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(57) ABSTRACT 

The present disclosure provides a method, apparatus, and 
system for increasing data rates and improving robustness in 
a Wireless communication system. The method comprises 
identifying a set of guard tones for Wireless Orthogonal Fre 
quency Division Multiplexing (OFDM) signals, encoding 
data for OFDM transmission, identifying a preferred punc 
ture pattern to puncture the encoded data, puncturing the 
encoded data With the preferred puncture pattern, and trans 
mitting the punctured encoded data, Wherein a portion of the 
punctured encoded data is transmitted on a portion of the set 
of guard tones. 

16 Claims, 15 Drawing Sheets 

r1302 
IDENTIFY A SET OF GUARD TONES FOR WIRELESS 

OFDM SIGNALS 

ENCODE DATA FOR OFDM TRANSMISSION 

r1806 
IDENTIFY A PREFERRED PUNCTURE PATTERN TO 

PUNCTU'RE THE ENCODED DATA 

K1308 
PUNCTURE THE ENCODED DATA WITH THE 

PREFERRED PUNCTURE PATTERN 

r1310 

TRANSMTT THE PUNCTURED ENCODED DATA. 
WHEREIN A PORTION OF THE PUNCTURED 

ENCODED DATA IS TRANSMITTED ON A PORTION 
OF THE SET OF GUARD TONES. 



US 8,548,073 B2 
Page 2 

(56) References Cited speed Physical Layer in the SGHZ Band, Approved Sep. 16, 1999, 
IEEE-SA Standards Board, New York, NY. 

OTHER PUBLICATIONS Taiwan Search RepoItiTWO98lO8483iTIPOiJul. 16, 2012. 

IEEE Std 802.1la-l999, Part 11: Wireless LAN Medium Access 
Control (MAC) and Physical Layer (PHY) speci?cations: High- * Cited by examiner 



US. Patent 0a. 1, 2013 Sheet 1 0115 US 8,548,073 B2 



US. Patent 0a. 1, 2013 Sheet 2 0f 15 US 8,548,073 B2 

GUARD TONE STANDARD DATA AND PILOTS GUARD TONE 

mumvummuv 
FIG. 2 



US. Patent 0a. 1, 2013 Sheet 3 0f 15 US 8,548,073 B2 

(310 

STANDARD DATA 

301 

PILOT TONES TO PHYSICAL 
—> 5 IFFT CHANNEL 

302 

GUARD TONES 

303 

FIG. 3 



US. Patent 0a. 1, 2013 Sheet 4 0f 15 US 8,548,073 B2 

K401 r402 r403 
DATA ENCODER/ INTERLEAVER SIGNAL 

' PUNCTURER —> AND PADDING —> MAPPEMFFT _> 
RATE (a) 

TRANSMITTER 

FIG. 4 



US. Patent 0a. 1, 2013 Sheet 5 0f 15 US 8,548,073 B2 

\Em. 

\Sm. 

