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DOWNLINK SIGNALING IN A HIGH
EFFICIENCY WIRELESS LOCAL AREA
NETWORK (WLAN)

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This disclosure claims the benefit of the following
U.S. Provisional Patent Applications:

[0002] U.S. Provisional Patent Application No. 62/101,
100, entitled “Downlink Signaling for High Efficiency
WiFi,” filed on Jan. 8, 2015;

[0003] U.S. Provisional Patent Application No. 62/148,
666, entitled “Downlink Signaling for High Efficiency
WiFi,” filed on Apr. 16, 2015;

[0004] U.S. Provisional Patent Application No. 62/184,
420, entitled “Downlink Signaling for High Efficiency
WiFi,” filed on Jun. 25, 2015;

[0005] U.S. Provisional Patent Application No. 62/191,
663, entitled “Downlink Signaling for High Efficiency
WiFi,” filed on Jul. 13, 2015;

[0006] U.S. Provisional Patent Application No. 62/199,
060, entitled “Downlink Signaling for High Efficiency
WiFi,” filed on Jul. 30, 2015; and

[0007] U.S. Provisional Patent Application No. 62/222,
509, entitled “Downlink Signaling for High Efficiency
WiFi,” filed on Sep. 23, 2015.

[0008] Thedisclosures ofall ofthe above-referenced patent
applications are hereby incorporated by reference herein in
their entireties.

FIELD OF THE DISCLOSURE

[0009] The present disclosure relates generally to commu-
nication networks and, more particularly, to wireless local
area networks that utilize orthogonal frequency division mul-
tiplexing (OFDM).

BACKGROUND

[0010] When operating in an infrastructure mode, wireless
local area networks (WLANs) typically include an access
point (AP) and one or more client stations. WLANs have
evolved rapidly over the past decade. Development of WLAN
standards such as the Institute for Electrical and Electronics
Engineers (IEEE) 802.11a, 802.11b, 802.11g, 802.11n, and
802.11ac Standards has improved single-user peak data
throughput. For example, the IEEE 802.11b Standard speci-
fies 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, the IEEE 802.11n
Standard specifies a single-user peak throughput of 600
Mbps, and the IEEE 802.11ac Standard specifies a single-
user peak throughput in the gigabits per second (Gbps) range.
Future standards promise to provide even greater through-
puts, such as throughputs in the tens of Gbps range.

SUMMARY

[0011] Inanembodiment, a method for generating a physi-
cal layer (PHY) data unit for transmission via a communica-
tion channel includes generating a first signal field to include
multiple copies of first signal field content, wherein the first
signal field content spans one sub-band of a plurality of sub-
bands of the PHY data unit, and wherein the multiple copies
collectively span the plurality of sub-bands of the PHY data
unit. The method also includes generating a second signal

37
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field to include multiple copies of second signal field content,
wherein the second signal field content spans multiple ones of
the plurality of sub-bands of the PHY data unit, and wherein
the multiple copies of the second signal field collectively span
the plurality of sub-bands of the PHY data unit. The method
additionally includes generating a preamble of the PHY data
unit to include at least the first signal field and the second
signal field, and generating the PHY data unit to include at
least the preamble.

[0012] In another embodiment, an apparatus comprises a
network interface device having one or more integrated cir-
cuits configured to generate a first signal field to include
multiple copies of first signal field content, wherein the first
signal field content spans one sub-band of a plurality of sub-
bands of the PHY data unit, and wherein the multiple copies
collectively span the plurality of sub-bands of the PHY data
unit. The one or more integrated circuits are also configured to
generate a second signal field to include multiple copies of
second signal field content, wherein the second signal field
content spans multiple ones of the plurality of sub-bands of
the PHY data unit, and wherein the multiple copies of the
second signal field collectively span the plurality of sub-
bands of the PHY data unit. The one or more integrated
circuits are additionally configured to generate a preamble of
the PHY data unit to include at least the first signal field and
the second signal field, and generate the PHY data unit to
include at least the preamble.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a block diagram of an example wireless
local area network (WLAN), according to an embodiment;
[0014] FIGS. 2-10 are diagrams of physical layer (PHY)
data units, according various embodiments;

[0015] FIGS. 11A-11F are block diagrams of example
punctured signal field configurations, according to several
embodiments;

[0016] FIG.12isabock diagram of a signal field, according
to an embodiment;

[0017] FIG.13Ais abock diagram of a signal field, accord-
ing to an embodiment;

[0018] FIG. 13B is a block diagram of a per-allocation
portion of the signal field of FIG. 13A, according to an
embodiment;

[0019] FIG. 14 is a block diagram of a common block
included in a signal field, according to an embodiment;
[0020] FIG. 15 is a diagram of allowed resources unit allo-
cations for a communication channel, according to an
embodiment;

[0021] FIGS. 16A and 16B are block diagrams of user
blocks that correspond to a multi-user multiple input multiple
output (MU-MIMO) resource unit and a single user (SU)
resource unit, respectively, according to an embodiment;
[0022] FIGS. 16C and 16D are block diagrams of user
blocks that correspond to an MU-MIMO resource unit and an
SU resource unit, respectively, according to another embodi-
ment;

[0023] FIG. 17A illustrates possible spatial stream alloca-
tion combinations, according to an embodiment;

[0024] FIG. 17B illustrates a table that lists correspondence
between values of bits of an subfield of a signal field and
spatial stream allocation combinations, according to an
embodiment;

[0025] FIG. 17C illustrates possible spatial stream alloca-
tion combinations, according to another embodiment;
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[0026] FIGS. 18A-18C are diagrams that illustrate difter-
ent encoding schemes for portions of a signal field, according
to several embodiments;

[0027] FIG. 19 is a block diagram of a signal field that
includes one or more padding bits, according an embodiment;
[0028] FIGS. 20-28 are block diagrams of transmit portions
of example PHY processing units configured to generate a
signal field, according to various embodiments;

[0029] FIGS. 29A-29B are block diagrams of signal fields,
according to embodiments; and

[0030] FIG.30is aflow diagram of a method for generating
a data unit, according to an embodiment.

DETAILED DESCRIPTION

[0031] In embodiments described below, a wireless net-
work device such as an access point (AP) of a wireless local
area network (WL AN) transmits data streams to one or more
client stations. The AP is configured to operate with client
stations according to at least a first communication protocol.
The first communication protocol is sometimes referred
herein as “high efficiency WiFi,” “HEW” communication
protocol, “HE” communication protocol, or IEEE 802.11ax
communication protocol. In an embodiment, the first com-
munication protocol supports orthogonal frequency division
(OFDM) communication in both downlink direction from the
AP to one or more client station and uplink direction from one
or more client stations to the AP. In an embodiment, the first
communication protocol supports a single user (SU) mode, in
which the AP transmits a data unit to one client station, or
receives a data unit from one client station, at any given time.
The first communication protocol also supports one or more
multi-user (MU) modes in which the AP transmits multiple
independent data streams simultaneously to multiple client
stations, or receives independent data units simultaneously
transmitted by multiple client stations, in some embodiments.
Multi-user transmission to, or by, multiple client stations is
performed using MU multiple input multiple output (MU-
MIMO) transmission in which respective spatial streams are
used for transmission to, or by, respective ones of the multiple
client stations and/or using orthogonal frequency division
multiple access (OFDMA) transmission in which respective
frequency sub-channels of a communication channel are used
for simultaneous transmission to, or by, respective ones of
multiple client stations, in various embodiments.

[0032] In various embodiments, a data unit transmitted in
the downlink direction from the AP to one or more client
stations 25 (“DL data unit™), or a data unit transmitted in the
uplink direction from a client station to the AP (“UL data
unit”), includes one or more signal fields that include format-
ting and/or control information needed at the receiving device
to properly receive and decode the data unit. In various
embodiments, the formatting and/or control information is
distributed among multiple signal fields, included in the data
unit, for efficient transmission of the formatting and/or con-
trol information from a transmitting device (e.g., the AP) to
one or more receiving devices (e.g., one or more client sta-
tions). The efficient distribution of the formatting and/or con-
trol information among the multiple signal fields, and the
specific contents of each of the multiple signal fields enable
receiving devices to efficiently receive and process the data
unit and/or to quickly discard the data unit (e.g., if a receiving
device is not an intended recipient of the data unit), in at least
some embodiments.
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[0033] FIG. 1 is a block diagram of an example wireless
local area network (WL AN) 10, according to an embodiment.
The WLAN 10 supports downlink (DL) and uplink (UL)
multiuser (MU) multiple-input and multiple-output (MIMO)
communication between an access point (AP) and a plurality
of client stations. Additionally, the WLAN 10 supports DL
and UL single-user (SU) communication between the AP and
each of a plurality of client stations. The WLAN 10 includes
an AP 14, and the AP 14, in turn, includes a host processor 15
coupled to a network interface device 16. The network inter-
face device 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 trans-
ceivers 21, and the transceivers 21 are coupled to a plurality of
antennas 24. Although three transceivers 21 and three anten-
nas 24 are illustrated in FIG. 1, the AP 14 includes other
suitable numbers (e.g., 1, 2, 4, 5, etc.) of transceivers 21 and
antennas 24 in other embodiments. In an embodiment, the
network interface device 16 includes one or more integrated
circuit (IC) devices. For example, at least some of the func-
tionality of the MAC processing unit 18 and at least some of
the functionality of the PHY processing unit 20 are imple-
mented on a single IC device, according to an embodiment.
As another example, at least some of the functionality of the
MAC processing unit 18 is implemented on a first IC device,
and at least some of the functionality of the PHY processing
unit 20 is implemented on a second IC device, according to an
embodiment.

[0034] The WLAN 10 includes a plurality of client stations
25. Although four client stations 25 are illustrated in FIG. 1,
the WL AN 10 includes other suitable numbers (e.g., 1,2, 3, 5,
6, etc.) of client stations 25 in various scenarios and embodi-
ments. At least one of the client stations 25 (e.g., client station
25-1) is configured to operate at least according to the first
communication protocol. In some embodiments, at least one
of'the client stations 25 is not configured to operate according
to the first communication protocol but is configured to oper-
ate according to a legacy communication protocol (referred to
herein as a “legacy client station™).

[0035] The client station 25-1 includes a host processor 26
coupled to a network interface device 27. The network inter-
face device 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 trans-
ceivers 30 and three antennas 34 are illustrated in FIG. 1, the
client station 25-1 includes other suitable numbers (e.g., 1, 2,
4,5, etc.) of transceivers 30 and antennas 34 in other embodi-
ments. A client station 25-1 includes a host processor 26
coupled to a network interface 27. The network interface
device 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 trans-
ceivers 30 and three antennas 34 are illustrated in FIG. 1, the
client station 25-1 includes different numbers (e.g., 1,2,4, 5,
etc.) of transceivers 30 and antennas 34 in other embodi-
ments. In an embodiment, the network interface device 27
includes one or more IC devices. For example, at least some
of'the functionality of the MAC processing unit 28 and at least
some of the functionality of the PHY processing unit 29 are
implemented on a single IC device, according to an embodi-
ment. As another example, at least some of the functionality
of the MAC processing unit 28 is implemented on a first IC
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device, and at least some of the functionality of the PHY
processing unit 29 is implemented on a second IC device,
according to an embodiment.

[0036] According to an embodiment, the client station 25-4
is a legacy client station, i.e., the client station 25-4 is not
enabled to receive and fully decode a data unit that is trans-
mitted by the AP 14 or another client station 25 according to
the first communication protocol. Similarly, according to an
embodiment, the legacy client station 25-4 is not enabled to
transmit data units according to the first communication pro-
tocol. On the other hand, the legacy client station 25-4 is
enabled to receive and fully decode and transmit data units
according to a legacy communication protocol.

[0037] Inanembodiment, one or both of the client stations
25-2 and 25-3, has a structure the same as or similar to the
client station 25-1. In an embodiment, the client station 25-4
has a structure 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 (not
shown), according to an embodiment.

[0038] In various embodiments, the PHY processing unit
20 of the AP 14 is configured to generate data units conform-
ing to the first communication protocol and having formats
described herein. The transceiver(s) 21 is/are configured to
transmit the generated data units via the antenna(s) 24. Simi-
larly, 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 and having formats
described herein and to determine that such data units con-
form to the first communication protocol, according to vari-
ous embodiments.

[0039] 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 and
having formats described herein. The transceiver(s) 30 is/are
configured to transmit the generated data units via the antenna
(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 and having formats described hereinafter and to
determine that such data units conform to the first communi-
cation protocol, according to various embodiments.

[0040] In an embodiment, when operating in single-user
mode, the AP 14 transmits a data unit to a single client station
25 (DL SU transmission), or receives a data unit transmitted
by a single client station 25 (UL SU transmission), without
simultaneous transmission to, or by, any other client station
25. When operating in multi-user mode, the AP 14 transmits
a data unit that includes multiple data streams for multiple
client stations 25 (DL MU transmission), or receives data
units simultaneously transmitted by multiple client stations
25 (UL MU transmission), in an embodiment. For example,
in multi-user mode, a data unit transmitted by the AP includes
multiple data streams simultaneously transmitted by the AP
14 to respective client stations 25 using respective spatial
streams allocated for simultaneous transmission to the
respective client stations 25 and/or using respective sets of
OFDM tones corresponding to respective frequency sub-
channels allocated for simultaneous transmission to the
respective client stations.
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[0041] FIG. 2 is a diagram of a physical layer (PHY) data
unit 200 that the AP 14 is configured to transmit to one or
more client stations 25 (e.g., the client stations 25-1), accord-
ing to an embodiment. The data unit 200 conforms to the HE
communication protocol and occupies an 80 MHz band-
width. Data units similar to the data unit 200 occupy other
suitable bandwidth such as 20 MHz, 40 MHz, 160 MHz, 320
MHz, 640 MHz, for example, or other suitable bandwidths, in
other embodiments. The data unit 200 is suitable for “mixed
mode” situations, i.e. when the WLAN 10 includes a client
station (e.g., the legacy client station 24-4) that conforms to a
legacy communication protocol, but not the first communica-
tion protocol. The data unit 200 is utilized in other situations
as well, in some embodiments.

