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ponds to a first bandwidth, while the OFDM symbol includes a number of
data tones corresponding to a second bandwidth. The coded bits are
mapped to a plurality constellation symbols. The constellation symbols are
mapped to a first plurality of data subcarriers corresponding to a first por-
tion of the OFDM symbol and to a second plurality of data subcarriers cor-
responding to a second portion of the OFDM symbol. A subset of data sub-
carriers in the first plurality of data subcarriers and in the second plurality
of data subcarriers are set to one or more predetermined values. The
OFDM symbol is then generated to include at least the first plurality of
data subcarriers and the second plurality of data subcarriers.
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ORTHOGONAL FREQUENCY DIVISION MULTIPLEXING (OFDM) SYMBOL
FORMATS FOR A WIRELESS LOCAL AREA NETWORK (WLAN)

Cross-References to Related Applications

[0001] The present application is a continuation-in-part of U.S. Patent Application No.
13/174,186, entitled “Modulation of Signal Field in a WLAN Frame Header,” filed on
June 30, 2011, which claims the benefit of U.S. Provisional Application No. 61/360,828,
entitled “VHTSIGB Modulation,” filed on July 1, 2010, the entire disclosures of which
are hereby incorporated by reference herein. The present application also claims the
benefit of U.S. Provisional Application No. 61/703,593, entitled “VHTSIGB
Modulation,” filed on September 20, 2012, the entire disclosure of which is hereby

incorporated by reference herein.

Field of the Disclosure

[0002] The present disclosure relates generally to communication networks and, more

particularly, to communicating device capabilities between devices in a wireless network.

Background

[0003] The background description provided herein is for the purpose of generally
presenting the context of the disclosure. Work of the presently named inventors, to the
extent it 1s described in this background section, as well as aspects of the description that
may not otherwise qualify as prior art at the time of filing, are neither expressly nor

impliedly admitted as prior art against the present disclosure.

[0004] Development of wireless local area network (WLAN) standards such as the
Institute for Electrical and Electronics Engineers (IEEE) 802.11a, 802.11b, 802.11g, and
802.11n Standards, has improved single-user peak data throughput. For example, the
IEEE 802.11b Standard specifies a single-user peak throughput of 11 megabits per
second (Mbps), the IEEE 802.11a and 802.11g Standards specify a single-user peak
throughput of 54 Mbps, and the IEEE 802.11n Standard specifies a single-user peak
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throughput of 600 Mbps. Work has begun on a new standard, IEEE 802.11ac, that

promises to provide even greater throughput.

Summary

[0005] According to a first embodiment, a method of generating an orthogonal
frequency division multiplexing (OFDM) symbol of a data unit to be transmitted via a
communication channel includes encoding a plurality of information bits to generate a
plurality of coded bits to be included in the OFDM symbol, wherein the plurality of
information bits corresponds to a first bandwidth, and wherein the OFDM symbol
includes a number of data tones corresponding to a second bandwidth, the second
bandwidth larger than the first bandwidth. The method also includes mapping the
plurality of coded bits to a plurality constellation symbols and mapping the plurality of
constellation symbols to a first plurality of data subcarriers corresponding to a first
portion of the OFDM symbol. The method further includes setting a subset of data
subcarriers in the first plurality of data subcarriers to one or more predetermined values.
The method further still includes mapping the plurality of constellation symbols to a
second plurality of data subcarriers corresponding to a second portion of the OFDM
symbol, and setting a subset of data subcarriers in the second plurality of data subcarriers
to one or more predetermined values. The method additionally includes generating the
OFDM symbol to include at least the first plurality of data subcarriers and the second

plurality of data subcarriers.

[0006] In another embodiment, an apparatus comprises a network interface configured
to encode a plurality of information bits to generate a plurality of coded bits to be
included in an OFDM symbol, wherein the plurality of information bits corresponds to a
first bandwidth, and wherein the OFDM symbol includes a number of data tones
corresponding to a second bandwidth, the second bandwidth larger than the first
bandwidth. The network interface is also configured to map the plurality of coded bits to

a plurality constellation symbols, and map the plurality of constellation symbols to a first

_2-
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plurality of data subcarriers corresponding to a first portion of the OFDM symbol. The
network interface is also configured to set a subset of data subcarriers in the first plurality
of data subcarriers to one or more predetermined values. The network interface is further
still configured to map the plurality of constellation symbols to a second plurality of data
subcarriers corresponding to a second portion of the OFDM symbol, and set a subset of
data subcarriers in the second plurality of data subcarriers to one or more predetermined
values. The network interface is additionally configured to generate the OFDM symbol
to include at least the data subcarriers corresponding to the first potion and the data

subcarriers corresponding to the second portion.

Brief Description of the Drawings

[0007] Fig. 1is a block diagram of an example embodiment of a wireless local area
network (WLAN) that utilizes various signal field modulation and mapping techniques

described herein.
[0008] Fig. 2 is a diagram of an example data unit format, according to an embodiment.

[0009] Fig. 3 is a block diagram of an example PHY processing unit, according to an

embodiment.

[0010] Fig. 4 is a diagram of an example OFDM symbol for 40 MHz communication
channel that the PHY processing unit of Fig. 3 is configured to generate, according to an

embodiment.

[0011] Fig. S is a diagram of another example OFDM symbol for 40 MHz
communication channel that the PHY processing unit of Fig. 3 is configured to generate,

according to another embodiment.

[0012] Fig. 6 is a diagram of an example OFDM symbol for 80 MHz communication
channel that the PHY processing unit of Fig. 3 is configured to generate, according to an

embodiment.
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[0013] Fig. 7 is a diagram of another example OFDM symbol for 80 MHz
communication channel that the PHY processing unit of Fig. 3 is configured to generate,

according to another embodiment.

[0014] Fig. 8 is a flow diagram of an example method for generating and transmitting a
PHY data unit having a signal field, such as a VHT-SIGB or another suitable field,

according to an embodiment.

[0015] Fig. 9 is a flow diagram of another example method for generating and
transmitting a PHY data unit having a signal field, such as a VHT-SIGB or another

suitable field, according to another embodiment.

[0016] Fig. 10 1s a flow diagram of an example method for generating and transmitting
a multi-user PHY data unit having a signal field, such as a VHT-SIGB or another suitable

field, according to an embodiment.

[0017] Fig. 11 is a flow diagram of an example method for generating an OFDM

symbol, according to an embodiment.

Detailed Description

[0018] In embodiments described below, a wireless network device such as an access
point (AP) of a wireless local area network (WLAN) transmits data streams to one or
more client stations. In an embodiment, the AP is configured to operate with client
stations according to a first communication protocol (e.g., the IEEE 802.11ac Standard).
Additionally, a different client station in the vicinity of the AP is configured to operate
according to a second communication protocol (e.g., the IEEE 802.11n Standard, the
IEEE 802.11a Standard, the IEEE 802.11g Standard, etc.), in an embodiment. The first
communication protocol and the second communication protocol define operation in a
frequency ranges above 1GHz, and are generally used for applications requiring
relatively short range wireless communication with relatively low data rates. The first

communication protocol is referred to herein as a very high throughput (VHT) protocol,

_4-
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and the second communication protocol is referred to herein as a legacy protocol. In
some embodiments, the AP is additionally or alternatively configured to operate with
client stations according to a third communication protocol. The third communication
protocol defines operation in a sub 1GHz frequency ranges and is typically used for
applications requiring relatively long range wireless communication with relatively low
data rates. The first communication protocol and the second communication protocol are
collectively referred to herein as “short range” communication protocols, and the third

communication protocol is referred herein as a “long range” communication protocol.

[0019] In an embodiment, each one of communication protocols (e.g., short range
protocols, long range protocols) defines multiple transmission channel bandwidths. In
some embodiments, a data unit transmitted or received by the AP includes a preamble
comprising a legacy portion corresponding to a bandwidth defined in a legacy protocol
(e.g., 20MHz bandwidth defined in the 802.11a protocol) and a VHT portion
corresponding to the same or a different channel bandwidth defined in the VHT protocol
(e.g., 80MHz bandwidth defined in the VHT protocol). According to an embodiment, the
preamble of a data unit includes a plurality of signal fields that carry information required
at the receiver to properly identify and decode the data unit. In some embodiments, for
example, two signal fields are included in the preamble, a first signal field included in a
legacy portion of the preamble and modulated in a manner similar to the legacy portion
of the data unit, and a second signal field included in a VHT portion of the preamble and
modulated in a manner similar to the VHT data portion of the data unit. In one such
embodiment, the second signal field is modulated similar to the VHT data portion of the
data unit but using a lower coding rate and a smaller constellation size than the VHT data
portion. Further, in some embodiments, bit allocation for the second signal field is the
same regardless of the specific channel bandwidth that the data unit occupies. For
example, in an embodiment, bit allocation is specified for the smallest possible
bandwidth defined by the VHT protocol (e.g., 20MHz bandwidth, 40MHz, etc.) and bit

insertion and/or duplication is utilized to transmit the second signal field in a higher VHT
-5-
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bandwidth. Further, in an embodiment, a VHT data portion of a data unit includes
multiple spatial data streams directed to a single user (SU) or multiple users (MU), while
the second signal field is limited to a single data stream. In these embodiments, the
single stream of the second signal field is mapped in some manner to the multiple space

streams and/or multiple users corresponding to the data portion of the data unit.

