mbps, _320
Mbps, _400 Mbps, _480
Mbps
DatalLength Octet number of PSDU 100 int [1, 4095]
PreambleFormat PLCP preamble format: Standard Format enum
Standard Format,
Shortened Format
CoverSeq Cover sequences for time | 1 int [1, 2]
domain preamble
OversamplingOption Oversampling ratio: Ratio | Ratio 2 enum
1, Ratio 2, Ratio 4, Ratio 8
Bandwidth Bandwidth 528 MHz Hz real (0, )
CyclicPrefix Cyclic prefix with zero 70.08 nsec sec real [0, 00)
padding
Guardinterval Guard interval with zero 0.0 nsec sec real [0, 00)
padding
Idleinterval Idle Interval 0.0 nsec sec real [0, 00)
Pin Inputs
Pin |Name Description Bignal Type
1 TimeSeq time-domain OFDM training sequence complex
2 FreqSeq frequency-domain OFDM training sequence complex
3 FrmBdy PLCP header and MAC frame payload complex
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Pin Outputs

Pin  |Name Description Bignal Type
4 Out data after mutiplexing complex
Notes/Equations

1. This subnetwork model multiplexes PLCP preamble, PLCP header, and PSDU
OFDM symbols into one frame.

The schematic for this subnetwork is shown in Figure 4-2.
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A
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Part o Fort
Busherges AzynoCommutator  Chop Chop

O‘ ] var WAR

Part
MpyCx

B »—»{E W | cHor | ] coco |
Flost_hd UnPk_h Chop Repest

Figure 4-2. UWB_MuxFrame Schematic
2. Each firing:

= Niotal tokens are produced at the Out pin.
where

Niotal IS the number of samples in one frame

* NEpTpoint X (NSYMpeader-TsE + NSYymMpspuy.TsF) tokens are consumed at the
FrmBdy pin.

where

NEFTpoint Is the number of samples in one FFT period.
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(NsYyMpeader-Tse + NSympspu.tse) is the number of PLCP header and PSDU
symbols in one frame.

* NSYMEregseq X NEFTpoint tokens are consumed at the FregSeq pin, which is
the frequency domain channel estimation sequence portion of the PLCP
preamble.

* NSYMTimeseq X NFFTpoint tokens are consumed at the TimeSeq pin, which is

the time domain packet and frame synchronization sequence portion of the
PLCP preamble.

3. DataRate, Datalength, and PreambleFormat parameters determine the
number of OFDM symbols per UWB-OFDM frame.

Data-rate-dependent parameters (modulation, coding rate, conjugate
symmetric Input to IFFT, time spreading factor, overall spreading gain and
coded bits per OFDM symbol (NCBPS) will be set according to Table 4-2, which
is based on the specification.

Table 4-2. Data-Rate-Dependent Parameters

Data Conjugate Overall Coded Bits per
Rate Coding | Symmetric Time Spreading | Spreading | OFDM Symbol
(Mbps) |Modulation | Rate (R) | Inputto IFFT | Factor (TSF) Gain (Nceps)

53.3 QPSK 1/3 Yes 2 4 100

80 QPSK 1/2 Yes 2 4 100

110 QPSK 11/32 No 2 2 200

160 QPSK 1/2 No 2 2 200

200 QPSK 5/8 No 2 2 200

320 QPSK 1/2 No 1 (no spreading) | 1 200

400 QPSK 5/8 No 1 (no spreading) | 1 200

480 QPSK 3/4 No 1 (no spreading) | 1 200
Supported data rates are listed here; 55 and 106.7 Mbps are reserved for future use.
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4. Figure 4-3 shows the PLCP frame format; it includes: PLCP preamble, PLCP
header (PHY header, MAC header, header check sequence, tail bits, and pad
bits), and MAC frame body (frame payload. FCS, tail bits, and pad bits).

Reserved| Rate| Length |Reserved [SCTambler| gaseryeq Burst) Preamble oo o e

! 5 4 . Init p Mode| Type .
3 bits |5 bits 12 bits | 3 bits 2 bits 2 bits 1 bit 1 bit 12 bits
PHY |Tail| MAC Tail | Pad Frame Payload Tail | Pad

PLCP Preamble

Header| Bits| Header |HCS | Bits| Bits| Variable Length O - 4059 bytes FCS| Bits| Bits
< PLCP Header >l 53.3, 80, 110, 160, 200, >
‘ 53.3 Mbps 320, 400, 480 Mbps

Figure 4-3. PLCP Frame Format

The PLCP preamble consists of the time domain packet and frame
synchronization sequence and the frequency domain channel estimation
sequence. There are 24 or 12 OFDM symbols in the time domain
synchronization sequence portion for the standard or the shortened preamble,
respectively:

_ 024 Standard
NSYMtimeseq = 812 Shortened

The frequency domain channel estimation portion of the preamble is
constructed by successively appending 6 periods of an OFDM training
sequence, that is NSymgregseq = 6. Figure 4-3 shows the PLCP header (53.3
Mbps data rate); it includes PHY header (40 bits), first tail bits (6 bits), MAC
header (80 bits), HCS (header check sequence, 16 bits) second tail bits (6 bits),
and pad bits. The PLCP header total is 148 bits.

Before time-domain spreading, PLCP header OFDM symbol calculation is:
(1481
5 14d
NSYMpjeader = ﬁx GL =6
TSE Nceps

where TSF=2, Ncgps=100, and R=1/3 (from Table 4-2) because PLCP header is
always 53.3 Mbps. The number of pad bits is 52 (=6 x Ncgpg X R — 148).

After time-domain spreading, PLCP header OFDM symbol calculation is:
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148
Nsym =TsEx—S x| _IRI |=1
Header - TSF TSF 6
7S * Nceees

Before time-domain spreading PSDU OFDM symbol calculation is:

(8 x DatalLength + 32+ 61
x R

_ 6
NsyMespu = T5¢ 5
TSE X Nceps

where R is the data rate of PSDU, TSF and N¢gpg determined by DataRate (see
Table 4-2).

The number of pad bits is:

+32+
NSymMpgpy ¥ NCBPS—P x DataLeggth 32 61

After time-domain spreading PSDU OFDM symbol calculation is:

8 x DatalLength +32+ 6
6 < R

NSyMpspy -1sk = TSF X 35E 3
75k X Neeps

So, the total number of OFDM symbols Nsym per UWB-OFDM frame is

Neym = NSYMeampie t NSYMypeager—tse + NSYMpgpy _tse

. CoverSeq, with PreambleFormat, determines the format of the packet and
frame synchronization portion of the PLCP preamble.

Figure 4-4 shows the standard PLCP preamble format for the different time
frequency codes (TFCs) defined in Table 4-3.

In addition to the standard PLCP preamble, a shortened PLCP preamble is also
defined in the specification. Figure 4-5 shows the shortened PLCP preamble
format.
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Standard preamble for TFC 1 and TFC 2

Packet Sync Sequence | Frame Sync Sequence | Channel Est. Sequence
21 OFDM symbols 3 OFDM symbols 6 OFDM symbols

———————— 9.375 usec —>‘

Standard preamble for TFC 3 and TFC 4

Interleaved Packet Sync and Frame Sync Sequences | Channel Est. Sequence
24 OFDM symbols 6 OFDM symbols

}47 9.375 Usec —q

Figure 4-4. Standard PLCP Preamble Format

Shortened preamble for TFC 1 and TFC 2

Packet Sync Sequence | Frame Sync Sequence | Channel Est. Sequence
9 OFDM symbols 3 OFDM symbols 6 OFDM symbols

lg—————— 5.625 usec —ﬂ

Shortened preamble for TFC 3 and TFC 4

Interleaved Packet Sync and Frame Sync Sequences | Channel Est. Sequence
12 OFDM symbols 6 OFDM symbols

@7 5,625 isec —>‘

Figure 4-5. Shortened PLCP Preamble Format

Table 4-3. Time Frequency Codes and
Associated Preamble Patterns

Preamble | Cover Length 6 Time Frequency Code
TFC | Pattern Sequence | (BAND ID values for Band Group 1)
1 1 1 1 2 3 1 2 3
2 2 1 1 3 2 1 3 2
3 3 2 1 1 2 2 3 3
4 4 2 1 1 3 3 2 2
5 1 2 1 2 1 2 1 2
6 2 2 1 1 1 2 2 2
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The packet and frame synchronization sequences are defined based on the time
domain synchronization sequences (given in Table 5 through Table 8 of
reference [1]) and the preamble cover sequence given in Table 4-4. The packet
and frame synchronization sequences are constructed in 3 steps:

= For the TFC under consideration, the appropriate time domain
synchronization sequence is chosen (Table 5 through Table 8 of
reference [1] ).

= Each period of the time domain synchronization sequence, p¢(n), is a

165-sample sequence constructed by appending a zero pad interval of 37 zero
samples to the 128 length sequence chosen in the first step.

= The appropriate cover sequence p.(n) corresponding to the TFC in use is
chosen (see Table 4-3), and the combined packet and frame synchronization
portion of the PLCP preamble is generated as the Kronecker product of the
two sequences, that is, p(n) = p.(n) O p(n). This is the equivalent of taking
each element of the cover sequence, multiplying it by the synchronization
sequence in the second step, and concatenating the resulting sequences to
form the combined packet and frame synchronization sequence.

The packet synchronization portion of the preamble can be used for packet
detection and acquisition, coarse carrier frequency estimation, and coarse
symbol timing.

The frame synchronization portion of the preamble can be used to synchronize
the receiver algorithm within the preamble. This portion provides one sequence
period per band with an inverted polarity with respect to the packet
synchronization portion of the preamble.

The channel estimation portion of the preamble (denoted {CEO, CEL1, ..., CE5})
is then constructed by successively appending 6 periods of an OFDM training
sequence.

Table 4-4. Time Domain Preamble Cover Sequences

Standard Preamble Shortened Preamble
Sequence Index Sequence Index
Sample
Index 1(TFC1,2) |2(TFC3,4) |1(TFC1,2) |2(TFC 3,4)
0 1 1 1 1
1 1 1 1 1
2 1 1 1 1
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Table 4-4. Time Domain Preamble Cover Sequences (continued)

Standard Preamble Shortened Preamble

Sequence Index Sequence Index
Sample
Index |1(TFC1,2) |2(TFC3,4) |1(TFC1,2) |2 (TFC3,4)
3 1 1 1 1
4 1 1 1 1
5 1 1 1 1
6 1 1 1 1
7 1 1 1 -1
8 1 1 1 1
9 1 1 1 1
10 1 1 1 1
11 1 1 1 1
12 1 1
13 1 1
14 1 1
15 1 1
16 1 1
17 1 1
18 1 1
19 1 -1
20 1 1
21 -1 -1
22 -1 1
23 -1 -1

6. OversamplingOption, Bandwidth, CyclicPrefix, and Guardlnterval are used to
calculate the number of samples in one OFDM symbol period. The number of
samples for one OFDM symbol (N) is calculated as:

N = 20versamplingOption x (128 + Bandwidth x (CyclicPrefix + GuardInterval))
The number of samples in one FFT period (NgpTpoing) is calculated as:

NFFTpoint = 20versamplingOption x 128

7. Ildlelnterval is used to simulate the arbitrary time interval between two UWB
packets. For ADS simulation, the Idlelnterval resolution should be
(CyclicPrefix+242.42+GuardInterval)x6 nsec.
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The length of Idle (Njqe) can be calculated as:
Nigie = IdleInterval x Bandwidth x 20versamplingOption

After determining Ngyp, N, and Njge, the length of one MB-OFDM frame
(N¢otal) can be calculated:

Niotal = N X Ngyp + Nigje
References

[1] IEEE P802.15-04/0493r1, Multi-band OFDM Physical Layer Proposal for IEEE
802.15 Task Group 3a, September 2004.

[2] IEEE P802.15-03/0268r3, Multi-band OFDM Physical Layer Proposal for IEEE
802.15 Task Group 3a, May 2004.
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UWB_MuxHeadPSDU

2z
= 3
1__’ B | [

Description  UWB PLCP header and PSDU multiplexer
Library UWB, Multiplex

Parameters
Name Description Default Type Range
DataRate Data rate: _53.3 Mbps, _55 | _53.3 Mbps enum
Mbps, _80 Mbps, _106.67
Mbps, _110 Mbps, _160
Mbps, _200 Mbps, _320
Mbps, _400 Mbps, _480
Mbps
DatalLength Octet number of PSDU 100 int [1, 4095]
Pin Inputs
Pin |Name Description Signal Type
1 Header PLCP header complex
2 PSDU data complex
Pin Outputs
Pin  |Name Description Bignal Type
3 output output signals complex
Notes/Equations

1. This subnetwork model multiplexes PLCP header and PSDU OFDM symbols.

The schematic for this subnetwork is shown in Figure 4-6.
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Figure 4-6. UWB_MuxHeadPSDU Schematic
2. Figure 4-7 shows the PLCP frame format.

Scrambler Burst| Preamble
Reserved Rate| Length |Reserved Init Reserved Mode| Type Rigebri\t/sed

3 bits |5 bits 12 bits | 3 bits 2 bits 2 bits 1 bit 1 bit

PHY |Tail| MAC Tail |Pad Frame Payload Tail | Pad
PLCP Preamble| jeader| Bits| Header|HCS | Bits| Bits| Variable Length 0 - 4059 bytes| "CS| Bits| Bits

PLCP Header 53.3, 80, 110, 160, 200,
‘ - 53.3 Mbps - 320, 400, 480 Mbps W

Figure 4-7. PLCP Frame Format

The data rate and length of PLCP header are fixed, so the number of OFDM
symbols for PLCP header is fixed to 6; the data rate and length for PSDU is
variable, and the number of OFDM symbols is calculated by N_Sym (see
Figure 4-6), where N_Sym is the number of OFDM symbols for PSDU and ceil
is a function to determine the minimal integer greater than or equal to its
argument.

Note that time frequency codes are implemented after this model in the data
flow.

3. Each OFDM symbol includes 122 subcarriers, which means a block of 122 data
is transmitted for each OFDM symbol.

References

[1]1EEE P802.15-04/0493r1, Multi-band OFDM Physical Layer Proposal for IEEE
802.15 Task Group 3a, September 2004.
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[2] IEEE P802.15-03/0268r3, Multi-band OFDM Physical Layer Proposal for IEEE
802.15 Task Group 3a, May 2004.
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UWB_MuxOFDMSym
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Description  UWB OFDM symbol multiplexer
Library UWB, Multiplex

Class SDFUWB_MuxOFDMSym
Derived From UWB_Base

Parameters
Name Description Pefault Type Range
DataRate Data rate: _53.3 Mbps, _55 | _53.3 Mbps enum
Mbps, _80 Mbps, _106.67
Mbps, _110 Mbps, _160
Mbps, _200 Mbps, _320
Mbps, _400 Mbps, _480
Mbps
DatalLength Octet number of PSDU 100 int [1, 4095]
InfoType Information type: Header, | PSDU enum
PSDU
PilotPN_Phase Phase of pilot PN 0 int [0, 126]
Pin Inputs
Pin Name Description Signal Type
1 Data data subcarriers input complex
Pin Outputs
Pin Name Description Signal Type
2 Out OFDM symbol output complex
Notes/Equations

1. This model maps the input data and generated pilot and guard into their
corresponding subcarriers.

Each firing 122 Out tokens are produced when 100 Data tokens consumed.
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2. Input data is mapped from indices 0 to 99 to the logical frequency offset indices
-56 to 56, excluding locations reserved for pilot, guard, and DC subcarriers, as

shown:

N-56 n=0
h-55 1sn<9
h-54 10<n<18
th-53 19<n<27
th-52 28sn<36
h-51 37<n<45

M(n)_%n—so 46<n<49
An—49 50<n <53
Hn-48 54sn<62
h-47 63<ns<71
h-46 72<n<80
th—45 81<n<89
th-44 90sn<98
Ch—-43 n=99

Twelve of the pilot signal subcarriers are generated (according to 1.13.1 in
Reference [1]). They are placed in subcarriers -55, -45, -35, -25, -15 -5, 5, 15, 25,
35, 45, and 55. The value of pilot varies based on DataRate and InfoType
parameter settings.