[0042] In various embodiments and/or scenarios, the data
unit 200 is a downlink (DL) orthogonal frequency division
multiple access (OFDMA) unit in which independent data
streams are transmitted to multiple client stations 25 using
respective sets of OFDM tones and, in some cases respective
spatial streams, allocated to the client stations 25. Similarly,
in various embodiments and/or scenarios, the data unit 200 is
an uplink (UL) OFDMA data unit transmitted by a particular
client station 25 as part of an OFDMA uplink transmission by
multiple client stations 25, wherein each of the multiple client
stations 25 transmits data using a set of OFDM tones and, in
some cases, respective one or more spatial streams, allocated
to the client station 25. For example, in an embodiment,
available OFDM tones (e.g., OFDM tones that are not used as
DC tone and/or guard tones) are partitioned into multiple
resource units (RUs), and each of the multiple RUs is allo-
cated to one or more client stations 25 for transmission of data
to, or by, the one or more of the client stations 25. In an
embodiment, allocation of OFDM tones is performed using
basic resource unit blocks defined by the first communication
protocol. A basic resource unit block is sometimes referred to
herein as simply a “basic resource unit.” For example, a basic
resource unit includes K OFDM tones, wherein K is an inte-
ger greater than zero, each allocated resource unit is com-
prised of one or more K-OFDM tone basic resource units. As
just an example, K=26, in an embodiment. Accordingly, a
basic resource unit includes 26 OFDM tones, in this embodi-
ment. A resource unit allocated to a client station 25, or
allocated to a multi-user group of client stations 25, includes
a number of OFDM tones that is an integer multiple of 26
OFDM tones, such as 26 OFDM tones, 52 OFDM tones, 78
OFDM tones, etc., in this embodiment. In another embodi-
ment, K is any suitable integer other than 26, and a basic
resource unit includes a corresponding number of OFDM
tones other than 26.

[0043] The data unit 200 includes a preamble including a
legacy short training field (L.-STF) 202, a legacy long training
field (L-LTF) 204, a legacy signal field (L-SIG) 206, a repli-
cated legacy signal field (RL-SIG) 208, a first HE signal field
(HE-SIG-A) 210, a second HE signal field (HE-SIG-B) 212,
an HE short training field (HE-STF) 214, and one or more HE
long training fields (HE-LTF(s)) 216. In some embodiments
and/or scenarios, the data unit 200 also includes a data portion
218. In some embodiments and/or scenarios, the data unit 200
omits the data portion 218. The L-STF 202, L-LTF 204,
L-SIG 206 and RL-SIG 208 form a legacy portion 220 of the
data unit 200, in an embodiment. HE-SIG-A 210, HE-SIG-B
212, HE-STF 214, HE-LTF(s) 216 and HE-DATA 218 form
an HE portion 222 ofthe data unit 200, in an embodiment. The
HE-SIG-B 212 is positioned in the data unit 200 such that the
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HE-SIG-B 212 immediately follows the HE-SIG-A 210, inan
embodiment. The HE-SIG-B 212 is positioned in the data unit
200 such that the HE-SIG-B 212 will be transmitted before
the HE-STF 214 and the HE-LTF(s) 216, in an embodiment.

[0044] In the embodiment of FIG. 2, the L-STF 202, the
L-LTF 204, the L-SIG 206 and the RL-SIG 208 is duplicated
in each of four 20 MHz sub-bands of the data unit 200. the
Accordingly, the data unit 200 includes four of each of the
L-STF 202, the L-LTF 204, the L-SIG 206, and RL-SIG 208.
In other embodiments in which a data unit similar to the data
unit 200 occupies a cumulative bandwidth other than 80
MHz, each of the L-STF 202, the L-LTF 204, the L-SIG 206,
and the RL-SIG 208 is duplicated over a corresponding num-
ber of 20 MHz sub-bands of the whole bandwidth of the data
unit. For example, in an embodiment, the data unit occupies a
160 MHz bandwidth and, accordingly, includes eight of each
of the each of the L-STF 202, the L-LTF 204, the L-SIG 206,
and RL-SIG 208.

[0045] In the embodiment of FIG. 2, the HE-SIG-A 210
occupies a 20 MHz bandwidth and is duplicated in each 20
MHz sub-band of the data unit 200. The HE-SIG-B 212, on
the other hand, occupies a 40 MHz bandwidth and is dupli-
cated in each of two 40 MHz sub-bands of the data unit 200.
Accordingly, the data unit 200 includes four HE-SIG-A fields
210 and two HE-SIG-B fields 212, in the illustrated embodi-
ment. In other embodiments in which a data unit similar to the
data unit 200 occupies a cumulative bandwidth other than 80
MHz, each of the HE-SIG-A is duplicated over a correspond-
ing number of 20 MHz sub-bands of the whole bandwidth of
the data unit and the HE-SIG-B 212 is duplicated over a
corresponding number of 40 MHz sub-bands of the whole
bandwidth of the data unit. For example, in an embodiment,
the data unit occupies a 160 MHz bandwidth and, accord-
ingly, includes eight of the HE-SIG-A 210 and four of the
HE-SIG-B 212.

[0046] In some embodiments, the modulation of different
20 MHz sub-bands signals is rotated by different angles. For
example, in one embodiment, all OFDM tones within a first
subband are rotated 0-degrees, all OFDM tones within a
second subband is rotated 90-degrees, a third sub-band is
rotated 180-degrees, and a fourth sub-band is rotated 270-
degrees. In other embodiments, different suitable rotations
are utilized. The different phases of the 20 MHz sub-band
signals result in reduced peak to average power ratio (PAPR)
of OFDM symbols in the data unit 200, in at least some
embodiments. In an embodiment, if the data unit that con-
forms to the first communication protocol is a data unit that
occupies a cumulative bandwidth such as 20 MHz, 40 MHz,
80 MHz, 160 MHz, 320 MHz, 640 MHz, etc., the HE-STF
214 and the HE-LTF(s) 216 occupy the corresponding whole
bandwidth of the data unit.

[0047] In an embodiment, the data portion 218 includes
four frequency portions 224 corresponding to four resource
units allocated for transmission of data to client stations 25. In
an embodiment, a frequency portion 224 corresponds to a
resource unit allocated for SU transmission to a single client
station 25 or to a resource unit allocated for MU-MIMO
transmission to multiple client stations 25. Although the data
portion 218 includes four frequency portions 224 in the illus-
trated embodiment, the data portion 218 includes another
suitable number of frequency portions 224 (e.g., 1, 2,3, 5, 6,
7,8,9,10, 11, 12, etc.), in other embodiments. Generally, the
data portion 218 includes any suitable number of frequency
portions, with each frequency portion corresponding to a
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resource unit allocated for transmission of data to any suitable
number of client stations, in various embodiments.

[0048] In an embodiment, the HE-SIG-A 210 and the HE-
SIG-B 212 generally carry information about the format of
the data unit 200, such as information needed to properly
decode at least a portion of the data unit 200, in an embodi-
ment. In an embodiment in which the data unit 200 is a
multi-user dataunit, HE-SIG-A 210 carries information com-
monly needed by multiple intended receivers of the data unit
200. In some embodiments, HE-SIG-A 210 additionally
includes information for client stations 25 that are not
intended receivers of the data unit 200, such as information
needed for medium protection from the client stations 25 that
are not receivers of the data unit 200. On the other hand,
HE-SIG-B 212 carries user-specific information individually
needed by each client station 25 that is an intended recipient
of the data unit 200, in an embodiment. In an embodiment,
HE-SIG-A 210 includes information needed to properly
decode HE-SIG-B 212, and HE-SIG-B 212 includes infor-
mation needed to properly decode data streams in the data
portion 218 ofthe data unit 200. In some embodiments and/or
scenarios, however, HE-SIG-A field 210 includes at least
some of the information needed to decode the data portion
218.

[0049] FIG. 3 is a diagram of a PHY data unit 300 that the
AP 14 is configured to transmit to one or more client stations
25 (e.g., the client stations 25-1), according to an embodi-
ment. The data unit 300 conforms to the HE communication
protocol and occupies an 80 MHz bandwidth. Data units
similar to the data unit 300 occupy other suitable bandwidth
such as 20 MHz, 40 MHz, 160 MHz, 320 MHz, 640 MHg, for
example, or other suitable bandwidths, in other embodiments.
The dataunit 300 is similar to the data unit 200 of FIG. 2 and
includes many of the same-numbered elements with the data
unit 200 of FIG. 2. For conciseness of illustration, the data
unit 300 is illustrated without a legacy portion. However, the
data unit 300 includes a legacy portion, such as the legacy
portion 220 of FIG. 2, in some embodiments.

[0050] The data unit 300 includes a first HE signal field
HE-SIG-A 310 that is duplicated in each 20 MHz sub-band of
the data unit 300, and a second HE signal field HE-SIG-B
312. The HE-SIG-B 312 includes a portion that occupies a 40
MHz bandwidth and is duplicated in each 40 MHz sub-band
of'the data unit 300. The duplicated portion that occupies a 40
MHz bandwidth includes an HE-SIG-B1 field 3124 and an
HE-SIG-B2 field 3125, each occupying a 20 MHz sub-band
of the 40 MHz bandwidth. Accordingly, the data unit 300
includes two of HE-SIG-B1 fields 3124 and two of the HE-
SIG-B2 fields 3124, in the illustrated embodiment. In other
embodiments in which a data unit similar to the data unit 300
occupies a cumulative bandwidth other than 80 MHz, each of
the HE-SIG-A 310 is duplicated over a corresponding num-
ber of 20 MHz sub-bands of the whole bandwidth of the data
unit and each 40 MHz-wide portion of the HE-SIG-B 312 is
duplicated over a corresponding number of 40 MHz sub-
bands of the whole bandwidth of the data unit. For example,
in an embodiment, the data unit occupies a 160 MHz band-
width and, accordingly, includes eight of the HE-SIG-A 310
and four of each of the HE-SIG-B1 3124 and the HE-SIG-B2
3125. The HE-SIG-B 312 is positioned in the data unit 300
such that the HE-SIG-B 312 immediately follows the HE-
SIG-A 310, in an embodiment. The HE-SIG-B 312 is posi-
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tioned in the data unit 300 such that the HE-SIG-B 312 will be
transmitted before the HE-STF 214 and the HE-LTF(s) 216,
in an embodiment.

[0051] FIG. 4 is a diagram of a PHY data unit 400 that the
AP 14 is configured to transmit to one or more client stations
25 (e.g., the client stations 25-1), according to an embodi-
ment. The data unit 400 conforms to the HE communication
protocol and occupies an 80 MHz bandwidth. Data units
similar to the data unit 400 occupy other suitable bandwidth
such as 20 MHz, 40 MHz, 160 MHz, 320 MHz, 640 MHg, for
example, or other suitable bandwidths, in other embodiments.
The data unit 400 is similar to the data unit 200 of FIG. 2 and
includes many of the same-numbered elements with the data
unit 200 of FIG. 2. For conciseness of illustration, the data
unit 400 is illustrated without a legacy portion. However, the
data unit 400 includes a legacy portion, such as the legacy
portion 220 of FIG. 2, in some embodiments.

[0052] The data unit 400 includes a first HE signal field
HE-SIG-A 410 thatis duplicated in each 20 MHz sub-band of
the data unit 400, and a second HE signal field HE-SIG-B 412
that is duplicated in each 40 MHz sub-band of the data unit
400. Additionally, the data unit 400 includes a third signal
field HE-SIG-C 414. The third signal field HE-SIG-C 414
includes a plurality of portions respectively corresponding to
frequency portions 224 of the data portion 218 of the data unit
400. In an embodiment, a particular portion of the HE-SIG-C
414 that corresponds to a particular frequency portion 224 is
transmitted in the same sub-channel as the corresponding
frequency portion 224. In an embodiment, a particular por-
tion of the HE-SIG-C 414 that corresponds to a particular
frequency portion 224 includes information needed to decode
the corresponding frequency portion 224. The HE-SIG-B 412
is positioned in the data unit 400 such that the HE-SIG-B 412
immediately follows the HE-SIG-A 410, in an embodiment.
The HE-SIG-B 412 is positioned in the data unit 400 such that
the HE-SIG-B 412 will be transmitted before the HE-STF
214 and the HE-LTF(s) 216, in an embodiment. The HE-
SIG-C 414 is positioned in the data unit 400 such that the
HE-SIG-C 414 will be transmitted after the HE-STF 214 and
the HE-LTF(s) 216, in an embodiment.

[0053] FIG. 51is a diagram of a PHY data unit 500 that the
AP 14 is configured to transmit to one or more client stations
25, according to an embodiment. The data unit 500 conforms
to the HE communication protocol and occupies an 80 MHz
bandwidth. Data units similar to the data unit 500 occupy
other suitable bandwidth such as 20 MHz, 40 MHz, 160 MHz,
320 MHz, 640 MHz, for example, or other suitable band-
widths, in other embodiments. The data unit 500 is similar to
the data unit 200 of FIG. 2 and includes many of the same-
numbered elements with the data unit 200 of FIG. 2. For
conciseness of illustration, the data unit 500 is illustrated
without a legacy portion. However, the data unit 500 includes
a legacy portion, such as the legacy portion 220 of FIG. 2, in
some embodiments.