[0020] Fig. 11s a block diagram of an example embodiment of a wireless local area
network (WLAN) 10 that utilizes various signal field modulation and mapping
techniques described herein. An AP 14 includes a host processor 15 coupled to a
network interface 16. The network interface 16 includes a medium access control (MAC)
processing unit 18 and a physical layer (PHY) processing unit 20. The PHY processing
unit 20 includes a plurality of transceivers 21, and the transceivers are coupled to a
plurality of antennas 24. Although three transceivers 21 and three antennas 24 are
illustrated in Fig. 1, the AP 14 can include different numbers (e.g., 1, 2, 4, 5, etc.) of
transceivers 21 and antennas 24 in other embodiments. In one embodiment, the MAC
processing unit 18 and the PHY processing unit 20 are configured to operate according to
a first communication protocol (e.g., the IEEE 802.11ac Standard, now in the process of
being standardized). The first communication protocol is also referred to herein as a very
high throughput (VHT) protocol. In another embodiment, the MAC processing unit 18
and the PHY processing unit 20 are also configured to operate according to at least a
second communication protocol (e.g., the IEEE 802.11n Standard, the IEEE 802.11a
Standard, etc.). In yet another embodiment, the MAC processing unit 18 and the PHY
processing unit 20 are additionally or alternatively configured to operate according to a
long range communication protocol (e.g., the IEEE 802.11ah Standard, the IEEE
802.11af Standard, etc.).

[0021] The WLAN 10 includes a plurality of client stations 25. Although four client
stations 25 are illustrated in Fig. 1, the WLAN 10 can include difterent numbers (e.g., 1,

2,3, 5,6, etc.) of client stations 25 in various scenarios and embodiments. At least one of

-6 -
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the client stations 25 (e.g., client station 25-1) is configured to operate at least according

to the first communication protocol.

[0022] The client station 25-1 includes a host processor 26 coupled to a network
interface 27. The network interface 27 includes a MAC processing unit 28 and a PHY
processing unit 29. The PHY processing unit 29 includes a plurality of transceivers 30,
and the transceivers 30 are coupled to a plurality of antennas 34. Although three
transceivers 30 and three antennas 34 are illustrated in Fig. 1, the client station 25-1 can
include different numbers (e.g., 1, 2, 4, 5, etc.) of transceivers 30 and antennas 34 in other

embodiments.

[0023] In an embodiment, one or all of the client stations 25-2, 25-3 and 25-4, have a
structure the same as or similar to the client station 25-1. In these embodiments, the
client stations 25 structured the same as or similar to the client station 25-1 have the same
or a different number of transceivers and antennas. For example, the client station 25-2

has only two transceivers and two antennas, according to an embodiment.

[0024] In various embodiments, the PHY processing unit 20 of the AP 14 is configured
to generate data units conforming to the first communication protocol. The transceiver(s)
21 is/are configured to transmit the generated data units via the antenna(s) 24. Similarly,
the transceiver(s) 24 is/are configured to receive the data units via the antenna(s) 24. The
PHY processing unit 20 of the AP 14 is configured to process received data units

conforming to the first communication protocol, according to an embodiment.

[0025] In various embodiments, the PHY processing unit 29 of the client device 25-1 is
configured to generate data units conforming to the first communication protocol. The
transceiver(s) 30 is/are configured to transmit the generated data units via the antennag(s)
34. Similarly, the transceiver(s) 30 is/are configured to receive data units via the
antenna(s) 34. The PHY processing unit 29 of the client device 25-1 is configured to
process received data units conforming to the first communication protocol, according to
an embodiment.

-7 -
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[0026] Fig. 2 is a diagram of a data unit 250 that the AP 14 is configured to transmit to
the client station 25-1, according to an embodiment. In an embodiment, the client station
25-1 1s also configured to transmit the data unit 250 to the AP 14. The data unit 250
conforms to the VHT protocol and occupies an 80 MHz band. In other embodiments,
data units similar to the data unit 250 occupy different bandwidths such as 20 MHz, 40
MHz, 120 MHz, 160 MHz, or any suitable bandwidth. Additionally, the band need not
be contiguous in frequency, but may include two or more smaller bands separated in
frequency. For example, according to an embodiment, the data unit 250 occupies a 160
MHz band composed of two non-contiguous 80MHz bands separated in frequency by
some suitable minimum bandwidth, in some scenarios such as when conditions and
devices support a 160 MHz channel. The data unit 250 includes a preamble having four
legacy short training fields (L-STFs) 252, four legacy long training fields (L-LTFs) 254,
tour legacy signal fields (L-SIGs) 256, four first very high throughput signal fields
(VHT-SIGAs) 258 a very high throughput short training field (VHT-STF) 262, N very
high throughput long training tields (VHT-LTFs) 264, where N is an integer, and a
second very high throughput signal field (VHT-SIGB) 268. The data unit 250 also
includes a data portion 272. The L-STFs 252, the L-LTFs 254, and the L-SIGs 256 form
a legacy portion. The VHT-STF 262, the VHT-SIGAs 258, the VHT-LTFs 264, the
VHT-SIGB 268, and the data portion 266 form a very high throughput (VHT) portion.

[0027] In the embodiment of Fig. 2, each of the L-STFs 252, each of the L-LTFs 254,
each of the L-SIGs 256, and each of the VHT-SIGAs 258, occupy a 20 MHz band. In the
present disclosure, several example data units, including the data unit 250, having an 80
MHz contiguous bandwidth are described for the purposes of illustrating embodiments of
frame formats, but these frame format embodiments and other embodiments are
applicable to other suitable bandwidths (including noncontiguous bandwidths). For
instance, although the preamble of Fig. 2 includes four of each of the L-STFs 252, the L-
LTFs 254, the L-SIGs 256, and the VHT-SIGAs 258, in other embodiments in which the

orthogonal frequency division multiplex (OFDM) data unit occupies a cumulative
-8 -
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bandwidth other than 80 MHz, such as 20 MHz, 40 MHz, 120 MHz, 160 MHz, etc., a
different suitable number of the L-STFs 252, the L-LTFs 254, the L-SIGs 256, and the
VHT-SIGAs 258 is utilized accordingly (e.g., one of each of the L-STFs 252, the L-LTFs
254, the L-SIGs 256, and the VHT-SIGAs 258, for an OFDM data unit occupying 20
MHz, two of each of the fields for a 40 MHz bandwidth OFDM data unit, six of each of
the fields for a 120 MHz bandwidth OFDM data unit, and eight of each of the fields for a
160 MHz bandwidth OFDM data unit). Also in a 160 MHz bandwidth OFDM data unit,
for example, the band is not contiguous in frequency, in some embodiments and
situations. Thus, for example, the L-STFs 252, the L-LTFs 254, the L-SIGs 256, and the
VHT-SIGAs 258 occupy two or more bands that are separated from each other in
frequency, and adjacent bands are separated in frequency by at least one MHz, at least
five MHz, at least 10 MHz, at least 20 MHz, for example, in some embodiments. In the
embodiment of Fig. 2, each of the VHT-STF 262, the VHT-LTFs 264, the VHT-SIGB
268, and the data portion 266 occupy an 80 MHz band. If the data unit conforming to the
first communication protocol is an OFDM data unit that occupies a cumulative bandwidth
such as 20 MHz, 40 MHz, 120 MHz, or 160 MHz OFDM, the VHT-STF, VHT-LTFs,
VHT-SIGB and VHT data portion occupy the corresponding whole bandwidth of the data

unit, according to an embodiment.

[0028] Further, according to the embodiment of Fig. 2 in which the device generating
the data unit 250 includes multiple antennas and is capable of transmit beamforming or
beamsteering, the VHT-SIGA 258 is included within an unsteered (or “omnidirectional”
or “pseudo-omnidirectional”’; the terms “unsteered” and “omnidirectional” as used herein
are intended to also encompass the term “pseudo-omnidirectional”) portion of the data
unit 250 and contains PHY information that is common to each of the client stations 25 in
Fig. 1. On the other hand, the VHT-SIGB 268 is contained in a “steered” portion. In an
embodiment in which the data unit 250 is a multi-user transmission (e.g., the data unit
250 includes independent data streams for corresponding different receive devices), the

steered portion includes different data for different clients 25 that are simultaneously
-9-
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transmitted, via the antennas 24 in Fig. 1, over different spatial channels to carry different
(or “user-specific”’) content to each of the client stations 25. Accordingly, in these
embodiments the VHT-SIGAs 258 carry information common to all users, while the
VHT-SIGB 268 includes user-specitic information. On the other hand, in an embodiment
in which the data unit 250 is a single-user transmission, the steered portion includes data
for a particular client 25 that are transmitted and beamsteered, via the antennas 24, to the

client station 25.

