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APPARATUS, METHOD, AND COMPUTER READABLE MEDIA FOR
INDICATING A COMMUNICATION PROTOCOL AND
3 INFORMATION IN A SIGNAL FIELD

PRIORITY CLAIM

10 [0001] This application claims the benefit of prionity to U.S. Patent
Application Senal No. 14/744,091, filed June 19, 2015, which claims the benefit
of priority to U.5. Provisional Patent Application Serial No. 62/111,385, filed
February 3, 20135, each of which is incorporated herein by reference mn the
entircty.

]

TECHNICAL FIELD

06002} Embodiments pertain to wircless networks. Some embodiments
20 relate to wireless local area networks (WLANs) including networks operating in

accordance with Institute Electrical and Electronic Engmeers ({EEE) 8062 1 1ax.

Some embodiments relate to indicating the protocol version of a packet. Some

embodiments relate to a legacy signal ficld being repeated to indicate a protocol

of the packet and to pigaybacking additional bits with the repeated legacy signal
25 field

BACKGROUND

30 [6603] One issue in wirgless local area networks (WELANS) 1s wdentifying

the communication protocol of a packet. The wireless network may support
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different protocols including legacy protocols and the receiver of the packet
needs to determine the communication protocol used to transmit the packet.
Additionally, users of WLANs continue to request more bandwidth and faster
response {imes.

5 |00064] Thas, there are general needs for systems and methods for
cfficiently using the wireless medium, and in particularly, to more efficiently

mdicate the communication protocol of a packet.

1c BRIEF DESCRIPTION OF THE DRAWINGS
HEEEY FIG. 1 illustrates a WLAN with some embodiments;
{03006] FIG. 2 illustrates a repeated legacy signal field (R-L-$IG) field to

mdicate an IEEE 802.11ax packet in accordance with some embodiments;
15 [6007] FIG. 3 illustrates an example of sendmg N piggybacked bits with
an R-L-8I7 m accordance with some embodiments;
[B008] FI1G. 4 dllustrates a method for detecting a communication
protocol in accordance with some embodiments;
[B009] FIG. 5 illustrates packet error rates for a simulation according to
20 example embodiments; and
[0019] FIG. 6 illustrates a high-efficiency wireless (HEW) device in

accordance with some embodiments.

23 DETAILED DESCRIPTION

[0011] The following description and the drawings sufficiently illustrate
specific embodinments to enable those skilled in the art to practice them. Other
embodiments may incorporate structural, logical, electrical, process, and other

30 changes. Portions and features of some embodiments may be mehuded in, or

]
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substituted for, those of other embodiments. Embodiments set forth in the claims
encompass all available equivalents of those claims.

[0012] FIG. 1 illustrates a WLAN 100 i accordance with some
embodiments. The WLAN may comprise a basis service set (BSS) 100 that may

5 mclode a master station 102, which may be an AP, a plurality of high-efficiency

wireless (HEW) {¢.z., IEEE 802.11ax) 8TAs 104 and a plurality of legacy (...
IEEE 802 .1 1n/ac) devices 106,

{6613} The master station 102 may be an AP using the [EEE 80211 to
transmit and receive. The master station 102 may be a base station. The master

10 station 102 may use other communications protocols as welk as the IEEE 802 .11
protocol. The TEEE 802.11 protocol may be IEEE 802 11ax. The IEEE 802.11
protocol may inclade using OFDMA, time division multiple access (TDMA),
and/or code division multiple access (CDMA). The IEEE 802.11 protocol may
mchude a multiple access technique. For example, the IEEE 802.11 protocol

15 may include space-division multiple access (SDMA) and/or MU-MIMO.

{0614} The legacy devices 106 may operate in accordance with one or
maore of IEEE 802.11 a/g/ag/v/ac, IEEE 802.11-2012, or another legacy wireless
cornmunication standard. The legacy devices 106 may be STAs or [EEE STAs.
601 5] The HEW S5TAs 104 may be wircless transmit and receive

20 devices such as cellular telephone, handheld wireless device, wircless glasses,
wireless watch, wireless personal device, tablet, or another device that may be
transmitting and receiving usmg the {EEE 802 11 protocol such as IEEE
802.11ax or another wireiess protocol. In some embodiments, the HEW 5TAs
104 may be termed high cfficiency (HE) stations.

25 [6316] The BSS 100 may operate on a primary channel and one or more
secondary channels or sub-channels. The BSS 100 may include one or more
master stations 102, In accordance with some embodiments, the master station
102 may communicate with onc or more of the HEW devices 104 on one or
more of the secondary channels or sub-channeis or the primary channel. In

30 accordance with some embodiments, the magster station 102 communicates with

the legacy devices 106 on the primary channel. In accordance with some
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embodiments, the master station 102 may be configured to communicate
concurrently with one or more of the HEW STAs 104 on one or more of the
secondary channels and a legacy device 106 utilizing only the primary channel
and not utihizing any of the sccondary channels.

