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(57) Abstract: Methods, computer readable media, and wireless apparatuses are disclosed for reporting channel availability. An ap-
paratus of a wireless device is disclosed. The apparatus comprising processing circuitry configured to: encode a trigger frame for
polling channel availability to a plurality of stations, configure the wireless device to transmit the trigger frame, and decode one or
more responses of channel availability from one or more stations of the plurality of stations in accordance with the trigger frame for
polling channel availability, where the one or more indications are received in accordance with orthogonal frequency division mul -
tiple-access (OFDMA).
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CHANNEL AVAILABILITY REPORTS

(v

PRICGRITY CLAIM

{8601} This application claims the benefit of priority to U.S. Provisional
Patent Application Serial No. 62/267,037, filed December 14, 2015, which is

10 mcorporated herein by reference in its entiroty.

TECHNICAL FIELD

15 [0002] Embodiments pertain to wireless networks and wircless
communications. Some embodiments relate to wireless local area networks
{WLANs) and Wi-Fi networks including networks operating in accordance with
the IEEE 802.11 family of standards. Some embodiments relate to IEEE
802 11ax. Some embodiments relate to methods, computer readable media, and

20 apparaius for trigger frames, channel availability reports, and transmitting and

receiving trigger frames and channel availability reports.

BACKGROUND

{0603} Efficient use of the rescurces of a wireless local-area network
{WELAN) is tmportant to provide bandwidth and acceptable respouse times to the
users of the WLAN, However, often there are many devices trving to share the
same resources and some devices may be himited by the communication protocol
30 thev sse or by their hardware bandwidth. Moreover, wireless devices may need

to operate with both newer protocols and with fegacy device protocols.
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BRIEF DESCRIPTION OF THE DRAWINGS

0004] The present disclosure is tustrated by way of example and not
himtation m the figures of the accompanving drawings, in which like references

indicate similar elements and 1in which:

{0005] FIG. 1 illustrates a WLAN in accordance with some
embodiments;
LB FIG. 2 illustrates a method for channel availability reports in

accordance with some embodiments;

{0067} FIG. 3 illustrates a trigger frame in accordance with some
embodiments;

{0008} FI1G. 4 illustrates channels in accordance with some
embodiments;

[B009] FIGS. 5 and 6 dlustrate type of availability repotts in accordance
with some embodiments;

6010} FIG. 7 illustrates an embodiment of the channel report in
accordance with some embodiments;

{0011} FIG. § llustrates a method for reporting channel availability in
accordance with some embodiments;

{06612} FI1G. 9 llustrates a method for reporting channel availability in
accordance with some embodiments; and

06613} FIG. 10 sflustrates a block diagram of an example machine upon
which any one or more of the technigaes {e.g., methodologies} discussed herein

may perform.

DESCRIPTION

014} The following description and the drawings sutficiently illustrate
specific embodiments to enable those skilled in the ant to practice them. Other
embodiments may mcorporate structural, logical, electrical, process, and other

changes. Portions and features of some embodiments may be included in, or
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substituted for, those of other embodiments. Embodiments set forth i the claims
encompass all available equivalents of those claims.

[6615] FIG. 1 illustrates a WLAN 100 in accordance with some
embodiments. The WLAN may comprise a basis service set (B85} 100 that may
mehude a master station 102, which may be an AP, a plurality of high-efficiency
{HE) {c.g., IEEE 802.11ax} stations 104, and a phurality of legacy (e.g.. IEEE
802 11n/ac) devices 106,

[B016] The master station 102 may be an AP using one of the IEEE
802.11 protocols to transmit and receive. The master station 102 may be a base
station. The master station 102 may use other communications protocols as well
as the TEEE 802.11 protocol. The IEEE 802.11 protocol may be IEEE 802.11ax.
The IEEE 802.11 protocol may include using orthogonal frequency division
multiple-access {OFDMA), time division multiple access (TDMA), and/or code
division multiple access (CDMA)}. The IEEE 802,11 protocol may include a
multiple access techmque. For example, the IEEE 802.11 protocol may include
space-division multiple access (SDMA} and/or multiple-user multiple-mput
multiplc-output (MU-MIMO). The master station 102 and/or HE station 104
may use one or both of MU-MIMO and OFDMA. There may be more than one
master station 102 that 15 part of an extended service set (E8S). A controller (not
tHustrated} may store information that is common to the more than one master
station 102. The controller may have access to an external network such as the
Toternet.

{0017} The legacy devices 106 may operate in accordance with one or
more of IEEE 802.11 a/b/g/n/ac/ad/al/alv/a), or ancther legacy wirgless
communication standard. The legacy devices 106 may be §TAs or [EEE 802,11
STAs. The HE stations 104 may be wireless transmit and receive devices such
as cellular telephone, smart telephone, handheld wireless device, wireless
glasses, wireless watch, wireless personal device, tablet, or another device that
may be transmitting and receiving using the TEEE 802.11 protocol such as IEEE
302.11ax or ancther wireless protocol such as IEEE 802 11az. In some
embodiments, the HE stations 104, master station 102, and/or legacy devices 106

may be termed wircless devices. In some embodiments the HE station 104 may

|3



WO 2017/105546 PCT/US2016/039774

10

20

30

be a “group owner” {GO) for peer-to-peer modes of operation where the HE
station 104 may perform some operations of a master station 102,

{0018] The master station 102 may communicate with fegacy devices
106 1n accordance with legacy IEEE 80211 communication techniques. In
example embodiments, the master station 102 may also be configured to
communicate with HE stations 104 in accordance with legacy IEEE 80211
communication techniques.

06019} In some embodiments, a HE frame may be configurable to have
the same bandwidth as a channel. The bandwidth of a channel may be 20MHz,
40MHz, or 80MHz, 160MHz, 320MHz contiguous bandwidths or an 80+80MHz
{(160MHz) non-contiguous bandwidth. In some embodiments, the bandwidth of
a channel may be 1 MHz, 1 25MHz, 2 03MHz, 2. SMHz, 5MHz and 10MHz ora
combination thereof or another bandwidth that is less or equal to the available
bandwidth may also be used. In some embodiments the bandwidth of the
channels may be based on a number of active subcarriers. In some embodiments
the bandwidth of the channels are multiples of 26 {e.g., 26, 52, 104, etc ) active
subcarriers or tones that are spaced bv 20 MHz. In some embodiments the
bandwidth of the channels are 26, 52, 104, 242, ete. active data subcarners or
tones that are space 20 MHz apart. In some embodiments the bandwidth of the
channels is 256 tones spaced by 20 MHz. In some embodiments a 20 MHz
channel may comprise 256 tones for a 256 pomt Fast Fourier Transform (FFT).
In some embodiments, a different number of tones 1s used.

