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(57) Abstract: Embodiments of an access point (AP), station (STA) and method for subcarrier scaling are generally described
herein. The AP may transmit a high efficiency (HE) physical layer convergence procedure (PLCP) protocol data unit (PPDU) that
includes a legacy long training field (L-LTF), a legacy signal (L-SIG) field, and an HE signal (HE-SIG) field. The HE-SIG may be
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L-LTF may be based on L-LTF pilot symbols mapped to the legacy subcarriers. The L-SIG may be based on L-SIG legacy symbols
mapped to the legacy subcarriers and L-SIG extension pilot symbols mapped to the HE extension subcarriers. The AP may scale a
per-subcarrier power of the L-SIG extension pilot symbols to match a per-subcarrier power of the L-LTF pilot symbols.
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ACCESS POINT {AP), STATION (§TA) AND METHOD FOR SUBCARRIER
SCALING

PRICQRITY CLAIM

{0001 ] This application claims the benefit of priority to U S, Patent
Application Serial No. 15/272 286, filed September 21, 2816, which claims the
benefit of priority to U.S. Provisional Patent Application Serial No. 62/303,575,
filed March 9, 2016, cach of which is incorporated herein by refercnce in its

entirety.

TECHNICAL FIELD

{0002} Embodiments pertain to wireless networks. Some embodiments
relate to wireless local area networks (WLANs) and Wi-Fi networks including
networks operating in accordance with the TEEE 802.1 1 familv of standards,
such as the TEEE 802.1 lac standard or the IEEE 8021 lax study group (8G)
{named DiensiFiy. Some embodiments relate o high-efficiency (HE) wireless or
high-efficiency WLAN or Wi-Fi communications. Some embodiments relate to
boosting and/or power scaling of pilot subcarriers and/or data subcarriers. Some

embodiments relate to range extension mode.

BACKGROUND

{0603} Wireless communications has been evolving toward ever
moreasing data rates {¢.g., from IEEE 802 11a/g to IEEE 802 11n to IEEE

802 11ac) In high-density deplovment situations, overall system cfficiency may
become more important than higher data rates. For example, m high-density
hotspot and cellular offloading scenarios, many devices competing for the
wireless medium may have low to moderate data rate requirements {with respect

to the very high data rates of IEEE 802.11ac). A recently-formed study group



WO 2017/155649 PCT/US2017/016709

for Wi-Fi evolution referred to as the IEEE 80211 High Efficiency WLAN
(HEW) study group (8G) (e, IEEE 302 11ax) is addressing these high-density

deployment scenanos.

5 BRIEF DESCRIPTION OF THE DRAWINGS
[O004] FI1G. 1 illustrates a wircless network in accordance with some
embodiments;
[6005] FIG. 2 illustrates an example machine in accordance with some

10 embodiments;
{8606} FIG. 3 illustrates a station (STA) in accordance with some
embodiments and an access point {(AP) in accordance with some embodiments;
{0607} FIG. 4 illustrates the operation of a method of communication in
accordance with some embodiments;

15 [0008] FIG. 5 illustrates example packets that may be exchanged in
accordance with some embodiments; and
HEERY FIG. 6 illustrates the operation of another method of

conununication mn accordance with some embodiments.

20 DETAILED DESCRIPTION

{6610} The following description and the drawings sufficiently illustrate
specific embodiments to enable those skilled in the ant to practice them. Other
embodiments may mcorporate structural, logical, electrical, process, and other
25 changes. Portions and features of some embodiments may be included in, or
substituted for, those of other embodiments. Embodiments set forth in the claims
encompass all available equivalents of those claims.
{0011} FI1G. 1 illustrates a wircless network in accordance with some
embodiments. In some embodiments, the network 100 may be a High Efficiency
30 (HE) Wireless Local Area Network (WLAN) network, In some embodiments,
the network 100 may be a WLAN or a Wi-Fi network. These embodiments are
not limiting, however, as some embodiments of the network 100 may include a

combination of such networks. That is, the network 100 may sapport HE
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devices in some cases, non HE devices in some cases, and a combination of HE
devices and non HE devices in some cases. Accordingly, it is understood that
although techniques described herein may refer to ctther a non HE device or to
an HE device, such techniques may be applicable to both non HE devices and
5 HE devices in some cases.

[0612] Referring to FIG. 1, the network 100 may melude any or all of the
components shown, and embodiments are not limited to the number of cach
component shown in FIG. 1. In some embodiments, the network 100 may
mclude a master station {AP) 102 and may include any number (including zero)

10 of stations (STAs) 103 and/or HE devices 104, In some embodiments, the AP
102 may transmit an HE physical layer convergence procedure (PLCP) protocol
data unit (PPDU) to an STA 103, The HE PPDU may include control fields
and/or data fields. 1n some cases. The §TA 103 may receive the HE PPDU and
may perform operations such as channel estimation or others as part of decoding

15 data ficlds of the HE PPDU. The STA 103 may transmit uplink HE PPDUs to
the AP, in some embodiments. These embodiments will be described in more
detail below.
0013} The AP 192 may be arranged to conumunicate with one or more
of the components shown in FIG. 1 in accordance with one or more IEEE 802 11

20 standards {including 802.11ax and/or others), other standards and/or other
cormmunication protocols. It should be noted that embodiments are not himited
to usage of an AP 102, References herein to the AP 102 are not limiting and
references herein to the master station 102 are also not limiting. In some
embodiments, a STA 103, HE device 104 and/or other device may be

25 configurable to operate as a master station. Accordmgly, in such embodiments,
operations that may be performed by the AP 102 as described herein may be
performed by the STA 103, HE device 104 and/or other device that is
configurable to operate as the master station.
014} In some embodiments, one or more of the STAs 103 may be

30 legacy stations. These embodiments are not Hmiting, however, as the STAs 103
may be configured to operate as HE devices 104 or may support HE operation in
some embodiments. The master station 102 may be arranged to communicate

with the STAs 103 and/or the HE stations 104 in accordance with one or more of
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the IEEE 802.11 standards, including 802.1lax and/or others. In accordance
with some HE embodiments, an access point (AP} may operate as the masier
station 102 and may be arranged to contend for a wircless medium {c.g., during a
contention period) to receive exclusive control of the medm for an HE control
5 period {L.¢., a transmission opportunity {TXOP)}. The master station 102 may,

for example, transmit a master-sync or controd transmission at the beginning of
the HE control period to indicate, among other things, which HE stations 104 are
acheduled for commmunication during the HE control period. During the HE
control period, the scheduled HE stations 104 may communicate with the master

10 station 102 in accordance with a non-contention based multiple access technique.
This 1s unlike conventional Wi-F1 communications in which devices
communicate in accordance with a contention-based commumication technigue,
rather than a non-contention based multiple access technique. During the HE
control period, the master station 102 may communicate with HE stations 104

15 using one or more HE PPDUs. During the HE control period, STAs 103 not
operating as HE devices may refrain from communicating in some cases. In
some cmbodiments, the master-syne transmission may be referred to as a conirol
and schedule transmission.
0615} In some embodiments, the multiple-access technique used during

20 the HE control period may be a scheduled orthogonal frequency division
multiple access (OFDMA) technique, although this is not a requirement. fn some
embodiments, the multiple access technigue may be a ime-division multiple
access (TDMA) technique or a frequency division multiple access (FDMA)
technique. In some embodiments, the multiple access technique may be a space-

25 division multiple access (SDMA) technigue including a multi-user (MU)
multiple-input multiple-cutput (MIMO) (MU-MIMQO} technigue. These
multiple-access techniques used during the HE contro] period may be configored
for uplink or downlink data communications.
0016} The master station 102 may also communicate with STAs 103

30 and/or other legacy stations in accordance with legacy IEEE 802.11
communication techniques. In some embodiments, the master station 102 may

also be configurable to commumnicate with the HE stations 104 outside the HE
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control period in accordance with legacy IEEE 802.11 communication
techaigues, although this is not a requirement.

{6617} In some embodiments, the HE conmmunications during the control
period may be configurable to use one of 20 MHz, 40MHz, or 80MHz
contiguous bandwidihs or an §0+80MHz (160MHz) non-contiguous bandwidth.
In some ¢mbodiments, a 320 MHz channel width may be used. In some
embodiments, sub-channel bandwidths fess than 20 MHz may also be used. In
these embodiments, each channel or sub-channel of an HE communication may
be configured for ransmitting a mumber of spatial streams.

{06018} In some embodiments, high-cfficiency (HE) wircless techniques
may be used, although the scope of embodiments is not limited 1n this respect.
As an example, technmiques included in 802.11ax standards and/or other
standards may be used. In accordance with some embodiments, a master station
102 and/or HE stations 104 may generate an HE packet in accordance with a
shott preamble format or a long preamble format. The HE packet may comprise
a legacy signal field (L-SIG) followed by one or more HE signal fields (HE-SEG)
and an HE long-training field (HE-LTF). For the short preamble format, the
fields may be configured for shorter-delay spread channels. For the long
preamble format, the fields may be configured for longer-delay spread channels.
These cmbodiments are described i more detail below. It should be noted that
the terms “HEW” and “HE” may be used interchangeably and both terms may
refer to mgh-efficiency Wireless Local Area Network operation and/or high-
efficiency Wi-Fi operation.

[3019] As used herein, the term "cirowmitry” may refer to, be part of, or
mchude an Application Specific Integrated Circuit (ASIC), an electronic circutt,
a processor {shared, dedicated, or group), and/or memory (shared, dedicated, or
group) that execute one or more software or firmware programs, a combinational
logic circuit, and/or other suitable hardware components that provide the
described functionality. In some embodiments, the circuitry may be mmplemented
i, or functions assoctated with the circuitry may be implemented by, one or
morg software or firmware modules. In some embodiments, circaitry may

mehude logic, at least partially operable i hardware. Embodiments described
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herein may be implemented nto a system using any suitably configured
hardware and/or software.

