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ABSTRACT

“SYSTEM AND METHOD FOR SYNCHRONIZATION FOR OFDMA
TRANSMISSION"

An apparatus for facilitating wireless communication, the apparatus comprising: one or more
memories; and one or more processors coupled to the one or more memories, the one or more
processors configured to cause: receiving, in a trigger frame transmitted by an access point, an
indication of a first guard interval length, wherein the trigger frame allocates one or more
resources for an uplink (UL) multi-user (MU) transmission and solicits the UL MU
transmission, wherein a value of the first guard interval length is to be used by each of a
plurality of stations, including the apparatus, associated with the UL MU transmission,
generating an uplink frame for the UL MU transmission solicited by the trigger frame, wherei

the uplink frame comprises a payload and a physical layer (PHY) header, and transmitting the
uplink frame using a resource allocated by the trigger frame to the apparatus, wherein at least
a portion of the payload of the uplink frame is associated with the first guard interval length.

Figure 8
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AMENDED CLAIMS

We claim:

1. An apparatus for facilitating wireless communication, the apparatus comprising:
one or more memories; and
one or more processors coupled to the one or more memories, the one or more
processors configured to cause:
receiving, in a trigger frame transmitted by an access point, an indication of a
first guard interval length, wherein the trigger frame allocates one or more resources
for an uplink (UL) multi-user (MU) transmission and solicits the UL MU transmission,
wherein a value of the first guard interval length is to be used by each of a plurality of
stations, including the apparatus, associated with the UL MU transmission,
generating an uplink frame for the UL MU transmission solicited by the trigger
frame, wherein the uplink frame comprises a payload and a physical layer (PHY)
header, and
transmitting the uplink frame using a resource allocated by the trigger frame to
the apparatus,
wherein at least a portion of the payload of the uplink frame is associated with

the first guard interval length.

2. The apparatus as claimed in claim 1, wherein the trigger frame comprises an implicit

indication of when the uplink frame is to be transmitted as part of the UL MU transmission.

3. The apparatus as claimed in claim 1, wherein the one or more processors are configured
to cause transmitting the uplink frame at a predetermined time after receipt of a PHY protocol

data unit (PPDU) that carries the trigger frame.
4. The apparatus as claimed in claim 1, wherein the UL MU transmission comprises an
uplink Orthogonal-Frequency Division Multiple Access (OFDMA) transmission, and wherein

the first guard interval length is for the uplink OFDMA transmission.

5. The apparatus as claimed in claim 1, wherein the PHY header is associated with a

second guard interval length.
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AMENDED CLAIMS

6. The apparatus as claimed in claim 5, wherein the payload is comprised of a first set of
orthogonal frequency-division multiplexing (OFDM) symbols and each OFDM symbol in the
first set of OFDM symbols comprises a guard interval of the first guard interval length.

7. The apparatus as claimed in claim 6, wherein the PHY header is composed of a second
set of OFDM symbols and a third set of OFDM symbols and each OFDM symbol in the second
set of OFDM symbols comprises a guard interval of the second guard interval length and each
OFDM symbol in the third set of OFDM symbols comprises a guard interval of the first guard

interval length.

8. The apparatus as claimed in claim 7, wherein the second set of OFDM symbols
comprises a legacy short training field, a legacy long training field, a legacy signal field, and a
high efficiency signal A field, and wherein the third set of OFDM symbols comprises a high

efficiency long training field.

9. The apparatus as claimed in claim 1, wherein the trigger frame comprises an indication

of the guard interval length.

10. A method for facilitating wireless communications between a wireless device and an
access point, the method comprising:

receiving, by the wireless device in a downlink frame from the access point, an
indication of a first cyclic prefix (CP) length, wherein the downlink frame is for allocating
resources for an uplink (UL) multi-user (MU) transmission and for soliciting the UL MU
transmission, wherein the first CP length is the same length to be used for all of a plurality of
stations addressed by the downlink frame in the UL MU transmission;

generating, by the wireless device, an uplink frame for the UL MU transmission
solicited by the downlink frame, wherein the uplink frame comprises a payload; and

transmitting the uplink frame using a resource allocated by the downlink frame,

wherein at least a portion of the payload of the uplink frame is associated with the first
CP length.

11. The method as claimed in claim 10, wherein the uplink frame comprises a legacy
header, and wherein at least a portion of the legacy header is associated with a second CP
length.
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AMENDED CLAIMS

12. The method as claimed in claim 11, wherein the payload is comprised of a first set of
orthogonal frequency-division multiplexing (OFDM) symbols and each OFDM symbol in the

first set of OFDM symbols comprises a CP of the first CP length, and wherein the legacy header
is composed of a second set of OFDM symbols and each OFDM symbol in the second set of

OFDM symbols comprises a CP of the second CP length.

13.  The method as claimed in claim 10, wherein the UL MU transmission is an Orthogonal
Frequency-Division Multiple Access (OFDMA) transmission.

14. The method as claimed in claim 10, wherein the uplink frame is transmitted at a
predetermined time after a physical layer protocol data unit (PPDU) that carries the downlink

frame.

15. The method as claimed in claim 10, wherein a payload of the downlink frame comprises

the indication of the first CP length.

16. The method as claimed in claim 10, wherein downlink frame comprises an indication

of the first cyclic prefix length.

17. A method of facilitating wireless communication, the method comprising:

determining, by an access point, a first guard interval to be used by a set of stations
participating in a multi-user (MU) uplink (UL) transmission;

creating, by the access point, a trigger frame, wherein the trigger frame comprises
information indicating the first guard interval for the UL MU transmission, wherein the trigger
frame allocates resources for the UL MU transmission and solicits the UL MU transmission;

transmitting, by the access point, the trigger frame to the set of stations; and

processing an uplink frame comprising a plurality of frames from the set of stations
based on the resources for the UL MU transmission, wherein each of the plurality of frames
comprises a respective payload, and wherein at least a portion of the respective payload is

associated with the first guard interval.

18. The method as claimed in claim 17, wherein each of the plurality of frames comprises
a respective non-legacy header, and wherein at least a portion of the respective non-legacy
header is associated with the first guard interval.
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AMENDED CLAIMS

19. The method as claimed in claim 18, wherein for each of the plurality of frames, a second

portion of the respective non-legacy header is associated with a second guard interval.

20. The method as claimed in claim 17, wherein the trigger frame comprises an indication

of when each of the plurality of frames is to be transmitted as part of the UL MU transmission.

21. The method as claimed in claim 17, wherein the UL MU transmission is an Orthogonal

Frequency-Division Multiple Access (OFDMA) transmission.

22. The method as claimed in 17, wherein the trigger frame comprises an indication of the

guard interval length.
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The following specification particularly describes the invention and the manner in which it is to
be performed:



SYSTEM AND METHOD FOR SYNCHRONIZATION FOR OFDMA
TRANSMISSION

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claimghe benefitof priority from U.S. Provisional Application
No. 62/061,503, entitled "SYSTEM AND METHOD FOR SYNCHRONIZATION OF
OFDMA TRANSMISSION," filed October8, 2014, which is incorporated herein by

referencein its entirety.

TECHNICAL FIELD
[0002] The present descriptiorelatesin generalto wirelesscommunicationsystemsand
methods,and more particularly to, for example without limitation, systemsand methods for

synchronization foorthogonalfrequency division multipleccesfOFDMA) transmission.

BACKGROUND

[0003] Wireless local area network (WLAN) devicesare deployed in diverse
environments. These environmerdse generally characterizelly the existence of access
points and non-accespoint stations. Increasednterferencefrom neighboring devices gives
rise to performance degradation. AdditionalllyLAN devicesare increasingly required to
support a variety of applications suesvideo, cloud accessand offloading. In particular,
video traffic is expected tde the dominant type of trafficin many high efficiency WLAN
deployments. Witththe real-time requirements cfomeof theseapplications,WLAN users
demand improved performande delivering their applications, includingmproved power
consumptionfor battery-operated devices.

[0004] The description providedh the backgroundsectionshould not be assumedo be
prior art merely becausé is mentionedin or associatedvith the backgroundsection. The

backgroundsectionmay includeinformation that describesne or more aspects ahe subject

technology.

BRIEF DESCRIPTION OF THE DRAWINGS
[0005] FIG. lillustratesa schematiciagramof anexample of a wireless communication
network. |
[0006] FIG. 2illustratesa schematiciagramof anexample of a wireless communication
device.



[0007] FIG. 3A illustrates a schematic block diagram ah example of a transmitting
signal processoin a wireless communication device.

[0008] FIG. 3B illustrates a schematic block diagramafexample of a receiving signal
processolin a wireless communication device.

[0009] FIG. 4 illustratesanexample of ahigh efficiency frame.

[0010] FIG. 5 illustrates a schematic diagram af example ofan exchange of frames
among wireless communication devides OFDMA transmission.

