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(57) Abstract: In wireless communications, an access point may send a trigger frame to multiple stations. The trigger frame's pay -
load may include a first content and a second content, where the first content is associated with a legacy signal field of an uplink
frame, and the second content is associated with a non-legacy signal field of the uplink frame. In response to the trigger frame, one
or more stations may generate the uplink frame(s) based on the trigger frame and transmit the uplink frame(s) to the access point.
The uplink frame(s) may include a legacy signal field and a non-legacy signal field. The legacy field may include a length of the up-
link frame(s) that is based on the first content. The non-legacy signal field may include a remaining transmission opportunity
(TXOP) duration that is generated based on the second content. Other methods, apparatus, and computer-readable media are also
disclosed.
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PREAMBLE AND PAYLOAD FOR HIGH EFFICIENCY (HE) TRANSMISSION

CROSS-REFERENCE TO RELATED APPLICATIONS
13661} This application claims the benefit of priority from U.S. Provisional Application
No. 62/152 509, emintled “PREAMBLE FOR UL MU TRANSMISSION IN HE WELAN”

filed April 24, 2015, which 1s incorporated herein by reference 1o tts entircty.

TECHNICAL FIELD
3002} The present description relates 1n general to wireless communication systems and
methods, and more particalarly to, for example, without limitation, preambile and payioad for

high cfficiency (HE)} transmission.

BACKGROUND

0803 Wirgless local area network (WLAN) devices are deploved in diverse
envitonmends.  These environments are generally characterized by the existence of access
points and non-access point stations.  Increased mterference from neighbonng devices gives
rise to performance degradation. Additionally, WLAN devices are imcrcasingly required to
support a varicty of applications such as video, cloud access, and offlcading.  In particular,
video traffic s expected to be the dommant type of traffic 1 many high efficiency WLAN
deployments. With the real-time requirements of some of these applications, WLAN users
demand improved performance in delivering their applications, including improved power
consumption for batterv-operated devices.

3004] The description provided 1n the backgroound section should not be assumed to be
prior art merely because it is mentioned in or assoctated with the background section. The

background section may include information that describes one or more aspects of the subject

technology.

BRIEF DESCRIPTION OF THE DRAWINGS
[TREERY FId 1 illustrates a schematie diagram of an example of a wireless communication
network.
LEELY FIG. 2 1ilustrates a schematic diagram of an example of a wircless comnunication
device.

{6047} FIG, 3A idlustrates a schematic block diagram of an example of a transmitling

signal processor in a wirgless comumunication device.
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[B008] FiG., 38 dlustrates a schematic block diagram of an example of a receiving signal
procossor i a wireless comnmuication device.

[009] FiG, 4 dlustrates an cxample of a timing diagram of wwterframe space (IFS)
relationships.

(3318} Fids, 5 dlustrates an example of a timng diagram of a camrier sense multiple
access/collision avoidance {CSMA/CA) based frame transmission procedure for avoiding
collision between frames i a channel.

[B1 i} FiG. 6 ilustrates an example of a high efficiency (HE} frams.

[06812] FIGK. 7, 8, and 9 ihhustrate schematic diagrams of examples of an exchange of
frames among wireless commumication devices for convnunication in a wireless network for
multi-gser (MU} transmission.

301 3] Fids 10 dlustrates an example of uiilization of a duration in uplink multi~aser
physical layer convergence procedure (PLCP) protocol data unit {PPDU} transmissions.
6014} FIG. 1 llustrates an example of legacy signal (1.-S1() ficld and a signal-A (81G-
A} ficld transoussion in UL MU PPDU.

[0815] FiG. 12 dlustrates an example of an absolute frequency allocation mformation
nchided i a S1G-A field of a UL MU PPDU.

(816] Fi, 13 illustrates an example of a SKG field format for a 1 MHz null data packet
{(NDP} compressed media access control (CMAC) frame.

[06617] FiG, 14 dlustrates an example of a SIG field format for a greater than or equal to
2 MHz NDP CMAC frame.

0018} FIG. 15 illustrates an example of an NDP clear to send (TS} frame.

8319} FiG. 16 ilustrates an example of an NDF contention-free end {CF-End) frame.
8026} FiG, 17 illustraies an example of an NP power save-poll (P5-Poll) frame.

8021} Figs, 18 lustrates an example of an NDP acknowledsement {Ack) frame.

30221 Fi{ 19 iHustrates an example of an NDP power save-poll acknowledgement (PS-
Poll-Ack) frame.

3623 FIG, 20 ilustrates an oxample of an NDP block acknowledgement (BlockAck)
frame.

6241 FIG., 21 illustrates an example of an NDP Beamforming Report Poll frame.

[0025] FiG. 22 ihustrates an example of an NDP Paging frame.

j(826] Fig. 23 lustrates an example of an NDP Probe Reguest frame.

8827} FIGS, 244, 248, and 24C dlustrate flow charts of examples of methods for

facilitating wircless communication for multi-user trapsmission.
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6028} In one or more implementations, not all of the depicted components in each figure
may be required, and one or more implementations may include additional components not
shown 1t a figure, Variations in the arrangement and type of the componenis may be made
without departing from the scope of the subject disclosure.  Additional components, ditferent

components, or fower components may be utilized within the scope of the subject disclosure.

DBETAILED DESCRIPTION

[06029] The detailed description set forth below is intended as a description of varnous
implementations and is vot imiended to reprosent the only implementations 1o which the
subject fechnology may be practiced. As those skilled in the art would realize, the described
inplementations may be modified in various different ways, all without departing from the
scope of the present disclosure. Accordingly, the drawings and description are to be regarded
as lustrative in nature and not restrictive.

(B34 Mudti-user (MU} transmission in next-gencration WLAN systems  include
techniques such as downlink/uplink (DL/UL) MU multiple-input/oudtiple-output {MIMG)
and DL/UL orthogonal frequency division multiple access {OFDMA).  In the lostitute of
Electrical and Electronics Engineers (JEEE} 80211, Task Group ax, (JEEE 802 1lax),
OFDMA technology may be utilized to provide a multiple access scheme to improve network
cfficiency. OFDMA is a techoology that allows multiple stations (8TAs} to transmit frames
stantancously using non-overfapping frequency-time resources.  [EEE 802 llax may be
referred to as High Efficiency LAN (HE LAN) or High Efficiency WLAN (HE WLAN).
6031} A trigger frame may be a frame semt by an AP that secks data, contrel, or
management frame response(s) from stations that participate m a subsequent UL MU frame.
The tngger frame may be utihized to mtate the MU simultaneous transmission in OFDMA.
In an aspect, a trigger frame may include, for example, some or all of the following features;
{a} a list of stations {8TAs) that an access point (AP} secks a response from; (b} resource
allocation information for cach STA {c.g.. a sub-band assigned o cach 8TA) and/or {c}
attributes of the expected UL MU frame, such as the duration, bandwidth, etc., among other
features.  In other words, the trigeer frame may be used to allocate resource for UL MU
transmission and to solicit an UL MU transmission from the participating siations m responss
to the tngger frame. The torm “resource” mav vefer to, for example, bandwidth,
time/duration that the STAs expect to occupy a transmission mediim, and/or possibly a

number of spatial streams that the 8TAs may use.
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6832} In one or more implementations, 1w IEEE 802 Tlax, a UL MU physical layer
convergence procedure (PLUP) protocol data vt (PRDU) (o.g., MU-MIMO or OFDMA) 15
sent as a response {o.g., an mmediate response} to a trigger frame sent by an AP, The UL
MU PPDUs may be, for example, referred to as tngger-based UL MU PPDUs, trigger-based
UL PPDUs, HE trigger-based UL MU PPDU response, or a variant/combination thereof {e.g.,
HE trigeer-based UL MU PPFDUs). In some aspects, since UL MU transmission may be
triggered by an AP, a signal-A (Si(3-A) field tn a UL MU PPDU can have a format difforent
from downlink PPDUs or uplink single-user (SUY PPDUs.  One or more aspects of the
present disclosure provide a new design for a SIG-A ficld in UL MU PPDUs. The SIG-A
field may include wmodifications and/or additions to the SIG-A ficld of the very high
throughput (VHT) WLAN utihized v the IEEE 802 1lac standard, which is mcorporated
herein in is entirety.
[06633) in one or more mmplementations, contents m a preamble {¢.g., legacy signal (L~
SIG) field and SIG-A field) i UL MU PPDU may follow one or more of the following traits:
s UL MU PPDUs can have a different SIG-A from non-UL MU PPD{Us
An mdication bit(s} should be located in the same bit positions with that
(those) of non~-UL MU SIG-A
*  Duration and absolute occupied freguency information can be ncluded w UL MU
SIG-A
Duaration for time-protection
—  Bandwidth and absolute channel nuraber of 20 MHz for frequency-protection
s Null data packet (NDP)} clear to send (CTS) frame format without 4 bt reservation
can be used for SIG-A field in UL MU PPDYU.
e an aspedt, a non-UL MU PPDU may nclude, for exanple, one or more of the following: a
UL St PPDU, a DL SU PPDU, and a DL MU PPDU. In an aspect, UL MU SIG-A may
refer to a SIG-A field of a UL MU PPDU. In an aspect, non-UL MU SIG-A may refer to a
SIG-A field of a non-UL MU PPDU. In an aspect, the indication bit{s} may be atitlized to
differentiate between UL MU PPDUs and non-UL MU PEDUs. For mstance, the indication
bit(s) may be utilized 1o differentiate betweon UL MU PPDU and SU PPDILL
B34} FiG. 1 illustrates a schemaie diagram of an example of a wircless commumcation
network 100, In the wireless communication network 100, such as a wireless local arca
network {WLAN), a basic service set {(BSS) includes a plurality of wireless communication
devices {c.g., WLAN devices). In one aspect, a BSS refers to a set of STAs that can

comumpnicate in synchronization, rather than a concept indicating a particular area. In the
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example, the wircless commumication network 100 mclades wircless commmunication devices
111-113, which may be referred to as stations {(§TAs}

[B835] Fach of the wireless commumication devices 111115 may mclude a media access
control (MAC) layer and a physical (PHY) laver according to an TEEE 80211 standard. In
the example, at least one wireless commumication devige {e.g., device 111} i3 an access pomnt
{AP). An AP may be referred to as an AP §TA, an AP device, or a central station. The other
wireless  covunumication dovices {e.g.. dovices 112-113) mav be nop-AP STAs.
Altermnativelv, all of the wireless communication deviees 111-115 may be non-AP STAs 1n an
Ad-hoc networking environment,

[6836] An AP STA and a non-AP STA may be collectively calied STAs. However, for
simplicity of description, i some aspects, only a non-AP STA may be referred to as a STA.
An AP may be, for example, a centralized controlier, a base station {(BS), a node-B, a base
transceiver system {BTS), a site controller, a network adapter, a network interface card
(NIC), a router, or the like. A non-AP S8TA {c.g.. a clieut device operable by a user} may be,
for example, a device with wircless communication capability, a terminal, a wircless
transmit/receive unit {WTRU}, a vser equipment (UE}, a mobile station (M5}, a mohile
terninal, a mobile subscriber unit, a laptop, a non-mobile computing device {c.g., a desktop
computer with wireless commumication capability) or the hike. In one or more aspects, a non-
AP STA may act as an AP {e.g., a wircless hotspot).

[6637) In one aspect, an AF is a functional entity for providing access to a distribution
svstem, by way of a wircless medmm, for an associated STA. For example, an AP may
provide access to the mternet for one or more STAs that are wirelessly and commumcatively
connected to the AP, In FIG. 1, wircless communications between non-AP STAs are made
by way of an AP. However, when a direct link 15 established between non-AP STAs, the
STAs can commmumicate dircctly with cach other {without using an AP}

j3838] In one or more implementations, OFDMA-based 30211 technologies are utihzed,
and for the sake of brovity, a §TA refers 0 2 non-AP high cfficiency (HE) §TA, and an AP
refers to an HE AP, In one or more aspects, a STA may actas an AP

(60391 FIG. 2 illustrates a schematic diagram of an example of a wireless compumication
device. The wireless communication device 200 includes a baseband processor 210, a radio
frequency (RF} transcciver 220, an antenna unit 230, a memory 240, an input nterface unit
250, an output mierface unit 260, and a bus 270, or subsets and vanations thereof The
wireless commumcation device 200 can be, or can be a part of, any of the wireless

conununication devices 111-113.
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08443} In the example, the baseband processor 210 performs baseband signal processing,
and includes a medium access control (MAC) processor 211 and a PHY processor 215, The
memory 240 may store software (such as MAC software} including at least some functions of
the MAC laver. The memory may further store an operating system and applications.

3041} In the ilustration, the MAC processor 211 includes a MAC software processing
unit 212 and a MAC hardware processing unit 213, The MAC software processing unit 212
exocutes the MAC software to implement some functions of the MAC laver, and the MAC
hardware processing onit 213 may implement remaimng functions of the MAC laver as
hardware (MAC hardware}. However, the MAC processor 211 may vary in functionality
depending on implemendation. The PHY processor 2135 meludes a transmitting {(TX} sigoal
processing unit 280 and a recciving {(RX) signal processing vnit 290, The term TX may refer
to transmitling, transmit, transmitted, transmitter or the like. The term RX may refer to
receiving, receive, received, recetver or the hike.

3042} The PHY processor 215 interfaces o the MAC processor 211 through, among
others, transnut vector (TXVEUTOR) and receive vector (RXVECTOR) parameters. In one
or more aspects, the MAC processor 211 gencrates and provides TXVECTOR parameters to
the PHY processor 215 to supply per-packet fransmot paramcters. In onc or more aspects, the
PHY processor 215 generates and provides RXVECTOR parameters to the MAC processor
211 to wnform the MAC processor 211 of the received packet parameters.