{0028} A HE frame may be configured for transmitting a number of
spatial streams, which may be in accordance with MU-MIMO. In some
embodiments, a HE frame may be configured for transmitting in accordance
with one or both of OFDMA and MU-MIMO. In other embodiments, the master
station 102, HE station 104, and/or legacy device 106 may also immplement
different technologics such as code division multiple access (CDMA) 2000,
CDMA 2000 1X, COMA 2000 Evolution-Data Optimized (EV-DO), Internim
Standard 2000 (IS-2000), Interim Standard 95 (18-95), Internnim Standard 856 (I5-
8563}, Long Term Evolation (LTE), Global System for Mobile communications

{GSM), Enhanced Data rates for GSM Evolution (EBGE), GSM EBGE
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(GERAN), IEEE 802.16 (1.¢., Worldwide Interoperability for Microwave Access
{(WiMAZX), BlueTooth®, WiMAX, Wilaig, or other technologies.
{0021} Some embodiments relate to HE communications. In accordance
with some IEEE 802.11ax embodiments, a master station 102 may operate as a
5 master station which may be arranged to contend for a wireless medium {¢.g.,

dunng a contention period) to receive exclusive control of the medium for an HE
control period. In some embodiments, the HE control period may be termed a
transmission opportumity {TXOP}. The master station 102 may transmit a HE
master-sync transmission, which may be a trigger frame or HE control and

10 schedule transmission, at the beginning of the HE control period. The master
station 102 may transmit a time duration of the TXOP and channel information.
Buring the HE control period, HE stations 104 may commumicate with the
master station 102 in accordance with a non-contention based multiple access
technique such as OFDMA and/or MU-MIMO. This is unlike conventional

15 WLAN communications in which devices communicate in accordance with a
contention-based communication technique, rather than a multiple access
cchoique. During the HE control period, the master station 102 may
communicate with HE stations 104 using one or more HE frames. During the
HE control period, the HE STAs 104 may operate on a channel smaller than the

20 operating range of the master station 102, During the HE control period, legacy
stations refrain from communicating.
060221 In accordance with some embodiments, during the master-syne
transmission the HE STAs 104 may contend for the wireless medium with the
legacy devices 106 being excluded from contending for the wireless medium

25 durmg the master-sync transmission or TXOP. In some embodiments the ingger
frame may mdicate an uplink (UL} UL-MU-MIMO and/or UL OFDMA control
period. In some embodiments, the trigger frame may indicate a portions of the
TXGP that are contention based for some HE station 104 and portions that are
not contention based.

30 [p623) In some embodiments, the multiple-access technigque used during
the HE control period may be a scheduied OFDMA technique, although this is
not a requirement. {n some embodiments, the multiple access technigue may be

a time-division multiple access {TBMA) technique or a frequency division
5



WO 2017/105546 PCT/US2016/039774

multiple access (FDMA) technique. In some embodiments, the multiple access
technigue may be a space-division multiple access (SDMA ) technique.
[0024] In example embodiments, the HE device 104 and/or the master
station 102 are configured to perform the methods and operations herein
5 described in comjunction with FIGS. 1-10.
{0625} FIG. 2 llustrates a method for channe! availability reports in
accordance with some embodiments. Hlustrated in FIG. 2 is time 202 along a
horizontal axis, frequency 204 along a vertical axis on the right hand side,
transmitter 204, and operations 250 along the top. The AP 208 may be a master
10 station 102 or HE station 104 The STAs 206 may be HE stations 104,
0626} The method 200 is divided mto two phases phase 1 260 and phase
2 262. In phase I 260, the AP 208 determines channel availability for §TAs 206
based on availability reports 213, and in phase 2 262 the AP 208 determines a
resource allocations 215 based on the availability reports 213, FIG. 3-7 will be
I5  described o conjunction with FIG. 2.
{027} The method 200 begins at operation 252 with the AP 208
transmitting trigger frame 300, which may be a trigger frame for channel
availability reports 300, An example trigger frame 300 18 lustrated in FIG. 3.
The trigger frame 300 may be transmitted in a primary channel 20 MHz 402, In
20 some embodiments, the trigger frame 300 may be broadcast in the second
channel 160 MHz 410. In some embodiments, the trigger frame 300 may be
repeated on one or more of the 20 MHz channels 412, The STAs 206 may be
configured to determine which channels to CCA sense and report on (e.g.,
avatlability reports 212} based on the channels the trigger frame 300 is
25 transmitted on.
{6028} FIG. 3 lustrates a trigger frame 300 m accordance with some
embodiments. The trigger frame 300 includes ficlds before common information
302, conumon information 304, per user mformation 306.1 through per user
mformation 306N, and ficlds afier per user information 308, The fields before
30 common mformation 302 may include additional fields, e.g. frame control,
duration, receiver address (RA), and transmitter address {TA). The fields after
per user mtormation 308 may include additional fields, e.g., padding and frame

check sequence (FCS). The common information 304 may melude zero or more
)
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of response type 310, channel check tvpe 312, channels to report on 314, and
report type 316, and additional fields that are common to the users indicated in
per user mtormation 306, ¢.g., length, cascade indication, carrier sense (CS)
required, HE signal A mformation, cvclic prefix (CP) and long training field
(L'TE) type, and trigger type {e.g., trigger frame for channel availability).
[0029] Response type 310 may be an indication whether the STA 206
should respond when the STA 206 15 to transmit an avadability report 213 on a
particular RU. For example, if a STA 206 is to transmit an availability report
213 on a 2 MHz channel in the primary channel 302, then response type 310
may indicate that the STA 206 should transmit the availability report 213 based
on zero or more of a NAVY, an OBSS NAVY, a regular NAVY, and a CCA
determination. For example, response type 310 may indicate that the STA 206
should transmit if an OBSS NAVY is set and if a regular NAVY is set, but not if a
CCA determunation indicates the channel is busv. o some embodiments, the
response type 310 may be an indication that the 8TA 206 should respond if the
NAV is set by a PPDU that is determined as Inter-BSS, or if the PPDU cannot
be deternuned as Intra-BSS or fnter-BSS.

0634} As another example, response tvpe 3 10 may mdicate that the STA
206 should respond even if a NAV is set and the CCA determination indicates
the channel is busy. In another example, response type 310 may indicate that the
STA 206 should transmit ifa NAV is set, but CCA determunation indicates the
channel 1s not busy.

{6031} In some embodiments, the STA 206 may be configured to
respond in accordance with one of the options above without response type 310
being signaled n the trigger frame 300, In some embodiments, the trigger frame
300 does not include response type 310, In some embodiments, the response
type 310 may be indicated in an information element (IE) either with or before
the trigger frame 300.

066321 Channed check type 312 (e.g., to perform carrier sense, CS) may
mclade an indication of a clear channel asscssment (CCA) to use, ¢.g, energy
detect (ED), nmud packet detect for legacy signals with symbol doration 3.2 us,
mid packet detect for HE physical (PHY) laver convergence procedure (PLCP)

protocol data unit (PPDU) with 4 times symbol duration 12.8 us, etc. In some
7
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embodiment channel check type 312 may not be mdicated and may default to a
particular way to check the chaanel, ¢ g, ED. Channel check tvpe 312 may
mdicate whether a STA 206 should consider a channel busy based on a network
availabiiity vector (NAV) and/or a CCA. For example, the channel check type

5 312 may indicate to indicate that a channel 1s busy based only on the CCA or
both on the NAV and the CCA. In some embodiments, channel check type 312
indicates whether the 8TA 206 should sense the channel before or after reception
of the trigger frame 300,
[6033] In some embodiments, the STA 206 may be configured to

10 respond m accordance with one of the options above without channel check type
312 being signaled 1n the trigger frame 300, In some embodiments, the tngger
frame 300 does not include channel check type 312, In some embodiments, the
channel check type 312 may be indicated in an information element (IE) either
with or before the trigger frame 300.