5 6017 The master station 102 may commuonicate with fegacy devices
106 1n accordance with legacy IEEE 80211 communication technigues. In
example embodiments, the master station 102 may also be configured to
communicate with HEW STAs 104 in accordance with legacy IEEE 802.11
communication techniques. Legacy IEEE 802.11 communication techniques

10 may referto any IEEE 802.11 comunwumnication technique prior to {EEE 802 11ax.
{6618} In some embodiments, a HEW frame may be configurable to have
the same bandwidth as a sub-channel, and the bandwidth may be one of 20MHz,
40MHz, or 80MHz, 160MHz, 320MHz contiguous bandwidths or an 80-+30MHz
{160MHz) non-contiguous bandwidth, In some embodiments, bandwidths of |

15 MHz 1.25MHz, 2.0 MHz, 2. 5MHz, 3MHz and 10MHz, or a combination
thereof or another bandwidth that is less or equal to the available bandwidth,
may also be used. A HEW frame may be configured for transmitting a number
of spatial streams, which may be in accordance with MU-MIMQO.
j6319] In other embodiments, the master station 102, HEW STA 104,

20 and/or legacy device 106 may also implement different technologies such as
code division multiple access (CDMA) 2000, CDMA 2000 1X, CDMA 2000
Evolution-Data Optimized (EV-DO), Interim Standard 2000 (15-2000}, Interim
Standard 95 {15-95), Interim Standard 856 (18-856), Long Term Evohition
{(L.TE}, Global System for Mobile communications (GSM), Enhanced Data rates

25 for GSM Evolution (EDGE), GSM EDGE (GERAN), IEEE 802.16 (i¢.,
Worldwide Interoperability for Microwave Access (WiMAX)), BlueTooth®, or
other technologies.

{06026] Some embodiments relate to HEW communications. In
accordance with some IEEE 802.11ax embodiments, a master station 102 may

30 operate as a master station which may be arranged to contend for a wireless

medium {¢.g., during a contention period) to receive exclusive control of the



WO 2016/126389

10

20

medium for an HEW control period. In some embodiments, the HEW control
period may be termed a transmission opportunity {TXOP). The master station
102 may transmit a HEW master-sync transmission, which may be a trigger
frame or HEW control and schedule transmission, at the begmning of the HEW
control period. The master station 102 may transmit a time duration of the
TXOP and sub-channel information. During the HEW control period, HEW
STAs 104 may communicate with the master station 102 in accordance with a
non-contention based multiple access technigue such as OFBMA or MU-MIMO.
This 1s unlike conventional WLAN communications in which devices
communicate in accordance with a contention-based communication technigue,
rather than a multiple access technigque. During the HEW control period, the
master station 102 may communicate with HEW stations 104 using one or more
HEW frames. During the HEW control period, the HEW STAg 104 may operate
on a sub-channel smaller than the operating range of the master station 102.
During the HEW control period, legacy stations refram from communicating. In
accordance with some embodiments, during the master-syac transmission the
HEW STAs 104 mayv contend for the wireless medium with the legacy devices
106 being excluded from contending for the wireless mediom durning the master-
SYNC fransmission.

[0021] In some embodiments, the multiple-access technique used during
the HEW control period mav be a scheduled OFDMA technique, although this is
not a requirement. {n some embodiments, the multiple access technigue may be
a time-division multiple access {TDMA) technigue or a frequency division
multiple access (FDMA) technique. In some embodiments, the multiple access
technigue may be a space-division multiple access (SDMA) technigue.

6022} The master station 102 may also commumicate with legacy
stations 106 and/or HEW stations 104 in accordance with legacy IEEE 80211
communication techoiques. In some embodiments, the master station 102 may
also be configurable to communicate with HEW stations 104 outside the HEW
control period 1n accordance with legacy IEEE 802 11 communication

techniques, although this is not a requirement.

PCT/US2016/012966
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{0623} In example embodiments, the HEW station 104 and master
station 102 are configured to perform one or more of the functions and/or
methods described herein and/or in conjunction with FIGS. 1-6 for generating,
transmitting, receiving, interpreting, and operating in accordance with frames
that indicate the protocol of the frame using an R-L-SIG field and which may
also mdicate additional information.

{0624} FIG. 2 llustrates a repeated legacy signal field (R-L-5IG) 204
field to indicate an IEEE 802 11ax packet m accordance with some
embodiments. Hiustrated in FIG. 2 are a packet 200, a legacy signal (L-51G) 202
field, a R-L-81G 204 field, a high-efficicncy signal A1 (HE-SIG-A1) 206 field,
and a high-efficiency signal A2 208 field. HE-SIG-An may indicate the nth
symbol of high efficiency IEEE 802 .11ax signal field. The L-5IG 202 mav be a
legacy signal field. The L-81G 202 may include a rate ficld, length, and tail
field. The L-81G 202 ficld may include the physical layer header information.
The R-L-SIG 204 field may be a repeat ot the L-SIG 202 ficld. The HEW
station 104 and/or HEW master station 102 may be configured to determine that
a packet 200 is a HEW packet based on the L-SIG 202 field being repeated as
the R-L-SIG 204 field. The HE-SIG-A1 206 field and HE-SIG-A2 208 ficld
may be signal fields for HEW packets that may include information such as a
data rate for subsequent data (not dlustrated).

[0025] In some embodiments 1t takes 4 microscconds {us) to fransmit the
R-L-SIG 204 field. The 4 ps may be a long time for indicating the protocol of
the packet 200 is IEEE 802.11ax. In some embodiments, the polarization of the
R-L-SIG 204 ficld may be used for signaling one bit of mformation in addition
to the protocol version IEEE 802 11ax.

06026} FIG. 3 illustrates an example of sending N piggvbacked bits with
an R-L-51G 304 n accordance with some embodiments. Hlustrated in FIG. 3 is
time 302 along a horizontal axis, frequency 304 along a vertical axis, an L-8IG
306 field, and an R-L-SIG 308 field. The L-SIG 306 field may be a legacy
signal field. The R-L-S1G 308 field may be a repetition of the L-81G 306 field

with the polarization of some subcarricrs or symbols flipped to encode bits of



WO 2016/126389

10

]

20

mformation. The orthogonal frequency-division multiplexing ({OFDM} symbol
of the R-L-51G 308 field may be subcarriers that are the same subcarriers of the
OFDM but that are modulated according to the piggyvbacked bits. The R-L-SIG
308 field may be used to indicate that the packet to follow (not ilustrated) 15 an
IEEE 802 11ax packet.