[0028] FIG. 2 illustrates a block diagram of an example machine in
accordance with some embodiments. The machine 200 is an example machme
upon which any one or more of the techniques and/or methodologies discussed
herein may be performed. In alternative embodiments, the machine 200 may
operate as a standalone device or may be connected {(¢.g., networked) to other
machines. In a networked deployment, the machine 200 may operate in the
capactty of a server machine, a client machine, or both in server-client network
environments. In an example, the machine 200 may act as a peer maching in
peer-to-peer {P2F) {or other distributed) network environment. The machine 200
may be an AP 102, STA 103, HE device, HE AP, HE §TA, UE, eNB, mobile
device, base station, personal computer (PC), a tablet P, a set-top box (§TB), a
personal digital assistant (PDA), a mobile telephone, a smart phone, a web
apphance, a network router, switch or bridge, or any machine capable of
gxecoting instructions {sequential or otherwise) that specify actions to be taken
by that machine. Further, while only a single machine is dlustrated, the term
“machine” shall also be taken to include any collection of machines that
mdividually or jointly execute a set (or multiple sets) of instructions to perform
any one or more of the methodologies discussed herein, such as cloud
computing, software as a service {5aaS), other computer cluster configurations.
6021} Examples as described herein, may include, or may operate on,
logic or a number of components, modules, or mechanisms. Modules arc
tangible entities {¢.g., hardware} capable of performing specified operations and
may be configured or arranged in a certain manner. In an example, circuits may
be arranged (e.g., internally or with respect to external entities such as other
circuits} in a specified manner as a module. In an example, the whole or part of
one or morc computer systems (¢.g., a standalone, client or server computer
system} or one or more hardware processors may be configured by firmware or
software (2.g., instructions, an application portion, or an application) as a module
that operates to perform specified operations. In an example, the software may

reside on a machimne readable medium. In an example, the software, when
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exccuted by the underlying hardware of the module, causes the hardware to
perform the specified operations.
{06022} Accordingly, the term “module” is understood 1o encompass a
tangible entity, be that an entity that is physically constructed, specifically

5 configured {e.g., hardwired}, or temporarily (e.g., transitonly) configured {c.g.,
programmed) to operate in a specified manner or to perform part or all of any
operation described herein. Considering examples i which modules are
temporarily configured, each of the modules need not be instantiated at any one
moment in ime. For example, where the modules comprise a general-purpose

10 hardware processor configured using software, the general-purpose hardware
processor may be configured as respective different modules at different times.
Software may accordingly configure a hardware processor, for example, to
constitute a particular module at one instance of ime and to constitute a different
module at a different instance of time.

15 [0e23] The machine {¢.g., computer system} 200 may include a hardware
processor 202 {g.g., a central processing unit (CPU)Y, a graphics processing unit
{GPU)}, a hardware processor core, or any combination thercof), a main memory
204 and a static memory 206, some or all of which may communicate with each
other via an wnterhok (e g, bus) 208, The machine 200 may further include a

20 display unit 210, an alphasumernc input device 212 {¢.g., a keyboard}, and a user
mnterface {Ul) navigation device 214 {(¢.g., a mousc). In an example, the display
unit 210, mput device 212 and Ul navigation device 214 may be a touch screen
display. The machme 200 may additionally inclade a storage device {e.g., drive
wiit) 216, a signal generation device 218 {e.g., a speaker), a network interface

25 device 220, and one or more sensors 221, such as a giobal positioning system
{(GPS) sensor, compass, accelerometer, or other sensor. The machine 200 may
mehude an output controller 228, such as 3 serial {¢.g., universal serial bus
{1USB), parallel, or other wired or wireless {e.g., infrared (IR), near field
comprumcation {NFC), ete.) connection to communicaie or control one or more

30 penpheral devices {e.g., a printer, card reader, etc.).

[0024] The storage device 216 may include a maching readable mediom
222 on which 1s stored one or more sets of data structures or mstructions 224

{c.g., software} embodying or utilized by any one or more of the techniques or
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functions described herein. The tnstructions 224 may also reside, completely or
at least partially, within the main memory 204, within static memory 206, or
within the hardware processor 202 during execution thereof by the machine 200.
In an example, one or any combination of the hardware processor 202, the main
memory 204, the static memory 206, or the storage device 216 may constitote
machine readable media. In some embodiments, the machine readable medium
may be or may nclude a non-transitory computer-readable storage medium. In
some embodiments, the machine readable mediam may be or may include a
computer-readable storage medinm.

[0025] While the machine readable mediwm 222 is dllustrated as a single
medium, the term "machine readable medium” mav mclude a single medivm or
multiple media (e.g., a centralized or distributed database, and/or associated
caches and servers) configured to store the one or more instractions 224, The
term “machine readable medivm” may include any medium that is capable of
storing, encoding, or carrving mstructions for execution by the machine 200 and
that cause the machine 200 to perform any one or more of the techniques of the
present disclosure, or that is capable of storing, encoding or carrying data
structures used by or associated with such instructions. Non-limiting machine
readable medium examples may include solid-state memories, and optical and
magnetic media. Specific examples of machine readable media may inclade:
non~volatile memory, such as semiconductor memory devices {¢.g., Electrically
Programmable Read-Only Memory (EPROM), Electrically Erasable
Programmable Read-Only Memory (EEPROM)) and flash memory devices;
magnetic disks, such ag internal hard disks and removable disks; magnete-optical
disks; Random Access Memory (RAM); and CD-ROM and DVD-ROM disks.
In some examples, machine readable media may include non-transitory machine
readable media. fn some examples, machine readable media may mclude
machine readable media that is not a transitory propagating signal.

026} The mstructions 224 may further be transmitted or received over
a communnications network 226 using a transmission medium via the network
miterface device 220 utilizing any one of a number of transfer protocols {¢.g.,
frame relay, mtermnet protocol (IP), transmission control protocol (TCP), user

datagram protocol (UDP), hypertext transfer protocol (HTTP}, etc.). Example



WO 2017/155649 PCT/US2017/016709

commumnication networks may inchide a local area network {LAN), a wide area
network (WAN), a packet data network {e.g., the Intemet), mobile telephone
networks {¢.g., cellular networks), Plain Old Telephone (POTS) networks, and
wireless data networks (e.g., Institute of Electrical and Electronics Engineers
5 ({IEEE) 802.11 famuly of standards known as Wi-Fi®, IEEE 802.16 family of

standards known as WiMax®), IEEE 802 .15 4 family of standards, a Long Term
Evolution {(LTE) family of standards, a Universal Mobile Telecommunications
System (UMTS) family of standards, peer-to-peer (P2P) networks, among
others. In an example, the network interface device 220 may include one or

10 more physical jacks (¢ .g., Ethemet, coaxial, or phone jacks) or onc or more
antennas to connect to the communications network 226. In an example, the
network mterface device 220 may include a plurality of antennas to wirelessly
communicate using at least one of single-input muftiple-output (SIMO),
multiple-input multiple-output (MIMO), or multiple-input single-output (MISO)

15 techniques. In some examples, the network interface device 220 may wirclessly
communicate using Multiple User MIMO technigues. The term “transmission
medium” shall be taken to include any intangibic medium that is capable of
storing, encoding or carrving instructions for execution by the machine 200, and
mehudes digital or analog commumications signals or other intangible medium to

20 facilitate communication of such software.
[0027] F1G. 3 illustrates a station {(STA) in accordance with some
embodiments and an access point (AP) in accordance with some embodiments.
it should be noted that i some embodiments, an STA or other mobile device
may include some or all of the components shown in either FIG. 2 or FIG. 3 {as

25 m 300) or both. The 5TA 300 may be suitable tor use as an 8TA 103 as
depicted in FIG. 1, in some embodiments. It should also be noted that in some
embodiments, an AP or other base station may inchide some or all of the
components shown in either FIG. 2 or FIG. 3 {(as 1n 350) or both, The AP 350
may be suitable for use as an AP 102 as depicted in FIG. 1, in some

30 embodiments.
[3028] The STA 300 may include physical layer circuitry 302 and a
transceiver 305, one or both of which may enable transmission and reception of

signals to and from components such as the AP 102 (FIG. 13, other STAs or
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other devices using one or more antennas 301, As an example, the physical
laver circaitry 302 may perform vanous encoding and decoding functions that
may include formation of baschand signals for transmission and decoding of
recerved signals. As another example, the transceiver 305 may perform varnous
5 trensmisston and reception functions such as conversion of signals between a

baseband range and a Radio Frequency (RF) range. Accordingly, the physical
layer circuitry 302 and the transceiver 305 may be separate components or may
be part of a combined component. In addition, some of the described
functionality related to transmission and reception of signals may be performed

10 by a combination that may include one, any or all of the physical laver cirenitry
302, the transceiver 303, and other components or layers. The STA 300 may
also include medium access control layer (MAC) circuitry 304 for controlling
access to the wireless medium. The STA 300 may also mchide processing
circuitry 306 and memory 308 arranged to perform the operations described

I35  herein.
[B029] The AP 350 may mchide physical laver circuitry 332 and a
transceiver 355, one or both of which may enable transmission and reception of
signals to and from components such as the STA 103 (FIG. 1), other APs or
other devices using one or more antennas 351, As an example, the physical

20 layer circuitry 352 may perform various cneoding and decoding functions that
may include formation of bascband signals for transmission and decoding of
received signals. As another example, the transceiver 355 may perform vanous
transmission and reception fanctions such as conversion of signals between a
bascband range and a Radio Frequency (RF) range. Accordingly, the phvsical

25 Jayer circunitry 352 and the transceiver 335 may be separate components or may
be part of a combmed component. In addition, some of the described
functionality related to transmission and reception of signals may be performed
bv a combination that may include one, any or all of the physical layer circuitry
352, the transceiver 355, and other components or layers. The AP 350 may also

30 include medium access control layer (MAC) circuitry 354 for controlling access
to the wireless medium. The AP 350 may also include processing circuitry 356

and memory 338 arranged to perform the operations described herein.

10
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[B030] The antennas 301, 351, 230 mayv comprise one or more
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-cutput (MIMO) embodiments, the antennas 301, 351, 230 may be
cffectively separated to take advantage of spatial diversity and the different
channel characteristics that may result.