15 [0034] Channels to report 314 may mdicate one or more channcls for the
STA 206 to report. FIG. 4 iHustrates channels 400 m accordance with some
embodiments. Ulustrated in FIG. 4 is primary chanoel 20 MHz 402, sccondary
channel 20 MHz 404, secondary channel 40 MHz 406, second channel 80 MHz
408, secondary channel 160 MHz 410, and 20 MHz channels 412.1 through

20 412.8. Channcis to report 314 may indicate one or more of the channels 460
illustrates i FIG. 4. In some embodiments, the channels 400 may occupy a
different portion of the wireless spectrum. For example, there may be 16 20
MHz channels. In some embodiments, the channels 400 may be a different
bandwidth. For example. some channels 400 mayv be less than 20 MHz n size or

25 greater than 20 MHz i size. In some embodiments, the channels may be
defined by the number tones or sub-carmers for data which may be, in an
example embodiment, 26, 52, 102, 242, and/or 996,

[0035] In some embodiments, the 8TA 2068 may be configured to
respond in accordance with one of the options above without channels to report

30 314 being signaled in the trigger frame 300. In some embodiments, the trigger
frame 300 does not include chanuels to report 314, In some embodiments, the
channels to report 314 may be indicated in an mformation element (1E) erther

with or before the trigger frame 300, In some embodiments, the STAs 206 are
3
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configared to determine that all 20 MHz channels occupied by the trigger frame
300 transmission should be CCA sensed and reported.

[0036] The report type 316 may indicate a tvpe of report for the STA 206
to send. FIGS. 5 and 6 iflustrate type of availability reports 500, 600 in
accordance with some embodiments. Hlustrated in FIG. 5 is primary 20 MHz
552, secondary 20 MHz 554, sccondary 40 MHz 556 rephicated twice. In each
20 MHz, STF 502, L'TF 504, L-SIG 50, RL-81G 508, and HE-SIG 510 are
transmitted. The STAs 206 are allocated a portion of cach channel, e.g., 26
tones, and transmit a HE-STF STA1 512 1, HE-LTF §TAT 514 1, and code 1
515 m each channel that 1s determined to be clear {¢.g., in accordance with
channel check type 312). The AP 208 may allocate an RU for cach of the STA
206 m the per aser mfo 306, The AP 208 may indicate a code 515, 517 for
groups of STAs 206. For example, as illustrated STAT through STAS use code
1515 and STA-10 through STA usc code 2. Each STA 206, STA1 through
STAIS has 26 tones to transmit on a channel if they determine the channel 1s
available or free. The AP 208 then distingwishes between the channels that are
transmitted on by more than one STA 206 using the code 515, 517, For
example, STAY may transmit HE-STF STAY 5169, HE-LTF STA] 518.9, and
code 1 515 on sceondary 20 MHz 5541, and simultaneously or nearly
simultancously STAIS may transmit HE-STF STA18 540.9, HE-LTF STAIS
542.9, and code 2 517 on secondary 40 MHz 556.2.

[6037] The same tones may be used by STA9 and STA 1S on secondary
40 MHz to transmif. The AP 208 may distingwish between STAY and STAIS
based on whether the code 1s code 1 515 orcode 2 517, The AP 208 may use
spatial differentiation to assist in determining the different between STAS and
STAIS. The STAs 206 may transmit different indications on the RU of the
corresponding channel to indicate that the channel is available for the STA 206,
In some embodiments, there may be more codes. For example, the AP 208 may
assigned STAI through STA9 code | 515, STAT0 through STA18 code 2 517,
STA 19 throagh STA27 code 3, etc.

{0038] Hlustrated in FIG. 6, is primary 20 MHz 662, secondary 20 MHz
664, secondary 40 MHz 666.1, and secondary 40MHz 666.2. On cach 20 MHz

channel may be transmitted STF 602, LTF 604, L-5IG 606, RL-S8IG 608, and
9
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HE-SIG 610, 5TAs 206 may be provided an RU in the per sser info 306 portion
of the trigger frame 300. The S5TAs 206 then transmit a report 616 {eg.. a
channel availability report} in accordance with the RU. The STAs 206 may also
transnut a HE-8TF STAT 6121, and HE-LTF STAL 614.1. In some
embodiments, the STAs 206 may transmit different information for the report.
{6839) FIG. 7 illustrates an embodiment of the channel report 702
accordance with some embodiments. The STA 206 may not need to transmit the
other portions of the frame because the AP 208 is expecting the channel reports
702 i accordance with the corresponding RU. The channel report 702 may be a
bit map with one bit per 20 MHz chanvel indicating whether the corresponding
20 MHz is available or not for the STA. The STA 206 may also transmit a FCS
704. The channel report 702 mayv be 1 octet, and the FCS 704 mav be 4 octets.
In some embodiments, the FCS 704 may not be included 1o the channel report
702. In some embodiments, the channel report 702 may be broadcast in one
symbol (¢.g., tone or sub-carrier.)

06040} In some embodiments, the STA 206 may be configured to
respond n accordance with one of the options above without report type 316
being signaled n the trigger frame 300, In some embodiments, the trigger frame
300 does not include report type 316, In some embodiments, the report type 316
may be indicated in an information element (IE) either with or before the trigger
frarae 300.

{6041} The per user information 308 may mclude resource units (RUs)
318. In some embodiments, the per user information 308 may include one or
more of response type 310, channel check tyvpe 312, channels to repoit 314,
and/or report type 316, The RU 318 may indicate a channel, or tones or sub-
carriers for the STA 206 to ase to transt the avalability report in accordance
with OFDMA and/or MU-MIMO, ¢ g, one report, or a report on gach available
channel. Information regarding a modulation and coding scheme (MCS) and
other transmission parameters mav be mcluded 10 the common mformation 304
and/or the per user information 306, In some embodiments, the RU 318 may be
26 tones or sub-cartiers per channel. In some embodiments, the RU 318 may be

fewer than 26 tones or sub-carriers, ¢.g. 1 tone.

10
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06042} Returning to method 200, the method 200 continues at operation
254 with the STAs 206 transmuiting availability reporis 212, The STAs 206 may
perform CCA checking 220 1n accordance with the common mformation 304
after receiving the tngger frame 300, In some embodiments, the STAs 206 may
perform CCA checking 218 before reception of the trigger frame 300. The
STAs 206 mav determine whether to perform the CCA checking at 218 or 226
based on the chamnel check tvpe 312 or another parameter signaled to the S§TAs
206. In some embodiments, the STAs 206 1s configured to determine the CCA
checking at 218 or 220 without being signaled where to perform the CCA
checking.