[6627] The R-L-51G 308 ficld may be one symbol, which may have 48-
56 usable subcarriers within a 20 MHz sub-channel. In some embodiments the
R-L-SIG 308 field may be transmitted on a different sized sub-channel such as
80, 160, or 320 MiHz. The L-81G 306 field mav be partitioned into group 1
3101, group 2 310.2 through group n 310, In some embodiments two to four
groups 310 are used with each group having 13-24 subcarriers or symbols. For
gxample, the L-SHG 306 ficld may be partitioned into three groups with each
group having 16 to 19 subcarriers. Each group 310.1, 310.2, 310N can carry
one bit of information using an cncoding scheme such as binary phase shift
keving (BPSK). In some embodiments the polanzation of each symbol or
subcarrier of the group 310 is flipped or not flipped to mdicate one bit of
mformation. The R-L-SIG 308 ficld may send one bit of additional information
with each group 310 and indicate that the packet is an [EEE 802 11ax packet.
For example, R-L-SIG 308 field may include BPSK of group 13121, BPSK of
group 2 312.2, through BPSK of group N 312.n. The BPSK of group 1312 1 15
a BPSK encoding of group 1 310.1, BPSK of group 2 312.2 is an encoding of
group 2 310.2, and BPSK of group N 312N is an encoding of group n 310.n.
{00628} In some embodiments, after additional bits are detected, the
encoding is removed {¢.g., BPSK modulation} from the R-L-51G 308 ficld and
then the similanity between L-SIG 306 field 306 and R-L-5IG 308 field with the
encoding removed is determined. If the two are similar enough, the HEW
station 104 or master station 102 determines that the R-L-51G 308 ficld is a
repetition of L-S1G 306 ficld, and therefore that the conumunication protocol is
IEEE 802 1lax.

0629} The HEW station 104 or master station 102 partitions the
subcarriers of the OFDM symbol of the L-81G 306 field into groups 310. In

PCT/US2016/012966
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some embodiments subcarriers that are used as pilots may not be included in a
group 310, In some embodiments subcarriers at the edge of the bandwidth may
not be included in a group 310. in some embodiments only subcarriers that are
used to encode a symbol of the L-S1G 306 are meluded in a group 310.

6030} In some embodiments the subcarriers of the groups 310 are
evenly intermixed with cach other. For example, the subcarricrs are divided into
N groups 310 for sending N bits piggvbacked on the R-L-SIG.

{6631} For example for N= the number of groups, and M = number of
subcarriers to use, then the n-th group may take subcarriersn, N+n, 2N +q, .|
{(M/N-1)*n +n. For example, for M=48, N=4, and n=3, the 3rd group may take
subcarriers 3, 7, 11, 15, 19, 23, 27, 31, 35, 39, 43, and 47, with the subcamers
are number 1 through M. Spreading the subcarners across the sub-channel may
merease frequency diversity and increase the rehability. Other partitions of the
subcarriers into the groups 310 may be used. For example, some of the
subcarriers of a group may be configuous.

{0632} i the transmitted symbaol sequence on subcarrier group n 31018
represented as s (Lng, s {2.n), s (3.n), ..., s (M/N ) in the L-51G 306 ficld,
where n is the n-th group 3100, In the BPSK of group n 312.n of the R-L-SIG
308 field, the transmitted symbol sequence on subcarrier group nmay be s (1.0},
s {Z,a) 8 (3.n), ..., s {M/N )} for a bit value of zero for the nth group, and -

s {(1,n), -5 (20}, ~s (3n), ..., ~s_(M/Nn) for a bit value of one for the nth group.
In this way a bit may be encoded on cach of the BPSKs of group N 312N of the
R-L-51G 308 field. In some embodiments encoding a bit with a group N 312.N
may be termed piggvbacking the bit with group N 312.N.

{6633} In this way, each subcarner group 310 sends one piggyvbacked bit
mdependently. Besides uncoded BPSK, the pigaybacked bits may be encoded
by a channel encoder and the code bits may be used to modulate the symbel
sequence of the L-SIG 306 field using modulation other than BPSK.

16634] In some embodiments M can be 48, 52, and 56 for cach 20 MHz
channel. For M=48, only the data subcarriers of 802.11a may be assigned to the

groups and the 4 pilot subcarriers are not assigned to the groups. For M=52Z, the

PCT/US2016/012966
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4 pilot subcarriers of 802.11a may be assigned to the groups. Also for M=52,
only the data subcarriers of 802.11n/ac may be assigned to the groups and the 4
pilot subcarriers arc not assigned to the groups. For M=56, all subcarriers of
302, 1in/ac including the 4 pilot subcarriers of 802, 1 In/ac may be assigned to the
5 groups.

[0035] The OFDM symbol of the L-81G 306 ficld may be used as the
reference for the R-L-SIG 308, For increasing the number of usable subcarmers
for the subsequent OFDM svmbols, 4 subcarriers may be added to the OFDM
symbol of the L-S1G 306 field that is sent in IHEE 802 11a format with 56

10 subcarriers inchuding 4 pilot subcarricrs. The 4 additional subcarriers may be
added to the 20 MHz band edges as in IEEE 8021 In/ac. Traiming signals known
by the receiver may be sent on the 4 added subcarriers for channel training of the
4 additional subcarriers. The channel training signals for the 4 additional
subcarriers may be sent after the symbol for the L-81G 306 ficld, since the

15 additional training signal shghtly reduces the transmission power carrying the
code bits of the L-51G 306 fickd.
{8036} If the additional training signals are sent n the L~-S1G 306 field,
then 4 additional subcarriers may also be partitioned nto the groups 310,
Otherwise, the additional subcarriers may not be assigned to subcarrier groups or