[0054] The data unit 500 includes a first HE signal field
HE-SIG-A 510 thatis duplicated in each 20 MHz sub-band of
the dataunit 500, and a second HE signal field HE-SIG-B 512
that occupies the entire bandwidth of the data unit 500. The
HE-SIG-B 512 is positioned in the data unit 500 such that the
HE-SIG-B 512 immediately follows the HE-SIG-A 510, inan
embodiment. The HE-SIG-B 512 is positioned in the data unit
500 such that the HE-SIG-B 512 will be transmitted before
the HE-STF 214 and the HE-LTF(s) 216, in an embodiment.
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[0055] FIG. 6 is a diagram of a PHY data unit 600 that the
AP 14 is configured to transmit to one or more client stations
25, according to an embodiment. The data unit 600 conforms
to the HE communication protocol and occupies an 80 MHz
bandwidth. Data units similar to the data unit 600 occupy
other suitable bandwidth such as 20 MHz, 40 MHz, 160 MHz,
320 MHz, 640 MHz, for example, or other suitable band-
widths, in other embodiments. The data unit 600 is similar to
the data unit 200 of FIG. 2 and includes many of the same-
numbered elements with the data unit 200 of FIG. 2. For
conciseness of illustration, the data unit 600 is illustrated
without a legacy portion. However, the data unit 600 includes
a legacy portion, such as the legacy portion 220 of FIG. 2, in
some embodiments.

[0056] The data unit 600 includes a first HE signal field
HE-SIG-A 610 that is duplicated in each 20 MHz sub-band of
the data unit 600, and a second HE signal field HE-SIG-B 612
that spans the entire bandwidth of the data unit 600. Addi-
tionally, the data unit 600 includes a third signal field HE-
SIG-C 614. The third signal field HE-SIG-C 614 includes a
plurality of frequency portions respectively corresponding to
frequency portions 224 of the data portion 218 of the data unit
400. In an embodiment, a particular frequency portion of the
HE-SIG-C 614 that corresponds to a particular frequency
portion 224 is transmitted in the same sub-channel (e.g., same
resource unit) as the corresponding frequency portion 224. In
an embodiment, a particular frequency portion of the HE-
SIG-C 614 that corresponds with a particular frequency por-
tion 224 of the data portion 218 includes information needed
to decode the corresponding frequency portion 224. The HE-
SIG-B 612 is positioned in the data unit 600 such that the
HE-SIG-B 612 immediately follows the HE-SIG-A 610, in an
embodiment. The HE-SIG-B 612 is positioned in the data unit
600 such that the HE-SIG-B 612 will be transmitted before
the HE-STF 214 and the HE-LTF(s) 216, in an embodiment.
The HE-SIG-C 614 is positioned in the data unit 600 such that
the HE-SIG-C 614 will be transmitted after the HE-STF 214
and the HE-LTF(s) 216, in an embodiment.

[0057] FIG. 7is a diagram of a PHY data unit 700 that the
AP 14 is configured to transmit to one or more client stations
25, according to an embodiment. The data unit 700 conforms
to the HE communication protocol and occupies an 80 MHz
bandwidth. Data units similar to the data unit 700 occupy
other suitable bandwidth such as 20 MHz, 40 MHz, 160 MHz,
320 MHz, 640 MHz, for example, or other suitable band-
widths, in other embodiments. The data unit 700 is similar to
the data unit 200 of FIG. 2 and includes many of the same-
numbered elements with the data unit 200 of FIG. 2. For
conciseness of illustration, the data unit 700 is illustrated
without a legacy portion. However, the data unit 700 includes
a legacy portion, such as the legacy portion 220 of FIG. 2, in
some embodiments.

[0058] The data unit 700 includes a first HE signal field
HE-SIG-A 610 that is duplicated in each 20 MHz sub-band of
the data unit 700, and a second signal field HE-SIG-C 714 that
includes a plurality of portions respectively corresponding to
frequency portions 224 of the data portion 218 of the data unit
700. In an embodiment, a particular portion of the HE-SIG-C
714 that corresponds to a particular frequency portion 224 is
transmitted in the same sub-channel as the corresponding
frequency portion 224. In an embodiment, a particular por-
tion of the HE-SIG-C 714 that corresponds to a particular
frequency portion 224 includes information needed to decode
the corresponding frequency portion 224. The HE-SIG-C 714
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is positioned in the data unit 700 such that the HE-SIG-C 714
will be transmitted after the HE-STF 214 and the HE-LTF(s)
216, in an embodiment.

[0059] FIG. 81is a diagram of a PHY data unit 800 that the
AP 14 is configured to transmit to one or more client stations
25, according to an embodiment. The data unit 800 conforms
to the HE communication protocol and occupies an 80 MHz
bandwidth. Data units similar to the data unit 800 occupy
other suitable bandwidth such as 20 MHz, 40 MHz, 160 MHz,
320 MHz, 640 MHz, for example, or other suitable band-
widths, in other embodiments. The data unit 800 is similar to
the data unit 200 of FIG. 2 and includes many of the same-
numbered elements with the data unit 200 of FIG. 2. For
conciseness of illustration, the data unit 800 is illustrated
without a legacy portion. However, the data unit 800 includes
a legacy portion, such as the legacy portion 220 of FIG. 2, in
some embodiments.

[0060] The data unit 800 includes a first HE signal field
HE-SIG-A 810 thatis duplicated in each 20 MHz sub-band of
the data unit 800, and a second signal field HE-SIG-C 814 that
occupies the entire bandwidth of the data unit 800. The HE-
SIG-C 812 is positioned in the data unit 800 such that the
HE-SIG-C 812 will be transmitted after the HE-STF 214 and
the HE-LTF(s) 216, in an embodiment.

[0061] FIG. 9is a diagram of a PHY data unit 900 that the
AP 14 is configured to transmit to one or more client stations
25, according to an embodiment. The data unit 900 conforms
to the HE communication protocol and occupies an 80 MHz
bandwidth. Data units similar to the data unit 900 occupy
other suitable bandwidth such as 20 MHz, 40 MHz, 160 MHz,
320 MHz, 640 MHz, for example, or other suitable band-
widths, in other embodiments. The data unit 900 is similar to
the data unit 200 of FIG. 2 and includes many of the same-
numbered elements with the data unit 200 of FIG. 2. For
conciseness of illustration, the data unit 900 is illustrated
without a legacy portion. However, the data unit 900 includes
a legacy portion, such as the legacy portion 220 of FIG. 2, in
some embodiments. The data unit 900 includes a single HE
signal field HE-SIG-A 910 that is duplicated in each 20 MHz
sub-band of the data unit 900.

[0062] FIG.10isadiagram of a PHY dataunit 1000 that the
AP 14 is configured to transmit to one or more client stations
25, according to an embodiment. The data unit 1000 con-
forms to the HE communication protocol and occupies an 80
MHz bandwidth. Data units similar to the data unit 800
occupy other suitable bandwidth such as 20 MHz, 40 MHz,
160 MHz, 320 MHz, 640 MHz, for example, or other suitable
bandwidths, in other embodiments. The data unit 1000 is
similar to the data unit 200 of FIG. 2 and includes many of the
same-numbered elements with the data unit 200 of FIG. 2. For
conciseness of illustration, the data unit 1000 is illustrated
without a legacy portion. However, the data unit 1000
includes a legacy portion, such as the legacy portion 220 of
FIG. 2, in some embodiments.

[0063] The data unit 1000 includes a first HE signal field
HE-SIG-A 1010 that is duplicated in each 20 MHz sub-band
of the data unit 1000, and a second signal field HE-SIG-B
1012 that is duplicated in each 20 MHz sub-band of the data
unit 1000. The HE-SIG-B 1012 is positioned in the data unit
1000 such that the HE-SIG-B 1012 immediately follows the
HE-SIG-A 1010, in an embodiment. The HE-SIG-B 1012 is
positioned in the data unit 1000 such that the HE-SIG-B 1012
will be transmitted before the HE-STF 214 and the HE-LTF
(s) 216, in an embodiment.
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[0064] In some embodiments in which a signal field is
duplicated in multiple sub-bands of a data unit, one copies of
the signal field are distributed in any suitable manner over the
sub-bands of the data unit. For example, in an embodiment in
which an 80 MHz-wide data unit includes a duplicated 40
MHz HE-SIG-B field such as the HE-SIG-B 212 of FIG. 2,
for example, a first copy of the 40 MHz HE-SIG-B is included
in the sub-bands corresponding to the primary 20 MHz chan-
nel (“P20”) of the WLAN 10 and the secondary 20 MHz
channel (“S20”) of the WLLAN 10, and a second copy of the 40
MHz HE-SIG-B is included in the sub-bands corresponding
to the secondary 40 MHz channel of the WLAN 10. As
another example, in another embodiment in which an 80
MHz-wide data unit includes a duplicated 40 MHz HE-SIG-
B, a first copy of the HE-SIG-B is included in the sub-band
corresponding to P20 and one of'the 20 MHz channels in S40,
and a second copy is included in the sub-bands corresponding
to S20 and the other one of the 20 MHz channels in S40. In
some such embodiments, the particular sub-band configura-
tion in which the copies of HE-SIG-B are transmitted is fixed.
Alternatively, the particular sub-bands in which the copies of
HE-SIG-B are transmitted are adaptively selected (e.g., by
the AP 14), and are explicitly or implicitly signaled to receiv-
ing devices, in some embodiments. In an embodiment, a
selected sub-band configuration for one or more data units is
signaled by a management or a control frame transmitted by
the AP 14 prior to transmission of the one or more data units,
or is signaled in the preamble (e.g., in L-SIG field, SIG-A
field, etc.), of the one or more data units. Additionally or
alternatively, the selected sub-band configuration is signaled
implicitly by particular modulation (e.g., binary phase shift
keying (BPSK) or quadrature BPSK (Q-BPSK)) of one or
more fields (e.g., in L-SIG field, in SIG-A field, etc.) in the
preamble of each of the one or more data units.

[0065] In some embodiments in which a signal field is
duplicated in multiple sub-bands of a data unit, the signal field
is only partially transmitted in some scenarios. In other
words, a portion of a signal field is “punctured” from the data
unit, in such embodiments and/or scenarios. For example, a
portion of a signal field is punctured from a data unit when a
certain sub-channel of the WLAN 10 is busy, and the AP 14
transmits data to one or more client stations 25 using resource
units in other one(s) of the sub-channels of the WLAN 10. In
this case, portions of the data unit corresponding to the busy
sub-channel, including signal field(s) corresponding to the
busy sub-channel, are “punctured” from the data unit and are
not transmitted by the AP 14, in an embodiment. For example,
referring to FIG. 2, the data unit 200 includes only one copy
of'the HE-SIG-B 212, or includes only a portion one or both
of the copies of the HE-SIG-B 212, in some embodiments
and/or scenarios. As another example, referring to FIG. 3, the
data unit 300 includes only one copy of the HE-SIG-B1 3124
and/or only one copy of the HE-SIB-B2 31254, in some
embodiments and/or scenarios.

[0066] FIGS. 11A-11F are block diagrams of example
punctured signal field configurations, according to several
embodiments. For ease of explanation, illustrated signal field
configurations correspond to an 80 MHz channel. More spe-
cifically, punctured transmission of the HE-SIG-B 212 of
FIG. 2 inan 80 MHz channel is illustrated. However, the same
or similar puncturing techniques are used with other data
units and/or other channel bandwidths, in some embodi-
ments. Referring first to FIG. 11A, only a portion 1102 of a
first copy of HE-SIG-B included in sub-bands corresponding
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to P20 and S20 of the WLAN 10 is transmitted, in the illus-
trated embodiment. In particular, in the first copy of the HE-
SIG-B, the portion that corresponds to S20 is punctured from
the data unit, in the illustrated embodiment. Referring now to
FIG. 11B, only a portion 1104 of a second copy of HE-SIG-B
included in sub-bands corresponding to S40 (S40-A and S40-
B) of the WL AN 10 is transmitted, in the illustrated embodi-
ment. In particular, in the second copy of the HE-SIG-B, the
portion that corresponds to S40-A is punctured from the data
unit, in the illustrated embodiment. Referring now to FIG.
11B, only a portion 1106 of a second copy of HE-SIG-B
included in sub-bands corresponding to S40 (S40-A and S40-
B) of the WL AN 10 is transmitted, in the illustrated embodi-
ment. In particular, in the second copy of the HE-SIG-B, the
portion that corresponds to S40-B is punctured from the data
unit, in the illustrated embodiment.

[0067] Inthe embodiments of FIGS. 11A-11C, signal field
puncturing is performed such that a complete HE-SIG-B is
always included in consecutive sub-bands of the data unit. In
another embodiment, a complete HE-SIG-B can be distrib-
uted among non-consecutive sub-bands of the data unit. FIG.
11D is a block diagrams of example punctured signal field
configuration in which a complete HE-SIG-B is distributed
among non-consecutive sub-bands of the data unit, according
to an embodiment. Non-consecutive portions 1108 of and
1110 of the HE-SIG-B form a complete HE-SIG-B field, in
the illustrated embodiment. In some embodiments and/or
scenarios, signal field puncturing is performed for more than
one sub-band of the data unit. FIGS. 11E-11F are block
diagrams of example punctured signal field configurations in
which the signal field is punctured in two sub-bands of the
data unit, according to several embodiments.