[06643] In some aspects, the wircless communication device 200 includes a read-only
memory {ROM) (not shown) or registers {not shown) that store tustructions that are needed
by one or more of the MAC processor 211, the PHY processor 215 and/or other components
of the wireless communication device 200

[0044] In one or more implementations, the wireless comumunication device 200 meludes
a permanent storage device {(not shown) configured as a read-and-write memory device. The
permanent storage device may be a non~volatile memory unit that stores mstructions even
when the wircless communication device 200 s off. The ROM, registers and the permanent
storage device may be part of the bascband processor 210 or be a part of the memory 240,
Each of the ROM, the permanent storage devies, and the memory 240 may be an example of
a memory or a computer-readable medinm. A memory may be one or more Memorics.

G045} The memory 240 may be a rcad-and-write memory, a read-only memory, a
volatile memory, a non-volatile memory, or a combmation of some or all of the foregoing.
The momory 240 may store mstructions that one or more of the MAC processor 211, the

PHY processor 215, and/or another component may nged at runtime,

-G~
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G046} The RF transceiver 220 includes an RF transmitter 221 and an RF receiver 222
The inpot interface wnit 230 receives information from a user, and the ouipuwt mterface unit
260 outputs information to the user. The amtenna vet 230 includes one or more antenoas.
When multi-input multi-cutput (MIMO) or multi-user MIMO (MU-MIMO) s used, the
antenna unit 230 may include more than one antenna.

06647) The bus 270 collectively represents all system, peripheral, and chipset buses that
conmmuncatively connect the numerous internal componenis of the wireless coroanication
device 200. In one or more implementations, the bus 270 communicatively conneets the
bascband processor 210 with the memory 240, From the memory 240, the baseband
processor 210 may retrieve mstructions fo execute and data 1o process in order to oxecute the
processes of the subject disclosure. The baseband processor 210 can be a single processor,
multiple processors, or a multi-core processor m different woplementations. The baschand
processor 210, the memory 240, the input interface ouit 230, and the output mterface unit 260
may communicate with cach ather via the bus 270

[6048] The bus 270 also connects 1o the mput interface unit 250 and the output interface
anit 260. The nput interface unit 230 enables 3 user to commuonicate wformation and select
commands to the wircless communication device 200, nput devices that may be used with
the mwput mterface umit 250 mway mclude anv acoustic, speech, visual, touch, tactile and/or
sensory mput device, ¢.g., a kevboard, a pomting device, a microphone, or a touchscreen.
The output mnterface wnmit 260 may enable, for cxample, the display or cuiput of videos,
images, audio, and data gencrated by the wireless communication device 200, Output
devices that may be used with the output interface unit 260 may include any visual, auditory,
tactile, and/or sensory output device, ©.g., printers and display devices or any other device for
outputiing information. One or more implementations may mchude devices that function as
both mput and output devices, such as atouchscreen,

(30491 One or more implementations can be realized i part or m whole using a
computer-readable medium.  In one aspect, a computer-readable medium includes one or
more media. In one or more aspects, a computer-readable medium is a tangible conputer-
readable medium, a computer-readable storage medium, a non-transttory computer-readable
medium, a machine-readable mediam, a memory, or some combination of the foregoing {e.g.,
a tangible computer-readable storage mediim, or a non-transitory machine-readable storage
medium). In one aspect, a computer is a maching. In one aspect, a computer-implemented

method 13 8 machine-implomented method.



WO 2016/172620 PCT/US2016/029031

[B054] A computer-readable medium may mehide storage infegrated mto a processor
and/or storage external 1o a processor. A computer-readable medium may be a volatide, non-
volatile, solid state, optical, magnetic, and/or other suitable storage device, e.g.. RAM, ROM,
PROM, EPROM, a flash, registers, a hard disk, a removable memory, or a remote storage
device.

06651} In one aspect, a computer-readable medivm comprises mstructions stored therein
In one aspect, a compuier-readable medwm is encoded with nstructions.  In one aspect,
mstructions are executable by one or more progessors {e.g., 210, 211, 212, 213, 215, 280,
290} to perform one or more operations or a method. Instructions may mchude, for example,
programs, routmes, subroutines, data, data stouctures, objects, sequences, commands,
operations, modules, apphcations, and/or functions. Those skilled i the art would recognize
how to implement the imnstractions.

13052] A processor {eg., 210, 211, 212, 213, 215, 280, 290) may be coupled to one or
more memanes {¢.g., one or more external memories such as the memory 240, one or more
memories internal to the processor, one or more registers internal or external to the processor,
or one or more remote memories outside of the device 200), for example, via one or more
wired and/or wireless connections. The coupling may be direct or mdirect. In oune aspect, a
processor mcludes one or more processors. A processor, ncluding a processing circutry
capable of excouting instructhions, may read, write, or access a computer-readabic mednom, A
processor may be, for example, an application specific integrated circuit (ASIC), a digital
signal processor (3SP), or a field programmable gate array (FPGA).

[BB33] In one aspect, a processor {e.g., 210, 211, 212, 213, 215, 280, 290} 15 configured
to cause one of more operations of the subject disclosure to occur. In ong aspect, a processor
is configured 1o causc an apparatus {e.g., a wireless conumunication device 200} to perform
operations or g method of the subject disclosure.  In one or more implemeniations, a
processor configuration involves having a processor coupled to one or more memones. A
memory may be internal or external to the processor.  Ipstructions may be m a form of
software, hardware or a conmbination thereof. Software instouctions {(including data) may be
stored i a memory, Hardware instructions may be pari of the hardware circuitry components
of a processor. When the instractions are executed or processed by one or more procgssors,
{cg., 210, 211, 212, 213, 215, 280, 290}, the ong oF mOre Procossors ¢ause ong Of more
operations of the subject disclosure o occur or cause an apparatus {og., a wireless

commumcation device 200} to perform operations or a method of the subject disclosure.
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[LHERE FIG, 3A idlustrates a schematic block diagram of an example of a transmitling
signal processing unit 280 m a wireless commuunication deovice. The transmitting sigoal
processing uni 280 of the PHY processor 2158 includes an encoder 281, an interleaver 282, a
mapper 283, an inverse Fourier transformer (IFT) 284, and a guard mtorval (G} mserier 285,
IEESKY: The encoder 281 encodes wnput data. For example, the encoder 281 may be a
forward error correction (FEL) encoder. The FEC encoder may include a binary
convolutional code (BUC)Y encoder followed by a puncturing device, or may wclude a low-
density parity-check {(LDPC) encoder. The mterleaver 282 mterleaves the bits of cach stream
output from the cncoder 281 to change the order of bits. In one aspect, mterleaving may be
applied only when BCC encoding s empioved. The mapper 283 maps the sequence of bits
output from the interleaver 282 into constellation pomts.

j3056] When MIMQO or MU-MIM©O 15 cmpioved, the transmitting signal processing unit
2%0 may use multiple 1nstances of the interleaver 282 and multiple instances of the mapper
233 corresponding to the number of spatial streams (Nggh. In the example, the transmitting
signal processing unit 280 may further include a stream parser for dividing outputs of the
BCC encoders or the LBPC encoder into blocks that are sent to different miterdeavers 282 or
mappers 283, The transputting signal processing unit 280 may further mcelude a space-time
block code (STBC) encoder for spreading the constellation points from the nurber of spatial
streams into a mumber of space-time streams {Ngys) and a spatial mapper for mapping the
space-time streams to transmit chains. The spatial mapper may use direct mapping, spatial
oxpansion, or beamfornung depending on tuplementation. When MU-MIMO s employed,
ong or more of the blocks before reaching the spatial mapper may be provided for cach user.
{6057} The IFT 284 converts a block of the constellation pomnts cutput from the mapper
283 or the spatial mapper nto a time domain block {e.g., a symbol} by using an nverse
discrete Fourier transform (IDFT) or an inverse fast Fourier transform (IFFT). If the STBC
encoder and the spatial mapper are emploved, the IFT 284 may be provided for cach transomt
chain.

[0638] When MIMO or MU-MIMO i3 croploved, the transmitting signal processing wmit
280 may meert cvelic shuft diversitics (C5Ds) to prevent uninientional beamforming, The
CSD msertion may occur before or after the inverse Founer transform operation. The CSD
may be specified per transmit chain or may be specified per space-time stream.
Altematively, the C5D may be apphed as a part of the spatial mapper.

(3059] The G mserier 285 prepends a G to the symbol.  The transmutting signal

processing unit 230 may optionally perform windowing to smooth edges of each symbol after

-9.
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mserting the GIL The RF transmitter 221 converts the symbols mto an RF signal and
transmits the RF signal via the antenna unit 230, When MIMO or MU-MIMO 15 emploved,
the Glinserter 285 and the RF transouticr 221 may be provided for cach transmit cham.
(860] Fi{s, 38 illustrates a schematic block diagram of an example of a receiving signal
processing unit 290 m a wireless communication device. The receiving signal processing
unit 290 of the PHY processor 215 includes a G wmaover 291, a Fourier transformer (FT)
292, a demapper 293, a deinterieaver 294, and a decoder 295,

[BO61] The RF receiver 222 receives an RF signal via the antenna unit 230 and converts
the R¥ signal into one or more svmbols. In some aspects, the GI remover 291 removes the
Gl from the symbol, When MIMO or MU-MIMO is eraploved, the RF receiver 222 and the
(i remover 291 may be provided for each receive cham.

jB862] The FT 292 converts the symbol {g.g., the time domain block) into a block of the
constellation points by using a discrete Fourner transform (DFT) or a fast Fourier transform
(FFT) depending on unplementation. o one or more implementations, the FT 292 s
provided for each receive chan.

[06863] When MIMO or MU-MIMO 1s employed, the recetving signal processing uvnit 290
may further maclude a spatial demapper for converting the Fourier transtormed receiver chaing
to constellation points of the space-time streams, and a STBC decoder (not shown) for
despreading the constellation points from the space-time streams mto the spatial streams.
13064} The demapper 293 demaps the constellation points output from the FT 292 or the
STBC decoder to the bt strearns.  If the LDPC encoding 1s used, the demapper 293 may
further perform LDPC tone demapping before the consiellaion demappmg.  The
deinterleaver 294 deinterleaves the bits of each stream output from the demapper 293, Inong
or more implemmentations, deinterleaving may be applied only when BCC decoding 1s used.
j3065] When MIMO or MU-MIMO 18 emploved, the receiving signal processing unit 290
may use moltiple mstances on the demapper 293 and maltiple wstances of the demterleaver
294 corresponding to the number of spatial streams. In the example, the receiving signal
processing unit 290 may further include a stream deparser for combining the stroams output
from the deinterleavers 294,

[06866] The decoder 295 decodes the streams output from the deinterlcaver 294 and/or the
stream deparser. For example, the decoder 295 may be an FEC decoder. The FEC decoder
may mclude a BCC decoder or an LDPC decoder.

3667} FIG. 4 dlustrates an example of a timing diagram of interframe space (IFS)

relationships. In this example, a data frame, a control frame, or a management frame can be
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exchanged between the wireless communication devices 111-115 and/or other WLAN
devices.

3068} Referring to the tmung diagram 400, during the time maforval 402, access is
deferred while the medium {e.g., a wireless compumication chamnel) is busy until a type of
IFS duration has elapsed. At time mterval 404, mmmediate aceess 18 granted when the
medium s idle for a duration that 8 equal to or greater than a distributed coordination
function IFS (DIFS) 410 duration or arbitration IFS (AIFS) 414 duration. o tum, a next
frame 406 may be transmitted after a type of IFS duration and a contention window 418 have
passed. During the time 408, if a2 DIFS has clapsed since the meduum has been wdle, a
designated siot time 420 1s selected and onc or more backoft slots 422 are decromented as
tong as the mediurm 18 idle.

{EESH The data frame 15 used for transmigsion of data forwarded o a higher laver. In
one or more implemeniations, a WLAN device transmits the data frame after performing
backoffif DIFS 410 has clapsed from a e when the meduum has been idle.

{607 The management frame 18 used for exchanging roanagement information that is
not forwarded to the higher laver. Subtype frames of the management frame molude a
beacon frame, an association request/respounse frame, a probe request/response frame, and an
authentication request/response frame.

8871} The control frame is used for controlling access to the mediom.  Subtype frames
of the control frame mclude a request to send (RTS} frame, a clear to send {CTS) frame, and
an ACK frame. In the case that the comtrol fraroe 1s not a response frame of the other frame
{c.g., a previous frame), the WLAN device transmuits the control fiame after performing
backoft if the DIFS 416 has clapsed. In the case that the control frame is the response frame
of the other frame, the WLAN device transmits the condrol frame without pedfiorming backoff
if a short IFS (SIFS} 412 has clapsed. The tvpe and subtvpe of frame mayv be identified by a
type field and a subtype ficld w a frame control field of the frame.