mMDPUZDm 
MmQOUZm UUm 

mMDPUZDm 
MmQOUZm UUm 



US. Patent 0a. 1, 2013 Sheet 6 0f 15 US 8,548,073 B2 

punctPattern I 0 

FIG. 6 

punctPattern I 1 

FIG. 7 

punctPattern I 

FIG. 8 



US. Patent 0a. 1, 2013 Sheet 7 0f 15 US 8,548,073 B2 

1 1 
punctPattern I 0 0 

1 0 

FIG. 9 

0 1 1 1 
punctPattern I 1 0 0 0 

0 1 0 0 

FIG. 10 



US. Patent 0a. 1, 2013 Sheet 8 0f 15 US 8,548,073 B2 

1 1 1 1 
punctPattern I 0 

1 1 1 1 1 

FIG. 11 

1 0 0 1 0 0 1 1 
punctPattern I 1 1 0 1 

1 1 0 1 1 0 

FIG. 12 



US. Patent 0a. 1, 2013 Sheet 9 0115 US 8,548,073 B2 

1302\ 

,1_ 1 1 1 1 
punctPattern I 1303211,‘: 0 0 0 0 

1 1 1 1 1 

1304\ 
1 1 1 1 1 

dataPP= 0 0 0 0 0 
1 1 1 1 1 

13()6\4 
IQ 0 0 0 0 

guardPP: 1302111110 0 0 0 
O O O O 0 

FIG. 13 



US. Patent 0a. 1, 2013 Sheet 10 0f 15 US 8,548,073 B2 

] l l 

punctPattern dataPP guardPP 



US. Patent 0a. 1, 2013 Sheet 11 0115 US 8,548,073 B2 

punctPattern I 

O O 1 100 100 
O0 

0 
O 0 1 

0 
1 
0 

1 
O 

100 
0 

dataPP I 

0 0 1 100 100 
00 

100 
O0 

O0 
O0 1 

O 
1 
0 

1 
O 

guardPP I 

10000000000] 0 1 O 0 
0 0 O 0 0 0 0 0 O 0 0 0 0 0 O 
0 0 O 0 0 O 0 0 O 0 0 O 0 0 0 

FIG. 15 



US. Patent 0a. 1, 2013 Sheet 12 0115 US 8,548,073 B2 

punctPattern = 

0 0 0000 0 0 0 0000 

dataPP I 

100 101 100 

guardPP = 

000 000 000 000 000 00 01 
0 

00 
0 

0O 
0 

O0 00 0O 00 
0000 

00 
0 

00 010 000 
FIG. 16 



US. Patent 0a. 1, 2013 Sheet 13 0f 15 US 8,548,073 B2 

1 
O 
O 

1 
O 
O 

1 
O 
1 

1 O 
O O O 1 
1 1 O O 

0 
punctPattern I 1 

0 

O 
1 

1 
000 
1 

O 
1 dataPP I 

O 1 0 000 

100000] 0 0 O 0 0 0 0 0 
guardPP I 0 0 0 0 0 0 0 0 

0 0 

FIG. 17 



US. Patent 0a. 1, 2013 Sheet 14 0f 15 US 8,548,073 B2 

1800 

f 1802 

IDENTIFY A SET OF GUARD TONES FOR WIRELESS 
OFDM SIGNALS 

i f 1804 
ENCODE DATA FOR OFDM TRANSMISSION 

i (1806 
IDENTIFY A PREFERRED PUNCTURE PATTERN TO 

PUNCTURE THE ENCODED DATA 

i (1808 
PUNCTURE THE ENCODED DATA WITH THE 

PREFERRED PUNCTURE PATTERN 

i [1810 
TRANSMIT THE PUNCTURED ENCODED DATA, 
WHEREIN A PORTION OF THE PUNCTURED 

ENCODED DATA IS TRANSMITTED ON A PORTION 
OF THE SET OF GUARD TONES. 

FIG. 18 



US. Patent 0a. 1, 2013 Sheet 15 0f 15 US 8,548,073 B2 

1800A 

[1802A 
A CIRCUIT FOR IDENTIFYING A SET OF GUARD TONES 

FOR WIRELESS OFDM SIGNALS 

l f 1804A 
A CIRCUIT FOR ENCODING DATA FOR OFDM 

TRANSMISSION 

l f 1806A 
A CIRCUIT FOR IDENTIFYING A PREFERRED PUNCTURE 

PATTERN TO PUNCTURE THE ENCODED DATA 

i K1808A 
A CIRCUIT FOR PUNCTURING THE ENCODED DATA 

WITH THE PREFERRED PUNCTURE PATTERN 

l KISIOA 
A CIRCUIT FOR TRANSMITTING THE PUNCTURED 
ENCODED DATA, WHEREIN A PORTION OF THE 

PUNCTURED ENCODED DATA IS TRANSMITTED ON A 
PORTION OF THE SET OF GUARD TONES. 

FIG. 18A 



US 8,548,073 B2 
1 

METHOD, APPARATUS AND SYSTEM FOR 
USING GUARD TONES IN OFDM SYSTEMS 
FOR INCREASING DATA RATES AND 

IMPROVING ROBUSTNESS 

CLAIM OF PRIORITY UNDER 35 U.S.C. §119 

The present Application for Patent claims bene?t of US. 
Provisional PatentApplication Ser. No. 61/036,849 ?led Mar. 
14, 2008, and assigned to the assignee hereof and hereby 
expressly incorporated by reference herein. 

TECHNICAL FIELD 

The present disclosure generally relates to Wireless com 
munications systems, such as a multi-band OFDM (Orthogo 
nal Frequency Division Multiplexing) communication sys 
tem. More speci?cally, the present disclosure relates to a 
method for increasing data rates and system robustness by 
using depunctured bits on guard tones While preserving the 
WiMedia data How on data tones. 

BACKGROUND 

In a conventional serial data system, symbols may be trans 
mitted sequentially, With the frequency spectrum of each data 
symbol alloWed to occupy the entire bandWidth. A parallel 
data transmission system is one in Which several sequential 
streams of data may be transmitted simultaneously. In a par 
allel system, the spectrum of an individual data element may 
only occupy a small part of the available bandWidth. 