[0068] Inanembodimentinwhich only aportionofasignal
field is included in a data unit, the portion of the signal field
includes a corresponding portion of information bits of the
signal field. In another embodiment in which only a portion of
a signal field is included in a data unit, the portion of the signal
field is modulated using a higher MCS as compared to the
MCS used for a complete copy of the signal field. In an
embodiment, the MCS used for the portion of the signal field
is sufficiently high such that all of the information bits of the
signal field are included in the transmitted portion of the
signal field. As an example, referring to FIG. 11A, the portion
1102 of the HE-SIG-B field includes half of the information
bits of the HE-SIG-B, and the second copy of the HE-SIG-B
field includes all of the information bits of the HE-SIG-B
field, in an embodiment. In another embodiment, the portion
1102 of the HE-SIG-B field and the second copy of the
HE-SIG-B field each includes all of the information bits of the
HE-SIG-B field, wherein a higher MCS is used at least for the
portion 1102 such that all information bits of the 40 MHz-
wide HE-SIG-B field are transmitted in the 20 MHz sub-band
of the data unit.

[0069] FIG. 12 is a bock diagram of a signal field 1200,
according to an embodiment. The signal field 1200 corre-
sponds to the various HE-SIG-A fields described above with
respect to FIGS. 2-10, in various embodiments. For example,
the signal field 1200 corresponds to the HE-SIG-A 210 of
FIG. 2,in an embodiment. As just another example, the signal
field 1200 corresponds to the HE-SIG-A 310 of FIG. 3, in
another embodiment. The signal field 1200 is included in a
suitable data unit different from the data units described
above with respect to FIGS. 2-10, in some embodiments. For
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ease of explanation, the signal field 1200 is described below
with reference to the data unit 200 of FIG. 2.

[0070] The signal field 1200 includes a plurality of sub-
fields 1202. Bit allocations for the subfields 1202, according
to an example embodiment, are illustrated above the subfields
1202 in FIG. 12. Other bit allocations are used for the sub-
fields 1202, in other embodiments. The subfields 1202
include a numerology subfield 1202-2, a bandwidth (BW)
subfield 1202-4, a basic service set (BSS) color subfield
1202-6, a packet type subfield 1202-8, a reserved subfield
1202-10, an cyclic redundancy check (CRC) subfield 1202-
12, and tail bits 1202-14. The numerology subfield 1202-2
includes an indication of a guard interval length used with
OFDM symbols of the data portion 218 of the data unit 200,
in an embodiment. For example, in an embodiment, the
numerology subfield 1202-2 includes two bits set to indicate
one of four possible guard interval lengths, in an embodiment.
In another embodiment, the numerology subfield 1202-2
includes a suitable number of bits other than two bits. The BW
subfield 1202-4 includes an indication of a bandwidth of the
data unit 200, in an embodiment. The BSS color subfield
1202-6 includes an identifier of a BSS in which the data unit
200 is being transmitted, in an embodiment. The packet type
subfield 1202-8 includes an indication of a type of the data
unit 200. For example, in an embodiment, the packet type
subfield 1202-8 is set to indicate whether the data unit 200 is
an OFDM data unit or an OFDMA data unit, whether the data
unit 200 is an SU data unit or an MU-MIMO data unit, etc., in
an embodiment. The packet type subfield includes I _type
number of bits, where [_typeis an integer. In an embodiment,
L_type is equal to two. Accordingly, in this embodiment, the
packet type subfield 1202-8 includes two bits and is capable
of'indicating one of up to four different possible packet types.
In another embodiment, the packet type subfield 1202-8
includes another suitable number bits (e.g., 1, 3, 4, 5, 6, etc.)
of bits. The reserved subfield 1202-10 includes a suitable
integer number (L_reserved) of reserved bits, in an embodi-
ment.

[0071] With continued reference to FIG. 12, the CRC bits
1202-10 include CRC bits used to check correctness of the
various subfields 1202 at a receiving device, in an embodi-
ment. Tail bits 1206-14 include tail bits required to terminate
the trellis of the convolution coder for proper operation. In
some embodiments, the signal field 1200 omits some of the
subfields 1202 illustrated in FIG. 12. For example, the signal
field 1200 omits the BSS color subfield 1202-2, in an embodi-
ment. As just another example, in an embodiment in which
tail biting binary convolutional code (TBCC) encoding is
used to encode the signal field 1200, the signal field 1200
omits the tail bits 1202-14. In some embodiments, the signal
field 1200 includes additional subfields 1202 not illustrated in
FIG. 12. For example, the signal field 1200 includes a
resource allocation subfield that indicates resource units allo-
cated for transmission of data to one or more client stations 25
in the data portion 218 of the data unit 200 (e.g., the widths
and locations of the frequency portions 224 of the data portion
218), in some embodiments.

[0072] FIG. 13A is a bock diagram of a signal field 1300,
according to an embodiment. The signal field 1300 corre-
sponds to the various HE-SIG-B and/or HE-SIG-C fields
described above with respect to FIGS. 2-10, in various
embodiments. For example, the signal field 1100 corresponds
to the HE-SIG-B 212 of FIG. 2, in an embodiment. As just
another example, the signal field 1300 corresponds to the
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HE-SIG-B 312 of FIG. 3, in another embodiment. The signal
field 1300 is included in a suitable data unit different from the
data units described above with respect to FIGS. 2-10, in
some embodiments. For ease of explanation, the signal field
1300 is described below with reference to the data unit 200 of
FIG. 2.

[0073] The signal field 1300 includes a common portion
(also referred herein as “common block™) 1302 and a per-
allocation portion 1304. Referring briefly to FIG. 13B, the
per-allocation portion 1304 includes one or more user blocks
1310 respectively corresponding to one or more users (e.g.,
one or more client stations 25) that are scheduled to receive
data in the data unit 200, as will be explained in more detail
below, in an embodiment. Referring again to FIG. 13A, the
signal field 1300 also includes a CRC subfield 1306 used to
check the correctness of the common block 1302 and the
per-allocation portion 1304 at a receiving device, in an
embodiment. The signal field 1300 also includes tail bits 1308
that include tail bits required to terminate the trellis of the
convolution coder for proper operation. In some embodi-
ments, the signal field 1300 omits some of the subfields
1302-1308 illustrated in FIG. 11. For example, the signal field
1300 omits the CRC bits 1306 in some embodiments, such as
in embodiments in which respective CRC bit are included in
the common block 1302 and/or per-allocation portion 1302.
In some embodiments, on the other hand, the CRC bits 1306
are included in the signal field 1300 even when respective
CRC bit are additionally included in the common block 1302
and/or per-allocation portion 1302. As another example, the
signal field 1300 omits the tail bits 108, for example when tail
biting BCC encoding is used to encode the signal field 1300,
in an embodiment. In some embodiments, the signal field
1300 includes one or more subfields not illustrated in FIG.
13A.

[0074] FIG. 14 is ablock diagram of a common block 1400
included in a signal field, according to an embodiment. In an
embodiment, the common block 1400 corresponds to the
common block 1302 of FIG. 13 A. The common block 1400 is
included in the HE-SIG-B 212 of FIG. 2, in an embodiment.
For ease of explanation, the common block 1400 is described
below with reference to the data unit 200 of FIG. 2. However,
the common block 1400 is included in a signal field such as an
HE-SIG-B field and/or HE-SIG-C field described above with
respect to FIGS. 3-10, or is included in a suitable data unit
different from the data units described above with respect to
FIGS. 2-10, in some embodiments.

[0075] The common block 1400 includes a plurality of
sub-fields 1402, in an embodiment. Bit allocations for the
subfields 1402, according to an example embodiment, are
illustrated above the subfields 1402 in FIG. 14. Other bit
allocations are used for the subfields 1402, in other embodi-
ments. The subfields 1102 include a frame format 1402-2, a
number of LTF fields (N_LTF) subfield 1402-4, an LTF type
subfield 1402-6, a data GI subfield 1402-8, a signal extension
(SE) indication subfield 1402-10, a resource allocation sub-
field 1402-12, and CRC bits 1402-14.

[0076] The frame format subfield 1402-2 includes an indi-
cation of a format of the data unit 2000, such as whether the
data unit 200 is an OFDM data unit or an OFDMA data unit,
in an embodiment. The N_LTF subfield 1402-4 includes an
indication of a number of OFDM symbols of the LTF fields
216 included in the data unit 200. The type of LTF subfield
1402-6 includes an indication of a type of LTF compression
used with the LTF fields 216 included in the data unit 200. For
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example, the type of LTF subfield 1402-6 indicates whether
2x or 4x compression used with the with the LTF fields 216.
The data GI subfield 1402-8 includes an indication of a guard
interval used with OFDM symbols of the data portion 218 of
the data unit 200. The signal extension subfield 1402-10
includes an indication of whether or not and extension field is
appended to the data unit 200 and/or an indication of a length
of the extension field, in embodiments. The resource alloca-
tion subfield 1402-12 indicates resource units allocated for
transmission of data to one or more client stations 25 in the
data portion 218 of the data unit 200 (e.g., the widths and
locations of the frequency portions 224 of the data portion
218), in some embodiments. In an embodiment, the number
of'bits in the resource allocation subfield 1402-12 depends on
the bandwidths of the data unit 200. For example, the resource
allocation subfield 1402-12 includes 8 bits if the bandwidth of
the data unit 200 is 20 MHz, 16 bits if the data unit 200 is 40
MHz, or 33 bits if the bandwidth of the data unit 200 is 80
MHz, wherein 32 bits are used to indicate resource unit allo-
cation and an additional bit is used to indicate whether the
center basic resource unit is unused, as will be explained in
more detail below, in various embodiments.

[0077] In some embodiments, one or more of the format
subfield 1402-2, the N_LTF subfield 1402-04, the type of LTF
subfield 1402-6, the data GI subfield 1402-8, the signal exten-
sion subfield 1402-10, and resource allocation subfield 1402-
12 are included in the HE-SIG-A 210 of the data unit 200. In
such embodiments, the one or more of the format subfield
1402-2, the number of N_LTF subfield 1402-04, the type of
LTF subfield 1402-6, the data GI subfield 1402-8, the signal
extension subfield 1402-10, and resource allocation subfield
1402-12 that are included in the HE-SIG-A 210 of the data
unit 200 are omitted from the common block 1400.

[0078] FIG. 15 is a diagram of allowed resources unit allo-
cations 1500 for a 20 MHz channel, according to an embodi-
ment. In an embodiment, a resource allocation indication
(e.g., aresource allocation indication included in the resource
allocation subfield 1302-12) indicates a respective one of the
resource allocations 1500 for each 20 MHz sub-band of the
data unit that includes the resource allocation subfield (e.g.,
the data unit 200). According to the resource allocation 1500,
a 20 MHz channel is sub-divided into nine 26-OFDM tone
basic resource units, and an allocated resource unit in the 20
MHz channel includes one or more of consecutive basic
resource units, in an embodiment. Only certain resource unit
configurations are allowed, in an embodiment. The allowed
resource unit configurations 1500, according to an embodi-
ment, include a resource unit configuration 1502 in which the
20 MHz channel includes a total of 9 resource units, a
resource unit configuration 1504 in which the 20 MHz chan-
nel includes a total of 8 resource units, a resource unit con-
figuration 1506 in which the 20 MHz channel includes a total
of 7 resource units, a resource unit configuration 1508 in
which the 20 MHz channel includes a total of 6 resource units,
a resource unit configuration 1510 in which the 20 MHz
channel includes a total of 5 resource units, a resource unit
configuration 1512 in which the 20 MHz channel includes a
total of 4 resource units, a resource unit configuration 1514 in
which the 20 MHz channel includes a total of 3 resource units,
a resource unit configuration 1516 in which the 20 MHz
channel includes a total of 2 resource units, and a resource
unit configuration 1518 in which the 20 MHz channel
includes a total of 1 resource unit. In an embodiment, the
allowed resource unit configurations 1500 include some
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resource unit configurations in which a center basic resource
unit (e.g., the center 26-OFDM tone block) is unused, such as,
for example, a resource unit configuration 151454, a resource
unit configuration 1514¢, and the resource unit configuration
1516.

[0079] In an embodiment, the allowed resource unit con-
figurations 1500 also include a configuration 1522 in which
the 20 MHz channel includes O resource units, i.e., the 20
MHz channel is unused. Additionally, the allowed resource
unit configurations 1500 include a resource unit configuration
1522 in which a single resource unit included a 484 OFDM
tone block that occupies a 40 MHz bandwidth that includes
the 20 MHz channel and a neighboring 20 MHz channel, and
a resource unit configuration 1524 in which a single resource
unit includes a 996 OFDM tone block and occupies an 80
MHz bandwidth that includes the 20 MHz channel and three
other consecutive neighboring 20 MHz channels, in an
embodiment.

[0080] In an embodiment, a resource allocation indication
that indicates one of the allowed resource allocations 1500
includes eight bits. A particular value of the eight bits corre-
sponds to a particular resource allocation configuration 1502-
1524 illustrated in FIG. 15. In an embodiment, the allowed
resource unit configurations 1500 include some resource
units that can be allocated for MU-MIMO transmission to
multiple client stations 25. In an embodiment, only resource
units that include a predetermined minimum number OFDM
tones, or a predetermined minimum number of basic resource
units, are eligible for allocation for MU-MIMO transmission.
For example, in an embodiment, only resource units that
include a number of OFDM tones that is equal to or greater
than 106 OFDM tones (i.e., at least four basic resource units)
can be allocated for MU-MIMO transmission. In an embodi-
ment, a particular eight-bit value in the resource allocation
configuration 1500 that corresponds to a resource unit con-
figuration that includes a 106-OFDM tone resource unit also
indicates a number of users (e.g., 1-8 users) allocated in the
106-OFDM resource unit. Thus, for example, a total of eight
eight-bit values correspond to a resource unit configuration
1510a that included a 106-OFDM tone resource unit, with
each ofthe eight values corresponding to a particular number
of client stations allocated in the 106-OFDM tone resource
unit. Similarly, as another example, a total of sixty four eight-
bit values correspond to a resource unit configuration 1510a
that included two 106-OFDM tone resource units, with each
of'the sixty four values corresponding to a particular number
of client stations allocated in each of two 106-OFDM tone
resource units, in an embodiment.