{86043} The 5TAs 206 may determine whether to transmit the availability
report 212 based on a response type 310. For example, response type 310 may
mdicate whether the STAs 206 should transout the availability report 212 on the
RU 318 based on one or more the CCA checking at 218 or 220, a regular NAV,
and an OBSS NAV. In some embodiments, the STAs 206 may be configured to
determine whether or not to transmit the availabibity report 212 on the RU based
onthe CCA checking at 218 or 220, arcgular NAVY, and an OBSS NAVY without
the response tvpe 310 bemng signaled to the STAs 206,

{6044} The 5TAs 206 may determine how to perform the CCA checking
at 218 or 220 based on the channel check tvpe 312, In some embodiments, the
STAs 206 may be configured to perform CCA checking at 218 or 220 without
being signaled the channel check tvpe 312,

[0045] The STAs 206 may determine which channels to check and report
on based on the channel to report 314, In some embodiments, the STAs 206
may be configured to determine which channels to check and report on without
being signaled the channel to report 314,

{0046} The 5TAs 206 may determing what type of report to transnut
based on the report type 316, ¢.g., the report type of FIG. 5 or FIG. 6. In some
embodiments, the STAs 206 may be configured to determine which report type
to use without being signaled the report type 316, An example, availability
report 212 may include an indication that the primary channel 20 MHz 402 is

busy, the second channel 20 MHz 404 is busy, and that the secondary channel 40

i
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MHz 406 15 busy. Another example availability report 212 may indicate busy or
wdleness for each 20 MHz channel 412
{6047} Phase 1 260 may be completed once the STAs 206 transmit (or do
not transmit it it is determined not to transmit based on the RU 318 being busv).
5 The method 200 continues at operation 256 with the AP 208 transmitting a
trigger frame 214 to the §TAs 206. For example, the AP 208 may determine
resource allocations 215 for UL MU data TXOP based on the availability reports
212. For the report type 316 as llustrated in FIG. 5, the AP 208 may determme
the channels that are free for cach STA 206 if the AP 208 receives a transmission
10 onthe corresponding RU for STA 206 on a channel. For the report type 316 as
tHustrated in FIG. 6, the AP 208 may determine the channels that are free for
cach §TA 206 based on a received report 616, 619, 621, 627, If the AP 208 does
not receive a report 616, 619, 621, 627, from a STA 206, then the AP 208 may
assume that the RU assigned to the STA 206 for transmitting the report 616, 619,
15 621, 627 was busy for the STA 206 or that the STA 206 did not receive the
trigger frame 300 {or that the AP 208 did not successfully receive the report 616,
619,621, 627y, The AP 208 may deternune trigger frame 214 and vot allocate
resources for a STA 206 whose report 616, 619, 621, 627 was not received by
the AP 208.
20 {0045] The method 200 may continue at operation 258 with the 8TAs
206 transmitting the respounses 216, For example, the STAs 206 may transmuit
UL MU data to the AP 208 in accordance with the resource allocations 215.
j3349] In some embodiments, the STAs 206 are configured to perform
CCA on each 20 MHz chanuel similtaneously. In some embodiments. the STAs
25 206 are configured to respond to the tngger frame 300 aficr an interframe space
(IFS), which may be a short interframe space (5IFS). The STAg 206 may be
configured with different CCA capability in cach channel they sense with
bandwidth cgual to 20 MHz or larger than 20 MHz.
HEEH] FIG. 8 illustrates a method 800 for reporting channel availability
30 in accordance with some embodiments. The method 800 beging at operation 302
with encoding a trigger frame for polling channel avadability to a plurality of
stations. For example, AP 208 may encode trigger frame 300 as described in

conjunction with FIGS. 2-7. The method 800 continues at operation 804 with
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configuring the wirgless device to transmit the tngger frame. For example, an
apparatus of AP 208 may configure the AP 208 to transmit the trigger frame 300.
The method 800 continucs at operation 806 with decoding onc or more
responses of channel availability from one or more stations of the plurality of
5 stations in accordance with the ingger frame for polling channel availability,
where the one or more indications are received in accordance with DFDMA.
For example, the AP 206 may decode the avatlability reports 2172 as described in
conjunction with FIGS. 2.7
{0051 FIG. 9 illustrates a method 900 for reporting channel availability
10 m accordance with some embodiments. The method 900 begins at operation 902
with decoding a tngger frame for polling channel availability, where the trigger
frame comprises a resource allocation for the station 1o transmit an availability
report. For example, the STAS 206 may decode trigger frame 300 as described
mn conjunction with FIGS. 2-7. The method 900 may continue at operation 904
15 with performing a clear channel assessment (CCA) for one or more channels.
For example, the STAs 206 may perform CCA for one or more channels as
described in conjunction with FIGS. 2-7. The method 900 may continue at
operation 906 with configuring the station fo transmit the availability veport in
accordance with the resource allocation and 1 accordance with OFDMA. For
20 example, an apparatus of the STAs 206 may configure the STAs 206 to transmit
the availability report as described in conjunction with FIGS. 2-7.
{66521 In some embodiments, a MU-RTS/CTS exchange does not have
the ability to determine channel availability, which in some embodiments may
be due to overlapping CTS transmission. Some embodiments provide a channel
25 availability report in response to a trigger frame. In some embodiments, stations
may only be able to transmit an availability report on a resource unit allocated by
atrigger frame, but the rescurce wnmit may be busy for the station. This couples
the transmission and channel report and imcreases the complexity of design.
Some embodiments provide that a station transmits on a RU on each channel if
30 the chamnel is free for the station and not to transmit on a RU if the channel is
busy for the station.
{8053] FIG. 10 ilfustrates a block diagram of an example machine 1000

upon which any one or more of the technigues (e.g.

g., methodologies) discussed
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herein may perform. In altemative embodiments, the machine 1000 may operate
as a standalone device or may be connected {¢.g., networked} to other machines.
In a networked deplovment, the machine 1000 may operate in the capacity of a
server machine, a client machine, or both 1 server-chient network envircoments.
In an example, the machine 1000 may act as a peer maching in peer-to-peer
{P2P} (or other distributed) network environment. The machine 1000 may be a
master station 102, HE station 104, personal computer (PC), a tablet PC, a sct-
top box (STB}, a personal digital assistant {PDA), a mobile telephone, a smart
phone, a web appliance, a network router, switch or bridge, or any machine
capable of executing instructions (sequential or otherwise) that specify actions to
be taken by that machine. Further, while only a single machine is illustrated, the
term “machine” shall also be taken o inchude any collection of machines that
mdividually or jointly exccute a set (or multiple sets} of instructions to perform
any one or more of the methodologies discussed herein, such as cloud
computing, software as a service {(5aaS), other computer cluster configurations.
EEEY Examples, as described herein, may include, or may operate on,
logic or a number of components, modules, or mechanisms. Modules are
tangible entitics {¢.g., hardware) capable of performing specified operations and
may be configured or arranged n a certain manner. In an example, circuits may
be arranged (¢.g., wnternally or with respect to external entifies such as other
circuits} m a specified manner as a module. fn an example, the whole or part of
one or more computer systems (¢.g., a standalone, client or server computer
system} or ong or more hardware processors may be configured by firmware or
software {o.g.. instructions, an application portion, or an application) as a module
that operates to perform specified operations. In an example, the software may
reside on a machine readable medivm. In an example, the software, when
executed by the underlving hardware of the module, causes the hardware to
perform the specified operations.

[O055] Accordmgly, the term “module” is understood to encompass a
tangible entity, be that an entity that 1s physically constructed, specifically
configured {¢.g., hardwired}, or temporarily {¢ g, transitorily) configured (c.g..
programmed) to operate m a specified manner or to perform part or all of any

operation described herein. Considenng examples in which modules are
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temporarily configured, each of the modules need not be instantiated at any one
moment in ime. For example, where the modules comprise a general-purpose
hardware processor configured using sottware, the general-purpose hardware
processor may be configured as respective different modules at different times.
Software may accordingly configure a hardware processor, for example, to
constitute a particular module at one instance of ime and to constitute a different
module at a different instance of time.