In a classic parallel data system, the total signal frequency 
band may be divided into N overlapping frequency subchan 
nels. Each subchannel may be modulated With a separate 
symbol. The subchannels may then be multiplexed. 

Orthogonal signals may be separated at the receiver by 
using correlation techniques, eliminating inter-symbol inter 
ference. This may be achieved by carefully selecting carrier 
spacing so as to let the carrier spacing equal the reciprocal of 
the useful symbol period. Orthogonal Frequency Division 
Multiplexing (OFDM) is a form of multicarrier modulation 
Wherein carrier spacing may be selected so that each subcar 
rier is orthogonal to the other subcarriers. 

This orthogonality may avoid adjacent channel interfer 
ence and may prevent the demodulators from seeing frequen 
cies other than their oWn. The bene?ts of OFDM may be high 
spectral ef?ciency, resiliency to Radio Frequency (RF) inter 
ference, and loWer multi-path distortion. 

In OFDM, the subcarrier pulse used for transmission may 
be chosen to be rectangular. This has the advantage that the 
task of pulse forming and modulation may be performed by 
an Inverse Discrete Fourier Transform (IDFT) Which may be 
implemented very e?iciently as an Inverse Fast Fourier 
Transform (IFFT). Therefore, the receiver may only need a 
FFT to reverse this operation. 

Incoming serial data may ?rst be converted from serial to 
parallel and grouped into x bits each to form a complex 
number. The number x may determine the signal constellation 
of the corresponding subcarrier, such as 16 Quadrature 
Amplitude Modulation. The complex number may be modu 
lated in a baseband fashion by the IFFT and converted back to 
serial data for transmission. A guard symbol may be inserted 
betWeen symbols to avoid inter-symbol interference (ISI) 
caused by multi-path distortion. The discrete symbols may be 
converted to analog and loW-pass ?ltered for radio frequency 
(RF) up-conversion. The receiver then simply performs the 
inverse process of the transmitter. 
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2 
According to the theorems of the Fourier Transform the 

rectangular pulse shape may lead to a sin(x)/x type of spec 
trum of the subcarriers, as illustrated in FIG. 1. The spectrums 
of the subcarriers overlap. The reason Why the information 
transmitted over the carriers may be separated is the orthogo 
nality relation. By using an IFFT for modulation, the spacing 
of the subcarriers may be chosen such that at the frequency 
Where a received signal is evaluated (indicated by letters A-E 
in FIG. 1) all other signals may be Zero. 

In a packet communication system, data that is communi 
cated may ?rst be packetiZed into packets of data, and the data 
packets, once formed, may then be communicated, some 
times at discrete intervals. Once delivered to a receiving sta 
tion, the information content of the data may be ascertained 
by concatenating the information parts of the packets 
together. Packet communication systems generally make e?i 
cient use of communication channels as the communication 
channels need only to be allocated pursuant to a particular 
communication session only for the period during Which the 
data packets are communicated. Packet communication chan 
nels may sometimes be shared communication channels that 
are shared by separate sets of communication stations 
betWeen Which separate communication services are concur 
rently effectuated. 
A structured data format is set forth in the present promul 

gation of the operating speci?cation. The data format of a data 
packet formed in conformity With standards, such as the ultra 
Wideband WiMedia or ECMA-368/369, may include a pre 
amble part and a payload part. Other packet communication 
systems analogously format data into packets that may also 
include a preamble part and a payload part. The payload part 
of the packet may contain the information that is to be com 
municated. That is to say, the payload part may be non 
determinative. Conversely, the preamble part of the data 
packet may not contain the informational content that is to be 
communicated but, rather, may include determinative data 
that is used for other purposes. In particular, the preamble part 
of a WiMedia or ECMA-368/ 369 packet preamble may 
include three parts, a packet sync sequence, a frame sync 
sequence, and a channel estimation sequence. The packet 
sync sequence and frame sync sequence may be of a length of 
tWenty-four OFDM symbols, and the channel estimation 
sequence may be of a length of six OFDM symbols. Collec 
tively, the sequences may be of a time length of 9,375 micro 
seconds. 

Within the WiMedia PHY layer, implementation may use 
OFDM as the underlying modulation technique. At its core, it 
may use 128 unique frequency bins, or “tones,” on Which it 
may modulate information. Of these 128 tones, 6 may be 
NULL tones that carry no information, 12 may be pilot tones 
that contain data used for tracking, 100 may be data tones 
Which carry the packet payload and there may be 10 guard 
tones. 