20 the additional {raining signals may be sent in the OFDM symbol of the R-L-5IG
308 field or a latter OFDM svmbol.
18037} The piggybacked bits are more reliable (see FIG. 5) and the
detection latency 1s small, so critical and low-latency information may be carried
bv the piggybacked bits. For cxample, the piggvbacked bits can indicate one or

25 more of HE-S1G-A repetition, the cyclic prefix duration of the HE-SIG-A
symbol, the number of HE-SIG-A symbols, and a subseqguent or future version
of IEEE 802.11.
{6038] FIG. 4 illustrates a method for detecting a communication
protocol in accordance with some embodiments. The method 400 begins at

30 operation 402 with receive L-SIG. For example, a HEW station 104 or master

station 102 may receive a L-81G 306 field as tlustrated in FIG. 3. The method
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400 continues at operation 404 with recetve R-L-SIG. For example, a HEW
station 104 or master station 102 may receive an R-L-81G 308 ficld. The
method 400 continues at operation 406 with determine value of piggyvbacked
bits. For example, the HEW station 104 or master station 102 may determine

5 that a bit value of 1 15 indicated by group 2 310.2 subcarriers if the polarization

of the subcarriers of BPSK of group 2 312.2 bave been flipped in comparison to
the group 2 310.2 subcarners. In some embodiments, the HEW station 104 or
master station 102 may compute the inner products between the group n 310.n of
the L-51G 306 field and the corresponding BPSK of group n 312.n of the R-L-

10 SiG 308 ficld for determining whether or not the subcarricrs have been flipped.
6639} The method 400 continues at operation 408 with undo the
modudation of the piggybacked bits on the R-L-5IG symbol. For example, the
HEW station 104 or master station 102 may un-flip or re-flip each of the
subcarriers in BPSK of group 2 312.2.

15 [6040] The method 400 continues at operation 410 with are L-5IG and
vamodulated R-L-51G similar. For example, a HEW station 104 or master
station 102 may compare the subcarriers or symbols of the unmodulated R-L-
SIG with the subcarriers or symbols of the L-81G and based on the comparison
determine whether or not they are stmilar.

20 (0041 The method 400 continues at operation 414, if the unmodulated
R-L~-SIG and the L-SIG are similar, with communication protocol 15 IEEE
802.11ax or subsequent protocol. For example, the HEW station 104 or master
station 102 may determine that the packet is an IEEE 802 11ax packet. The
mformation that was piggybacked on the R-L-5{(s may provide additional

25 mformation regarding how to receive the remainder of the IEEE 802.11ax,
which may make the reception of the IEEE 802.11ax packet more efficient. In
some embodiments, the information that was piggybacked on the R-L-5IG may
mdicate that the packet is not IEEE 802.11ax but a subscquent communication
protocol. One or more of the bits that are piggvbacked on the R-L-5IG may be

30 reserved to indicate a foture communication protocol.

10
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0042} The method 400 continues at operation 412, 1f the unmodulated
R-L-8HG and the L-SIG are not similar, with communication protocol is not
IEEE 802 11ax. For example, the HEW station 106 or master station 102 may
determine that the commumication protocol 1s not {EEE 802, 1 lax, but rather
5 IEEE 802.11a. The method 400 may end.

{0043} FIG. 5 illustrates packet crror rates for a simulation according to
example embodiments. [fustrated m FIG. 5 15 a graph 300 with signal to noise
ratio (SNR} 1n decibels (dB} along a horizontal axas, packet error rate (PER) 504
afong a vertical axis, R-L-51G with one bit piggvbacked 506, R-L-SIG with two

10 bus piggvbacked 508, R-L-SIG with three bits piggybacked 510, R-L-S1G with
four bits piggvbacked 512, and L-SI1(G 514,
j3344] The channel used for the simulation 1s an IEEE 802.11n channel
model D with non-line of sight setting. Both the transmitter and the receiver
have one antenna, respectively. The L-SIG 514 is the baseline that is the PER of

15 the L-581G symbol with I8 bit payload excluding the tail bits.

{0045} The other curves are for the BPSK modalation with R-L-51G with
one bit piggvbacked 506, R-L-S1G with two bits piggybacked 508, R-L-81G
with three bits piggyvbacked 510, and R-L-51G with four bits piggybacked. FIG.
5 illustrates that example embodiments of R-L-81G that encode piggybacked bits

20 have a better performance than the L-5IG 514, 1.¢. a fraction of the L-51G 514
PER. Since L-51G 1s the bottle neck of the system, the HEW station 104 or
master station 102 does not need to make the piggvbacked bits of the R-L-SIG
much more reliable than the L-SIG. Therefore, it may be more ¢fficient o
piggvback one, two, three, or four bits on the R-L-SIG field.

25 [0(46] The free distance of L-SHG 306 field code word may be 10, which
may be determined by the IEEE 802 11a/n/ac convolutional code. The minimum
distance between the additional 1-4 bits is 13-24. Therefore, the reliability of the
additional bits is better than the reliability of the L-81G 306 ficld. Since the L-
SIG 306 field may be a bottle neck, the additional bits may not be needed to be

30 much more reliable than the L-SIG 306 field.