{031} In some embodiments, the STA 300 may be configured as an HE
device 104 (FIG. 1), and may comumunicate using OFDM and/or OFDMA
communication signals over a multicarrier communication channel. In some
embodiments, the AP 350 may be configured to communicate using OFDM
and/or OFDMA communication signals over a multicarrier commumication
channel. In some embodiments, the HE device 104 may be configured to
communicate using OFDM communication signals over a nwlticarricr
communication channel. Accordingly, m some cases, the 5TA 300, AP 350
and/or HE device 104 may be configured to recetve signals in accordance with
specific communication standards, such as the Institute of Electrical and
Electromics Engineers (IEEE) standards including IEEE 802.11-2012, 802 11n-
2009 and/or 802.11ac-2013 standards and/or proposed specifications for
WLANSs including proposed HE standards, although the scope of the
crbodiments is not funited tn this respect as they may also be suitable to
transmit and/or receive communications in accordance with other technigues and
standards. In some other embodiments, the AP 350, HE device 104 and/or the
STA 300 configured as an HE device 104 may be configured to receive signalg
that were transmitied using one or more other modulation techmques such as
spread spectruom modulation (e.g., direct sequence code division multiple access
{DS-CDMA) and/or frequency hopping code division multiple access (FH-
CDMA)Y), time-division multiplexing (TDM) modulation, and/or frequency-
division multiplexing (FDM) modulation, although the scope of the
embodiments is not hmited in this respect. Embodiments disclosed herein
provide two preambie formats for High Efficiency (HE} Wireless LAN standards

specification that 1s under development in the TEEE Task Group 11ax (TGax).

11
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j6332] In some embodiments, the STA 300 and/or AP 350 may be a
mobile device and may be a portable wireless communication device, such as a
personal digital assistant (PDA), a laptop or portable computer with wircless
communication capability, a web tablet, a wireless telephone, a smariphone, a
wirgless headset, a pager, an mstant messaging device, a digital camera, an
access point, a television, a wearable device such as a medical device {eg., a
heart rate monitor, a blood pressure monitor, efc.), or other device that may
receive and/or transmit information wirelessly. In some embodiments, the STA
304 and/or AP 350 may be configured to operate in accordance with 802.11
standards, although the scope of the embodiments is not himited in this respect.
Mobile devices or other devices in some embodiments may be configured to
operate according to other protocols or standards, including other IEEE
standards, Third Generation Partnership Project (3GPP) standards or other
standards. In some embodiments, the 8TA 300 and/or AP 350 may mclude one
or more of a kevboard, a display, a non-volatile memory port, multiple antennas,
a graphics processor, an application processor, speakers, and other mobile device
clements. The display may be an LD screen including a touch screen.

{8633} Although the 8TA 300 and the AP 350 are cach illustrated as
having several separate functional elements, one or more of the functional
clements may be combined and may be implemented by combinations of
softwarc-configured elements, such as processing clements including digital
signal processors (DSPs), and/or other hardware elements. For example, some
clements may comprise one or more microprocessors, DSPs, field-
programmable gate arrays (FPGAs), application specific integrated cireuits
{ASICs), radio-frequency integrated circuits {RFICs) and combinations of
various hardware and logic circuitry for performing at least the functions
described hergin. In some embodiments, the functional elements may refer i
0N OF NOTC ProCeSSes aperating on one of more processing elements.

[6034] Embodiments may be implemented in one or a combination of
hardware, firmware and software. Embodiments may also be implemented as
mstructions stored on a computer-readable storage device, which may be read
and exccuted by at least one processor to perform the operations describe

herein. A computer-readable storage device may include any non-transitory
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mechanism for storing information in a form readable by a machine (g, a
computer). For example, a computer-readable storage device may include read-
only memory (ROM), random-access memory (RAM), magnetic disk storage
media, optical storage media, flash-memory devices, and other storage devices

5 and media. Some embodiments may nclude one or more processors and may be
configured with instractions stored on a computer-readable storage device.
[0035] It should be noted that in some embodiments, an apparatus used
by the STA 300 may include varicus components of the 5TA 300 as shown
FIG. 3 and/or the example machine 200 as shown in FIG. 2. Accordingly,

10 technigues and operations described herein that refer to the STA 300 {or 103}
may be applicable to an apparatus for an STA, in some embodiments. It should
also be noted that in some embodiments, an apparatus used by the AP 350 may
imchide various components of the AP 350 as shown in FIG. 3 and/or the
cxample machine 200 as shown in FIG. 2. Accordingly, techmiques and

I35 operations described herein that refer to the AP 330 (or 1023 may be applicable
to an apparatus for an AP, in some embodiments. In addition, an apparatus for a
mobile device and/or base station may include one or more components shown
m FlGs. 2-3, m some embodiments. Accordingly, techniques and operations
described herein that refer to a mobile device and/or base station may be

20 applicable to an apparatus for a mobile device and/or base station, in some
crabodiments.

036} In accordance with some embodiments, the AP 102 may transout
a high efficiency (HE} physical layer convergence procedure (PLCP} protocol
data unit (PPDU) that may include a legacy long training field (L-LTF), alegacy

25 signal (L-SIG) field, and an HE signal (HE-SIG) field. The HE-SIG may be
based on HE-SIG symbols mapped to a group of HE subcamiers that includes
legacy subcarriers and HE extension subcarriers. The L-LTF may be based on
L~LTF pilot symbols mapped to the legacy subcarriers. The L-SIG may be
based on L-51G legacy symbols mapped to the legacy subcarriers and L-5IG

30 extension pilot symbols mapped to the HE extension subcarriers. The AP 102
may scale a per-subcarrier power of the L-SIG extension pilot symbols to match
a per-subcarrier power of the L-LTF pilot symbols. These embodiments will be

described 1 more detail below.
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j38337] FIG. 4 illustrates the operation of a method of communication in
accordance with some embodiments. | is important {c note that embodiments
of the method 400 may include additional or even fower operations or processes
m comparison to what 1s illustrated in FIG. 4. In addition, embodiments of the
method 400 are not necessarily limited to the chronological order that is shown
in F1G. 4. In describing the method 400, reference may be made to FiGs. 1-3
and 5-6, although 1t is understood that the method 400 may be practiced with any
other suitable systems, interfaces and components.

[(3038] In some embodiments, the STA 103 may be configurable o
operate as an HE device 104, Although reference may be made to an STA 103
herein, including as part of the descriptions of the method 400 and/or other
methods described herein, 1t is understood that an HE device 104 and/or STA
103 configurable to operate as an HE device 104 may be used in some
cmbodiments. In addition, the method 400 and other methods described herein
may refer to STAs 103, HE devices 104 and/or APs 102 operating in accordance
with one or more standards and/or protocols, such as 802 11, Wi-Fi, wireless
local arca network (W-LAN) and/or other, but embodiments of those methods
are not hinuted to just those devices. In some embodiments, the method 400 and
other methods described herein may be practiced by other mobile devices, such
as an Evolved Node-B {eNB) or User Equipment {(UE). The method 400 and
other methods described herein may also be practiced by wireless devices
configured to operate 1n other suitable types of wireless communication systems,
mclading systems configured to operate according to various Third Generation
Partnership Project (3GPP) Long Term Evolution (L'TE) standards. The method
400 may also be applicable to an apparatus for an STA 103, HE device 104
and/or AP 102 or other device desentbed above, m some embodiments.

[0G39] It should also be noted that embodiments are not Limited by
references herein (such as in descriptions of the methods 400, 600 and/or other
descriptions herein} to transmission, reception and/or exchanging of elements
such as frames, messages, requests, indicators, signals or other elements. In
some embodiments, such an element may be generated, encoded or otherwise
processed by processing circuitry (such as by a baseband processor included in

the processing cireuitry) for transmission. The transmission may be performed

14



WO 2017/155649 PCT/US2017/016709

10

20

30

by a transceiver or other component, in some cases. In some embodiments, sach
an element may be decoded, detected or otherwise processed by the processing
circuitry (such as by the baseband processor). The clement may be received by a
transceiver or other component, in some cases. In some embodiments, the
processing circuitry and the transceiver may be incladed i a same apparatus.
The scope of embodiments i3 not himited in this respect, however, as the
transceiver may be separate from the apparatus that comprises the processing
circuitry, in some embodiments.

[0640] At operation 405 of the method 400, the AP 102 may contend for
access to a wircless medium. In some embodiments, the AP 102 may contend
for the wireless medium during a contention period to receive exclusive control
of the medium during a period, including but not Emited to an HE control
period. The AP 102 may transmit a frame and/or message, such as an HE PPDU
to be described below, dunng the HE control period, in some embodiments. It
should be noted, however, that embodiments are not fimited to transnussion
during an HE control period or transmission in accordance with the exclusive
control of the medium. Accordingly, the HE PPDU and/or other frame may be
transnutted in contention-based scenarios and/or other scenarios, in some cases.
{00411 At operation 410, the AP 102 may scale pilot subcarriers, data
subcarriers and/or other subcarriers of an HE PPDU that is to be transmitted to
one or morc 8TAs 103, At operation 415, the AP 102 may transmit the HE
PPDU to the one or more §STAs 103, In some embodiments, the HE PPDU may
be transmitted 1n accordance with orthogonal frequency division multiple access
(OFDMA) technigues and/or orthogonal frequency division multiplexing
{OFDM) technigues. The scope of embodiments 1s not limited in this respect,
however, as other technigues may be used, including but not limited to single
carrier frequency division multiple access {(SC-FDMA) signals and/or other
techniques.

6042} it should be noted that HE PPDUs, such as high efficiency (HE)
physical laver convergence procedire (PLCP) protocol data unit (PPDU) and/or
others, may be exchanged between the AP 102 and one or more 8TAs 103, 1n

some embodiments. The scope of embodiments 1s not limited mn thas respect,
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however, as the fields described for the HE PPDUs may be exchanged using
other frames and/or other tvpes of frames, in some embodiments.