[0011] = FIG. 6 illustrates a schematic diagram ah example ofan exchange of frames
among wireless communication devides OFDMA transmission.

[0012] FIG. 7 illustrates a schematic diagram ah example ofan exchange of frames
among wireless communication devides OFDMA transmission.

[0013] FIG. 8 illustrates a schematic diagram af example ofan exchange of frames
among wireless communication devices for OFDMA transmission.

[0014] FIGS. 9A through 9C illustrate flow charts of examples of methods for
facilitating wireless communication.

[0015] In oneor more implementations, nall of the depicted components each figure
may be required, and one omore implementations may include additional components not
shownin a figure. Variationsin the arrangemenandtype of the componentsnay be made
without departingfrom the scope of the subject disclosure. Additional components, different

components, or fewer components nisutilized within thescopeof the subject disclosure.

DETAILED DESCRIPTION
[0016] The detailed descriptiorset forth below is intendedas a description of various
implementations ands not intended to represent the only implementatidnswhich the
subject technology maige practiced. As those skilleth the art would realize, the described
implementations maye modified in various differentways, all without departingfrom the
scope of the present disclosure. Accordingly, the drawings and description lzeedgarded
as illustrativein natureandnot restrictive.
[0017] Multi-user (MU) transmission in next-generation WLAN systems include
techniquessuch as downlink/uplink (DL/UL) MU multiple-input/multiple-output (MIMO)
and DL/UL orthogonal frequency division multiple access (OFDMA). During the
standardization activities of the Institute of Electrical and Electronics Engineers ( IEEE)

802.11, Task Group ax, OFDMA technology is introduced to provide a multiple access



scheme to improve network efficiency. OFDM#a technology that allows multiple stations
(STASs) to transmiframessimultaneously using non-overlapping frequency-time resources.
[0018] In OFDMA transmission, if frames transmitteby different stationsare not
synchronizedat a receiverside (e.g., at an accesspoint), thereceivermay have difficulty
correctly decodinghe frames. In one or more aspectsa trigger frame majybe utilized to
facilitate maintaining of synchronizationramong the participating stationsfor MU
simultaneous transmissian OFDMA.

[0019] In one or more aspectsa trigger frame maybe a frame senby an access point
(AP) that seekglata,control, or managementrame response(sjrom stations that participate
in a subsequent uplingJL) MU frame. The triggerframe maybe utilized to initiate the MU
simultaneous transmissioim OFDMA. By way of non-limiting example, a trigger frame
may include someor all of the following features:(a) a list of STAs thatan AP seeksa
responsdrom; (b) resource allocation informaticior eachSTA (e.g.,a sub-bandassigned to
each STA); and/or (c) attributes of the expectetdL MU frame, such as the duration,
bandwidth, etc., among otherfeatures. The term "resource" may refer to, for example,
bandwidth, time/duration thathe STAs expect to occupy a transmissionedium, and/or
possibly a number ddpatialstreams thathe STAsmay use. In oneor more aspects, a trigger
frame may include information for aguard interval (Gl) duration and/or the fast Fourier
transform(FFT) sizeto be usedfor at leastsomesymbolsof an UL frame.

[0020] In one or more aspects, a data transmission procedure using a trigger frame may
beprovidedasfollows. An AP sendsa triggerframeto participating STAs, where the trigger
frame includes resource allocatiorinformation for the participating STAs. Each of the
participating STAsmay send its respective UL frame in its assigned resourcet a
predetermined timefter receiving the triggeiframe. Each of the participating STAs may
monitor frames transmitted by the ABuch as beaconframes,and compensate frequency
offset beforethe participating STA transmitsts respectiveUL frame. For example, the
participating STAsmay perform frequency/time offset compensation by aligning their
respective clock to a clock associated witie AP. The alignment of the clocksnay also
allow for time synchronization betweehe participating STAsaandthe AP. Accordingly, the
trigger frame for the AP may facilitate time/frequency synchronization, whidah turn may
facilitate synchronizatiofior OFDMA transmission.

[0021] In one or more implementationsin addition to time/frequency synchronization,
each participating STA maybe configured touse the sameorthogonal frequency division

multiplexing (OFDM) symbol duratiorasthe other participating STAs to further facilitate



synchronization of the OFDMA transmission. The configuring of the participating STAs
may be basedon information (e.g., from the AP) indicative of guard interval durations tme
utilized by the participating STAs. The OFDM symbol duration of the participating STAs
may be referredto asbeing aligned when the OFDM symbol duraticmthe sameamong the
participating STAs. Conversely, if the STAs have different OFDM symbol duratfoms

one another(e.g.,the OFDM symbol durationgre not aligned between the various STAS), a
receiver of the OFDM symbolée.g.,the AP) may have greater difficulty correctly decoding
the frames receivedrom the STAs.

[0022] In one or more aspect$p maintainthe sameOFDM symbol duration among the
participating STASs, thésl periods, associated with the OFDM symbols of the participating
STAs, are aligned. In one or more aspects, mechanisms are provided to enable
participating STAs taisethe sameGI duration (or thesameOFDM symbol duration).

[0023] In one or more implementations, a methasl provided for aligning the OFDM
symbol durations from multiple STAs basedon setting a guard interval utilizedby the
participating STAs. The aligning of the OFDM symbol durations allows synchronization of
OFDM symbol boundaries when the multiple STAs transmit frames simultaneosistyas

for OFDMA transmission. In some aspects, the aligning of the OFDM symbol durations of
multiple STAs maybe referred toasaligning the OFDM symbol boundaries of the multiple
STAs, synchronizing the OFDM symbols of the multiple STAs, or synchronizing the OFDM
symbol boundaries of the multiple STAs.

[0024] In one or more implementations, the method may include receiving at a first
station a firstframe (e.g., a downlink frame), where the first frame includes informatioron
resource allocation that the firstation is scheduled to transmit a fram@.g., an uplink
frame). The method may furtheinclude sending,by the first station,a second framée.g.,an
uplink frame), wherehe guard interval of each OFDM symbol of a portidge.g., a payload
portion) of the second framia the sameas that of a portior{e.g.,the payload portion) of the
first frame.

[0025] In one aspect, each ahe first and second frames includes a respective first part
anda respectivesecondpart. A guard interval duration associated with the second part of the
second framanay be basedon information (e.g.,a value) containedn the first frame thais
indicative of the guard interval duration.

[0026] In some aspects, the first part of the first fraime@ssociated with a first FF$ize,
andthe secondart of the first frameis associatedvith a second FFTBize different from the

first FFT size. In some aspectghe first part of thesecondframe is associated with a third



FFT size, and the second part of the second framassociated with a fourth FFT size
different from the third FFT size. In one aspect, the third FFT s&zthe same as the first
FFT size. In one aspect, the fourth FFT siz¢he same as the second FFT size.

[0027] FIG. lillustrates a schematic diagram of an example of a wireless communication
network 100. In the wireless communication network00, such as a wireless local area
network (WLAN), a basic service set (BSS) includes a plurality of wireless communication
devices (e.g., WLAN devices). In one aspect, a BSS refers to a set of STAs that can
communicate in synchronization, rather than a concept indicating a particular ateahe
example, the wireless communication netwdrR0 includes wireless communication devices
111-115, which maybe referred to as stations (STASs).

[0028] Each of the wireless communication devices1-115 may include a media access
control (MAC) layer and a physical (PHY) layer according do IEEE 802.11 standard. In

the example, at least one wireless communication device (e.g., deviheisldin access point
(AP). An AP may be referred to as an AP STA or an AP device. The other wireless
communication devices (e.g., deviced421115) may be non-AP STAs. Alternatively,all of

the wireless communication devices 11115 may be non-AP STA$n an Ad-hoc networking
environment.

[0029] An AP STA and a non-AP STA may be collectively called STAs. However, for
simplicity of description,in some aspects, only a non-AP STA may be referred to as a STA.
An AP may be, for example, a centralized controller, 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 thdike. An non-AP STA (e.g., a client device operable by a user) may be,
for example, a device with wireless communication capability, a terminal, a wireless
transmit/receive unit (WTRU), a user equipment (UE), a mobile station (MS), a mobile
terminal, a mobile subscriber unit, a laptop, a non-mobile computing device (e.g., a desktop
computer with wireless communication capability) or the like.one or more aspects, a non-
AP STA may act aanAP (e.g., a wireless hotspot).

[0030] In one aspect, an ARs a functional entity for providing access to a distribution
system, by way of a wireless medium, for an associated STA. For exarapl&P may
provide access to the internet for one or more STAs that are wirelessly and communicatively
connected to the AP.n FIG. 1, wireless communications between non-AP STAs are made
by way of an AP. However, when a direct link established between non-AP STAs, the

STAs can communicate directly with each other (without using an AP).