1i
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{8047} In example embodiments, the protocol version of FEEE 802.11ax
may be reliably signaled using the same amount of time as the L-S1G such as 4
us and additional 4 bits of information may be provided.
048] FIG. 6 illustrates a HEW device in accordance with some

5 embodiments. HEW device 600 may be an HEW compliant device that mav be
arranged to communicate with one or more other HEW devices, such as HEW
STAs 104 (FIG. 1) or master station 102 (FIG. 1) as well as commmunicate with
legacy devices 106 (FIG. 1), HEW STAg 104 and legacy devices 106 may also
be referred to as HEW devices and legacy STAs, respectively. HEW device 600

10 may be suitable for operating as master station 102 (FIG. 1Y ora HEW STA 104
(F1G. 1). In accordance with embodiments, HEW device 600 may include,
among other things, a transmit/receive element 601 (for example an anienna), a
transceiver 602, physical {PHY ) circuitry 604, and media access control (MAC)
circuttry 606, PHY circuitry 604 and MAC circnitry 606 may be HEW

15 compliant layvers and may also be compliant with one or more legacy IEEE
802 11 standards. MAC circottry 606 may be arranged to configure packets
such as a physical layer convergence procedure (PLCP) protocol data unit
(PPDUs) and arranged to transmit and receive PPDUs, among other things.
HEW device 600 may also include circuitry 608 and memory 610 configured to

20 perform the various operations described herein. The circuitry 608 may be
coupled to the transceiver 602, which may be coupled to the transmit/receive
clement 601, Wiule FIG. 6 depicts the circuitry 608 and the transceiver 602 as
separate components, the circuitry 608 and the transceiver 602 may be integrated
together in an clectronic package or chip.

25 [0(49] In some embodiments, the MAC circuitry 606 may be arranged to
contend for a wireless medium during a contention pernied to receive control of
the medium for the HEW control period and configure an HEW PPDU. In some
embodiments, the MAC circuitry 606 may be arranged to contond for the
wireless medium based on channel contention sctiings, a transmitting power

30 level, and a clear channel assessment (CCA) level.

12



WO 2016/126389 PCT/US2016/012966

{6058] The PHY circuitry 604 may be arranged to transmit the HEW
PPEU. The PHY circuitry 604 may mclude circuitry for
modulation/demodulation, upconversion/downconversion, filterimg,
amplification, etc. In some embodiments, the circuitry 608 may include one or
5 more processors. The circuitry 608 may be configured to perform functions
based on instructions being stored 1n a RAM or ROM, or based on special
purpose circuitry. The circuitry 608 may be termed processing circuitry in
accordance with some embodiments. The circuitry 608 mayv include a processor
such as a general purpose processor or special purpose processor. The circuitry
10 608 mav implement one or more functions associated with transmit/receive
clements 601, the transceiver 602, the PHY circuitry 604, the MAC circuitry
606, and/or the memory 610,
[0051] In some embodiments, the circuitry 608 may be configured to
perform one or more of the functions and/or methods described herein and/or in
15 comjunction with FIGS. 1-6 such as generating, transmitfing, receiving,
mterpreting, and operating in accordance with frames that indicate the protocol
of the frame using an R-L-SIG field and which may also indicate additional
mformation.
EEY) In some embodiments, the transmit/recetve elements 601 may be
20 two or more antennas that may be coupled to the PHY circumtry 604 and
arranged for sending and recciving signals including transmission of the HEW
packets. The transceiver 602 may transmit and receive data such as HEW PPDUJ
and packets that include an indication that the HEW device 600 should adapt the
channel contention settings according to settings included o the packet. The
25 memory 610 may store intformation for configunng the other circuitry to perform
operations for configuring and transmitting HEW packets and performing the
varigus operations to perform one or more of the functions and/or methods
described herein and/or in conjunction with FIGS. 1-6 such as gencrating,
transmitting, receiving, mterpreting, and operating in accordance with frames
30 that mdicate the protocol of the frame using an R-L-SIG field and which may

also indicate additional information.
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20

{0653} In some embodiments, the HEW device 600 may be configured to
communicate using OFDM communication signals over a multicarrier
communication channel. In some embodiments, HEW device 500 may be
configured to communicate 1n accordance with one or more specific
commumication standards, such as the Institute of Electrical and Electronics
Engincers (IEEE) standards including IEEE 802.11-2012, 802 110-2009,
802.11ac-2013, 802 11ax, DenaiFi, standards and/or proposed specifications for
WLANSs, or other standards as described in conjunction with FIG. 1, although
the scope of the invention is not limited in this respect as they may also be
suitable to transmit and/or receive communications in accordance with other
technigues and standards. In some embodiments, the HEW device 600 may use
dx symbol duration of 302.11n or 802.11ac.

[0054] In some embodiments, an HEW device 600 may be partof a
portable wireless communication device, such as a personal digital assistant
{(PDA), a laptop or portable computer with wireless communication capability, a
web tablet, a wireless telephone, a smartphone, a wireless headset, a pager, an
mstant messaging device, a digital camera, an access point, a television, a
medical device (.2, a heart rate monttor, a blood pressure monitor, etc.), an
access point, a base station, a transmit/recetve device for a wireless standard
such as 802.11 or 802.16. or other device that may receive and/or transmit
mformation wirelessly. In some cmbodiments, the mobile device may mehude
one or more of a kevboard, a display, a non-volatile memory port, multipie
antennas, a graphics processor, an application processor, speakers, and other
maobile device elements. The display may be an LCD screen including a touch
screen.

HEERSY The transmit/recetve element 601 may comprise one or morg
directional or omuidirectional antennas, inchuding, for example, dipole antennas,
monopaole antennas, patch antcunas, loop antennas, nucrostrip antennas or other
tvpes of antennas suitable for transmission of RF signals. In some multiple-

mput multiple-output (MIMO) embodiments, the antennas may be effectively
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separated to take advantage of spatial diversity and the different channel
characteristics that may result,

[0056] Although the HEW device 600 1s illustrated as having several
separate functional elements, one or more of the functional clements may be

5  combined and may be implemented by combinations of software-configured

clements, such as processing elements including digital signal processors
{I3SPs), and/or other hardware elements. For example, some elements may
comprise one or more microprocessors, DSPs, ficld-programmable gate arravs
{FPGAs), application specific ntegrated circuits {ASICs), radio-frequency

10 integrated circuits (RFICs) and combinations of various hardware and logic
circuitry for performing at least the functions described herein. In some
embodiments, the functional elements may refer to one or more processes
operating on One of more processing elements.