HoWever, there is an ongoing desire to increase OFDM 
transmission data rates and improving system robustness. 

SUMMARY 

Certain aspects provide a method for increasing data rates 
and improving robustness in a Wireless communication sys 
tem. The method generally includes identifying a set of guard 
tones for Wireless Orthogonal Frequency Division Multiplex 
ing (OFDM) signals, encoding data for OFDM transmission, 
identifying a preferred puncture pattern to puncture the 
encoded data, puncturing the encoded data With the preferred 
puncture pattern, and transmitting the punctured encoded 
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data, wherein a portion of the punctured encoded data is 
transmitted on a portion of the set of guard tones. 

Certain aspects provide a method for Wireless communi 
cations. The method generally includes encoding data for 
Orthogonal Frequency Division Multiplexing (OFDM) trans 
mission using a set of data tones, puncturing the encoded data 
With a puncture pattern to remove a set of bits from the 
encoded data, transmitting the punctured encoded data, 
Wherein a portion of the punctured encoded data is transmit 
ted using at least a portion of a set of guard tones separate 
from the set of data tones. 

Certain aspects provide an apparatus for increasing data 
rates and improving robustness in a Wireless communication 
system. The apparatus generally includes an identi?er for 
identifying a set of guard tones for Wireless Orthogonal Fre 
quency Division Multiplexing (OFDM) signals, an encoder 
for encoding data for OFDM transmission, an identi?er for 
identifying a preferred puncture pattern to puncture the 
encoded data, a device for puncturing the encoded data With 
the preferred puncture pattern, and a transmitter for transmit 
ting the punctured encoded data, Wherein a portion of the 
punctured encoded data is transmitted on a portion of the set 
of guard tones. 

Certain aspects provide an apparatus for Wireless commu 
nications. The apparatus generally includes an encoder for 
encoding data for Orthogonal Frequency Division Multiplex 
ing (OFDM) transmission using a set of data tones, a device 
for puncturing the encoded data With a puncture pattern to 
remove a set of bits from the encoded data, and a transmitter 
for transmitting the punctured encoded data, Wherein a por 
tion of the punctured encoded data is transmitted using at least 
a portion of a set of guard tones separate from the set of data 
tones. 

Certain aspects provide an apparatus for increasing data 
rates and improving robustness in a Wireless communication 
system. The apparatus generally includes means for identify 
ing a set of guard tones for Wireless Orthogonal Frequency 
Division Multiplexing (OFDM) signals, means for encoding 
data for OFDM transmission, means for identifying a pre 
ferred puncture pattern to puncture the encoded data; means 
for puncturing the encoded data With the preferred puncture 
pattern, and means for transmitting the punctured encoded 
data, Wherein a portion of the punctured encoded data is 
transmitted on a portion of the set of guard tones. 

Certain aspects provide an apparatus for Wireless commu 
nications. The apparatus generally includes means for encod 
ing data for Orthogonal Frequency Division Multiplexing 
(OFDM) transmission using a set of data tones, means for 
puncturing the encoded data With a puncture pattern to 
remove a set of bits from the encoded data, and means for 
transmitting the punctured encoded data, Wherein a portion of 
the punctured encoded data is transmitted using at least a 
portion of a set of guard tones separate from the set of data 
tones. 

Certain aspects provide a computer-program product for 
increasing data rates and improving robustness in a Wireless 
communication system. The computer-program product 
includes a computer readable medium encoded With instruc 
tions executable to identify a set of guard tones for Wireless 
Orthogonal Frequency Division Multiplexing (OFDM) sig 
nals, encode data for OFDM transmission, identify a pre 
ferred puncture pattern to puncture the encoded data, punc 
ture the encoded data With the preferred puncture pattern, and 
transmit the punctured encoded data, Wherein a portion of the 
punctured encoded data is transmitted on a portion of the set 
of guard tones. 
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4 
Certain aspects provide a computer-program product for 

Wireless communications. The computer-program product 
includes a computer readable medium encoded With instruc 
tions executable to encode data for Orthogonal Frequency 
Division Multiplexing (OFDM) transmission using a set of 
data tones, puncture the encoded data With a puncture pattern 
to remove a set of bits from the encoded data, and transmit the 
punctured encoded data, Wherein a portion of the punctured 
encoded data is transmitted using at least a portion of a set of 
guard tones separate from the set of data tones. 