[0029] According to an embodiment, each the VHT-SIGAs 258 comprises two OFDM
symbols that are modulated in a manner similar to the legacy L-SIG fields 256. On the
other hand, the VHT-SIGB field 268 comprises a single OFDM symbol that is modulated
in a manner similar to the VHT data portion 272, according to some embodiments and/or

scenarios described below.

[0030] Fig. 3 is a block diagram of an example PHY processing unit 300 configured to
generate an OFDM symbol, according to an embodiment. For example, in an
embodiment and/or scenario, the PHY processing unit 300 generates an OFDM symbol
corresponding to the VHT-SIGB 268 of the data unit 250 (Fig. 2). In another
embodiment and/or scenario, the PHY processing unit 300 generates an OFDM symbol
corresponding to the data portion 272 of the data unit 250. In other embodiments and/or
scenarios, the PHY processing unit 300 generates an OFDM symbol corresponding to
another portion of the data unit 250, or an OFDM symbol to be included in another
suitable data unit, in other embodiments and/or scenarios. Referring to Fig. 1, the AP 14
and the client station 25-1, in one embodiment, each include a PHY processing unit such

as the PHY processing unit 300.

[0031] According to an embodiment, the PHY unit 300 includes a forward error
correction (FEC) encoder 302 that generally encodes an input data stream to generate a
corresponding encoded stream. In one embodiment, the FEC encoder utilizes binary

convolutional coding (BCC) with the coding rate of 1/2. In other embodiments, the FEC

-10 -
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encoder utilizes other suitable coding types and/or other suitable coding rates. The FEC
encoder 302 is coupled to a frequency interleaver 304 that interleaves bits of an encoded
stream (i.e., changes the order of the bits) to prevent long sequences of adjacent noisy bits

from entering a decoder at the receiver.

[0032] A constellation mapper 306 maps an interleaved sequence of bits to
constellation points corresponding to different subcarriers of an OFDM symbol. More
specifically, the constellation mapper 306 translates every logy(M) into one of M
constellation points. In one embodiment, the constellation mapper 306 operates
according to a binary phase shift keying (BPSK) modulation scheme. In other
embodiments, other suitable modulation schemes are utilized. The constellation mapper
306 is coupled to a tone duplication and insertion unit 308 that implements various
duplication and insertion techniques described below in various embodiments and/or

scenarios.

[0033] The output of the tone duplication and insertion unit 308 is presented to a stream
mapper unit 312, according to an embodiment. In an embodiment, the stream mapper
312 spreads the constellation points to a greater number of space-time streams. A pilot
generator unit 310 generates pilot tones to be used, for example, for frequency offset
estimation at the receiver, and insets the pilot tones into the symbol OFDM tones at the
space-time outputs of the stream mapper 312. A plurality of cyclic shift diversity (CSD)
units 314 insert cyclic shifts into all but one of the space-time streams to prevent

unintentional beamforming.

[0034] A spatial mapping unit 316 maps the space-time streams to transmit chains
corresponding to one or more available transmit antennas. In various embodiments,
spatial mapping includes one or more of: 1) direct mapping, in which constellation
points from each space-time stream are mapped directly onto transmit chains (i.e., one-to-
one mapping); 2) spatial expansion, in which vectors of constellation point from all

space-time streams are expanded via matrix multiplication to produce inputs to the
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transmit chains; and 3) beamforming, in which each vector of constellation points from
all of the space-time streams is multiplied by a matrix of steering vectors to produce

inputs to the transmit chains.

[0035] In one embodiment, the spatial mapping unit 316 applies a steering matrix Q
(e.g., multiplies an Ngrg x 1 signal vector s by Q, i.e., Qs), where Q has a size of (Nx x
Nsrs), where Ny is the number of transmit chains and Ngrg is the number of space-time
streams. When beamforming is utilized, the matrix Q is generated based on the multiple
input multiple output (MIMO) channel between the transmitter and the receiver. In one
embodiment, Ntx has a maximum value of 8. In another embodiment, Ntx has a
maximum value of 16. In other embodiments, Ntx has a different maximum value such

as 4, 32, 64, etc.

[0036] Each output of the spatial mapping unit 316 corresponds to a transmit chain, and
each output of the spatial mapping unit 316 is operated on by an inverse discrete Fourier
transtform (IDFT) unit 318 that converts a block of constellation points to a time-domain
signal. In an embodiment, the IDFT unit 318 is configured to implement an inverse fast
Fourier transform (IFFT) algorithm. Each time-domain signal is provided to a transmit

antenna for transmission.

[0037] The number of sub-carriers (or tones) in an OFDM symbol generally depends on
the bandwidth (BW) of the channel being utilized, according to an embodiment. For
example, an OFDM symbol for a 20 MHz channel corresponds to a size 64 IDFT and
includes 64 tones, whereas an OFDM symbol for a 40 MHz channel corresponds to a size
128 IDFT and includes 128 tones, according to an embodiment. In an embodiment, the
tones in an OFDM symbol include guard tones for filter ramp up and ramp down, DC
tones for mitigating radio frequency interference, and pilot tones for frequency offset
estimation. The remaining tones can be used to transmit data or information bits (“data
tones”), according to an embodiment. General transmitter flow of an example PHY

processing unit configured to generate data units conforming to the first communication
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protocol as well as various example transmission channels and tone mappings that are
utilized in the data units corresponding to some embodiments of the present disclosure
are described in U.S. Patent Application No. 12/846,681, entitled “Methods and
Apparatus for WLAN Transmission”, filed on July 29, 2010, which is hereby

incorporated by reference herein 1in its entirety.

[0038] In an embodiment, tone and/or bit allocation for an OFDM symbol in a data unit
1s the same regardless of the channel bandwidth occupied by the data unit. For example,
OFDM symbols are generated according to a format defined for a “base” bandwidth, such
as the smallest channel bandwidth defined by the communication protocol, and tone
duplications and insertion techniques described herein are used to generate OFDM
symbols corresponding to wider channel bandwidths. For example, a 20MHz channel
bandwidth is used as the base bandwidth, in an embodiment. In this embodiment, OFDM
symbols are generated according to tone and/or bit allocation defined for a 20MHz
channel bandwidth, and tone duplication and insertions techniques described herein are
utilized to generate OFDM symbols corresponding to higher bandwidth channels, such as
a 40MHz channel, an 80MHz channel, etc. In another embodiments, a 40 MHZ
bandwidth is used as the base bandwidth, and higher bandwidth OFDM symbols are
generated using tone duplication and insertion techniques described herein. In other

embodiments, other suitable base bandwidths are utilized.

[0039] Generally speaking, any suitable bandwidth corresponding to an IDFT of size N
can be utilized as a base bandwidth, and tone duplication and insertion techniques
described herein can be used to generate an OFDM symbol corresponding to an IDFT of
larger size, such as a kN—point IDFT, based on tone and/or bit allocation defined for the
N-point IDFT, where N and £ are integers, in various embodiments and/or scenarios. It
should be noted that while tone duplication and insertion techniques are described below
as generally performed to generate a wider bandwidth signal tield based on tone and/or

bit allocation defined for a lower bandwidth signal field, such techniques are not limited
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to OFDM symbols corresponding to signal fields and are applied to OFDM symbols
corresponding to other field (e.g., training fields, data field) of an OFDM data unit, in

other embodiments.

[0040] As an example, referring again to Fig. 2, the bit allocation for the VHT-SIGB
field 268 of the data unit 250 is the same regardless of the channel bandwidth occupied
by the particular data unit being generated, according to an embodiment. Also, in some
embodiments, the same number of guard tones, DC tones, and pilot tones are used in an
OFDM symbol generated for the VHT-SIGB 268 as in a symbol generated for the data
portion of the data unit 250.In one such embodiment, the guard tones, the DC tones, and
the pilot tones are the same frequency tones within an OFDM symbol generated for the

VHT-SIGB field 268 as in an OFDM symbol generated for the data portion 272.-

[0041] In an embodiment, VHT-SIGB field 268 bit allocation corresponds to a 20MHz
OFDM symbol with the corresponding number of data tones, and the same bit allocation
1s utilized for data units corresponding to larger bandwidths (e.g., 40MHz, 80MHz, etc.).
In one such embodiment, 26 bits are allocated for the VHT-SIGB field, with 20 bits
allocated for information bits and 6 bits allocated for tail bits, for example. In an
embodiment in which VHT-SIGB field 268 is encoded with a BCC encoder at 1/2 coding
rate, the 26 bits are encoded into 52 data bits corresponding to the 52 data tones available
for a 20MHz channel. In other embodiments, other suitable bit allocations and other
suitable coding and modulation schemes are used for the VHT-SIGB field 268. In
various embodiments and/or scenarios in which the same number of bits is allocated for
larger bandwidth channels with a corresponding larger number of data tones, tone
duplication and insertion techniques described herein are utilized to fill the remaining

available data tones.