10 guard subcarriers are generated (according to 1.13.2 in Reference [1]). They
are placed in subcarriers -61, -60, -59, -58, and -57, and 57, 58, 59, 60, and 61.
PN_Pilot is the p, defined in Reference [1]. PN_PilotPhase is the index of

PN_Pilot. Phase 0 corresponds to the first OFDM symbol following the PLCP
preamble according to Reference [1]. Mapping can be changed by setting
PN_PilotPhase to a value other than 0.

References

[1] IEEE P802.15-04/0493r1, Multi-band OFDM Physical Layer Proposal for IEEE
802.15 Task Group 3a, September 2004.

[2] IEEE P802.15-03/0268r3, Multi-band OFDM Physical Layer Proposal for IEEE
802.15 Task Group 3a, May 2004.
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UWB_TimeSpreading
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Description UWB time domain spreader or despreader
Library UWB, Multiplex

Class SDFUWB_TimeSpreading

Derived From UWB_Base

Parameters

Name Description Default Type Range

DataRate Datarate: _53.3 Mbps, _55 | _53.3 Mbps enum
Mbps, _80 Mbps, _106.67
Mbps, _110 Mbps, _160
Mbps, _200 Mbps, _320
Mbps, _400 Mbps, _480
Mbps

Datalength Octet number of PSDU 100 int [1, 4095]

OperationType Operation type: Spreading, | Spreading enum
Despreading

PilotPN_Phase Phase of pilot PN 0 int [0, 126]

Pin Inputs

Pin |Name Description Bignal Type

1 Input symbols to be time-(de)spread complex

Pin Outputs

Pin  |Name Description Bignal Type

2 Output time-(de)spread symbols complex

Notes/Equations

1. This model performs time-domain spreading.
Each firing,

NerTpoint X (NSYMpeader-TsF + NSympspy.Tsg) Output tokens are produced,
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where Neprpoint is the number of samples in one FFT period, NSyMpeader.TsF +
Nsympspy.Tsg is the number of PLCP header and PSDU symbols after
time-domain spreading in one UWB MB-OFDM frame

NEFTpoint X(NSYMpeader + NSyMpgpy) tokens are consumed at Input pin,

which is the number of PLCP header and PSDU symbols before time-domain
spreading in one UWB MB-OFDM frame.

2. DataRate and Datalength parameters determine the number of OFDM
symbols per UWB-OFDM frame. DataRate also determines the time-domain
spreading parameters such as conjugate symmetric input to IFFT, time
spreading factor as shown in Table 4-5.

Table 4-5. Data-Rate-Dependent Parameters

Conjugate Overall Coded Bits per
DataRate Coding | Symmetric Time Spreading | Spreading | OFDM symbol
(Mbps) Modulation Rate (R) | Inputto IFFT | Factor (TSF) Gain (Nceps)
53.3 QPSK 1/3 Yes 2 4 100
80 QPSK 1/2 Yes 2 4 100
110 QPSK 11/32 No 2 2 200
160 QPSK 1/2 No 2 2 200
200 QPSK 5/8 No 2 2 200
320 QPSK 1/2 No 1 (no spreading) |1 200
400 QPSK 5/8 No 1 (no spreading) |1 200
480 QPSK 3/4 No 1 (no spreading) |1 200
Supported data rates are listed here; 55 and 106.7 Mbps are reserved for future use.

PLCP header, data rate is 53.3 Mbps, includes PHY Header (40 bits), first tail
bits (6 bits), MAC header (80 bits), HCS (header check sequence, 16 bits) second
tail bits (6 bits), and pad bits. The total PLCP header is 148 bits. The OFDM
symbols of PLCP header before time-domain spreading is calculated as:

(1481
6
NSYMpeader = ﬁx GL =6

TSE x NCBPS

where TSF=2, Ncgps=100 and R=1/3 (see Table 4-5) because PLCP header is
always 53.3 Mbps. The number of pad bits is 52 (=6 x Ncgps X R — 148).

After time-domain spreading, PLCP header OFDM symbol calculation is:
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K
x R =12

6
TSF x NCBPS

6
NSymHeader—TSF = TSF XTSF

MAC frame body consists of frame payload, FCS, tail bits, and pad bits.

Before time-domain spreading PSDU OFDM symbol calculation is:

(8 x DatalLength + 32+ 61
X

Nsympgpy = R

_6
TSF 6
TSE X Nceps

where R is the data rate of PSDU, TSF and Ncgpg are determined by the data
rate (see Table 4-5).

The number of pad bits is:

+32+
NSymMpgpy ¥ NCBPS—P x DataLeggth 32 61

After time-domain spreading PSDU OFDM symbol calculation is:

8 x DatalLength +32+ 6
6 < R

NSyMpspy -1sk = TSF X 35E 3
75k X Neeps

. PilotPN_Phase is used to set the start phase of the pseudo-random binary
sequence, p;. This length 127 sequence p; is defined as:

Po 126={1,1,1,1,-1,-1,-1,1,-1,-1,-1,-1,1,1,-1,1,-1,-1,1, 1, -1, 1, 1, -1,
1,1,1,1,1,1,-1,1,1,1,-1,1,1,-1,-1,1,1,1,-1,1,-1,-1,-1,1,-1, 1, -1, -1, 1,
1,-1,1,1,1,1,1,-1,-1,1,1,-1,-1,1,-1,1,-1,1,1,-1,-1,-1, 1, 1, -1, -1, -1, -1,
1,-1,-1,1,-1,1,1,1,1,-1,1,-1,1,-1,1,-1,-1,-1,-1,-1,1,-1, 1, 1,-1, 1, -1, 1,

1,1,-1,-1,1,-1,-1,-1,1,1,1,-1,-1,-1,-1, -1, -1, -1}.

The start phase of sequence p; corresponds to the first OFDM symbol following

the PLCP preamble (i.e., the first OFDM symbol following channel estimation
symbols CEO-CES). According to Reference [1], PilotPN_Phase must be set to 0.

. According to Reference [1], for 53.3, 80, 110, 160 and 200 Mbps data rates a
time-domain spreading operation is performed with spreading factor TSF =2 (to
improve frequency diversity and SOP performance). Time-domain spreading
consists of transmitting the same information over two OFDM symbols. Assume
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the kth original OFDM symbol (before time spreading) is represented as Sy(1);
the repeated version of this OFDM symbol, represented as S'i(l), is then
obtained in the time domain:

(1) = E{ IM{S (N} + jRe{S,(}} X Pmod(k+6,127  NO Conjugate symmetry
K oSy (1) x Pmod(k +6, 127 with conjugate symmetry

where k=0 corresponds to the first OFDM symbol following the PLCP preamble,

(the first OFDM symbol following channel estimation symbols CEO-CE5), and

the values of the index k are OFDM symbol numbers before time spreading.

Values for py are selected from the same pseudo-random sequence used to

scramble pilot subcarriers.

The time-domain spreading operation can also be implemented in the frequency
domain at the transmitter. This is done by reversing the order of bits in the bit
vector obtained after interleaving; this is used as the input for constellation
mapping and OFDM modulation operations. Pilot subcarriers for the repeated
symbol must be defined such that after processing with the IFFT, the same
output is obtained as in the time domain definition given above.

References

[1]1EEE P802.15-04/0493r1, Multi-band OFDM Physical Layer Proposal for IEEE
802.15 Task Group 3a, September 2004.

[2] IEEE P802.15-03/0268r3, Multi-band OFDM Physical Layer Proposal for IEEE
802.15 Task Group 3a, May 2004.
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UWB_ChEstimator

Ln"E B
Ym0
Description  UWB channel estimator
Library UWB, Receiver
Parameters
Name Description Default Type
TFC_Number Time frequency code: TFC1 enum
TFC1, TFC2, TFC3, TFC4,
TFC5, TFC6
Pin Inputs
Pin  |Name Description Bignal Type
1 input received frequency-domain training sequence complex
Pin Outputs
Pin  |Name Description Bignal Type
2 Coef channel impulse response complex
Notes/Equations

1. This subnetwork model estimates the channel impulse response by comparing
the received frequency-domain OFDM training sequence with the original
training sequence.

The schematic for UWB_ChEstimator is shown in Figure 5-1.
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Figure 5-1. UWB_ChEstimator Schematic
2. The CIR h;j for the ith subcarrier is obtained by

ol

h, =

-

where x; is the received training sequence on the ith subcarrier and L; is the
original training sequence.
The channel estimation training sequence includes 6 identical OFDM symbols;

estimation accuracy can be improved by averaging estimated CIRs on the same
sub-band. The DeMux and Bus components separate and collect the h; for each

sub-band, it is then averaged and multiplexed back to the 6 OFDM symbols.
References

[1]1EEE P802.15-04/0493r1, Multi-band OFDM Physical Layer Proposal for IEEE
802.15 Task Group 3a, September 2004.

UWB_ChEstimator 5-3



Receiver Components

UWB_DemuxFrame

Description

3 o DA

FEE—2

| ©

romEm _.4

prefix and guard interval removed
Library UWB, Receiver

Class

SDFUWB_DemuxFrame

Derived From UWB_FrameBase

UWB frame de-multiplexer with frequency offset compensation, cyclic

Parameters
Name Description Default Unit Type ange
DataRate Datarate: _53.3 Mbps, _55 | _53.3 Mbps enum
Mbps, _80 Mbps, _106.67
Mbps, _110 Mbps, _160
Mbps, _200 Mbps, _320
Mbps, _400 Mbps, _480
Mbps
DatalLength Octet number of PSDU 100 int [1, 4095]
PreambleFormat PLCP preamble format: Standard Format enum
Standard Format,
Shortened Format
OversamplingOption Oversampling ratio: Ratio | Ratio 2 enum
1, Ratio 2, Ratio 4, Ratio 8
Bandwidth Bandwidth 528 MHz Hz real (0, 00)
CyclicPrefix Cyclic prefix with zero 70.08 nsec sec real [0, ©0)
padding '
GuardInterval Guard interval with zero 0.0 nsec sec real [0, ©0)
padding '
Idlelnterval Idle Interval 0.0 nsec sec real [0, ©0)
FreqOffset Actual frequency offset 0.0 Hz real (-00, 00)
Pin Inputs
Pin  |Name Description Signal Type
1 input received frame signals complex
2 index synchronization index int
3 DeltaF carrier frequency offset real
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Pin Outputs

Pin  |Name Description Bignal Type
4 CE six channel estimate sequences complex
5 output PLCP Header and PSDU OFDM signals complex
6 frame Preamble, PLCP Header and PSDU OFDM signals | complex
Notes/Equations

1. This model de-multiplexes the received frame signals into one channel estimate
sequence (6 OFDM symbols), PLCP Header, and PSDU OFDM signals; the
cyclic prefix and guard interval are removed, and time and carrier frequency
offsets are compensated before demultiplexing.

2. Each firing, Neprpoint X (NSYMpeader-TsE + NSYMpspy-TsF) output tokens are
produced,

where

NEFTpoint Is the number of samples in one FFT period,

(NSYyMyeader-Tse + NSyMpspu.tsp) is the number of PLCP header and PSDU
symbols in one frame

N x Ngy) frame tokens are produced
where
N is the number of samples for one OFDM symbol, is calculated as:
N = 20versamplingOption x (128 + Bandwidth x (CyclicPrefix + Guardinterval))

Ngywm is the number of symbols in one frame;

6 x NEpTpoint CE tokens are produced, which is the frequency domain channel
estimation sequence portion of the PLCP preamble

Niotal input tokens are consumed
where

Niotal IS the number of samples in one frame

1 token is consumed at the index pin, which indicates the synchronization index
value
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6 tokens are consumed at the DeltaF pin, which indicates the carrier frequency
offset values.

3. DataRate, Datalength, and PreambleFormat parameters determine the
number of OFDM symbols per UWB-OFDM frame.

Data-rate-dependent parameters (modulation, coding rate, conjugate
symmetric input to IFFT, time spreading factor, overall spreading gain and
coded bits per OFDM symbol (Ncgps) ) will be set according to Table 5-1, which

is based on the specification.

Table 5-1. Data-Rate-Dependent Parameters

Conjugate Overall Coded Bits per
DataRate Coding | Symmetric Time Spreading | Spreading | OFDM symbol
(Mbps) Modulation Rate (R) |Inputto IFFT | Factor (TSF) Gain (Nceps)
53.3 QPSK 1/3 Yes 2 4 100
80 QPSK 1/2 Yes 2 4 100
110 QPSK 11/32 No 2 2 200
160 QPSK 1/2 No 2 2 200
200 QPSK 5/8 No 2 2 200
320 QPSK 1/2 No 1 (no spreading) |1 200
400 QPSK 5/8 No 1 (no spreading) |1 200
480 QPSK 3/4 No 1 (no spreading) |1 200
Supported data rates are listed here; 55 and 106.7 Mbps are reserved for future use.

4. Figure 5-2 shows the PLCP frame format; it includes: PLCP preamble, PLCP
header (PHY header, MAC header, header check sequence, tail bits, and pad
bits), MAC frame body (frame payload plus FCS, tail bits, and pad bits).

Reserved| Rate|Length |Reserved Scrambler Reserved| BUrst Preamble Reserved

. p : . Init h Mode| Type A
3 bits |5 bits| 12 bits 3 bits 2 bits 2 bits 1 bit 1 bit 12 bits

PHY |Tail| MAC HCS Tail |Pad Frame Payload FCs Tail | Pad
Header| Bits| Header Bits| Bits| Variable Length 0 - 4059 bytes Bits| Bits

< PLCP Header >t 53.3, 80, 110, 160, 200, >
‘ 53.3 Mbps 320, 400, 480 Mbps
Figure 5-2. PLCP Frame Format

In the UWB Library, one UWB frame consists of idle, PLCP preamble (standard
or shortened), PLCP header, and PSDU.

PLCP Preamble
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The PLCP preamble consists of the time domain packet and frame
synchronization sequence and the frequency domain channel estimation
sequence. There are 24 or 12 OFDM symbols in the time domain
synchronization sequence portion for the standard or shortened preamble,
respectively:

_ 024 standard
NSYMyimneseq = 512 Shortened

The frequency domain channel estimation portion of the preamble is
constructed by successively appending 6 periods of an OFDM training
sequence; that is, NSympreqseq=6. So, there are 30 or 18 OFDM symbols for the

standard or the shortened preamble, respectively:

_ 030 standard

Nsym =
YMpreamble %18 Shortened

Figure 5-2 shows the PLCP header (data rate is 53.3 Mbps); it includes PHY
Header (40 bits), first Tail Bits (6 bits), MAC header (80 bits), HCS (header
check sequence, 16 bits) second tail bits (6 bits), and pad bits. The total bits of
PLCP header is 148 bits. The OFDM symbols of PLCP header before
time-domain spreading is calculated as:

(148—‘
6 Eis
NSYMpeader = TSE x GL =6

TSEX Nceps

where TSF=2, Ncgps=100 and R=1/3 from Table 5-1 because PLCP header is
always 53.3 Mbps. The number of pad bits is 52 (=6 x Ncgpg * R — 148).