[0031] In one or more implementations, OFDMA-bas@&®2.11 technologiesare utilized,
andfor the sakeof brevity, a STA refergdo a non-APHE STA, andan AP refersto aHE AP.

In one or moreaspectsa STAmay actasan AP.

[0032] FIG. 2 illustrates a schematic diagram afexample of a wireless communication
device. The wireless communication devi2z@0 includes a baseband proces&di0, a radio
frequency(RF) transceiver220, an antenna uni230, a memory240, an input interface unit
250, an output interface uni260, and a bus270, or subsets and variations thereof. The
wireless communication devic00 can be, or can be a partof, any of the wireless
communication devices 111 15.

[0033] In the example, the baseband proceszbd performs baseband signal processing,
andincludes a medium access control (MAC) processpt anda PHY processoRl15. The
memory 240may storesoftware (such as MAC software) including laastsome functions of
the MAC layer. The memory may further staaia operating systenandapplications.

[0034] In the illustration, the MAC processarl 1 includes a MAC software processing
unit 212 anda MAC hardware processing urttl3. The MAC software processing unzl2
executes the MAC software to implement some functions of the M&yer, andthe MAC
hardware processing unitl3 may implement remaining functions of the MAC layas
hardware (MAC hardware). However, the MAC procesgal may vary in functionality
dependingon implementation. The PHY processa@is includes a transmittingTX) signal
processing uni280 anda receiving(RX) signal processing unit 290. The term Tikay refer
to transmitting, transmit, transmitted, transmitter or tilee. The term RX may refer to
receiving, receive, received, receiver or the.

[0035] The PHY processor15 interfacesto the MAC processor2 11 through, among
others, transmit vector (TXVECTORandreceive vector (RXVECTOR) parametersn one
or more aspects, the MAC processotl generatesand provides TXVECTOR parameters to
the PHY processoR15to supply per-packet transmit parameteta.oneor more aspects, the
PHY processor215 generates and provides RXVECTOR parameterthe MAC processor
211toinform the MAC processoe 11 of the received packet parameters.

[0036] In some aspects, the wireless communication devR@0 includes a read-only
memory (ROM)(not shown) or registergnot shown) that store instructions thate needed
by one or more of the MAC processarii, the PHY processor215 and/or other components
of the wireless communication devi@@0.

[0037] In one or more implementations, the wireless communication degid@includes

a permanenstoragedevice (not shown) configuredsa read-and-write memory devic& he



permanent storage device mag a non-volatile memory unit thastoresinstructions even
when the wireless communication devi2z@0 is off. The ROM, registerandthe permanent
storage device mabe part of the baseband processtitO or be a part of the memoryp40.
Each of the ROMthe permanent storagaevice,andthe memory240 may be anexample of
a memoryor a computer-readablmedium. A memorymay be one or morememories.

[0038] The memory 240may be a read-and-write memory, a read-only memory, a
volatile memory, a non-volatile memorypr a combination olsomeor all of the foregoing.
The memory 240 may store instructions thatone or more of the MAC processor 11, the
PHY processoR15, and/or another componentay needat runtime.

[0039] The RF transceiver220 includesan RF transmitter221 and an RF receiver222.
The input interfaceunit 250 receivednformation from a user,and the output interface unit
260 outputs information tdhe user. The antenna un#30 includesone or more antennas.
When multi-input multi-output (MIMO) or multi-user MIMO (MU-MIMO) is used, the
antenna uni230 may includemore thanoneantenna.

[0040] The bus 270 collectively representsll system,peripheral,and chipset buses that
communicatively connect the numeroimgernal components othe wireless communication
device 200. In one or more implementationsthe bus 270 communicatively connects the
baseband processd10 with the memory240. From the memory 240, the baseband
processor210 may retrieve instructions to execuded datato processn order to execute the
processes ofhe subject disclosure. The baseband processorcahbe a single processor,
multiple processors, or a multi-core processordifferent implementations. The baseband
processoR10, the memory240, the input interfaceunit 250, andthe outputinterfaceunit 260
may communicate witteachother viathe bus270.

[0041] The bus270 alsoconnectso the input interfaceunit 250 andthe outputinterface
unit 260. The input interfaceunit 250 enables a user to communicate informatard select
commandgo the wireless communication devi@90. Input devices that maye usedwith
the input interface unit 250 may include any acoustic,speech,visual, touch, tactile and/or
sensoryinput device, e.g., a keyboard, a pointinglevice, a microphone, or a touchscreen.
The outputinterface unit 260 may enable, for example, thedisplay or output ofvideos,
images, audio, and data generatedby the wireless communication devicg00. Output
devices thamay be usedwith the output interface un260 may includeany visual, auditory,
tactile, and/or sensory outpdevice,e.g., printersanddisplay devicer any other device for
outputting information. One or more implementationanay include devices thatunction as

both inputand output devicessuchasa touchscreen.



[0042] One or more implementations can be realized part or in whole using a
computer-readable mediumIn one aspect, a computer-readable medium includes one or
more media. In one or more aspects, a computer-readable medsimtangible computer-
readable medium, a computer-readable storage medium, a non-transitory computer-readable
medium, a machine-readable medium, a memory, or some combination of the foregoing (e.g.,
a tangible computer-readable storage medium, or a non-transitory machine-readable storage
medium). In one aspect, a computes a machine. In one aspect, a computer-implemented
methodis a machine-implemented method.

[0043] A computer-readable medium may include storage integrated into a processor
and/or storage external to a processor. A computer-readable medium may be a valatile,
volatile, solid state,optical, magnetic, and/or other suitable storage device, e.g., RAM, ROM,
PROM, EPROM, é&flash, registers, a hard disk, a removable memory, or a remote storage
device.

[0044] In one aspect, a computer-readable medium comprises instructions stored therein.
In one aspect, a computer-readable mediismencoded with instructions. In one aspect,
instructions are executable by one or more processors (e.g.,2210212, 213, 215, 280,

290) to perform one or more operations or a method. Instructions may include, for example,
programs, routines, subroutines, data, data structures, objects, sequences, commands,
operations, modules, applications, and/or functions. Those skillte art would recognize

how to implement the instructions.

[0045] A processor (e.g., 21®@ 11, 212, 213,215, 280, 290) may be coupled to one or
more memories (e.ggne or more external memories suesthe 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 nb@direct or indirect. In one aspect, a
processor includes oner more processors. A processor, including a processing circuitry
capable of executing instructions, may read, write, or access a computer-readable medium. A
processor maybe, for example, an application specific integrated circuit (ASIC), a digital
signal processofDSP),or a field programmable gate array (FPGA).

[0046] In one aspect, a processor (e.g10, 211, 212,213, 215, 280, 290)is configured

to cause one or more operations of the subject disclosure to ottwume aspect, a processor

is configured to causen apparatus (e.g., a wireless communication device 200) to perform
operations or a method of the subject disclosurén one or more implementations, a

processor configuration involves having a processor coupled to one or more memories. A



memory maybe internal or external to the processor. Instructionzay be in a form of
software, hardware or a combination thereof Software instructions (includhite) may be
storedin a memory. Hardware instructions mhgpart of the hardware circuitry components
of a processor.Whenthe instructionsare executedor processedy one or more processors,
(e.g., 210, 211, 212, 213,215, 280,290), the one or more processors causene or more
operations of thesubject disclosure to occur or cause an apparatus(e.g., a wireless
communication devic200)to perform operationsr a method of the subject disclosure.
[0047] FIG. 3A illustratesa schematicblock diagram ofan example of a transmitting
signal processing uni280 in a wireless communication device. The transmittisignal
processing uniR80 of the PHY processor215 includesan encoder281, aninterleaver282, a
mapper283, aninverse Fourier transformgtFT) 284, and aguardinterval (Gl) inserter285.
[0048] The encoder281 encodesinput data. For example,the encoder81 may be a
forward error correction (FEC) encoder. THeEC encoder may include a binary
convolutional codgBCC) encoder followed by a puncturing device, or may include a low-
density parity-checKLDPC) encoder. The interleaver282 interleaves théits of eachstream
output from the encodef81 to change the order dfits. In oneaspect, interleaving malye
applied only wherBCC encodingis employed. The mapper283 mapsthe sequence obits
outputfrom the interleave82 into constellationpoints.