[0042] Fig. 4 is a diagram of an OFDM symbol 400 generated for a VHT-SIGB field
(such as VHT-SIGB field 268 of Fig. 2) of a data unit for a 40 MHz channel, according to
an embodiment. The OFDM symbol 400 corresponds to a size 128 IDFT and includes
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128 tones. The 128 tone slots are indexed from —64 to +63, in an embodiment. The 128
tones include guard tones, a direct current (DC) tones, data tones, and pilot tones. The

six lowest frequency tones and the five highest frequency tones are guard tones. The
three tones indexed from —1 to +1 are DC tones. The OFDM symbol 400 also includes 6
pilot tones and 108 data tones, according to an embodiment. As illustrated in Fig. 4, the
108 data tones include 52 tones corresponding to the VHT-SIGB bits with 2 inserted
tones, and the resulting 54 tones are duplicated once in order to fill the remaining tones of
the OFDM symbol. In the OFDM symbol 400, the two inserted tones occupy the lowest
data/pilot frequency tone slots in the lower channel sideband and the two lowest

data/pilot frequency tone slots in the upper channel sideband.

[0043] Fig. S is a diagram of another example OFDM symbol 500 generated for a
VHT-SIGB field (such as VHT-SIGB field 268 of Fig. 2) of a data unit for a 40 MHz
channel, according to another embodiment. The OFDM symbol 500 1s similar to the
OFDM symbol 400 except that the insertion tones in the OFDM symbol 500 occupy the
two lowest data/pilot frequency tone slots in the lower channel sideband and the two

highest data/pilot frequency tone slots in the upper channel sideband.

[0044] In other embodiments, the two insertion tones occupy any other suitable

data/pilot frequency tone slots in the OFDM symbol 400 or the OFDM symbol 500.

[0045] Fig. 6 is a diagram of an OFDM symbol 600 generated for a VHT-SIGB field
(such as VHT-SIGB field 268 of Fig. 2) of a data unit for an 80 MHz channel, according
to an embodiment. The OFDM symbol 600 corresponds to a size 256 IDFT and includes
256 tones. The 256 tone slots are indexed from -128 to +127, in an embodiment. The
256 tones include guard tones, DC tones, data tones, and pilot tones. The six lowest
frequency tones and the five highest frequency tones are guard tones. The three tones
indexed from -1 to +1 are DC tones. The OFDM symbol 350 also includes 8 pilot tones
and 234 data tones. The 234 data tones include 52 tones corresponding to the VHT-SIGB
information bits, 52 tones that are duplicates of the VHT-SIGB information bits and 13
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inserted tones, and the resulting 117 tones duplicated once. In the OFDM symbol 600,
the thirteen inserted tones occupy the lowest frequency pilot/data tone slots in the lower
channel sideband and the lowest frequency pilot/data tone slots in the upper channel

sideband.

[0046] Fig. 7 is a diagram of another OFDM symbol 700 (such as VHT-SIGB field 268
of Fig. 2) generated for a VHT-SIGB field of a data unit for an 80 MHz channel,
according to another embodiment. The OFDM symbol 700 is similar to the OFDM
symbol 600 except that the insertion tones in the OFDM symbol 700 occupy the thirteen
lowest frequency data/pilot tone slots in the lower channel sideband and the highest

frequency data/pilot tone slots in the upper channel sideband.

[0047] In other embodiments, the thirteen insertion tones occupy other suitable

data/pilot tone slots in the OFDM symbol 600 or the OFDM symbol 700.

[0048] According to an embodiment or a situation, the insertion tones in symbol 400,
the insertion tones in the symbol 500, the insertion tones in the symbol 600, and/or the
insertion tones in the symbol 700 carry values of some of the VHT-SIGB information bits
and/or VHT-SIGA information bits. Similarly, in some other embodiments and/or
situations, the insertion tones in symbol 400, the insertion tones in the symbol 500, the
insertion tones in the symbol 600, and/or the insertion tones in the symbol 700 carry
values of some of the LSIG information bits. Alternatively, in other embodiments and/or
situations, the insertion tones in symbol 400, the insertion tones in the symbol 500, the
insertion tones in the symbol 600, and/or the insertion tones in the symbol 700 are null
(0) tones. These embodiments have an advantage of using no extra transmit power for
transmitting the insertion tones (i.e., all of the transmit power is used for the VHT-SIGB
information and tail bits). In other embodiment and/or scenarios, the insertion tones in
symbol 400, the insertion tones in the symbol 500, the insertion tones in the symbol 600,

the insertion tones in the symbol 700 tones are modulated with any other suitable values.
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[0049] In other embodiments and/or scenarios, the insertion tones in symbol 400, the
insertion tones in the symbol 500, the insertion tones in the symbol 600, and/or the

insertion tones in the symbol 700 are modulated with any other suitable values.

[0050] In an embodiment, the client station 25-1in Fig. 1 discards the inserted tones in a
VHT-SIGB field of a received data unit during the decoding and demodulation process.
Alternatively, if the inserted tones are of values corresponding to some information bits
of a signal field (e.g., VHT-SIGA, VHT-SIGB, L-SIG), the receiver utilizes the extra
diversity provided thereby during the decoding and demodulating process rather than

simply discarding the inserted tones, according to an embodiment.

[0051] Insome embodiments, an 80MHz signal field is generated using tone and/or bit
allocation for a 40MHz bandwidth as the base bandwidth. For example, an SOMHz
VHT-SIGB field is generated using tone and/or bit allocation defined for a 40MHz VHT-
SIGB field, using tone duplication and insertion techniques described herein to fill the
remaining data tones in the S0MHz VHT-SIGB field, in an embodiment. Similarly, a
160MHZ signal field is generated using tone and/or bit allocation for an 80MHz signal
field, using tone duplication and insertion techniques described herein to fill the
remaining data tones of the 160MHz field, in an embodiment. In another embodiment, a
160MHz MHz field is generated using tone and/or bit allocation for a 40MHz bandwidth
signal field, using tone insertion and duplication techniques described herein. Generally
speaking, a base bandwidths B is utilized to generate an OFDM symbol for a mB
bandwidth communication channel, where m 1s an integer, in various embodiments

and/or scenarios.

[0052] In an embodiment, a field corresponding to a 20MHz or another suitable
bandwidth is utilized to generate a larger base bandwidth, such as a 40MHz base
bandwidth. For example, one or more uncoded bits are inserted into a bit stream
corresponding to a 20MHz bandwidth channel or another suitable bandwidth channel

such that, after encoding, the encoded bit stream corresponds to a larger bandwidth, such

_17 -



WO 2014/047444 PCT/US2013/060929

as a 40MHz bandwidth. Then, tone duplication and insertion techniques are applied to
the base bandwidth to generate OFDM symbols for higher bandwidth channels. For
example, referring to Fig. 3, duplication of uncoded information bits is utilized and, if
needed, one or more additional bits are added to the uncoded information bit stream (e.g.,
before duplication of the bits or after duplication of the bits occurs) prior to providing the
bit stream to the encoder 302, such that, after being encoded by the encoder 302, the
resulting bit stream (coded bits) corresponds to a wider base bandwidth, such as a 40MHz
base bandwidth. In this embodiment, the coded bits are then provided to the constellation
mapping unit 306, which maps the coded bits to constellation points corresponding to
OFDM tones of the base bandwidth, such as a 40MHz bandwidth. Then, tone duplication
and insertion unit 308 duplicates the resulting OFDM tones and/or inserts additional
OFDM tones to generate a wider bandwidth OFDM symbol, such as an 80MHz OFDM
symbol or a 160MHz OFDM symbol, for example, in an embodiment.

[0053] As discussed above, in some embodiments, the AP14 is configured to
communicate with one or more client stations according to a long range communication
protocol which generally defines operation in sub 1GHz frequency ranges. In some such
embodiments, the long range communication protocol defines one or more physical layer
data unit formats the same as or similar to physical layer data unit format defined by one
or more of the short range communication protocols. In one embodiment, to support
communication over a longer range, and also to accommodate typically smaller
bandwidth channels available at lower (sub 1-GHz) frequencies, the long range
communication protocol defines data units having a format that is substantially the same
as a physical layer data unit format defined by a long range communication protocol, but
generated using a lower clock rate. In an embodiment, the AP operates at a clock rate
suitable for short range (and high throughput) operation, and down-clocking is used to
generate a new clock signal to be used for the sub 1 GHz operation. As a result, in this
embodiment, a data unit that conforms to the long rage communication protocol (‘“long

range data unit”’) maintains a physical layer format of a data unit that generally conforms
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to a short range communication protocol (’short range data unit”), but is transmitted over
a longer period of time. As an example, data units that conform to the IEEE 802.11ah
Standard are generated according to a format defined in the IEEE 802-11n Standard or
IEEE 802-11ac Standard, but generated using a clock signal down-clocked by a ratio of
ten. In this embodiment, short range data units generally correspond to channel
bandwidths described above (e.g., 20MHz, 40MHz, 80MHz, 160MHz), and long range
data units have corresponding bandwidths down-clocked with the down-clocking ratio of

10 (e.g., 2MHz, 4MHz, 8MHz, 16MHz).

