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(57) Abstract: Apparatus, computer readable medium, and method for sensing and deferral for orthogonal frequency division mul-
tiple access in a wireless local-area networks are disclosed. An apparatus of an access point is disclosed. The apparatus comprising
memory and processing circuitry coupled to the memory. The processing circuitry may configured to configure the access point to
sense a plurality of channels of a bandwidth, and determine a resource allocation for one or more stations for an uplink (UL) ortho -
gonal frequency division multiple access (OFDMA) transmission opportunity. The resource allocation may include one or more
channels of the plurality of channels that are sensed as not being busy. The processing circuitry may be further configured to encode
a trigger frame comprising the resource allocation to initiate the UL OFDMA transmission opportunity, and configure the access
point to transmit the trigger frame to the one or more stations.
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SENSING AND DEFERRAL FOR ORTHOGONAL FREQUENCY
DIVISIONAL MULTIPLE ACCESS IN A WIRELESS NETW(ORK

PRIORITY CLAIM

HEED Y This application claims the benefit of prionity under to United
States Provisional Patent Application Serial No. 62/127 997 filed March 4,

2015, which is incorporated herein by refercnce in its entirety.

TECHNICAL FIELD

{06002} Embodiments pertain to wireless networks and wircless
communications. Some embodiments relate to wireless local area networks
(WELANs}) meluding networks operating 1o accordance with the Institute of
Electromie and Electrical Engineers (IEEE) 802,11 family of standards. Some
embodiments relate to IEEE 802 11ax. Some embodiments relate to computer
readable media, apparatuses, and methods for sensing and deferral for
orthogonal frequency division multiple access (OFDMA) in wircless networks.
Some embodiments relate to downhink (DL} and/or uplink (UL) transmission

opportunitics.

BACKGROUND

[O003] Efficient use of the resources of a WLAN is important to provide
bandwidth and acceptable response times to the users of the WLAN, However,
often there are many devices trying to sharg the same resources and some
devices may be limited by the communication protocol they ase or by their
hardware bandwidth. Moreover, wireless devices may need to operate with both
newer protocols and with legacy device protocols.

i



WO 2016/141156 PCT/US2016/020638

10

20

30

BRIEF DESCRIPTION OF THE DRAWINGS

0004} The present disclosure 15 tHustrated by way of example and not
hmitation in the figures of the accompanying drawings, in which like references

mdicate sunilar elements and in which:

HEEEY FIG. 1 illustrates a WLAN m accordance with some
embodiments;
{6006} FIG. 2 illustrates an access point determining a larger channel is

busy based on a transmission on a part of the channel in accordance with some
embodiments;

{0607} FIG. 3 illustrates interference from a station on a portion of &
bandwidth in accordance with some embodiments;

{6008} FIG. 4 illustrates a method for sensing and sending DL data in
accordance with some embodiments;

HEERY FIG. 5 illustrates a method for sensing and UL data in accordance
with some embodiments;

{6614} FI1G. 6 illustrates a method for polling for feedback (FB) in
accordance with some embodiments;

{0011} FI1G. 7 illustrates a method for station sensing in accordance with
some embodiments;

j6312] FIG. 8 illustrates a method for sensing and deferral for OFDMA
i accordance with some embodiments;

{6613} FIG. 9 1llustrates a method for station sensing in accordance with
some embodiments; and

[0014] FIG. 10 iHustrates a block diagram of ap example machine upon
which any one or more of the techniques (e.g., methodologies) discussed herein

may perform.
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DESCRIPTION

{0015] The following description and the drawings sufficiently illustrate
specific embodiments to enable those skilled in the art to practice them. Other
embodiments may incorporate structural, logical, electrical, process, and other
changes. Portions and features of some embodiments may be included in, or
substituted for, those of other embodiments. Embodiments set forth in the claims
encompass all available equivalents of those claims.

HEBEY FIG. 1 llustrates a WLAN 10 accordance with some
embodiments. The WLAN may comprise a basis service set (B85} 100 that may
mchude a master station 102, which may be an AP, a plurality of (e.g., IHEE
802.11) high-efficiency (HE} stations 104, a plorality of IoT device 108, and a
plurality of legacy (e.g.. IEEE 802.11} devices 106.

[0017] The master station 102 may be an AP using the IEEE 802.11 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 IEEE 802.11
protocol. The IEEE 802.11 protocol may be IEEE 802.11ax. The IEEE 802.11
protocol may mclude using orthogonal frequency division multiple-access
{OFDMA), time division multiple access (TDBMA)}, and/or code division
multiple access (COMA). The IEEE 802 .11 protocol may include a muhtiple
access technique. For example, the IEEE 802 11 protocol may include space-
division multiple access (SDMA) and/or multiple-user multiple-input multiple-
cutput (MU-MIMQ).

[(3018] The kegacy devices 106 may operate in accordance with one or
more of IEEE 802.11 a/b/g/n/ac/ad/af/ah/a), or another legacy wireless
communication standard. The legacy devices 106 may be STAs or IEEE STAsg,
The STAs 104 may be wireless transmit and receive devices such as echular
telephone, smart telephone, handheld wircless device, wireless glasses, wircless
waich, wireless personal device, tablet, or another device that may be
transmitting and receiving using the IEEE 802.11 protocol such as IEEE

802 11ax or another wircless protocol.

{86619} The master station 102 may commumnicate with legacy devices

106, HE stations 104, and IoT device 108 in accordance with legacy IEEE

3
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302.11 communication techniques. The HE stations 104 may be a newer
{chronologically) version of an IEEE standard than the legacy device 104,
{06026] In some embodiments, a frame may be configurable to have the
same bandwidth as a subchannel. The bandwidth of a subchannel may be

5 20MHz, 40MHz, or 80MHz, 160MHz, 320MHz contiguous bandwidths or an
80-+80MHz (160MH2) non-contiguous bandwidth. In some embodiments, the
bandwidth of a subchannel mayv be 1 MHz, 1.25MHz, 2.03MHz, 2.5MHz, 4.06
MHz, 5MHz and 10MHz, or a combination thereof or ancther bandwidth that is
less or equal to the available bandwidth may also be used. In some embodiments

10 the bandwidth of the subchannels may be based on a number of active
subcarriers. In some embodiments the bandwidth of the subchannels are
multiples of 26 {c g, 26, 52, 104, etc.} active subcarriers or tones that are spaced
by 20 MHz. In some embodiments the bandwidth of the subchannels i 256
tones spaced by 20 MHz. In some embodiments the subchannels arc multiple of

15 26 tones or a multiple of 20 MHz. In some embodiments a 20 MHz subchannel
may comprise 256 tones for a 256 pomt Fast Fourter Transform (FFT).