[0672) On the other hand, a Quality of Service (Qo8) STA may transmit the frame after
performing backoff if AIFS 414 for access category {AC), eg., AIFS{ACY, has clapsed. In
this case, the data frame, the management frame, or the control frame that is not the response
frame may use the AIFS[ACLH

[6873] In one or more implementations, a potnt coordination function (PCF) enabled AP
STA transouts the frame after performing backoff if a PCF IFS (PIFS) 416 has elapsed. In
this example, the PIFS 416 duration 1s less than the DIFS 410 but greater than the SIFS 412,
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In some aspects, the PIFS 416 i3 determined by incromenting the SIFS 412 duration by a
designated slot ime 420

[6874] FiG, 5 illustrates an example of a timing diagram of a camicr sense multiple
access/collision avoidance (USMA/CA) based frame transmussion procedure for avoiding
collision between frames i a channel, In FIG. 5, any one of the wirsless communication
devices 111-115 v FiG. 1 can be designated as one of §TAL STAZ or §TA3. In this
examaple, the wircless communication deviee 111 is designated as STAL, the wueless
communication deviee 112 1s designated as STAZ, and the wireless commumication device
113 is designated as STA3. While the timing of the wireless comamunication devices 114 and
115 s not shown in FIG, 3, the timing of the devices 114 and 1135 may be the same as that of
STA2.

LELERY In this example, STAT 15 a transmit WLAN device for transmitting data, STAZ is
a receive WLAN device for receiving the data, and STAZ 15 a WLAN device that may be
tocated at an arca where a frame transmitted from the STA L and/or a frame transmitied from
the STA2 can be received by the STASZ.

[6876] The STAT may determine whether the channel {or mediam) 1s busy by carrier
sensing. The STAT may deternune the chasnel occupation based on an energy level on the
channel or correlation of signals in the channel. In one or more mmplementations, the STAL
determines the channel cecupation by using a network allocation vector (NAV) timer.

0677 When deternining that the channel 18 not ased by other devices during the BIFS
410 {e.g, the channel s 1die), the STA 1 may transmit an RTS frame 5072 to the STAZ afier
performing backoff. Upon receiving the RTS frame 502, the STA2 may transmit a CTS
frarmae 506 as a response of the CTS frame 506 after the SIFS 412,

[B078] When the STA3 receives the RTS frame 502, the STA3 may set a NAVY timer for
a transmussion duration representing the propagation delay of subsequently transmitted
frames by using duration mformation involved with the transmission of the RTS frame 502
{e.g.. NAV{RTS) 510). For example, the 5TAS may set the transnission doration expressed
as the summation of a first mstance of the SIFS 412, the CTS frame 506 duration, a second
mstance of the SIFS 412, a data frame 304 duration, a third mstance of the SIFS 412 and an
ACK frame 508 duration.

[GG79] Upon receiving a new frame (not shown) before the NAV timer expires, the STA3
may update the NAVY umer by using duration information mncluded o the new frame. The

STA3 does not attempt to access the channel until the NAV timer expires.
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(B84 When the STAL receives the CTS frame 506 from the S§TAZ, the STAL may
transmit the data frame 504 to the STAZ2 after the SIFS 412 elapses from a time when the
CT8 frame 506 has been completely received. Upon successfully receiving the data frame
504, the STAZ may transmit the ACK frame 508 after the SIFS 412 clapses as an
acknowledgment of receiving the data frame 504

13681} When the NAY timer oxpires, the STA3 may determine whether the channel is
busy by the carrier sensing.  Upon determinung that the channel 1s not used by the other
WLAN devices {e.g., STAL §TAZ) daring the PIFS 410 after the NAV timer has expired,
the STA3 may atterapt the channel access after a contention window 418 has elapsed. In this
example, the contention window 418 mayv be based on a random backofYf.

j3082] Fi{. 6 llustrates an example of a lugh efficiency (HE) frame 600, The HE frame
600 18 a physical fayver convergence procedure {PLCP} protocol data unit {or PPDU) format.
An HE frame may be referred to as an OFDMA frame, a PPDU, a PPDU format, an OFDMA
PP, an MU PPDU, another similar term, or vice versa. An HE frame may be simply
referred to as a frame for convenience. In one ot more implementations, an AP may transmit
a frame for downlink (DL} uvsing a frame format shown in this figure or a variation thereof
{e.g., without anv or some portions of an HE header). A STA may transout a frame for
uplmk (UL} using a frame format shown 1 this figure or a vanation thereof {e.g., without any
or some portions of an HE header).

[06683) Referring to FIG, 6, the HE frame 600 contains a header and a data field. The
header mncludes a legacy header conmprised of a legacy short tratning field {L-8TF), a legacy
long tramming feld (L-LTF}, and a legacy signal (L-51G) field. These legacy ficlds contain
symbols based on an carly deosign of an FEEE 30211 specification. The L-8TF, L-LTF, and
L-81G ficids may be 8 us, 8 us, and 4 us, respectively.  Presence of these symbols would
make any new design compatible with the legacy designs and products. The legacy header
may be referred {0 as a legacy preamble. In one or more aspects, the torm header may be
referred to as a preamble.

[0684] fn one or more implementations, the legacy STF, LTF, and S symbols are
modulated/carned with FFT size of 64 on a 20 MHz sub-channel and are duplicated every 20
MHz if the frame has a channel bandwidth wider than 20 MHz (e.g., 40 MHz, 80 MHz, 160
MHz} Therefore, the legacy field {ic., the STF, LTF, and SIG fields) occupies the entin

o

chaonel bandwidth of the frame. The L-STF ficld may be utilized for packet detection,
agtomatic gamn control {AGL), and coarse frequency-offsct {(FO) correction. In one aspect,

the L-STF field does not utilize frequency domain processing {o.g., FFT processing} but
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rather utilizes time domain processing. Thus, in one aspect, the L-8TF field is not affected
by the channel dispersion. The L-LTF ficld may be utilized for channel estimation, fine
frequency-offsct correction, and symbol timung.  The L-8IG ficld mcludes one orthogonal
frequency division multplexing (OFDM) symbol. Thus, in one aspect, the term L-SIG field
may be used interchangeably with L-SIG symbol. In one or more aspects, the L-5IG field
may contain formation mdicative of a data rate and a length {e.g., i byics) associated with
the HE frame 600, which may be utilized by a receiver of the HE frame 660 to caleulate a
fime duration of a transmission of the HE frame 600.

G085 The header may also mehide an HE header comprised of an HE-SIG-A ficld and
an HE-SIG-B ficld. The HE-SIG-A field may sometimees be reformred to simply as a SIG-A
ficld. These ficlds contain symbols that carry control mformation that may be vital regarding
each PLCP service data unit {(PSDU} and regarding the radio frequency (RF), PHY, and
MAC propertics of a PPDU.  Several sub-fields may be located either in the HE-SIG-A
and/or HE-SIG-B ficlds. In one aspect, the HE-SIG-A ficld can be carned/modulated using
an FFT size of 64 on a 20 MHz basis. The HE-SIG-B field can be carried/modulated using
an FFT size of e.g., 64 or 256 on a 20 MHz basis depending on implementation. The HE-
SIG-A and HE-SIG-B fickds may occupy the entire channel bandwidth of the frame. In some
aspects, the size of the HE-SHG-A field and/or the HE-SIG-B ficld is vanable. 1o other
words, the number of symbols contained in the HE-SIG-A field and/or HE-SIG-B field can
vary from frame to frame. Ap HE-SIG-B ficld s not always present in all frames. In some
cases, smgle user {SU) packets and UL trigger-based packets do not comtain the HE-SIG-B
field. To facilitate decoding of the HE frame 600 by a recerver, the size of {e.g.. number of
symbols contained in} the HE-SIG-B ficld may be indicated in the HE-SIG-A ficld. In some
aspects, the HE beader alse iocludes a repeated L-8IG (RL-81G) field, whose content is the
same as the L-8IG field.

j3886] For a 20 MHz channel, an FFT size of 64 15 associated with a discrete Founer
transform {DFT) period of 3.2 us and a subcarrier spacing of 3125 kHz. For a 20 MHz
channel, an FFT size of 256 s associated with a DFT period of 12.8 us and a subcamrier
spacing of 78.125 kHz. The DFT period may also be referred to as an wnverse DFT peniod
{(IDFT) or an IDFT/DET period. The DT pericd may be denoted as Tppr The subcarrier
spacing may be referred to as 3 subcarner frequeney spacing and may be deooted as Ap. The
subcarrier spacing may be obtained by dividing the channe! bandwidth by the FFT size. The

subcarrier spacing 1s the reciprocal of the DFT penod.
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G387 The HE header may further include HE-STF and HE-LTF fields, which contamn
symbols used to perform necessary RF and PHY processing for each PSDU and/or for the
whole PPDU. The HE-LTF symbols may be modulated/carried with an FFT size of 256 for
280 MMz bandwidth and modulated over the entire bandwidth of the frame. Thus, the HE-
LTF field mav occupy the entire channel bandwidih of the frame. In one aspect, an HE-LTF
sequence may be utilized by a recetver to estimate MIMO channel between the transmitier
and the receiver.  Chanocel estimation may be utilized to decode data transmitted and
compensate for channel properties {¢.g., effects, distortions). For example, when a preamble
s tramsnutied through a wircless channel, varicus distortions may oceur, and a {raining
sequence in the HE-LTF field 1s useful to roverse the distortion. This may be referred to as
equalization. To accomplish thus, the amount of channel distortion 1s measured. This may be
referred to as channel estimation. In one aspect, channel estimation s performed using an
HE-LTF sequence, and the channel estimation may be applied fo other ficlds that follow the
HE-LTF sequence.

{6088} The HE-STF symbols may have a fixed pattern and a fixed duration.  For
example, the HE-STF symbols may have a predetermined repeating patiern.  In one aspect,
the HE-STF symbols do vot require FFT processing. The HE frame 600 may include the data
field, represented as HE-DATA, that contamns data symbols. The data ficld may also be
referred t0 as a payload ficld, data, pavioad, PSDU, or Media Access Control (MAC)
Protocol Data Units (MPDU) {e.g., MAC frame}.

6089 {n one or more aspects, additional one or more HE-LTF fields may be meluded m
the header. For example, an additional HE-LTF field may be located after a fivst HE-LTF
field. The HE-LTF ficlds may be, for example, modulated/carried with FFT size of 64 on a
20 MHz channel and may be mcluded as part of the furst part of the HE frame 600, {n one or
more immplementations, a TX signal processing unit 280 {or an IFT 284} illustrated mw FIG.
3A may carry out the modulation described i this paragraph as well as the modulations
descnbed n other paragraphs above. In one or more umplementations, an RX signal
processing unit 2940 (or an FT 292) may perform demodulation for a receiver.

6694} FIG, 7 lusirates a schematic diagram of an example of an exchange of frames
among wireless communication devices for MU transmuission. An MU transmission may be,
for example, MU-MIMO or OFDMA. A UL MU PPDU may be a UL MU-MIMO PPDU or
a UL OFDMA PPDU. The horizontal dimension in FIG. 7 represents the time dimension.
The wireless communication devices mehude an AP, a participating STAL, a participating

STAZ, and a participatiog STA »n. Although FIG, 7 illustrates an exchange of frames
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between an AP and three stations participating in an MU transmission, the exchange of
frames may be between the AP and fower than or greater than three stations, including the
cxchange of frames between the AP and one participating station {¢.g., a non~-OFDMA case).
3091} In FIG. 7, the AP sonds a tugger frame 710 1o 2 group of stations {e.g., STAI,
STAZ, and STA n). The tnigger frame 710 may occupy the entire channel bandwidth over
which DL MU (¢ g, OFDMA) transmission occurs, By way of non-fimiting example, the
cutire channel bandwidth over which DL transmission occurs may be 20 MHz, 40 MHz, 80
MHz, or 160 MHz  The trigger frame 710 may provide, for example, a transmission
opportumty {TXOP} to the participating stations and may indicate rgsource allocation
information for the participating stations pertaming to MU transnussion.  The trigger frame
710 may mdicate the TXOP duration. The TXOP duration may be an mterval/duration of
time during which the participating stations have the nght to mmtiate frame exchange
sequences onto the wireless medinm. In an aspect, within the TXOP duration, the frigger
frame 710, one or more uplink frames {c.g., 720, 730, 740, 750), and/or one or more
downlink frames (not shown} may be sent between the AP and the participating stations. In
an aspect, the TXOP duration may include the fransmission time of the wrigger frame 710,
0892} The resource allocation information mav include a sub-band {or a frequency
subchannet) assigned 1o cach respective one of the participating stations. For instance, when
there are two stations, and the uphnk chanmnel bandwidth 1s, for example, 80 MHz, then the
AP may assign a sub-band of the uplink chaonel bandwidth {e.g., a portion of 80 MHz) i
cach respective station so that cach station has its assigned sub-band. In some aspects, the
resource allocation mformation may also include scheduling information regarding when a
respective one of the participating stations may fransmit using ifs assigned sub-band, andfor
may mclude the number of spatial streams that the stations may usc.