[0054] In other embodiments, other suitable down-clocking ratios are utilized. For
example, data units according to the IEEE 802.11af are down-clocked versions of the
IEEE 802.11n or IEEE 802.11ac data units with the down-clocking ration of 7.5, in an
embodiment. Additionally, in some embodiments, the long range communication
protocol defines one or more additional bandwidth channels, such as a IMHz bandwidth
channel, intended for operations requiring higher signal to noise ration performance, such
as extended range or control mode operations, for example. Various examples of long
range data units generated by down-clocking as well as example PHY formats of long
range data units utilized in some embodiments are described in U.S. Patent Application
No. 13/359,336, filed January 26, 2012, which is hereby incorporated by reference herein

in its entirety.

[0055] In some such embodiments, a lowest down-clocked channel bandwidth is
utilized as the base bandwidth, and tone duplication and insertion techniques described
herein are used to generate OFDM symbols corresponding to higher channel bandwidths.
For example, tone and/or bit allocation defined for OFDM symbols corresponding to a
IMHz base bandwidth or a 2MHz base bandwidth is utilized to generate OFDM symbols
corresponding to higher bandwidths, and tone duplication and insertion techniques
described herein are utilized to generate OFDM symbols for higher bandwidth channels
(e.g., 2MHz, 4AMHz, 8MHz, 16MHz). As an example, referring to Figs. 4 and 5, the
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depicted OFDM symbols 400 and 500 correspond to a 4MHz bandwidth of the long
range communication protocol generated using tone allocation defined for a 2MHz
bandwidth channel, according to various embodiments. As another example, referring to
Figs. 6 and 7, the depicted OFDM symbols 600 and 700 correspond to an SMHz
bandwidth of the long range communication protocol generated using tone allocation
defined for a 2MHz bandwidth channel, in various embodiments. In another
embodiment, tone and/or bit allocation for another suitable base bandwidth, such as
4MHz bandwidth, is utilized, and tone duplication and insertion techniques described
herein are used to generate OFDM symbols corresponding to a higher bandwidth
channel, such as an 8MHz channel or a I6MHz channel. Generally speaking, a base
bandwidths B is utilized to generate an OFDM symbol for a mB bandwidth

communication channel, where m is an integer, in various embodiments and/or scenarios.

[0056] Referring again to Fig. 2, in embodiments in which the data portion 272 includes
multiple spatial streams, the VHT-SIGB field 268 is mapped to the multiple streams
accordingly. In some such embodiments, the VHT-STF fields 264that contain training
sequences corresponding to the multiple spatial streams are mapped to multiple spatial
streams via a matrix P. In some embodiments and/or scenarios, the same matrix P 1s used
to map a single data stream in the VHT-SIGB field 268 to multiple data streams
corresponding to multiple spatial streams in the VHT-data portion 272. More
specifically, in an embodiment, the VHT-LTF training fields 264 are mapped to the

corresponding spatial streams according to:

VHTLTF® =[L,L,,..L, 1=Q“D"[P. P, P, ]s“ Equation 1

where Q" corresponds to spatial mapping of the k™ tone of a VHT-LTF training field,
p® corresponds to a CSD phase shift for the k™ tone, P« ,... , Psnprr are columns of the

mapping matrix P, and S® is the k™ tone of a VHT-LTF training symbol.

[0057] Referring still to Fig. 2, according to an embodiment, the VHT-SIGB field 268
1s mapped to multiple spatial streams of the data unit 250 using one of the columns P+,
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,..» Penprr Of Equation 1. For example, in an embodiment, the first column of the P

matrix is used to map the VHT-SIGB field 268:

VHTSIGB® = Q"W D™P, s () Equation 2

VHTSIGB

where SVHTSIGBiUl(k) is the k™ tone of the VHT-SIGB symbol. In other embodiments

and/or scenarios, a different column of the P matrix is used to map the VHT-SIGB field

268.

[0058] In some embodiments, the data unit 250 is a multiuser (MU) data unit, i.e., the
data unit 250 includes user-specific information for more than one user (e.g., more than
one of the client stations 25 in Fig. 1). For example, the data unit 250 includes use-
specific information for two users (i.e., the data unit 250 is a “two-user” data unit),
according to an embodiment. The data unit 250 includes data for different numbers of
users (e.g., 3 users, 4 users, 5 users, etc.) in other embodiments and/or scenarios. In some
such embodiments, the number of VHT-LTF fields 264 is directly related to the sum of
spatial streams for all intended recipients of the data unit (users), and a single “giant”
mapping matrix P is used to jointly map the training information tones for all users and
all spatial streams. For example, if the data unit 250 is a two-user data unit, the VHT-

LTF fields 268 are mapped, in an embodiment, according to:

DS? 0 P(Ul)jl P(Ul)jz P(Ul)ij
0 DJY|P P

U2 U2)_*2 (U2)_*Nypw

LTF Ul

VHTLTF® =[L,L,,..L, 1=[Q% (Uk;]{ }(“ Equation 3

where Qu;® corresponds to spatial mapping of the k™ tone of a VHT-LTF training field
for user 1, Qu,"™ corresponds to spatial mapping of the k™ tone of a VHT-LTF training
field for user 2, Dy ™ corresponds to a cyclic shift diversity (CSD) phase shift for the k™
tone for user 1, D™ corresponds to a cyclic shift diversity (CSD) phase shift for the k™
tone for user 2, Py #1 ,..., Pu1y sxorrare columns of the mapping matrix P for user 1,
Pw2 #1 5..., Pauoy snorrare columns of the mapping matrix P for user 2, and S® is the k™

tone of a VHT-LTF training symbol.
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[0059] With continued reference to Fig. 2, according to an embodiment in which the
data unit 250 is a two-user data unit, the VHT-SIGB field 268 is, therefore, steered to the
two users (assuming that each user does not see interference from the other user). In this
case, the single stream of the VHT-SIGB filed 268 is mapped to multiple spatial streams
and the multiple users using any column Py #1 ,..., Paony snetr o Pasay #1000, Py snerr
of Equation 3. For example, in an embodiment, the first column of the joint P matrix is

used to map the VHT-SIGB field 268 for user 1 according to:
VHTSIGBUl(k) = QSCI)DSCI)P(UI);“ISVHTSIGB7U1(k) Equation 4

where SVHTSIGBiUl(k) is the VHT-SIGB symbol k™ tone for user 1. In other embodiments,
other columns of the joint P matrix are used to steer the VHT-SIGB field 268 to the

intended user via the multiple data streams.

[0060] Fig. 8 is a flow diagram of an example method 800 for generating and
transmitting a PHY data unit having a signal field, such as a VHT-SIGB or another
suitable field, according to an embodiment. The method 800 is implemented at least
partially by a PHY processing unit such as the PHY processing unit 20 (Fig. 1), the PHY
processing unit 29 (Fig. 1), and/or the PHY processing unit 300 (Fig. 3), and Fig. 8 will
be described with reference to Fig. 3 for ease of explanation. In other embodiments,
however, another suitable PHY processing unit and/or network interface implements the

method 800.

[0061] At block 804, a signal field of a preamble of a PHY data unit is generated. In an
embodiment, the VHT-SIGB field is generated. In another embodiment, another suitable

signal field is generated.

[0062] At block 808, the signal field generated at block 804 is mapped to a first
plurality of data subcarriers corresponding to a first frequency portion of an OFDM
symbol. For example, the BPSK constellation mapping block 306 maps the signal field

to a first plurality of data subcarriers corresponding to a first frequency portion of an

-0



WO 2014/047444 PCT/US2013/060929

OFDM symbol. In another embodiment, another suitable processing block of a network

interface implements block 808.

[0063] At block 812, a set of data subcarriers in the first plurality of data subcarriers are
set to predetermined values. For example, in an embodiment, at least some of the
subcarriers in the set of subcarriers are set to “+1” value or some other suitable value. As
another example, in an embodiment, at least some of the subcarriers in the set of
subcarriers are set to “-1” value or some other suitable value. As another example, in an
embodiment, at least some of the subcarriers in the set of subcarriers are set to a null
value. In an embodiment, the block 812 is implemented by the tone duplications and
insertions block 308 in Fig. 3. In another embodiment, another suitable processing block

of a network interface implements block 812.

[0064] At Dblock 816, the signal field generated at block 804 is mapped to a second
plurality of data subcarriers corresponding to a second frequency portion of the OFDM
symbol. For example, the tone duplications and insertions block 308 in Fig. 3 maps the
signal field to a second plurality of data subcarriers corresponding to the second
frequency portion of the OFDM symbol. In another embodiment, another suitable

processing block of a network interface implements block 816.