{0021} A HE frame may be configured for transmitting a number of
spatial streams, which may be in accordance with MU-MIMO. In other
embodiments, the master station 102, HE station 104, and/or legacy device 106

20 may also implement different technologics such as code division mukliiple access
(CDMA) 2000, CDMA 2000 1X, CDMA 2000 Evolution-Data Optimized (EV-
DOy, Interum Standard 2000 (18-2000), Interim Standard 95 (I8-95), Interim
Standard 856 (1$-8563, Long Term Evolution (LTE), Global Svstem for Mobile
communicationg {GSM), Enhanced Data rates for GSM Evolution (EDGE),

25 GSM EDGE (GERAN), IEEE 802.16 {(i.¢., Worldwide Interoperabiiity for
Microwave Access (WiMAX)), BlueTooth®, IoT related technologies, or other
technologies.

[0022] The HE station 104 may be configured with applications that may
be retrieved from remote servers (not illustrated}. The IoT devices 108 may be

30 simple devices. The loT devices 108 may be low power devices. The IoT
devices 108 may not inchude an interface for a user to access some functions that
are setfable of the JoT devices 108, The IoT device 108 may be low cost devices
for controlling operations in a residential or business setting. In some

4
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embodiments the IoT devices 108 may be environmental reporting devices such
as security devices and temperature devices.
{0023} The ioT devices 108 may include represendations of information
such as universal product codes (UPC), radio-frequency identification (RFID)
5 tags, quick response (QR) codes, near-ficld communication (NFC), or any other

suitable codes. The information may inciude an identification of the foT device
108 and may melude information regarding the capabilities of the IoT device
108. Examples of IoT devices 108 include sensors like a door sensor, a smart
light bulb, a thermometer sensor, a television controller or sensor, a home

10 automation camera and/or microphone, etc. The foT devices 108 may be
configured with an mitial configuration at manufacturing time. In some
embodiments, the IoT devices 108 may be securely connected to the master
station 102 and/or HE station 104 using the transmitter of the loT device 108 so
that a different form of configuration such as UPC, RFIF, QR, or NFC is may

I35  notbe needed. The JoT device 108 may include embedded securnity parameters.
In some embodiments, a user cannot interact with the IoT devices 108 manually
to configure the IoT devices 108,
[6624] In some embodiments, the HE stations 104 may act as sensor
hubs. In some embodiments the master station 102 may act as an aceess

20 gateway. The master station 102 may be in communication with the [nternet and
one or more devices such as an access service, which may store a master
password.
[6025] The HE station 104 may mclude one or more mobile device
applications (apps}. The mobile device apps may be downloaded from an

25 external server (not illustrated) or preloaded on the HE station 104, The mobile
device apps may have their own security that is in addition to the security of the
HE stations 104,
{0026} Some embodiments relate to HE communications. {n accordance
with some TEEE 802, 11ax embodiments, a master station 102 may operate as a

30 master station which may be arranged to contend for a wireless medium (e.g,
during a contention period) to receive exclusive control of the medivm for an
HEW control period. In some embodiments, the HEW control period may be

termed a transmission opportunity (TX0OP). The master station 102 may

L
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transmit a HE master-sync transmission, which may be a resource allocate
clement {¢.g., a trigger frame for uplink or an HE 5IG-B for downlink} or HE
control and schedule transmission at the beginning of the HE control period.
The schedule transmission may be for a short {current tranamission } and/ or a
5 longterm. The master station 102 may transmit a duration of the TXOP and

sub-channel mformation. During the HE control period. HE 5TAs 104 may
communicate with the master station 102 i accordance with a non-contention
based simultancouns muoltiple access technique such as OFDMA or MU-MIMO.
This is unlike conventional WLAN communications in which devices

10 communicate in accordance with a contention-based communication technique,
rather than a multiple access technique. During the HE control period, the
master station 102 may communicate with one or more HE stations 104 using
one or more HE frames. During the HE control period, the HE STAs 104 may
operate on one or more sub-channels smaller than the operating range of the

15 wmaster station 102, During the HE control period, legacy stations refrain from
communicating.
[6627] In accordance with some embodiments, during the master-svne
transmission the HE 8TAs 104 may contend for the wireless medium with the
legacy devices 106 being exchuded from contending for the wirgless medium

20 dunng the master-sync transmission. In some embodiments the resource allocate
clement (for example trigger frame) may indicate an uplink (UL} UL-MU-
MIMO and/or UL OFDMA control period.
6028} In some embodiments, the simultanecus multiple-access
technique used dunng the HE control period may be a scheduled OFDMA

25 techmique, although this is not a requirement. In some embodiments, the
simultancous multiple access technigue may be a ime-division multiple access
{TDMA} technigue or a frequency division multiple access (FDMA) technigque.
In some embodiments, the simultancous muliiple access technique may be a
space-~-division multiple access (SDMA) technigue.

30 [B629] The master station 102 may also commumicate with legacy
stations 106 and/or HE stations 104 in accordance with legacy IEEE 802.11
communication technigues. In some embodiments, the master station 102 may

also be configurable to communicate with HE stations 104 outside the HE
6
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control period in accordance with legacy IEEE 802.11 communication
techaigues, although this is not a requirement.

[06036] In example embodiments, the HE stations 104, the master station
102, and/or ToT devices 108 are configured to perform the methods and
functions herein descrtbed in conjunction with FIGS. 1-xxx.

{6831} FIG. 2 llustrates an access point determining a larger chanuel i
busv based on a transmission on a part of the channel in accordance with some
embodiments. Hhustrated in FI1G. 215 AP 202, STAT 204, AP2 206, and a
transmission zone 208, AP1 202 and AP2 206 may be master stations 102, AP
202 and APZ 206 may be configured to transmit in accordance with OFDMA
and/or MU-MIMO. STAI 204 may be a HE station 104 or fegacy station 108,
The transmission zone 208 may indicate a transmission reach of transmission
210. Transmission 210 may be on a sub-channel. The sub-channel mav have a
bandwidth of 2.03 MHz or another bandwidth that s 20 MHz or less. In some
embodiments the channel may be 80 MHz, 160 MHz, or 320 MHz. The AP2
206 recetves transmission 210 at 214, AP2 206 may determine that a wider
channel than the sub-chanuel of transmission 210 1s busy. For example, in some
embodiments, AP2 206 may receive transmission on a sub-channel 212 of 2.03
MHz and determine not to use a 20 MHz channel. As another example, AP2 206
may receive transmission on a sub-channel 212 of 20 MHz and determine not to
use an 80 MHz channel.