{6057} The following examples pertain to further cmbodiments.

15 Example 1 1s an apparatus of a high-efficiency wireless local area network
{HEW) device, meluding circuitry configured to: generate a HEW packet
corapnsing a legacy signal (L-SIG) field and an R-L-SIG ficld, where the L-SIG
ficld compriscs a plurality of subcarriers and the R-L-5IG ficld comprises a
repeat of the plurality of subcarriers partitioned into a plurality of groups, and

20 where information is encoded mto one or more groups of the plurality of groups
by a same modulation to cach subcarricr partitioned into the corresponding
group of the one or more groups; and transmit the HEW packet.

{0058} In Example 2, the subject matter of Example 1 can optionally
mclude where the same modulation is to flip the polarity of cach subcarrier.

25 [00s9] In Example 3, the subject matter of Examples 1 and 2 can
optionally inchide where one bit of information is encoded by each of the one or
mMore groups.

[0068] In Example 4, the subject matter of any of Examples 1-4 can
optionally mclude where the subcarners are to be partitioned nto 2 to 4 groups

30 cach with 24 to 13 subcarriers, and where each group carries one bit of

mformation using binary phase-shift keving (BPSK) by flipping a polarization of

[V,
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cach subcarrier of the plurality of subcarriers partitioned into the corresponding
group.
{0061} In Example 5, the subject matier of any of Examples 1-4 can
optionally include where the HEW packet i1s transmitted on a 20 mega Hertz

5 (MHz) sub-channel.
0062} In Example 6, the subject matter of any of Examples 1-5 can
optionally include where only data subcarners of the plurality of subcarrers are
partitioned into the plurality of groups and pilot subcarriers of the plarality of
subcarricrs are not partitioned into the plurality of groups.

10 [0063] In Example 7, the subject matier of any of Examples 1-6 can
optionally include where the circuitry is further configured to partition the
plurality of subcarriers into the plurality of groups with the nth group of the
plurality of groups being everv M/N subcarrier of the plurality of sabcarriers,
wherein M is a number of the plurality of subcarriers and N is a number of the

15 plurality of groups.

{0064} In Exampie 8, the subject matter of Example 7 can optionally
inclide where the number of subcarriers 15 one from the following group: 48, 52,
and 36 for each 20 mega Hertz (MHz) channel the HEW packet is transnatied
on.

20 |0065] In Example 9, the subject matter of Example 8 can optionally
mclude where for the number of subcarners being 48 only data subcarriers of
Institute of Electrical and Electronic Engineers (IEEE) 802.11a are partitioned
into the plurality of groups and 4 pilot subcarriers are not partitioned into the
plurality of groups, and where for the number of subcarriers being 52 and for

25 1EEE 802.11a four pilot subcarriers are partitioned into the plurality or groups.
where for the number of subecarriers being 52 and for IEEE 802 .1 In/ac only data
carriers are partitioned indo the plurality of groups, and where for the number of
subcarriers being 56 all subcarriers of IEEE 802.1In/ac that includes 4 pilot
subcarriers are partitioned into the plurality of groups.

30 [6066] In Example 10, the subject matter of any of Examples 1-9 can

optionally include where the plurality of subcarners comprises 52 subcarriers in

16
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accordance with Institute of Electrical and Electromic Engincers (IEEE) 802.11a
and 4 subcarriers added from edges of a 20 mega Hertz {MHz) sub-channel.
[0067] In Example 11, the subject matier of any of Examples 1-10 can
optionally include where the circuitry is turther configured to: transmit four
5 additional subcarriers added from edges of a 20 mega Hertz (MHz) sub-channel
as training signals for a receiver,
{0068} In Example 12, the subject matter of any of Examples 1-11 can
optionally include where the HEW device 1s one from the following group: an
Institute of Electrical and Electronic Engincers (IEEF) #02.1 lax access point
10 and an IEEE 802 .11ax station.
(069} In Example 13, the subject matter of any of Examples 1-12 can
optionally include where the circuitry further comprises processing circuitry and
fransceiver circuitry.
[0076] In Example 14, the subject matter of Example 13 can optionally
15 include memory coupled to the circuitry; and, one or more antennas coupled to
the circuitry.
{0071} Example 15 15 a method performed by a high-efficiency (HE)
wireless focal arca network (WLAN)Y (HEW) device. The method including
generating a HEW packet comprising a legacy signal (L-5IG} ficld and an R-L-
20 SIG figld, where the L-SIG field comprises a plurality of subcarriers and the R-
L-S1G ficld comprises a repeat of the plurality of subcarricrs partitioned into a
plurality of groups, and where mformation 1s encoded into one or more groups of
the plurality of groups by a same modulation to cach subcarrier partitioned into
the corresponding group of the one or more groups; and transmitting the HEW
25 packet.
6072} In Example 16, the subject matter of Example 15 can optionally
mnclude where the subcarriers are to be partitioned into 2 to 4 groups each with
24 to 13 subcarriers, and where each group carries one bit of information using
binary phase-shift keving (BPSK) by flipping a polarization of each subcarnier of

30 the plurality of subcarniers partitioned mto the corresponding group.
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{6673} In Example 17, the subject matter of Examples 15 and 16 can
optionally include partitioning the plarality of subcarriers into the plurality of
groups with the nth group of the plurality of groups being cvery M/N subcarricr
of the plurality of subcarriers, where M is a number of the plarality of
subcarriers and N is a number of the plurality of groups.