After time-domain spreading PLCP header OFDM symbol calculation is:
=
x R =12

6
TSF 6
Tsg* Nceps

NSymHeader—TSF = TSF x

Before time-domain spreading PSDU OFDM symbol calculation is:

(8 x DatalLength + 32+ GT

6 R

NSyMpspy = 75E X

6
TS Nceps
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where R is the data rate of PSDU, TSF and NCBPS determined by DataRate
(see Table 5-1).

The number of pad bits is:

NSYyMpgpy X NCBPS_(S X DataLelggth +32+ 61

After time-domain spreading PSDU OFDM symbol calculation is:

(8 x DataLength + 32+ 6}
x R

NSyMpspu-tsk = TSF X 35¢ 5

7S * Neees
So, the total number of OFDM symbols Ngyp per UWB-OFDM frame is

Nsym = NSYyMpreamble ¥ NSYMpeader-TsF + NSYyMpspu_tsr

5. OversamplingOption, Bandwidth, CyclicPrefix, and GuardInterval are used for
calculating the number of samples in one OFDM symbol period. The number of
samples for one OFDM symbol (N) is calculated as:

N = 20versamplingOption x (128 + Bandwidth x (CyclicPrefix + Guardinterval))
The number of samples in one FFT period (NggTpoing) is calculated as:

NFFTpoint = 20versamplingOption x 128

The time step per sample is:
Tstep = 1/(Bandwidth)/20versamplingOption
The duration of one OFDM symbol is:
Tsym = 128/(Bandwidth) + CyclicPrefix + GuardInterval

6. IdleInterval is used to simulate the arbitrary time interval between two UWB
packets. For ADS simulation, the resolution of IdleInterval must be
(CyclicPrefix+242.42+GuardInterval)x6 nsec.

The length of Idle (Njqe) can be calculated as:
N;gie = Idlelnterval x Bandwidth x 20versamplingOption

After determining Ngyp, N, and Njqje, the number of input tokens Nyy5 can be
calculated:
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Niotal = N X Nsypm + Nigje

Because of transmission delay, a detected frame usually falls into 2 consecutive
received blocks, so the buffer length for input pin is 2 X Ny, The start of the

detected frame is determined by the input signal at index pin. This model
outputs only one actual frame after receiving the second input block; so this
model causes one frame delay.

. The DeltaF pin inputs the estimated frequency offset (Af;) of each received

frame. This estimated frequency offset does not effect the next frames in the
frequency compensator. The FreqOffset parameter is set as the actual
frequency offset between the transmitter and the receiver; when the ith frame
is processed, the actual phase of previous i-1 frames is calculated and removed.
The ith estimated frequency offset (Af;) compensates for the phase in the

current frame only.

Assume Xg, X1, ... , X2 yN-1 SEQUENCES are the input signals from input pin after
removing the actual phase of previous i-1 frames caused by the actual
frequency offset from FreqOffset parameter. yg, y1, ..., Y2 xNn-1 are the sequences,
whose phase caused by frequency offset, are removed:

—j2MAf KT gep
Y = X xe

where

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

and

1

TStEP - Bandwidth X20versamp|ingOption

is the sample time interval in MB-OFDM system.

After frequency offset compensation, the actual MB-OFDM frame will be output
at frame pin. The Idle part is discarded when outputting the actual frame.
Index pin inputs the start of a detected MB-OFDM frame (including Idle). The
equation is:

2k = Yicr index + Ny K = 0+ Neprpoing X Ngym—1
_, sequences are output at frame pin.

20 2y oo ZNFFTpoin(x Ngym
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References

[1] 1IEEE P802.15-04/0493r1, Multi-band OFDM Physical Layer Proposal for IEEE
802.15 Task Group 3a, September 2004.
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UWB_FrameSync

Description

p

B

il o 5
UL

Library UWB, Receiver

Class
Derived From

Parameters

SDFUWB_FrameSync
UWB_FrameBase

UWB coarse timing synchronizer

Name

Description

Default

nit

pe Range

DataRate

Data rate: _53.3 Mbps, _55
Mbps, _80 Mbps, _106.67
Mbps, _110 Mbps, _160
Mbps, _200 Mbps, _320
Mbps, _400 Mbps, _480
Mbps

_53.3 Mbps

enum

DataLength

Octet number of PSDU

100

int [1, 4095]

PreambleFormat

PLCP preamble format:
Standard Format,
Shortened Format

Standard Format

enum

OversamplingOption

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

Ratio 2

enum

Bandwidth

Bandwidth

528 MHz

real (0, 00)

CyclicPrefix

Cyclic prefix with zero
padding

70.08 nsec

sec

real [0, ©0)

Guardinterval

Guard interval with zero
padding

0.0 nsec

sec

real [0, ©0)

Idleinterval

Idle Interval

0.0 nsec

sec

real [0, ©0)

PreamblePattern

Preamble pattern for time
domain synchronization
sequence: Pattern 1,
Pattern 2, Pattern 3,
Pattern 4

Pattern 1

enum

CoverSeq

Cover sequences for time
domain preamble

=

int L 2]

SearchMode

Searching mode
synchronization:
EveryFrame, Once

EveryFrame

enum

UWB_FrameSync
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Name

Description Default nit Type Range

SearchWindow Searching window 24 int T

synchronization

t The minimum value of this parameter should be the number of OFDM symbols in the synchronization sequences portion of the PLCP
preamble, and the maximum value of this parameter should be the number of OFDM symbols in one MB-OFDM frame.

Pin Inputs

Pin  |Name Description Bignal Type
1 input input signals for synchronization complex
Pin Outputs

Pin  |Name Description Bignal Type

2 index synchronization index int

3 corr correlation output real
Notes/Equations

1. This model synchronizes UWB OFDM systems.

Each firing, 1 token is produced at the index pin; Niq:5 tokens are produced at
the corr pin; Nyqtg tokens are consumed at the input pin. Nygq; is the number of
samples in one frame.

. Correlation values between the received and the reference signals, and the

specific autocorrelation values of the received signals are calculated for
synchronization. The maximum correlation value is searched for and the
corresponding index is selected as the frame start point. The frame start point
is output at the index pin.

. DataRate, PreambleFormat, and Datalength parameters determine the

number of OFDM symbols per UWB-OFDM frame.

When DataRate is set, data-rate-dependent parameters such as modulation,
coding rate, conjugate symmetric Input to IFFT, time spreading factor, overall
spreading gain and coded bits per OFDM symbol (Ncgps) Will be set according

to specification as shown in Table 5-2.
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Table 5-2. Data-Rate-Dependent Parameters

Conjugate Overall Coded Bits per
DataRate Coding | Symmetric Time Spreading | Spreading | OFDM symbol
(Mbps) Modulation Rate (R) | Inputto IFFT | Factor (TSF) Gain (Nceps)
53.3 QPSK 1/3 Yes 2 4 100
80 QPSK 1/2 Yes 2 4 100
110 QPSK 11/32 No 2 2 200
160 QPSK 1/2 No 2 2 200
200 QPSK 5/8 No 2 2 200
320 QPSK 1/2 No 1 (no spreading) |1 200
400 QPSK 5/8 No 1 (no spreading) |1 200
480 QPSK 3/4 No 1 (no spreading) |1 200
Supported data rates are listed here; 55 and 106.7 Mbps are reserved for future use.

4. Figure 5-3 shows the format for the PLCP frame; it includes PLCP preamble,
PLCP header (PHY header, MAC header, header check sequence, tail bits, and
pad bits), MAC frame body (frame payload plus FCS, tail bits, and pad bits).

Reserved| Rate| Length |Reserved Scr:lirmbler Reserved Burst| Preamble Reserved

! - 4 : . Mode| Type .
3 bits |5 bits 12 bits 3 bits 2 bits 2 bits 1 bit 1 bit 12 bits

PHY |Tail| MAC HCS Tail | Pad Frame Payload ECS Tail | Pad
Header| Bits| Header Bits| Bits| Variable Length O - 4059 bytes Bits| Bits

PLCP Header 53.3, 80, 110, 160, 200,
‘ - 53.3 Mbps - 320, 400, 480 Mbps W

Figure 5-3. PLCP Frame Format

PLCP Preamble

The PLCP preamble consists of the time domain packet and frame
synchronization sequence and the frequency domain channel estimation
sequence. There are 24 or 12 OFDM symbols in the time domain
synchronization sequence portion for the standard or shortened preamble,
respectively:

N _ 024 standard
SYMTimeseq = 512 Shortened
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The frequency domain channel estimation portion of the preamble is
constructed by successively appending 6 periods of an OFDM training
sequence, that is, Nsymgreqseq=6. Figure 5-3 shows the PLCP header (data rate
is 53.3 Mbps); it includes PHY header (40 bits), first tail bits (6 bits), MAC
header (80 bits), HCS (header check sequence, 16 bits) second tail bits (6 bits),
and pad bits. PLCP header is 148 bits total.

Before time-domain spreading, PLCP header OFDM symbol calculation is:
(1481
5 2ac
NSymHeader = x L =6

T TSF 6
TSE™ Nceps

where TSF=2, Ncgps=100 and R=1/3 (from Table 5-2) because PLCP header is
always 53.3 Mbps. The number of pad bits is 52 (=6 x Ncgpg * R — 148).

After time-domain spreading, PLCP header OFDM symbol calculation is:

=l
x R =12

6
TSE Nceps

_ 6
NsymHeader—TSF = TSF XTSF

Before time-domain spreading PSDU OFDM symbol calculation is:

8x DatalLength +32+ 61|
6 R
— X
TSF 6
TS Nceps

NsyMpgpy =

where R is the PSDU data rate, TSF and Ncgpg determined by DataRate (see
Table 5-2).

The number of pad bits is:

+32+
Nsympgpy % NCBPS_(S x DatalLength + 32 61

R

After time-domain spreading PSDU OFDM symbol calculation is:

(8 x DatalLength + 32+ 6}
R

6
NSyMpspy _tsp = TSF X35 * 3
7SE * Neees

So, the total number of OFDM symbols Nsym per UWB-OFDM frame is
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NSYM = Nsympreamble + NSymHeader—TSF + NSymPSDU—TSF

5. CoverSeq, with PreambleFormat, determines the format of the packet and
frame synchronization portion of the PLCP preamble.

Figure 5-4 shows the standard PLCP preamble format for the different time
frequency codes (TFCs) defined in Table 5-3.

In addition to the standard PLCP preamble, a shortened PLCP preamble is also
defined in the specification. Figure 5-5 shows the shortened PLCP preamble
format.

Standard preamble for TFC 1 and TFC 2

Packet Sync Sequence | Frame Sync Sequence | Channel Est. Sequence
21 OFDM symbols 3 OFDM symbols 6 OFDM symbols

l@——————— 9.375 usec —>‘

Standard preamble for TFC 3 and TFC 4

Interleaved Packet Sync and Frame Sync Sequences | Channel Est. Sequence
24 OFDM symbols 6 OFDM symbols

}47 9.375 pUsec —ﬂ

Figure 5-4. Standard PLCP Preamble Format

Shortened preamble for TFC 1 and TFC 2

Packet Sync Sequence | Frame Sync Sequence | Channel Est. Sequence
9 OFDM symbols 3 OFDM symbols 6 OFDM symbols

-« 5625psec —ﬂ

Shortened preamble for TFC 3 and TFC 4

Interleaved Packet Sync and Frame Sync Sequences | Channel Est. Sequence
12 OFDM symbols 6 OFDM symbols

}47 5.625 psec —>‘

Figure 5-5. Shortened PLCP Preamble Format
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Table 5-3. Time Frequency Codes and
Associated Preamble Patterns

Preamble
TFC | Pattern

Cover
Sequence

Length 6 Time Frequency Code

(BAND ID values for Band Group 1)

1

1

1

3

1

2

o 0 hs | WIN|RE
N (kR [ B_~ WDN

NN NN | P

PR Rk,

P IN|(FP (PN

PP W NN

NN W IN |

N[, [N W w

NN N W N W

The packet and frame synchronization sequences are defined based on the time
domain synchronization sequences shown in Table 5 through Table 8 of
Reference [1] and the preamble cover sequence shown in Table 5-4. The packet
and frame synchronization sequences are constructed in 3 steps:

= For the TFC under consideration, the appropriate time domain
synchronization sequence is chosen from Table 5 through Table 8 of reference

[1].

= Each period of the time domain synchronization sequence pi(n) is a

165-sample sequence constructed by appending a zero pad interval of 37 zero
samples to the 128 length sequence chosen in the first step.

= The appropriate cover sequence p.(n) corresponding to the TFC in use is
chosen based on Table 5-4 from Table 5-3, and the combined packet and
frame synchronization portion of the PLCP preamble is generated as the
Kronecker product of the two sequences, that is, p(n) = p.(n) O p(n). This is
equivalent to taking each element of the cover sequence, multiplying the
synchronization sequence in the second step with it, and concatenating the
resulting sequences to form the combined packet and frame synchronization

sequence.

The packet synchronization portion of the preamble is used for packet detection
and acquisition, coarse carrier frequency estimation, and coarse symbol timing.
The frame synchronization portion of the preamble is used to synchronize the
receiver algorithm within the preamble.

The frame synchronization portion provides one sequence period per band with
an inverted polarity with respect to the packet synchronization portion of the

preamble.
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The channel estimation portion of the preamble (denoted as {CEO, CEL1, ...,
CES5}) is then constructed by successively appending 6 periods of an OFDM
training sequence.

Table 5-4. Time Domain Preamble Cover Sequences

Standard Preamble Shortened Preamble

Sequence Index Sequence Index
Sample
Index |1(TFC1,2) |2(TFC3,4) |1(TFC1,2) |2 (TFC3,4)
0 1 1 1 1
1 1 1 1 1
2 1 1 1 1
3 1 1 1 1
4 1 1 1 1
5 1 1 1 1
6 1 1 1 1
7 1 1 1 -1
8 1 1 1 1
9 1 1 1 1
10 1 1 1 1
11 1 1 1 1
12 1 1
13 1 1
14 1 1
15 1 1
16 1 1
17 1 1
18 1 1
19 1 -1
20 1 1
21 1 1
22 1 1
23 1 1

6. OversamplingOption, Bandwidth, CyclicPrefix, and Guardlnterval calculate
the number of samples in one OFDM symbol period. The number of samples for
one OFDM symbol (N) is calculated as:
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N = 20versamplingOption x (128 + Bandwidth x (CyclicPrefix + GuardInterval))
The number of samples in one FFT period (NgpTpoing) is calculated as:

NFFTpoint = 20versamplingOption x 128

7. ldlelnterval is used to simulate the arbitrary time interval between two UWB
packets. For ADS simulation, Idlelnterval resolution must be
(CyclicPrefix+242.42+GuardInterval)x6 nsec.