[0081] In an embodiment, a receiving device determines,
based on the resource allocation indication, the number of
resource units in the corresponding sub-band of the data unit
200. The receiving device additionally determines which
ones of the resource units, if any, are multi-user resource
units, and the specific number of users scheduled in each
multi-user resource unit, in an embodiment. Such informa-
tion allows the receiving device to determine the number user
blocks included in the signal field that includes the resource
allocation indication, and the therefore deterministically
decode the user blocks, in an embodiment.

[0082] FIGS. 16A and 16B are block diagrams of user
blocks 1600, 1650 that correspond to an MU-MIMO resource
unit and an SU resource unit, respectively, according to an
embodiment. In an embodiment, each of the user blocks 1310
of FIG. 13B corresponds to one of the user blocks 1600, 1650.
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In an embodiment, the user blocks 1600, 1650 are of a fixed
length with a same number of bits. Thus, for example, a user
block 1310 of FIG. 13B includes a same number of bits
regardless of whether the user 1310 corresponds to a single
user resource unit or a multi-user resource unit, in an embodi-
ment.

[0083] Referring first to FIG. 16A, the MU-MIMO user
block 1600 includes a plurality of subfields 1602. The number
of bits allocated to each subfield 1602, according to an
example embodiment, is indicated in FIG. 16A above the
corresponding subfield 1602. Other suitable numbers of bits
are allocated to the subfields 1602, in other embodiments. The
subfields 1602 include an station identifier (STA-ID) subfield
1602-2, a start stream index 1604-4, a number of space time
streams corresponding to the user (N, [u]) subfield 1602-6, a
modulation and coding scheme (MCS) subfield 1602-8, a
coding subfield 1602-10 and CRC bits 1602-12. In an
embodiment, the STA-ID subfield 1602 includes an identifier
of'a client station 25, such as an association identifier (AID)
or a partial AID of the client station 25. The start stream index
1602 includes an indication of a first spatial stream, e.g., of
eight possible spatial streams or of four possible spatial
streams, allocated to the client station 2 indicated by the
STA-ID subfield 1602. The N, [u] subfield 1602-6 indicates
a number of spatial streams allocated to the client station 25
indicated by the STA-ID subfield 1602, in an embodiment.
The MCS subfield 1602-8 indicate a modulation and coding
scheme used for transmission of data to the client station 25
indicated by the STA-ID subfield 1602, and the coding sub-
field 1602-10 indicates a coding type, such as whether BCC
coding or LDPC coding is used to encode data for the client
station 25, in an embodiment. CRC bits 1602-12 include CRC
bits to check correctness of the various subfields 1602, in an
embodiment.

[0084] Referring now to FIG. 16B, the SU user block 1650
is generally the same as the MU-MIMO user block 1600 of
FIG. 16A except that bits used for the start stream index
subfield 1602-4 and bits used for the N, [u] subfield 1602-6
in the MU-MIMO user block 1600 are used for N, subfield
1652-4, a transmit beamforming (TxBF) subfield 1652-6 and
space time block coding (STBC) subfield 1652-8 in the SU
user block 1650. The N, subfield 1652-4 includes an indi-
cation of a number of spatial or space time streams allocated
to the station 25 indicated by the STA-ID subfield 1602-2 for
SU transmission to the client station, in an embodiment. The
TxBF subfield 1652-6 and the STBC subfield 1652-8 indicate
whether transmit beamforming is used for transmission to the
client station and whether space time block coding is used for
transmission to the client station, respectively, in an embodi-
ment.

[0085] FIGS. 16C and 16D are block diagrams of user
blocks 1670, 1690 that correspond to an MU-MIMO resource
unitand an SU resource unit, respectively, in another embodi-
ment. In an embodiment, each of the user blocks 1310 of FIG.
13B corresponds to one of the user blocks 1670, 1690. In an
embodiment, the user blocks 1670, 1690 are of a fixed length
with a same number of bits. Thus, for example, a user block
1310 of FIG. 13B includes a same number of bits regardless
of' whether the user 1310 corresponds to a single user resource
unit or a multi-user resource unit, in an embodiment.

[0086] Referring first to FIG. 16C, the MU-MIMO user
block 1670 is generally similar to the MU-MIMO user block
1600 of FIG. 16A except that spatial stream allocation is
indicated in the MU-MIMO user block 1670 differently from
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spatial stream allocation indication used in the MU-MIMO
user block 1600. In an embodiment, instead of indicating a
start stream index and a number of spatial streams to indicate
spatial stream allocation corresponding to the client station
25 indicated by the STA-ID subfield 1602-2, as is the case in
the MU-MIMO user block 1600, the MU-MIMO user block
1670 utilizes an single spatial stream indication is used to
indicate spatial stream configuration for all client stations 25
included in the MU-MIMO transmission of which the client
station 25 indicated by the STA-ID subfield 1602-2 is a part.
Accordingly, the start stream index 1604-4 and the N, [u]
subfield 1602-6 in the MU-MIMO user block 1600 are
replaced with a single N, subfield 1670-4 in the MU-MIMO
user block 1670, in an embodiment.

[0087] Inan embodiment, the client stations 25 included in
the MU-MIMO transmission are ordered in non-increasing
order of numbers of spatial streams allocated to the client
stations 25. Accordingly, the client stations are ordered such
that N [1]=N_[2]= . . . 2N_IN,.,], where N is the
number of client stations 25 included in the MU-MIMO
transmission. The user blocks corresponding to the client
stations 25 are transmitted in the corresponding order, in an
embodiment. In this case, in an embodiment in which a maxi-
mum number of client stations 25 included in the MU-MIMO
transmission (“users”) is four and a maximum of four spatial
streams is four, a maximum number of possible combinations
of numbers of spatial streams allocated to the client stations
25 is 12. Accordingly, given a particular number of client
stations 25 included in the MU-MIMO transmission (N, ,.,,),
four bits are sufficient in the N, subfield 1670-4 to indicate a
particular spatial streams allocation corresponding to the cli-
ent stations 25, in this embodiment. Similarly, in an embodi-
ment in which a maximum number of users is four and a
maximum of four spatial streams is eight, a maximum num-
ber of possible combinations of numbers of spatial streams
allocated to the client stations 25 is 16. Accordingly, given a
particular number of client stations 25 included in the MU-
MIMO transmission (N,,..), four bits are sufficient in the N,
subfield 1670-4 to indicate a particular spatial streams allo-
cation corresponding to the client stations 25, in this embodi-
ment.

[0088] FIG. 17A illustrates possible spatial stream alloca-
tion combinations 1700 according to an embodiment in
which a maximum users is four and a maximum of four
spatial streams is four. The possible spatial stream allocation
combinations 1700 are organized in a plurality of tables 1702,
each table 1702 corresponding to a number of users included
in an MU-MIMO transmission. Referring to FIG. 15A, in an
embodiment, the N,  subfield 1570-4 indicates a spatial
stream allocation combinations illustrated in FIG. 17A in a
table 1702 corresponding to the number of client stations 25
included in the MU-MIMO transmission of which the client
station 25 indicated by the STA-ID subfield 1502-2 is a part,
in an embodiment. FIG. 17B illustrates a table 1750 that lists
correspondence between values of the four bits of the N,
subfield 1770-4 and the spatial stream allocation combina-
tions illustrated in FIG. 17 A, according to an embodiment. In
an embodiment, N, subfield 1670-4 of FIG. 16C includes
four bits set according to the table 1750 of FIG. 17B.

[0089] FIG. 17C illustrates possible spatial stream alloca-
tion combinations 1770 according to an embodiment in
which a maximum users is four and a maximum of four
spatial streams is eight. The possible spatial stream allocation
combinations 1770 are organized in a plurality of tables 1772,
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each table 1772 corresponding to a number of users included
in an MU-MIMO transmission. Referring to FIG. 16A, in an
embodiment, the N,  subfield 1670-4 indicates a spatial
stream allocation combination illustrated in FIG. 17C in a
particular table 1772 that corresponds to the number of client
stations 25 included in the MU-MIMO transmission of which
the client station 25 indicated by the STA-ID subfield 1602-2
is a part, in an embodiment.

[0090] Referring now to FIG. 16D, the SU-MIMO user
block 1690 is generally similar to the SU-MIMO user block
1650 of FIG. 16B except the SU-MIMO user block 1690
omits the STBC subfield 1652-8. Referring briefly to FIG. 13,
in an embodiment, space time block coding indication is
included in the common block 1302. The space time block
coding indication included in the common block 1302 applies
to all client stations 25 to which data is transmitted in the data
unit 200, in an embodiment. Referring again to FIGS. 16C-
16D, in another embodiment, the MU-MIMO user block
1670 and the SU-MIMO user block 1690 each includes an
STBC subfield such as the STBC subfield 1652-8. Accord-
ingly, equal length of the MU-MIMO user block 1670 and the
SU-MIMO user block 1690 is maintained, in this embodi-
ment.

[0091] Referring back to FIGS. 13A-13B, the common
block 1302 and the user blocks 1310 are encoded jointly,
individually, or in groups, in various embodiments. FIGS.
18A-18C are diagrams that illustrate different encoding
schemes for encoding the common block 1302 and the user
blocks 1310-2, according to several embodiments. Referring
first to FIG. 18A, a common block 1802 corresponds to the
common block 1302 of FIG. 13A and user blocks 1804 cor-
respond to user blocks 1310 of FIG. 13B, in an embodiment.
The common block 1802 and each of the user blocks 1804 is
each encoded as a separate block 1806, in the illustrated
embodiment. The common block 1802 and the user blocks
1804 are encoded using BCC encoding, in an embodiment.
As illustrated in FIG. 18A, the encoded blocks 1806 include
respective CRC bits and respective tail bits, in an embodi-
ment. In another embodiment, common block 1802 and the
user blocks 1804 are encoded using TBCC encoding. In this
embodiment, the encoded blocks 1806 omit tail bits.

[0092] Referring now to FIG. 18B, a common block 1852
corresponds to the common block 1302 of FIG. 13A and user
blocks 1854 correspond to user blocks 1310 of FIG. 13B, in
anembodiment. In the embodiment of FIG. 18B, the common
block 1852 is encoded as a first block 1856-1, and the user
blocks 1854 are collectively encoded as a second block 1856-
2. The common block 1852 and the user blocks 1854 are
encoded using BCC encoding, in an embodiment. As illus-
trated in FI1G. 18B, the encoded blocks 1866 include respec-
tive CRC bits and respective tail bits, in an embodiment. In
another embodiment, common block 1852 and the user
blocks 1854 are encoded using TBCC encoding. In this
embodiment, the encoded blocks 1856 omit tail bits.

[0093] Referring now to FIG. 18C, a common block 1872
corresponds to the common block 1302 of FIG. 13A and user
blocks 1874 correspond to user blocks 1310 of FIG. 13B, in
anembodiment. In the embodiment of FIG. 18C, the common
block 1872 is encoded as a first BCC block 1876-1, and the
user blocks 1874 are encoded in groups of K user blocks
1874, where each group of K user blocks 1874 is encoded as
a separate BCC block 1876, wherein K is a positive integer. In
an embodiment, K is a predetermined integer greater than
zero. In another embodiment, K is configurable. For example,
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the AP selects or determines any suitable number K of user
blocks to be encoded as a single BCC block and signals the
determined or selected number K, explicitly or implicitly, to
client stations 25, in an embodiment. In an embodiment, if the
number N of user blocks 1874 in a signal field is not divisible
by K, then the last L. user blocks 1874 are encoded as a
separate block 1876, wherein L is a positive integer and
wherein L<K. In the embodiment of FIG. 18C, K is equal to
2 and L is equal to 1. Each group of two user blocks 1874,
except for the last one user blocks 1874, is encoded as a
separate BCC block 1876, and the last user block 1874 is
individually encoded as a separate BCC block 1876, in the
illustrated embodiment. In other embodiments and/or sce-
narios, K is a suitable integer other than 2 (e.g., 3, 4, 5, 6, etc.),
and, depending on the number of user blocks 1874 in the
signal field, L. is an integer other than 1 (e.g., 0, 2,3, 4,5, 6
etc.).

[0094] In some embodiments, the user blocks 1874 are
encoded in groups that do not necessarily include an equal
number of user blocks 1874. As an example, a plurality user
blocks 1874 corresponding to client stations included in an
MU-MIMO transmission over a bandwidth that is greater
than 20 MHz (e.g., using a 484-OFDM tone resource unit),
these user blocks 1874 from a group that is encoded as a
single block, in an embodiment. As another example, in an
embodiment, a first number of user blocks 1874 correspond-
ing to particular one or more 20 MHz channels from a first
group that is encoded as a first single block, and a second
number of user blocks 1874 corresponding to one or more
other 20 MHz channels from a second group that is encoded
as a second single block, wherein the first number of user
blocks 1874 is not necessarily the same as the second number
of user blocks 1874.

[0095] The common block 1872 and the user blocks 1874
are encoded using BCC encoding, in an embodiment. As
illustrated in FIG. 18C, the encoded blocks 1876 include
respective CRC bits and respective tail bits, in an embodi-
ment. In another embodiment, common block 1872 and the
user blocks 1874 are encoded using TBCC encoding. In this
embodiment, the encoded blocks 1876 omit tail bits.