{0074} Example 18 15 an apparatus of a high-cfficiency wireless local
arca network (HEW) device mcluding circuifry configured to: receive a legacy
signal (L-SIG) field; recetve a repeat L-SIG (R-L-SIG) field; and determing
whether the R-L-S1G ficld is a repeat of the L-51G ficld, where the L-51G field
coraprses a plurality of subcarricrs, and where the R-L-SIG ficld comprises a
repeat of the plurality of subcarviers partitioned into a plurality of groups, and
where mformation is encoded mnto one or more groups of the plurality of groups
bv a same modulation to cach subcarrier partitioned into the corresponding
group of the one or more groups.

[6675] In Example 19, the subject matter of Example 18 can optionally
imchide where the circuitry is further configured to: deternune the information
encoded into the one or more groups; undo the modulation to each subcarrier
partitioned nto the corresponding group; and if the L-SIG field and the R-L-SIG
field indicate the R-L-SI( field is a repeated L-S1G field, then determine that a
commumnication protocol is Institute for Electrical and Electronic Engineers
(IEEE) 802 .11ax or a subsequent protocol 1f the information indicates a
subsequent protocol.

{6876] In Example 20, the subject matter of Examples 18 or 19 can
optionally include where the same modulation is to flip the polarity of each
subcarrier.

{0077 In Example 21, the subject matter of any of Examples 18-20 can
optionally mnclude where one bit of information is encoded by each of the one or
mMoTe groups.

{0078} In Example 22, the subject matter of any of Examples 18-21 can
optionally include where the subcarners are partitioned into 2 to 4 groups each

with 24 to 13 subcamiers, and where each group carries one bit of information
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asing binary phase-shift keying (BPSK) by fhipping a polarization of each
subcarrier of the plurality of subcarners partitioned into the corresponding
group.
{66791 In Example 23, the subject matier of any of Examples 18-23 can
5  optionally inchide memory coupled to the circuitry; and one or more antennas
coupled to the circuitry,
0684} Example 24 15 a non~transitory computer-readable storage
medium that stores mstractions for execution by ong or more processors of a
high-ctficiency wireless local-arca network (WLAN) (HEW) station.  The
10 operations configure the one or more processors 1o cause the HEW master
station to: generate a HEW packet comprising a legacy signal (L-S10) ficld and
an R-L-S1G field, where the L-SIG field comprises a plarality of subcarriers and
the R-L-51{5 ficld comprises a repeat of the plurality of subcarriers partitioned
mto a plurality of groups, and where information 1s encoded into one or more
15 groups of the plurality of groups bv a same modulation to each subcarrier
partitioned into the corresponding group of the one or more groups; and transmit
the HEW packet.
{6081} In Example 25, the subject matter of Example 24 can optionally
mclude where the subcarriers are to be partitioned nto 2 to 4 groups cach with
20 24 to 13 subcarriers, and where cach group carries ong bit of information using
binary phasc-shift keyving (BPSK) by thpping a polarization of each subcarrier of
the pluraiity of subcarriers partitioned into the corresponding group.
{00682} The Abstract is provided to comply with 37 CF.R. Section
1.72({b} requiring an abstract that will allow the reader to ascertain the nature and
25 gst of the technical disclosure. It 15 submitted with the understanding that it wil
not be vsed to lumit or interpret the scope or meaning of the claims. The
following claims are hereby incorporated into the detatled descniption, with each

claim standing on 1S own as a separate cmbodiment.
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CLAIMS

What s claimed is:

5 I. An apparatos of a mgh-efficiency wireless local area network
(HEW) device, comprising circuitry configured to:
generate a HEW packet compnising a legacy signal (L-581G) field
and an R-L-SIG field, wherein the L-SIG field comprises a plurality of
subcarriers and the R-L-51G field comprises a repeat of the plurality of
10 subcarriers partitioned into a plurality of groups, and wherein information is
encoded mto one or more groups of the plurality of groups by a same modulation
to each subcarrier partitioned into the corresponding group of the one or more
groups; and
transmit the HEW packet.
5
2. The apparatus of the HEW device of claim 1, wherein the same

maodulation is to flip the polarity of cach subcarricr.

3. The apparatus of the HEW device of claim 1, wherein one bit of

20 nformation is encoded by each of the one or more groups.

4. The apparatus of the HEW device of claim 1, wherein the
subcarriers are 1o be partitioned into 2 to 4 groups ¢ach with 24 to 13 subcarriers,
and wherein cach group carries one bit of information using binary phase-~shift

25 keving (BPSK) by tlipping a polarization of each subcarrier of the plurality of

subcarriers partitioned into the corresponding group.

3. The apparatus of the HEW device of claim 1, wherein the HEW

packet is transmitted on a 20 mega Hertz (MHz) sub-channel.

24
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6. The apparatus of the HEW device of claim 1, wherein only data
subcarriers of the plurality of subcarriers are partitioned into the plurality of
groups and pilot subcarriers of the plurality of subcarners are not partitioned into

the plurality of groups.

7. The apparatus of the HEW device of claim 1, wherein the
circuitry is further configured to partition the plurality of subcarriers into the
plurality of groups with the nth group of the plurality of groups being every M/N
subcarrier of the plurality of subcarniers, wherein M is a number of the plurality

10 of subcarriers and N is a number of the plurality of groups.

3. The apparatus of the HEW device of claim 7, wherein the nomber
of subcarners is one from the following group: 48, 52, and 56 for cach 20 mega
Hertz (MHz) channel the HEW packet is transmitted on.