3693} In some aspects, the trigger frame 710 may include per user information (Per User
info} fickds, where cach station 15 associated with one of the Per User Info felds, For
example, STA1 may be associated with the Per User Info 1 field, STA2 may be associated
with the Per User Info 2 ficld, and so forth. A User Identificr ficld and a Resource Unut (RU}
Allocation field of each Per User Info field may indicate an association idenuficr (AID) of
the station associated with the Per User Info ficld and the station’s allocated RU for use m
transoutting the MPDU(s) in the HE trigger-based PPDU. A Spatial Steam {58) Allocation
ficld of each Per User Info field mav indicate the spatal streams of the HE trigger-based

PPDU response to the station identified by the User Identifier field.
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0094} When the participating stations receive the trigger frame 710 sent by the AP, the
participating stations may decode the trigger frame 7190 and identify the frequency sub-bands
alocated to the participating stations. The participating stations may transout uplink frames
as part of UL OFDMA transoussion to the AP, In this regard, cach of STAL, STAZ and 5TA
7 may transmit an uplink frame 720, 730, and 740, respectively, that includes a header and a
payload. The uplink frames 720, 730, and 740 may be referred to as UYL MU PPDUs. By
wav of non-limiting eoxarmople, the omtire chamnnel bandwidth over which UL OFDMA
fransnussion occurs may be 20 MHz, 40 MHz, 80 MHz, or 160 Mz,

G095} In some aspects, the header of the uplink frames 720, 730, and 740 may be
wdentical to cach other. The header (or at least a portion of the header) of the uplink frames
720, 730, and 740 may occupy the entire channel bandwidth supporied by the UL OFDMA
trangmiasion {or the UL MU tranamission). The header may include a legacy header. In an
aspect, the header may include a legacy header and some or all fields of a non-legacy header
{c.g., an HE header). In ancther aspect, the header {or at least a portion of the header) of the
uplink frames 720, 730, and 740 mayv cccupy only one or more 20 MHz channel bandwidths
within which the payioad {(¢.g., HE-DATA field} is transmitted. In onc or more aspects, the
header of the frame may correspond to the preamble of PPDU according to the {HEE 80211
standard.  For instance, the headev/preamble of the uplink frames 720, 730, and 740 may
mclude a legacy header and a non-legacy header, such as desenbed above, for example, with

respect to the HE frame 600 of FIG. 4.

~)

[6096] The payioad of the uplink frames 720, 730, and 740 may be a PSDU {or an HE-
DATA field of the frame 600 that occupies a frequency sub-band. In FIG. 7, the payvicad
{c.g., HE-DATA field) of the participating STAI, STAZ, and STA » are represented by Data
1, Data 2, and Data », respectively, and mayv occupy a respective froquency sub-band
assigned to each participating station.

j8007] Afier the stations transmit their respective uplink frame 720, 730, and 740, the
uplink frames 720, 730, and 746 may be combined {or aggregated) to form a single combined
frame 750, which is received by the AP, A single combined frame may be referred to as an
air-combined frame, an aggregated frame, a combined UL frame, a final UL fame, an MU
frame, a UL MU frame, a UL OFDMA frame, or a variant/combination thereof {o.g., an air-
combined UL frame}. The pavicad associated with cach participating station i3 freguency
vudtiplexed m the single combmed frame 730, In an aspect, the HE trigger-based PPDRU
response may nclude and/or may refer to the uplink frames 720, 730, and 748, and/or the

single combined frame 736,
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[B898] It 15 noted that FHz. 7 depicts a portion of the trigger frame 710, uplink frames
720, 730, and 740, and single combmed frame 730, For example, in FHG. 7, for the uplink
frame 720, the L-5IG ficld of the legacy header, the SIG-A (HE-SIG-A) field of the non-
legacy header, and the payload are shown, The ellipses before the L-SIG field and after the
SIG-A (HE-SIG-A) field may indicate one or move additional fields prior to the L-SG field
and after the SIG-A (HE-SIG-A) field, respectively. The cllipses between the uplink frames
730 and 740 may 1ndicate one or more additional uplink frames o1 no uplink frames between
the uplink frames 730 and 741 In an aspect, the L-SIG field shown in the frames 710, 720,
730, 740, and 750 may be the RL-51G (Repeated L-SIG) field.
[3099] As shown 1 FIG, 7, 10 some aspects, in an UL MU PFPDU {c.g., 720, 730, 740},
wformation i the L-SIG field and SIG-A ficld may be air-combined. Thus, in some aspects,
the AP shall send a tnigger frame {¢.g., 710) to the participating stations, and the participating
stations, upon receipt of the trigeer frame, may form the UL MU preamble (e.g., UL MU
header) of the UL MU PPDU based on the contents of the trigger frame. In other words, the
contents of the tngger frame may be used to formvdenve the UL MU preamble. For example,
the participating stations may derive the UL MU preamble based on the contents of the
trigger frame and/or copy the contents of the trigger frame into ficlds {c g., L-SKG field, SIG-
A field) of the UL MU preamble.
j3168] In some cases, therefore, the AP may know all the information potentially
contained in the L-SIG and SIG-A fields in the UL MU PPDUs from the parficipating
stations. o such cases, since the AP already knows the content of the L-SIG field and the
HE-SIG-A field of the UL MU FPDUs prior to recaiving the UL MU PPDUs, it mav be
redundant to include the mtrmation in the valuable preamble portion of the UL MU PPDUs.
As the AP already knows the content of the L-81G field and the HE-SIG-A ficld of the UL
MU PPDUs, the AP s trigger frame may contain the content associated with a L-SIG field of
a UL MU PPDU (L-SIG wformation) and the content associated with an HE-SIG-A field of a
UL MU PPDU (SIG-A information), and a STA may generate its uplink frame having the L-
SIG field and the HE-SIG-A ficld, where the uplink frame’s L-SIG field is provided based on
the L-SIG mformation contamed in the tigger frame, and the uplink frame’s HE-SIG-A field
i3 generated based on the SIG-A information contained in the tnigger frame.
0161} In one or more tmplementations, the preamble {o.g., L-5IG and SIG-A) siruchire
n the UL MU PPDUs may be designed with the following traits:

L-SIG ficld and SIG-A field are air-combined, and thus all conienis from the

participating UL MU stations should be the same;
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L-51G field should be understood by fegacy stations {¢.g., IEEE 802,11 a, b, g, n, and
ac stations);
—  SHG-A 15 more valuable if # can be understood by third party stations.

[162] Figs, 8 iHustrates a schematic dingram of an example of an exchange of frames
among wireless communication devices for MU transamssion. The horizontal dimension i
FIG. 8 ropresents the time dimension. An AP may send a trigger frame 810 to participating
stations STA1 STAZ, and STA », and the parficipating stations STA1, STA2, and STA
may fransmit uplink frames 820, 830, and 840, respectively, to the AP in response to the
trigger frame 810, In an aspect, the uplink frames 820, 830, and 840} arc combined to form a
single combined UL frame, which 18 recerved by the AP, Iu an aspect, the frames 810, 820,
830, 840, and the combined UL frame may be, may include, or may be a part of, the frames
710, 720, 730, 740, 750, respectively. It 1 noted that the ellipses between the uplink frames
830 and 840 may indicate one or more additional aplink frames or no uplink frames between
the uphink frames 830 and 840,
{6103} In one or more aspecis, in the case of the L-SIG field in the UL MU PPDUs (c.g,
the uplink frames 820, 830, and 840}, the legacy L-SIG format may be reused. The legacy L-
SiG format s utihized 1o other TEEE 802 11 specifications, including, for exampie, the IEEE
802.11 a, b, g, n, and ac specifications. Reuse of the legacy L-SIG field 1o the UL MU PPDU
may facilitate compatibility with the legacy devices and allow the legacy stabions {¢.g. non-
HE stations) to understand the L-51G ficld of the HE trigger-based based UL MU FFDUs. In
the legacy L-SIG format, the L-81G ficld may include 2 RATE ficld and a LENGTH ficld. In
an aspect, an HE station may set {¢.g., pre-define} the RATE subficld of the L-SIG fleld to 6
Mbps and derive a value of the LENGTH ficld of the L-SIG ficld that mdicates the time
duration of the UL MU PPDU. The LENGTH ficld may include a spoofed length {e.g. in
bytes) such that when any receiver of the UL MU PPDU (e g., the AP) calculates the length
of the UL MU PPDU, the computed length matehes the time duration required for the UL
MU PPDU.
16104} With reterence to FIG. 8, the trigger frame 810 may mnclude a value LENGTH |
m ifs L-SIG field that 15 indicative of a transmission time for transnutting the trigger frame
810. In an aspect, the value LENGTH 1 may be contained in the LENGTH field of the L
SIG field of the wigger frame 810, The trigger frame 310 may also include a2 DURATION.
As shown 1 FIG, §, the DURATION may correspond to a time duration from the end of the
trigger frame 310 until the end of the UL MU PPDU.  In an aspect, the DURATION

indicated by the trigger frame %10 may be based on a longest UL MU PPDU 1o be
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transmutted by a participating station 1 response to the trigeer frame 810, In other words, the
DURATION may be based on a longest UL MU PPDU of the UL MU PPDUs to be received
{e.g., received simultaneousty) by the AP, 1o the case that 3 TXOP duration according to the
TEEE 802.11 standard ends at the same time as the end of the UL MU PPDU, the
DURATION may be the same as the TXOP duration.

163105} Each of the uplink frames 820, 830, and 840 may wnclude a value LENGTH 2 in
its L-SIG ficld {e.g., LENGTH i the L-S1G field) that 15 indicative of a transmission time for
transmtiing the uphink frames 820, 830, and 840, The LENGTH i the L-SIG field of an
gplink frame can be dernived from the associated trgger frame. For example, the vahue
LENGTH 2 i the L-SIG ficld of the uplink frames 820, 830, and 840 may be based on {c.g.,
derived from) the information m the associated trigger frame 310, In one example, the value
LENGTH 2 of the aplink frames 820, 830, and 840 may be calealated using the BDURATION
indicated by the trigger frame 310, For example, the value LENGTH 2 contained in the L-
SIG ficld of the uplink frames 828, 830, and 840 may be the DURATION mdicated by the
trigget frame 810 minus SIFS. In an aspect, the SIFS may represent an interval for a receiver
to decode data and to transmit an acknowledgement {ACK}. For example, the SIFS may be
16 mucroseconds.  in an aspect, the DURATION mdicated by the trigger frame 810 can be
based on the longest UL MU PPDU. For example, in FIG. 3, the tongest UL MU PPDU s
the uplink frame 830, In an aspect, the other UL MU PPBUs (e g., the aphuk frames 820 and
340y may mchide padding in thewr respective payioads to extend the length of the UL MU
PPDUs to the length associated with the longest uplink frame {e¢.g., the upliek frame 830).
6146} In one or more aspects, LENGTH 1 may be referred to as a transmission fime
{(TXTIME) of the trigger frame 310, and LENGTH 2 may be referred to as a TXTIME of an
uplink frame 820, 830, or 840, In one or more aspects, the trigger frame 816 may 1nclude
LENGTH 2. For example, the value LENGTH 2 may be included in the pavicad of the
trigger frame 810, such as in 2 Media Access Control (MAC) frame of the trigger frame 810.
The LENGTH m the L-8IG field of an uplink frame (e.g., 820, 830, 840} can be denived {e g,
copied) from LENGTH 7 in the payload of the tugger frame 3140,

[63167] FIG, 9 dlusirates a schematic diagram of an example of an exchange of frames
among wircless communication devices for MU transmission. The horizontal dimension in
FiG. 9 represents the time dimension. An AP sends a trigger frame 910, represented as A, fo
a group of participating stations. The group of participating stations may send an uplink
frame to the AP n response to the trigger frame 910, In an aspeet, the trigger frame 910 may

bie the trigger frame 710 of FIG. 7.
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{6148} The trigger frame 910 may mehude a value associated with {e.g., mdicative ofy a
transmission time {(TXTIME} of the frigger frame 910, represented as TXTIME of A The
TXTIME of the tngger frame 910 may be the time {¢g., m microscconds) required to
transmit the tngger frame 910

3109} A value may be, or may be based on, the TXTIME of a frame {e.g., a TXTIME of
a DL or UL frame). In an aspect, a value associated with the TXTIME of a frame may be
Laisporn, whose valug is based on the TXTIME of the frame. For exanple,

b

TRTIME=26 )
»—_————_—»l X3—-3-—mm=1ori

Lipnorn = [ -
In this example, the Lipwome provides a length associated with a predetermined portion of a
frame. A predeicrmined portion may be, for example, the portion of a frame {e.g, 210 or
920) after the end of the L-SIG field of the frame. Thus, o this example, the TXTIME of 5
frame has a one-to~-ong mapping with the Lignera. o an aspect, m = 1 when a trigger frame
{c.g., 910} 1s sent in an HE MU PPDU format and m = 2 when a trigger frame 1s sent in an
HE oxtended range SU PPDU format. In an aspect, in a legacy format {¢.g., IEEE 862.11a. n,
acy, m may be 0.
j3119] The value mdicative of the TXTIME of the tnigger frame 810 {e.g., Lopnoma) may
be contained in a preamble of the trigger frame 9180, In an aspect, the value may be contained
in the L-5IG ficld of the trigger frame 910, For example, the value may be contained as the
LENGTH in the L-S1G field. Inan aspect, both the TXTIME and the Li gy of the trigger
frame 910 may be considered and reforred to as a length of the ingger frame 910 for
simphicity.  Simlarly, for an uplink frame {g.g., 920}, the TXTIME and the Lipngry of an
uplink frame may be considered and referred to as a longth of the uplink frame for stmplicity.
3111} In one or more aspects, the trigger frame 910 may mcelude values ndicative of a
remaining TXOP duration {e.g., a TXOP duration remaming after transmission of the trigger
frame 210} and TXTIME of 2 responding uplink frame 920, represented as Longth 1 and
TETIME of B, respectively.  The responding uphink frame 920, represented as B, say
represent one ot more uphink frames or a combined uplink frame (see, e.g., 720, 730, 740, or
750 in FIG. 7) transmutted by one or more parficipating stations {o the AP i response {o the
trigger frame 910, The uplink frame 920 may also be referred to as a responding UL MU
PPDU or an HE trgger-based PPDRU.
3112} The TXTIME of the uphok frame 920 may be the time (e.g., m microseconds)
required by the group of stations to transmit the uphink frame 920, In an aspect, the TXTIME

for cach station 1o transput its respective uphnk frame may be the same. o this aspect, the
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TXTIME of the uplink frame 920 mmdicated by the trigger frame 910 can be based on the
longest uplink frame from the group of stations, and the remaining uplink frames may inclode
padding 1o their respective pavioads to extend their length to the length associated with the
longest uphink frame. o an aspect, the Length 1 and TXTIME of B {or their representations)
may be mehuded 1n a pavicad of the trigger frame 910, The Length 1 and TXTIME of B {or
their representations) may be mehided in a MAC frame confamed in the payload of the
trigger frame 910, In an aspect, a length of an uplink frame {e.g, TXTIME of B or Lopvors
of the aphink frame, which 15 a representation of TXTIME of B} may be mcluded 1 a
common information {Common Info) ficld of the wrigger frame 210