Certain aspects provide a Wireless node for increasing data 
rates and improving robustness in a Wireless communication 
system. The Wireless node generally includes at least one 
antenna, an identi?er for identifying a set of guard tones for 
Wireless Orthogonal Frequency Division Multiplexing 
(OFDM) signals, an encoder for encoding data for OFDM 
transmission, an identi?er for identifying a preferred punc 
ture pattern to puncture the encoded data, a device for punc 
turing the encoded data With the preferred puncture pattern, 
and a transmitter for transmitting via the at least one antenna 
the punctured encoded data, Wherein a portion of the punc 
tured encoded data is transmitted on a portion of the set of 
guard tones. 

Certain aspects provide a Wireless node for Wireless com 
munications. The Wireless node generally includes at least 
one antenna, an encoder for encoding data for Orthogonal 
Frequency Division Multiplexing (OFDM) transmission 
using a set of data tones, a device for puncturing the encoded 
data With a puncture pattern to remove a set of bits from the 
encoded data, and a transmitter for transmitting via the at least 
one antenna the punctured encoded data, Wherein a portion of 
the punctured encoded data is transmitted using at least a 
portion of a set of guard tones separate from the set of data 
tones. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The novel features believed characteristic of the disclosure 
are set forth in the appended claims. The disclosure itself, 
hoWever, as Well as a preferred mode of use, further objects 
and advantages thereof, Will best be understood by reference 
to the folloWing detailed description of an illustrative aspect 
When read in conjunction With the accompanying draWings, 
Wherein: 

FIG. 1 illustrates an example OFDM signal; 
FIG. 2 illustrates the relationship betWeen the main and 

side channels in the frequency domain; 
FIG. 3 illustrates an Inverse Fast Fourier Transform (IFFT) 

in accordance With certain aspects of the present disclosure; 
FIG. 4 illustrates a method for transmitting Wireless data; 
FIG. 5 illustrates a block diagram of the transmitter in 

accordance With certain aspects of the present disclosure; 
FIG. 6 illustrates an example puncture pattern (RIl/Z) in 

accordance With certain aspects of the present disclosure; 
FIG. 7 illustrates an example puncture pattern (R:5/ 8) in 

accordance With certain aspects of the present disclosure; 
FIG. 8 illustrates an example puncture pattern (RI3/4) in 

accordance With certain aspects of the present disclosure; 
FIG. 9 illustrates an example puncture pattern (RI2/3) in 

accordance With certain aspects of the present disclosure; 
FIG. 10 illustrates an example puncture pattern (R:4/ 5) in 

accordance With certain aspects of the present disclosure; 
FIG. 11 illustrates an example puncture pattern (Preferred 

R:5/ll) in accordance With certain aspects of the present 
disclosure; 



US 8,548,073 B2 
5 

FIG. 12 illustrates an example puncture pattern (Preferred 
RI8/ll) in accordance With certain aspects of the present 
disclosure; 

FIG. 13 illustrates a quali?ed puncture pattern (quali?ed 
RIS/l l), a data puncture pattern, and a guard tone puncture 
pattern in accordance With certain aspects of the present dis 
closure; 

FIG. 14 illustrates a quali?ed puncture pattern (quali?ed 
R:25/ 44), a data puncture pattern, and a guard tone puncture 
pattern in accordance With certain aspects of the present dis 
closure; 

FIG. 15 illustrates a quali?ed puncture pattern (quali?ed 
RIl 5/ 22), a data puncture pattern, and a guard tone puncture 
pattern in accordance With certain aspects of the present dis 
closure; 

FIG. 16 illustrates a quali?ed puncture pattern (quali?ed 
R:20/ 33), a data puncture pattern, and a guard tone puncture 
pattern in accordance With certain aspects of the present dis 
closure; 

FIG. 17 illustrates a quali?ed puncture pattern (quali?ed 
RI8/l l), a data puncture pattern, and a guard tone puncture 
pattern in accordance With certain aspects of the present dis 
closure. 

FIG. 18 illustrates example operations for using guard 
tones in OFDM systems to increase data rate and improve 
robustness in accordance With certain aspects of the present 
disclosure. 

FIG. 18A illustrates example components capable of per 
forming the operations illustrated in FIG. 18. 