066321 FIG. 3 illustrates mterference from a station on a portion of g
bandwidth in accordance with some embodiments. Hlustrated in FIG. 3 13 STAL
304, STAZ2 306, STA3 312, and STA4 308 cach of which may be HE stations
104 and/or legacy stations 108, Also illustrated m FIG. 318 AP1 302 and AP2
310 which may be master stations 102, Transmission zone 314 may indicate a
transmission reach of AP1 302, Transmission zone 316 may ndicate a
transmission reach of AP2Z 310,

{6633} STA4 308 may be associated with APZ 310, Transmussion 320
from STA4 308 may interfere with AP1 302 since STA4 308 1s within the
transmission zone 314, API 302 may receive transmission 320 from S5TA4 308

on a sub~channel {e.g., 2.03 MHz or 20 MHz} and not use a larger channel (¢ g,

~J
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30 MHz) because of the reception of transmission 320 from 5TA4 308, For
example, AP1 302 may defer until transmission 320 is over.
[06634] Moreover, STA4 308 may receive transmission 318 from AP
302 and defer until transmission 318 is over. AP2 310 may not be aware that
STA4 308 is deferring for transmission 318 from AP1 302, and may schedule
STA4 308 for uplink transmissions in a transmission opportunity, which STA4
308 may not use because it is deferring for transmission 318 from AP1 302,
{0035] FIG. 4 iHlustrates a method for sensing and sending DL data in
accordance with some embodiments. Mlustrated 1o FIG. 4 13 ime 404 along a
horizontal axis, sub-channels 402 along a vertical axis, operations 450 along the
top, and a transmiiter 460 along the botiom.
08636} The sub-channels 402 may be a portion of a operating bandwidth
401. For example, the operating bandwidth 401 mav be 30 MHz, and the sub-
channels 402 may be 20 MHz sub-channels. In some embodiments, the
operating bandwidth may be 20 MHz, 40 MHz, 80 MHz, 160 MHz, 320 MHz,
or another suitable bandwidth. In some embodiments the sub-channels 402 may
be 2.03 MHz, 4.06 MHz, a multiple of 2.03 MHz, 20 MHz, or another
bandwidth less or equal to the operating bandwidth 401,
{8637} The method 400 may begin at operation 452 with one or more HE
stations 104 transmutting feedback {(FB) 407 to the master station 102, The FB
407 mav be transmitted on a sub-channcel 402.1 such as a prmarv chanuel or, in
some embodiments, the FB 407 may be transmitied on separate channels as part
of a transmission opportunity {see FIG. xxx}. In some embodiments, the FB 407
1s not transmitted to the master station 162.
0638} The FB 407 mayv be based on one or more of the following. The
FB 407 mayv be based on the HE stations 104 sensing an cnergy level on one or
more of the sub-channels 402. The FB 407 may also be based on energy levels
of neighboring sub-channels 402. The FB 407 may also be based on one or
more network allocation vector (NAV}) settings of the HE station 104, The FB
407 mav be based on a signal to noise ratio (SNR) of received signals on the
sub-channels 402 by the HE station 104. The FB 407 may be based on
mterference levels. In some embodiments, the FB 407 may be a requested sub-
channel 402, In some embodiments the FB 407 may be sent to the master station
8
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102 1n another way. For example, the HE station 104 may transmit the FB 407
as part of ancther frame such as a buffer status frame. In some embodiments,
there may be a field to indicate available sub-channel 402 inthe FB 407, ¢g. a
bit for cach sub-channel 402 to mdicate whether the HE station 104 recommends
that it can receive or transmif on this sub-channe] 402,
{0639} The method 400 may continue at operation 454 with the master
station 102 sensing 406 one or more of the sub-channels 462, For example, the
master station 102 may measure an encrgy level on the sub-channcls 402, The
master station 102 may also measure mterference on the sub-channels 402, In
some cmbodiments, the sensing 506 may be performed sequentially rather than
simuitancously as iltustrated.
{00461 The method 400 may continue at operation 456 with the master
station 102 determining a resource allocation {not iustrated} for HE stations 104
based on one or more of the following: the sensing 406, the FB 407,
acknowledgments, negative acknowledgements, and other activity on the sub-
channels 402, The rescurce allocation may be of sub-channels 402 that are
smalier than the sensed sub-channels 402, For example, the senscd sub-channels
402 may be 20 MHz and the resource allocation may melude sub-channels 402
of 2.03 MHz or a multiple of 2.03 MHz. The master station 102 may generate a
resource allocation that indicates sub-channcls 402 and durations for the
downlink (DL} data 410.
{6041} The master station 102 may determune the resource allocation
based on mterference from adjacent sub-channels 402, In some embodiments,
the master station 102 may add an analog filter design or a digital filter for
receiving signals to mitigate interference from overlapping basic service set
{OBSS) transmissions which may be on adjacent sub-channels 402 or on the
sub-channel 402.  In some cmbodiments, the masier station 102 mayv determine
not to use some sub-channels 407 based on the sensing 406 and/or FB 407, For
example, as iHustrated in FIG. 4, the master station 102 does not allocate sub-
channel 402 2. In some embodiments, the master station 102 may allocate sub-
channels 402 based on determining which sub-channels 402 are may be best for
a HE station 104. In some embodiments, the master station 102 may determine
the resource allocation based on previous sub-channel 402 behavior. For

9
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gxample, the master station 102 may have received negative acknowledgements
and acknowledgements from the HE stations 104 and maintained a record of the
negative acknowledgments and acknowledgrents. In some embodiments, the
master station 102 may mamtam a record of other activity on the sub-channels
402 such as on which sub-channels 402 and for what duration the master station
102 bas bad to defer.
[0042] The method 400 may countinue at operation 438 with the master
station 102 transmitting the physical {(PHY) 408 header(s) and DL data 410. The
PHY 408 header(s} bandwidth may be the same bandwidth {2 .03 or 20 MHz) as
the DL data 410 or a bandwidth {c.g., 20, 40, 80, 160, or 320 MHz) that covers
the operating bandwidth 401, i accordance with some embodiments. The PHY
408 header may melude the resource allocation. In some embodiments, the HE
stations 104 may add a digital filter design or an analog filter design to mutigate
the nterference from OBSS adjacent channels. The method 400 may continue
with additional operations such as receiving acknowledgments (not illustrated)
from the HE station 104, In some embodiments, operation 452 may be
performed after operation 454,
{86043} FIG. 5 iliustrates a method for sensing and UL data in accordance
with some embodiments. Hustrated in FIG. 5 15 time 504 along a honzontal
axig, sub-channels 502 along a vertical axis, operations 530 along the top, and a
transmitier 360 along the bottom.
[0044] The sub-channels 302 may be a portion of an operating
bandwidth 501, For example, the operating bandwidth 501 may be 80 MHz, and
the sub-channels 402 may be 20 MHz sub-channels. In some embodiments, the
operating bandwidth may be 20 MHz, 40 MHz, 80 MHz, 160 MHz, 320 MHz,
or another suitable bandwidth. In some embodiments the sub-channels 402 may
be 2.03 MHz, 4.06 MHz, a multiple of 2.03 MHz, 20 MHz, or another
bandwidth less or equal to the operating bandwidth 501.
[0045] The method 500 may begin at operation 552 with one or more HE
stations 104 transmitting feedback (FB) 407 to the master station 102, The FB
407 mav be transmiticd on a sub-channel 502.1 such as a primarv channel or, in
some embodiments, the FB 407 may be transnutied on separate channels as part
of a transmission opportunity {see FIG. 6). In some embodiments, the FB 407 is
10
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not transmitted to the master station 102, The FB 407 may be the same or
simtilar as disclosed in conjunction with FIG. 4.