The length of Idle (Njq;e) can be calculated as:

Nigle = ldlelnterval x Bandwidth x 20versamplingOption

After determining Ngypm, N, and Njgje, the length of one MB-OFDM frame
(N¢otal) can be calculated:

Niotat = N X Nsym + Nigje
8. SearchMode specifies the type of search: EveryFrame means searching every
frame; Once means searching once in the entire simulation.

9. SearchWindow specifies the number of symbols (units of OFDM symbols) for
searching. The minimum value would be 24 for standard preamble or 12 for
shortened preamble; the maximum value would be the number of OFDM
symbols in a UWB frame.

References

[1] 1EEE P802.15-04/0493r1, Multi-band OFDM Physical Layer Proposal for IEEE
802.15 Task Group 3a, September 2004.
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UWB_FreqSync

Description

2 (]

| AF —»

UWB frequency synchronizer

Library UWB, Receiver

Parameters
Name Description Default nit Type Range
DataRate Data rate: _53.3 Mbps, _55 | _53.3 Mbps enum
Mbps, _80 Mbps, _106.67
Mbps, _110 Mbps, _160
Mbps, _200 Mbps, _320
Mbps, _400 Mbps, _480
Mbps
DatalLength Octet number of PSDU 100 int [1, 4095]
PreambleFormat PLCP preamble format: Standard Format enum
Standard Format,
Shortened Format
TFC_Number Time frequency code: TFC1 enum
TFC1, TFC2, TFC3, TFC4,
TFC5, TFC6
OversamplingOption Oversampling ratio: Ratio | Ratio 2 enum
1, Ratio 2, Ratio 4, Ratio 8
Bandwidth Bandwidth 528 MHz Hz real (0, ©0)
CyclicPrefix Cyclic prefix with zero 70.08 nsec sec real [0, ©)
padding
Guardinterval Guard interval with zero 0.0 nsec sec real [0, ©)
padding
Idlelnterval Idle Interval 0.0 nsec sec real [0, ©)
Pin Inputs
Pin  |Name Description Bignal Type
1 input received frame signals complex
2 index synchronization index int
Pin Outputs
Pin  |Name Description Bignal Type
3 DeltaF carrier frequency offset real
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Notes/Equations

1. This subnetwork model estimates the carrier frequency offset for the UWB
receiver. The schematic for UWB_FreqSync is shown in Figure 5-6.
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Figure 5-6. UWB_FreqSync Schematic

2. The modulating signal for different sub-bands is generated from the same clock
oscillator, so the frequency offset for each sub-band is correlated and used to
estimate the same clock oscillator frequency offset.
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Assume fj is the carrier frequency for the ith sub-band and Af; is its frequency
offset, f, is the oscillator frequency and Afy is its offset, then Afi/ f; = Af/f,.

3. The input signal is synchronized and separated into each sub-band. The ith
sub-band phase offset A6; can then be determined by correlating consecutive

OFDM symbols and is averaged on the same sub-band.

-1 M
. . 0.
AB; = argDz Z xj((J—l)XM+k)xij(JxM+k)[1| = 1..N,
0. O
j=1k=1
where ¥; is the received preamble samples sequence, N is the number of

preambles OFDM symbols for each sub-band, M is the number of samples per
OFDM symbol (except GP and CP), and N, is the number of sub-bands.

Frequency offset per Hz for the clock oscillator can then be estimated by

Nb
(Bf)/fo = 5 (86;/21T)/ T/ Ny,
i=1

where T is the time interval between two consecutive preamble OFDM symbols
on the same sub-band.

Frequency offset is then averaged over all sub-bands to improve estimation
accuracy.

Afi = fix(AfO)/fo’i = 11 ey Nb
References

[1] IEEE P802.15-04/0493r1, Multi-band OFDM Physical Layer Proposal for IEEE
802.15 Task Group 3a, September 2004.
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UWB_PhaseTracker

2 " o
T A 3
=0
Description UWB Phase tracker
Library UWB, Receiver
Class SDFUWB_PhaseTracker
Derived From UWB_Base
Parameters
Name Description Pefault Type Range
DataRate Data rate: _53.3 Mbps, _55 | _53.3 Mbps enum
Mbps, _80 Mbps, _106.67
Mbps, _110 Mbps, _160
Mbps, _200 Mbps, _320
Mbps, _400 Mbps, _480
Mbps
DatalLength Octet number of PSDU 100 int [1, 4095]
PilotPN_Phase Phase of pilot PN 10 int [0, 126]
Pin Inputs
Pin Name Description Signal Type
1 input all sub-carriers in one OFDM symbol complex
2 CIR estimated channel impulse response complex
Pin Outputs
Pin Name Description Signal Type
3 coef channel coefficient in active subcarriers complex
4 theta phase difference between current CIR and estimated | real
CIR
Notes/Equations

1. This model tracks the common phase shift of each OFDM symbol and outputs
the updated channel impulse response with the estimated phase shift
compensation. Each firing, 122xNSYM tokens are produced at the input coef
pin and NSYM tokens are produced at theta pin; 122xNSYM tokens are
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consumed at the input pin and CIR pin; where NSYM is the number of OFDM
symbol in PSDU.

2. According to [1], in each OFDM symbol following the PLCP preamble, twelve of
the subcarriers are dedicated to pilot signals in order to make coherent
detection robust against frequency offsets and phase noise. these pilots single
are in subcarriers numbered -55, -45, -35, -25, -15, -5, 5, 15, 25, 35, 45, and 55.
Assume P(n,k) is the pilot on the nth subcarrier for the kth OFDM symbol and
CE(n) is the frequency-domain OFDM training sequence on the nth subcarrier.
Then for data rate less than 110Mbps:

P(n,k) = CE(n),n = 5, 15, 25, 35, 45, 55

P(n,k) = conj(P(-n,k)),n = -5, -15, -25, -35, -45, -55
For data rate higher than 110Mbps:

P(n,k) = CE(n),n = 5, 15, 25, 35, 45, 55

P(n,k) = P(-n,k),n = -5, -15, -25, -35, -45, -55

Pilot subcarriers are further BPSK-modulated by a pseudo-random binary
sequence to prevent the generation of spectral lines.

3. When the pilot signal is received, it is BPSK-demodulated, and de-conjugated if
necessary. For the time-domain spread OFDM symbol, the pilot subcarrier is
also time de-spread so that it is the same as the original one. Channel
estimation on the nth subcarrier for the kth symbol CIR(n,k) can then be
obtained. Assume CIRcg(n) is the estimated channel impulse response on the

nth subcarrier, then the common phase shift for the kth symbol can be
estimated by

o(k) = argacm(n, k) x conj(CIRcg(n)
n
4. The output update channel impulse response for the kth OFDM symbol will be

CIR, (N, k) = CIRg(n) x /¥
References

[1] IEEE P802.15-04/0493r1, Multi-band OFDM Physical Layer Proposal for IEEE
802.15 Task Group 3a, September 2004.
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UWB_Receiver

LB 5
4
[ e 3
oFDm
FecEler . 2
Description  UWB receiver
Library UWB, Receiver
Parameters
Name Description Default nit pe ange
DataRate Data rate: _53.3 Mbps, _55 | _53.3 Mbps enum
Mbps, _80 Mbps, _106.67
Mbps, _110 Mbps, _160
Mbps, _200 Mbps, _320
Mbps, _400 Mbps, _480
Mbps
DatalLength Octet number of PSDU 100 int [1, 4095]
PreambleFormat PLCP preamble format: Standard Format enum
Standard Format,
Shortened Format
PreamblePattern Preamble pattern for Pattern 1 enum
Time-domain
synchronization sequence:
Pattern 1, Pattern 2,
Pattern 3, Pattern 4
CoverSeq Cover sequences for time | 1 int [1,2]
domain preamble
TFC_Number Time frequency code: TFC1 enum
TFC1, TFC2, TFC3, TFC4,
TFC5, TFC6
OversamplingOption Oversampling ratio: Ratio | Ratio 2 enum
1, Ratio 2, Ratio 4, Ratio 8
Bandwidth Bandwidth 528 MHz Hz real (0, ©0)
CyclicPrefix Cyclic prefix with zero 70.08 nsec sec real [0, ©)
padding
Guardinterval Guard interval with zero 0.0 nsec sec real [0, ©)
padding
Idleinterval Idle Interval 0.0 nsec sec real [0, ©)
ScramblerSeed Scrambler seed selection: | Seed 11 enum
Seed 00, Seed 01, Seed
10, Seed 11
PilotPN_Phase Phase of pilot PN 0 int [0, 126]
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Name Description Default nit Type ange
FreqOffset Actual frequency offset 0.0 Hz real (-00, 00)
SearchMode Searching mode EveryFrame enum
synchronization:
EveryFrame, Once
SearchWindow Searching window 24 int T
synchronization

tThe minimum value of this parameter should be the number of OFDM symbols in the synchronization sequences portion of the PLCP

preamble, and the maximum value of this parameter should be the number of OFDM symbols in one MB-OFDM frame.

Pin Inputs

Pin  |Name Description Bignal Type

1 input received signal to be demodulated complex

Pin Outputs

Pin  |Name Description Bignal Type
2 For_EVM undemapped signal after FFT used for EVM complex
3 UnDecodedBits deinterleaved data bits before decoding int

4 PSDUFCS PSDU and FCS bits int

5 PSDU PSDU bits int
Notes/Equations

1. This subnetwork model implements baseband receiver algorithm for
MB-OFDM according to Reference [1].

2. The schematic UWB_Receiver is shown in Figure 5-7.

UWB_Receiver
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Figure 5-7. UWB_Receiver Schematic "
3. Receiver Functions

Start of frame is detected. UWB_FrameSync correlates the received signal with
the preambles and selects the index with the maximum correlation value as the
start of frame. The transition from the time-domain to the channel estimation
sequence is detected and timing (with one sample resolution) is established
(packet synchronization). The frequency offset for each sub-band is then
estimated by UWB_FreqSync with the time-domain sequence. The time and
frequency offset are compensated by UWB_DemuxFrame, which outputs six
channel estimation sequences and the OFDM symbols for PLCP header and
payload frame (PSDU) demodulation. UWB_DemuxFrame introduces one
frame delay.
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Channel response coefficients are estimated for each subcarrier (channel
estimation) on each sub-band. The estimated channel response coefficients are
duplicated to compensate the PLCP header and frame payload in the same
frame.

Each OFDM symbol is transformed into 122 subcarriers by FFT. Common
phase variation of the pilot subcarriers are estimated, then all subcarrier
values are de-rotated according to the estimated phase. UWB_PhaseTracker
implements these functions.

The received signal on each subcarrier is divided by the estimated channel
response coefficient (phase tracking, phase synchronization, and equalization).
This simple one-tap frequency domain channel response compensation method
is an advantage of OFDM systems.

After one-tap frequency equalization, the demodulated OFDM symbols for
PLCP header and PSDU are output at pin For_EVM. The signal can be used to
demonstrate the demodulated constellation and to calculate the EVM.

The equalized OFDM symbols of PLCP header and frame payload are de-spread
by UWB_TimeSpreading in de-spreading mode. 12 OFDM symbols of PLCP
header are de-spread to 6 OFDM symbols. Based on PSDU data rates, PSDU
OFDM symbols are also de-spread.

After de-spreading, PLCP header and frame payload OFDM symbols are
de-multiplexed by UWB_DemuxDataPLCP. There are two branches of output:
frame payload and PLCP header. (PLCP header de-mapping and decoding are
not implemented in this release.)

After de-spreading, UWB_DemuxOFDMSym de-multiplexes 122 subcarriers
into 100 data, 12 pilot, and 10 guard subcarriers. UWB_DemuxOFDMSym
outputs 100 data subcarriers.

For 53.3, 55 and 80 Mbps, the conjugate combiner is implemented before QPSK
demodulation.

The frame payload bits are then de-interleaved, decoded and de-scrambled.

The PSDU with FCS is the output at pin PSDUFCS and PSDU is the output at
Pin PSDU, respectively.

The de-interleaved frame payload signal is output at pin UndecodedBits, which
is the signal before Viterbi decoding.

4, Parameter details
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Gainlmbalance and Phaselmbalance add certain impairments to the ideal
output RF signal.

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

V3 (1) = ARV, (t)cos(gt) - gV, (1) sinfo t + %"d%g
where V,(t) is the in-phase RF envelope, V,(t) is the quadrature phase RF
envelope, and g is the gain imbalance

Gainlmbalance

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

DataRate is for data rate of UWB-OFDM system. This release supports 53.3,
55, 80, 106.67, 110, 160, 200, 320, 400 and 480 Mbps.

Datal ength represents the bytes of PSDU (MAC frame body). Its value range is
1 to 4095 bytes.

TFC_Number specifies the time-frequency code, which controls the frequency
hopping sequence.

PreambleFormat specifies the standard or shortened PLCP preamble format as
defined in UWB-OFDM.

OversamplingOption specifies the oversampling ratio of the transmission
signal. Ratios 1, 2, 4, 8, 16, 32, 64 are supported in this receiver. For example, if
OversamplingOption=Ratio 2, the IFFT size is 256.

Bandwidth specifies the UWB-OFDM spectrum bandwidth. The default value is
528 MHz.

CyclicPrefix and GuardInterval specify cyclic prefix and guard interval; default
values are 70.08 ns and 0.0 ns according to Reference [1]. CyclicPrefix
represents zero pad duration Tzp. CyclicPrefix=60.61 nsec and
GuardInterval=9.47 nsec for IEEE P802.15-03/r0268r3. Users can customize
their OFDM symbols by setting both parameters.

ScramblerSeed specifies the seed identifier, which controls the 15-bit
initialization vector. Because the receiver has a fixed one-frame delay,
ScramblerSeed values in UWB-OFDM signal sources (UWB_SignalSource,
UWB_SignalSource_RF and UWB_Source_FH_RF) and receivers
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(UWB_Receiver, UWB_Receiver RF and UWB_Receiver FH_RF) must be two
consecutive values for BER calculation. For example, ScramblerSeed=Seed 00
in the signal source and ScramblerSeed=Seed 11 in the receiver.

PilotPN_Phase is to set the start phase of pilot (PRBS). The specification
requires PilotPN_Phase=0.

References

[1] 1IEEE P802.15-04/0493r1, Multi-band OFDM Physical Layer Proposal for IEEE
802.15 Task Group 3a, September 2004.
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UWB_Receiver FH_RF

Description

] i
1ol | E2fEm 3
Fesairg_||— g2

Library UWB, Receiver

UWB RF frequency hopping receiver

Parameters
Name Description Default nit pe ange
RLoad Input resistance DefaultRLoad Ohm real (0, ©0)
RTemp Temperature DefaultRTemp Celsius real [-273.15, 00)
Gainlmbalance Gain imbalance, Q vs | 0.0 dB real (-00, 00)
Phaselmbalance Phase imbalance, Q vs | 0.0 deg real (-00, 00)
Sensitivity voltage output sensitivity, 1 real (-00, 00)

Vout/Vin '
Delay Frequency synthesizer 1.8939 nsec sec real [0, ©0)

delay '
DataRate Data rate: _53.3 Mbps, _55 | _53.3 Mbps enum

Mbps, _80 Mbps, _106.67

Mbps, _110 Mbps, _160

Mbps, _200 Mbps, _320

Mbps, _400 Mbps, _480

Mbps
DatalLength Octet number of PSDU 100 int [1, 4095]
PreambleFormat PLCP preamble format: Standard Format enum

Standard Format,

Shortened Format
TFC_Number Time frequency code: TFC1 enum

TFC1, TFC2, TFC3, TFC4,

TFC5, TFC6
OversamplingOption Oversampling ratio: Ratio | Ratio 2 enum

1, Ratio 2, Ratio 4, Ratio 8
Bandwidth Bandwidth 528 MHz Hz real (0, ©0)
CyclicPrefix Cyclic prefix with zero 70.08 nsec sec real [0, ©0)

padding '
GuardInterval Guard interval with zero 0.0 nsec sec real [0, ©0)

padding '
Idlelnterval Idle Interval 0.0 nsec sec real [0, )
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Name Description Default nit Type Range

ScramblerSeed Scrambler seed selection: | Seed 11 enum

Seed 00, Seed 01, Seed

10, Seed 11
PilotPN_Phase Phase of pilot PN 0 int [0, 126]
SearchMode Searching mode EveryFrame enum

synchronization:
EveryFrame, Once

SearchWindow Searching window 24 int T
synchronization

tThe minimum value of this parameter should be the number of OFDM symbols in the synchronization sequences portion of the PLCP
preamble, and the maximum value of this parameter should be the number of OFDM symbols in one MB-OFDM frame.