[G113] In some aspects, the uplink frame 920 may include a value indicative of the
TXTIME of the uphink frame 920, reprosented as TXTIME of B. For example, the value may
be a length of the uplink frame 920, which may be the TXTIME of B or an Loy based on
the TXTIME of B. The value may be ncluded 1o a preambie {e.g., L-SIG ficld} of the uplink
frame 920, In some aspects, the value may be based on {¢ g., denived from, copicd from) the
corresponding value in the tnigger frame 910, The TXTIME of the uplink frame 920 may be
the same as the TXTIME of the uplink frames transmitted by each of the stations, which may
be combined (e.g., air-combined) to formm a combined uplink frame. The pavicad of the
upimk frame 920 may inclade the payload from each of the group of participating stations.
j3114] In some aspects, the uphink frame 920 may wnchude a value (represented as Leongth
Z in FiG, 9} indicative of a remaining TXOP deration (¢.g., a TXOP doration remaiming from
the end of transmission of the uplink frame 920}, The value {ropresented as Length 2) may
be based on {¢.g., derived from} the content contained in the tngger frame 910, In an aspect,
the stations may compute Leogth 2 based on bLength 1 and TXTIME of B {(or their
representations) contained o the trigger frame 910, As an cxample, Length 2 = Longth 1 -
Length of B, where TXTIME of B = Length of B - SIFS. In an aspect, the value Length 2
may be contained in a preamble {e.g., HE-SIG-A ficld} of the aphnk frame 920, For
example, the value Length 2 may be contained in a TXOP Duration field of the HE-SIG-A
field. In an aspect, the value Length 2 mav be wncluded i a pavioad of the uphink frame 920
i addition to being included in the preamble. For example, the value Length 2 mav be
meluded i a MAC frame contaimed i the pavioad of the uplink frame 920. In an aspect, the
Length 1 and Length 2 may be referred to as a (i) TXOP duration indicating the remaining
time in the current TXOP, (13 a remaming TXOP duration, or (11i) a TXOP duration for
simplicity. For example, the Length 1 may be a TXOP duration remaining after transmission
of a trigger frame {(¢.g., 916} or a TXOP duration remaining from the end of transmission of a
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tngger frame. Similarly, the Length 2 may be a TXOP duration remaining after transmission
of an uplink frame {¢.g.. 928) or a TXOP duration remaindng from the end of transmission of
an uphink frame.
[3115] Ag shown m FIG, 9, within the remaining TXOP duration {e.g, Length 2), a
downlink frame 930 may be sent from the AP to one or more parbeipating stations and an
uplink frame 940 may be sent from one or more partficipating siations to the AP, In an aspect,
stratlar to the trigger frame 910, the downlink frame 930 may mchude a value indicative of a
TXOP duration remaining from the end of transmission of the downlink frame 930 {(¢.g., n
the pavicad of the downlink frame 930} and a3 TXTIME (o1 Ly pngry) of the uplink frame 940
{c.z., in the payload of the downlink frame 930). Smular to the uplink frame 920, the uplink
framme 940 may mclude a value indicative of any TXOP duration remaining from the end of
transmiasion of the uphink frame 940 {e.g.. in the SIG-A ficld of the uplink frame 840} and a
TXTIME {or Lignormy) of the uplink frame 940 (c.g., in the L-8SIG field of the uplink frame
G403, The uplink frame 940 may be a combined (c.g., air-combmed} frame formed of uplink
frames from multiple participating stations.
[Bii6] In one or more implementations, since the header of UL MU PPDUs (e.g., 720,
730, 740 of FIG. 7y, which may include a legacy header and a non-legacy header, from each
participating station contans identical mformation {e.g., to allow air-combming), the header
of the UL MU PPDUs does not contain information associated with decoding of any
particular UL MU PPDU. In other words, the header of cach UL MU PPBU does not include
station specific content for decoding tis pavicad. In this aspect, third party stations may be
unable to decode the payioad of the UL MU PPDU. In a case m which only the payicad
contains the TXOP duration information, the third party stations may be unable to access this
information since the third party stations do not have information to decode the UL MU
PPDUs. Setting content associated with TXOP duration 1 the preamble of the downlink
and/or uphink frames may facilitate aceess of the third party stations to the TXOP duration
and alfow third party stations to evaluate avadability of the AP, In an aspect, evaluating the
availability of the AP may facilitate reduction of uderforence of the third party stations with
any currentlv ongoing ransmissions.
[B117} In one or more aspects, for the SIG-A (HE-SIG-A) field in UL MU PPDUs (e.g,
the uplink frames 720, 730, and 740 of FIG. 7), three approaches can be considered as
follows:

o Example of a fivst approach: SIG-A in UL MU PPDUs 15 a copy of that SIG-A 1 the

trigger frame
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Full contents can be used for SIG-A validation, but i can be too many bits for
validity check
= Example of a second approach: New SIG-A format
—~  Some essential information which s helptul 1o other STAs, ete.;
An mdication bit s meluded m UL MU SIG-A| and #f should be also included
i pon-UL MU SIG-A in the same bit posttion for a roceiver to distinguish
between two formats; and/or
The indication bit differentiates between UL MU PPDU and SU PPDU.
»  Example of a third approach: Reuse Compressed MAC (CMAC) in IEEE 802 11ah,
which is incorporated herein in its entiroty,
—  Type of CMAC should be signaled by the AP {e.g., additional mdication bits
are needed in the ngger frame (non-UL MU preamble})
The indication bits can be muitiple bits, and sunilar to the second approach;
those bit positions should be the same as those in the non-UL MU SiG-A
[B118§] In one or more implementations of the second approach, a duration to set a
network allocation vector (NAVY) for thied party HE STAs should be included n UL MU
PPDUs 1o protect in time-domain. fn one or more aspects, the duration should be included in
the SHG-A ficld of the UL MU PPDUs. The duration included n the SIG-A ficld of the UL
MU PPDUs can be, or can be calculated from, a transmission opportunity {TXOP) duration
of the current UL MU transmission. In an aspect, the deration 15 a TXOP duration {eg,
Length 2 of FIG, 9. A single transouission and ACK pair or multiple transoussion pairs may
exist within the TXOP duration. Within the TXOP duration, transmission{s} may cccur from
the AP to the participating stations, and vice versa. In an aspect, the duration included in the
UL MU HE-SIG-A, represented as DURATION . o, can be calculated as follows:
- DURATIONg, v = DURATIONGL v Trigeer ~ LENGTHuL s ppno
DURATIONy vy tegeer - Duration included 1o the MAC header of the tngger frame
corresponding to the transmutting UL MU PPDU
LENGTHy wu pepg: Length of the transmitting UL MU PPDU
The DURATIONy o may provide a remaining TXOP duration {(e.g., a TXOP duration
remaining from the end of ransmission of the associated uplink frame). As an example, with
reference 1o FIG. 9, the DURATIONu vy togee, EENGTHu vu sepu. and
DURATIONy, v may be Length 1. Length of B, and Length 2. respectively. In one
exarople, DURATIONGL s trigeer toay be DURATION sbown i FIG. 8.
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6119} In an aspect, all times {e.g., Length 1, Length 2, TXTIME of A cic} can be
calculated 1n mucroseconds. I a calculated duration includes a fractional microsecond, the
value mserted 1o the duration fickds {e.g., Length ficld, TXOP duration field} may be rounded
up to the next lugher nteger. If a calculated duration results in a negative value, the valug of
the Daration/1D fisld 15 0.

033 20] In one or more implementations of the second and third approaches, stations may
need to know whether a PPDU s a downlink frame or an uplink OFDMA/MU-MIMO frame.
In some aspects, the frame format can be either indicated m HE-SIG-A field or determined by
the modulation of the signal i an HE-SIG-A field.

3121} In some aspects, UL MU PPDUs may uitlize a different frame format and contain
different content fromm SU PPDUs and downlink MU PPDUs. In an aspect, the uplink SU
PPDUs may share the same frame format as downlink SU PPDUs. In SU PPDUs and
downlink MU PPBUs. the preamble of these PPDUs may coutain content utilized n
decoding the payioad of these PPDUs. For example, the preamble may contai content in the
L-S1G field, SIG-A field, and/or SIG-RB field, among other ficlds, to allow the decoding of the
pavicad. In an aspect, in the case of UL MU PPDUs, the preamble of the UL MU PPDUs
from cach participating station in the UL MU transmission 18 the same {e.g., to allow air-
combiung).  In thus regard, the UL MU PPDUs may contamn globally nseful/common
wnformation but no station-specific content for decoding the payloads of cach UL MU PPDUL
1122] In some aspects, the frame format may be included in a Format field of the HE-
SIG-A field. In an aspect, the frame format may contain cordent {¢.g., an indication bit} that

can be utilized to differentiate an SU PPDU and a tngger-based UL PPDU (e g, UL MU

o~

PPDU}. The indication bit may be referred to as a format indication or a format bit. In an
aspect, the frame format may contain condent that may be utilized to difforentiate 2 UL MU
PPDU from a non-UL MU PPDU. A non-UL MU PPDU may mnclude a UL SU PPDU, DL
SU PPDU, and/or DL MU PPDU. In an aspect, the HE SU PPDU (e.g., HE DL SU PPDLU,
HE UL SU PPDU} and the HE trigger-based UL PPDU may include the Format field.

6323} FIG. 10 dlustrates an cxample of utilizason of a duration w UL MU PPDU
transmissions. I a STA (represented as UL MU STA) wmvolved 1o UL MU transoussion
sends a UL MU PPDU to the AP, and the preambie of the UL MU PPDU includes a duration
in which the current UL MU transmussion s maintained {e.g., TXOP duration), three third
party stations (eg., HE STAs 1011, 1012, 1013) outmide of the AP’s coverage can be

additionaily protected on top of the third party stations inside of the AP’s coverage {e.g.,
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1021, 1022, 1023, 10243, Accordingly, NAV can be set by third party stations cutside of the
AP’s coverage arca.

[3124] In an aspect, to allow combining {c.g., air-combining} of the uplink frames {c.g..
720, 730, 740 i FIG. 7), the preambles of the uplink frames do not include station specific-
content for decoding their respective payioad. In this aspect, third party stations may be
unable to decode the payicads of the uphink frames. Setting confent associated with a TXOP
duration in the preamble may faciutatc access of the third party stations to the TXOP
duration. In an aspect, evaluating the availability of the AP using the TXOP daration may
facilitate reduction of mwterference of the third party stations with any currently ongoing or
currently scheduled transmissions.

j(3125] In one or more mplementations, for the full protection of third party stations, the
frequency domain may also be considered.

3126} FIG, 11 dlustrates an example of L-5HG field and SIG-A ficld transmission in UL
MU PPDU. In some cases, a station may transmit the L-8IG field and SIG-A field over an
entire operating bandwidih {e.g., 40 MHz), even thoagh there is no assignment {e.g., no
allocation} of resources to the station in at least a portion of the operating bandwidth. In
FIG. 11, the station transmits the L-SIG ficld and the SIG-A field i the first 20 MHz
frequency sub-band {see, ¢.g., 1110} of the 40 MHz operating bandwidth and in the sccond
20 MHz frequeney sab-band {e.g., 1120} of the 40 MHz operating bandwidth, even though
the station is not allocated resources io transmit payioad {c.g., HE-DATA) in the second 20
MHz frequency sub-band.

{3127} In some aspects, power saving may be achieved and inplomentation complexty
may be reduced if the L-SIG field and the SIG-A ficld may be sent in less than the entire
operating bandwidth, such as in cases where a station 18 not allocated resources for the entire
operating bandwidth. For example, power saving may be achieved and 1implementation
complexity may be reduced since the station avoids having to change transmission bandwidth
during a transmission of a UL MU PPDU. In an aspect, UL MU TXOP is not fully protected
in the frequency domain when the L-81G ficld and the S1G-A ficld are not sent over the eotire
operating bandwidth,

6128} FIG, 12 illustrates an example of an absolute frequency allocation mformation
mcluded in a SIG-A field of a UL MU PPDU.  In an aspect. the channel (frequency)
mformation may be an absohiste value or a distinguishable index because a third party station
that recerves a single 20 MHz SIG-A can recognize the whole operating bandwidth for the

current UL MU transmission. In an aspect, with not sending L-SIG field and the SIG-A in
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frequency bands {e.g., 1220} 1n which there iz no UL MU data allocation {e.g., 1227), the
operating bandwidth information (e.g.. absolute chaonel information} carmied in S5IG-A may
facilitate protection from thuird party stations. In an aspect, the nuntoum granulanty can be
20 MHz,

[3129] In the example shown in FHG, 12 the station transmits the L-SIG ficld and the
SIG-A field in the first 20 MH2 frequency sub-band {see, ¢.g., 1210} of the 40 MHz operating
bandwidth where the station is allocated resources to transvut a pavioad {c.g., HE-DATA).
The station, however, does not transmit the L-SIG field and the SIG-A field in the second 20
MHz frequency sub-band {e.g.. 1228} of the 40 MHz operating bandwidth, where the station
is not allocated resources to transmit a pavicad {e.g., HE-DATA).

j(3130] The SIG-A n the UL MU PPDU may imclude multiple channe! ndices {e.g., »
and #+1y or a set of starting channel index {(eg., ») and bandwidth when continuous
bandwidih is assumed. I non-contiguous bandwidth allocation is assumed {c.g., 80MHz +
ROMHz), an absolute value or a distinguishable index may be used, or multiple sets of
starting channel indices and bandwidth may be used. The absohute frequency mformation can
be beneficial to stations in overlapping basic service set (OBSS) even 1n the case shown in
FIG, 11

3131} Ag another example, the L-5IG and SIG-A fields in a primary channel may always
be transmitted even if there 1s no UL OFDMA data m the primary channel, and L-SIG and
SIG-A 15 transmitted in secondary chanpels where UL OFDMA data is aliocated.  In this
case, the absolute frequency allocation intormation in SEG-A of UL MU PPDU mav be
aseful.