[0065] At block 820, a set of data subcarriers in the second plurality of data subcarriers
are set to predetermined values. For example, in an embodiment, at least some of the
subcarriers in the set of subcarriers are set to “+1” value or some other suitable value. As
another example, in an embodiment, at least some of the subcarriers in the set of
subcarriers are set to “-1” value or some other suitable value. As another example, in an
embodiment, at least some of the subcarriers in the set of subcarriers are set to a null
value. In an embodiment, the block 820 is implemented by the tone duplications and
insertions block 308 in Fig. 3. In another embodiment, another suitable processing block

of a network interface implements block 820.
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[0066] At block 824, guard tones, DC tones, and/or pilot tones in the first frequency
portion and the second frequency portion are set. In an embodiment, the block 824 is
implemented at least partially by the VHT pilots generation block 310. In another
embodiment, another suitable processing block of a network interface implements block

824.

[0067] At block 828, the PHY data unit is transmitted. For example, in an embodiment,
a PHY processing unit that implements the method 800 at least partially causes the PHY

data unit to be transmitted.

[0068] Fig. 9 is a flow diagram of another example method 900 for generating and
transmitting a PHY data unit having a signal field, such as a VHT-SIGB or another
suitable field, according to an embodiment. The method 900 is implemented at least
partially by a PHY processing unit such as the PHY processing unit 20 (Fig. 1), the PHY
processing unit 29 (Fig. 1), and/or the PHY processing unit 300 (Fig. 3), and Fig. 9 will
be described with reference to Fig. 3 for ease of explanation. In other embodiments,

however, another suitable PHY processing unit and/or network interface implements the

method 900.

[0069] At block 904, a plurality of training fields are generated. For example, in an
embodiment, a plurality of VHT-LTF fields are generated, in an embodiment. At block
908, the training fields are mapped to signal streams using a mapping matrix. In an
embodiment, the mapping matrix comprises the matrix P discussed above. In other
embodiments, other suitable mapping matrices are utilized. In an embodiment, the block
908 1s implemented by the mapping block 312. In other embodiments, however, another
suitable block of a PHY processing unit and/or a network interface implements block

908.

[0070] At block 912, a signal field of a preamble of a PHY data unit is generated. In an

embodiment, the VHT-SIGB field is generated. In another embodiment, another suitable

signal field is generated. At block 916, the signal field is mapped to a plurality of signal
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streams using a column of the mapping matrix utilized at block 908. In an embodiment, a
column of the matrix P discussed above is utilized. In other embodiments, a column of
another suitable mapping matrix is utilized. In an embodiment, the first column of the
matrix P is utilized. In other embodiments, a column other than the first column of the

matrix P is utilized.

[0071] At block 920, the signal streams are mapped to spatial streams. In an
embodiment, the signal streams are mapped to spatial streams using the matrix Q
discussed above. In other embodiments, other suitable matrices are utilized. In an
embodiment, the block 920 1s implemented by the spatial mapping block 316. In other
embodiments, however, another suitable block of a PHY processing unit and/or a

network interface implements block 920.

[0072] At block 924, the PHY data unit is transmitted. For example, in an embodiment,
a PHY processing unit that implements the method 900 at least partially causes the PHY
data unit to be transmitted. Block 924 includes transmitting (or causing to be
transmitted) at least 1) the plurality of training fields, and 11) the signal field, via the

plurality of spatial streams.

[0073] Fig. 10 1s a flow diagram of another example method 950 for generating and
transmitting a multi-user PHY data unit having a signal field, such as a VHT-SIGB or
another suitable field, according to an embodiment. The method 950 is implemented at
least partially by a PHY processing unit such as the PHY processing unit 20 (Fig. 1), the
PHY processing unit 29 (Fig. 1), and/or the PHY processing unit 300 (Fig. 3), and Fig. 10
will be described with reference to Fig. 3 for ease of explanation. In other embodiments,
however, another suitable PHY processing unit and/or network interface implements the

method 950.

[0074] At block 954, a plurality of training fields are generated for a multi-user PHY
data unit. For example, in an embodiment, a plurality of VHT-LTF fields are generated.
At block 958, the training fields are mapped to signal streams using a mapping matrix. In
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an embodiment, the mapping matrix comprises the giant matrix P discussed above. In
other embodiments, other suitable mapping matrices are utilized. In an embodiment, the
block 958 is implemented by the mapping block 312. In other embodiments, however,
another suitable block of a PHY processing unit and/or a network interface implements

block 958.

[0075] At block 962, a first signal field of a preamble of the multi-user PHY data unit is
generated, wherein the first signal field corresponds to a first client device. In an
embodiment, the VHT-SIGB field is generated. In another embodiment, another suitable
signal field is generated. At block 966, the first signal field is mapped to a plurality of
signal streams using a portion of a column of the mapping matrix utilized at block 958,
wherein the portion corresponds to the first client device. In an embodiment, a portion of
a column of the giant matrix P discussed above is utilized, wherein the portion
corresponds to the first client device. In other embodiments, a portion of a column of
another suitable mapping matrix is utilized. In an embodiment, a portion of the first
column of the giant matrix P is utilized. In other embodiments, a portion of a column

other than the first column of the giant matrix P is utilized.

[0076] At block 970, a second signal field of a preamble of the multi-user PHY data
unit is generated, wherein the second signal field corresponds to a second client device.
In an embodiment, the VHT-SIGB field is generated. In another embodiment, another
suitable signal field is generated. At block 974, the second signal field is mapped to a
plurality of signal streams using a portion of the column of the mapping matrix utilized at
block 958, wherein the portion corresponds to the second client device. In an
embodiment, a portion of a column of the giant matrix P discussed above is utilized,
wherein the portion corresponds to the second client device. In other embodiments, a
portion of a column of another suitable mapping matrix is utilized. In an embodiment, a

portion of the first column of the giant matrix P is utilized. In other embodiments, a
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portion of a column other than the first column of the giant matrix P is utilized. In an

embodiment, the same column is utilized in blocks 966 and 974.

[0077] At block 978, the signal streams are mapped to spatial streams. In an
embodiment, the signal streams are mapped to spatial streams using a matrix Q as
discussed above. In other embodiments, other suitable matrices are utilized. In an
embodiment, the block 978 1s implemented by the spatial mapping block 316. In other
embodiments, however, another suitable block of a PHY processing unit and/or a

network interface implements block 978.

[0078] At block 982, the multi-user PHY data unit is transmitted. For example, in an
embodiment, a PHY processing unit that implements the method 950 at least partially
causes the PHY data unit to be transmitted. Block 982 includes transmitting (or causing
to be transmitted) at least 1) the plurality of training fields, i1) the first signal field, and 1ii)

the second signal fieldvia the plurality of spatial streams.

[0079] Fig. 11 is a flow diagram of an example method 1000 for generating an OFDM
symbol of a PHY data unit, according to an embodiment. The method 1000 is
implemented at least partially by a PHY processing unit such as the PHY processing unit
20 (Fig. 1), the PHY processing unit 29 (Fig. 1), and/or the PHY processing unit 300
(Fig. 3), in some embodiments. In other embodiments, other suitable PHY processing

units and/or other suitable network interfaces implement the method 1000.

[0080] At block 1002, a plurality of information bits is encoded to generate a plurality
of coded information bits to be inlcuded in an OFDM symbol. The plurality of
information bits corresponds to a first bandwidth, and the OFDM symbol includes a
number of data subcarriers corresponding to a second bandwidth, the second bandwidth
being larger than the first bandwidth. For example, the plurality of information bits
corresponds to a base channel bandwidth B, such as a IMHz bandwidth, a 2MHz
bandwith, a 4MHz bandwidth, a 20MHz bandwidth, a 40MHz bandwidth, or another
suitable base channel bandwidth, and the OFDM symbol includes a number of data tones
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corresponding to a channel bandwidth that is larger than the base bandwidth, for example
an mB bandwidth channel, where m 1s a suitable integer greater than one, in various

embodiments and/or scenarios.

[0081] At block 1004, the plurality of coded bits is mapped to a plurality of
constellation symbols. At block 1006, the plurality of constellation symbols is mapped to
a first plurality of data subcarriers corresponding to a first frequency portion of an OFDM

symbol.

[0082] At block 1008, a set of one or more data subcarriers in the first plurality of data
subcarriers are set to predetermined values. For example, in an embodiment, at least
some of the subcarriers in the set of subcarriers are set to “+1” value or some other
suitable value. As another example, in an embodiment, at least some of the subcarriers in
the set of subcarriers are set to “-1” value or some other suitable value. As another
example, in an embodiment, at least some of the subcarriers in the set of subcarriers are
set to a null value. In an embodiment, the block 1006 is implemented by the tone
duplications and insertions block 308 in Fig. 3. In another embodiment, another suitable

processing block of a network interface implements block 1006.

[0083] Atblock 1010, the plurality of constellation symbols is mapped to a second
plurality of data subcarriers corresponding to a second frequency portion of the OFDM
symbol. For example, the tone duplications and insertions block 308 in Fig. 3 maps the
signal field to a second plurality of data subcarriers corresponding to the second
frequency portion of the OFDM symbol. In another embodiment, another suitable

processing block of a network interface implements block 1010.