15

9. The apparatus of the HEW device of ¢laim 8, wherein for the
number of subcarriers being 48 only data subcarriers of Institute of Electrical
and Electronic Engineers (JEEE) 802 .11a are partitioned mnto the plurality of
groups and 4 pilot subcarriers are not partitioned into the plurality of groups, and

20 wherein for the number of subcarriers being 52 and for IEEE 802.1 1a four pilot
subcarriers are partitioned into the plurality or groups, wherein for the number of
subcarriers being 32 and for IEEE 802.1in/ac only data camers are partitioned
into the plurality of groups, and wherein for the number of subcarriers being 56
all subcarriers of IEEE 802.11n/ac that includes 4 pilot subcarriers arc

25 partiioned mio the plurality of groups.

10, 'The apparatus of the HEW device of claim 1, wherein the
plurality of subcarriers comprises 52 subcarners in accordance with Institute of
Electrical and Electronic Engineers (JEEE) 802 11a and 4 subcarriers added

30 from edges of a 20 mega Hertz {MHz) sub-channel.
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11, The apparatus of the HEW device of claim 1, wherein the
circuttry is further configured fo:
transmit four additional subcarmers added from edges of a 20

mega Hertz (MHz) sub-channel as training signals for a receiver.

3
12, 'The apparatus of the HEW device of claim 1, wherein the HEW
device is one from the following group: an Institute of Electrical and Electronic
Engincers (IEEE) 802 1lax access point and an IEEE 802.11ax station.
10 13, The apparatus of the HEW device of claim 1, wherein the

circuitry further comprises processing circuiiry and transceiver circuitry.

14, 'the apparatus of the HEW device of claim 13, further comprising
memory coupled to the circuitry; and, onc or more antennas coupled to the

15 circutiry.,

15. A method performed by a high-efficiency (HE) wireless local
arca network (WLAN) (HEW} device, the method comprnising:
generating a HEW packet comprising a legacy signal (L-S1G)

20 ficld and an R-L-SIG ficld, wherein the L-51G field comprises a plurality of
subcarriers and the R-L-81G ficld comprises a repeat of the plurality of
subcarriers partitioned mio a plurality of groups, and wherein iformation is
encoded into one or more groups of the plurality of groups by a same modulation
to cach subcarrier partitioned into the corresponding group of the one or more

25 groups; and

transmitting the HEW packet.
16. The method of claim 15, wherein the subcarriers are to be

partitioned into 2 to 4 groups cach with 24 to 13 subcarmers, and wherein cach

30 group carries one bit of information using binary phase-shift keying (BPSK} by
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flipping a polarization of each subcarrier of the plurality of subcarriers

partitioned into the corresponding group.

17. The method of claim 15, further comprising:
5 partitioning the plurality of subcarriers into the plorality of groups
with the nth group of the plurality of groups being every M/N subcarricr of the
plurality of subcarriers, wherein M s a number of the plurality of subcarmiers and

N ts a mumber of the plurality of groups.

10 18.  An apparatus of a high-cfficiency wireless local area network
(HEW) device, comprising circuitry configured to:
receive a legacy signal (L-SIG) field,
recetve a repeat L-S1G (R-L-81G) field; and
determine whether the R-L-S1G field is a repeat of the L-SIG
15 field, wherein the L-S1G field comprises a plurality of subcarriers, and wherein
the R-L-51G ficld comprises a repeat of the plarality of subcarners partitioned
mto a plurality of groups, and wherein information is encoded into one or more
groups of the plurality of groups by a same modulation to cach subcamer
partitioned into the corresponding group of the one or more groups.
20
19, 'The apparatus of the HEW device of claim 18, wherein the
circuitry is further contigured to:
determing the mformation encoded into the one or morg groups;
undo the modulation to cach subcarnier partitioned into the
25 corresponding group; and
if the L-81G field and the R-L-SIG field indicate the R-L-SIG
ficld is a repeated L-SIG field, then determine that a communication protocol is
Institute for Electrical and Electronic Engineers (IEEE) 802. 11axora

subseguent protocol if the mformation indicates a subsequent protocol.

N
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20.  The apparatus of the HEW device of claim 18, wherein the same

modulation is to flip the polarity of cach subcarrier.

21, The apparatus of the HEW device of claim 18, wherein one bit of

5 mformation is encoded by each of the one or more groups.

22.  The apparatus of the HEW device of claim 18, wherein the
subcarriers are partitioned into 2 to 4 groups cach with 24 to 13 subcarriers, and
wherein each group carries one bit of information using binary phase-shift

10 keving (BPSK) by flipping a polarization of cach subcarricr of the plurality of

subcarniers partitioned into the corresponding group.

23, The apparatus of the HEW device of claim 18, further comprising
memory coupled to the circuitry; and one or more andennas coupled to the

15 circutiry.,

24, A pon-transitory computer-readable storage medium that stores
mstructions for execution by one or more processors of a high-efficiency
wireless local-area network (WLAN}Y (HEW) station, the operations to configure

20 the one or more processors to cause the HEW master station to:

generate a HEW packet comprising a legacy signal (L~-S1G) field

and an R-L-5IG field, wherein the L-SIG field comprises a plurality of
subcarriers and the R-L-51G field comprises a repeat of the plurality of
subcarricrs partitioned into a plurality of groups, and wherein information is

25 encoded mto one or more groups of the plurality of groups by a same modulation
to each subcarricr partitioned into the corresponding group of the one or more
groups; and

transmit the HEW packet.

30 25, The non-transitory computer-readable storage mediom of claim

24, wherein the subcarders are to be partitioned into 2 to 4 groups each with 24

24
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to 13 subcarriers, and wherein each group carries one bit of information using
binary phase-shift keying (BPSK} by fhipping a polarization of each subcarrier of

the plurality of subcarriers partitioned into the corresponding group.
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