Pin Inputs

Pin  |Name Description Bignal Type

1 RF_Signal received RF signal to be demodulated timed

Pin Outputs

Pin  |Name Description Bignal Type
2 For_EVM undemapped signal after FFT used for EVM complex
3 UnDecodedBits deinterleaved data bits before decoding int

4 PSDUFCS PSDU bits with FCS int

5 PSDU PSDU bits int
Notes/Equations

1. This subnetwork model implements a UWB-OFDM RF receiver with frequency
hopping function according to IEEE P802.15-04/0493r1. The received RF signal
with frequency hopping is demodulated by QAM_DemodEXxtOsc; the
demodulated signal is then fed to the baseband receiver.

The schematic for this subnetwork is shown in Figure 5-8.
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Figure 5-8. UWB_Receiver_FH_RF Schematic

References

[1] IEEE P802.15-04/0493r1, Multi-band OFDM Physical Layer Proposal for IEEE
802.15 Task Group 3a, September 2004.
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[IE] 5
| 4
e | 3
Feceivar
2
Description UWB RF receiver
Library UWB, Receiver
Parameters
Name Description Default nit Type Range
RLoad Input resistance DefaultRLoad Ohm real (0, )
RTemp Temperature DefaultRTemp Celsius real [-273.15, ©0)
FCarrier Carrier frequency 3432MHz Hz real (0, )
Gainlmbalance Gain imbalance, Q vs | 0.0 dB real (-0, 00)
Phaselmbalance Phase imbalance, Q vs | 0.0 deg real (-0, 00)
Sensitivity voltage output sensitivity, | 1 real (-0, 00)
Vout/Vin
Phase Reference phase in 0.0 deg real (-0, 00)
degrees
DataRate Datarate: _53.3 Mbps, _55 | _53.3 Mbps enum
Mbps, _80 Mbps, _106.67
Mbps, _110 Mbps, _160
Mbps, _200 Mbps, _320
Mbps, _400 Mbps, _480
Mbps
DatalLength Octet number of PSDU 100 int [1, 4095]
PreambleFormat PLCP preamble format: Standard Format enum
Standard Format,
Shortened Format
PreamblePattern Preamble pattern for Pattern 1 enum
Time-domain
synchronization sequence:
Pattern 1, Pattern 2,
Pattern 3, Pattern 4
CoverSeq Cover sequences for time | 1 int [1, 2]
domain preamble
OversamplingOption Oversampling ratio: Ratio | Ratio 2 enum
1, Ratio 2, Ratio 4, Ratio 8
Bandwidth Bandwidth 528 MHz Hz real (0, )

UWB_Receiver RF 5-33




Receiver Components

Name Description Default nit Type Range
CyclicPrefix Cyclic prefix with zero 70.08 nsec sec real [0, ©)
padding
Guardinterval Guard interval with zero 0.0 nsec sec real [0, ©)
padding
Idlelnterval Idle Interval 0.0 nsec sec real [0, ©)
ScramblerSeed Scrambler seed selection: | Seed 11 enum
Seed 00, Seed 01, Seed
10, Seed 11
PilotPN_Phase Phase of pilot PN 0 int [0, 126]
FreqOffset Actual frequency offset 0.0 Hz real (-00, 00)
SearchMode Searching mode EveryFrame enum
synchronization:
EveryFrame, Once
SearchWindow Searching window 24 int T
synchronization
tThe minimum value of this parameter should be the number of OFDM symbols in the synchronization sequences portion of the PLCP
preamble, and the maximum value of this parameter should be the number of OFDM symbols in one MB-OFDM frame.

Pin Inputs

Pin  |Name Description Bignal Type

1 RF_Signal received RF signal to be demodulated timed

Pin Outputs

Pin  |Name Description Bignal Type
2 For_EVM undemapped signal after FFT used for EVM complex
3 UnDecodedBits deinterleaved data bits before decoding int

4 PSDUFCS PSDU bits with FCS int

5 PSDU PSDU bits int
Notes/Equations

1. This subnetwork model demodulates and decodes single-band UWB-OFDM RF
signals without frequency hopping.

The schematic for this subnetwork is shown in Figure 5-9.

2. The received RF signal is demodulated by QAM_Demod; the demodulated
signal is then fed to the baseband receiver for baseband processing.

5-34 UWB_Receiver_RF



GROUND

RES

r—— ] '

TimedToFloat
Part

]

O—{| BN Ll Bl e
d—m | Hwnn

Port —™ .. w i —F'j_o
Purgher

844 Demad RectTaCx ort

LB _Receiver

o

—»

RES TimedToFloat
GROUND

Figure 3-9. UWB_Receiver_RF Schematic

References
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UWB_Freq_Hopping

Description

1
Frequercy _'

Hogping

Library UWB, Signal Source

UWB frequency hopping synthesizer

Parameters
Name Description Default nit pe ange
ROut Source resistance DefaultROut Ohm real (0, ©0)
RTemp Temperature DefaultRTemp Celsius real [-273.15, 00)
TFC_Number Time frequency code: TFC1 enum
TFC1, TFC2, TFC3, TFC4,
TFC5, TFC6
OversamplingOption Oversampling ratio: Ratio | Ratio 2 enum
1, Ratio 2, Ratio 4, Ratio 8
Bandwidth Bandwidth 528 MHz Hz real (0, ©0)
CyclicPrefix Cyclic prefix with zero 70.08 nsec sec real [0, ©)
padding
Guardinterval Guard interval with zero 0.0 nsec sec real [0, ©)
padding
DeltaF Oscillator frequency offset | 0.0 Hz real (-00, 00)
Pin Outputs
Pin  |Name Description Bignal Type
1 output local Oscillator Out timed
Notes/Equations

1. This subnetwork model implements a frequency hopping function in Band
Group 1. The schematic for this subnetwork is shown in Figure 6-1.
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Figure 6-1. UWB_Freq_Hopping Schematic

. UWB_Freq_Hopping has five main parameters: TFC_Number,
OversamplingOption, Bandwidth, CyclicPrefix, and GuardInterval.
TFC_Number specifies the time frequency code; OversamplingOption,
Bandwidth, CyclicPrefix, and GuardInterval are used for calculating the
number of samples in one OFDM symbol because frequency hopping is based on
one OFDM symbol period. The number of samples in one OFDM symbol (N) is
calculated as:

N = 20versamplingOption x (128 + Bandwidth x (CyclicPrefix + Guardinterval))
The time step per sample is:

Tstep = 1/(Bandwidth)/20versamplingOption
The duration of one OFDM symbol is:

Tsym = 128/(Bandwidth) + CyclicPrefix + Guardinterval

UWB_Freq_Hopping generates N samples with a fixed carrier frequency, then
shifts to output N samples with another fixed carrier frequency. For example,
according to Table 6-1 when TFC_Number=1, UWB_Freq_Hopping first
generates N samples with 3432 MHz, then N samples with 3960 MHz, then N
samples with 4488MHz periodically.

3. The frequency of operation for Mode 1 devices is shown in Figure 6-2.
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Figure 6-2. Mode 1 Device Frequency of Operation

Unique logical channels corresponding to different piconets are defined using
up to four different time-frequency codes (TFCs) for each band group. The TFCs
and the preamble patterns associated with them are defined in Table 6-1 using
BAND_ID values for Band Group 1; similarly, they are defined for Band Groups
2, 3, and 4 by substituting the appropriate BAND_ID values. For example, for
Band Group 2, BAND_ID values 4, 5, 6 replace 1, 2, 3, respectively, to generate
the TFCs. For Band Groups 1, 2, 3, and 4, only TFCs 1 through 4 will be
defined; for Band Group 5, only TFC 5 and 6 will be defined.

Table 6-1. Time Frequency Codes and
Associated Preamble Patterns

Preamble | Cover Length 6 Time Frequency Code
TFC | Pattern Sequence | (BAND ID values for Band Group 1)
1 1 1 1 2 3 1 2 3
2 2 1 1 3 2 1 3 2
3 3 2 1 1 2 2 3 3
4 4 2 1 1 3 3 2 2
5 1 2 1 2 1 2 1 2
6 2 2 1 1 1 2 2 2

References

[1] IEEE P802.15-04/0493r1, Multi-band OFDM Physical Layer Proposal for IEEE
802.15 Task Group 3a, September 2004.
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e
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FH Heaer

Description  UWB physical header generator
Library UWB, Signal Source

Parameters
Name Description Default Type Range
DataRate Data rate: _53.3 Mbps, _55 | _53.3 Mbps enum
Mbps, _80 Mbps, _106.67
Mbps, _110 Mbps, _160
Mbps, _200 Mbps, _320
Mbps, _400 Mbps, _480
Mbps
DatalLength Octet number of PSDU 100 int [1, 4095]
ScramblerSeed Scrambler seed selection: | Seed 00 enum
Seed 00, Seed 01, Seed
10, Seed 11
Pin Outputs
Pin Name Description Signal Type
1 DataOut UWB PHY header data int
Notes/Equations

1. This subnetwork model outputs PLCP header bits.

The schematic for this subnetwork is shown in Figure 6-3.
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Figure 6-3. UWB_PHY_Header Schematic

2. The PHY header field, composed of 40 bits, is shown in Figure 6-4. Bits 3
through 7 encode the RATE; bits 8 through 19 encode the LENGTH field, with
the least significant bit (LSB) being transmitted first; bits 22 and 23 encode the
seed value for the initial state of the scrambler, which is used to synchronize the
descrambler of the receiver; bit 26 encodes whether the packet is being
transmitted in burst (streaming) mode; bit 27 encodes the preamble type (long
or short) used in the next packet if in streaming mode. (All other bits are
reserved for future use and are set to 0.)

RATE LENGTH SCRAMBLER -

5 bits 12 bits 2bits R=Reserved
R R R|RLl R2 R3 R4 R5|LSB MSB|R R|S1S2|R RIBMPTR RRRR R R R R R R R
0 ‘ 1 ‘ 2 3‘ 4‘ 5 ‘ 6‘ 718 ‘ 9 ‘10‘11‘12‘13‘14‘ 15‘16‘17‘18‘19 20‘21 22‘23 24‘25 26‘27 28‘29‘30‘31‘32 ‘33 ‘34‘35‘36 ‘37 ‘38‘39‘

Transmit Order

»
Ll

Figure 6-4. PHY Header Bit Assignment
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3. RATE field bits are set based on DataRate as shown in Table 6-2.

Table 6-2. RATE Bits Settings

DataRate

(Mbps) R1 through R5
53.3 00000

80 00001

110 00010

160 00011

200 00100

320 00101

400 00110

480 00111
Reserved 01000-11111

4. Datalength determines the LENGTH field. The PLCP length field is an
unsigned 12-bit integer that indicates the number of bytes in the frame payload
(which does not include FCS, tail bits, or pad bits).

5. ScramblerSeed determines the SCRAMBLER field. MAC sets bits S1 and S2
according to the scrambler seed identifier value. This 2-bit value corresponds to
the seed value chosen for the data scrambler.

6. The BM and PT fields are set to fixed values in this subnetwork.

If the user wants to test the MAC layer function, the user can set the BM and
PT fields according to section 1.3.5 of [1]. According to the specification, the
MAC sets burst mode bit BM to indicate whether the next packet is part of a
packet burst (streaming mode transmission); in this mode, the inter-frame
spacing is equal to a MIFS NB. In burst mode, the minimum packet size is 1
byte; in non-burst mode, the minimum packet size is 0 bytes.

Table 6-3. Burst Mode Field

Burst Mode

Bit (BM) Next Packet Status

0 Next packet not part of burst
1 Next packet is part of burst
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The MAC sets preamble type bit PT in streaming mode to indicate the type of
PLCP preamble (standard or shortened) used in the next packet as described in
Table 6-4. For data rates of 200 Mbps and less, this bit is always set to 0.

Table 6-4. Preamble Type Field

Preamble Type Type of Preamble Used In

Bit (PT) Next Packet
0 Standard preamble
1 Shortened preamble

References

[1]1EEE P802.15-04/0493r1, Multi-band OFDM Physical Layer Proposal for IEEE
802.15 Task Group 3a, September 2004.
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UWB_SignalSource

a) L]
4
1
2
—»
Description  UWB signal source
Library UWAB, Signal Source
Parameters
Name Description Default nit pe ange
DataRate Data rate: _53.3 Mbps, _55 | _53.3 Mbps enum
Mbps, _80 Mbps, _106.67
Mbps, _110 Mbps, _160
Mbps, _200 Mbps, _320
Mbps, _400 Mbps, _480
Mbps
DatalLength Octet number of PSDU 100 int [1, 4095]
PreambleFormat PLCP preamble format: Standard Format enum
Standard Format,
Shortened Format
PreamblePattern Preamble pattern for Pattern 1 enum
Time-domain
synchronization sequence:
Pattern 1, Pattern 2,
Pattern 3, Pattern 4
CoverSeq Cover sequences for time | 1 int [1, 2]
domain preamble
OversamplingOption Oversampling ratio: Ratio | Ratio 2 enum
1, Ratio 2, Ratio 4, Ratio 8
Bandwidth Bandwidth 528 MHz Hz real (0, ©0)
CyclicPrefix Cyclic prefix with zero 70.08 nsec sec real [0, ©)
padding
Guardinterval Guard interval with zero 0.0 nsec sec real [0, ©)
padding
Idlelnterval Idle Interval 0.0 nsec sec real [0, ©)
ScramblerSeed Scrambler seed selection: | Seed 00 enum
Seed 00, Seed 01, Seed
10, Seed 11
MAC_Header 10-byte MAC header {0XA2, 0X48, int array (0, 255)
0X22, OX4F,
0X93, OXOE,
O0XCE, 0X93,
0XBC, 0X34}
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Name Description Default nit Type Range

PilotPN_Phase Phase of pilot PN 0 int [0, 126]

GuardGain Gain of guard subcarriers | 1.0, 1.0, 1.0, 1.0, real array (0, ©0)
1.0

Pin Inputs

Pin  |Name Description Bignal Type

1 PSDU PSDU bits int

Pin Outputs

Pin  |Name Description Bignal Type

2 Signal signal complex

3 ForEVM signal for EVM test complex

4 Encoded encoded PSDU int

5 PSDUFCS PSDU bits with FCS added int

Notes/Equations

1. This subnetwork model generates a baseband signal for UWB.
The schematic for this subnetwork is shown in Figure 6-5.

2. The input of this subnetwork is PSDU data; MAC header data is specified by
MAC_Header.
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Figure 6-5. UWB_SignalSource Schematic
3. The signal source can be defined by the user by changing parameter settings.