EEREY Machine {(¢.g., computer syvstem) 1000 may include a hardware
processor 1002 (¢.g., a central processing unit (CPU}, a graphics processing unit
{GPL)}, a hardware processor core, or any combination thercof), a main memory
1004 and a static memory 1006, some or all of which may coromunicate with
cach other via an interlink (¢ g, bus) 1008, The machime 1000 may further
melude a display device 1010, an input device 1012 {e.g., akevboard), and a
user interface (Ul) navigation device 1014 (c.g., amouse). In an example, the
display device 1010, mput device 1012 and Ul navigation device 1014 mav bea
touch screen display. The machine 1000 may additionally include a mass
storage (¢.g., drive umnit) 1016, a signal generation device 1018 {c.2., a speaker),
anetwork interface device 1020, and one or more sensors 1021, such as a global
positioning svstem (GPS) sensor, compass, accelerometer, or other sensor. The
machine 1000 may inchide an output controller 1028, such asaserial {e.g,
universal serial bus (USB), parallel, or other wired or wireless {e.g., infrared(IR),
near field communication {(NF(O), etc.} connection to communicate or control
one or more peripheral devices (e.g., a printer, card reader, ete)). In some
embodiments the processor 1002 and/or instructions 1024 may comprise
processing circuiiry and/or transceiver circuitry. The machine 1000 may further
meclude NAY tmers 1029, The NAV timers 1029 may be configured to operate
as described herein in conjunction with FIGS. 7 and 8. In some embodiments,
the NAY timers 1029 may be configured to gencrate an interrupt when NAV 1

702 reaches zero.

LBy The storage device 1016 may include a machine readable medium
1022 on which is stored one or more sets of data structures or instructions 1024

{c.g., software} embodying or utilized by any one or more of the techniques or

functions described herein. The mstractions 1024 may also reside, completely or
15
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at least partially, within the main memory 1004, within static memory 1006, or
within the hardware processor 1002 during execution thereof by the machine
1000. In an example, onc or any combination of the hardware processor 1002,
the main memory 1004, the static memory 1006, or the storage device 1016 may
constitute machine readable media.

{0058} While the machioe readable medium 1022 s iHustrated as a
single mediurg, the term "machine readable medium” may include a single
medium or multiple media (2.g., a centralized or distributed database, and/or
associated caches and servers) configured to store the one or more instructions
1024,

[6659] An apparatus of the machine 1000 may be one or more of a
hardware processor 1002 {e.g ., a central processing unit {CPU), a graphics
processing unmit (GPU), a hardware processor core, or any combination thergof),
a main memory 1004, a static memory 1006, instructions 1024, display device
1010, input device 1012, Ul navigation device 1014, mass storage 1016, signal
generation 1018, cutput controller 1028, NAV timers 1029, sensors 1021,
network interface device 1020, and antennas 1060 some or all of which may
communicate with cach other via an interlink {¢.g., bus} 1008, One or more of
the following of the apparatus of the machine 1000 may be separate from the
machine 1000 and may be configured to work in conjunction with the machine
1000, be a portion or component of the machine 1000: a hardware processor
{¢.g., a central processmg unit (CPU), a graphics processing unit (GPU), a
hardware processor core, or any combination thereof), a main memory, a static
memory, instructions, display device, input device, Ul navigation device, mass
storage, signal generation, output coniroller, NAVY timers, sensors, network
mterface device, and anicnnas.

[0066] The term “machine readable mediom” may include any medium
that 1s capable of storing, encoding, or carrving mnstructions tor execution by the
machine 1000 and that cause the machine 1000 1o perform any one or more of
the techniques of the present disclosure, or that 1s capable of storing, encoding or
carrving data structures used by or associated with such instructions. Non-
hmiting machine readable medium examples may mclude sohid-state memories,

and optical and magnetic media. Specific examples of machine readable media
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may include: non-volatile memory, such as semiconductor memory devices {e.g.,
Electrically Programmable Read-Only Memory (EPROM), Electrically Erasable
Programmable Read-Only Memory (EEPROM)) and flash memory devices;
magnetic disks, such as mternal hard disks and removable disks; magneto-opuical
disks; Random Access Memory (RAM); and CD-ROM and BVD-ROM disks.
In some examples, machine readable media may nclude non-transitory machine
rcadable media. In some examples, machine readable media may nclude
machine readable media that 1s not a transitory propagating signal.

{3061 The mstructions 1024 may further be transmitted or received over
a comnunications network 1026 using a transmission medivm via the network
mterface device 1020 utilizing any one of a number of transfer protocols (e.g.,
frame relay, mtemet protocol (IP}, transmission control protocol (TCP), user
datagram protocol {UDP), hypertext transfer protocol (HTTP), ¢ic). Example
communication networks may inchude a local arca network (LAN), a wide arca
network (WAN), a packet data network {e.g., the Internet), mobile telephone
networks {¢.g., celiular networks), Plain Old Telephone (POTS) networks, and
wireless data networks {e.g., fnstitute of Electrical and Electronics Engincers
(IEEE) 802 11 famuly of standards known as Wi-Fi®, TEEE 80216 family of
standards known as WiMax®), [EEE 80215 4 family of standards, a Long Term
Evolution {LTE) family of standards, a Universal Mobile Telecommunications
Systern (UMTS) fanuly of standards, peer-to-peer (P2P) networks, among
others.

0062} In an example, the network interface device 1020 may include
one or more physical jacks (¢ g., Ethernet, coaxial, or phone jacks) or one or
more antennas to connect to the communications network 1026, In an example,
the network interface device 1020 may mclude one or more antennas 10690 to
wirglessly communicate using at least one of single-input multiple-cutput
{(SIMO), multiple-input multiple-output (MIMO), or multiple-input single-output
{(MISO) techmiques. In some examples, the network miterface device 1020 may
wirelessly communicate using Multiple User MIMO technigoes. The term
“transmission medium” shall be taken to include any intangible medivm that is

capable of storing, encoding or carrying instructions for execution by the
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machine 1000, and includes digital or analog communications signals or other
mtangible medium to facilitate communication of such software.
{0063} Various embodiments may be implemented fully or partially in
software and/or firmware. This software and/or firmware may take the form of
5 mstructions contained in or on a non-transttory computer-readable storage
medium. Those iostructions may then be read and executed by one or more
processors to enable performance of the operations deseribed herein. The
msinictions may be in any suitable form, such as but not imited to source code,
compiled code, interpreted code, executable code, static code, dynamic code, and

10 the bike. Such a computer-readable medium may include any tangible non-
transitory medium for storing information in a form readable by one or more
compuiters, such as but not limited to read only memory (ROM]}; random access
memory {(RAM); magnetic disk storage media; optical storage media; flash
memaory, ctc.