[0096] Referring back to FIGS. 13A-13B, one or more
padding bits are included in the a signal field 1300 to ensure
that encoded information bits in the signal field 1300 com-
pletely fill an integer number of OFDM symbols, in some
embodiments and/or scenarios. In an embodiment, one or
more padding bits are added (e.g., appended), to a set of
information bits to be included in the signal field 1300, prior
to encoding the information bits. In another embodiment, one
or more padding bits are added (e.g., appended), to a set
information bits to be included in the signal field 1300, after
encoding the information bits. FIG. 19 is a block diagram of
a signal field 1900 that includes one or more padding bits
added to information bits prior to encoding, according an
embodiment. In an embodiment, the signal field 1900 corre-
sponds to the signal field 1300 of FIG. 13. In the embodiment
of FIG. 19, user blocks included in the signal field 1900 are
encoded in groups 1902 of user blocks as described with
respect to FIG. 18C. Prior to encoding, tail bits 1904 (e.g., 6
zero tail bits) are inserted after a respective set of information
bits corresponding to each group of user blocks 1902, in an
embodiment. Also prior to encoding, a number of padding
bits inserted after information bits and tail bits corresponding
to the last user block 1902. The number of padding bits to be
inserted is determined such that the padding bits 1906, after
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being encoded, fill an OFDM symbol up to OFDM symbol
boundary, in an embodiment. In an embodiment, the padding
bits 1906 include pseudorandom padding bits. In another
embodiment, the padding bits 1906 include repetitions of one
or more information bits in the signal field 1900. In some
embodiments, the last six padding bits 1906, or all of the
padding bits 1906 if the number of padding bits 1906 is less
than or equal to six, are set to zero.

[0097] In an embodiment, the number of padding buts
added to a particular signal field i is determined according to:

(i) .
N p‘refFEC,pad = Equation 1
N, N3} CND g _en
sym,SIG *INDBPS SIG STA " Luser common group CRC
where
2 Equation 2
NO "NSTA } 1 q!
group X
and where
[0098] NSTA(Z) is the number of client stations for which

user blocks are included in the signal field (i),
[0099] L, is the number of bits in each of the user blocks
(excluding CRC bits),
[0100] L_,,,,..," is thenumber of bits in the common block
included in the signal field (i) (excluding CRC bits), and
[0101] N, ® is the total number of CRC bits included in
the signal field (i).
[0102] In an embodiment, a receiving device that receives
the signal field 1900 first decodes the common block 1902
and determines the number client stations for which user
blocks are included in the signal field 1900 based on resource
unit allocation indication included in the common block
1902. The receiving device the determines the number of
padding bits 1906 in the signal field 1900 according to Equa-
tions 1 and 2, where N, is the number of client stations
determined based on the resource unit allocation indication
included in the common block 1902.
[0103] Inan embodiment in which padding bits are added,
to a stream information bits to be included in the signal field,
after encoding the information bits, the number of padding
bits is determined, both at the transmitting device and a
receiving device, by using Equations 1 and 2 above, and
further by using

N, posthEC,pad(i):N posthEC}pad(i)/ R Equation 3

where R is the coding rate used to encode the information bits.
[0104] FIG. 20 is a block diagram of a transmit portion of
an example PHY processing unit 2000 configured to generate
a signal field such as one of the HE-SIG-B fields described
herein, according to an embodiment. Referring to FIG. 1, the
PHY processing unit 20 of AP 14 and the PHY processing
unit 29 of client station 25-1 each include and/or are config-
ured to perform the processing of the PHY processing unit
2000, in one embodiment. The PHY processing unit 2000
generates information bits (e.g., PHY-related bits) to be
included in the HE-SIG-B field (e.g., signal field bits). In
some embodiments, the PHY processing unit 2000 is config-
ured to add tail bits to the signal field bits. An encoder 2002
encodes the information bits. In an embodiment, the encoder
2002 is a BCC encoder. In another embodiment, the encoder
2002 is another suitable type of encoder (e.g., LDPC)
encoder. In an embodiment in which the encoder 2002 is a
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BCC encoder, the encoder 2002 utilizes a coding rate of 1/2.
Inother embodiments, other suitable coding rates are utilized.
[0105] An output of the BCC encoder 2002 is coupled to an
interleaver 2004. The interleaver 2004 interleaves bits (i.e.,
changes the order of the bits) to prevent long sequences of
adjacent noisy bits from entering a decoder at the receiver.
More specifically, the interleaver 2004 maps adjacent bits
(encoded by the encoder 2002) onto non-adjacent locations in
the frequency domain or in the time domain. In an embodi-
ment in which the HE-SIG-B field is to be duplicated such
that multiple copies of the HE-SIG-B field are included in the
data unit, the interleaver 2004 operates on a bandwidth cor-
responding to one copy of the signal field. As an example, in
anembodiment in which signal field content corresponding to
40 MHz is duplicated to be included in an 80 MHz-wide data
unit, the interleaver 2004 operates within the 40 MHz band-
width. In some embodiments, the interleaver 2004 is omitted.

[0106] An output of the interleaver 2004 (or of the encoder
2002 if the BCC interleaver 2004 is omitted) is coupled to a
constellation mapper 2006. In an embodiment, the constella-
tion mapper 2006 maps bits to constellation points corre-
sponding to different subcarriers/tones of an OFDM symbol.
In an embodiment, the constellation mapper 2006 generates
modulation data corresponding to frequency domain repre-
sentations of modulated bits. For example, in an embodiment,
the constellation mapper 2006 maps bits to binary phase shift
keying (BPSK) constellation points. In other embodiments,
the constellation mapper 2006 maps bits to constellation
points corresponding to other suitable modulation schemes
such phase shift keying (PSK), quadrature amplitude modu-
lation (QAM), e.g., 4-QAM, 16-QAM, 64-QAM, 128-QAM,
256-QAM, etc.

[0107] An output of the constellation mapper 2006 is pro-
vided to a tone mapper 2008. In an embodiment, the tone
mapper 2008 maps the constellation points to OFDM tones of
the HE-SIG-B field. In an embodiment, the tone mapper 2008
utilizes direct tone mapping. In this embodiment, the tone
mapper 2008 maps consecutive constellation points to con-
secutive “useful” or “data” OFDM tones of the HE-SIG-B
field. In other embodiment, the tone mapper 2008 “reorders”
OFDM tones of the HE-SIG-B field by mapping consecutive
constellation points onto non-consecutive useful OFDM
tones of the HE-SIG-B field. In an embodiment in which the
HE-SIG-B field is to be duplicated such that multiple copies
of the HE-SIG-B field are included in the data unit, the tone
mapper 2008 operates on a bandwidth corresponding to one
copy of the signal field. As an example, in an embodiment in
which signal field content corresponding to 40 MHz is dupli-
cated to be included in an 80 MHz-wide data unit, the tone
mapper 2008 operates within the 40 MHz bandwidth. Insome
embodiments, the tone mapper 2008 is omitted.

[0108] In embodiments in which the HE-SIG-B field is to
be duplicated, output of the tone mapper 2008 (or of the
constellation mapper 2006 if the tone mapper 2008 is omit-
ted) is provided to a duplication module 2010. The duplica-
tion module 2010 duplicates signal field content such that the
signal field content occupies the entire bandwidth of the data
unit. As an example, the duplication module duplicates HE-
SIG-B signal field content that spans a 40 MHz bandwidths
such that the HE-SIG-B field spans an 80 MHz of the data
unit, in an embodiment. In an embodiment in which HE-
SIG-B field is not duplicated (e.g., in which HE-SIG-B con-
tent spans the entire bandwidth of the data unit), the duplica-
tion module 2010 is omitted.

12

48

Jul. 14, 2016

[0109] Outputs of the duplication module 2010 (or the out-
put of the tone mapper 2008 if the duplication module 2010 is
omitted or output of the constellation mapper 2006 if both the
tone mapper 2008 and the duplication module 2010 are omit-
ted) are provided to an inverse discrete-time Fourier trans-
form (IDFT) calculation unit 2012 (e.g., an inverse fast Fou-
rier transform (IFFT) calculation unit). The IFFT unit 2012
converts a block of constellation points to a time-domain
signal. The block of constellation points operated upon the
IDFT calculation unit 2012 corresponds to all of the entire
bandwidth of the data unit, in an embodiment.

[0110] Output of the IFFT unit 2012 is provided to GI
insertion and windowing units 2014 that prepend to OFDM
symbols, a guard interval (GI) portion, which is a circular
extension of an OFDM symbol in an embodiment, and
smooth the edges of OFDM symbols to increase spectral
delay. Output of the GI insertion and windowing units 2014 is
provided to analog and radio frequency (RF) units 2016 that
converts the signal to an analog signal and upconverts the
signal to RF frequencies for transmission. The signal is trans-
mitted and spans the entire bandwidth of the data unit.
[0111] FIG. 21 is a block diagram of a transmit portion of
an example PHY processing unit 2100 configured to generate
a signal field such as one of the HE-SIG-B fields described
herein, according to an embodiment. Referring to FIG. 1, the
PHY processing unit 20 of AP 14 and the PHY processing
unit 29 of client station 25-1 each include and/or are config-
ured to perform the processing of the PHY processing unit
2100, in one embodiment. The PHY processing unit 2100 is
generally similar to the PHY processing unit 2000 of FIG. 20,
except that in the PHY processing unit 2100 HE-SIG-B con-
tent duplication is performed on bit level instead of constel-
lation point level. Accordingly, the PHY processing unit 2100
includes a duplication module 2110 before a constellation
mapper 2106, and omits the duplication module 2110, in an
embodiment. Further, because HE-SIG-B content duplica-
tion is performed before constellation mapping and, if used,
tone mapping, the constellation mapper 2106 and, ifused, the
tone mapper 2108, each operates on the entire bandwidth of
the data unit, in an embodiment.

[0112] FIG. 22 is a block diagram of a transmit portion of
an example PHY processing unit 2200 configured to generate
a signal field such as one of the HE-SIG-B fields described
herein, according to an embodiment. Referring to FIG. 1, the
PHY processing unit 20 of AP 14 and the PHY processing
unit 29 of client station 25-1 each include and/or are config-
ured to perform the processing of the PHY processing unit
2200, in one embodiment. The PHY processing unit 2200 is
generally similar to the PHY processing unit 2000 of FIG. 20,
except that in the PHY processing unit 2200, the interleaver
2004 is replaced by two a segment parser 2202 and multiple
interleavers 2204. Each of the multiple interleavers 2204
operates on a respective sub-band of the bandwidth spun by
the HE-SIG-B content. Thus, for example, in an embodiment
in which HE-SIG-B content spans 40 MHz, the PHY process-
ing unit 2200 includes two interleavers 2204 each operating
on a respective 20 MHz sub-band of the 40 MHz bandwidth.
[0113] FIG. 23 is a block diagram of a transmit portion of
an example PHY processing unit 2300 configured to generate
a signal field such as one of the HE-SIG-B fields described
herein, according to an embodiment. Referring to FIG. 1, the
PHY processing unit 20 of AP 14 and the PHY processing
unit 29 of client station 25-1 each include and/or are config-
ured to perform the processing of the PHY processing unit
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2300, in one embodiment. The PHY processing unit 2300 is
generally similar to the PHY processing unit 2000 of FIG. 20,
except that in the PHY processing unit 2300 constellation
point duplication is combined with constellation point re-
mapping for one or more of the copies of the HE-SIG-B field.
To this end, in an embodiment, the duplication module 2010
of'the PHY processing unit 2000 of FI1G. 20 is replaced in the
PHY processing unit 2300 with a duplication module 2310.
The duplication module 2310 is generally the same as the
duplication module 2010 of FIG. 20 except that the duplica-
tion module 2310 includes a constellation re-mapping mod-
ule 2312 which re-maps castellation points corresponding to
a copy generated by the duplication module 2310 to other
suitable constellation points to increase diversity in the HE-
SIG-B field. In an embodiment, the constellation re-mapping
module 2312 changes the sign of each constellation point
corresponding to a copy generated by the duplication module
2310. In other embodiment, other suitable re-mapping tech-
niques are utilized.

[0114] FIG. 24 is a block diagram of a transmit portion of
an example PHY processing unit 2400 configured to generate
a signal field such as one of the HE-SIG-B fields described
herein, according to an embodiment. Referring to FIG. 1, the
PHY processing unit 20 of AP 14 and the PHY processing
unit 29 of client station 25-1 each include and/or are config-
ured to perform the processing of the PHY processing unit
2400, in one embodiment. The PHY processing unit 2400 is
generally similar to the PHY processing unit 2200 of FIG. 22,
except that in the PHY processing unit 2300 constellation
point duplication is combined with constellation point re-
mapping for one or more of the copies of the HE-SIG-B field.
To this end, in an embodiment, the duplication module 2010
of'the PHY processing unit 2200 of FI1G. 20 is replaced in the
PHY processing unit 2400 with the duplication module 2310,
which includes the constellation re-mapping module 2312, of
FIG. 23.

[0115] FIG. 25 is a block diagram of a transmit portion of
an example PHY processing unit 2500 configured to generate
a signal field such as one of the HE-SIG-B fields described
herein, according to an embodiment. Referring to FIG. 1, the
PHY processing unit 20 of AP 14 and the PHY processing
unit 29 of client station 25-1 each include and/or are config-
ured to perform the processing of the PHY processing unit
2500, in one embodiment. The PHY processing unit 2500 is
generally similar to the PHY processing unit 2100 of FIG. 21,
except that in the PHY processing unit 2500 bit level dupli-
cation is combined with different constellation point map-
pings for the copies of the HE-SIG-B field. Accordingly, the
constellation mapper 2106 of the PHY processing unit 2100
of FIG. 21 is replaced in the PHY processing unit 2500 with
a multiple castellation point mappers 2506 corresponding to
copies of the HE-SIG-B generated by the duplication module
2110. In an embodiment, different ones of the castellation
point mappers 2506 use different constellation point mapping
schemes. As just an example, a constellation point mapper
2506-1 utilizes BPSK mapping, while a constellation mapper
2506-2 utilizes BPSK modulation phase-shifted by 90
degrees (or 180 degrees), in an embodiment. In other embodi-
ments, other suitable castellation point mapping schemes are
utilized by the constellation mapper 2506-1 and/or the con-
stellation mapper 2506-2.