= DataRate, Datalength, ScramblerSeed set the multi-band OFDM PHY
specific service parameter. These parameters will be transmitted in the PHY
header and also be used to frame the packets.

When DataRate is set, data rate-dependent parameters such as modulation,
coding rate, conjugate symmetric Input to IFFT, time spreading factor,
overall spreading gain, and coded bits per OFDM symbol (Ncgps) will be set
as shown in Table 6-5.

Table 6-5. Data-Rate-Dependent Parameters

Conjugate Overall Coded Bits per
DataRate Coding | Symmetric Time Spreading | Spreading | OFDM symbol
(Mbps) Modulation Rate (R) |Inputto IFFT | Factor (TSF) Gain (Ncgps)
53.3 QPSK 1/3 Yes 2 4 100
80 QPSK 1/2 Yes 2 4 100
110 QPSK 11/32 No 2 2 200
160 QPSK 1/2 No 2 2 200
200 QPSK 5/8 No 2 2 200
320 QPSK 1/2 No 1 (no spreading) |1 200
Supported data rates are listed here; 55 and 106.7 Mbps are reserved for future use.
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Table 6-5. Data-Rate-Dependent Parameters

Conjugate Overall Coded Bits per
DataRate Coding | Symmetric Time Spreading | Spreading | OFDM symbol
(Mbps) Modulation Rate (R) | Inputto IFFT | Factor (TSF) Gain (Nceps)
400 QPSK 5/8 No 1 (no spreading) |1 200
480 QPSK 3/4 No 1 (no spreading) |1 200
Supported data rates are listed here; 55 and 106.7 Mbps are reserved for future use.

< MAC_Header specifies the MAC header content.

= CyclicPrefix, Guardinterval, and IdleInterval specify the timing-related
parameters. CyclicPrefix and GuardInterval are part of zero pad duration.

A CyclicPrefix period of zeros will be inserted before each IFFT symbol, while
a GuardInterval period of zeros will be padded after the IFFT symbol. When
these parameters are set to nsec, resolution is 1.89 nsec.

Idlelnterval simulates the arbitrary time interval between two UWB
packets. For ADS simulation, Idlelnterval resolution must be
(CyclicPrefix+242.42+GuardInterval)x6 nsec.

= OverSamplingOption and Bandwidth set the simulation TStep.

= GuardGain adjusts the shape of guard subcarrier, which may result in better
performance.

= The preamble format can also be set by PreambleFormat.

4. UWB_SignalSource is implemented according to specification (Reference [1]).
Figure 6-6 shows the PLCP frame format. It includes the PLCP preamble,
PLCP header (PHY header, MAC header, header check sequence, tail bits, and
pad bits), MAC frame body (frame payload plus FCS, tail bits, and pad bits).

Reserved Rate| Length |Reserved Screlm_wtbler Reserved ,a"é&sé Prglz_anjeble Reserved
3bits [5bitg12bits | 3bits | oo | 2bits [M%e|  PPE | 12bits

PHY |Tail| MAC HCS Tail |Pad Frame Payload FCs Tail | Pad
Header| Bits| Header Bits| Bits| Variable Length 0 - 4059 bytes Bits| Bits

< PLCP Header > 53.3, 80, 110, 160, 200, »
‘ 53.3 Mbps 320, 400, 480 Mbps

Figure 6-6. PLCP Frame Format.

PLCP Preamble
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The standard PLCP preamble consists of the time domain packet and frame
synchronization sequence and the frequency domain channel estimation
sequence. The basic sequence for time domain packet and frame
synchronization sequence is implemented by UWB_TimeDomainSeq. The
frequency domain channel estimation sequence is implemented by
WaveFormCx. The basic timed domain packet and frame synchronization
sequence is repeated and combined with the FFT'd frequency domain channel
estimation sequence and the FFT'd frame body in UWB_MuxFrame.

According to the specification, the frame body will be encoded in the following
manner. The PLCP header (consisting of the PHY header and associated tail
bits, the MAC header plus HCS, and the associated tail bits, followed by the pad
bits as in Section 1.3.8 [1]) will be encoded with a rate R = 1/3; the encoder will
then be reset to the all-zero state. MAC frame body, tail bits and pad bits
appended will be encoded with a specified rate (R = 1/3, 11/32, 1/2, 5/8, or 3/4)
corresponding to the desired data rate. The algorithm to reset the encoder after
encoding PLCP header is:

= Append 6 extra tail bits after PLCP header.

= Convolutionally encode the PLCP header and extra tail bits with rate R=1/3.
The encoder is then reset to the all-zero state.

=< Remove 18 symbols generated from the 6 tail bits.

While there is no requirement for the encoder to be reset after encoding the
MAC frame body, tail bits and pad bits appended, it is a simulation requirement
so the same algorithm is implemented.

The number of OFDM symbols per UWB-OFDM frame also consists of three
parts.

There are 30 and 18 OFDM symbols for standard and shortened preamble,
respectively.

030 Standard

Nsym =
YMpreamble %18 Shortened

PLCP header, data rate 53.3 Mbps, includes PHY header (40 bits), first tail bits
(6 bits), MAC header (80 bits), HCS (header check sequence, 16 bits) second tail
bits (6 bits), and pad bits. Total PLCP header is 148 bits.

Before time-domain spreading, PLCP header OFDM symbol calculation is:
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(1481
6
NSYMpeader = ﬁx — LRI =6

—_— X

TSF NCBPS

where TSF=2, Ncgps=100 and R=1/3 from Table 2 because PLCP header is
always 53.3 Mbps. The number pad bits is 52 (=6 x Ncgpg X R — 148).

After time-domain spreading, PLCP header OFDM symbol calculation is:

148
- 6 R -
NSymHeader—TSF - TSFXTSF x 6— =12
75E *Neees

MAC frame body consists of frame payload, FCS, tail bits, and pad bits.
Before time-domain spreading, PSDU OFDM symbol calculation is:

8 x DatalLength+32+ 6
6 o R

Nsympgpy =

TSF 6
TSF x NCBPS

where R is the data rate of PSDU, TSF and N¢gpg are determined by the data
rate (refer to Table 6-5).

The number of pad bits is:

NSYyMpgpy X NCBPS—P X DataLelggth +32+ 61

Before time-domain spreading, PSDU OFDM symbol calculation is:

(8 x DataLength + 32+ 6}
x R

NSyMpspu-tsk = TSF X 35¢ 5

7S * Nceees
So, the total number of OFDM symbols Ngypm per UWB-OFDM frame is:

Ngym = NSYMeample t NSYMpeager—tse + NSYMpgpy _7se
References

[1] IEEE P802.15-04/0493r1, Multi-band OFDM Physical Layer Proposal for IEEE
802.15 Task Group 3a, September 2004.
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UWB_SignalSource_RF

LB
RF
Signal
Source
Description UWB RF signal source
Library UWAB, Signal Source
Parameters
Name Description Default nit Type ange
ROut Source resistance DefaultROut Ohm real (0, )
RTemp Temperature DefaultRTemp Celsius real [-273.15, ©0)
TStep Expression showing how | 1/Bandwidth/(2*O string
TStep is related to the versamplingOptio
other source parameters n)
FCarrier Carrier frequency 3432MHz Hz real (0, )
Power Power 0.01 w real [0, 00)
MirrorSpectrum Mirror spectrum about NO enum
carrier? NO, YES
Gainlmbalance Gain imbalance, Q vs | 0.0 dB real (-0, 00)
Phaselmbalance Phase imbalance, Q vs | 0.0 deg real (-0, 00)
|_OriginOffset | origin offset (percent) 0.0 real (-0, 00)
Q_OriginOffset Q origin offset (percent) 0.0 real (-0, 00)
1Q_Rotation 1Q rotation 0.0 deg real (-0, 00)
DataPattern Data pattern: PN9, PN15, | PN9 enum
FIX4,_4 1 4 0,
.8.1.8.0,_16_1_16_0,
32.1.32.0, 641640
DataRate Datarate: _53.3 Mbps, _55 | _53.3 Mbps enum
Mbps, _80 Mbps, _106.67
Mbps, _110 Mbps, _160
Mbps, _200 Mbps, _320
Mbps, _400 Mbps, _480
Mbps
DatalLength Octet number of PSDU 100 int [1, 4095]
PreambleFormat PLCP preamble format: Standard Format enum
Standard Format,
Shortened Format
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Name Description Default nit pe ange
PreamblePattern Preamble pattern for Pattern 1 enum
Time-domain
synchronization sequence:
Pattern 1, Pattern 2,
Pattern 3, Pattern 4
CoverSeq Cover sequences for time | 1 int [1, 2]
domain preamble
OversamplingOption Oversampling ratio: Ratio | Ratio 2 enum
1, Ratio 2, Ratio 4, Ratio 8
Bandwidth Bandwidth 528 MHz Hz real (0, ©0)
CyclicPrefix Cyclic prefix with zero 70.08 nsec sec real [0, ©)
padding
Guardinterval Guard interval with zero 0.0 nsec sec real [0, ©)
padding
Idlelnterval Idle Interval 0.0 nsec sec real [0, ©)
ScramblerSeed Scrambler seed selection: | Seed 00 enum
Seed 00, Seed 01, Seed
10, Seed 11
MAC_Header 10-byte MAC header {0XA2, 0X48, int array (0, 255)
0X22, OX4F,
0X93, OXO0E,
O0XCE, 0X93,
0XBC, 0X34}
PilotPN_Phase Phase of pilot PN 0 int [0, 126]
GuardGain Gain of guard subcarriers | 1.0, 1.0, 1.0, 1.0, real array (0, ©0)
1.0
Pin Outputs
Pin  |Name Description Bignal Type
1 RF RF signal timed
2 For_EVM signal for EVM test complex
3 EncodedBits encoded PSDU int
4 PSDUFCS PSDU bits with FCS added int
5 PSDU PSDU bits int
Notes/Equations

1. This subnetwork model generates a UWB system RF signal. The subnetwork
includes UWB_SignalSource, which generates the baseband signal of UWB

system, and the RF_Modulator.
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The schematic for this subnetwork is shown in Figure 6-7.

DataPattern

Port

WL

@—P—P@

IWYB _Signalsource

Port
Part
-
L il
Port
o el
L—» REnal|——_ >
Bl ! Port
CxToRect RF_hodulator

Figure 6-7. UWB_SignalSource_RF Schematic

2. The signal source can be defined by the user by changing parameter settings.

= ROut, RTemp, Power, Gainlmbalance, and Phaselmbalance set the RF
features of the UWB system.

= DataRate, Datalength, and ScramblerSeed set the multi-band OFDM PHY
specific service parameter. These parameters will be transmitted in the PHY
header and will also be used to frame the packets.

Data-rate-dependent parameters (modulation, coding rate, conjugate
symmetric input to IFFT, time spreading factor, overall spreading gain and
coded bits per OFDM symbol (Ncgps) ) will be set according to Table 6-6,

which is based on the specification.

Table 6-6. Data-Rate-Dependent Parameters

Data Conjugate Overall Coded Bits per
Rate Coding | Symmetric Time Spreading | Spreading | OFDM Symbol
(Mbps) |Modulation | Rate (R) | Inputto IFFT | Factor (TSF) Gain (Nceps)

53.3 QPSK 1/3 Yes 2 4 100

80 QPSK 1/2 Yes 2 4 100

110 QPSK 11/32 No 2 2 200

160 QPSK 1/2 No 2 2 200

200 QPSK 5/8 No 2 2 200

320 QPSK 1/2 No 1 (no spreading) |1 200

400 QPSK 5/8 No 1 (no spreading) |1 200

480 QPSK 3/4 No 1 (no spreading) |1 200
Supported data rates are listed here; 55 and 106.7 Mbps are reserved for future use.
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< MAC_Header specifies the contents of MAC header.

= CyclicPrefix, GuardInterval, IdleInterval set the timing-related parameter.
CyclicPrefix and GuardInterval are part of zero pad duration.

A CyclicPrefix period of zeros will be inserted before each IFFT symbol, while
a GuardInterval period of zeros will be padded after the IFFT symbol. When
these parameters are nsec units, their resolution is 1.89 nsec.

Idlelnterval simulates the arbitrary time interval between two UWB
packets. For ADS simulation, the resolution of Idlelnterval must be
(CyclicPrefix+242.42+GuardInterval)x 6 nsec.

= OverSamplingOption and Bandwidth sets the TStep of simulation.

= GuardGain adjusts the shape of guard subcarrier, which may result in better
performance.

= CoverSeq, together with PreambleFormat, determines the format of the
packet and frame synchronization portion of the PLCP preamble.

References

[1] 1EEE P802.15-04/0493r1, Multi-band OFDM Physical Layer Proposal for IEEE
802.15 Task Group 3a, September 2004.
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UWB_Source_FH RF

Description

RF FH 5
Signal .
Source - 2

LhB 5

Library UWB, Signal Source

UWB RF frequency hopping signal source

Parameters
Name Description Default nit Type Range
ROut Source resistance DefaultROut Ohm real (0, ©0)
RTemp Temperature DefaultRTemp Celsius real [-273.15, 00)
TStep Expression showing how 1/Bandwidth/(2*O string

TStep is related to the versamplingOptio

other source parameters n)
Power Power 0.01 w real [0, ©0)
Gainlmbalance Gain imbalance, Q vs | 0.0 dB real (-00, 00)
Phaselmbalance Phase imbalance, Q vs | 0.0 deg real (-00, 00)
DataPattern Data pattern: PN9, PN15, | PN9 enum

FIX4, _4 1 40,

_8.1.80,_16_1_16_0,

32_1.32.0,_64.1640

DataRate Data rate: _53.3 Mbps, _55 | _53.3 Mbps enum

Mbps, _80 Mbps, _106.67

Mbps, _110 Mbps, _160

Mbps, _200 Mbps, _320

Mbps, _400 Mbps, _480

Mbps
DatalLength Octet number of PSDU 100 int [1, 4095]
PreambleFormat PLCP preamble format: Standard Format enum

Standard Format,

Shortened Format
TFC_Number Time frequency code: TFC1 enum

TFC1, TFC2, TFC3, TFC4,

TFC5, TFC6
OversamplingOption Oversampling ratio: Ratio | Ratio 2 enum

1, Ratio 2, Ratio 4, Ratio 8
Bandwidth Bandwidth 528 MHz Hz real (0, ©0)

UWB_Source_FH_RF
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Name Description Default nit Type Range
CyclicPrefix Cyclic prefix with zero 70.08 nsec sec real [0, ©)
padding
Guardinterval Guard interval with zero 0.0 nsec sec real [0, ©)
padding
Idlelnterval Idle Interval 0.0 nsec sec real [0, ©)
ScramblerSeed Scrambler seed selection: | Seed 00 enum
Seed 00, Seed 01, Seed
10, Seed 11
MAC_Header 10-byte MAC header {0XA2, 0X48, int array (0, 255)
0X22, OX4F,
0X93, OXO0E,
O0XCE, 0X93,
0XBC, 0X34}
PilotPN_Phase Phase of pilot PN 0 int [0, 126]
GuardGain Gain of guard subcarriers | 1.0, 1.0, 1.0, 1.0, real array (0, ©0)
1.0
Pin Outputs
Pin  |Name Description Bignal Type
1 RF RF signal timed
2 RFCarrier hopping carrier timed
3 For_EVM signal for EVM test complex
4 EncodedBits encoded PSDU int
5 PSDUFCS PSDU bits with FCS added int
6 PSDU PSDU bits int
Notes/Equations

1. This subnetwork model generates an RF signal for UWB in Band Group 1.
The schematic for this subnetwork is shown in Figure 6-8.