{0043} In some embodiments, an HE PPDU may include one or more of
a legacy short traiming ficld (L-8TF), legacy long training field (L-LTF), legacy
signal figld (L-8S1G), repeated L-SIG (RL-SIG), HE signal field (such as HE-
SiG-A and/or HE-SIG-B), ong or more HE data fields and/or other ficlds. Asan
example, the HE PPDU may mnclude an L-STF, L-LTF, L-SiG, RL-SIG, HE-
SIG-A, HE-SIG-B, and one or more HE data fields. It should also be noted that
references herein to transmission of the HE PPDU and/or one or more ficlds of
the HE PPDU are not luniting. In some embodiments, the HE PPDU may be
generated for transmission by the AP 102 to one or more STAs 103, In some
embodiments, one or more fields (such as an L-STF, L-LTF, L-8IG, RL-SIG,
HE-SIG-A, HE-SIG-B, on¢ or more HE data ficlds and/or one or more other
ficlds) may be encoded by the AP 102 and may be included in the HE PPDU
500,

06044} In some embodiments, the L-S§TF may be based on L-STF pilot
symbols, which may enable channel estimation and/or channgel tracking by one
or more STAs 103, In some embodiments, the L-L'TF may be based on L-LTF
pilot symbols, which may enable channel estimation and/or channel tracking by
one or more STAs 103, In some embodiments, the L-51G may be based on L-
SiG legacy symbols, which may include data symbols, pilot svmbol{sjora
combination thereof. As a non-limiting example, 52 L-5IG legacy symbols may
mclode 48 L-51G legacy data symbols and 4 L-SEG legacy piot symbols. The
L-Si{z may also be based on L-SIG extension pilot symbols, in some cases. For
mstance, as will be described below, four L-SIG extension pilot symbols may be
used. The L-SIG legacy data symbols may be used to indicate information
related to reception in accordance with legacy techniques, in some cases. The L-
S1G legacy puot symbols may be used to cnable channel estimation and/or
channel tracking by one or more STAs 103, such as in a portion of the legacy
subcarricrs, 1n some cases. The L-5IG extension pilot symbols may be used to
enable channel estimation and/or channel tracking by one or more STAs 103,
such as m the HE extension subcarriers, in some cases. As a non-limiting

example, the L-SIG extension pilot symbols may enable a determination, by one
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or more 5TAs 103, of an extended channel estimate of both the legacy
subcarriers and the HE extension subcarriers in comparison to a legacy channel
estimate of the fegacy subcarriers based on the L-LTF pilot svmbols, in some
cases. In some embodiments, the RL-SIG may be a repetition of the L-S1G,
although the scope of embodiments is not hmited in this respect. The RL-SIG
may be of a same structurc or similar structure as the L-5IG, in some
cmbodiments. For instance, the RL-SIG may be the same or similar to the L-
SIG in terms of number, type, arrangement, power scaling and/or other aspects
of pilot symbols. extension pilot symbols, data symbols, subcarriers and/or other
clements, in some cmbodiments.

[6045] In some embodiments, the HE-SIG, HE-SIG-A and/or HE-SIG-B
may be based on HE-SIG pilot symbols and/or HE-SIG data symbols. The HE-
SIG pilot symbols may enable channel estimation and/or channel tracking by one
or more STAs 103, in some embodiments. Other operations related to decoding,
demodulation, synchronization and/or other may be enabled, 1 some cases. The
HE-SIG data symbols may be used, in some cmbodiments, to comnumicate data
and/or controd information. For instance, control information related to
reception of HE data fields mav be commumicated by the HE-SIG data symbols
{0046} It should be noted that these examples of operations that may be
enabled by symbols of the L-5TF, L-LTF, L-SIG, RL-5IG, HE-SIG, HE-SIG-A
and/or HE-SIG-B arc not limiting, as other operations, such as operations related
to decoding, demodulation, synchromization and/or other, may also be enabled
by those symbols. In addition, the symbols may communicate control
formation and/or data. in some embodiments.

{06471 In some embodiments, symbol periods (such as OFDM symbol
periods} may be allocated for the above fields. For instance, the L-5TF may be
transmitied in an L-STF symbol period of the HE PPDU, the L-LTF may be
transmitied in an L-LTF symbol period of the HE PPDU, the L-51G may be
transmitted 1o an L-8IG symbol period of the HE PPDU, the HE-5IG mav be
transmitted 1n an HE-SIG symbol period of the HE PPDU, the HE-SIG-A may
be transmitied in an HE-51G-A symbol period of the HE PPDU, the HE-SIG-B
may be transmitted in an HE-SIG-B symbol period of the HE PPDU, and/or an

17
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HE data ficld may be transmitted in a group of one or more HE data symbol
periods of the HE PPDU.

{0048} In some embodiments, a group of legacy subcarricrs may be used
for transnussion of one or more fields of the HE PPDU. In addition, one or more
fields may be transmitted in a group of HE subcarriers that may inchude the
legacy subcarriers and may further include a group of HE extension subcarriers.
Accordingly, channel resources used for legacy communication {the legacy
subecarricrs) may be extended for HE commumication. A group of HE
subcarriers used for HE communication may clade the legacy subcarriers and
may also include a group of HE extension subcarriers.

{6049} In some embodiments, the L-LTF may be based on L-LTF pilot
symbols mapped to the group of legacy subcarriers in an L-L'TF symbol of the
HE PPDU. In some embodiments, the L-SIG may be based on L-51G legacy
symbols mapped to the legacy subcarriers in an L-8IG symbol of the HE PPDU.
1t should be noted that the L-51G legacy symbols may mclude L-SIG legacy data
symbols, L-81G legacy pilot symbols or a combination thereof, in some cases.
The L-51G may be further based on L-SIG extension puot symbols mapped to
the HE extension subcarriers in the L-S1G symbol of the HE PPDU. A per-
subcarrier power of the L-SI{G extension pilot symbols may be scaled to match a
per-subcairier power of the L-L'TF pilot symbols. It should be noted that similar
techniques may be used for an RL-51G, if present in the HE PPDU.

650} In some embodiments, the HE-SIG may be based on HE-SIG
symbols mapped to the group of HE subcarriers {(which may melude the legacy
subcarriers and the group of HE extension subcarriers).

{0651} As anon-limiting example, channel resources may nclude a
number of subcarriers of predetermined bandwidth of 312.5 kHz. Accordingly,
channel rescurces of 20 MHz may mchide 64 sub-carriers allocated as guard-
bands, used subcarriers, DC subcarrier(s), data subcarriers, pilot subcarriers
and/or other subcarriers. The group of legacy subcarrers may melade 52
subcarriers, the group of HE extension subcarriers may mmchude 4 subcarriers,
and the group of HE subcarriers may include 56 subcarmers.

0652} In symbol periods m which a configuration for the legacy sub-

carriers is used, the channel resources may nclude a lower guard band at a lower
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edge of the channel resources, followed by 26 legacy subcarriers, followed by a
DC subcarrier, followed by 26 legacy subcarriers, followed by an upper guard
band at an upper edge of the channel resources. In symbol periods in which a
contiguration for the HE sub-carners is used, the channel resources may mclude
alower guard band at a lower edge of the channel resources, followed by two
HE extension subcarriers, followed by 26 legacy subcarmers, followed by a DC
subcarrier, followed by 26 legacy subcarriers, followed by two HE extension
subcarricrs, followed by an upper guard band at an upper edge of the channel
resources. Accordmgly, a portion of cach guard band of the legacy
configuration may be used for the HE extension subcarriers of the HE
contiguration, In some cases.

{8053} The HE PPDU may not necessarily include all of the fields
described above, in some embodiments. In some cases, the ficlds may appear in
the chronological order described above, but embodiments are not imited as
such. In addition, the HE PPDU may include more than one of any of the fields
descrtbed above, m some embodiments.

[0054] The pilot symbols and/or data symbols mayv be scaled in some
embodiments. Different scaling technigues may be used. As an example, a per-
subcarrier power of the L-SI{G extension pilot symbols may be scaled to match a
per-subcarrier power of the L-L'TF pilot symbols. Accordingly, pilot symbols
for the legacy subcarriers and the HE extension subcarriers may be transmitted
as a same per~-subcarrier power, in this example.

HEESKY Continuing the example, the L-L'TF pilot symbols may be scaled
for equal per-subcarrier power, in some cases. Accordingly, when 52 legacy
subcarriers are used, each L-LTF pilot symbol may be scaled by a factor of 1/52
with respect o a total power of the L-L'TF svmbol peniod. For instance, each L~
LTF pilot symbol may be scaled for a power of F*{1/52) when a target total
power (and/or normalized power restriction) of the L-LTF symbol period is £
When the L-SIG extension pilot syvmbols are scaled to match the per-subcarrier
power of the L-LTF pilot symbols, each L-SIG extension pilot symbol may be
scaled for a power of P*(1/52}.

{8656} Continuing the example, a per-subcarrier power of the L-SIG

legacy symbols may also be scaled based on various criteria. In some
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embodiments, a normalized power restriction for the L-SIG symbol period may
be used, and the L-S1G legacy symbols may be scaled {along with the scaling of
the L-81G extension pilot symbols) in accordance with the power restriction. As
an example, when the L-8IG symbol period and the L-LTF symbol period are to
be normalized to the same total power (such as P), the per-subcarrier power of
the L-51G legacy symbols may be scaled by a product of (1/52) and (48/52) with
respect to the total power of the L-51G symbol period. That is, a scaling factor
of (48 / 2704) may be used. In addition, the per-subcarrier power of the L-SIG
extension pilot symbols may be scaled by a factor of (1/52) with respect to the
total power of the L-SIG symbol period. It should be noted that, in this case, the
L-51G extension pilot svmbols may be boosted, with respect to the L-SIG legacy
symbols, by a factor of 52/48 (0.347 dB) to match the per-subcarrier power of
the L-LTF pilot symbols.

[0057] The above example, in which the L-LTF symbols and the L~-SIG
symbols are scaled for the same total power for the L-LTF symbol period and
the L-SIG symbol period, may be apphicable to a normal mode of operation, a
non- extended coverage mode, a normal HE PPDU and/or non-extended
coverage HE PPDU. Ag another example, for an extended coverage mode
{and/or extended coverage HE PPDIU}, the total power of the L-LTF symbol
period may be twice that of the L-5IG symbol period {3.61 dB higher).
Embodiments are not limited to the particular ratio of two (3.01 dB) between the
total powers of the L-LTF symbol period and the L-SIG symbol penod,
however, as any suitable ratic may be ased.