[0049] WhenMIMO or MU-MIMO is employed, the transmittingignal processing unit
280 mayuse multiple instances of the interleav2B82 and multiple instances of the mapper
283 corresponding to the number epatial streams(Nss). In the example, the transmitting
signal processing uni80 may further include astreamparser for dividing outputs of the
BCC encoders or th& DPC encoderinto blocks thatare sentto different interleaver282 or
mappers283. The transmitting signal processing uni280 may furtherinclude a space-time
block code (STBC) encoder for spreading the constellapiomts from the number ofpatial
streamsinto a number of space-time streamsst(s) and a spatial mapperfor mapping the
space-time streams to transnshains. The spatial mappermay use direct mappingspatial
expansion,or beamforming dependingn implementation. When MU-MIMO is employed,
oneor more of theblocksbefore reaching thepatialmapper maye provided for each user.
[0050] The IFT 284 converts a block of the constellation points outfnam the mapper
283 or the spatial mapperinto a time domain blockle.g., a symbol) by using an inverse
discrete Fourier transform (IDFTQr an inverse fast Fourier transforiFFT). If the STBC
encoder and thepatialmapper are employed, tHET 284 may be providedfor each transmit

chain.
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[0051] When MIMO or MU-MIMO is employed,the transmitting signal processingunit
280 may insert cyclic shift diversitie€CSDs)to prevent unintentional beamformingThe
CSD insertion may occubeforeor after the inverse Fourier transform operation. @D
may be specified per transmitchain or may be specified per space-timestream.
Alternatively, theCSD maybeappliedasa part ofthe spatialmapper.

[0052] The GI inserter 285 prepends aGl to the symbol. The transmitting signal
processing uni280 may optionallyperformwindowing to smoothedgesof each symboéfter
inserting the GI. The RF transmitter 221 converts the symbolsnto an RF signal and
transmits theRF signal via the antenna uni30. WhenMIMO or MU-MIMO is employed,
the Gl inserter285 andthe RF transmitter221 may be provided foreachtransmitchain.

[0053] FIG. 3B illustratesa schematic blockliagramof anexample of a receivingignal
processing uni90 in a wireless communicatiodevice. The receivingsignal processing
unit 290 of thePHY processor215 includes aGl remover291, a Fourier transformefFT)
292, a demappeRr93, a deinterleavelP94, anda decodef95.

[0054] The RF receiver222 receivesan RF signalvia the antenna unit 23@&nd converts
the RF signalinto one or more symbols. In someaspectsthe Gl remover291 removesthe
Gl from the symbol. When MIMO or MU-MIMO is employed,the RF receiver222 andthe
Gl remover291 may be providedfor eachreceivechain.

[0055] The FT 292 converts thesymbol (e.g., the time domainblock) into a block ofthe
constellationpoints by using adiscreteFourier transform(DFT) or a fast Fourier transform
(FFT) dependingon implementation. In one or more implementations,the FT 292 is
provided foreachreceivechain.

[0056] WhenMIMO or MU-MIMO is employed the receivingsignal processingunit 290
may be a spatial demapperfor converting the Fourier transformed receiver chatos
constellation points of the space-timestreams,and a STBC decoder (not shown¥or
despreadinghe constellation pointérom the space-time streanisto the spatialstreams.
[0057] The demapper93 demapsghe constellationpoints output from the FT292 or the
STBC decoder to the bistreams. If the LDPC encodingis used,the demapper293 may
further perform LDPC tone demappingbefore the constellation demapping. The
deinterleaver294 deinterleaveshe bitsof eachstreamoutputfrom the demappe93. In one
or more implementations, deinterleaving miagrappliedonly whenBCC encodingis used.
[0058] WhenMIMO or MU-MIMO is employed the receivingsignalprocessing uni290
may use multiple instanceson the demapper293 and multiple instancesof the deinterleaver

294 corresponding tthe number of spatialstreams. In the example,the receiving signal
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processing unit 290 may further includesaeamdeparser for combining the streams output
from the deinterleaver294.

[0059] The decodeR95 decodes the streams outgtdm the deinterleaver 294 and/dre
stream deparser. For example, the decdt# may be anFEC decoder. Thé&EC decoder
may include a BCC decoder anLDPC decoder.

[0060] FIG. 4 illustratesanexample of a high efficiencyHE) frame 400. The HE frame
400 is a physical layer convergence procedure (PLCP) protocol data unit (or PRiDtdat.
An HE frame may be referretb asan OFDMA frame, a PPDU,an OFDMA PPDU, an MU
PPDU, another similar term, or vice versa&An HE frame maybe simply referred toasa
frame for convenience.

[0061] An AP may transmit a frame for downlink (DL) using a frame format shdwn
this figure or a variation thereof. A STA may transmit a frame for uplink (UL) using a frame
format shownin this figure or a variation thereofe.g., without any or some portions @
HE header414). In one or more aspects, the frames shawr| GS. 5 through 8 may utilize

a frame format showin FIG. 4 or a variation thereof.

[0062] Referring toFIG. 4, the HE frame 400 contains a header 4l a payload430.
The header 410 includes a legacy header 412 comprised of a legacy short trainin@_-field
STF), a legacy long trainindield (L-LTF), anda legacy signal (L-SIG) field. These legacy
fields contain symbolbasedon anearly design ofin IEEE 802.11 specification. Presence of
these symbols would make any new design compatible with the legacy desigpsoducts.
[0063] In one or more implementations, the legacy STF, LBHRd SIG symbols are
modulated/carried with FF§ize of 64 on a20 MHz sub-channebndareduplicated everp0
MHz if the frame has a channel bandwidth wider ti2lMHz. Therefore, the legacfield
(i.e.,the STF, LTF, andSIG fields) occupies the entire channel bandwidth of the frarfike
L-STF field maybe utilized for packet detection, automatic gain control (AG@hd coarse
frequency-offset correction. The L-LTF fielchay be utilized for channel estimation, fine
frequency-offset correctiormndsymbol timing.

[0064] The header 410 may includen HE header 414 comprised ah HE-SIG-A field
andanHE-SIG-B field. These fields contain symbols that carry control information rieat

be vital regarding each PLCP service data unit (PSDU) and regarding the radio frequency
(RE), PHY, and MAC properties of a PPDU. Several sub-fields rhayocated eitherin the
HE-SIG-A and/or HE-SIG-B fields. In one aspect, the HE-SIG-A field carbe
carried/modulated usingn FFT size of 64 for 20 MHz channel bandwidth. The HE-SIG-B

field can be carried/modulated using an FFT size of e.§4 or 256 depending on
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implementation. The HE-SIG-Aand HE-SIG-B fields may occupy the entire channel
bandwidth of theframe. In some aspects, theize of the HE-SIG-B fieldis variable. In other
words, the number of symbols containéd the HE-SIG-B field can vary from frame to
frame. For example, the number of symboishe HE-SIG-B field may be one symbol, two
symbols, zero symbols, among other possibilitie this regard, a HE-SIG-B fields not
always presentn all frames. To facilitate decoding of the HE frame 4Qfy a receiver, the
size (e.g., number of symbols) containeid the HE-SIG-B field may be indicateth the HE-
SIG-A field.

[0065] For a20 MHz channel,an FFT size of 64 is associated with a discrete Fourier
transform (DFT) period 0f3.2 us and a subcarrier spacing d12.5 kHz. For a20 MHz
channel, an FFTsize of 256 is associated with a DFT period df2.8 us and a subcarrier
spacing of78.125 kHz. The DFT period may also be referréd as an inverse DFT period
(IDFT) or an IDFT/DFT period. The DFT period may be denotad T,y The subcarrier
spacing may be referred #sa subcarrier frequency spacing and nimdenotedasAg. The
subcarrier spacing may be obtainbg dividing the channel bandwidtby the FFTsize. The
DFT periodis the reciprocal of the subcarrier spacing.

[0066] The HE header 414 may further include HE-STF and HE-LTF fields, which
contain symbols usetb perform necessariRF and PHY processing for each PSDU and/or
for the whole PPDU. The HE-LTF symbols may be modulated/carried with F$iZe of 256
per 20 MHz channel bandwidth and modulated over the entire bandwidth of the frame. Thus,
the HE-LTF field may occupy the entire channel bandwidth of the frame. The HE-STF
symbols may have a fixed patteand a fixed duration. For example, the HE-STF symbols
may have a predetermined repeating pattein. one aspect,the HE-STF symbolsdo not
require FFT processing.

[0067] In one example, the legacy STF, LTF, as#iG symbols and the HE-SIG-A and
HE-SIG-B symbolsare modulated/carried with FFEBize of 64 ona 20 MHz channel(e.g.,
using a DFT period 08.2 us and a subcarrier spacing &12.5kHz), whereas the HE-LTF
symbols are modulated/carried with FBize of 256 ona 20 MHz channel (e.g., using a DFT
period of 12.8 us and a subcarrier spacing af8.125kHz). In such implementations, a first
part 420 of theHE frame 400 mayinclude the legacy STF, LTRand SIG symbols and the
HE-SIG-A and HE-SIG-B symbols. A second pa#?22 of the HE frame 400 may include
HE-LTF symbols. The HE-STF symbols mdye a known predetermined pattern that does
not require FFT processing. Thus, the HE-STF symbols may be considered sdéparstiee
first part 420 and the second part 422 of tHe frame 400. In one aspect, the payload 430
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(containing data)s modulated/carried with FFT size @66 (e.g.,using a DFT period ofl.2.8

ps and a subcarrier spacing 048.125 kHz), and the payload 430 may be includédthe
second par#22 of the HE frame400.