[0046] The method 500 may continue at operation 554 with the master
station 102 sensing 406 one or more of the sub-channels 302, The sensing 406
may be the same or similar as disclosed in conjunction with FIG. 4.

{0047} The method 300 may continue at operation 356 with the master
station 102 determining a resource allocation 511 for HE stations 104 based on
one or more of the following: the sensing 406, the FB 407, acknowledgments,
negative acknowledgements, and other activity on the sub-channels 502. The
master station 102 may generate a resource allocation 511 that indicates sub-
channels 502, modulation and coding scheme {MCS), and durations for the UL
data 510. The sub-channels 502 in the resource alfocation 511 mav be a
different bandwidth than the sub-chanoels 502 of the sensing 454 or the FB 407,
For example, the sub-channels 202 of the sensing 554 may be 20 MHz and some
of the sub-channels 202 of the resource allocation 511 may be 2.03 MHzora
multiple of 2.03 MHz. The master station 102 may determine the resource
allocation 511 based on interference from adjacent sub-channels 502 In some
embodiments, the master station 102 may add an analog filter design or a digital
filter for receiving signals to miutigate interference from overlapping basic
service set {OBSS) transmissions which may be on adjacent sub-channels 502 or
on the sub-channel 502.

048] In some embodiments, the master station 102 may determine not
to use some sub-channels 502 based on the sensing 406 and/or FB 407, For
example, as ilustrated in FIG. 3, the master station 102 does not allocate sub-
channel 502 2. In some embodiments, the master station 102 may allocate sub-
channels 502 based on determining which sub-channels 502 may be best fora
HE station 104, In some embodiments, the master station 102 may determine
the resource allocation 511 based on previous sub-channel 502 behavior. For
example, the master station 102 may have received negative acknowledgements
and acknowledgements from the HE stations 104 and maintained a record of the
negative acknowledgments and acknowledgments. In some embodiments, the

master station 102 may mamtam a record of other activity on the sub-channels
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502 such as on which sub-channels 502 and for what duration the master station
102 has had to defer.

[0049] The method 500 may continue at operation 558 with the master
station 102 transmitting the trigger frame (TF) 509, The TF 509 may comprise
the resource allocation 511, In some embodiments, the TF 509 may be
transmitted on a primary channel, which may be sub-channel 502 1.

[0038] The method 500 may countinue at operation 360 with the HE
stations 104 transmitting UL data 510, For example, HE station 1041 may
transmit UL data 510.1; HE station 104.2 may transouit UL data 510.3, and HE
station 104.3 may transout UL data 510N, As illustrated sub-chanocel 502.2 was
not mcluded o the resource allocation 511, The method 500 may continue with
additional operations (not illustrated). In some embodiments, operation 552 may
be performed after operation 554

{0051} FIG. 6 illustrates a method 600 for polling for feedback (FB) in
accordance with some embodiments. Hlustrated in FIG. 6 1s time 604 along a
horizontal axis, sub-channels 602 along a vertical axis, operations 650 along the
top, and a transmitter 660 along the botiom.

0052} The sub-channels 602 may be a portion of an operating
bandwidth 601, For example, the operating bandwidth 601 may be 80 MHz, and
the sub-channels 402 may be 20 MHz sub-channels. In some embodiments, the
operating bandwidth mayv be 20 MHz, 40 MHz, 80 MHz, 160 MHz, 320 MHz,
ot another suitable bandwidth. In some embodiments the sub-channels 602 may
be 2.03 MHz, 4.06 MHz, a multiple of 2.03 MHz, 20 MHz, or another
bandwidth less or equal to the operating bandwidth 601,

{8053] The method 600 may begin at operation 652 with one or more HE
stations 104 sensing 606 one or more of the sub-channels 602, For example, the
HE stations 104 may measure an energy level on the sub-channels 602, The HE
stations 104 may also measwre interference on the sub-channels 602, In some
embodiments, the sensing 606 may be performed sequentialiy rather than
simuitanecusly as illustrated.

[0054] The method 660 may continue at operation 654 with the master
station 102 transmitting a poll 609 frame with a resource allocation 611, The
resovrce allocation 611 may mdicate which HE station 104 are to transnnt FB
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607 and how to transmit the FB 607, ¢.g., a sub-channel 602, MCS, and
duration. The poli 609 may be frame that indicaies the master station 102 is
requesting FB 607 from the HE stations 104

{8055] The method 600 may continue at operation 636 with the HE
stations 104 transmitting FB 607, In some embodiments, operation 652 is
performed after the HE stations 104 receive the poll 609 frame. In some
cmbodiments, the HE stations 104 may transmtt the FB 607 sequentially based
on one or more poll 609 frames.

{3056] The FB 607 may be based on one or more of the following. The
FB 607 may be based on the HE stations 104 sensing an encrgy level on one or
more of the sub-channels 602. The FB 607 may also be based on energy levels
of neighboring sub-channels 602. The FB 607 may also be based on one or
more network allocation vector (NAVY) settings of the HE station 104, The FB
607 may be based on a signal to noise ratio (SNR) of received signals on the
sub-channels 602 by the HE station 104. The FB 607 may be based on
mterference levels. In some embodiments, the FB 607 may be a requested sub-
channel 602,

18057} The method 600 may continue at operation 637 with the master
station 102 determining a resource allocation 622 for HE stations 104 based on
one or more of the following: the master station 102 sending {not tHustrated), the
FB 607, acknowicdgments, negative acknowledgements, and other activity on
the sub-channels 602. The resource allocation 622 may be of sub-channels 602
that arc smaller than the sensed sub-channels 602 or sub-channels that may be in
the FB 607. For example, the senscd sub-channels 602 may be 26 MHz and the
resource allocation 622 may mclude sub-channels 602 of 2.03 MHz or a multiple
of 2.03 MHz. The master station 102 may gencrate a resource allocation 622
that indicates sub-channels 602, MCS, and durations for the UL data 610.