[3058] In the extended coverage case described above, various subcarrier
scaling operations will be described below using total powers of P and 2P for the
L-SIG symbol pertod and the L-LTF symbol period, respectively. Each L-LTF
pilot symbol may be scaled for a power of 2P*{1/52) when a target total power
{and/or normalized power restriction) of the L-L'TF symbol period is 27, When
the L-SIG extension pilot svmbols are scaled to match the per-subcarrer power
of the L-LTF piot symbols, cach L-SIG extension pilot symbol may be scaled
for a power of 2P*(1/52}. In addition, the L-8IG kgacy symbols may be scaled
for a power of P*{1/52)y*(44/52). That is, a scaling factor of (44 / 2704) may be

used. Accordingly, the L-SIG extension pilot symbols may be scaled (by a
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factor of (2/52) with respect to the total power of the L-51G symbol period) to
match the per-subcarrier power of the L-LTF symbol period. The per-subearnier
power of the L-81G legacy symbeols may be scaled by a product of (1/52) and
{44/52} with respect to the total power of the L-SIG symbol period. That1s, a
5 scaling factor of {44 / 2704) may be used. It should be noted that the L-5IG

extension pilot symbols may be boosted, with respect to the L-81G legacy
symbols, by a factor of 52/22 (0.347 dB) to match the per-subcarrier power of
the L-L'TF pilot symbols.
{0059] As another example, a per-subcarrier power of the HE-SIG

10 symbols may be scaled to match the per-subcarner power of the L-LTF pilot
symbols and the per-subcarrier power of the L-581G exdension pilot symbols.
{6068} As another example, when the HE PPDU 15 generated for an
extended coverage mode, the target symbol power of a legacy short training field
{L.-STF) and/or L-LTF may be boosted by 3 dB (or any suitable scaling in dB or

15 scalar scaling) relative to a target symbol power of the HE-SIG (such as HE-
SIG-A and/or other). The extra four tones of the L-51G and/or RL-51G on the
cdge of the channel resources {in a 20 MHz band or otherwise) may be scaled to
have the same per-ione {ransmission power as the per-ione transmission power
of L-LTF tones. In addition, other populated tones i the L-8IG and/or RL-5IG

20 {such as legacy tongs and/or other) may be scaled to have a 3 dB {or any suitable
scaling in dB or scalar scaling} lower per-tone transmission power than the per-
tone transmisston power of the L-LTF tones.
L At operation 420, the AP 102 may receive an uplink HE PPDU
from an STA 103, The AP 102 may determine channel estimates based on the

25 uplink HE PPDU at operation 425, At operation 430, the AP 102 may decode
one or more HE data fields of the uplink HE PPBU. In some embodiments,
some or all of the concepts and/or techruques described herein regarding the
transmission of the HE PPDU by the AP 102 may be applicable to an uplink HE
PPDU transmitted by an 5TA 103 and received by the AP 102, For mstance,

30 concepts such as scaling operations, legacy sabcarniers, HE sabcarmers, HE
extension subcarriers, data symbol, pilot symbols, extension pilot symbols
and/or others described for the HE PPDU transmitted by the AP 102 may be

applicable to the uplink HE PPDU, in some cases.
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{0062} FIG. 5 illustrate example frames that may be exchanged in
accordance with some embodiments. It should be noted that the examples 500,
550 shown in FIG. 5 may illustrate some or all of the concepts and technigues
described herein m some cases, but embodiments are not limited by the
examples 500, 550. For instance, embodiments are not imited by the name,
number, type, size, ordering, arrangement and/or other aspects of the frames,
signals, ficlds, data blocks, control headers, tones, subcarriers, channel resources
and other elements as shown 1n FIG. 5. Although some of the elements shown
i the examples of FIG. 5 may be included 10 an 202 11 standard and/or other
standard, embodiments are not limited to usage of such clements that arc
mchuded in standards.

{6663} The example HE PPDUs 500 and/or 550 illustrated i FIG. 3 may
be transmitted by the AP 102 o one or more 8TAg 103, In some embodiments,
the HE PPDUs 500 and/or 550 may be used by STAs 103 for uplink
comprumcation with the AP 102, It is understood that, in some embodiments,
the HE PPDUs 300 and/or 550 may not necessanly include all of the fields
shown i FIG. 5 and may even include additional fields in some cases.

0064} In addition, the HE PPDUs 500 and/or 550 may be generated for
transmisston by the AP 102 to one or more STAs 103, in some embodiments.
One or more fields described below {and/or others) mayv be encoded by the AP
102 and may be included in the HE PPDU 500 and/or 550, in some
embodiments.

j3365] The HE PPDU 500 may include one or more L-L'TFs 505 which
may be transmitied using 52 tones. The L-L'TFs 505 may be based on L-LTF
pilot symbols, in some cases. The HE PPDU 500 may further include an L-5SIG
510, which may be transmitted asing 56 tones, which may inclade 52 tones and
4 extratones 515, The L-81G 510 may be based on legacy L-51G symbols,
which may include legacy L-SIG pilot symbols and/or legacy L.-S1G data
symbols, in some cases. The L-SIG 510 may be further based on extra pilot
symbols {such as L-SI(G extension pilot symbols), such as in the symbols
mapped to the 4 extra tones 515, The HE PPDU 500 may further include an RL-
SIG 520, which mav be of a same or similar format as the L-SIG 510, and may

be a repetition of the L-SIG 510 in some cases. The RL-SIG 520 may be
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transmitted using 56 tones, which may include 52 tones and 4 extra tones 525.
The RL-81G 520 may be based on legacy RL-SI( symbols, which may mehude
legacy RL-SIG pilot symbols and/or legacy RL-SIG data symbols, in some
cases. The HE PPDU 500 may further include an HE-SIG-A 530, which may be
5 transmitted using 56 tones. The HE PPDU 500 may further inchide an HE-SIG-
B 335, which may be transmitted using 56 tones. The HE-SIG-A 530 and/or
HE-SIG-B 535 may include countrol information for one or more data ficlds 540
{such as HE data ficlds) of the HE PPDU 300, in some cases. The HE PPDU
500 may further include ong or more data fields 540, such ag HE data fields,
10 which may be transmitted using 56 tongs.
[8066] The HE PPDU 550 may mclude one or more L-LTFs 555 which
may be transmitted using 56 tones. The L-L'TFs 555 may be based on L-LTF
pilot symbols, in some cases. The HE PPBU 550 may further include an L-SIG
560, which may be transmitted using 52 tones. The L-58IG 560 may be based on
15 legacy L-SIG symbols, which may include legacy 1L-81G pilot symbols and/or
legacy L-SIG data symbols, in some cases. The HE PPDU 550 may farther
mchude an RL-S1G 570, which may be of a same or similar format as the L-SIG
560, and may be a repetition of the L-SIG 360 in some cases. The RL-SIG 570
may be transmitted using 32 tones. The RL-SHG 570 may be based on legacy
20 RL-5IG symbels, which may toclude legacy RL-SIG pilot symbols and/or
legacy RL-SIG data symbols, in some cases. The HE PPDU 530 may further
melude an HE-SIG-A 580, which may be transmitted using 56 tones. The HE
PPDU 5350 may further include an HE-SIG-B 585, which may be transmitted
using 56 tones. The HE-SEG-A 580 and/or HE-51G-B 385 may include control
25 mformation for one or more data ficlds 590 (such as HE data fields) of the HE
PPDU 550, 1n some cases. The HE PPDU 550 may further include one or more
data fields 590, such as HE data fields, which may be transmitted using 56 tones.
[0067] It should be noted that in the HE PPDU 500, the 4 oxtra tones
515, 525 are included as part of the L-SIG 510 and RL-SIG 520, respectively,
36 and are excluded from the L-LTFs 505, In the HE PPDU 350, the 4 extra tones
557 are included as part of the L-LTF 355 and are excluded from the L-5IG 560
and RL-SIG 570, In some embodiments, scaling techmigques described herein for

embodiments in which extra tones (such as L-51G exdension pilot svmbols) are
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mcluded as part of the L-SIG, may be used and/or may be modified for usage in
embodiments in which extra tones are included as part of the L-L'TF.

[0068] It should be noted that some embodiments may not necessarily
mclude all operations shown in FIG. 4. As an example, some embodiments may
mehide operations 403-415 but may exchude operations 420-430, such as when
downlink transmission of HE PPDUs is performed and uplink reception of HE
PPDUs (transmitted by one or more STAs 103) is not performed. As another
example, some embodiments may exclude operations 405-415 but may mclude
operations 420-430, such as when downlink transmission of HE PPDUs is not
performed and uplink reception of HE PPDUs (transnutied by one or more STAs
103} is performed.

{0069} It should also be noted that in some cases, frames and/or elements
{inchuding but not limited to those in FIG. 5) may be transmitted in accordance
with contention based techniques. In some embodiments, a transmussion of a
frame and/or element may be performed after detection of an nactivity period of
the chamnel to be used for the transmission. For instance, it may be determined,
based on channel sensing, that the channel is avatlable. As a non-limiting
example, a mmimum time duration for the nactivity period may be based on an
mter-frame spacing {IFS), which may be included in an 802.11 standard and/or
other standard. That is, when mactivity is detected for a time duration that 15
greater than or equal to the IFS, the channel may be determined to be available.
Embodiments are not hmited to usage of the IFS, however, as other time
durations, which may or may not be included in a standard, may be used in some
cases. In addition, back-off technigues may also be used, in some embodiments.
10674} FIG. 6 llustrates the operation of another method of
communication in accordance with some embodiments. As mentioned
previousiy regarding the method 400, embodiments of the method 600 may
include additional or even foewer operations or processes in comparison to what
1s illustrated in FIG. 6 and embodiments of the method 600 are not necessarily
limited to the chronological order that is shown i FIG. 6. In descnbing the
method 600, reference may be made to FiGs. 1-3, although it is undersiood that
the method 600 may be practiced with any other suitable systems, interfaces and

components. In addition, embodiments of the method 600 may be applicable to
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APs 102, STAs 103, UEs, eNBs or other wircless or mobile devices. The
method 600 may also be applicable to an apparatus for an AP 102, §TA 103
and/or other device described above.
{8671} It should be noted that the method 600 may be practiced by an

5 STA 103 and may include exchanging of elements, such as frames, signals,
messages, fields and/or other elements, with an AP 102, Smilarly, the method
400 mav be practiced at an AP 102 and may include exchanging of such
clements with an 5TA 103, In some cases, operations and techniques described
as part of the method 400 may be relevant to the method 600, In addition,

10 embodiments of the method 600 may include operations performed at the STA
103 that are reciprocal to or similar to other operations described herem
performed at the AP 102, For istance, an gperation of the method 600 may
mchide reception of a frame from the AP 102 by the STA 103 while an operation
of the method 400 may nclude transnussion of the same frame or similar frame

15 bythe AP 102
6072} In addition, previous discussion of vanous techniques and
concepts may be applicable to the method 600 in some cases, including HE
PPDUs, L-LTFs, S-LTFs, L-SIGs, RL-SIGs, HE-S1Gs, HE-SIG-As, HE-SIG-Bs,
HE data frames, legacy subcarriers, HE subcarriers, HE extension subcarriers,

20 extra tones, extra pilots, scaling of per-subcarrier powers, scaling of a power of &
symbol period, matching of per-subcarrier powers for different symbol periods,
boosting of per-subcarrier powers and/or others. In addition, the examples
shown m FIG. 5 may also be applicable, in some cases, although the scope of
embodiments is not limited in this respect.