15 [0064] The following examples pertain to further embodiments.
Example 1 is an apparatus of a wireless device including: memory; and
processing circuttry coupled to the memory, the processing circuttry configured
to: encode atrigger frame for polling channel availability to a plurality of
stations; configure the wireless device to transmit the trigger frame; and decode

20 one or more responses of channel avatlability from one or more stations of the
plurality of stations in accordance with the trigger frame for polling channel
avatlabiiity, where the one or more responses are received 1n accordance with
orthogonal frequency division multiple-access (CGFDMA}.

[(3065] In Example 2, the subject matter of Example | optionally includes

25 where the processing circuitry 1s further configured to: encode a second tngger
frame including resource allocations for the one or more stations for uphink
multi-user data based on the one or more responses of channel availability from
the onc or more stations of the plurality of stations; contigure the wireless device
to transmit the second trigger frame; and decode one or more packets in

30 accordance with the resource allocations.

{(3066] In Example 3, the subject matter of any one or more of Examples

1-2 optionally mclude where the trigger frame indicates the plurality of stations
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arc to perform a clear channel assessment (CCA} after decoding the trigger
frame to generate the one or more responses of channel availability.

0067} In Example 4, the subject matter of any one or more of Examples
1-3 optionally mclude where the trigger frame comprises an indication of one or
more channels the plurality of stations are to report availability for.

{0068} In Example 3, the subject matter of any one or more of Examples
1-4 optionally mchude where the trigger frame comprises for cach channel of
one or more chanmels a resource allocation and code for each station of the
plurality of stations, where the plorality of stations are to transmit on cach
channel that is available {or in some embodiments not available) on the
corresponding resource allocation with the corresponding code.

{0069} In Example 6, the subject matter of Example 5 optionally includes
where the resource allocation comprises exactly 6 is missing parent: 26 sub-
carriers.

[6078] In Example 7, the subject matter of anv one or more of Examples
1-6 optionally mchide where the trigger frame comprises a resource allocation
for cach station to transmit a channel availability report on.

0671} In Example 8, the subject matter of Example 7 optionally includes
where the trigger frame further comprises an indication that each station of the
plurality of stations is to transmit the channel availability repost even if a clear
channel asscssment indicates a channel of the resource allocation is busy.

{66721 In Example 9, the subject matter of Example § optionally includes
where the trigger frame further comprises a second ndication that each station of
the plurality of stations is to transnut the channel availability report even if a
network allocation vector (NAV) indicates a channel of the resource allocation is
busy, where the NAV indicates the channel of the resource 13 busy if a physical
layer convergence protocol (PLCP) protocol data unit (PPDU} is determined ag
an inter-basic service set (inter-BSS) or if the PPDU cannot be determined as an
mira-BSS or an mier-B5S PPDU.

{6073} In Example 10, the subject matter of any one or more of
Examaples 1-9 optionally include where the trigger frame further compriscs an
mdication that the plurality of stations are to perform carrer sense based on one

of the following group: encrgy detect (ED), nud packet detect for legacy signals
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with a svmbol duration 10 s missing parent: 3.2 us, and mid packet detect for
high encrgy {(HE) physical (PHY} laver convergence procedure (PLUP) protocol
data unat (PPDU) with 4 times symbol duration 10 1s missing parent: 12.8 us.
{8674} In Example 11, the subject matter of any one or more of

5 Examples 1-10 optionally mclade where the wireless device and cach of the
plurality of stations is one from the following group: an Institute of Electrical
and Electronic Engincers (IEEE) 11 15 missing parent: 11 is missing parent:
802 1lax access point, an IEEE 802 1 1ax station, an IEEE 11 1s missing parent:
11 1s missing parent: 802.11 station, and an IEEE 802.11 access point.

10 [6675] In Example 12, the subject matter of any one or more of
Examples 1-11 optionally mclude transceiver circurtry coupled to the processing
cireutry,

10676} Example 13 is a non-transitory computer-readable storage
medim that stores instructions for execution by one or more processors, the

15 mstructions to configure the one or more processors to cause a wireless device
to: encode a trigger frame for polling channel availability to a plurality of
stations; configure the wircless device to transmit the trigger frame; and decode
one or more responses of channel availability from one or more stations of the
plurality of stations in accordance with the trigger frame for polling channel

20 availability, where the one or more responses are received in accordance with
orthogonal frequency division multiple-access (OFDMA}.

{6677 In Example 14, the subject matier of Example 13 optionally
mclades where the trigger frame comprises for cach channel of one or more
channels a resource allocation and code for each station of the plurality of

25 stations, where the plurality of stations are to transmit on cach channel that i1s on
the corresponding resource allocation with the corresponding code.

{0678} In Example 15, the subject matter of any one or more of
Examples 13-14 optionally include where the trigger frame comprises a resource
allocation for each station to transnmut a channel availability report on.

30 [B879) Example 16 is a method performed by a wireless device, the
method including: encoding a trigger frame for polling channel availability to a
plurality of stations; configuring the wireless device to transmiut the trigger

frame; and decoding one or more responsces of channel availability from one or
20
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more stations of the plurality of stations in accordance with the trigger frame for
potling chanuel availability, where the one or more responses are received 1n
accordance with orthogonal frequency division multiple-access (OFDMA).
160891 In Example 17, the subject matter of Example 16 optionally

5 mehudes where the trigger frame comprises for each channel of one or more
channels a resource allocation and code for cach station of the plurality of
stations, and where the trigger frame indicates that the plurality of stations are to
transmit on cach channel that is available in accordance with the corresponding
resource allocation with the corresponding code.

10 |0681] In Example 18, the subject matter of any one or more of
Examples 16-17 optionally mclade where the trigger frame comprises a resource
allocation for cach station to transmit a channel availability report on.

{00682} Example 19 is an apparatus of a station including: memory; and
processing circuitry coupled to the memory, the processing circuitry configured

15 to: decode atngger frame for polling channel availability, where the tngger
frame comprises a rescurce allocation for the station to transmit an availability
report; perform a clear channel assessment (CCA) for one or more channels; and
configure the station to transmit the availability report in accordance with the
resovrce allocation and in accordance with orthogonal frequency division

20 multiple-access (OFDMA).

{D083] In Example 20, the subject matier of Example 19 optionally
meludes where the trigger frame further comprises a code, and where the
processing cireuitry is further configored to: configure the station to transmit the
availability report and the code on each chanuel that the CCA indicates 1s fiee

25 and m accordance with the resource allocation and OFDMA.

0084} In Example 21, the subject matter of any one or more of
Examples 19-20 optionally mclade where the trigger frame further comprises a
code, and where the processing circuitry is further configured to: configure the
station to transmit the avatlability report and the code on each channel that the

30 CCA indicates 1s free and that a network allocation vector (NAV) mdicates is

free and in accordance with the resource allocation and OFDMA .
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{0085] In Example 22, the subject matter of any one or more of
Examples 19-21 optionally include where the availability report comprises one
bit for cach channel to indicate whether the channel is free or busy.
{0086} In Example 23, the subject matter of any one or more of

5 Examples 19-22 optionally include where the trigger frame further comprises an
mdication of the ong or more channgls to perform CCA on.
[O087] Example 24 is an apparatus of a wircless device, the apparatus
mclading: means for encoding a trigger frame for polling channel availability to
a plurality of stations; means for configuring the wireless device to transmit the

10 trigger frame; and means for decoding one or more responses of channel
availabiiity from one or more stations of the plurality of stations in accordance
with the trigger frame for polling channel availability, where the one or more
responses are received in accordance with orthogonal frequency division
multiple-access (OFDMA).