[O0S8] The master station 102 mayv determine the resource allocation 622
based on mterference from adjacent sub-channels 602, In some embodiments,
the master station 102 may add an analog filter design or a digital filter for
receiving signals to mitigate interference from overlapping basic service set
{OBSS) transmissions which mayv be on adjacent sub-channels 602 or on the

sub-channel 602. In some embodiments, the master station 102 may determine
13
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not to use some sub-channels 602 based on the sensing and/or FB 607, For
example, as tHustrated in FIG. 6, the master station 102 does not allocate sub-
channel 602.2. In some embodiments, the master station 102 may allocate sub-
channels 602 based on determining which sub-channels 602 are may be best for
a HE station 104, In some embodiments, the master station 102 may determine
the resource allocation 622 based on previous sub-channel 602 behavior. For
example, the master station 102 may have received negative acknowledgements
and acknowledgements from the HE stations 104 and maintained a record of the
negative acknowledgments and acknowledgments. In some embodiments, the
master station 102 may maimtam a record of other activity on the sub-channels
602 such as on which sub-channels 602 and for what duration the master station
102 has had to defer.
{0659} The method 600 may continue at operation 538 with the master
station 102 transoutting the trigger frame (TF) 620. The TF 620 may comprise
the resource allocation 622, In some embodiments, the TF 620 may be
transmitted on a primary channel, which may be sub-channel 602.1. In some
embodiments, the master station 102 may be configured to sense the sub-
channels 602 before generating the trigger frame 620 and to only use sub-
channels 602 determined to be not busy by the master station 102,
[0066] The method 660 may continue at operation 660 with the HE
stations 104 transmitting UL data 610, For example, HE station 104.1 may
transmit UL data 610.1; HE station 104.2 may transmit UL data 610.3, and HE
station 104.3 may transmit UL data 610N, As illustrated sub-channel 602.2 was
not included 1o the resource allocation 622, The method 600 may continue with
additional operations (not illustrated).
00611 FI1G. 7 illustrates a method 700 for station sensing in accordance
with some embodiments. [Husirated in FIG. 7 is time 704 along a honizontal
axis, sub-channels 702 along a vertical axis, operations 730 along the top, and a
transmitter 760 along the bottom.
{0062} The sub-channels 702 may be a portion of an operating
bandwidth 701. For example. the operating bandwidth 701 may be 80 MHz, and
the sub-channels 702 may be 20 MHz sub-channels. In some embodiments, the
operating bandwidth may be 20 MHz, 40 MHz, 80 MHz, 160 MHz, 320 MHz,
14
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or another suitable bandwidth. In some embodiments the sub-channels 702 may
be 2.03 MHz, 4.06 MHz, a multiple of 2.03 MHz, 20 MHz, or another
bandwidth less or equal to the operating bandwidth 701,
18063] The method 700 may optionally begin at operation 752 with one
or more HE stations 104 sensing 706 one or more of the sub-channels 702, For
example, the HE stations 104 may measure an energy level on the sub-channels
702. The HE stations 104 may also measure interference on the sub-channels
702. In some embodiments, the sensing 706 may be performed sequentially
rather than simultancously as ilhustrated.
[0064] The method 700 may continue at operation 754 with the master
station 102 transmitting the tnigger frame (TF) 720, The TF 720 may comprise
the resource allocation 722, In some embodiments, the TF 720 may be
transmitted on a primary channel, which may be sub-channel 702.1. In some
cmbodiments, the master station 102 may be configured to sense the sub-
channels 702 before generating the trigger frame 620 and to only use sub-
channels 702 determined to be not busy by the master station 102
[0065] The method 700 may optionally continue at operation 756 with
one or more HE stations 104 sensing 707 one or more of the sub-channels 702,
For example, the HE stations 104 may measure an encrgy level on the sub-
channels 702. The HE stations 104 may also measure imterference on the sub-
channels 702, In some embodiments, the sensing 706 may be performed
sequentially rather than simultaneously as iHustrated. The HE stations 104 may
sense either before the TF 720 or after the TF 720 or both.
{(3066] The method continues at operation 758 with the HE stations 104
transmutting UL data 710 in accordance with the resource allocation 722, The
HE stations 104 may before transmutting the UL data 710 determine whether to
transmit in accordance with the resource allocation 722, For example, as
tllustrated, a HE station 104 deternuned not 1o transmy on sub~-channel 702 .3
with no transnussion 7103, and master station 102 determined not to allocate
sub-channel 702.2 with not allocated 710.2. As an example, a HE station 104
may receive a resource allocation 722 on a sub-channel 702 and based on the
sensing at operation 752 and/or 756 determine whether to transmit on the
allocated sub-channel 702 based on the energy level on the sub-channel 702,
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For example, if the energy level is above a threshold, then the HE station 104
may determine not to transmit. In some embodiments, the HE station 104 may
base the deternination of whether to transmit on a sub-channel 702 {(e.g, sub-
channel 702 .3} based on sensing neighboring sub-channels {¢.g., sub-channels
5 702.1 and sub-channel 702.4). For example, if an energy level of sub-channel

702.1 and/or sub-channel 702 4 is above a threshold, then the HE station 104
may determune not to transmit on sub-channel 702.2. The rcason for the HE
station 104 not to transmit is that the HE station 104 may know therg 1s a close
bv HE station 104 performing OFDMA transmissions on the same sub-channel

160 702.2, which may be detected on neighboring sub-channels 702.1 and 702.3.
18067} The sensing of operations 752 and 756 may be in accordance with
CCA(ED) sensing and may be in accordance with parameters set by the master
station 102. 1n some embodiments, the HE station 104 may not transmit on the
sub-channel 702 vnless the energy detect CCA is idle for a spectfic period of

15 time such as Point Coordination Function (PCF) mter~-frame space (PIFS). The
HE station 104 may measure the before or after the TF 720, Moreover, the HE
station 104 may determine not to transmit o1 to defer if a NAV of the HE station
104 18 set.
{0068} I the resource allocation 722 indicates a wider charmel than

20 sensed 706 at operation 752 and/or 756, then the HE station 104 may combine
the results of the senses 706. For example, the HE station 104 may sense 706 20
MHz sub-channels 702 and be allocated a 40 MHz sub-channel 702. The HE
station 104 may also stop transmtting a UL data 710 if in the nuddle of
transmitting the UL data 710 the HE station 104 determines the sub-channel 702

25 1is busy.
{6669} FI1G. 8 illustrates a method 800 for sensing and deferral for
OFDMA in accordance with some embodiments. The method 800 may begin at
operation 802 with configuring the access point to sensc a plurality of channels
of a bandwidth. For example, the master station 102 may be configured fo sense