[0068] In oneor more aspects, the first part 420 of thiE frame 400 is associated with a
first FFT size,andthe second pad22 of the HE frame 400 is associated with a second FFT
sizethat is greater(or larger)than the first FFTsize. In one or more aspects, the first part 420
of the HE frame 400 is associated with a first subcarrier spacifegg., 312.5kHz), and the
second paré22 of the HE frame400 is associated with a second subcarrier spadieg.,
78.125kHz) thatis lessthan the first subcarriespacing. In one aspect, a subcarrier spacing
is a spacing between tones (or between subcarridrsbne or more aspects, the boundary of
a first partand a secondpart of an HE frame 400 can be placed at a location other than the
location shownin FIG. 4. For example, the second part may start at the beginning of the
payload 430. In one aspect, a first part odn HE frame 400 always includes at least the
legacy headefi.e.,the L-STF, L-LTF, and L-SIGsymbols).

[0069] In one or more aspects,additional one or more of the HE-STF and/or HE-LTF
fields maybe includedin the headed10. For examplean additional HE-STF field and/or an
additional HE-LTF field maybe included between the HE-SIG-A field and the HE-SIG-B
field. The additional HE-STFand HE-LTF fields maybe, for example, modulated/carried
with FFT size of64 ona20 MHz channeland may be includedaspart of the first paré20 of
the HE frame 400. In one or more implementations, a TX signal processing 28@ (or an
IFT 284) illustratedin FIG. 3A may carry out the modulation describédthis paragraph as
well as the modulations describedn other paragraphs above. In one or more
implementations, an RX signal processing unit290 (or an FT 292) may perform
demodulationfor a receiver.

[0070] The horizontal dimensioin FIG. 4 represents the time dimension or number of
OFDM symbols. Each of the fieldée.g., L-LTF, HE-SIG-B, etc.) of the HE frame 400
includes one omore guardintervalsand one or more OFDM symbols. The guard interval
may be utilized to facilitate compensation of multi-path effectshich may cause inter-
symbol interferencéISI). In oneor more implementations, a guard intervala cyclic prefix
(CP), and a guard interval duratiois a CP length. A guard interval associated with the first
part 420 of the HE frame may be predetermintece, and setto, for example,0.8 ps. In one
aspect, a guard intervébr each of a legacy OFDMymbolin the legacy headein the first

part 420is setto, for example,0.8 ys. Each guard interval majge associated with a symbol
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and may be presentbetweensymbols (or betweenconsecutivesymbols). In someaspects,
eachOFDM symbolis precededy a guardinterval.

[0071] In one aspect,multiple guard intervals may be representedas one long guard
interval, and such long guard interval mayprecedethe OFDM symbols associated with the
multiple guard intervals. For example, aguard interval of 1.6 ps (representing two guard
intervals, each being 0.8 ps) may be prepended to two consecutive OFDM symbols
associateavith the two guardintervals.

[0072] In one or more implementations of a transmitter, & inserter285 illustrated in
FIG. 3A may prepend guardinterval toan OFDM symbol. For a receiver, &l remover
291 of FIG. 3B mayremovethe prependedjuardinterval. As usedherein,theterm"OFDM
symbol duration” or "symbol duration'may refer to asum of a duration of aguardinterval
and a duration ofan OFDM symbol associatedwith the guard interval, rather than the
duration ofthe OFDM symbolitself, e.g.,without the duration ofthe guardinterval.

[0073] In someaspectsa guardinterval durationutilized in the first part 420 of the HE
frame 400 is predeterminedor all UL and DL transmissions associated wi@FDMA. In
some aspects,nformation regarding theguard interval duration (e.g., a value ofthe guard
interval duration) utilizedfor the secondpart 422 of the HE frame 400 maybe storedin an
HE-SIG-A field of the HE frame 400. The inclusion of the guard interval duration may
facilitate decoding othe HE frame 400 by a receiver ofthe HE frame 400 by allowing the
receiverto determine boundaries between adjacent syminolee secondpart 422 of the HE
frame420 basedon the guardintervalduration. For example, a receiver of tHéE frame400
may decodethe first part420 of the HE frame 400 basedon the predeterminedyuardinterval
duration to obtain thénformation indicative ofthe guardinterval duration utilizedfor the
secondpart 422 of the HE frame 400. With the information, the receivermay decodethe
second par#i22 of the HE frame400.

[0074] FIG. 5 illustratesa schematidiagramof an example ofan exchange of frames
among wireless communication devices OFDMA transmission. One or more aspects of
aligning GI duration ofall participatingstationsof OFDMA transmissiorareillustrated. The
horizontal dimensionn FIG. 5 represents the time dimensionnumber of OFDMsymbols.
The wireless communication devicésclude an AP, a participating station STAland a
participating statiorSTA2. Although FIG. 5 illustratesan exchange of framebetweenan
AP andtwo stations participatingh OFDMA transmissionthe exchange oframesmay be
between the ARnd one participating statior{e.g.,the non-OFDMAcase)or betweerthe AP

andmorethan two participatingtations.
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[0075] In FIG. 5, the AP sends a downlink fram&l0 to the participating stations (e.g.,
STA1l and STA2) during a time period Tl. The downlirfkame 510 is utilized to initiate
OFDMA transmission. For example, the downlink frafb&0 may be a trigger frame. The
downlink frame 510 may provide, for example, a transmission opportunity to the
participating stationand may indicate resource allocation information for the participating
stations pertaining to OFDMA transmission. For example, the resource allocation
information may include a sub-band assigriec respective one of the participating stations
as well as scheduling information regarding when a respective one o f the participating
stations may transmit usinigs assigned sub-band. Farstance,when thereare four STAS,
andthe uplink channel bandwidtls, for example,80 MHz, then the AP may assign a sub-
band of the uplinkchannelbandwidth(e.g., a portion of80 MHz) to each respective STéo
that each STA ha#ts assigned sub-bandThe downlink frame 510 may also include other
information, suchtasFFT/IFFT period information.

[0076] The downlink frameb10 includes a first parb20 anda second par522. In one or
more implementationsthe first part 520 andthe second par522 of the downlink frame510
may be (or may include, or may be a part of) the first part420 and the second part 422,
respectively, of the framd00 described with reference t©lG. 4. The downlink frame510
may include an HE-STF field thais in between the first paf20 andthe second pars22 of

the downlink frame510. Each guard intervalGl) of the first part520 of the downlink frame
510 may be set at a predetermined guard interval duration Gil. The guard interval duration
Gil may be predetermined fomll DL and/or UL transmissions. For example, the guard
interval duration Gil may be setto 0.8 us regardless of using a short guard interval for the
second part522. The AP may utilize aguard interval durationGI2 for the rest of the
downlink frame510. The rest of the downlink fram&10 may include, for example, the HE-
STFfield and thesecondpart 522 of the downlink frame510.

[0077] For example, a guard interval 521a having therdinterval duration Gil may be
prepended to a symbd21b of the first part520 of the downlink frame510. A symbol
duration maybe the sum of the duration of the guard intervalk5 1 and the duration of the
symbol 521b. For brevity, additionguardintervals and their associated symbols present
the first part520 are not shown.

[0078] Guard interval523aand 524a, eachhaving theguardinterval durationGl2, may

be prepended to their respective symbdg3b and 524bof the second parb22 of the
downlink frame510. Additional guard intervals and symbols thate presentin the second

part 522 are not shown for brevity. Informatioron the guardinterval durationGI2 (e.g., a
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value representing GI2) maye storedin the first part520 of the downlink frame510, such as
in an HE-SIG-A field, and maybe utilized by a receiver of the downlink framB10 to
determine, e.g., for decoding purposes, that the secondsparof the downlink frame510
utilizes guard intervals of the guard interval duratiGi?.

[0079] When the participating stations receive the downlink fraBié transmittedby the
AP, the participating stationsnay decode the downlink framé&10 and identify that the
participating stationsare supposed to transmit their respective framesthe AP after a
specified time periode.g., T2) after the participating stations received the frabi®. From
the perspective of the AP, the predetermined tipegiod T2 may be from the end of the
transmission ofhe frame 510 (e.g.,the end of the timegeriod Tl). After the predetermined
time periodT2, the participating stationsendtheir respective uplink frameS30 and 550 to
the AP during a time period 3 in response to the downlink fram&l0. The time periodT2
may be around @s to around60 us for example. In some aspects, the time perid@ may be
a short interface spad&IFS). In FIG. 5, the uplink frames$30and550 have a time duration
equal to the time period3. In other words,in one aspect,every UL OFDMA patrticipating
STA has thesameframelength. In somecasespne orboth of the uplink frames530and 550
may be of a time duratiofessthan or greater than the time perid®. The uplink frame530
may include a different number of symbadliom the uplink frame550. In one aspectan
uplink frame may include additional guard intervals and symbols beyond those shdhis
figure (e.g.,additionalguardintervals and symbols after the symt&@4b).