[6132] In one or more implementations, the L-5SIG and SIG-A fields, among other fields
in the preamble, are sent ondy m froquency bands within which UL OFDMA data s allocated.
In an aspect, a minmmun granularity for sending the L-SIG and SIG-A fields, among other
ficlds m the preamble, may be 20 MHz frequency bands. The UL OFDBMA data may be
carried over less than an entirety of the frequency bands. In an aspect, the absolute channel
information s not included in the preamble.

16133} Based on the frequency allocation mformation and the assumption that the number
of SIG-A symbols 1n a UL MU PPDU s 2, the SIG-A ficld may have the followmg design.
The munber of bits for cach field of the SIG-A field 1 by way of non-hmuting example. in
this example, the number of {otal bits 15 48 bits, which may exactly fit into 2 symbols of SIG-
A m 64 FFT transmission.

«  CRC (8 bits), Tail (6 bits)

[ Y
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L)

UL MU Indication (1 bt}
Dhffercntiaie between UM MU {(ingger-based UL MU} transmission and SU
transmission {downdink and uplink)
— This mdication should be located in the same bit position of that m non-UL
MU SIG-A {e.g., downlink and uplink SU SIG-A})
Daration (16 bits)
—  TXOP duration for time-protection, informed by the triggering AP
Unit of microsscond, and can be reduced depending on the available bits
Partial basic service set wentifier (BSSID) of the trigoering AP (9 bits)
—  Partial BSSID of the triggering AP 15 also necessary to distinguish with other
UL MU transmission.
Channel number, ng e of 20 MHz bandwidth as a channel index of starting 20 MHz
from the fowest freguency {6 bits)
—  Because SIG-A is duplicated 1n every 20 MHz, a third party station reading a
SIG-A in 20 MHz cannot figure out the whole operating bandwidth
In the vt of 20MHz, ng0e = 1, ..., 30 can be encugh {o indicate the exact
position
»  Lowest 20 MHz chaonel frequency = channel startimg frequency + 20 x
Bt 20 (MHz)
Note that m VHT specification, Channel center frequency =
Channel starting frequency + 5 x ng (MHz), where ng =
1,...200, and 1t means 200 mdices can express the whole
channels of 5§ MHz anit. Therefore, 50 indices arg enough to
indicate the whole bandwidth in the umt of 20 MHz

Bandwidth (2 bits}

In an aspect, the BSSID ficld may be reforred to as a Color field.

14134]

L

s

®

®

L)

04135}

As another example, the SHG-A field may have the following design.
CRC (4 bits), Tau {6 bits)
UL MU Indication (I by
Duration (7 bits)
Partial basic service set wentifior (BSSID) of the trigoering AP (6 hits)
Bandwidth (2 bits}

The SIG-A field provided above are by way of non-limiting example. The SIG-A

field may be of a difforent size. In an aspect, for instance, the SIG-A field may be 52 bits.
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0136} In the third approach {e.g., rease CMAC m IEEE 802.11ah), an indication is also
included m UL MU SIG-A and ron-UL MU SIG-A m the same position. In an aspest,
multiple bits may be used f multiple IEEE 802.11ah CMAC fames are considered for UL
MU PPDU. In an aspect, UL MU SIG-A may refer to the SIG-A field of a UL MU PPDU.
in an aspect, non-UL MU §IG-A may refor to the SIG-A field of a non-UL MU PPDUL
[6337] In IEEE 802 1lah, there are two types of field formats depending on the
bandwidth. Each field format has nine types of CMAC frames (3 buts for the types).

s & controd frames  null data packet (NDP) clear to send (CTS), NDP contention-free
end (UF-End), NDP power save-poll {(PS-Poll), NDP acknowledgement {Ack), NDP
power save-poll acknowiledgement (PS-Poll-Ack), NDP block acknowledgement
{BlockAck), NP Beamformung Report Poll, NDP Paging

o | management frame: NDP PFrobe Request

33138} In order to allow reuse of existing CMAC frame, the following should be
considered:

s Some CMACQC frames cannot be used if they mnclude stahion specific mformation (e.g.,
preferred modulation and coding scheme (MUS) in NDF PS-Poll}

= 2 MHz NDP CMAC cannot be used in some frame types because CRC is 4 bits i
{EEE 802 1lah but 8 bits i TEEE 802 iax

j3139] In an aspect, cach type of CMAC frame has two types depending on sub-1 GHz
(810G NDFP frame format, except for the NDP Beamforming Report Poll which has only 2
MHz frame. The S1G NDP frame format may include an NDP 1M for a ¥ MHz frame
format and NDP 2M for a 2 MHz frame format.  Each tvpe of CMAC mav mmclude a
Duration ficld and a RA/TA/Partial BSSID field. These ficlds are common to all ning types
of CMAC frames and may be referred to as conunon component ficlds. For KDP 1M, the
Duration ficld may be 10 bits referring to units of OFDBM symbol duration (40 us). For
NEP 2M, the Duration field may be 15 bits referring o vnits of microseconds in most cases.
In an NDP ZM Ack the Duration ficld may be 14 bits. The Partial BSSID field, which
contains a partial AMD or partial BSSID, may be 9 bits. In some aspects, one of the ning
CMAC frames may be used as the pre-defined UL MU preamble format. In some aspects,
compared to the second approach, duration and RA is still incloded, but no channel nomber is
mnchuded.

[(3148] Fi, 13 illustrates an example of a SKG field format for a 1 MHz null data packet
(NDPY CMAC frame. FIG, 14 dlustrates an example of a SIG fisld format for a greater than
or equal to 2 MHz NDP CMAC frame.
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[B141] FiG. 15 iHustrates an example of an NOP (TS5 frame. In an aspect, the NDP CFS
frame may be an NDPF 2M CTS frame. FIG. 16 illustraies an example of an NDP CF-End
framme. In an aspect, the NDP CF-End frame may be an NDP_2M CF-End frame.  The NDP
CTS frame and NDP CF-End frame may include a CTS/CF-Eod Indicator ficld that indicates
whether the frame 18 a CTS or CF-End frame. The CTS/CF-End Indicator field may be 1 bt
{c.g., binary}. The Address Indicator field may be 1 bit. For example. the Address Indicator
field mayv be st to 0 to mdicate that the RA/Parnial BSSID field contains the partial identifier
of the receiving station. The Address Indicator field may be set to 1 to indicate that the
RA/Partial BSSID ficld contains the partial BSSID of the AP transmitting the frame and is
miferpreted as a broadeast address.  The Eardy Sector Indicator ficld mav be utilized o
ndicate 1f the NDP CTS frame 18 followed by the sectorized beam frame exchange. The
Harly Sector Indicator field may be 1 bit.

33142} In an aspect, the NDP (TS frame format may be vsed withowt the four reserved
its. The first 33 bits may be utilized, tollowed by | bit for a UL MU indication {¢.g., for
third party stations) and 14 buts for a CRC/ Tl The modified NDP CTS frame format may
be 48 bits.

[3143] FiG, 17 illustrates an exampie of ap NDP PS-Poll frame. In an aspect, the NDP
P5-Poll frame may be an NDP_2M PS-Poll frame. The Preforred MUS field may be 3 bits
for NDP IM {eg., 0~6, MSC mdex, 7: no preference} and S bits for NDP 2m (e.g., -9
MSC index, 106: no preference, 11~15: reserved}. The Uplink Data Indicator (UDI) ficld may
be 1 bt for NDP_IM or 12 bits for NDP_ZM. For NDP _ITM, the | bit may be utihized to
mdicate if the station has gplink data to transsut. For NDE 2M, the 12 bits may be atihized
to indicate if the station has uplink data to transmit and may be utilized by a subchanoel
sclective transnussion {5871} station to indicate its SST channel. For example, the UDI Held
may be set to 0 to indicate there 1s no uphink data to be sent; set to 1 to indicate there 18 uplink
data to be sent; set between 2 and 9 to indicate relative posttion of the sclected 55T channcel;
and set to 10 or greater to indicate the cstimated fime, 1 units of 40 ws, required for uplink
data frames that are present at the station, exchuding the duration of their response and
applicable IFS durations,

[} FiG. 18 illostrates an example of an NDP Ack frame. In an aspect, the NDP Ack
frame may be an NEBPF ZM Ack frame. FIG. 19 ilustrates an example of an NDP PS-Poll-
Ack frame. In an aspect, the NDP PS-Poll-Ack frame may be an NDP 2M PS-Poll-Ack
frame. The Ack I ficld may be © bits or 16 bits. The Ack ID ficld may be set to the bt
sequenee CRC{OZ] | TA[4:8] or CROJG: 31 TAJO.8] || RA[6:3] obtained from the URC, TA,

~30-
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and RA field of the NBP PS-Poll frame that elicited the response. The Idle Indication ficld
may be 1 bit, and may be set to 1 if the Duration field mdicates an idle period. The Relayed
Frame field and the More Data ficld may cach be 1 it

[3145] FiG. 20 dlustrates an example of an NDP BlockAck frame. In an aspect, the
NDP BlockAck frame may be an NDP 2M BlockAck frame. The BlockAck ID field may be
2 bits or 6 bits. The BlockAck ID field mav contain the 2 or 6 L5Bs of the bit sequence of
the scrambler mitialization value n the SERVICE ficld prior o the descrarbling of the
PSDU that carnies the soliciting frame. The Starting Sequence Control field may be 12 bitg,
and may contain the sequence nomber of the first MSDU or A-MSDU for which the NDP
BlockAck frame is serd. The Block Ack Bitmap ficld may be 8 or 16 bits. The Block Ack
Bumap field may jndicate the received status of up to § or 16 MSDUs and A-MSDUs when
the NDP BlockAck is used during a BlockAck session. Hach bit that is set equal to 1 in the
NDP BlockAck bitmap ackonowledges the suceessful recoption of a single MSBU or A-
MSDU, i the order of sequence number. The Block Ack Bumap field mayv mndicate the
reccived status of up to 8 or 16 fragmenis of an MSDU when the NDP BlockAck s used
dunng a fragment BA scssion. Each bit that is set cqual to 1 1 the BlockAck bitmap
ackuowledges the successful reception of a single fragment of an MSDU, i the order of the
fragment number.

3146} FIG. 21 illustrates an example of an NDP Beamforming Report Poll frame. i an
aspect, the NDP Beamforming Report Poll frame may be an NDP 2M Beamforming Report
Poll frame. The Feedback Scgment Retransuussion Bitmap ficld may mdicate the feedback
segments (o bg polied w a Compressed Beamforming report {e.g., VHT or HE compressed
beamformung report), which may be contamed n one or more compressed beamforming
framaes {¢.g., VHT or HE compressed beamformmg frames). In an aspect, the Beamforming
Report Poll frame is not utilized in NDP_IM.

3147} FIG. 22 Hostrates an example of an NDP Paging frame. In an aspect, the NDP
Paging frame may be an NDP 2M Pagiog frame. The P-1D field may toclode 9 bits and may
be an identifier of the NP paging requester. The Divection field may be 1 bt I the
Direction field 18 1, the APDEPartial AID field indicates AP direction information (APDI). I
the Direction ficld is 0, the APD/Parnial AID field indicates the partial AID of the NDP
paging responder station.  The APDI field may be 9 bits. The 8 MSBg of the APDL

depending on the value of the Action subfield of the NDP Paging Response, contain:
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# The PTSF subficld if the Action subficld is not equal to 4. The PTSF subfield s set to
the value of the partial TSF of the transmitiing station as defined n Section 10.44.6
{(NDP Paging Sctup) of IEEE 802 liah draft v6.0.

s The ASD ubficld f the Action subfield s equal to 4. The ASD subficld is the
additional sleep duration and 15 set to the time, o units of SIFS, afier which the
recetver station s in Awake state as described m Section 10.44.6 (NDP Paging Setup)
of IEEE 802 11ah.