30 the sub-channels 402, 502 at operations 454, 554 as disclosed in conjunction
with FIG. 4, FIG. 3, respectively. Moreover, the master station 102 may be
contigured to sense the sub-channels 602 prior to generating the THs 620 as
disclosed in conjunction with FIG. 6.
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[B070] The method 800 may optionally continue at operation 804 with
decoding FB from the one or more stations, the FB indicates a statas of the one
or more stations. For cxample, master station 102 may decode FB 407, 607 as
disclosed in conjunction with FIG. 4 and FIG. 6, respectively. Operations 802
5  and 804 may be reversed in order.
{6871} The method 2800 may continug at operation 806 with determining
a resouree allocation for one or more stations for an UL or DL OFDMA
transmission opportunity, the resource allocation comprising one or more sub-
channels, and the one or more sub-channels being within the plurality of
10 channels that arc sensed as not being busy.  In the embodiments with operation
804 the master station 102 may determine the resource allocation further based
on the feedback from the one or more stations. For example, the master station
102 determine the resource allocation before transmitting DU data 41010 FIG 4
based on the FB 407 and/or sensing 406. As another example, the master station
15 102 determunes TF 509 based on the FB 407 and/or the sensing 406. The master
station 102 determines TF 620 based on FB 607 and optionally sensing of the
sub-channels 607 (not illustrated) by the master station 102.
{8672} FIG. 9illustrates a method 900 for station sensing in accordance
with some embodiments. The method 900 begins at operation 902 with
20 decoding a trigger frame comprising a resource allocation for the station. For
cxample, the HE stations 104 may receive TF 720,
[673] The method 900 continues at operation 904 with determining
whether to respond to the tngger frame based on energy levels sensed on one or
morg channels of a bandwidth. For example, HE stations 104 may senge sub-
25 channels 702 either before receiving the TF 720 or after receiving the TF 720 as
disclosed in conjunction with FIG. 7. The order of operations 902 and 904 may
be reversed.
[0074] The method 900 may continue at operation 906 with in response
to determining to respond to the trigger frame, encoding a frame and configure
30 the station to transmit the frame in accordance with the resource allocation and
i accordance with OFDMA. For example, HE stations 104 determine whether

to transmit UL data 710 or not based on the sensing 706 and/or sensing 767,
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[B075] Some embodiments of the methods, computer readable media,
and apparatuses disclosed for sensing and deferral for orthogonal frequency
divisional multiplc access in a wireless network may solve the problem of when
and how to defer.

{8676} FIG. 10 illustrates a block diagram of an example machine 1000
upon which any one or more of the techriques (e.g.. methodologies) discussed
herein may perform. In alternative embodiments, the machine 1000 may operate
as a standalone device or may be connected {¢.g., networked} to other machines.
In a networked deployment, the machine 1000 may operate in the capacity of a
server machine, a client machine, or both 1n server-chient network environments.
In an example, the machine 1000 may act as a peer machine in peer-to-peer
{P2P} (or other distributed) network environment. The machine 1000 may be a
master station 102, HE station 104, IoT device 108, personal computer (P(), a
tablet PC, a set-top box (8TB), a personal digital assistant {PFDA), a mobile
telephone, a smart phone, a web appliance, a network router, switch or bridge, or
any machine capable of executing instractions (sequential or otherwise) that
specify actions 1o be taken by that machine. Further, while only a single
machine is illustrated, the term “machine” shall also be taken to include anv
collection of machines that individually or jomntly execute a set (or multiple sets)
of instructions o perform anv one or more of the methodologies discussed
herein, such as cloud computing, software as a service {SaaS), other computer
cluster configurations.

{0077 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

18



WO 2016/141156 PCT/US2016/020638

exccuted by the underlying hardware of the module, causes the hardware to
perform the specified operations.
{0078} Accordingly, the term “module” is understood 1o encompass a
tangible entity, be that an entity that is physically constructed, specifically

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

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

15 [0679] Machine {e.g., computer system) 1000 may nclude a hardware
processor 1002 (2.g., a central processing unit (CPU}, a graphics processing unit
{GPU)}, 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

20 melade a display voit 1010, an alphanumernc mput device 1612 (eg.. a
kevboard), and a user interface {Ul) navigation device 1614 {c.g., amouse). In
an example, the display unit 1010, mput device 1012 and Ul navigation device
1014 may be a touch screen display. The machine 1000 may additionally
mclude a storage device {¢.g., drive unit} 1016, a signal gencration device 1018

25 {e.g., aspeaker), a network interface device 1020, and one or more sensors 1021,
such as a global positioning system (GPS) sensor, compass, accelerometer, or
other sensor. The machine 1000 may include an output controlier 1028, such as
ascrial {e.g., universal serial bus (USB), parallel, or other wired or wireless (c.g.,
mfrared(IR), near ficld communication (NFC), etc.} connection to communicate

30 or control one or more peripheral devices {e.g.

P

a printer, card reader, ¢tc.). In
some embodiments the processor 1002 and/or instructions 1024 may comprise

processing circuitry,
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6080} 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
{¢.g.. software) embodying or utilized by anv one or more of the techniques or
funcuons described herein. The instructions 1024 may also reside, completely or

5 atleast partially, within the main memory 1004, within static memory 1006, or
within the hardware processor 1002 during exccution thereof by the machine
1000, In an example, one 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.

10 |0681] While the machine readable medium 1022 is illustrated as a
single medium, the term "machine readable medium” may include a single
medium or multiple media (e.g., a centralized or distributed database, and/or
associated caches and servers) configured to store the one or more instractions
1024,

15 [0082) The term “machine readable medivm” may include any medium
that ts capable of storing, encoding, or carrving mstructions for execution by the
machine 1000 and that cause the machine 1000 to perform any one or more of
the techniques of the present disclosure, or that 1s capable of storing, encoding or
carrying data structures used by or associated with such instructions. Non-

20 hmting machine readable medium examples may include solid-state memories,
and optical and magnetic media. Specific examples of machine readable media
may include: non-volatiie 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;

25 magnetic disks, such as internal 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 is not a transitory propagating signal.

30 [D683) The mstructions 1024 may further be transmitted or received over
a communications network 1026 using a transmission medium 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
20
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datagram protocol (UDP), hypertext transfer protocol (HTTP), ¢tc.). Example
communication networks may inchude a local arca network {(LAN), a wide area
network (WAN), a packet data network {¢.g., the Intemnet), mobile telephone

networks {e.g., celiular networks), Plain Old Telephone (POTS) networks, and
wirgless data networks (e g,
{IEEE) 802.11 family of standards known as Wi-Fi®, IEEE 802.16 family of

standards known as WiMax®), IEEE 802.15 4 family of standards, a Long Term

Institute of Electrical and Electronics Engincers

Evolution {(LTE)} family of standards, a Universal Mobile Telecommaunications
System (UMTS) family of standards, peer-to-peer (P2P) networks, among
others. In an example, the network interface device 1020 may include one or
more physical jacks {e.g., Ethemet, coaxial, or phone jacks} or one or more
antennas to connect to the commmanications network 1026, In an example, the
network interface device 1020 may mclude a plurality of antennas to wirelessly
communicate using at least one of single-input multiple-output (SIMO),
multiple-input multiple-output (MIMO), or multiple~-imput single-output (MISO)
technigues. In some examples, the network interface device 1020 may
wirelessly communicate usimg Multiple User MIMO technigues. The term
“transmission medium” shall be taken to include any intangible medium that is
capable of storing, encoding or carrving mstructions for execution by the
machine 1000, and includes digital or analog communications signals or other
mtangible medium to facilitate communication of such software.