DETAILED DESCRIPTION 

Various aspects of the invention are described more fully 
hereinafter With reference to the accompanying draWings. 
This invention may, hoWever, be embodied in many different 
forms and should not be construed as limited to any speci?c 
structure or function presented throughout this disclosure. 
Rather, these aspects are provided so that this disclosure Will 
be thorough and complete, and Will fully convey the scope of 
the invention to those skilled in the art. Based on the teachings 
herein one skilled in the art should appreciate that the scope of 
the invention is intended to cover any aspect of the invention 
disclosed herein, Whether implemented independently of or 
combined With any other aspect of the invention. For 
example, an apparatus may be implemented or a method may 
be practiced using any number of the aspects set forth herein. 
In addition, the scope of the invention is intended to cover 
such an apparatus or method Which is practiced using other 
structure, functionality, or structure and functionality in addi 
tion to or other than the various aspects of the invention set 
forth herein. It should be understood that any aspect of the 
invention disclosed herein may be embodied by one or more 
elements of a claim. 

FIG. 2 illustrates the relationship betWeen the main and 
side channels in the frequency domain. The guard tones 201, 
202 may modulate data beside the main data and pilot tones 
210 in the frequency domain. In practice, the guard tones may 
be vieWed as a channel to communicate information betWeen 
tWo devices in the netWork Without causing the devices to be 
non-compliant With the standard speci?cations for the data 
tones and pilot tones. 

Guard tones may be bits that are left open by the standard 
for use by developers in customizing their designs. In the 
example illustrated in FIG. 2, the guard tones 201, 202 lie 
completely outside the frequencies occupied by the standard 
data and pilots tones. 
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6 
FIG. 3 illustrates an Inverse Fast Fourier Transform (IFFT) 

in accordance With certain aspects of the present disclosure. 
The main data components that may be fed into the IFFT 310 
are the standard data 301, the pilot tones 302, and guard tones 
303. The standard data 301 may include the information 
contents of the signal. The pilot tones 302 are knoWn tones 
that may be used to inform the receiver as to the phase of the 
signal. Pilot tones may be used for phase offset tracking and 
correction, Wherein the phase of the reference pilot tones may 
be compared With the received tones to estimate and correct 
any phase offset at the receiver, thus correcting any clock 
mismatch betWeen the transmitter and receiver. 
The guard tones 303 may be similar to those de?ned in the 

WiMedia or ECMA-368/369, Which is hereby incorporated 
by reference. There may be 10 guard tones in the standard that 
may be located on either edge of the frequency band. These 
tones may be transmitted upon, but What is modulated on 
them may be a copy of some of the data tones. The present 
disclosure uses these guard tones, or a subset thereof, to 
increase the robustness of Wireless communication. 

FIG. 4 illustrates a method for transmitting Wireless data. 
Data may be fed into the Encoder/puncturer 401 at code rate 
a. The code rate may be expressed as a ratio of the number of 
bits k input into the encoder to the number of channel symbols 
n output by the encoder in a given encoder cycle. 

Punctured codes may be a common Way of achieving 
higher code rates (i.e., larger ratios of k to n). Punctured codes 
may be created by ?rst encoding data using a rate l/n encoder 
and then deleting some of the channel symbols at the output of 
the encoder. This process of deleting channel output symbols 
is called puncturing. 

For example, to create a rate 3/4 code from a rate l/2 code, 
one may delete channel symbols in accordance With the fol 
loWing puncturing pattern: 

[101] P: 
110 

Where a ‘ l ’ indicates that a channel symbol is transmitted, 
and a ‘0’ indicates that a channel symbol is deleted. To see 
hoW this makes the rate 3/4, think of each column as corre 
sponding to a bit input into the encoder, and each ‘1’ in the 
table as corresponding to an output channel symbol. There are 
three columns in the table, and four ‘ l ’s. 
The punctured code may be fed into the interleaver 402 and 

pad bits may be added if necessary. From there, the code may 
be mapped to a physical transmission signal by the mapper 
403. 

For certain aspects of the present disclosure, the depunc 
tured bits may be used on the guard tones While preserving the 
WiMedia data How on the data tones as discussed beloW 
herein. 

FIG. 18 illustrates example operations for using guard 
tones in OFDM systems to increase the data rate and improve 
robustness in accordance With certain aspects of the present 
disclosure. At 1802, the transmitter may identify a set of 
guard tones for Wireless OFDM signals. At 1804, the trans 
mitter may encode the data for OFDM transmission. At 1806, 
the transmitter may identify a preferred puncture pattern to 
puncture the encoded data. At 1808, the transmitter may 
puncture the encoded data With the preferred puncture pat 
tern. At 1810, the transmitter may transmit the punctured 
encoded data, Wherein a portion of the punctured encoded 
data may be transmitted on a portion of the set of guard tones. 