15 [0088] In Example 25, the subject matier of Example 24 optionally
mcludes means for encoding a second trigger frame including resource
allocations for the one or more stations for uplink multi-user data based on the
one or more responses of channel availability from the one or more stations of
the plurality of stations; means for configuring the wireless device to transmit

20 the second trigger frame; and means for decoding one or more packets in
accordance with the resource allocations.

089} In Example 26, the subject matier of any one or more of
Examples 24-25 optionally include where the trigger frame indicates the
plurality of stations are to perform a clear channel assessment (CCA) after

25 decoding the trigger frame to generate the one or more responses of channel
avatlability.

{0090) In Example 27, the subject matter of any one or more of
Examples 24-26 optionally include where the trigger frame comprises an
mdication of one or more channels the plurality of stations are to report

30 availability for,

HEB In Example 28, the subiect matter of any one or more of
Examples 24-27 optionally include where the trigger frame comprises for each

channel of one or more channels a resource allocation and code for each station
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of the plurality of stations, where the phurality of stations are to transmit on each
channel that is on the corresponding resource allocation with the corrgsponding
code.

{6692} In Example 29, the subject matter of Example 28 optionally
meludes where the resource allocation comprises exactly 26 sub-carriers,

{0693} In Example 30, the subject matter of any one or more of
Examples 24-29 optionally include where the trigger frame comprises a resource
allocation for each station to transmit a channel availability report on.

[(3094] In Example 31, the subject matter of Example 30 optionally
mchudes where the trigger frame further comprises an indication that cach station
of the plurality of stations is to transmit the channel avaiability report even ifa
clear channel assessment indicates a channel of the rescurce allocation is busy,
{0695} In Example 32, the subject matter of Example 31 optionally
mcludes where the trigger frame further comprises a second indication that cach
station of the plurality of stations is to transmit the channel availability repont
gven if a network allocation vector (NAV) indicates a channel of the resource
allocation is busy, where the NAY ndicates the channel of the resource is busy
if a physical laver convergence protocol (PLCP) protocol data unit (PPDUY 1
determined as an inter-basic service set {(inter-BSS) or if the PPDU cannot be
determined as an intra-BSS or an inter-BSS PPDU.

[0096] In Example 33, the subject matter of anv one or more of
Examples 24-32 optionally include where the trigger frame further comprises an
mdication that the phurality of stations are to perform carrier sense based on one
of the following group: energy detect (ED), mid packet detect for legacy signals
with a symbol duration 33 is missing parent: 3.2 us, and mid packet detect for
high encrgy (HE) physical (PHY ) layer convergence procedure {(PLCP) protocol
data unit (PPDU) with 4 times symbol duration 33 is nissing parent: 12.8 ps.
[0097] In Example 34, the subject matter of anv one or more of
Examples 24-33 optionally mclude where the wireless device and cach of the
plurality of stations is one from the following group: an Institute of Electrical
and Electronic Engineers (JEEE) 34 is missing parent: 34 is missing parent:
802.11ax access point, an IEEE 802.1 lax station, an IEEE 34 is missing parent:

34 is missing parent: 802.11 station, and an [EEE 302.11 access point.
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HEBUY In Example 35, the subject matter of any one or more of
Examples 1-34 optionally inchude means for transmitting and receiving radio
Waves.
{6099] Example 36 15 a non-transitory computer-readable storage
5 medum that stores instructions for execution by ong or more processors, the

mstructions to configire the one or more processors (o cause a wircless device
to: decode a trngger frame for polling channel availability, where the trigger
frame comprises a resource allocation for the station to transmit an availability
report; perform a clear channel assessment (CCA) for one or more channels; and

10 configure the station to transmit the availability roport in accordance with the
resource allocation and in accordance with orthogonal frequency division
multiple-access {OFDMA).
{06106 In Example 37, the subject matter of Example 36 optionally
mcludes where the trigger frame further comprises a code, and where the

15 mstructions further configure the one or more processors to cause the wireless
device to: configure the station to transmit the availability report and the code on
cach channel that the CCA indicates is free and in accordance with the resource
allocation and OFDMA.
[606161] In Example 38, the subject matter of any one or more of

20 Examples 36-37 optionally inclade where the trigger frame further comprises a
code, and where the instructions further configure the one or more processors 1o
cause the wireless device to: contigure the station to transmit the availability
report and the code on cach channel that the CCA indicates is free and that a
network allocation vector (NAVY) mdicates is free and in accordance with the

25 yesource allocation and OFDMA.
[66162] In Example 39, the subject matter of any one or more of
Examples 36-38 optionally inclade where the availability report comprises one
bit for cach channel to indicate whether the channel is free or busy.
[66103] In Example 40, the subject matter of any one or more of

30 Examples 36-39 optionally melude where the trigger frame further comprises an
mdication of the one or more channels to perform CCA on.
[06194] Example 41 is a method performed by an apparatus of a wireless

device, the method including: decoding a trigger frame for polling channel
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avatlabiiity, where the tnigger frame comprises a resource allocation for the
station to transmit an availability report; performing a clear channel assessment
(CCA) for one or more channels; and configuring the station to transmit the
availabiiity report in accordance with the resource allocation and m accordance
with orthogonal frequency division multiple-access (OFDMA).

[00105] In Example 42, the subject matier of Example 41 optionally
mcludes where the trigger frame further comprises a code, and where the
mstructions further configure the one or more processors to cause the wircless
device to: configure the station to transmit the availability report and the code on
cach channel that the CCA indicates is free and in accordance with the resource
allocation and OFDMA.

[86106] In Example 43, the subject matter of any one or more of
Examples 41-42 optionally mclade where the trigger frame further comprises a
code, and the method further including: configuring the station to transmit the
avatlabiiity report and the code on each channel that the CCA indicates 1s free
and that a network allocation vector (NAV) indicates 1s free and n accordance
with the resource allocation and OFDMA.

180107} In Example 44, the subject matter of any one or more of
Examples 4143 optionally inclade where the availability report comprises one
bit for each channel to indicate whether the channel is free or busy.

[00108] In Example 43, the subject matter of anv one or more of
Examples 41-44 optionally include where the trigger frame further comprises an
mdication of the one or more channels to perform CCA on.

[601909] Example 46 is an apparatus of a wireless device, the apparatus
mehuding: means for decoding a trigger frame for polling channel availability,
where the trigger frame comprises a resource allocation for the station to
transmit an availability report; means for performing a clear channel assessment
{CCA) for one or more channels; and means for configuring the station to
transmit the availability report in accordance with the resource aliocation and in
accordance with orthogonal frequency diviston multiple-access (OFDMA).
[0110] In Example 47, the subject matter of Example 46 optionally
mehudes where the trigger frame further comprises a code, and further including:

means for configuring the station to transmit the availability report and the code
25
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on each channel that the CCA indicates is free and in accordance with the
resource allocation and OFDMA.
{06111} In Example 48, the subject matter of any one or more of
Examples 46-47 optionally mclade where the tnigger frame further comprises a
5 code, and where the instructions further configure the ong or more processors to
cause the wireless device to: configure the station to transmit the availability
report and the code on cach chanmel that the CCA indicates is free and that a
network allocation vector (NAVY) indicates 1s free and in accordance with the
resource allocation and OFDMA.