[0080] Whenthe participating stations transmit theplink frames530 and 550 as part of
OFDMA transmission, the participating stationsse the predetermined guard interval
duration Gil for the first part$40 and 560 of their respective frame830 and 550 and use
the same guard interval duratiddl2, which is usedin the second par622 of the downlink
frame 510, for the second part§42 and 562 of their respective uplink frameS30 and 550.
The uplink frames$30and 550 may include a respective HE-STF field thatin betweenthe
first parts 540 and 560 and the secondparts 542 and 562 of the respective uplink frames
frame 530 and 550. In one aspectthe HE-STF field doesnot utilize any guard interval.As
the guard interval duratiol2 is includedin the downlink frame510 for decoding purposes,
no additional overheads usedin the downlink frame510 to indicate the guard interval
duration tobe usedby the participating stationén the secondparts 542 and 562 of their
respective uplink frame530 and 550.

[0081] In one or more implementations, the AP msstthe guard interval duration based

on a communication environment. The communication environment utiliaethe AP to
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determine the guard interval durati@2 may include multi-path delay profile of a received
signal, different propagation delay to and from multiple different statiqesy., the
participating stations), accuracy of timing alignment capabilities of the participating stations,
andsoon. For example, the participating stations may reside at different distances from the
AP and/or in different environments (e.g., altitudes, atmosphere, density of buildings,
temperature, etc.) such that propagation deakgifferent among the participating stations.
The received signal may besignalreceived at the stations, such as when the stations receive
a signal transmitted to the statiobgthe AP. The received signal mée a signal receivedt

the AP, suchaswhen the AP receives a signal transmitted to thebdRhe stations.In some
cases, the guard interval durati@i2 is the sameasthe guard interval duration Gil.ln other
cases, the guard interval durati@i2 is different from the guard interval duration Gil.

[0082] In some aspectsthe AP sets the guard interval duration Gl better
accommodate the different propagation delays associated with the different stations. The AP
may set the guard interval duratiaa a longer duration allowedby the IEEE802.11 protocol

to better accommodate the different propagation delays. For example, the AP mihne set
guard interval duratiorGI2 to a longest guard interval duration allowég the IEEE802.11
protocol (e.g.,.3.2 us). The use of a longer guard interval may allow the participating stations
to synchronize the symbol duration, and the frames sent from the participating stedions
avoid inter-symbol interferences caused, for example, by the propagation delay differences
among participatingstations.

[0083] In one or more implementations, the guard interval duration Gil utilibgdhe

first part (e.g.,520, 540,and 560) of the downlink frame510 and the uplink frame$30 and

550 are predetermined (e.g., predetermined before the AP beginsreate/prepare the
downlink frame 510) such that APsand STAs participating in UL and DL OFDMA
transmission throughout a netwokk.g., an IEEE 802.1lax-complant network) utilize the
guard interval duration Gil for the first parts of their respectiframes. A guard interval
duration tobe utilized for the guardinterval durationGl2 may be adaptively determineky

an AP. For example, the AP may adjust the guard interval duraditthbasedon changesin

the communication environment. The definition of the guard interval duratiome tsedin

the uplink frames (e.g.530 and 550) of the participating stations allow synchronization of
OFDM symbol boundaries of the uplink frames, since the OFDM symbol durations contained
in the uplink framesare the samefor each participating station. Although the number of

symbols containedin the uplink frames (e.g., the number of symbadfs the frame 530
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compared to the number of symbatsthe frame550) may bedifferent, the respective OFDM
symbol durations remain theamefor the uplink frames.

[0084] In one or more aspects, the respective symbol duratiortheafiplink framesare
the same,andthe respectivesymbolboundariesarealigned. For example, a symbol duration
541cis the sameas a symbol duration of561c. A symbol duration543c is the sameasa
symbol duration 563c. A symbol duration 544c is the sameas a symbol duration564c.
Furthermore, a symbol boundabgld is aligned with asymbolboundary of66ld. A symbol
boundary543dis aligned with asymbolboundary563d. A symbolboundary544dis aligned
with a symbolboundary564d.

[0085] In one or more implementations, the first pafe.g., 540 or 560) and the second
part (e.g., 542 or 562) of an uplink frame (e.g., 530 or 560) may be (or may include,or may
be a part of) the first part 420 and the second pa#22, respectively, of the frame 400
described with referend® FIG. 4.

[0086] FIG. 6 illustrates a schematic diagram af example ofan exchange offrames
among wireless communication devicew OFDMA transmission. The description from
FIG. 5 generally applies t&1G. 6, with examples of differences betwe&hG. 5 andFIG. 6
and other descriptions providdgereinfor purposes of clarityand simplicity.

[0087] In FIG. 6, the APsendsa downlink frame610to the participating stations during
a time period Tl. The downlink frame 610 includes a first par620 that utilizes aguard
interval duration Gil anda secondpart 622 that utilizes aguardinterval duration GI2. The
downlink frame610 mayincludeanHE-STF field thatis in between the first pa20 andthe
second part622 of the downlink frame 610. The guardinterval duration Gil may be
predetermined whereas tlgriard interval duration GI2 may be basedon a communication
environment. Informatior{e.g.,a value) indicative of thguardinterval durationGIl2 may be
storedin the first part620 of the downlink frame510, suchasin an HE-SIG-A field, and may
be utilized by a receiver of the downlink framé10to determine that the second p&@&2 of
the downlinkframe 610 utilizes guardintervals of the guardnterval durationGI2.

[o088] Whenthe participating stations receive the downlifitame 610transmittedby the
AP, the participating stationsnay decode the downlinkframe 610 and identify that the
participating stationsre instructedto transmit their respective frames to the AP aftefa
time period after receiving the downlink fram@&l0. The participating stationsuse the
predetermined guard interval duration (fibr the first parts 640 and 660 of their respective
uplink frames 630 and 650. The participating stations use another predetermined guard

interval durationGIO for the rest of their respective uplink framés.g.,the second part642
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and 662) when the participating stations transmit the respective uplink frames (e.g., 630 and
650) as part of OFDMA communication. The guard interval duratiadsiO may be
predetermined foJL OFDMA transmission throughout a netwo(k.g., an IEEE 802.1lax-
compliant network). As the guard interval duratiano is predetermined for UL OFDMA
transmission throughout the network, the guard interval duradiah need not be explicitly
indicated (e.g., signaledp the participating stations. Utilization of the predetermined guard
interval durationGlo may reduce overhead for the OFDMA transmission, such as overhead
of the downlink frame610. The uplink frames630 and 650 may include a respective HE-
STFfield that is in betweenthe first parts 640and 660 and the second par42 and 662 of

the respective uplink frames fran80 and 650.

[0089] In some aspects, to better accommodate the different propagation delays that may
possibly be associated with the different stations, the guard interval du@tibmay be set

to a longer guard interval duration. For example, the guard interval dur&@ionmay be
predeterminedto be setto the longest guard interval defined by tHeEE 802.11 protocol.

The use of a longer guard interval may allow the participating stationsynchronize the
symbol duration,andthe framessentfrom the participating stations can avoid inter-symbol
interferences caused, for examphgy; the propagation delay differences among participating
stations.

[0090] Utilizing of predetermined guard interval duratioms the first part and second
part of the uplink frames(e.g., 630 and 650) of the participating stations facilitate
synchronization of OFDM symbol boundaries of the uplink framsisice the respective
OFDM symbol durations containeih the uplink framesare the samefor the participating
stations. Although the number of symbols contairiedhe uplink frames may be different,
the respective OFDM symbol durations remain faeneand aligned for the uplink frames.
[0091] FIG. 7 illustrates a schematic diagram af example of an exchange of frames
among wireless communication devices for OFDMA transmission. The descrifrioon
FIG. 5 generally applies t&1G. 7, with examples of differences betwe&hG. 5 andFIG. 7
andother descriptions provided herein for purposes of claaitdsimplicity.