UWB_SignalSource generates the baseband signal of an UWB system.
QAM_ModExtOsc implements a multi-band OFDM RF system.
UWB_Freq_Hopping supports the frequency pattern of Band Group 1.
DataPattern simulates PSDU data.
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Figure 6-8. UWB_Source_FH_RF Schematic

2. ROut, RTemp, Power, Gainlmbalance, and Phaselmbalance parameters are
used to set the RF features of a UWB system.

3. TFC_Number specifies time-frequency code and also defines the preamble
pattern number and cover sequence in a UWB system. TFC_Number 1, 2, 3, or
4 are the only valid numbers because band group 1 is the only supported group.

4. Hopping carriers are generated by UWB_Freq_Hopping. Carrier frequency is
fixed to 4224 MHz. The effective carrier can be 3432, 3960, and 4488 MHz; refer
to UWB_Freq_Hopping for details.

5. GainRF sets RFCarrier output impedance.
References

[1] IEEE P802.15-04/0493r1, Multi-band OFDM Physical Layer Proposal for IEEE
802.15 Task Group 3a, September 2004.
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UWB_TimeDomainSeq

Time domain
SEQUEME

Description  UWB time domain synchronization sequence generator
Library UWAB, Signal Source
Class SDFUWB_TimeDomainSeq

Parameters
Name Description Default Type
OversamplingOption Oversampling ratio: Ratio | Ratio 2 enum
1, Ratio 2, Ratio 4, Ratio 8
PreamblePattern Preamble pattern for Pattern 1 enum
Time-domain
synchronization sequence:
Pattern 1, Pattern 2,
Pattern 3, Pattern 4
Pin Outputs
Pin  |Name Description Bignal Type
1 DataOut output data complex
Notes/Equations

1. This model generates the time domain synchronization sequence in the UWB
PLCP preamble. Each firing, Neprp0int DataOut tokens are produced, where

NEETpoint IS the number of samples in one FFT period.
2. OversamplingOption calculates the number of samples (Ngprpging) in one FFET
period:

NFFTpoint = 20versamplingOption x 128

When OversamplingOption>0, the interpolated and filtered time domain
synchronization sequence is output at DataOut.

3. PreamblePattern determines the time domain synchronization sequence
pattern. Four patterns are defined in Table 5 to Table 8 of Reference [1].
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Chapter 7: Receiver Design Examples

Introduction

Design examples for UWB receiver projects are available in ADS at File > Example
Project > UWB.

UWB_OFDM_Rx_prj provides UWB receiver test and measurement design examples
based on IEEE P802.15-04/0493r1. Designs in this project include:

« UWB_OFDM_RxSensitivity.dsn: minimum receiver sensitivity measurement

 UWB_OFDM_PER_vs Range AWGN.dsn: PER performance under an AWGN
channel

 UWB_OFDM_PER_vs_Range Fading.dsn: PER performance under multipath
channel
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Minimum Receiver Sensitivity Measurements

UWB_OFDM_RxSensitivity.dsn
Features

= 200 Mbps data rate

= 6.6 dB noise factor
Description

Minimum input level sensitivity measurements are demonstrated in this example.
Minimum input levels are measured at the antenna connector.

The schematic for this design is shown in Figure 7-1. Users can set parameters in
Signal_Generation_VARs, RF_Channel_VARs, and Measurement_VARs.

VAR @ WAR @ WAR
Signal_Generation_WARSs RF_Channel VARs Measurement_VARS

DF
DF1

k

» O

-
Ll
L
RF FH ||—Jms: Delay
_N
e
| ™
L

Tes
LB f C
Ret
EER_FER
B

Signal ol

Source
™ ™
RF RF

LWB_Source_FH_RF et
Signalzource GainRF GainRF
Noise Rl Rl LB _Receiver FH_RF

Receiver

Figure 7-1. UWB_OFDM_RxSensitivity.dsn Schematic
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Specification Requirements

According to section 1.6 of Reference [1], the packet error rate must be less than 8%
at a PSDU length of 1024 bytes; minimum receiver sensitivity levels are listed in
Table 7-1.

Table 7-1. Receiver Sensitivity Levels

Data Rate (Mbps) |Minimum Sensitivity (dBm) for Mode 1
53.3 -83.6
80 -81.6
110 -80.5
160 -78.6
200 -77.2
320 -75.5
400 -74.2
480 -72.6

Simulation Results

BER and PER at given input levels are simulated; results displayed in
UWB_OFDM_RxSensitivity.dds are shown in Figure 7-2.

| Tndex T EER T FER |
[ 'l GAGAES | 0060 |

Figure 7-2. Simulation Results
Benchmark
= Hardware Platform: Pentium IV 2.26 GHz, 512 MB memory
= Software Platform: Windows 2000, ADS 2004A
= Simulation Time: approximately 6 hours
References

[1] IEEE P802.15-04/0493r1, Multi-band OFDM Physical Layer Proposal for IEEE
802.15 Task Group 3a, September 2004.
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PER vs. Range in an AWGN Environment
UWB_OFDM_PER_vs Range AWGN.dsn

Features
= -9.9 dBm signal power
= 6.6 dB noise factor
Description

System performance in an AWGN environment is demonstrated in this example.
Simulation is performed for at least 500 packets with a payload of 1K bytes each.
Performance includes packet acquisition accuracy, channel estimation accuracy, and
carrier offset recovery accuracy.

The schematic for this design is shown in Figure 7-3. Users can set parameters in
Signal_Generation_VARs, RF_Channel_VARs, and Measurement_VARs.

WAR & YAR @ VAR
Signal_Generation_vARs RF_Channel_VARs Measurement_VARs

| DF | |%l PARAMETER SYWEEP I

DF ParamSweep
DF1 Swyeep]
> <> .
g Ll -
o
RFFH [—fps Dielary bre<]
e D1 »
e | e 0
> D > D —>—» > | e
IWE_Source_FH_RF L] b Bl

hepnirg (| gt
L4 GainRF GainRF GainRF .
PathLoss AWGH_Maise RyLMA wB_Receiver_FH_RF

Figure 7-3. UWB_OFDM_PER_vs_Range_ AWGN.dsn

Specification Requirements

The PER requirement as specified in Reference [1] for Mode 1 as a function of
distance and information data rate in an AWGN environment is shown in Figure 7-4.
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Figure 7-4. PER vs. Range in an AWGN Environment
Simulation Results
Simulation result displayed in UWB_OFDM_PER_vs_Range_ AWGN.dds are shown
in Figure 7-5.

PER for a Mode 1 DEY as a function of distance and
information data rate, in an AWGN environment.

1

i)
=
14
5
£ 1E1
w
T
-
[%)
(]
o
B0 Mbp
— 200 Mg
480 Mbp
182 44— T r 11
a 5 10 15 20 25 a0 35 40

Distance in meters

Figure 7-5. Simulation Results
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Benchmark
= Hardware Platform: Pentium IV 2.26 GHz, 512 MB memory
= Software Platform: Windows 2000, ADS 2004A
= Simulation Time: approximately 6 hours

References

[1] 1EEE P802.15-04/0493r1, Multi-band OFDM Physical Layer Proposal for IEEE
802.15 Task Group 3a, September 2004.
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PER vs. Range in a Fading Environment
UWB_OFDM_PER_vs_Range_Fading.dsn

Features
= Signal power is -9.9 dBm
* NF is 6.6 dB

Description

This design evaluates multi-band OFDM system performance in a fading
environment. Simulation is performed with at least 500 packets with a payload of 1K
bytes each. The performance simulation incorporates losses due to packet acquisition
accuracy, channel estimation accuracy, carrier offset recovery accuracy, etc.

The schematic is shown in Figure 7-6. Users can set parameters in
Signal_Generation_VARs, RF_Channel_VARs, and Measurement_VARs.

VAR _ VAR | DF |
Signal_Generation_VARs Measurernent VARs o
AR DF1
RF_Channel_VARs |%] Paramerersweer |
ParamSweep
Sweepl
WB_Source_FH_RF <> -
LB Delay
— ol
RFFH (— | B Fading Channel
gignal e
QLurc
e ()] LB e
—>— — W | cading ([T —
Chanrnel RES
RES  AntBase LW _Channel AntMobile R2
Rl A 3 a2
._’TES
=) _.J_l—’ Ret ‘\ }
L D ——— D ] [RE 5" : EER_FER
il il wihteq B
honping | e
GainRF GainRF 5
BINGH_Mois Ryl A, IWyB_Receiver FH_RF

1

Figure 7-6. UWB_OFDM_PER_vs_Range Fading.dsn
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Specification Requirements

The PER requirement for a Mode 1 DEV as a function of distance and information
data rate in a fading environment as specified in Reference [1] is shown in Figure 7-7.

10

—+— 110 Iibps
—2 - 200 Mbps
—+ - 480 Mbps

107}

Packet Error Rate

2 4 ) 8 1w 1z 14 16 18 20
Distance in meters

Figure 7-7. PER in CM1 Channel Environment
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Simulation Results
Simulation results displayed in UWB_OFDM_PER_vs_Range Fading.dds are shown

in Figure 7-8.

PER for a Mode 1 DEY as a function of distance and
information data rate in an fading environment (Ch1)

1

1E-1 <

Packet Error Rate

110 Mbps
—_—200-Mbps
430 Mbps
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0 5 10 15 20 25 30 35 40
Distance in meters

Figure 7-8. Simulation Results

Benchmark
= Hardware Platform: Pentium 1V 2.26 GHz, 512 MB memory

= Software Platform: Windows 2000, ADS 2004A
= Simulation Time: approximately 6 hours

References

[1]1EEE P802.15-04/0493r1, Multi-band OFDM Physical Layer Proposal for IEEE
802.15 Task Group 3a, September 2004.

PER vs. Range in a Fading Environment  7-9



Receiver Design Examples

7-10 PER vs. Range in a Fading Environment



Chapter 8: Transmitter Design Examples

Introduction

Design examples for UWB transmitter projects are available in ADS at File >
Example Project > UWB.

UWB_OFDM_Tx_prj provides UWB transmitter test and measurement design
examples based on IEEE P802.15-04/0493r1. Designs in this project include:

« UWB_OFDM_Demo.dsn: encodes a multi-band OFDM PHY frame.

 UWB_OFDM_TxCCDF.dsn: measures the complementary cumulative
distribution function of the transmitted signal.

« UWB_OFDM_TxXEVM.dsn: measures error vector magnitude and records
constellations of the reference signal and the signal to be measured. The
transmitter is a UWB RF signal source with frequency hopping that provides a
reference signal.

 UWB_OFDM_TxXEVM_TruncatedSignal.dsn: measures error vector magnitude
and records constellations of the signal to be measured. The transmitter is a
UWB RF signal source without frequency hopping and without a reference
signal. The signal provided by the transmitter can be arbitrarily truncated
when the signal is longer than one frame.

< UWB_TxSpectrum.dsn: measures transmitter signal power spectrum density.
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Packet Encoding
UWB_OFDM_Demo.dsn

Features
« 53.3 Mbps PHY header rate
= 200 Mbps payload data rate
= Complete packet output
Description

This design is used to verify signal generator UWB_SignalSource using settings
based on the example in IEEE P802.15-04/0493r1 (Annex A). The schematic for this
design is shown on Figure 8-1.

U v |
Murmeric
MumericSink
PZ0_P220
=0
Murmeric
MumericSink
OF
CF
| CZ
MNurmieric
» MumericSink
5 - ) CE0_CES
LJE > L S »
+>I>—>
WiaveForm It ToBits Reverse - |
Payload H R LB _SignalSource el
13 GainCx Mumeric
Gl
MumericSink
Header_PLCP
T
Murmeric

MumericSink
Pavioad_Frame

Figure 8-1. UWB_OFDM_Demo Schematic
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Waveform generates the 40-byte packet for transmission shown in Table A10.1 in [1].
IntToBits converts the signal to bits.

In ADS, the MSB is transmitted first; according to the specification, the LSB is
transmitted first; so, the Reverse component is used in this design to ensure the
correct transmission order.

The signal is normalized in UWB_SignalSource; data in IEEE P802.15-04/0493r1
Table A12 is not normalized; so the GainCx component is added to match them.

The NumericSinks record packet synchronization, frame synchronization, and
channel estimation sequences, PLCP Header, and PLCP PSDU data.

Parameter settings for this design are shown in Table 8-1.

Table 8-1. System Parameter Example Settings

Parameter Setting
Time Frequency Code 1
Preamble Format Standard
Data Rate 200 Mbps
Modulation QPSK
Coding Rate 5/8
Conjugate Symmetry No

Time Spreading Factor 2

Number of Coded Bits per OFDM Symbol (Ncbps) 200

PHY header: rate bits R1:R5 00100
PHY header: PLCP Length (bytes) 40
PLCP Scrambler Field S1:S2 01
Preamble Bit 0
Burst mode bit 1
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Simulation Results

Simulation results displayed in UWB_OFDM_Demo.dds are shown on Figure 8-2.
Results agree with IEEE P802.15-04/0493r1 Table Al12.
PLCP Preamble
Inclex PS0_PS20 e FS0 F=2 Index CED_CES

1) 0.0000 + j0.0000 3465 0.0000 + j0.0000 3960 0.0000 + j0.0000

1 0.0000 + j0.0000 466 0.0000 + j0.0000 3961 0.0000 + j0.0000

2 0.0000 + j0.0000 3467 0.0000 + j0.0000 3962 0.0000 + j0.0000

3 0.0000 + jO.0000 3468 0.0000 + j0.0000 3963 0.0000 + j0.0000

4 0.0000 + jO.0000 3469 0.0000 + j0.0000 3964 0.0000 + j0.0000

El 0.0000 + j0.0000 3470 0.0000 + j0.0000 3965 0.0000 + j0.0000

-] 0.0000 + jO.0000 3471 0.0000 + j0.0000 3966 0.0000 + j0.0000

7 0.0000 + jO.0000 3472 0.0000 + j0.0000 2067 0.0000 + j0.0000

g 0.0000 + jO.0000 3473 0.0000 + j0.0000 3068 0.0000 + j0.0000

9 0.0000 + jO.0000 3474 0.0000 + j0.0000 3969 0.0000 + j0.0000
10 0.0000 + jO.0000 3475 0.0000 + j0.0000 3870 0.0000 + j0.0000
11 0.0000 + j0.0000 3476 0.0000 + j0.0000 3871 0.0000 + j0.0000
12 0.0000 + j0.0000 3477 0.0000 + jO.0000 3872 0.0000 + j0.0000
13 0.0000 + j0.0000 3478 0.0000 + j0.0000 3873 0.0000 + j0.0000
14 0.0000 + j0.0000 3479 0.0000 + j0.0000 3974 0.0000 + j0.0000
15 0.0000 + j0.0000 3480 0.0000 + j0.0000 3975 0.0000 + j0.0000
16 0.0000 + j0.0000 3481 0.0000 + j0.0000 3976 0.0000 + j0.0000
17 0.0000 + j0.0000 3452 0.0000 + j0.0000 3977 0.0000 + j0.0000
18 0.0000 + jO.0000 3483 0.0000 + j0.0000 3975 0.0000 + j0.0000
19 0.0000 + j0.0000 3484 0.0000 + j0.0000 3379 0.0000 + j0.0000
20 0.0000 + j0.0000 3485 0.0000 + j0.0000 3330 0.0000 + j0.0000
21 0.0000 + jO.0000 3486 0.0000 + j0.0000 3951 0.0000 + j0.0000
22 0.0000 + jO.0000 3487 0.0000 + j0.0000 3982 0.0000 + j0.0000
23 0.0000 + jO.0000 3488 0.0000 + j0.0000 2083 0.0000 + j0.0000
24 0.0000 + jO.0000 3489 0.0000 + j0.0000 3964 0.0000 + j0.0000
25 0.0000 + jO.0000 3490 0.0000 + j0.0000 3983 0.0000 + j0.0000
26 0.0000 + j0.0000 343 0.0000 + j0.0000 3956 0.0000 + j0.0000
27 0.0000 + j0.0000 3492 0.0000 + jO.0000 3857 0.0000 + j0.0000
25 0.0000 + j0.0000 3493 0.0000 + j0.0000 3953 0.0000 + j0.0000
29 0.0000 + j0.0000 3494 0.0000 + j0.0000 3959 0.0000 + j0.0000
30 0.0000 + j0.0000 3495 0.0000 + j0.0000 3990 0.0000 + j0.0000
il 0.0000 + j0.0000 3496 0.0000 + j0.0000 399 0.0000 + j0.0000
32 7.2502 4+ jO.0000 3497 -7.2502 + j0.0000 3992 95995 + j0.0000

Mote:These tables are the same as Tahle A12:Entire packet for transmision(P3-F3-CE-Header-Payload) in IEEE PE02.15-04/049311
except that the index starts from 0

PLCP Header and Frame payload

Index

Header PLCP

Index

Payload Frame

-24.016 + j0.0000
15.2471 + j1.0910E-
-14.3736 - 11.2579E-..