[084] The following examples pertain to further embodiments.
Example 1 1s an apparatus of an access point. The apparatus may mclude
memory, and processing circuitry coupled fo the memory, the processing
circuttry may be configured to: configure the access point to sense a plurality of
channels of a bandwidih; and determine a resource allocation for one or more
stations for an uplink {UL) or downlink (DL} orthogonal frequency division
multiple access (OFDMA) transmission opportunity, wherein the resource
allocation comprises one or more sub-channels, wheremn the one or more sub-
channels are within the phurality of channels that are sensed as not being busy.
{0085] In Example 2, the subject matter of Example 1 can optionally
melude where the processing circutiry is further configured to: encode a trigger
frame comprising the resource allocation to mutiate the UL OFDMA
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transmission opportunity; and configure the access point to transmt the trigger
frame io the one or more stations.
[0086] In Example 3, the subject matter of Examples 1 or 2 can
optionally mmclude where the one or more channels are 20 MHz channels and the
5 bandwidth is one from the following group: 20MHz, 40MHz, §0 MHz, 160

MHz, and 320 MHz.
D087} In Example 4, the subject matier of Example 3 can optionally
mclade where the one or more sub-channels each are one from the following
group: a multiple of 2.03 MHz, a multiple of exactly 26 data sub-carriers, and 20

10 MHz.
{0688} In Example 3, the subject matter of any of Examples 1-4 can
optionally include where the processing circuitry is further configured to:
configure the access point to sense the one or more channels of the bandwidth in
accordance with a clear channel asscssment 1n accordance with Institute of

15 Electrical and Electronic Engineers (IEEE) 802.11.
{0089] In Example 6, the sobject matter of Example 5 can optionally
mchude where the processing circuitry is further configured to: configure the
access point to sense the one or more channels of the bandwidih with a second
bandwidth that ts smaller than a third bandwidth of the one or more channels.

20 (0098 In Exampie 7, the subject matter of any of Examples 1-6 can
optionally include where the processing circuitry is further configured to: encode
a physical header of the resource allocation frame, wherein a bandwidth of the
physical header is one from the following group: the bandwidth of the one or
more channels of the resource allocation or the bandwidth of the plurality of

25 channels that are sensed as not being busy.
{16091} In Example 8, the subject matter of any of Examples 1-7 can
optionally include where the resource allocation further comprises a multi-user
multiple input and multiple output (MU-MIMO) resource allocation, whercin the
MU-MIMO resource allocation comprises one or more spatial streams fora

30 station of the one or more stations.
{0092} In Example 9, the subject matter of any of Examples 1-8 can
optionally mmclude where the processing circuitry s further configured to: decode

feedback {FB} from the one or more stations, wherein the FB indicates a status
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of the one or more stations; and determineg the resource allocation for the one or
morg stations for the DL or UL OFDMA transmission opportunity, wherein the
resource allocation comprises one or mote sub~channels, wherein the one or
more sub-channels are within the plurality of channcls that are sensed as not

5 being busy, and whercin the resource allocation is based on the FB from the one
or more stations.
[B093] In Example 10, the subject matier of Example 9 can optionally
mclade where the FB from the one or more stations indicates one of the
following group: one or more preferred channels of the plurality of channels and

10 whether one or more channels of the plurality of channels 1s busy.

{8694} In Example 11, the subject matter of Example 11 can optionally
mclude where the processing circuitry is further configured to: determine a
moduelation and coding scheme for the one or more sub-channels based on the
FB from the one or more stations.

15 [0095] In Example 12, the subject matter of any of Examples 1-11 can
optionally include where the wircless device and plurality of stations are cach at
least one from the following group: a high-cfficiency wireless local-area network
{(HEW} station, an access point, an Institute of Electrical and Electronic
Engingers (IEEE} 802 11ax access point, and an [EEE 802 11ax station.

20 {0096] In Example 13, the subject matter of any of Examples 1-12 can
optionally include transceiver circuitry coupled to the memory.

{60971 In Example 14, the subject matier of Example 13 can optionally
mclude one or more antennas coupled to the transceiver circuitry.
{(3098] Example 15 is a non-transitory computer-readable storage

25 medium that stores instructions for execution by one or more processors. The
mstructions configare the one or more processors to cause a wireless device to:
configure the access point to sense a plurality of channels of a bandwidth; and
determine a resource allocation for one or more stations for an uplink (UL} or
downlink (DL) orthogonal frequency division multiple access (OFDMA)

30 transmission opportunity, wherein the resovrce allocation comprises one or more
sub-channels, wherein the one or more sub-channcls are within the  plurality of

channels that are sensed as not being busy.
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6099} In Example 16, the subject matter of Example 15 can optionally
mclude where the instructions further configure the one or more processors to
cause the wireless device to: configure the access point to sense the one or more
channels of the bandwidth m accordance with a clear channel assessment in
5 accordance with Institute of Electrical and Electronic Engincers (JEEE) 802 11,

{06106 Example 17 is a method performed by an access point. The
method ncluding configuring the access pount 1o sense a plurality of channels of
a bandwidth; and determining a resource allocation for one or more stations for
an upkink (UL) or downlink (DL} orthogonal frequency division multiple access

10 (OFDMA) transmission opportunity, where the resource allocation comprises
one or more sub-channels, wherein the one or more sub-channels are within the
plurality of channels that arc sensed as not being busy.
{06101} In Example 18, the subject matter of Example 17 can optionally
meclude configuring the access point to sense the one or more channels of the

15 bandwidth in accordance with a clear channel assessment in accordance with
Institute of Eleetrical and Electronic Engineers (JEEE) 802.11.
[066162] In Example 19 is an apparatus of a station. The apparatus
meluding memory; and processing circuitry coupled to the memory, the
processing circuitry may be configured to: decode a trigger frame comprising a

20 resocurce allocation for the station; determine whether to respond to the trigger
frame based on energy levels sensed on one or more channels of a bandwidth;
and in response to determining to respond to the trigger frame, encode a frame
and configure the station to transmit the frame i accordance with the resource
atlocation and in accordance with orthogonal frequency division multiple access

25 (OFDMA).
[86163] In Example 20, the subject matter of Example 19 can optionally
mchide where the one or more channels are 20 MHz channels or less and the
bandwidth is one from the following group: 20MHz, 40Mhz, 80 MHz, 160 MHz,
and 320 MHz

30 [D3104] In Example 21, the subject matter of Example 20 can optionally
mnclude where the resource allocation comprises ong or more sub-channels cach
are one from the following group: a multiple of 2.03 MHz, a multiple of exactly