[0116] FIG. 26 is a block diagram of a transmit portion of
an example PHY processing unit 2600 configured to generate
a signal field such as one of the HE-SIG-B fields described
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herein, according to an embodiment. Referring to FIG. 1, the
PHY processing unit 20 of AP 14 and the PHY processing
unit 29 of client station 25-1 each include and/or are config-
ured to perform the processing of the PHY processing unit
2600, in one embodiment. The PHY processing unit 2600 is
generally similar to the PHY processing unit 2100 of FIG. 21,
with several exceptions. The PHY processing unit 2600
includes a plurality of encoders 2602. In an embodiment,
each encoder 2602 is the same as or similar to the encoder
2002 of FIG. 20. In an embodiment, each encoder 2602
operates on a portion of information bits of the HE-SIG-B
field. As merely example, referring to FIG. 18C, each encoder
2602 operates on K user blocks corresponding to be included
in a particular block 1876-2, in an embodiment. Additionally
or alternatively, as merely another example, referring to FIG.
3 different ones of the encoders 2602 operate of different
signal field content of the HE-SIG-B1 and the HE-SIG-B2, in
an embodiment. As yet another example, referring to FIGS.
11A-11F, different ones of encoders 2602 utilize different
coding rates for different portions of the HE-SIG-B. For
example, a first encoder 2602 utilizes a rate R to encode
information bits to be transmitted in a compete HE-SIG-B,
while a second encoder 2602 utilizes a rate 2R to encode
information bits to be transmitted in a partial HE-SIG-B, in an
example embodiment.

[0117] Outputs of the encoders 2002 are provided to a
concatenation module 2604 which concatenates encoded bits
in any suitable order. An output of the concatenation module
2604 is provided to a segment parser 2606. The segment
parser 2606 parses the encoded and concatenated bits into a
plurality of segments corresponding to respective frequency
sub-bands of the HE-SIG-B field, in an embodiment. As an
example, the segment parser 2606 parses encoded and con-
catenated bits into segments corresponding to 20 MHz sub-
bands of the HE-SIG-B field, in an embodiment. Each of the
segments is operated on by a respective interleaver 2608, a
respective constellation mapper 2610 and a respective tone
mapper 2612, in an embodiment. In an embodiment, each
interleaver 2608, each constellation mapper 2610 and each
tone mapper 2612 is the same as or similar to, respectively, the
interleaver 2004, the constellation mapper 2006 and the tone
mapper 2008 of FIG. 20. In an embodiment, each interleaver
2608 utilizes interleaving parameters defined for a 20 MHz
channel by a legacy communication protocol, such as the
IEEE 802.11a, IEEE 802.11n, and the IEEE 802.11ac Stan-
dards. Similarly, each tone mapper 2612 utilizes tone map-
ping parameters defined for a 20 MHz channel by a legacy
communication protocol, such as the IEEE 802.11a, IEEE
802.11n, and the IEEE 802.11 ac Standards, in an embodi-
ment. The interleavers 2608 and/or the tone mappers 2612 are
omitted, in some embodiments.

[0118] FIG. 27 is a block diagram of a transmit portion of
an example PHY processing unit 2700 configured to generate
a signal field such as one of the HE-SIG-B fields described
herein, according to an embodiment. Referring to FIG. 1, the
PHY processing unit 20 of AP 14 and the PHY processing
unit 29 of client station 25-1 each include and/or are config-
ured to perform the processing of the PHY processing unit
2700, in one embodiment. The PHY processing unit 2700 is
generally similar to the PHY processing unit 2600 of F1G. 26,
except that the multiple interleavers 2608 and the multiple
castellation mappers 2610 in the PHY processing unit 2600
are replaced with a single interleaver 2708 and a single con-
stellation mapper 2710, respectively, in an embodiment. The
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interleaver 2708 operates over the entire bandwidth of the
HE-SIG-B field, in an embodiment. The interleaver 2708
utilizes different interleaving parameters depending on the
bandwidth of the HE-SIG-B field, in an embodiment.

[0119] FIG. 28 is a block diagram of a transmit portion of
an example PHY processing unit 2800 configured to generate
a signal field such as one of the HE-SIG-B fields described
herein, according to an embodiment. Referring to FIG. 1, the
PHY processing unit 20 of AP 14 and the PHY processing
unit 29 of client station 25-1 each include and/or are config-
ured to perform the processing of the PHY processing unit
2800, in one embodiment. The PHY processing unit 2800 is
generally similar to the PHY processing unit 2700 of FIG. 27,
except that the PHY processing unit 2800 applies dual carrier
modulation (DCM) to at least some of the sub-band of the
HE-SIG-B field, in an embodiment. For ease of explanation,
the PHY processing unit 2800 generates an 80 MHz-wide
HE-SIG-B field with four 20 MHz sub-bands, in the illus-
trated embodiment. Similar techniques are applied to other
signal field bandwidths, in other embodiments. The PHY
processing unit 2800 includes two DCM (e.g., conjugation)
modules 2802 corresponding to two of the four 20 MHz
sub-bands, in the illustrated embodiment. Each DCM module
2802 applies a suitable mapping (e.g., conjugation) to a copy
of constellation points corresponding to a respective one of
the other two of the four 20 MHz sub-bands, in an embodi-
ment.

[0120] FIGS. 29A-29B are block diagrams of respective
signal fields included in one or more of the data units of FIGS.
2-10, in various embodiments. Referring to FIG. 29A, a sig-
nal field 2900 corresponds to an HE-SIG-A field such as one
of the HE-SIG-A fields described above with respect to at
least some of the FIGS. 2-10, in various embodiments. The
signal field 2900 includes a plurality of subfields 2902. Bit
allocations for the subfields 2902, according to an example
embodiment, are illustrated above the subfields 2902 in FI1G.
29A. Other bit allocations are used for the subfields 2902, in
other embodiments. The subfields 2902 include a numerol-
ogy subfield 2902-2, a bandwidth (BW) subfield 2902-4, a
basic service set (BSS) color subfield 2902-6, a packet type
subfield 2902-8, a resource allocation subfield 2902-10, a
reserved subfield 2902-12, a per-allocation subfield 2902-14,
an cyclic redundancy check (CRC) subfield 12902-12, and
tail bits 2902-14. In an embodiment, the resource allocation
subfield 2902-10 indicates a plurality of resource units allo-
cated for transmission of data in the data unit that includes the
signal field 2900, and the per-allocation subfield 2902-14,
itself, includes a plurality of subfields corresponding to dif-
ferent resource units indicated by the resource allocation
subfield 2902-10. For example, the per-allocation subfield
2902-14 includes a STA-ID subfield 2902-14a, a respective
STBC subfield 2902-145, a respective TxBF subfield 2902-
14¢ and a respective N, 2902-144 subfield corresponding to
each resource unit indicated by the resource allocation sub-
field 2902-10, in the illustrated embodiment.

[0121] Referring now to FIG. 29B, a signal field 2950 cor-
responds to an HE-SIG-B field and/or HE-SIG-C field such as
one of the HE-SIG-B fields and/or HE-SIG-C fields described
above with respect to at least some of the FIGS. 2-10, in
various embodiments. In an embodiment, the signal field
2950 of FIG. 29B is used with the signal field 2900 of FIG.
29A. The signal field 2950 includes a plurality of subfields
2952. Bit allocations for the subfields 2952, according to an
example embodiment, are illustrated above the subfields
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2952 in FIG. 29B. Other bit allocations are used for the
subfields 2952, in other embodiments. The subfields 2952
include respective coding subfield 2952-2 and a respective
MCS subfield 2952-4 corresponding to each resource unit
indicated by the resource allocation subfield 2902-10 of FIG.
29A, in an embodiment. The subfields 2952 also include CRC
bits 2952-6 and tail bits 2952-8, in an embodiment. The CRC
bits 2952-6 and/or the tail bits 2952-8 are omitted from the
signal field 2950, in some embodiments.

[0122] In various embodiments, at least some of the sub-
fields 2902 of FIG. 29A and the subfields 2952 of FIG. 29B
are the same as or similar to the corresponding subfields
described above with respect to FIGS. 12-17.

[0123] In some embodiments, distribution of the subfields
2902, 2952 between different signal fields is different as
compared to the embodiment illustrated in FIGS. 29A-B
and/or one or more the subfields 2902, 2952 are omitted from
the signal fields 2900, 2950 and/or one or more additional
subfields are included in the signal field 2900 and/or the
signal field 2950. For example, the STA-ID subfields 2902-
14a are omitted from the signal field 2900 and are instead
included with corresponding allocation subfields 2952-2 of
the signal field 2950, in an embodiment. In some embodi-
ments, the N, subfields 2902-14d are omitted from the signal
field 2900 and are instead included with the corresponding
per-allocation subfields 2952 of the signal field 2950. In some
such embodiments, the signal field 2900 additionally
includes a number of LTFs subfield to indicate the number of
LTF(s) included in the data unit that includes the signal field
2900.

[0124] In an embodiment, the signal field 2900 includes a
group ID subfield to indicate a group of client stations 25 for
which data is included in the data unit that includes the signal
field 2900. Further, the STA-ID subfields 2902-14a are
replaced by shorter (e.g., 4-bit) member ID subfields that
indicate particular members within the group indicated by the
group ID subfield. The member ID subfields are included in
the corresponding per-allocation subfields 2902-14 of the
signal field 2900, in an embodiment. The member ID sub-
fields are included in the corresponding per-allocation sub-
fields are included in the corresponding per-allocation sub-
fields 2952 of the signal field 2950, in another embodiment.
Alternatively, in another embodiment, the signal field 2900
includes a group ID subfield and a member ordering subfield
that indicates an order of per-allocation subfields correspond-
ing to the members of the group indicated by the group ID
subfield. In yet another embodiment, the member ordering
subfield in the signal field 2900 is replaced by a list of sched-
uled stations subfield to indicate which client stations in the
group that are scheduled to receive data in the data unit that
includes the signal field 2900. The STA-ID subfields 2902-
14a are omitted from the signal field 2900 and are not
included in the signal field 2950 because client stations can
determine their parameters based on the order of the param-
eters in the signal fields 2900, 2950 or based on the listing of
scheduled stations, in such embodiments.

[0125] FIG. 30 is a flow diagram of an example method
3000 for processing a data unit, according to an embodiment.
With reference to FIG. 1, the method 3000 is implemented by
the network interface device 16, in an embodiment. For
example, in one such embodiment, the PHY processing unit
20 is configured to implement the method 3000. According to
another embodiment, the MAC processing 18 is also config-
ured to implement at least a part of the method 3000. With
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continued reference to FIG. 1, in yet another embodiment, the
method 3000 is implemented by the network interface device
27 (e.g., the PHY processing unit 29 and/or the MAC pro-
cessing unit 28). In other embodiments, the method 3000 is
implemented by other suitable network interface devices.
[0126] At block 3002, a first signal field to be included in
the PHY data unit is generated. The first signal field is gen-
erated to include multiple copies of first signal field content,
where the first signal field content spans one sub-band of a
plurality of sub-bands of the PHY data unit and the multiple
copies of first signal field content collectively span the plu-
rality of sub-bands of the PHY data unit. As an example,
referring to FIG. 2, the HE-SIG-A 210 is generated, in an
embodiment. As another example, referring to FIG. 3, the
HE-SIG-A 310 is generated, in another embodiment. In these
embodiments, first signal field content spans one of four
sub-bands of the data unit, and the first signal field is gener-
ated to include four copies of the signal field that collectively
span the four sub-bands of the PHY data unit. In other
embodiments, other suitable signal fields are generated.
[0127] Atblock 3004, a second signal field to be included in
the PHY data unit is generated. The second signal field is
generated to include multiple copies of second signal field
content, where the second signal field content spans multiple
ones of the plurality of sub-bands of the PHY data unit and the
multiple copies of second signal field content collectively
span the plurality of sub-bands of the PHY data unit. As an
example, referring to FIG. 2, the HE-SIG-B 212 is generated,
in an embodiment. In this embodiment, the second signal
fiend content includes content of one copy of the two copies
of HE-SIG-B 212. As another example, referring to FIG. 3,
the HE-SIG-A 310 is generated, in another embodiment. In
this embodiment, second signal field content includes content
of'one copy of the HE-SIG-B1 3124 and content of one copy
the HE-SIG-B2 3124. In these embodiments, the second sig-
nal field content spans two sub-bands ofthe four sub-bands of
the PHY data unit, and the second signal field is generated to
include two copies of the second signal field content that
collectively span the four sub-bands of the PHY data unit. In
other embodiments, the second signal field content spans a
number of sub-bands other than two sub-bands and/or suit-
able signal fields other than the HE-SIG-B 212 of FIG. 2 or
the HE-SIG-B 312 of FIG. 3 are generated.

[0128] Atblock 3006, a preamble of the data unit is gener-
ated to include at least the first signal field generated at block
3002 and the second signal field generated at block 3004. In
an embodiment, the preamble is generated such that the sec-
ond signal field will be transmitted immediately after the first
signal field. In some embodiments, the preamble is generated
to further include one or more training fields. The preamble is
generated such that the first signal field and the second signal
field will be transmitted before the one or more training fields.
In other embodiments, the preamble is generated in other
suitable manners.

[0129] At block 3008, the data unit is generated to include
at least the preamble generated at block 3006.