25 16073] At operation 603, the STA 103 may receive an HE PPDU from an
AP 102, In some embodiments, the HE PPDU may be of a format described
regarding the method 400, although the scope of embodiments is not limited in
this respect. The example HE PPDU formats 500 and/or 530 may be used, in
some embodiments, and other frame formats may also be used 1 some cases.

30 [6874] At operation 610, the STA 103 may determing channel cstimates
based on the received HE PPDU. In some embodiments, the STA 103 may
determine channel gstimates of a group of HE subcarriers that includes legacy

subcarriers and HE extension subcarricrs. As an example, the channel estimates
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of the legacy subcarriers may be based at least partly on L-L'TF pilot symbols
mapped to the legacy subcarners during an L-LTF symbo! period of the HE
PPDU. In addition, the channel estimates of the HE extension subcarriers may
be based at least partly on L-S1G extension pilot symbols mapped to the HE
extension subcarriers during an L-SIG symbol period of the HE PPBU.

{0675} The channel estimates may be determined, in some cases, based
on matched per-subcarrier transmission powers of the L-LTF pilot syrabols and
the L-SIG extension pilot symbols. That is, the HE PPDU may be tranamitted,
bv the AP 102, in accordance with a format in which powers per-subcarrier of
the L-LTF puot symbols and the L-$1G extension pilot svmbols are matched
{and/or scaled to match). Other scaling may be applicable to the HE PPDU, and
the channel gstimation may be determined based on such scabing. For instance,
scaling of data symbols and/or pilot symbols of any symbol pericd in accordance
with a target power for the syrabol period and/or normalization restriction for the
symbol period may be taken into account as part of the determination of the
channel estimates.

[0076] At operation 613, the STA 103 may decode an L-SIG of the HE
PPDU. In some embodiments, the 8TA 103 may decode, in accordance with the
channel estimates of the legacy subcarriers, L-SIG legacy svmbols mapped to
the legacy subcarriers in an L-51G symbol period of the HE PPDU. At operation
620, the STA 103 may decode an HE-SIG of the HE PPDU. In some
embodiments, the STA 103 may decode, in accordance with the channel
estimates of the HE subcarriers, HE-SIG symbols mapped to the HE subcarriers
mn an HE-SIG symbol period of the HE PPDU. At operation 625, the STA 103
may decode one or more data fields of the HE PPDU. In some embodiments, the
STA 103 may decode, in accordance with the channel estimates of the HE
subcarriers, one or more HE data fields that may be based on HE data symbols
and/or HE pilot symbols mapped to the HE subcarriers in one or more svimbol
periods of the HE PPDU. For mnstance, one or more HE data symbol periods
may be included in the HE PPDU afier the HE-SIG symbol period(s).

10677] At operation 630 of the method 600, the STA 103 may contend
for access to a wireless medium. At operation 635, the STA 103 may scale pilot

subcarriers, data subcarriers and/or other subcarriers of an uplink HE PPDU that
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is to be transmitted to the AP 102. At operation 640, the STA 103 may transmit
the aplink HE PPDU to the AP 102. Techniques for scaling described herein
and/or HE PPDU formats descnibed hercin may be used, in some embodiments,
for the uplink HE PPDU.

{0678} In Example 1, an apparatus of an access point (AP) may comprise
memory. The apparatus may further comprise processing circuitry. The
processing circuitry may be configured to encode, for transmission, a legacy
long tramung field (L-LTF) based on L-LTF pilot symbols mapped to a group of
legacy subcarriers. The processing circuitry may be further configured to scale a
per-subcarrier power for a group of legacy signal (L-SIG) extension pilot
symbols to match a per-subcarner power of the L-LTF pilot symbols. The
processing circuitry may be further configured to encode, for transmission, an L-
Si(5 field based on L-5IG legacy symbols mapped to the legacy subcarriers and
further based on the scaled L-SIG extension pilot symbols mapped to a group of
high efficiency (HE) extension subcarricrs. The processing circuitry may be
further configured to encode, for transmission, an HE signal field (HE-SIG)
based on HE-SIG symbols mapped to a group of HE subcarriers that includes the
legacy subcarrers and the HE extension subcarrers. The processing circuitry
may be further configured to generate, for transmission, an HE physical layer
convergence procedure (PLUP) protocol data anit (PPDU)Y to inchude the L-LTE,
the L-SIG, and the HE-SIG.

[6079] In Example 2, the subject matter of Example 1, wherein the L-
SIG extension pilot symbols may enable a determination of an extended channel
estimate of both the legacy subcarriers and the HE extension subcarriers in
comparison to a legacy channel estimate of the legacy subcarners based on the
L-LTF pilot symbols.

{0080 In Example 3, the subject matter of one or any combination of
Examples 1-2, wherein the processing circuitry may be further configured to
generate the HE PPDU for transmission in channel resources of 20 MHz. The
channel resources may inchude 64 subcarriers of 312.5 kHz, The channel
resources may include a lower guard band at a lower edge of the channel
resources, followed by two HE extension subcarmers, followed by 26 legacy

subcarriers, followed by a BC subcarrier, followed by 26 legacy subcarriers,
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followed by two HE extension subcarriers, followed by an upper guard band at
an upper edge of the channel resources.
{06081} In Example 4, the subject matter of one or anv combination of
Examples 1-3, wherein the processing circuitry may be further configured to
5 boost the per-subcarrier power of the L-51G extension pilot symbols, with

respect to a per-subgcarner power of the L-SIG legacy symbols, to match the per-
subcarrier power of the L-LTF pilot symbols.
{06082} In Example 5, the sabject matter of one or any combination of
Examaples 1-4, wherein the L-5IG may be encoded for transmission during an L-

10 SIG symbol period of the HE PPDU. The processing curcuitry mayv be further
contigured to scale the per-subcarrier power of the L-SIG legacy symbols based
on the per-subcarnier power of the L-51G extension pilot symbols and a
normalized power restriction for the L-SIG symbol peried.
{D083] In Example 6, the subject matier of onc or any combination of

15 Examples 1-5, wherein the L-LTF may be encoded for transmission during an L-
LTF symbol period of the HE PPDU. The L-51G may be encoded for
transmission during an L-S1G symbol peniod of the HE PPDU that follows the
L-L'FF symbol pertod. The processing cirenitry may be further configured to
scale the per-subcarrier power of the L-LTF pilot symbols 1n accordance with a

20 target symbol power for the L-LTF symbol peried. The processing circuiiey may
be further configured to scale the per-subcarrier power of the L-81G extension
pilot symbols and the per-subcarrier power of the L-SIG legacy symbols m
accordance with a target symbol power for the L-5IG svmbol penod.
[3084] In Example 7, the subject matter of one or any combination of

25 Examples 1-6, wheremn the HE subcarners may be of a predeternined bandwidth
of 312.5 kHz and may be included in channel resources of 20 MHz. The group
of legacy subcarriers may include 52 subcarriers and the group of HE extension
subcarricrs may include four subcarriers. The L-SIG may be based on 52 legacy
symbols and four L-SIG extension pilot symbols. The L-LTF may be based on

30 52 L-LTF pilot symbols.
[3085] In Example 8, the subject matter of one or any combination of
Examples 1-7, wherein when the HE PPDU 1s generated for a normal mode: the

target symbol power of the L-LTF svmbol pertod may be equal to the target
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symbol power for the L-SI1G symbol penied; the processing circuitry may be
further configured to scale the per-subcarricr power of the L-L'TF pilot symbols
and the per-subcarrier power of the L-SIG extension pilot symibols by a factor of
1/52 with respect to the target symbol power for the L-LTF; and the processing
circuitry may be further configured to scale the per-subcarrier power of the L-
LTF legacy symbols by a product of 1/52 and 48/52 with respect to the target
symbol power for the L-LTF.

{0085] In Example 9, the sabject matter of one or any combination of
Examaples 1-8, wherein when the HE PPDU is generated for an exiended
coverage mode: the target symbol power of the L-LTF svmbol period may be
twice the target symbol power for the L-51G symbol penod; the processing
circuitry may be further configured to scale the per-subcarrier power of the L-
LTF pilot symbols and the per-subearrier power of the L-SIG exiension pilot
symbaols by a factor of 1/52 with respect to the target symbol power for the L-
LTF; and the processing circuitry may be further configured to scale the per-
subcarrier power of the L-LTF legacy symbols by a product of 1/52 and 44/52
with respect to the target symbol power for the L-LTF.

160871 In Example 10, the subject matter of one or any combination of
Examples 1-9, wherein the HE-SIG may be encoded for transmission during an
HE-SIG symbaol period of the HE PPDU. The processing circuitry may be
further configured to, when the HE PPDU s generated for transmission in an
extended coverage mode: boost the target symbol power for the L-LTF symbol
period by three decibels (dB) relative to a target symbol power of the HE-SIG;
scale the per-subcarrier power of the L-51G extension pilot symbols to match the
per-subcarrier power of the L-LTF pilot symbols; and scale the legacy symbols
of the L-8IG to a per-subcarner power that is three dB lower than the per-

subcarrier power of the L-LTF pilot symbols.

[O083] In Exaraple 11, the subject matter of one or any combination of
Examples 1-10, wherein the HE-5IG may be an HE-SIG-A ficld or an HE-SIG-

B field. The L-SIG may be an E-SIG field or a repeated L-SIG (RL-8IG) ficld.
The HE PPDU may include the L-L'TF in a first symbol period, an L-SIG
following the L-LTF, an RL-SIG following the L-8IG, an HE-SIG-A following
the RL-SIG, and an HE-SIG-B following the HE-SIG-A.
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{0089] In Example 12, the subject matter of one or any combination of
Examples 1-11, wherein the HE-5IG symbols may be based on control
mformation for one or more HE data ficlds included in the HE PPDU. The
processing circuitry may be further configured to scale a per-subcarrier power of
the HE-SIG symbols to mateh the per-subcarrier power of the L-LTF pilot
symbols and the per-subcarner power of the L-51 extension pilot symbols.
[B090] In Exaraple 13, the subject matter of one or any combination of
Examples 1-12, wherein the processing circuitry may be further configured to
contend for a wircless medivm during a contention period 1o receive exclusive
control of the medium durnng a transmission opportunity (IXOP). The HE
PPDU may be transnutted during the TXOP.