[0084] At block 1012, a set of one or more data subcarriers in the second plurality of
data subcarriers are set to predetermined values. For example, in an embodiment, at least
some of the subcarriers in the set of subcarriers are set to “+1” value or some other
suitable value. As another example, in an embodiment, at least some of the subcarriers in
the set of subcarriers are set to “-1” value or some other suitable value. As another
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example, in an embodiment, at least some of the subcarriers in the set of subcarriers are
set to a null value. In an embodiment, the block 1012 is implemented by the tone
duplications and insertions block 308 in Fig. 3. In another embodiment, another suitable

processing block of a network interface implements block 1012.

[0085] At block 1014, the OFDM symbol is generated to include at least the first
plurality of data subcarrers and the second plurality of data subcarriers. In an
embodiment, the OFDM symbol is generated to further include one or more of (1) guard
tones, (i1) DC tones, and (ii1) pilot tones. In an embodiment, the OFDM symbol
conforms to a format defined by a short range communciation protocl, such as the IEEE
802.11n Standard or the IEEE 802.11ac Standard, for example. In another embodiment,
the OFDM symbol conforms to a communication protocol, such as the IEEE 802.11ah
Standard or the IEEE 802.11af Standard, and is a down-clocked version (e.g., with same
tone and/or bit allocation) of an OFDM symbol that conforms to a short range
communciation protocol. In other embodiments, the OFDM symbol conforms to one or

more other suitable sommunication protocols.

[0086] In an embodiment, the OFDM symbol is to be included in a preamble of a data
unit. For example, the OFDM symbol corresponds to a signal field or a training field to
be included in the preamble, in some embodiments and/or scenarios. In other
embodiments and/or scenarios, the OFDM symbol is to be included in a data portion of a

data unit.

[0087] At least some of the various blocks, operations, and techniques described above
may be implemented utilizing hardware, a processor executing firmware instructions, a
processor executing software instructions, or any combination thereof. When
implemented utilizing a processor executing software or firmware instructions, the
software or firmware instructions may be stored in any tangible, non-transitory, computer
readable storage medium or media such as a magnetic disk, an optical disk, a RAM, a

ROM, a flash memory, hard disk drive, optical disk drive, tape drive, etc. The software
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or firmware instructions may include machine readable instructions that, when executed

by one or more processors, cause the one or more processors to perform various acts.

[0088] When implemented in hardware, the hardware may comprise one or more of
discrete components, an integrated circuit, an application-specific integrated circuit

(ASIC), a programmable logic device, etc.

[0089] According to a first embodiment, a method of generating an orthogonal
frequency division multiplexing (OFDM) symbol of a data unit to be transmitted via a
communication channel includes encoding a plurality of information bits to generate a
plurality of coded bits to be included in the OFDM symbol, wherein the plurality of
information bits corresponds to a first bandwidth, and wherein the OFDM symbol
includes a number of data tones corresponding to a second bandwidth, the second
bandwidth larger than the first bandwidth. The method also includes mapping the
plurality of coded bits to a plurality constellation symbols and mapping the plurality of
constellation symbols to a first plurality of data subcarriers corresponding to a first
portion of the OFDM symbol. The method further includes setting a subset of data
subcarriers in the first plurality of data subcarriers to one or more predetermined values.
The method further still includes mapping the plurality of constellation symbols to a
second plurality of data subcarriers corresponding to a second portion of the OFDM
symbol, and setting a subset of data subcarriers in the second plurality of data subcarriers
to one or more predetermined values. The method additionally includes generating the
OFDM symbol to include at least the first plurality of data subcarriers and the second

plurality of data subcarriers.

[0090] In other embodiments, the method includes any combination of one or more of

the following features.

[0091] Setting the subset of data subcarriers in the first plurality of data subcarriers to
one or more predetermined values comprises setting at least one data subcarrier in the
subset of data subcarriers in the first plurality of data subcarriers to a null value.
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[0092] Setting the subset of data subcarriers in the second plurality of data subcarriers
to one or more predetermined values comprises setting at least one data subcarrier in the

subset of data subcarriers in the second plurality of data subcarriers to the null value.

[0093] Setting the subset of data subcarriers in the first plurality of data subcarriers to
one or more predetermined values comprises setting at least one data subcarrier in the

subset of data subcarriers in the first plurality of data subcarriers to a non-zero value.

[0094] Setting the subset of data subcarriers in the second plurality of data subcarriers
to one or more predetermined values comprises setting at least one data subcarrier in the

subset of data subcarriers in the second plurality of data subcarriers to the non-zero value.

[0095] The method further comprises mapping the plurality of constellation symbols to
a third plurality of data subcarriers corresponding to a third portion of the OFDM symbol,
setting a subset of data subcarriers in the third plurality of data subcarriers to one or more

predetermined values.

[0096] Generating the OFDM symbol further comprises including the third plurality of
data subcarriers in the OFDM symbol.

[0097] The method further comprises generating a preamble of a physical layer (PHY)
data unit, wherein the preamble includes the OFDM symbol.

[0098] The method further comprises generating a data portion of a physical layer
(PHY) data unit, wherein the data portion includes the OFDM symbol.

[0099] The method further comprises (1) inserting one or more additional bits into the
plurality of information bits and (i1) duplicating the plurality of information bits and the
additional bits, prior to encoding the information bits, to generate a plurality of duplicated
bits, wherein encoding the information bits comprises encoding the plurality of

duplicated bits.

[00100] The first bandwidth corresponds to a bandwidth B and the second bandwidth

corresponds to a bandwidth mB, wherein m is an integer.
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[00101] In another embodiment, an apparatus comprises a network interface configured
to encode a plurality of information bits to generate a plurality of coded bits to be
included in an OFDM symbol, wherein the plurality of information bits corresponds to a
first bandwidth, and wherein the OFDM symbol includes a number of data tones
corresponding to a second bandwidth, the second bandwidth larger than the first
bandwidth. The network interface is also configured to map the plurality of coded bits to
a plurality constellation symbols, and map the plurality of constellation symbols to a first
plurality of data subcarriers corresponding to a first portion of the OFDM symbol. The
network interface is also configured to set a subset of data subcarriers in the first plurality
of data subcarriers to one or more predetermined values. The network interface is further
still configured to map the plurality of constellation symbols to a second plurality of data
subcarriers corresponding to a second portion of the OFDM symbol, and set a subset of
data subcarriers in the second plurality of data subcarriers to one or more predetermined
values. The network interface is additionally configured to generate the OFDM symbol
to include at least the data subcarriers corresponding to the first potion and the data

subcarriers corresponding to the second portion.

[00102] In other embodiment, the apparatus includes any combination of one or more

of the following features.

[00103] The network interface is further configured to include, in the OFDM symbol,

one or more of (1) guard tones, (i1) direct current (DC) tones and (ii1) pilot tones.

[00104] Setting the subset of data subcarriers in the first plurality of data subcarriers to
one or more predetermined values comprises setting at least one data subcarrier in the

subset of data subcarriers in the first plurality of data subcarriers to a null value.

[00105] Setting the subset of data subcarriers in the second plurality of data subcarriers
to one or more predetermined values comprises setting at least one data subcarrier in the

subset of data subcarriers in the second plurality of data subcarriers to the null value.
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[00106] Setting the subset of data subcarriers in the first plurality of data subcarriers to
one or more predetermined values comprises setting at least one data subcarrier in the

subset of data subcarriers in the first plurality of data subcarriers to a non-zero value.

[00107] Setting the subset of data subcarriers in the second plurality of data subcarriers
to one or more predetermined values comprises setting at least one data subcarrier in the

subset of data subcarriers in the second plurality of data subcarriers to the non-zero value.

[00108] The network interface is further configured to map the plurality of constellation
symbols to a third plurality of data subcarriers corresponding to a third portion of the
OFDM symbol, map a subset of data subcarriers in the third plurality of data subcarriers
to one or more predetermined values; and generate the OFDM symbol to further include

the third plurality of data subcarriers.

[00109] The network interface is further configured to generate a preamble of a

physical layer (PHY) data unit, wherein the preamble includes the OFDM symbol.

[00110] The network interface is further configured to generate a data portion of a

physical layer (PHY) data unit, wherein the data portion includes the OFDM symbol.

[00111] The network interface is further configured to insert one or more additional bits
into the plurality of information bits; and duplicate the plurality of information bits and
the additional bits, prior to encoding the information bits, to generate a plurality of
duplicated bits, wherein encoding the information bits comprises encoding the plurality

of duplicated bits.

[00112] The first bandwidth corresponds to a bandwidth B and the second bandwidth

corresponds to a bandwidth mB, wherein m is an integer..