The LSB of the APDI 15 the Check Beacon Flag subfield and 1s an indicator of cntical
changes 1o the Beacon frame as described in Section 10.44.6 (NDP Paging Scwp) of IEEE
802 1igh,

[33148] FIG 23 Hlustrates an example of an NDP Probe Request frame. o an aspect, the
NDP Probe Request frame may be an NDP _2M Probe Request frame. The CSSUVANO
Present field may be 1 bit. The CSSHMANO Present field mayv mdicate f the NDP Probe
Request frame contains a Compressed SSID field or an Access Network Option ficld. The
CSSHYANG Present field may be set to O if the NDP Probe Request contains the
Compressed S5, and may be set to 1 if the NDP Probe Request contains the Access
Network Option. The Compressed SSIIWANG Option may be 16 or 32 bits. The
Compressed SSIB/Access Network Option {6:311 may be set o Compressed SSID, winch
may be a 32-bit CRC calculated as defined in Section 9.2 4 8 (FCS field} of IEEE 802 1iah
draft v6.0, wheremn the calculated ficlds 15 the full $8ID. The Compressed SSHY Access
Network Option [(:7] may be set to Access Network Option, which s defined in Section
84297 (lnderworking clement) of IEEE 802.11ab (sce Figure 9-436 {Access Network
Options field format)). Compressed S510/Access Network Option]8:31] may be reserved.
The Reguested Probe Request Response Type field mayv be 1 bit. The Reguested Probe
Request Response Type field may be set to 0 if the station requests a Short Probe Response
frame, and may be set to 1 if the station requests a Probe Response frame.

3149} In FIGS, 13 through 23, the bits associatcd with cach ficld of the frame is
provided. For example, in FIG. 16, the NDP CMAC Frame Type field 1s contained n bits
BO through B2 of the NDP CF-End frame.  In other words, the NDP CMAC Frame Type
ficld forms the first 3 bits of the NDP CF-End frame,

j3156] It should be noted that hike reference nwmerals may designate bike elements.
These components with the same reference numerals have certain characteristics that are the

same, but as different figures lustrate different examples, the same reference numeral does
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not indicate that a component with the same reference numeral has the exact same
characteristics.  While the same reforence numerals are used for certain components,
examples of ditferences with respect to a component are described throughout this disclosure.
[3151] FIGS, 244, 248, and 24C sHustrate flow charts of examples of methods for
facilitating wireless communication. For explanatory and iilustration purposes, the example
processes 2410, 2420 and 2430 may be performed by the wireless communication deviees
111-115 of FIG. 1 and their components such as a bascband processor 210, a MAC processor
211, a MAC software processing unit 212, a MAC hardware processing unit 213, a PHY

processor 213, a transmitting signal processing unit 280 and/or a receiving signal processing

compumication devices 111-115 of FIG. 1 or their components, and the example processes
2410, 2420 and 2430 mav be performed by some of the devices shown in FIG. 1, or other
devices or components, Further for explanatory and lustration purposes, the blocks of the
cxaraple processes 2410, 2420 and 2430 arc descrnbed herein as occurring in serial or
bincarly. However, moltiple blocks of the example processes 2410, 2420 and 2430 may occur
in parallel. In addition, the blocks of the example processes 2410, 2420 and 2430 need not be
performed in the order shown and/or one or more of the blocks/actions of the example
processes 2410, 2420 and 2430 need not be performed.

j3152] Various examples of aspects of the disclosure are described below as clavses for
convenience. These are provided as examples, and do ot hmut the subjoct technology. As
an example, some of the clauses described below are dlustrated n FIGS, 24A, 24B and 24C.
[B153] Clause A, An access point for facilitating mudtr-user communication i a wireless
network, the station comprising: one or more memories; and one or more processors coupled
to the one or more memorics, the one or more processors configured o cause: goverating a
trigger frame, the trigger frame comprising a first content and a second content, wherein the
first content 18 associated with a legacy signal (L-SIG) ficld of an uplink frame, and the
second content is associaied with a non-legacy signal ficld of the aplink frame; providing the
trigger frame for transmission; receiving the uplink frame in response fo the trigger frame, the
uplink frame comprismg the L-8IG field and the von-legacy signal field, wherein a length m
the L-SIG field of the uplink frame is based on the trigger frame, and wherem a duration m
the non-legacy signal field of the uplink frame is based on the trigger frame; and providing
the uphink frame for processing.

(315841 Clagse B, A station for facilitabing multi-user communication in a wireless
network, the station comprising. one o more memories; and one or more processors coupled

S
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to the one or more memories, the one or more processors configured to cause: receiving a
trigger frame; generating an uplink frame based on the trigger frame, wherein the uplink
framae comprises a legacy signal (B-81G) ficld and a non-logacy signal ficld, wherein the L-
SIG field comprises a length of the upbink frame, and wherem the non-legacy signal ficld
cOmMprises a romaming transmission opportunity {TXOP) duration; and providing the uplink
frame for transmission, whercin the remaining TXOP doration 1s a TXOP duration remaining
after transmission of the uphink frame.

(G185} Clause €. A computer-implemented method of facilitating  multi-user
communication i a wireless network, the method comprising: receiving a trigger frame;
generating an uplink framce in response to the trigger frame, the uphnk frame comprising a
signal-A {(§1G-A) field, wherein the SIG-A field comprises an indication whether the uplink
frame vses an uplink moltt-user (UL MU} frame format or a non-UL MU frame format,
wherein the SHG-A field comprises information associated with a transnussion opportumty
{(TXOP) duration, and wherein the mformation 18 generated based on a duration indicated

the trigger frame; and providing the aphink frame for transmission.

[B156] In one or more aspects, additional ¢lanses are described below.
{31587} A method comprising one or more methods or operations described herein.
(31 58] An apparatus or a stalion COMprising One or more memores {e.g., 240, one or

morg infernal, external or remote memories, or one or more registersy and one or more
processors {e.g., 210) coupled to the one or more memorics, the oBe Of MOIe Processors
contigured to cause the apparatus to perform one or more mcthods or operations descubed
heremn.

[G159] Ayn apparatus or 3 station comprising means {o.g.. 210} adapted for performing
one or more methods or operations described herein.

[3166] A computer-readable storage medium (e.g., 240, one or more internal, extemal or
remole Memones, of one or morg regisiers) comprising nstructions stored therein, the
instructions comprising code for performing one or more methods or operations described
herein.

[Bis1} In one aspect, a moethod may be an operation, an instruction, or a function and vice
versa. In one aspect, a clause may be amended to include some or all of the words {eg.,
instructions, operations, funchions, or components) recited in other one or more clauses, ong
o1 more sentences, one or more phrases, one or more paragraphs, and/or ong or more claims.
j3162] To illustrate the mterchangeabihity of hardware and software, items such as the

varions iHustrative blocks, modules, components, methods, operations, mstructions, and
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algorithms have been described generally in terms of their functionality. Whether such
functionality is implemented as hardware or software depends upon the particular application
and design constrainds mmposed on the overall system.  Skilled artisans may implement the
described functionality in varymg ways for each particular apphication.

3163} A reference to an element in the singular is not intended to mean one and only one
unless specifically so stated, but rather one or more. For example, “a” module may refer o
one or more modules. An clement proceeded by “a,” “an,” “the,” or “said” dogs not, without
further constramts, preclude the exastence of additional same elements.

[6164] Headings and subheadings, if any, arc used for convenience only and do not limit
the invention. The word exemplary 15 used to mean serving as an example or itlustration. To
the extent that the term mclude, have, or the hike 15 used, such term 1s intended to be molusive
i a manner similar {0 the term comprise as comprise is mfterpreted when emploved as a
transitional word in a claim.  Relational terms such as first and second and the like may be
used to distinguish ouve entity or action from ancther without neocessanly reguiring or
mmplving anv actual such relationship or order between such entities or actions.

(G165 Phrases such as an aspect. the aspect, another aspect, some aspects, one or more
aspeets, an  implementation, the implemontation, another implomcentation, some
implementations, one or more implementations, an embodiment, the embodiment, ancther
embodiment, some cembodiments, one or more embodiments, a configuration, the
configuration, another configuration, some configurations, one or more configurations, the
subject technology, the disclosure, the present disclosure, other vanations thercof and alike
are for convenience and do not imply that a disclosare relating to such phrase(s) is essential
to the subject technology or that such disclosure apphies to all configurations of the subject
technology. A disclosure relating to such phrase{s) may apply to all configurations, or one or
more configurations. A disclosure relating to such phrase(s) may provide one or more
examples. A phrase such as an aspect or some aspects may refer to one or more aspects and
vice versa, and this applics similarly (o other foregoing phrases.

[3166] A phrase “at least one of” preceding a series of items, with the terms “and” or “or”
1o separate any of the ttems, modifies the list as a whole, rather than cach member of the
hist. The phrase “at least one of” does not require selection of at least one item; rather, the
phrase aliows a meaning that toclodes at least one of any one of the items, and/or at least one
of any combination of the terns, and/or at least one of cach of the tems. By way of example,

each of the phrases “at least one of A, B, and €7 or “at least one of A, B, or 7 refors to only

‘s
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A, only B, or only C; any combmation of A, B, and € and/or at least one of each of A, B,
and C.

3167} It is understood that the specific order or lucrarchy of sieps, operations, or
processes disclosed is an ilustravon of exemplary approaches.  Unless exphioitly stated
otherwise, it 1s understood that the speaific order or hierarchy of steps, operations, or
processes may be performed m different order. Some of the steps, operations, or processes
may be performed simuliancously.  The accompanving method clauvms, if any, present
clements of the various steps, operations or processes in a sample order, and are not meant to
be fimited to the specific order or hierarchy presented. These may be performed in serial,
lincarly, m parallel or m difforent order. It should be understood that the described
nstructions, operations, and sysitems can generally be integrated together 1n a single
software/hardware product or packaged into multiple software/hardware products.

[33168] The disclosure is provided to enable any person skilied o the art to praciice the
various aspects described herein. In some wstances, weli-known structures and componeuts
are shown n block diagram form in order to avoid obscuning the concepts of the subject
technology. The disclosure provides vanous examples of the subject echnology, and the
subject technology is not limuted to these examples. Various modifications to these aspecis
will be readily apparent to those skilied in the art, and the principles described herein may be
apphied to other aspects.

[3169] All struetural and functional equivalents to the clements of the varicus aspects
described throughout the disclosure that are known or later come o be known to those of
ordinary skill in the art are expressly incorporated herein by reference and are mtended to be
encompassed by the ¢laims. Maoreover, nothing disclosed herein is intended to be dedicated
to the public regardless of whether such disclosure 1s explicitly recited in the claims. No
claime clement s to be construed under the provisions of 35 US.C. §112, sixth paragraph,
unicss the element 1s expressly reciied osing a phrase means for or, in the case of a method
claim, the element s recited using the phrase step for.

1637¢) The title, background, brief description of the drawings, abstract, and drawings are
hereby incorporated into the disclosure and are provided as illustrative examples of the
disclosure, not as restrictive descriptions. It 15 submitted with the understanding that they
will not be used to Lmit the scope or meaning of the claims. In addition, in the detailed
description, it can be seen that the description provides lustrative examples and the various
features are grouped together in vanous implementatons for the purpose of streamliming the

disciosure. The method of disclomre 15 not to be interpreted as reflecting an intention that
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the claimed subject matter requires more features than are expressly recited in each claim.
Rather, as the following claims reflect, inventive subject matter lies in less than all features of
a single disclosed configuration or operation. The following claims are herchy ncorporated
mto the detaded description, with cach claim standing on ifs own as a separately claimed
subject matter.

{6371} The claims are not intended o be limited to the aspects described herein, but are
to be accorded the full scope counsistent with the langnage claims and o encompass afl fegal
cquivadents. Notwithstanding, none of the claims are intended to embrace subject matter that
fails to satisfv the requurements of the applicable patent law, nor should they be nterpreted

such a way.
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CLAIMS

WHAT IS CLAIMED IS:

1. An access point for facilitating multi-user communication in a wireless network, the
station comprising
one or more memories; and
ong or more processors coupled to the one or more memories, the one or more
processors configured o cause:
generating a tngger frame, the trngger frame comprising a first content and a
second content, wherein the first content is associated with a legacy signal {(L-S1G)
field of an uplink frame, and the second content 15 associated with a non-legacy signal
ficld of the uplink frame;
providing the trigger frame for transmission;
receiving the uplink frame in response to the trigger frame, the uplink frame
comprising the L-8iG ficld and the non-legacy signal ficld, wherein a length in the L-
SIG ficld of the uplink frame 15 based on the trigger frare, and wherein a duration m
the non-legacy signal field of the uplink frame 1s based on the trigger frame, and

providing the uplink frame for processing.

2. The access point of claim 1, wherein the length 1s based on the first content, and the

duration 1s based on the second content.

3. The access point of claim 1 or 2, wherein the duration is mformation associated with a

transmission opportumty {TXOP) duration.

4. The access pount of any ove of claims 1 through 3, wherein the length of L-8IG ficld
13 based on a longest uplink frame among uplink frames to be received simultancously with

the uplink frame.

s The access pownt of any one of claims 1 through 4, wherein:
the second content is a first transmission opportunity {TXOP) duration remaining

after transmission of the trigger frame;

[
2
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the duration is 8 second TXOP duration remaining after transmission of the uplink
frame; and
the second remaining TXOP duration is derived from the first remaming TXOP

duration.

6. The access point of any one of claims 1 through 5, wherein the non-legacy signal ficld
of the uplink frame comprises an indication whether the uplink frame s in a trigger-based

uplink {UL) frame format.

7. The access point of any one of claims 1 through 6, wherein the nou-legacy signal ficld
ot the uplink frame comprises a format indication bit to differentiate botween a single user
(SU} frame and an aphink multi-user (UL MU frame, wherein the trigger frame 1s to initiate

UL MU frame transmission.

8. The access point of any one of claims 1 through 7, wherein the duration 1sto set a
network aliocation veotor (NAV) by a station, wherein the station is not a destination of the

uplink frame.

g. The access point of any one of clamms 1 through 8, wherein the non-legacy signal field

is a high efficiency signai-A (HE-SIG-A) field.