10 j66112) In Example 49, the subject matter of any one or more of
Examples 46-48 optionally include where the availability report comprises one
bit for each channel to indicate whether the channel 1s free or busy.

{86113} In Example 30, the subject matter of any one or more of
Examples 46-49 optionally include where the trigger frame further comprises an

15 mndication of the one or more channels to perform CCA on.

60114 The Abstract s provided to comply with 37 CF R, Section
1.72(b) requiring an abstract that will allow the reader to ascertain the nature and
gist of the technical disclosure. It 1s submitted with the understanding that it will
not be used to limit or interpret the scope or meaning of the claims. The

20 following claims are hereby incorporated wnto the detailed description, with each

claim standing on tts own as a separate embodiment.
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CLAIMS

What is claimed 1s:

I. An apparatus of a wircless device comprising: memory; and
5 processing circuitry coupled to the memory, the processing circuitry configured

to!

encode a trigger frame for polling channel availability to a
plurality of stations;

configure the wireless device to transmit the trigger frame; and

10 decode one or more responses of channel availability from one or

more stations of the plurality of stations i accordance with the trigger frame for
polling channel availability, wherein the one or more responses are received in

accordance with orthogonal frequency division smultiple-access (OFDMA).

13 2. The apparatus of claim 1, wherein the processing circuitry is
further configured to:
encode a second trigger frame comprising resource allocations for
the one or more stations for uplink multi-user data based on the one or more
responses of channel availability from the one or more stations of the plurality of
20 stationg,
configure the wireless device to transmit the second trigger frame;
and
decode one or more packets from the one or more stations in

accordance with the resource allocations.

25
3. The apparatus of claim 1, wherein the trigger frame mdicates the
plurality of stations are to perform a clear channel assessment (CCA) after
decoding the trigger frame o generate the one or more responses of channel
availability.
36
4. The apparatas of claim 1, wherein the trigger frame comprises an

mdication of one or more channels the plurality of stations are to report

avatlability for.
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5. The apparatas of claim |, wherein the trigger frame comprisgs,
for each channel of one or more channels, a resource allocation and code for
cach station of the plurality of stations, and wherein the trigger frame indicates

5 that the plurality of stations are to transmit on cach channel that is available to
the corresponding station of the plurality of stations on the corresponding

resource allocation with the corresponding code.

6. The apparatus of claim 3, wherein the resource allocation

10 comprises exactly 26 sub-carriers.

7. The apparatus of claim 1, wherein the trigger frame comprises a
resource allocation for each station of the phurality of stations to transont a

channel availability report on.

15
3. The apparatus of claim 7, wherein the trigger frame farther
comprises an indication that cach station of the plurality of stations is to transmit
the channel availability report even if a clear channel assessment indicates a
channel of the resource allocation is busy.
AL

9, The apparatus of claim &, wherein the trigger frame further
comprises a second indication that each station of the plurality of stations is to
transmit the channel availability report even if a network allocation vector
{(NAV} indicates a channel is busy, wherein the NAY mdicates the channel of

25 the resource 18 busy 1t a physical layer convergence protocol (PLCP) protocol
data unit (PPDU} 1s determined as an inter-basic service set (inter-BSS) or if the

PPDU cannot be determined as an intra-BSS or an inter-BSS PPDU.

1. "The apparatus of claim 1, wherein the trigger frame further
30 comprises an indication that the plurality of stations are to perform carrier sense
based on one of the following group: encrgy detect (ED), mid packet detect for

legacy signals with a symbol duration 3.2 ps, and mid packet detect for igh
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encrgy (HE) physical (PHY) layer convergence procedure {PLCP) protocol data

vt (PPDU)Y with 4 times symbol duration 12.8 us.

11, The apparatus of claim |, wherein the wircless device and each of

(4

the plurality of stations is one from the following group: an Institute of
Electrical and Electronic Engineers (JEEE) 802 .11ax access point, an IEEE

802 1lax station, an IEEE 802.11 station, and an 1EEE 802.11 access point.

12, 'the apparates of claim 1, further comprising transceiver circuitry

10 coupled to the processing circuitry.

13, A non-transttory computer-readable storage medium that stores
mstructions for execution by one or more processors, the instructions to
configure the one or more processors 1o cause a wircless device to:

15 encode a trigger frame for polling channel availlability to a
plurality of stations;
configure the wireless device to transmit the trigger frame; and
decode one or more responses of chamnel availability from one or
more stations of the plurality of stations in accordance with the trigger frame for
20 polling channel availability. wherein the one or more responses are received in

accordance with orthogonal frequency division multiple-access (OFDMA).

14.  'The non-transitory computer-readable storage medium of claim
13, wherein the trigger frame comprises for each channel of one or more
25 channels a resource allocation and code for each station of the plurahity of
stations, wherein the trigger frame indicates that the phurality of stations are to
transmit on cach channel that is available on the corresponding resource
allocation with the corresponding code.
15, "The non-transitory computer-readable storage medium of claim
30 13, wherein the trigger frame comprises a resource allocation for each station to

transmit a channel availability repoit on.
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16. A method performed by a wircless device, the method
comprising:
encoding a trigger frame for polling channel availability to a
plurality of stations;
5 configuring the wireless device to transmit the trigger frame; and
decoding one or more responses of channel avadability from one
ot more stations of the plurality of stations in accordance with the trigger frame
for polling channel availability, wherein the one or more responses are received
i accordance with orthogonal frequency division multiple-access (OFBMA).
16
17. The method of claim 16, wheremn the trigger frame comprises for
cach channel of one or more channels a resource allocation and code for each
station of the plurality of stations, and wherein the trigger frame indicates that
cach station of the plurality of stations are to transmit on cach channel of the
15 plurality of stations that is available n accordance with the comresponding

resource allocation and with the corresponding code.

18. The method of claim 16, wherein the trigger frame comprises a
resource allocation for each station to transmit a chamnel availability report on.
AL
19. An apparatus of a station comprising’ memory; and proccssing
circuitry coupled to the memory, the processing cirenitry configured to:
decode a trigger frame for polling channel availability, wherein
the trigger frame comprises a resource allocation for the station to transmit an
25 availability report;
perform a clear chanmel assessment (CCA) for one or more
channels; and
configure the station to transmit the avatlability report in
accordance with the resource allocation and 1 accordance with orthogonal

30 frequency division multiple-access (OFDMA).

20. The apparatus of claim 19, wherein the trigger frame further

comprises a code, and wherein the processing circutry is further configured to:
30
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configure the station to transmit the availability report and the
code on each channel that the CCA indicates is free and in accordance with the

resource allocation and OFDMA.

5 21, The apparatus of claim 19, wherein the trigger frame further
comprises a code, and wherein the processing circutry is further configured to:
configure the station to transmit the availability report and the
code on cach channel that the CCA indicates is free and that a network allocation
vector (NAV) indicates 1s free and in accordance with the resource allocation

16 and OFDMA.
22, The apparatus of claim 19, wherein the availability report
comprises one bit for each channel {0 indicate whether the channel is free or

busv.

23, 'The apparatus of claim 19, wherein the trigger frame further

comprises an indication of the one or more channels to perform CCA on.
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