[00113] While the present invention has been described with reference to specific
examples, which are intended to be illustrative only and not to be limiting of the
invention, changes, additions and/or deletions may be made to the disclosed

embodiments without departing from the scope of the invention.
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WHAT IS CLAIMED:

1. A method of generating an orthogonal frequency division multiplexing
(OFDM) symbol of a data unit to be transmitted via a communication channel, the

method comprising:

encoding a plurality of information bits to generate a plurality of coded bits to be
included in the OFDM symbol, wherein the plurality of information bits corresponds to a
first bandwidth, and wherein the OFDM symbol includes a number of data tones
corresponding to a second bandwidth, the second bandwidth larger than the first

bandwidth;
mapping the plurality of coded bits to a plurality constellation symbols;

mapping the plurality of constellation symbols to a first plurality of data

subcarriers corresponding to a first portion of the OFDM symbol;

setting a subset of data subcarriers in the first plurality of data subcarriers to one or

more predetermined values;

mapping the plurality of constellation symbols to a second plurality of data

subcarriers corresponding to a second portion of the OFDM symbol;

setting a subset of data subcarriers in the second plurality of data subcarriers to

one or more predetermined values; and

generating the OFDM symbol to include at least the first plurality of data

subcarriers and the second plurality of data subcarriers.

2. The method of claim 1, wherein generating the OFDM symbol further
comprises including, in the OFDM symbol, one or more of (i) guard tones, (ii) direct

current (DC) tones and (iii) pilot tones.
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3. The method of claim 1, wherein setting the subset of data subcarriers in the
first plurality of data subcarriers to one or more predetermined values comprises setting
at least one data subcarrier in the subset of data subcarriers in the first plurality of data

subcarriers to a null value; and

wherein setting the subset of data subcarriers in the second plurality of data
subcarriers to one or more predetermined values comprises setting at least one data
subcarrier in the subset of data subcarriers in the second plurality of data subcarriers to

the null value.

4. The method of claim 1, wherein setting the subset of data subcarriers in the
first plurality of data subcarriers to one or more predetermined values comprises setting
at least one data subcarrier in the subset of data subcarriers in the first plurality of data

subcarriers to a non-zero value; and

wherein setting the subset of data subcarriers in the second plurality of data
subcarriers to one or more predetermined values comprises setting at least one data
subcarrier in the subset of data subcarriers in the second plurality of data subcarriers to

the non-zero value.

S. The method of claim 1, further comprising:

mapping the plurality of constellation symbols to a third plurality of data

subcarriers corresponding to a third portion of the OFDM symbol; and

setting a subset of data subcarriers in the third plurality of data subcarriers to one

or more predetermined values; and
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wherein generating the OFDM symbol further comprises including the third
plurality of data subcarriers in the OFDM symbol.

6. The method of claim 1, further comprising generating a preamble of a

physical layer (PHY) data unit, wherein the preamble includes the OFDM symbol.

7. The method of claim 1, further comprising generating a data portion of a

physical layer (PHY) data unit, wherein the data portion includes the OFDM symbol.

8. The method of claim 1, further comprising (i) inserting one or more
additional bits into the plurality of information bits and (i1) duplicating the plurality of
information bits and the additional bits, prior to encoding the information bits, to generate
a plurality of duplicated bits, wherein encoding the information bits comprises encoding

the plurality of duplicated bits.

0. The method of claim 1, wherein the first bandwidth corresponds to a
bandwidth B and the second bandwidth corresponds to a bandwidth mB, wherein m is an

integer.

10.  An apparatus, comprising:
a network interface configured to:

encode a plurality of information bits to generate a plurality of coded bits to
be included in an OFDM symbol, wherein the plurality of information bits corresponds to

a first bandwidth, and wherein the OFDM symbol includes a number of data tones
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corresponding to a second bandwidth, the second bandwidth larger than the first

bandwidth,
map the plurality of coded bits to a plurality constellation symbols,

map the plurality of constellation symbols to a first plurality of data

subcarriers corresponding to a first portion of the OFDM symbol,

set a subset of data subcarriers in the first plurality of data subcarriers to

one or more predetermined values,

map the plurality of constellation symbols to a second plurality of data

subcarriers corresponding to a second portion of the OFDM symbol,

set a subset of data subcarriers in the second plurality of data subcarriers to

one or more predetermined values, and

generate the OFDM symbol to include at least the data subcarriers
corresponding to the first potion and the data subcarriers corresponding to the second

portion.

11.  The apparatus of claim 10, wherein the network interface is further
configured to include, in the OFDM symbol, one or more of (i) guard tones, (i1) direct

current (DC) tones and (iii) pilot tones.

12.  The apparatus of claim 10, wherein the network interface is further

configured to

set at least one data subcarrier in the subset of data subcarriers in the first plurality

of data subcarriers to a null value, and

set at least one data subcarrier in the subset of data subcarriers in the second

plurality of data subcarriers to the null value.
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13.  The apparatus of claim 10, wherein the network interface is further

configured to

set at least one data subcarrier in the subset of data subcarriers in the first plurality

of data subcarriers to a non-zero value, and

set at least one data subcarrier in the subset of data subcarriers in the second

plurality of data subcarriers to the non-zero value.

14.  The apparatus of claim 10, wherein the network interface is further

configured to:

map the plurality of constellation symbols to a third plurality of data subcarriers

corresponding to a third portion of the OFDM symbol,

map a subset of data subcarriers in the third plurality of data subcarriers to one or

more predetermined values, and

generate the OFDM symbol to further include the third plurality of data

subcarriers.

15.  The apparatus of claim 10, wherein the network interface is further
configured to generate a preamble of a physical layer (PHY) data unit, wherein the

preamble includes the OFDM symbol.

16.  The apparatus of claim 10, wherein the network interface is further
configured to generate a data portion of a physical layer (PHY) data unit, wherein the

data portion includes the OFDM symbol.
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17.  The apparatus of claim 10, wherein the network interface is further

configured to:
insert one or more additional bits into the plurality of information bits; and

duplicate the plurality of information bits and the additional bits prior to encoding
the information bits to generate a plurality of duplicated bits, wherein encoding the

information bits comprises encoding the plurality of duplicated bits.

18.  The apparatus of claim 11, wherein the first bandwidth corresponds to a
bandwidth B and the second bandwidth corresponds to a bandwidth mB, wherein m is an

integer.
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FIG. 10
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FIG. 11

1000
1002

ENCODE A PLURALITY OF INFORMATION BITS TO GENERATE A
PLURALITY OF CODED BITS TO BE INCLUDED IN AN OFDM SYMBOL

l 1004

MAP THE PLURALITY OF CODED BITS TO A PLURALITY OF
CONSTELLATION SYMBOLS

l 1006

MAP THE PLURALITY OF CONSTELLATION SYMBOLS TO A FIRST
PLURALITY OF DATA SUBCARRIERS CORRESPONDING TO A FIRST
FREQUENCY PORTION OF THE OFDM SYMBOL

l 1008

SET A SUBSET OF DATA SUBCARRIERS IN THE FIRST PLURALITY OF
OFDM SYMBOLS TO ONE OR MORE PREDETERMINED VALUE

l 1010

MAP THE PLURALITY OF CONSTELLATION SYMBOLS TO A SECOND
PLURALITY OF DATA SUBCARRIERS CORRESPONDING TO A
SECOND FREQUENCY PORTION OF THE OFDM SYMBOL

! 1012

SET A SUBSET OF DATA SUBCARRIERS IN THE SECOND PLURALITY
OF OFDM SYMBOLS TO ONE OR MORE PREDETERMINED VALUE

l 1014

GENERATE THE OFDM SYMBOL TO INCLUDE AT LEAST THE FIRST
PLURALITY OF DATA SUBCARRIERS AND THE SECOND PLURALITY
OF DATA SUBCARRIERS




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2013/060929

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4L5/00
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HO4L

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

claims 1-6

ET AL) 3 February 2011 (2011-02-03)
paragraph [0013] - paragraph [0016]
paragraph [0059] - paragraph [0080]

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2012/002756 Al (ZHANG HONGYUAN [US] ET 1-18
AL) 5 January 2012 (2012-01-05)
paragraph [0009] - paragraph [0010]
paragraph [0021] - paragraph [0022]
paragraph [0029] - paragraph [0030]
paragraph [0034] - paragraph [0035]
paragraph [0059]
paragraph [0061]
claims 1-20; figures 1-10
X US 2011/026623 Al (SRINIVASA SUDHIR [US] 1-18

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

13 November 2013

Date of mailing of the international search report

21/11/2013

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Hanus, Pavol

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2013/060929
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2012002756 Al 05-01-2012 CN 102959893 A 06-03-2013
EP 2589177 Al 08-05-2013
JP 2013531955 A 08-08-2013
KR 20130088028 A 07-08-2013
US 2012002756 Al 05-01-2012
WO 2012003355 Al 05-01-2012
US 2011026623 Al 03-02-2011 CN 102474386 A 23-05-2012
EP 2460298 A2 06-06-2012
JP 2013501413 A 10-01-2013
KR 20120060821 A 12-06-2012
US 2011026623 Al 03-02-2011
WO 2011014685 A2 03-02-2011

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - claims
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - wo-search-report
	Page 53 - wo-search-report