-8.7005 - J1.4601E-14
17.155211 +]1.154BE- ..

3.1290 +1.2544E-15
-19.2864 - 14.3078E- ...
-11.3713 - |4 4409E-
17.4293 +|2.8423E. ..
13.0085 +71.8119E-

0.9226 +)3.7176E-15

60404 - 1A713E-14
-10.1471 -1 4457E-..

28132 - 239584E-15

-7 7380 - 2.8923E-14
13.3137 +5.9865E- ...

3.1079 +)3.4988E-15

-2.8727 - B.6595E-15

50568 + 2 6512E.14
59107 + 3 4630E 15
70711 + 7 D9FTEAR

-38134 - 0.2436
-5.4330 - 5.63685

5.2677 + 22115
-31613 - 111159
5.9572 - 111.6331

-7.5309 +112.3796

-2.0231 +j1.2109

164955 -
-3.8144 +
-b.4060 +
-B.2426 +

S1.4142 +
-3.6324 +

4.6085 -
-0.7B62 +
49627 +

7.5921
2.7067
2.2549
24853
5.58485
1.7437
4.6297
6.6665
5.3988
1.1103
0.0804

49639
52454

Figure 8-2. Simulation Results
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Benchmark
= Hardware platform: Pentium IV 1.7 GHz, 512 MB memory
= Software platform: Windows 2000 Workstation, ADS 2004A
= Simulation time: 20 seconds

References

[1] 1EEE P802.15-04/0493r1, Multi-band OFDM Physical Layer Proposal for IEEE
802.15 Task Group 3a, September 2004.
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Transmitter Design Examples

Complementary Cumulative Distribution Function
Measurement
UWB_OFDM_TxCCDF.dsn

Features
= CCDF measurement
< UWB RF signal source with frequency hopping
= 80 Mbps data rate
= Transmit signal waveforms
Description

This design measures the CCDF of an UWB RF signal source with frequency
hopping. The schematic for this design is shown on Figure 8-3.

@R @

e Signal_Generation_YARs WA
OF
WAR
RF_Channel_“ARs
E AR
] o Measurement_VARS
|
REFH |—e
sigra ||
=e ¥ (= H
iy RF Signal - - =l RF
bl bl bl M| ccoF
U'WB_Source_FH_RF h
ut GainRF UW/B_RF_CCOF
ouT hdeazuremeant
RE Signal @ RE Signal @ BF signsl @ RF signsl @ RE Signal i
TimedSink TimedSink Timed Sink Tirmed Sink Timed Sink
Data PLCPHeader ChEst%eq Frame SwncSeq Pachet SwncSeq

Figure 8-3. UWB_OFDM_TxCCDF.dsn Schematic

Signal_Generation_VARs parameters are used to configure UWB_Source_FH_RF;
Measurement_VARs parameters are used to configure UWB_RF_CCDF (the CCDF
measurement model).

TimedSink components record the waveforms of packet synchronization, frame
synchronization, channel estimation, PLCP Header, and PLCP PSDU sequences.
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Simulation Results
Simulation results displayed in UWB_OFDM_TxCCDF.dds are shown on Figure 8-4
and Figure 8-5.

100
80|
B0
40
20]

o T T T T T T T T T é

-a0 -30 -10 10 30 1]

SignalRange_dB
Figure 8-4. CCDF Simulation Results
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Figure 8-5. Waveform Simulation Results
Benchmark
= Hardware platform: Pentium IV 2.26 GHz, 1024 MB memory
= Software platform: Windows 2000 Workstation, ADS 2005A
= Simulation time: approximately 10 minutes

References

[1] IEEE P802.15-04/0493r1, Multi-band OFDM Physical Layer Proposal for IEEE
802.15 Task Group 3a, September 2004.
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Transmitter Design Examples

Error Vector Magnitude with Reference Signal
UWB_OFDM_TxEVM.dsn

Features

< EVM measurement with reference signal

UWB RF signal source with frequency hopping
480 Mbps data rate

Records constellations of reference signal and signal to be measured

EVM vs subcarrier

Description

This design tests the transmit modulation accuracy of an UWB RF signal source with
frequency hopping by measuring the RMSE between the reference signal and the
signal to be measured. The schematic for this design is shown in Figure 8-6.

] var WAR WAR
Signal_Generation_YARs RF_Channel ARz Measurement_WARs

O b

Delay
o2

RMSE

¥

RMSE
E%'hd

0]

T

RF FH Murmeric

Mumeric Sink

yrYeYY

Signal . "
Source TxConstellation
- D - o | | macrom |
L Receler
|
UWE_Source_FH_RF al it ([ 7 ]
_ R - tegpirg | —< Y -
ut GainRF P Racsiver FH RF ™ L=
el _Receiver_FH_| Humeric
2 Fork2

MumeticSink

F RxConstelation

: () ven
Ceton
oF
CF

Figure 8-6. UWB_OFDM_TxEVM.dsn Schematic

UWB_Source_FH_RF with frequency hopping provides transmitted and reference
signals. GainRF adds AWGN and nonlinear distortion to the transmitted signal.
UWB_Receiver_FH_RF extracts the signal to be measured. RMSE calculates the root
mean square error between the reference signal and the signal to be measured as the
EVM measurement result. TxConstellation and RxConstellation record the
constellations of the reference signal and the signal to be measured, respectively.
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Simulation Results

EVM measurement results are shown in Figure 8-7; constellation of the signal to be
measured is shown in Figure 8-8; the constellation of the signal to be measured and
that of the reference signal at each subcarrier are shown in Figure 8-9.
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Figure 8-7. EVM Results

1.0

0.8-]
06
04

0.2+

Imaginary

0.0+

1.0

7T
-10-08-06-04-0200 02 04 06 08 1.0

Real

Figure 8-8. Constellation of Signal to be Measured
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Figure 8-9. EVM vs Subcarrier Simulation Results of First OFDM Symbol
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Transmitter Design Examples

Benchmark
= Hardware platform: Pentium IV 2.26 GHz, 1024 MB memory
= Software platform: Windows 2000 Workstation, ADS 2005A
= Simulation time: 100 seconds

References

[1] 1EEE P802.15-04/0493r1, Multi-band OFDM Physical Layer Proposal for IEEE
802.15 Task Group 3a, September 2004.
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Error Vector Magnitude without Reference Signal

UWB_OFDM_TxXEVM_TruncatedSignal.dsn
Features

< EVM measurement without reference signal

UWB RF signal source without frequency hopping

UWB RF signal arbitrarily truncated
480 Mbps data rate

Records constellation of signal to be measured

EVM vs subcarrier

Description

This design tests the transmit modulation accuracy of a signal source without
frequency hopping by measuring the RMSE between the reference signal and the
signal to be measured. The signal source does not provide a reference signal and the
transmitted signal can be arbitrarily truncated.

The schematic for this design is shown in Figure 8-10. SDFRead is used to read the
data file generated by instrument. UWB_EVM is used to measure the EVM of the
received signal without frequency hopping (a reference signal is not needed for it).

The UWB_EVM schematic is shown on Figure 8-11. UWB_Receiver_RF extracts the
signal to be measured. Demapper and Mapper restore the reference signal. RMSE
calculates the root mean square error between the reference signal and the signal to
be measured as the EVM measurement result. TxConstellation records the
constellation of the restored reference signal; RxConstellation records the
constellation of the signal to be measured.
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Transmitter Design Examples

AR VAR
Signal_Generation VARs Measurement_VARs
SignalPower=3.9 " FramesToAwerage=1

DataRate=9 StartFrame=1
Datalength=1024 CarriersPerOneFrame=122*(124TSF[DR]MN_Sym)

CwversamplingOption=1
Bandwidth=528 MHz
TStep=1/Bandwidth2OversamplingOption

WAR

Calculation

UsefulBits=Datal encgth#S+ 3245

DR=DataRate+

M_CBPS={100, 100, 100, 200, 200, 200, 200, 200, 200, 200}

CodingRate={1/3, 1132, 142, 143, 11432, 112, 3i5, 1/2, 3/, 314}
M_Sym=6/TSF[DR]*ceil{ceilUse fulBitsCodingRate[DRNAGTSFDRM_CEPSDR])
TSF=42,2,2,2,2,2,2,1,1,1}

.
L Lall

k] DF
SDFRead LWE_EvM LF
= mo DefaultNumer!cStart:D
Fileame="esm dat FCarrier=3432 MHz DefaulthiumericStop=100

" N DefaultTimeStart=0 usec
CortrolSimulation=KC DataRate=DataRate DetaultTimeStope 00 usec
Periodic=NC Datalength=Catalenoth P=

PresmbleFormst=Standard Format
PreamblePattern=Pattern 1

CoverSen=1
CrversamplingOption=Cwver samplingOption
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ScramblerSeed=Seed 11
SearchMode=EveryFrame
Searchindow=100
StartFrame=StartFrame
FramesTofverage=FramesTolverage
FrameLength=Carrier=PerOneFrame
DizplayOption=RM=

Figure 8-10. UWB_OFDM_TXEVM_TruncatedSignal.dsn Schematic
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Figure 8-11. UWB_EVM Schematic
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Simulation Results

Simulation results in Figure 8-12 shows the EVM measurement results. Figure 8-13

shows the constellation of the signal to be measured. Figure 8-14 shows the
difference between the constellation of the signal to be measured and that of the

reference signal at each subcarrier.
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Figure 8-12. EVM Results
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Figure 8-14. EVM vs Subcarrier Results of First OFDM Symbol
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Transmitter Design Examples

Benchmark
= Hardware platform: Pentium IV 2.26 GHz, 1024 MB memory
= Software platform: Windows 2000 Workstation, ADS 2005A
= Simulation time: 100 seconds

References

[1] 1EEE P802.15-04/0493r1, Multi-band OFDM Physical Layer Proposal for IEEE
802.15 Task Group 3a, September 2004.
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Transmitter Spectrum Measurement

UWB_OFDM_TxSpectrum.dsn
Features
= Configurable signal source
= Adjustable sampling rate
= Spectrum analysis
= Integrated RF section

Description

This design measures transmitter signal power spectrum density. The schematic for

this design is shown in Figure 8

-15.

Live

RF FH

rrvy

Signal
Source

LB _Source_FH_RF
ik

RF_Signal »

“vlr—b——b

LEF |

DSampleRF
o2

—-——— )
» RF_Signal > l » >

RE Sinal B Srel | RO E)

Spectrumdnalyzer

Spectrum3432

__or |

DF

TimedSink
T4

[

g

Spectrumanalyzer
Spl

©

DSampleRF TimedSink
s3] T

Spectrumasnslyzer Spectruminalyzer
Spectrum3SE0 Spectrum4483
WAR
Sim_WAR

DF
Figure 8-15. UWB_OFDM_TxSpectrum.dsn Schematic

Transmitter Spectrum Measurement
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Transmitter Design Examples

TFC 1 is used for this test; other patterns can be tested by setting Sim_VAR. For
example, to measure spectrum density in band 2 when TFC number=1 and Preamble
Format=Standard Format, the start time for data recording of the SpectrumAnalyzer
can be (312.5 x 46 + 70.08) nsec, and the stop time for data recording of the
SpectrumAnalyzer can be (312.5 x 46 + 70.08 + 242.424242) nsec, where 312.5 nsec is
the symbol interval, 70.08 nsec is the zero pad duration, 242.424242 nsec is the
IFFT/FFT period, and 46 is the symbol number that points to band 2.

Measurements in this design are based on section 1.5.1 of Reference [1]. The
transmitted spectrum has a 0 dBr (dB relative to the maximum spectral density of
the signal) bandwidth not exceeding 260 MHz, —12 dBr at 285 MHz frequency offset,
—20 dBr at 330 MHz frequency offset and above. The transmitted signal spectral
density must fall within the spectral mask, as shown in Figure 8-16.

4 Transmit Spectrum Mask

A AT PPN

0 dBr
Example Signal i
i Spectrum

-12dBr i
i
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& '

~330-285 285330

fc
Frequency (MHz)

Figure 8-16. Transmit Spectrum Mask
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Simulation Results
Simulation results displayed in UWB_OFDM_TxSpectrum.dds are shown here.

Figure 8-17 shows the power spectrum density of the transmitted signals at 3
different bands with the spectrum mask (blue lines); Figure 8-18 shows the power
spectrum density of the multi-band signals at 1MHz resolution bandwidth with the
FCC mask.

Figure 8-19 shows the LO instantaneous frequency versus time, the TX signal
instantaneous frequency versus time, and the real part of the baseband signal versus
time.
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Figure 8-17. Power Spectrum Densities
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Transmitter Design Examples

Frequency Hopped LO Frequency Hopped TX Symbol
Instantaneous Freguency versus Time Instantaneous Freguency versus Time
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Figure 8-19. Instantaneous Frequencies and Symbol Baseband vs Time

Benchmark
= Hardware Platform: Pentium IV 2.26 GHz, 512 MB memory
= Software Platform: Windows 2000, ADS 2004A
= Simulation Time: 77 seconds

References

[1] IEEE P802.15-04/0493r1, Multi-band OFDM Physical Layer Proposal for IEEE
802.15 Task Group 3a, September 2004.
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