10, The access point of any one of claims 1 through 9, wherein the first content comprises

the length in the L-SIG field of the uplink frame.

11 The access pont of any one of claims 1 through 10, wherein the first content and the

second content are located within a payload of the trigger frame.

12, A station for facilitating multi-user comupwnication in a wireless network, the station
comprising:

one or more memories; and
ong or more processors coupled to the one or more memories, the one or more
processors configured to cause:

receiving a trigger frame;
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gonerating an uplink frame based on the trigger frame, wherein the uplink
frame comprises a fegacy signal {L-81G) ficld and a non-legacy signal field, wherein
the L-SIG ficld comprises a length of the uplink frame, and wherein the non-legacy
signal field comprises a remaiming ransmission opportuuty {TXOP) duration; and
providing the uplink frame for transmission,
wherein the remaining TXOP duration is a TXOP duration remaining after

transmission of the uplink franme.

13, The station of clairm 12, wheremn the non-legacy signal field comprises a format
indication bit to differentiate between a single user (SU) frame and an uplink multi-user (UL

MU} frame, wherein the trigger frame 18 for inrtiating UL MU frame transmission.

14. The station of claim 12 or 13, wherein the non-legacy signal figld further compnses

an todication whether the uphink frame s in a tngger-based uplink (UL) frame format.

15, The station of any one of claims 12 through 14, wherein the length isbased on a

content ia the trigger frame.

is. The station of any one of claims 12 through 15, wherein the remaining TXOP

duration is denived from a first remaining TXOP duration in the trigger frame.

17 The station of any one of claims 12 through 16, wherein providing the uphink frame
for trapsmission comprises providing the L-S1G field and the non-legacy signal ficld for
transmission only in one or more frequency bands occupied by a payioad of the uplink frame,
wherein the minmnwm granulanty associated with each of the one or more frequency bands 1s

24 MHz.

1% The station of any one of claims 12 through 17, wherein the non-legacy signal field s

a high efficiency signal-A (HE-SIG-A) field.

19, The station of any one of claims 12 through 18, wherein the duration s for setting a
network allocation vector {INAVYY by another station, wherein the another station is not a

destination of the uplink frame.
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20, A computer-implemented method of facilitating multi-user commumcation i a
wireless network, the method comprisimg:

receiving a trigger frame;

generating an uplink frame m response to the trigger frame, the uplink frame
comprising a signal-A (SIG-A) field, wherein the SIG-A ficld comprises an indication
whether the uplink frame uses an uplink muelti-user (UL MU} frame format or a non-UL MU
frame format, wherem the SIG-A field comprises information associated with a transmussion
opportanity {TXOP} daration, and wherein the information is gencrated based on a duration
indicated o the trigger frame; and

providing the uplink frame for trapsmission.

21 The computer-implomented method of claim 20, wherein the uplink frame further
comprises a legacy signal {(L-51G) field comprising a length of the uplink frame, which is
based on a conterd of the trigger frame.
22, The computer-truplemented method of claim 20 or 21, wherein

the duration is a first TXOP duration remaming after transmission of the trgger
frame; and

the mformation 1s a second TXOP duration remaining after transmission of the aphnk
frame.
23 The computer-tmplemented method of any one of claims 20 through 22, wherein a

pavioad of the uplink frame comprises the information associated with the TXOP duration.

24, The computer-implemented method of any ong of claims 20 through 23, wherein the

mdication s a single bit.

25, A station for facilitating multi-user communication in a wireless network, the station
comprising:

means for receiving a trigger frame;

means for generating an uplink frame based on the trigger frame, wherein the uplink
frame comprises a legacy signal (1-51G) field and a non-legacy signal ficld, wherein the L-
SIG field comprises a length of the uplink frame, and wherein the non-legacy signal field

COmpPIises a romaining transmission opportanity {TXOP} duration; and

~ 41 -
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means for providing the uphink frame for transmission,
wherein the remaining TXOP duration (s a TXOP duration remaining after

transouission of the uplink frame.

26, the station of claim 25, wherein the non-legacy signal field comprises a format
indication bit to differentiate between a single user (SU) frame and an uplink mudti-user (UL

MU} frame, wherein the trigger frame 15 for intiating UL MU frame transmussion.

27 The station of claim 23 or 26, wherein the non-legacy signal ficld further comprises

an indication whether the uplink frame is 1 a trigger-based uplink (UL} frame format.

28, The station of any one of claims 25 throagh 27, wherein the lengthis based on a

content in the trigger frame.

29, The station of any one of claims 23 through 28, wherewn the remaining TXOP

duration is dertved from a first remaining TXOP duration in the trigger frame.

30, The station of any one of claims 23 throngh 29, wherem the means for providing the
uplink frame for transmission comprises means for providing the L-§1G field and the non-
fegacy signal field for transmission only in one or move frequency bands occupied by a
payioad of the uplink frame, wheretn the nunimum granuolarity associated with cach of the

one or more frequeney bands 1 20 MHz.

3L The station of any one of claims 23 through 30, wherein the non-legacy signal field is

a high efficiency signal-A (HE-SIG-A) field.

32 The station of any one of claims 25 through 31, wherein the duration is for sctting a
network atlocation vector (NAV) by another station, wherein the anather station isnot a

destination of the uplink frame.

33, An apparatus comprising means adapted for performing the method of any one of

claimas 20 through 24.



WO 2016/172620 PCT/US2016/029031

1719

FIG. 1



PCT/US2016/029031

WO 2016/172620

2/19

FOVAIAINT b g7
1Nd1N0
1INN
JOVAUIINI b~z
1NdNI
AOWIN 012
012~
LINN L1INN
20T~ 06244 9NISSIDONd ONISS3O0Yd - €1C
NETNERENEN TWNOIS 4 IHVYMAYYH OV
LINN
YNNAINY | 17z~ MILLINSNYML 1NN LINN
e 08275+  SNISSIDONd ONISS300dd - 712
c YINIFOSNVHL 4 IVNDIS X1 JdvM1405 OV
0€e = GLZN-l MOSSINOMd AHd ¥OSSIOOUd VN e |17
0¢¢ ¥0SSIN0Yd ANVEISYE
. 7
002 Ol¢



PCT/US2016/029031

WO 2016/172620

3/19

0€¢

d¢ Ol

P EREINER » SRIRYENENR RIRYEINEREN
H430d023d MIINE] ddddVINAd 14 9 N
3 3 3 ) 3
’ P I ﬁ ¢ CA
G6¢ 76¢ £6c (6¢ 16¢ A
06¢ 0£7
Ve 9Ol
d3LLIN H31H3ISNI l<EI\VER
SNYYL 4 9 14l % HdddVIN e 3N - HJAOONT
% 3 3 A A
¢ ( o ( (
Y44 G8¢ 8¢ €8¢ (8¢ 18¢

08¢




PCT/US2016/029031

WO 2016/172620

4719

MOPUIAA UORUBIUOY)

[1S41V 40 S41a < 8|p! S! WnIps|y

1017
a|p! I wnipaw se Buoj se
H0X0eg Jusws1o9(] PUE JOIS }I9|9S $S800Y J8J8(
o1 o
0cy s Ho_m. m 4014 :
Swelq IXeN /. SIOIS 10x0eg e . wnipap Asng /: m
%0t VAR \\\\\\ M M_mm_ww m \ oy |
8Ly m “é...............%” M
=& w,“ ‘9l¥ Sdid:

\\\\\ Mo;mn__o

ah7 zmu_z

00p \\ﬁ \\\\\\D iy [1SdIv ?

()
]
q
[}
8
[
B
¥
]
]
§
13
13
£
H
H
3
H
H
H

USUM SS8098 8jeIpau|



PCT/US2016/029031

WO 2016/172620

5/19

G Ol

8Ly RN m

M (SLOJAYN

o (SLMAWYN

é..m“.._.._..o% 0Ls~

JSAIS P ETT I B R

805~ g™ 5Tie™ 908~ g™ i
Ve :\ﬁé s\mE ol
005 709 209 i

EVLS

ARR)

VLS



PCT/US2016/029031

WO 2016/172620

6/19

009 \\ﬁ

1VINY04 NAdd 3H

9Ol

4713, b0z VOISTH,

|oquiAs cee |oquiAs |oquiAs |oquiAs

4171-3H 411-9H V-9IS-3H V-9IS-3H
s 9 +97] sl 19+ 87 stly stly

V1vd-3H 4171-3H 41S-3H g-OIS-3H V-9IS-3H mu.__m_w OIS-T 4171 4151
sr wuo % wm_v wmv wm_w wm_w
vivay g9ISTH
IOQUAS BB {e e [0QUAS BIEQ loquifs . loquis
g-O1S-3H g-O1S-3H

il |9 + 87 sl |9 + 87 sy e




PCT/US2016/029031

WO 2016/172620

7719

dV Ul POAISISY

paxa|diynw--ba.

N

£

k]

PaUIQUIOD-IIY

hdad IS
s V-0IS
coe *  ees | PBUIGWOD | pPBUIQ
Z BleQ S\ -Wo9
| Bleq -y
0S. S

L Ol

dV 0} SIS
7~ 1 uekeq
R RE L B Y
: M 1
\VM ssssssss :
0.~ UV1S 40} Nddd NN N
T 9IS
hd see <|mu_w ~ seoe
A 1
Yog N :
0€L~ ZV1S Jol Nadd N 1N
e dyog] 98
: : 1
kw\v | eleq
0z, V1S 40} Nddd NIN 1N

SV1S 0} 4V

\\\H< WwoJ} swely Jobbu |

0LL

VOIS

9IS
1




PCT/US2016/029031

WO 2016/172620

8/19

8 Ol

(Uv1S) Nddd NI TN KD
0v8 : PN
. e SE[
(evisindddnwin .~ LA
0es VIS NG S S
| V1SINada NN _...--
028" sl ALl )i
T A B Bweyebbuy 5
S4IS-NOILYMNA=C HIONIT _.cmmm*"7" » = 5
)~ HLIONIT
4 e B
oz
NOILYdNa




PCT/US2016/029031

WO 2016/172620

9/19

6 Ol

(HLON3T 1) 910 INILXL OIS

Z Uibue ¢ yibue 1 y-9IS
" #
| yibusT
4
g : >l gjo ybusq /
¢ Yibusn
a q
\v y [N v 40 INILXL
gloInIxXL P
0v6 026
9 v
ﬂ ) N
0¢6 dOX1 06
k
(910 3NILXL ‘) wbusT) V0O TNILXL



WO 2016/172620

PCT/US2016/029031

1024
FIG. 10
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2410
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GENERATING A TRIGGER FRAME, THE TRIGGER FRAME INCLUDING A
FIRST CONTENT AND A SECOND CONTENT, WHEREIN THE FIRST
CONTENT IS ASSOCIATED WITH A LEGACY SIGNAL (L-SIG) FIELD OF AN
UPLINK FRAME, AND THE SECOND CONTENT IS ASSOCIATED WITH A
NON-LEGACY SIGNAL FIELD OF THE UPLINK FRAME

PROVIDING THE TRIGGER FRAME FOR TRANSMISSION

RECEIVING THE UPLINK FRAME IN RESPONSE TO THE TRIGGER FRAME,

THE UPLINK FRAME INCLUDING THE L-SIG FIELD AND THE NON-LEGACY

SIGNAL FIELD, WHEREIN A LENGTH IN THE L-SIG FIELD OF THE UPLINK

FRAME IS BASED ON THE TRIGGER FRAME, AND WHEREIN A DURATION

IN THE NON-LEGACY SIGNAL FIELD OF THE UPLINK FRAME IS BASED ON
THE TRIGGER FRAME

PROVIDING THE UPLINK FRAME FOR PROCESSING

FIG. 24A
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RECEIVING A TRIGGER FRAME

GENERATING AN UPLINK FRAME BASED ON THE TRIGGER FRAME,
WHEREIN THE UPLINK FRAME INCLUDES A LEGACY SIGNAL (L-SIG) FIELD
AND A NON-LEGACY SIGNAL FIELD, WHEREIN THE L-SIG FIELD INCLUDES
A LENGTH OF THE UPLINK FRAME, AND WHEREIN NON-LEGACY SIGNAL
FIELD COMPRISES A REMAINING TRANSMISSION OPPORTUNITY (TXOP)
DURATION

PROVIDING THE UPLINK FRAME FOR TRANSMISSION, WHEREIN THE
REMAINING TXOP DURATION IS A TXOP DURATION REMAINING AFTER
TRANSMISSION OF THE UPLINK FRAME

FIG. 24B
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RECEIVING A TRIGGER FRAME

GENERATING AN UPLINK FRAME IN RESPONSE TO THE TRIGGER FRAME,
THE UPLINK FRAME INCLUDING A SIGNAL-A (SIG-A) FIELD, WHEREIN THE
SIG-A FIELD INCLUDES AN INDICATION WHETHER THE UPLINK FRAME
USES AN UPLINK MULTI-USER (UL MU) FRAME FORMAT OR A NON-UL MU
FRAME FORMAT, WHEREIN THE SIG-A FIELD INCLUDES INFORMATION
ASSOCIATED WITH A TRANSMISSION OPPORTUNITY (TXOP) DURATION,
AND WHEREIN THE INFORMATION IS GENERATED BASED ON A
DURATION INDICATED IN THE TRIGGER FRAME

PROVIDING THE UPLINK FRAME FOR TRANSMISSION

FIG. 24C
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