[0130] Inanembodiment, a method for generating a physi-
cal layer (PHY) data unit for transmission via a communica-
tion channel includes generating a first signal field to include
multiple copies of first signal field content, wherein the first
signal field content spans one sub-band of a plurality of sub-
bands of the PHY data unit, and wherein the multiple copies
collectively span the plurality of sub-bands of the PHY data
unit. The method also includes generating a second signal
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field to include multiple copies of second signal field content,
wherein the second signal field content spans multiple ones of
the plurality of sub-bands of the PHY data unit, and wherein
the multiple copies of the second signal field collectively span
the plurality of sub-bands of the PHY data unit. The method
additionally includes generating a preamble of the PHY data
unit to include at least the first signal field and the second
signal field, and generating the PHY data unit to include at
least the preamble.

[0131] Inother embodiments, the method includes any suit-
able combination of one or more of the following features.

[0132] The second signal field content spans two sub-bands
of the PHY data unit.

[0133] Generating the preamble to include the first signal
field and the second signal field comprises generating the
preamble such that the second signal field will be transmitted
immediately after the first signal field.

[0134] The method further comprises generating one or
more training fields to be included in the PHY data unit,
wherein generating the preamble comprises generating the
preamble to further include the one or more training fields,
including generating the preamble such that the first signal
field and the second signal field will be transmitted before the
one or more training fields.

[0135] Themethod further comprises causing the PHY data
unit to be transmitted to one or more communication devices.

[0136] The method further comprises, after generating the
second signal field and before causing the PHY data unit to be
transmitted to the one or more communication devices, punc-
turing at least a portion of at least one of the multiple copies
of the second signal field content such that the punctured
portion of the second signal field content will not be trans-
mitted to the one or more communication devices.

[0137] Generating the PHY data unit comprises generating
an orthogonal frequency division multiplexing multiple
access (OFDMA) data unit that includes data to be transmit-
ted to multiple communication devices using respective fre-
quency portions of a data portion of the PHY data unit.

[0138] The second signal field content includes include a
set of information bits, the set of information bits including (i)
a common block of information bits, the common block hav-
ing information common to the multiple communication
devices and (ii) a plurality of user blocks of information bits,
each user block having information for a respective one ofthe
multiple communication devices.

[0139] The method further comprises encoding the set of
information bits using one or more binary convolutional code
(BCC) encoders, including encoding the common block of
information bits as a first BCC block, and encoding respective
groups of user blocks of information bits as respective second
BCC blocks, wherein each group of user blocks includes
more one user block in the plurality of user blocks and less
than all user blocks in the plurality of user blocks.

[0140] Encoding respective groups of user blocks includes
encoding a last group of user blocks, wherein the last group of
user blocks includes less user blocks than any previous group
of user blocks.

[0141] The method further comprises determining a num-
ber of padding bits to be appended to the set of information
bits such that the information bits and the padding bits, after
having been encoded by the one or more BCC encoders, fill an
integer number of OFDM symbols.
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[0142] The method further comprises, prior to encoding the
set of information bits, appending the determined number of
padding bits to the set of information bits.

[0143] In another embodiment, an apparatus comprises a
network interface device having one or more integrated cir-
cuits configured to generate a first signal field to include
multiple copies of first signal field content, wherein the first
signal field content spans one sub-band of a plurality of sub-
bands of the PHY data unit, and wherein the multiple copies
collectively span the plurality of sub-bands of the PHY data
unit. The one or more integrated circuits are also configured to
generate a second signal field to include multiple copies of
second signal field content, wherein the second signal field
content spans multiple ones of the plurality of sub-bands of
the PHY data unit, and wherein the multiple copies of the
second signal field collectively span the plurality of sub-
bands of the PHY data unit. The one or more integrated
circuits are additionally configured to generate a preamble of
the PHY data unit to include at least the first signal field and
the second signal field, and generate the PHY data unit to
include at least the preamble.

[0144] Inother embodiments, the apparatus comprises any
suitable combination of one or more of the following features.
[0145] The second signal field content spans two sub-bands
of the PHY data unit.

[0146] Theoneormore integrated circuits are configured to
generate the preamble such that the second signal field will be
transmitted immediately after the first signal field.

[0147] The one or more integrated circuits are further con-
figured to generate one or more training fields to be included
in the PHY data unit.

[0148] The one or more integrated circuits are further con-
figured to generate the preamble to further include the one or
more training fields, wherein the preamble is generated such
that the first signal field and the second signal field will be
transmitted before the one or more training fields.

[0149] The one or more integrated circuits are further con-
figured to cause the PHY data unit to be transmitted to one or
more communication devices.

[0150] The one or more integrated circuits are further con-
figured to, after generating the second signal field and before
causing the PHY data unit to be transmitted to the one or more
communication devices, puncture at least a portion of at least
one of the multiple copies of the second signal field content
such that the punctured portion of the second signal field
content will not be transmitted to the one or more communi-
cation devices.

[0151] The PHY data unit is an orthogonal frequency divi-
sion multiplexing multiple access (OFDMA) data unit that
includes data to be transmitted to multiple communication
devices using respective resource units in a data portion of the
PHY data unit.

[0152] The second signal field content includes a set of
information bits including (i) a common block of information
bits, the common block having information common to the
multiple communication devices and (ii) a plurality of user
blocks of information bits, each user block having informa-
tion for a respective one of the multiple communication
devices.

[0153] The one or more integrated circuits are further con-
figured to encode the set of information bits, including encod-
ing the common block of information bits as a first BCC
block, and encoding respective groups of user blocks of infor-
mation bits as respective second BCC blocks, wherein each
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group of user blocks includes more one user block in the
plurality of user blocks and less than all user blocks in the
plurality of user blocks.

[0154] Theoneor more integrated circuits are configured to
encode a last group of user blocks, wherein the last group of
user blocks includes less user blocks than any previous group
of user blocks.

[0155] The one or more integrated circuits are further con-
figured to determine a number of padding bits to be appended
to the set of information bits such that the information bits and
the padding bits, after having been encoded by the one or
more BCC encoders, fill an integer number of OFDM sym-
bols.

[0156] The one or more integrated circuits are further con-
figured to, prior to encoding the set of information bits,
append the determined number of padding bits to the set of
information bits.

[0157] Atleast some of the various blocks, operations, and
techniques described above may be implemented utilizing
hardware, a processor executing firmware instructions, a pro-
cessor 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 computer readable memory
such as on a magnetic disk, an optical disk, or other storage
medium, in a RAM or ROM or flash memory, processor, hard
disk drive, optical disk drive, tape drive, etc. Likewise, the
software or firmware instructions may be delivered to a user
or a system via any known or desired delivery method includ-
ing, for example, on a computer readable disk or other trans-
portable computer storage mechanism or via communication
media. Communication media typically embodies computer
readable instructions, data structures, program modules or
other data in a modulated data signal such as a carrier wave or
other transport mechanism. The term “modulated data signal”
means a signal that has one or more of'its characteristics set or
changed in such a manner as to encode information in the
signal. By way of example, and not limitation, communica-
tion media includes wired media such as a wired network or
direct-wired connection, and wireless media such as acoustic,
radio frequency, infrared and other wireless media. Thus, the
software or firmware instructions may be delivered to a user
or a system via a communication channel such as a telephone
line, a DSL line, a cable television line, a fiber optics line, a
wireless communication channel, the Internet, etc. (which are
viewed as being the same as or interchangeable with provid-
ing such software via a transportable storage medium). The
software or firmware instructions may include machine read-
able instructions that, when executed by the processor, cause
the processor to perform various acts.

[0158] When implemented in hardware, the hardware may
comprise one or more of discrete components, an integrated
circuit, an application-specific integrated circuit (ASIC), etc.
[0159] While the present invention has been described with
reference to specific examples, which are intended to be illus-
trative 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 inven-
tion.

What is claimed is:

1. A method for generating a physical layer (PHY') data unit
for transmission via a communication channel, the method
comprising:
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generating a first signal field to include multiple copies of
first signal field content, wherein the first signal field
content spans one sub-band of a plurality of sub-bands
of the PHY data unit, and wherein the multiple copies
collectively span the plurality of sub-bands of the PHY
data unit;

generating a second signal field to include multiple copies

of'second signal field content, wherein the second signal
field content spans multiple ones of the plurality of sub-
bands of the PHY data unit, and wherein the multiple
copies of the second signal field collectively span the
plurality of sub-bands of the PHY data unit;

generating a preamble of the PHY data unit to include at

least the first signal field and the second signal field; and
generating the PHY data unit to include at least the pre-
amble.
2. The method of claim 1, wherein the second signal field
content spans two sub-bands of the PHY data unit.
3. The method of claim 1, wherein generating the preamble
to include the first signal field and the second signal field
comprises generating the preamble such that the second sig-
nal field will be transmitted immediately after the first signal
field.
4. The method of claim 1, further comprising generating
one or more training fields to be included in the PHY data
unit, wherein generating the preamble comprises generating
the preamble to further include the one or more training fields,
including generating the preamble such that the first signal
field and the second signal field will be transmitted before the
one or more training fields.
5. The method of claim 1, further comprising causing the
PHY data unit to be transmitted to one or more communica-
tion devices.
6. The method of claim 5, further comprising, after gener-
ating the second signal field and before causing the PHY data
unit to be transmitted to the one or more communication
devices, puncturing at least a portion of at least one of the
multiple copies of the second signal field content such that the
punctured portion of the second signal field content will not
be transmitted to the one or more communication devices.
7. The method of claim 1, wherein:
generating the PHY data unit comprises generating an
orthogonal frequency division multiplexing multiple
access (OFDMA) data unit that includes data to be trans-
mitted to multiple communication devices using respec-
tive frequency portions of a data portion of the PHY data
unit, and
the second signal field content includes include a set of
information bits, the set of information bits including (i)
a common block of information bits, the common block
having information common to the multiple communi-
cation devices and (ii) a plurality of user blocks of infor-
mation bits, each user block having information for a
respective one of the multiple communication devices.
8. The method of claim 7, further comprising encoding the
set of information bits using one or more binary convolutional
code (BCC) encoders, including
encoding the common block of information bits as a first
BCC block, and

encoding respective groups of user blocks of information
bits as respective second BCC blocks, wherein each
group of user blocks includes more one user block in the
plurality of user blocks and less than all user blocks in
the plurality of user blocks.
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9. The method of claim 8, wherein encoding respective
groups of user blocks includes encoding a last group of user
blocks, wherein the last group of user blocks includes less
user blocks than any previous group of user blocks.

10. The method of claim 8, further comprising

determining a number of padding bits to be appended to the

set of information bits such that the information bits and
the padding bits, after having been encoded by the one or
more BCC encoders, fill an integer number of OFDM
symbols, and

prior to encoding the set of information bits, appending the

determined number of padding bits to the set of infor-
mation bits.
11. An apparatus, comprising:
a network interface device having one or more integrated
circuits configured to
generate a first signal field to include multiple copies of
first signal field content, wherein the first signal field
content spans one sub-band of a plurality of sub-
bands of the PHY data unit, and wherein the multiple
copies collectively span the plurality of sub-bands of
the PHY data unit;
generate a second signal field to include multiple copies
of second signal field content, wherein the second
signal field content spans multiple ones of the plural-
ity of sub-bands of the PHY data unit, and wherein the
multiple copies of the second signal field collectively
span the plurality of sub-bands of the PHY data unit;
generate a preamble of the PHY data unit to include at
least the first signal field and the second signal field;
and
generate the PHY data unit to include at least the pre-
amble.
12. The apparatus of claim 11, wherein the second signal
field content spans two sub-bands of the PHY data unit.
13. The apparatus of claim 11, wherein the one or more
integrated circuits are configured to generate the preamble
such that the second signal field will be transmitted immedi-
ately after the first signal field.
14. The apparatus of claim 11, wherein the one or more
integrated circuits are further configured to
generate one or more training fields to be included in the
PHY data unit, and

generate the preamble to further include the one or more
training fields, wherein the preamble is generated such
that the first signal field and the second signal field will
be transmitted before the one or more training fields.

15. The apparatus of claim 11, wherein the one or more
integrated circuits are further configured to cause the PHY
data unit to be transmitted to one or more communication
devices.

16. The apparatus of claim 15, wherein the one or more
integrated circuits are further configured to, after generating
the second signal field and before causing the PHY data unit
to be transmitted to the one or more communication devices,
puncture at least a portion of at least one of the multiple copies
of the second signal field content such that the punctured
portion of the second signal field content will not be trans-
mitted to the one or more communication devices.

17. The apparatus of claim 11, wherein:

the PHY data unit is an orthogonal frequency division

multiplexing multiple access (OFDMA) data unit that
includes data to be transmitted to multiple communica-
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tion devices using respective resource units in a data
portion of the PHY data unit, and

the second signal field content includes a set of information
bits including (i) a common block of information bits,
the common block having information common to the
multiple communication devices and (ii) a plurality of
user blocks of information bits, each user block having
information for a respective one of the multiple commu-
nication devices.

18. The apparatus of claim 17, wherein the one or more
integrated circuits are further configured to encode the set of
information bits, including

encoding the common block of information bits as a first
BCC block, and

encoding respective groups of user blocks of information
bits as respective second BCC blocks, wherein each
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group of user blocks includes more one user block in the
plurality of user blocks and less than all user blocks in
the plurality of user blocks.

19. The apparatus of claim 18, wherein the one or more
integrated circuits are configured to encode a last group of
user blocks, wherein the last group of user blocks includes
less user blocks than any previous group of user blocks.

20. The apparatus of claim 18, wherein the one or more
integrated circuits are further configured to

determine a number of padding bits to be appended to the

set of information bits such that the information bits and
the padding bits, after having been encoded by the one or
more BCC encoders, fill an integer number of OFDM
symbols, and

prior to encoding the set of information bits, append the

determined number of padding bits to the set of infor-
mation bits.