[0092] In FIG. 7, during a time periodr o that occurs before the AP initiates OFDMA
transmissionfrom multiple participating stations, the AP sends a downlink frame 770 that
includes information associated with OFDMA transmission, such @saadinterval duration
GI3, to be used forUL OFDMA transmission. In one aspect, a payload of the downlink
frame 770 includes information regardirg3 (e.g., information or a value that cabe used

to identify GI3). In oneaspect, the downlink framé70 may be referred tasa management
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frame. The downlink frame770 may be, may include, or maybe a partof, a beacon frame
that periodically broadcasts the guard interval durati@Gi3, among other information
associated with the OFDMA transmission. The downlink frafi® may be, may include, or
may be a partof, a response frame sent to a station when the station requests to associate with
a network associated with the AP and/or requests for capabilities/services of the network.
The network may utilize different types of management frarfezg., beacon frame, probe
response frame, association response fraete)). For example, a beacon frame mag
transmitted by the AP to participating stationson a periodic basis whereas a probe or
association response frame magsentin responsdo inquiries and/or requesfsom stations.
[0093] The downlink frame770 includes a first part780 and a second pari82. The
downlink frame770 may includeanHE-STF field thatis in between the first parf80 andthe
second parf782 of the downlink frame770. A guard interval duration Gil of the first part
780 of the downlink frame770 is setat a predetermined duratiorgnd a guard interval
duration Gl4 of the second par82 of the downlink frame770 can be setat another value
(e.g.,basedon communication environment)in some cases, the guard interval durati®i

is the sameasthe guard interval duration Gil Ln other cases, the guard interval duratiGi4

is different from the guard interval duration Gil. In one or more implementations, the
downlink frame 770 is, includes, oris a part of, a probe response frame, an association
response frame, or a beacon frame of the |IEBE.11 protocol.

[0094] To initiate the OFDMA transmissionthe AP sends a downlink fram&10to the
participating stations. The downlink fran¥l0 may be a trigger frame. The downlink frame
710 includes a first par720that utilizes a guard interval duration Gdnda second par?22
that utilizes a guard interval duratiddl2. The downlink frame 710 may includen HE-STF
field that is in betweenthe first part 720 and the second pai®22 of the downlink frame710.
The guard interval duration Gil malye predetermined whereas the guard interval duration
GI2 may be basedon a communication environment. Information regarding the guard
interval durationGI2 (e.g., a value indicative d&12) may be storedn the first part720 of the
downlink frame710, suchasin an HE-SIG-A field, and may be utilized by a receiver othe
downlink frame 710 to determine,.g.,for decoding purposes, thttie second par722 of the
downlink frame710 utilizes guard intervals of the guard interval duratiGi?.

[0095] When the participating stations receive the downlink frard® from the AP, the
participating stations may decode the downlifikme 710 and identify that the participating
stations are supposed transmit their uplink frame§30 and 750 after aT2 time period after

receiving the downlink frame&10. The participating stationsisethe predetermined guard
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interval duration Gil for the first partg40 and 760 of their respective uplink frames 73hd
750. The participating stationssethe guard interval duratios13 indicatedby the downlink
frame 770 forUL OFDMA transmission for the second part of their respective uplink frames
730 and 750 (e.g.,the remaining part§42 and 762) when the participating stations transmit
the uplink framesas part of OFDMA transmission. The uplink framé&0 and 750 may
include a respective HE-STF field that in between the first parts 740 antb0 and the
second part§42 and 762 of the respective uplink frames franT80 and 750.

[0096] The IEEE 802.11 protocol guard interval durationmclude, for example,0.4 ps,
0.8 us, 1.6 s, and 3.2 us. In some aspects, the AP sets the guard interval duragtihto
better accommodate the different propagation delays associated with the different sthtions.
one example,GI3 is different from Gil or Gl4. In one exampleGI3 is different from GI2.

In another exampleGI3 is the same a&l2. In another exampleGlI3 is the sameasGl4. In
one or more implementations, the guard interval durat@®i3 is setto a duration thatis
longer than any of the guard interval duration G{l12, or Gl4. For example, sinc&l3 is
utilized by different STAs simultaneouslyGI3 may be set to the longest guard interval
defined by the IEEE802.11 protocol (e.g., 3.2 us) to better accommodate the different
propagation delays associated with the different STAs.

[0097] Utilization of predetermined Gilin the first parts (e.g.740and 760) of the uplink
frames(e.g., 730 and 750) of the participating statioasd utilization of GI3 in the second
parts(e.g., 742 and 762) facilitate synchronization of OFDM symbol boundaries of the uplink
frames,since the respective OFDM symbol durations contaiirethe uplink framesare the
same for the participating stations. Although the number of symbols contairtbe uplink
frames may be different, the respective OFDM symbol durations remain the aszhadigned
for the uplink frames.

[0098] FIG. 8 illustrates a schematic diagram af example ofan exchange of frames
among wireless communication devickr OFDMA transmission. The descriptiofrom
FIG. 5 generally applieso FIG. 8, with examples of differences betwe&hG. 5andFIG. 8
andother descriptions provided herein for purposes of claaitd simplicity.

[0099] In FIG. 8, the AP sends a downlink fram@&l0to the participating stations of the
OFDMA transmission(e.g., STAL1 and STA2) during a time period Tl. The downlink frame
810 is utilized to initiate OFDMA transmission. The downlink fran810 may be a trigger
frame. The downlink frame810 includes a first part820 that utilizes a guard interval
duration Gil and a second paB22that utilizes a guard interval duratid®l2. The downlink

frame 810 may includean HE-STF field thatis in between the first par820 andthe second
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part 822 of the downlink frame810. The guard interval duration Gil may be predetermined
whereas the guardhterval duration GI2 may be basedon a communication environment.
Information regarding the guard interval duratiGi? (e.g., a value representing GI2) mhg
storedin the first part820 of the downlink frame810, suchasin an HE-SIG-Afield, and may
be utilized by a receiver of the downlink framg10to determineg.g.,for decoding purposes,
that the second pam22 of the downlink frame810 utilizes guard intervals of the guard
interval durationGIl2. The downlink frame810 may also include informatioron a guard
interval durationGI3 (e.g., information or a value thatan identify GI3) to be utilized by the
participating stations.In one aspect, the informatioln the guard interval duratioGI3 may
be providedin a payloadin the second pa®22 of the downlink frame810.

[0100] When the participating stations receive the downlink fra8d@ transmittedby the
AP, the participating stations may decotlee downlink frame 810 and identify that the
participating stationsre supposedo transmit their own respective uplink fran830 and 850
after aT2 time period after receiving the downlink fran810. The participating stations may
also identify the guard interval duratid®I3 to be utilized in the second part842 and 862 of
the respective uplink frame830 and 850. The participating stations use the predetermined
guard interval duration Gil for the firgbarts 840 and 860 of their respective uplink frames
830 and 850. The participating stationssethe guard interval duratio®I3 indicatedby the
downlink frame 810 for UL OFDMA transmission for the second part of their respective
uplink frames 830 and 850 (e.g., the remaining part842 and 862) when the participating
stations transmit the uplink frame as part of OFDMA transmission. The uplink fra88es
and 850 may include a respective HE-STF field thatin between the firsparts840 and 860
andthe second part842 and 862 of the respective uplink frames fran®&30 and 850.

[0101] In some aspects, the AP sethe guard interval durationGI3 to better
accommodate the different propagation delays associatedthdttifferent stations. In one
example,GI3 is different from Gil or GI2. In another exampleGI3 is the sameasGI2. In
one or more implementations, thguard interval durationGI3 is set to a duration thats
longer than any of thguardinterval duration Gil orGl2. For examplesinceGI3 is utilized

by different STAs simultaneouslyG13 may be setto the longest guard interval defindxy the
IEEE 802.11 protocol (e.g., 3.2 ps) to better accommodate the different propagation delays
associated with the different STAs.

[0102] Utilization of predetermined Gilin the first parts (e.g.840 and 860) of the
uplink frames(e.g., 830 and 850) of the participating stationand utilization of GI3 in the

second parts (e.g842 and 862) facilitate synchronization of OFDM symbol boundaries of
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the uplink frames, since the respecti@DM symbol durations containeéh the uplink
framesarethe same for the participatirgfations. Although the number of symbols contained
in the uplink framesmay be different, the respective OFDM symbol durations remain the
sameandaligned for the uplinkrames.

[0103] In one or more aspectsmethodsand systems allow aligning of symbol durations
of multiple participating stationdor UL OFDMA transmissionby setting guard interval
durationsto be utilized by the participatingstations. The methodsand systems may facilitate
maintaining the same respectiv@FDM symbol durationsand symbol synchronization(or
alignment) across MU simultaneous transmisdigrthe participatingstations. Suchaligning
and synchronizing may facilitate decrease of receiver complexgityl increase of overall
network efficiencyfor simultaneous transmissiaspart of OFDMA transmission.

[0104] Like reference numerals may designalike elements. For example, same
reference numerals GilGI2, GI3, TI, T2, and T3 are usedn various figuresfor simplicity
and convenience. These componentsth the same reference numerals haveertain
characteristics thaare the same,but as different figures illustrate different examplethe
samereference numeral does not indicate that a component witlsaheereference numeral
has the exacsamecharacteristics. While the samereference numeralare usedfor certain
components, examples of differenceith respect to a componerare described throughout
this disclosure.