06911 In Example 14, the subject matter of one or any combination of
Examples 1-13, wherein the processing circuitry may tnclude a baseband
processor to generate the HE PPDUL

60921 In Example 15, the subject matier of one or any combination of
Examples 1-14, wherein the apparatus may further include a transceiver to
transmit the HE PPDU.

{8693} In Example 16, a non-transitory computer-readable storage
medium may store instructions for execution by one or more processors to
perform operations for communication by an access point {AP). The operations
may configure the one or more processors to encode, for transmission as part of
a high-efficiency (HE) phvsical layer convergence procedure (PLCP) protocol
data unit (PPDU), a legacy long tramming figld (L-LTF) based on L-LTF pilot
symbols mapped to a group of legacy subcarricrs during an L-LTF symbol
period. The operations mav further configure the one or more processors to
encode, for transmission as part of the HE PPDU, a legacy signal field (L-51G})
based on L-SIG legacy symbols mapped to the legacy subcarrers during an L-
Si( symbol period and further based on L-SIG extension pilot symbols mapped
to a group of HE exiension subcarners during the L-SIG svmbol penod. The
operations may further configure the one or more processors to maich per-
subcarrier powers of the L-5IG extension pilot symbols and the L-LTF pilot

symbols. The operations may turther configure the one or more processors to
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acale the L-SIG legacy symbols and L-5IG extension pilot symbols n
accordance with a normalized power restriction for the L-SIG symbol period.
{0094} In Example 17, the subject matter of Example 16, wherein the
operations may further configure the one or more processors o encode, for

5 trensmission as part of the HE PPDU, an HE signal field (HE-SIG) based on
HE-SIG symbaols mapped to the fegacy sabcarriers and the HE extension
subcarriers during an HE-SIG symbol period. The HE-SIG symbols may be
based on control information for one or more HE data fields included in the HE
PPDU.

10 [0695] In Example 18, the subject matter of one or any combination of
Examples 16-17, wherein the L-8IG extension pilot symbols may enable an
extension, by a station (8§TA), of a legacy channel estimate of the legacy
subcarriers based on the L-LTF pilot symbels to inclede a channel estimate of
the HE ¢xtension subcarniers.

15 [0096] In Example 19, a method of communication by an access point
(AP} may comprise gencrating, for transmission, a high-efficiency (HE) physical
laver convergence procedure (PLCP) protoco! data unit (PPDU) that includes a
legacy long tramming field (L-LTF), a legacy signal field (L-SIG), and an HE
signal field (HE-SIG). The L-LTF may be based on L-L'TF pilot symbols

20 mapped to a group of legacy subcamers. The HE-SIG may be based on HE-SIG
symbols mapped to a group of HE subcarriers that includes the legacy
subcarriers and a group ot HE exiension subcarriers. The L-SIG may be based
on L-$1G legacy symbols mapped to the legacy subcarniers and may be further
based on L~-SIG extension pilot symbols mapped to the HE extension

25 subcarriers. A per-subcarrier power of the L-SIG extension pilot symbols may
be scaled to match a per-subcarrier power of the L-LTF pilot symbols,

{66971 In Example 20, the subject matier of Example 19, wherein the L-
SiG extension pilot symbols may enable a determination of an extended chanuocl
estimate of both the legacy subcarriers and the HE extension subcarnicrs in

30 comparison to a legacy channel estimate of the legacy subcarriers based on the
L-L'FF pilot symbols.

[6098] In Example 21, an apparatus of a station (8TA) may comprise

memory. The apparatus may further comprise processing circuitry. The
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processing circuitry may be configured to determine, based on a high-efficiency
(HE) physical layer convergence procedure (PLCP) protocol data unit (PPBU)
received from an access point {AP), channel estimates of a group of HE
subcarriers that includes legacy subcarriers and HE exiension subcarriers. The
5 processing circuitry may be further configured to decode, in accordance with the

channel estimates, an HE signal field (HE-SIG) based on HE-SIG symbols
mapped to the HE subcarriers. The channel estimates of the legacy subcarriers
may be based at least partly on legacy long training field (L-LTF) pilot symbols
of an L-LTF of the HE PPDU. The channel estimates of the HE extension

10 subcarriers may be based on legacy signal field {L-51G) extension pilot symbols
of an L-51G of the HE PPDU. The channel estimates may be determined based
on matched per-subcarrier transmission powers of the L-LTF pilot symbols and
the L-51G extension pilot symbols.
[0099] In Example 22, the subject matier of Example 21, wherein the L-

I5  LTF pilot symbols may be mapped to the legacy subcarriers in an L-L'TF symbol
period of the HE PPDIU. The L-SIG extension pilot symbols may be mapped to
the HE cxtension subcarriers in an L-SIG symbol period of the HE PPDU that
follows the L-LTF symbol period. HE-SIG symbols may be mapped to the HE
subcarriers in an HE-5IG symbol period of the HE PPDU that follows the L-§IG

20 symbol period. The processing circaitry may be further configured to decode, in
accordance with the channel estimates of the legacy subcarriers, L-51G legacy
symbols mapped to the legacy subcarriers m the L-SIG symbol penod.
00100} In Example 23, the subject matter of one or any combination of
Examaples 21-22, wherein the HE PPDU may be received in channel resources of

25 20 MHz. The channel resources may mclude 64 subcarriers 0of 312.5 kHz, The
channel resources may inclade a lower guard band at a lower edge of the channel
resources, followed by two HE extension subcarniers, followed by 26 legacy
subcarricrs, followed by a DC subcarrier, followed by 26 legacy subcarriers,
followed by two HE extension subcarmers, followed by an upper guard band at

30 an upper edge of the channel resources.
{00101} In Example 24, the subject matter of one or any combination of
Examples 21-23, wheremn the processing circuitry may include a baseband

processor to determine the channel estimates and to decode the HE-SIG.
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00192} In Example 25, the subject matter of one or any combination of
Examaples 21-24, wherein the apparatus may further include a transceiver to
reccive the HE PPDU.
106193 In Example 26, an apparatus of an access point {AP) may
5 comprise means for encoding, for transmission as part of a high-efficiency (HE)
physical laver convergence procedure {PLCP) protocol data unit (PPDU), a
legacy long training field (L-LTF} based on L-LTF pilot syinbols mapped to a
group of legacy subcarriers during an L-L'TF symbol period. The apparatus may
further comprise means for encoding, for transmission as part of the HE PPDU, a
10 legacy signal field (L-SIG) based on L-5IG legacy svmbols mapped to the
legacy subcarrers during an L-SIG symbol period and further based on L-SIG
extension pilot symbols mapped to a group of HE extension subcarricrs during
the L-51G symbol periocd. The apparabus may further comprise means for
matching per-subcarrier powers of the L-SIG extension pilot symbols and the L-
15 LTF pilot symbols. The apparatus may farther comprise means for scaling the
L-SIG legacy symbols and L-SIG extension pilot svmbols in accordance with a
normalized power restriction for the L-SIG symbol period.
[06194] In Example 27, the subject matter of Example 26, wherein the
apparatus may further comprise means for encoding, for transnussion as part of
20 the HE PPDU, an HE signal field (HE-SIG) based oo HE-SIG symbols mapped
to the legacy subcarriers and the HE cxtension subcarriers during an HE-SIG
symbol period. The HE-SIG symbols may be based on control information for
one or more HE data ficlds included in the HE PPDU.
[601905] In Example 28, the subject matter of one or any combination of
25 Examples 26-27, wherein the L-581G extension pilot symbols may enable an
extension, by a station (8§TA), of a legacy channel estimate of the legacy
subcarriers based on the L-LTF pilot symbels to inclede a channel estimate of
the HE ¢xtension subcarniers.
{61 06] The Abstract is provided to comply with 37 C F.R. Section
30 L.72(b) requiring an abstract that will allow the reader to ascertain the nature and
gist of the technical disclosure. It is submitted with the vaderstanding that it will

not be used to limit or interpret the scope or meaning of the claims. The
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following claims are hereby meorporated into the detailed description, with each

claim standing on s own as a separate embodiment.
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CLAIMS

What is claimed 1s:

1. An apparatas of an access point (AP), the apparatus comprising:
memory; and processing circuitry configured to:

encode, for fransmission, a legacy long training field (L-L'TF) based on
L-LTF pilot symbols mapped to a group of legacy subcarriers;

scale a per-subcarrier power for a group of legacy signal (L-S1G)
extension pilot symbols to match a per-subcarnier power of the L-LTF pilot
symbols;

encode, for transmission, an L-SIG field based on L-51G legacy symbols
mapped to the legacy subcarriers and fusther bascd on the scaled L-SIG
extension pilat svmbols mapped to a group of high efficiency (HE) extension
subcarrers;

encode, for transmission, an HE signal field (HE-81G) based on HE-SIG
symbols mapped to a group of HE subcarriers that includes the legacy
subcarmers and the HE extension subcarriers; and

generate, for transmission, an HE physical layer convergence procedure
{PLCP) protocol data unit (PPDU) to include the L-L'TF, the L-8IG, and the HE-
SIG.

2. The apparatus according to claim 1, wherein the L-SIG extension pilot

symbols are to enable a determination of an extended channel estimate of both

the legacy subcarners and the HE extension subcarriers in comparison (o a

legacy channel estimate of the legacy subcarriers based on the L-LTF pilot

symbols,

3. The apparatus according to claim 1, wherein:
the processing circuitry is further configured to generate the HE PPDU
for transmussion in channel resources of 20 MHz,

the channel resources include 64 subcarriers of 312.5 kHz, and
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the channel resources include a lower guard band at a lower edge of the
channel resources, followed by two HE extension subcarriers, followed by 26
legacy subcarners, followed by a DC subcarricr, followed by 26 legacy
subcarriers, followed by two HE extension subcarriers, followed by an upper

guard band at an upper edge of the channel resources.