[0105] FIGS. 9A through 9C illustrate flow charts of examples of methodor
facilitating wireless communication. For explanat@agd illustration purposesthe example
processe®00, 920 and 930 may be performedby the wireless communication devicés1-1
115 of FIG. 1 andtheir componentssuch as a baseband process@io, a MAC processor
211, a MAC software processing unitl2, a MAC hardware processing unl3, a PHY
processor215, a transmittingsignal processingunit 280 and/or a receivingignal processing
unit 290; however, the example processed0, 920 and 930 are not limited to the wireless
communication devices 11115 of FIG. 1 or their componentsand the example processes
900, 920 and 930 may be performedy some of the devices showrin FIG. 1, or other
devices or components. Furthfar explanatoryand illustration purposesthe blocks of the
example processes00, 920 and 930 are described hereimsoccurringin serial or linearly.
However, multiple blocks of the example proces86¢, 920 and 930 may occur in parallel.

In addition, the blocks of the example procesS868, 920 and 930 neednot be performedin
the order shown and/ane or more of the blocks/actions of the example proce¥3 920

and930need notbe performed.
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[0106] Various examples of aspects e disclosure aralescribed belowasclausesfor
convenience. Thesare providedasexamplesanddo not limit the subject technology. As
anexample,some ofthe clauses describeldelowareillustratedin FIGS. 9A through9C.

[0107] ClauseA. An apparatusfor facilitating wireless communication, the apparatus
comprising:one or more memories;and one or more processors coupled to thene or more
memories,the one or more processors configuretb cause:determining asecondcyclic
prefix lengthbased on dirst framereceived; generating secondirame that comprises a first
set ofsymbolsand asecondset of symbols,the first set of symbols being associatedgth a
first cyclic prefix length, the secondset of symbolsbeing associated with the cyclic prefix
length; andproviding thesecondframefor transmission.

[0108] ClauseB. An apparatus for facilitating wireless communication, the apparatus
comprising:one or more memoriesand one or more processors couplet the one or more
memoariesthe oneor moreprocessors configuret cause:determining a cyclic prefixength
for an uplink multi-user transmissiomasedon a first frame receivedrom an accesoint,
wherein the firstframe includes resourceallocation information for the uplink multi-user
transmissionand the cyclic prefixlength; generating a seconfilame usingthe cyclic prefix
length for the uplink multi-user transmissionand transmitting thesecondframe using the
resource allocatioinformation.

[0109] Clause C. A computer-implemented method of facilitating wireless
communication,the method comprising: generating a firsframe that comprises g@ayload,
the payload comprisinginformation indicative of a cyclic prefixlength for a plurality of

stations;andproviding the first frame fortransmission directetb the plurality ofstations.

[0110] In oneor moreaspectsadditionalclausesare described below.
[0117] A method comprisingoneor more methods or operations describeedrein.
[0112] An apparatus comprisingne or more memories(e.g., 240, one or more internal,

external or remote memoriesy oneor moreregistersyandone or more processorge.g., 210)
coupled tothe one or more memories,the one or more processors configured causethe
apparatus to performaneor more methodsor operations describelderein.

[0113] An apparatus comprising meais.g., 210) adaptedfor performing one or more
methods or operations describleerein.

[0114] A computer-readable storageedium(e.g., 240, one or more internal, externalor
remote memories, or one or more registers) comprising instructionstored therein, the
instructions comprising codér performing one or more methodsor operationsdescribed

herein.
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[0115] In oneaspect, a method maye anoperation,aninstruction,or a functionandvice
versa. In one aspect, a clause maye amendedo include some oall of the words (e.g.,
instructions, operations, functionsf componentsyecitedin other one or more clauses,one
or more sentencespneor more phrasespneor more paragraphs, and/anmeor moreclaims.
[0116] To illustrate the interchangeability of hardwaamd software, items such as the
various illustrative blocks, modules, components, methods, operationsstructions, and
algorithms havebeen described generallyn terms of their functionality. Whether such
functionality is implementedashardwareor software dependaponthe particular application
and design constraintsmposedon the overall system. Skilled artisans may implement the
described functionalityn varying waysfor eachparticular application.

[0117] A reference tan elementin the singulaiis not intended to mean orendonly one
unless specificallyso stated,but ratherone or more. For example, "a" modulenay refer to
oneor more modules.An element proceedeby "a," "an," "the," or "said" doesnot, without
further constraints, preclude the existence of additional same elements.

[0118] Headingsand subheadings, if anyare usedfor convenience onljanddo not limit
the invention. The word exemplaryis usedto meanservingasanexample orillustration. To
the extent that the ternmclude, have,or the like is used,such termis intendedto be inclusive

in a manner similarto the term compriseas compriseis interpretedwhen employedas a
transitional wordin a claim. Relational termssuchasfirst and secondnd the like may be
used to distinguish one entity or action from another without necessarily requiringr
implying any actualsuchrelationshipor orderbetweensuch entitiesor actions.

[0119] Phrasessuchasan aspect, theaspect,another aspectsomeaspects,one or more
aspects, an implementation, the implementation, another implementation, some
implementations,one or more implementations,an embodiment, the embodiment, another
embodiment, some embodimentgine or more embodiments, a configuration, the
configuration, another configuration, some configuratioose or more configurations, the
subject technology, the disclosure, the present disclosure, other variations thedeaike
are for convenienceand do not imply that a disclosure relatintp suchphrase(s)is essential
to the subject technologypr that such disclosure applies tall configurations otthe subject
technology. A disclosure relating suchphrase(s)nay apply toall configurations,or oneor
more configurations. A disclosure relating such phrase(s) may providene or more
examples. A phrassuchasanaspector someaspects may refdo oneor more aspectsand

vice versa,andthis applies similarly to other foregoing phrases.
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[0120] A phrase "at least one of preceding a seriegarhs, with the terms "and" or "or"

to separate any of thitems, modifies thelist asa whole, rather than each member of the
list. The phrase "at least one of does not require selection of at dewsitem; rather, the
phrase allows a meaning that includes at lesstof any one of the items, and/or at least one
of any combination ofhe items,and/or atleastone of each of theitems. By way of example,
each of the phrases "#astone ofA, B, andC" or "at leastone of A,B, or C" refers to only
A, only B, or only C; any combination ofA, B, and C; and/or at leasbne of eachof A, B,
andC.

[0121] It is understood that the specific order or hierarchy of steps, operations, or
processes disclosets an illustration of exemplary approaches. Unless explicitly stated
otherwise, it is understood that the specific order or hierarchy of steps, operations, or
processes mape performedin different order. Some of theteps,operations, or processes
may be performed simultaneously. The accompanying method claims, if any, present
elements of the variousteps,operations or processés a sample orderand are not meanto

be limited to the specific order or hierarchy presented. These may be performedrial,
linearly, in parallel orin different order. It should be understood that the described
instructions, operationsand systems can generallpe integrated togetherin a single
software/hardware product or packagetb multiple software/hardware products.

[0122] The disclosureis provided to enable any person skilleth the artto practice the
various aspects described hereim some instances, well-known structurasd components
are shown in block diagramform in orderto avoid obscuring the concepts tife subject
technology. The disclosure provides various examples of the subject technandyhe
subject technologyis not limited to these examples. Various modificatiohs these aspects
will bereadily apparento those skilledin the art, and theprinciples described herein mée
applied to other aspects.

[0123] All structural and functional equivalents tdhe elements of the various aspects
described throughouthe disclosure thatare known or later come to be known to those of
ordinary skill in the artare expressly incorporated hereby referenceandare intended tabe
encompassedby the claims. Moreover, nothing disclosed herarintendedto be dedicated

to the public regardless of whether such disclosigrexplicitly recited in the claims. No
claim elementis to be construed under the provisions 38 U.S.C. g1 12, sixth paragraph,
unless the element expressly recited using a phrase meansocigrin the case of a method

claim, the elemenis recited using the phrassepfor.
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[0124] The title, background, brief description of the drawings, abstract, and drawings are
hereby incorporatednto the disclosureand are provided as illustrative examples of the
disclosure, nofas restrictive descriptions. It is submitted with the understanding that they
will not be used tolimit the scope or meaning of thgaims. In addition, in the detailed
description,it canbe seenthat the description provides illustrative exampbaslthe various
features are grouped togethiarvarious implementations for the purpose of streamlining the
disclosure. The method of disclosurgnot to be interpreted as reflecting an intention that
the claimed subject matter requiresore features tharare expressly recitedn eachclaim.
Rather, as the following claimflect, inventive subject mattdies in lessthanall features of

a single disclosed configuration or operation. The following claims are hereby incorporated
into the detailed description, witkeachclaim standingon its own as a separately claimed
subject matter.

[0125] The claimsare not intendedto be limited to the aspects described herein, laue

to be accorded thdull scope consistent with the language claiamlto encompasall legal
equivalents. Notwithstanding, none of the claiare intendedto embrace subject matter that
fails to satisfy the requirements of the applicable patemt, nor should they be interpretend

sucha way.
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