4. The apparatus according to claim 1, wherein the processing circuitry is
further configared to boost the per-subcarrier power of the L-SIG extension pilot
symbols, with respect to a per-subcarnier power of the L-SIG legacy symibols, to

match the per-subcarricr power of the L~-LTF pilot symbols.

5. The apparatus according to claim 4, whergin:

the L-81G 1s encoded for transmission during an L-S1G symbol period of
the HE PPDU, and

the processing circuitry is further configured to scale the per-subcarrier
power of the L-SIG legacy symbgols based on the per-subcarrier power of the L-
SIG extension pilot symbols and a normalized power restriction for the L-8IG

symbol period.

6. The apparatus according to claim 1, wherein:

the L-LTF is encoded for transmission during an L-LTF symbol period
of the HE PPDU,

the L-81G 15 encoded for transmission during an L-51G symbol period of
the HE PPDU that follows the L-L'TF symbol peniod,

the processing cirenitry is further configured to scale the per-subcarrier
power of the L-LTF pilot svmbols in accordance with a target symbol power for
the L-LTF symbol pericd, and

the processing circuttry s further configured to scale the per-subcarricr
power of the L-SIG extension pilot symbols and the per-subcarrier power of the
L-SIG legacy symbols in accordance with a target symbol power for the L-SIG

symbol period.

7. The apparatus according to claim 6, wherein:
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the HE subcarriers are of predetermined bandwidth of 312.5 kHz and are
mcluded 1 channel resources of 20 MHz,
the group of legacy subcarriers includes 52 subcarricers and the group of
HE extension subcarriers includes four subcarners,
5 the L-SIG 1s based on 52 legacy symbols and four L-SIG extension pilot
symbols, and

the L-LTF is based on 52 L-L'TF pilot symbols.

8. The apparatus according to claim 7, wherein:
16 when the HE PPDU is generated for 2 normal mode:
the target symbol power of the L-LTF symbol period 15 equal to
the target symbol power for the L-8IG symbol period,
the processing circuitry is further configured to scale the per-
subcarrier power of the L-LTF pilot symbols and the per-subcarrier power of the

15 L-SIJ extension pilot svmbols by a factor of 1/52 with respect to the target

symbol power for the L-L'TF, and
the processing circuitry is further configured to scale the per-
subcarrier power of the L-LTF legacy svmbols by a product of 1/52 and 48/32
with respect to the target svmbol power for the L-LTF.

AL

9. The apparatus according to claim 8, wherein:
when the HE PPDU 1s generated for an extended coverage mode:
the target symbol power of the L-LTF symbol period is twice the
target symbol power for the L-SIG symbol period,

25 the processing circuitry s further configured to scale the per-
subcarrier power of the L-L'TF pilot symbols and the per-subcarrier power of the
L-51G extension pilot symbols by a factor of 1/52 with respect to the target
symbol power for the L-LTF, and

the processing circuitry 1s further configured to scale the per-
30 subcarrier power of the L-LTF legacy symbols by a product of 1/52 and 44/52

with respect to the target symbol power for the L-LTF.

10. The apparatus according to clamm 7, wherein:
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the HE-SIG is encoded for transmitssion doring an HE-S1G symbol
period of the HE PPDU,
the processing circuitry 1s further configured to, when the HE PPDU s
generated for transmission in an extended coverage mode:
boost the target symbol power for the L-LTF symbol period by
three decibels {dB) relative to a target symbol power of the HE-SIG;
scale the per-subcarnier power of the L-SIG extension pilot
symbols to match the per-subcarrier power of the L-L'TF pilot symbols; and
scale the legacy symbols of the L-51G to a per-subcarrier power

that 1s three dB lower than the per-subcarrier power of the L-LTF pilot symbols.

11. The apparatus according to clamm 1, wherein:

the HE-SIG 15 an HE-SIG-A ficld or an HE-SIG-B field,

the L-81G 15 an L-SIG ficld or a repeated L-SIG (RL-SIG) field, and

the HE PPDU mcludes the L-LTF m a fivst symbol period, an L-SIG
following the L-LTYE, an RL-SIG following the L-SIG, an HE-5IG-A following
the RE-SIG, and an HE-SIG-B following the HE-SIG-A.

12. The apparatus according to clamm 1, wherem:

the HE-SIG symbols are based on control information for one or more
HE data ficlds included in the HE PPDU, and

the processing circuitry is further configured to scale a per-subcarrier
power of the HE-SIG symbols to match the per-subcarrier power of the L-LTF
pilot symbols and the per-subcarrier power of the L-510 extension pilot

symbols.

13. The apparatus according to claim 1, the processing circuitry further
configured to:

contend for a wireless medium during a contention period to receive
exclusive control of the medium during a3 transmission opportunity (TXOP),

wherein the HE PPDU is 1o be transmitted during the TXOP,
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14. The apparatus according to claim 1, whercin the processing circuitry

mncludes a baseband processor to generate the HE PPDU.

15, The apparatus according to claim I, wherein the apparatus further

5  includes a transceiver to transmut the HE PPDU.

16. A non-transitory computer-readable storage medium that stores
mstructions for execution by one or more processors to perform operations for
communication by an access point (AP}, the operations to configure the ong or

10 more processors to:

encode, for transmission as part of a high-efficiency (HE) physical laver
convergence procedure (PLUP) protocol data unit (PPTMUY, a kegacy long
tramning field (L-LTF) based on L-LTF pilot symbols mapped to 3 group of
legacy subcarriers during an L-LTF symbol period;

5 encode, for transmission as part of the HE PPDU, a legacy signal field
(L-S81G) based on L-SIG legacy symbols mapped to the legacy subcarriers during
an L-SIG svmbol period and further based on L-51G extension pilot symbols
mapped to a group of HE extension subcarriers during the L-SIG symbol pertod;

maich per-subcarrier powers of the L-$1G extension piot symbols and

20 the L-LTF pilot symbols; and

scale the L-SIG legacy symbols and L~-S1G extension pilot svimbols in

accordance with a normalized power restriction for the L-8IG symbol period.

17. The non-transitory computer-readable storage medium according to
25 claim 16, the operations to further configure the one or more processors to:
encode, for transmission as part of the HE PPDU, an HE signal ficld
{HE-5IG) based on HE-SIG symbols mapped to the legacy subcarriers and the
HE extension subcarriers dunng an HE-SIG symbol period,
wherein the HE-SIG symbols are based on control information for one or

30  more HE daia fields included in the HE PPDU.

18. The non-transitory computer-readable storage medium according {o

claim 16, wherein the L-SIG extension pilot svmbols are to enable an extension,
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by a station {STA), of a legacy channel estimate of the legacy subcarriers based

on the L-L'TF pilot symbols to include a channel estimate of the HE extension

subcarricrs.
5 19. A method of communication by an access point (AP}, the method
comprising;

generating, for transmission, a high-cfficiency (HE} physical layer
convergence procedure (PLCP) protoco! data unit {(PPDU)Y that includes a legacy
long traiming field (L-LTF}. a legacy signal field {L-51G), and an HE signal ficld
16 (HE-SIG),
wherein the L-LTF 1s based on L-LTF pilot symbols mapped to a group
of legacy subcarriers,
wherein the HE-SI( is based on HE-SIG symbols mapped to a group of
HE subcarriers that includes the legacy subcarriers and a group of HE extension
15 subcarriers,
wherein the L-S1G 18 based on L-SIG legacy symbols mapped to the
legacy subcarrers and is further based on L-SIG extension pilot symbols
mapped to the HE extension subcarriers, and
wherein a per-subcarrier power of the L-SIG extension pilot symbols is

20 scaled to match a per-subcarrier power of the L-L'TF pilot symbols.

20. The method according to clamm 19, wherein the L-SIG extension pilot
symbols are to enable a determination of an extended channel estimate of both
the legacy subcearriers and the HE extension subcarriers in comparison o a
25 legacy channel estimate of the legacy subcarriers based on the L-LTF pilot

symbaols.

21. An apparatus of a station (STA), the apparatus comprising: memory,;
and processing circuitry configured to:
30 determine, based on a high-efficiency (HE} physical layer convergence
procedure (PLCP) protocol data unit (PPDU) received from an access point
{AP), channel estimates of a group of HE subcarriers that includes legacy

subcarriers and HE extension subcarners; and
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decode, in accordance with the channel estimates, an HE signal field
{(HE-S1() based on HE-SIG symbols mapped to the HE subcarmiers,

wherein the channel cstimates of the legacy subcarners are based at least
partlv on legacy long training field (L-LTF) pilot svmbols of an L-LTF of the
HE PPDU,

wherein the channel estimates of the HE extension subcarriers are based
on legacy signal ficld (L.-$1(G) extension pilot symbols of an L-S1G of the HE
PPDU, and

wherein the channel estimates are determined based on matched per-
subcarrier transmission powers of the L-LTF pilot symbols and the L.-SIG

extension pilot symbols.

22. The apparatus according {o claim 21, wherein:

the L-LTF pilot symbols are mapped to the legacy subcarriers in an L-
LTF symbol period of the HE PPDU,

the L-8IG extension pilot symbols are mapped to the HE extension
subcarriers i an L-SIG symbol period of the HE PPDU that follows the L-LTF
symbol period,

HE-5IG symbols are mapped to the HE subcarriers tn an HE-SIG symbol
period of the HE PPDU that follows the L-SHG symbol period,

the processing circuitry is further contigured to decode, in accordance
with the channel estimates of the legacy subcarriers, L-5IG legacy symbols

mapped to the legacy subcarniers in the L-S1G symbol period.

23. The apparatus according to claim 21, wherein:

the HE PPDU 1s received in channel resources of 20 MHz,

the channel resources include 64 subcarners of 312.5 kHz, and

the channel resources include a lower guard band at a lower edge of the
channel resources, followed by two HE extension subcarniers, followed by 26
legacy subcarriers, followed by a BC sabcarrier, followed by 26 legacy
subcarriers, followed by two HE extension subcarriers, followed by an upper

guard band at an upper edge of the channel resources.

41



WO 2017/155649 PCT/US2017/016709

24. The apparatus according to claim 21, wherein the processing circaitry
mcludes a bascband processor to determine the channel estimates and to decode

the HE-SIG.

5 25. The apparatas according to clamm 21, wherein the apparatos further

meludes a transceiver to receive the HE PPDU.

10
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