26 data sub-carriers, and 20 MHz.
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[60105] In Example 22 the subject matter of any of Examples 19-21 can
optionally inchude where the resource allocation indicates a sub-channel
allocated to the station, and wherein the processing circuitry is configured to:
determine to respond to the trigger frame if encrgy levels sensed on the sub-
5 channel are below a threshold for a pre-determined duration.
[06106] In Example 23, the subject matter of any of Examples 19-22 can
optionally include where the resource allocation indicates a sub-channel
allocated to the station, and wherein the processing circuitry 1s configured to:
determing to respond to the trigger frame if first energy levels sensed on the sub-
10 channel arc below a first threshold for a pre-determined duration and second
energy levels sensed on neighboring sub-channels are below a second threshold
for a second predetermined fime.
[06167] In Example 24, the subject matter of any of Examples 19-23 can
optionally include transceiver circuitry coupled to the memory.
15 [06108] In Example 25, the subject matier of Example 24 can optionally
mclude one or more antennas coupled fo the transceiver circuitry.
{00199} Example 26 15 an apparatus of an access point comprising: means
for configuring the access point to sense a plurality of channels of a bandwidth;
and means for determining a resource allocation for one or more stations for an
20 uplisk {(UL) or downlink {BL)} orthogonal frequency division mukltiple access
{OFDMA) transnussion opportunity, wherein the resource allocation comprises
one or more sub-channels, wherein the one or more sub-channels are within the
plurality of channels that are sensed as not being busy.
[0601190] In Example 27, the subject matter of Example 26 can opticnally
25 mclude means for encoding a trigger frame comprismg the resource aliocation to
mitigte the UL OFDMA transmission opportunity; and means for configuring the
access point to transmit the trigger frame 1o the one or more stations.
{60111} In Example 28, the subject matter of Example 26 can optionally
melude where the one or more channels are 20 MHz channels and the bandwidth
30 is one from the following group: 20MHz, 40MHz, 80 MHz, 160 MHz, and 320
MHz.
166112} In Example 29, the subject matter of Example 28 can optionally

mehude where the one or more sub-channels each are one from the following
25
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group: a multiple of 2.03 MHz, a multiple of exactly 26 data sub-carriers, and 20
MHz.

{66113 In Example 30, the subject matter of any of Examples 26-29 can
optionally mclude means for configuring the access point to sense the one or
more channels of the bandwidth i accordance with a clear channel assessment
mn accordance with Instituie of Electnical and Electronic Engimeers (JEEE)
80211

00114} In Example 31, the subject matter of Example 30 can optionally
mclude means for configuring the access point to sense the one or more channels
of the bandwidth with a second bandwidth that is smaller than a third bandwidth
of the one or more channels.

{86115} In Example 32, the subject matter of any of Examples 26-31 can
optionally include means for encoding a physical header of the resource
allocation frame, wherein a bandwidth of the physical header is one from the
following group: the bandwidth of the one or more channels of the resource
allocation or the bandwidth of the plurality of channels that are sensed as not
being busy.

[66116] In Example 33, the subject matter of any of Examples 26-32 can
optionally include where the resource allocation further comprises a multi-user
multiple input and multiple output {MU-MIMO) resource allocation, whercin the
MU-MIMO resource allocation comprisces one or more spatial streams for a
station of the one or more stations.

[66117] In Example 34, the subject matter of any of Examples 26-33 can
optionally include means for decoding feedback {(FB) from the one or more
stations, wherein the FB indicates a status of the one or more stations; and means
for determining the resource allocation for the one or more stations for the DL or
UL OFDMA transmission opportunity, wherein the resource allocation
corprises one or more sub-channels, wherein the one or more sub-channels are
within the plurality of channels that are sensed as not being busy, and wherein
the resource allocation 1s based on the FB from the one or more stations.

{(0118] In Example 35, the subject matter of Example 34 can optionally

nchude where the FB from the one or more stations mdicates one of the
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following group: one or more preferred channels of the plurality of channels and
whether onc or more channels of the plurality of channels is busy.

[066119] In Example 36, the subject matter of Example 35 can optionally
mehude means for determining a modulation and coding scheme for the one or
more sub-channels based on the FB from the one or more stations.

106128 In Example 37, the subject matter of any of Examples 26-36 can
optionally include where the wireless device and plurality of stations are cach at
least one from the following group: a high-cfficiency wireless local-arca network
{(HEW) station, an access point, an Institute of Electrical and Electronic
Engincers (1IEEE) 802 .1 lax access point, and an {EEE 802.11ax station.

[06121] in Example 38, the subject matier of any of Examples 26-37 can
optionally include means for performing transceiver fumctions coupled to means
for retrieving and storing information.

{60122} In Example 39, the subject matier of Example 38 can optionally
melude means for transmitting and receiving radio waves.

[60123] Example 40 is an apparatus of a station comprising: means for
decoding a trigger frame comprising a resource allocation for the station; means
for determining whether to respond to the trigger frame based on energy levels
sensed on one or more channels of a bandwidth; and in response to determining
to respond to the trigger frame, means for encoding a frame and configure the
station to transmit the frame in accordance with the resource allocation and in
accordance with orthogonal frequency division multiple access {OFDMA).
00124} In Example 41, the subject matter of Example 40 can optionally
mclude where the one or more channels are 20 MHz channels or less and the
bandwidth 1s one from the following group: 20MHz, 40Mhz, 80 MHz, 160 MHz,
and 320 MHz.

{00125} In Exampie 42, the subject matier of Examples 41 can optionally
include where the resource allocation comprises one or more sub-channels cach
arc one from the following group: a multiple of 2.03 MHz, a multiple of exactly
26 data sub-carriers, and 20 MHz.

{01 26] In Example 43, the subject matter of any of Examples 40-42 can
optionally include where the resource aliocation indicates a sub~channel

allocated to the station, and further comprising: means for determining to

27
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respond to the trigger frame if encrgy levels sensed on the sub-channel are below
a threshold for a pre-determined duration.
60127} In Example 4, the subject matter of any of Examples 40-43 can
optionally include wherein the resource allocation indicates a sub-channel

5 allocated to the station, and further comprising: means for determining to
respond to the trigger frame if first energy levels sensed on the sub-channel are
below a first threshold for a pre-determined duration and sccond energy levels
sensed on neighboring sub-channels are below a second threshold for a second
predetermined time.

10 [06128] In Example 45, the subject matter of any of Examples 26-37 can
optionally mclude means for performing transceiver functions coupled to means
for retrieving and storing information.

{066129] In Example 46, the subject matter of any of Examples 26-37 can
optionally include means for transmitting and receiving radio waves.

15 [08130] Example 47 15 a method performed by a station. The method may
mclade decoding a trigger frame comprising a resource allocation for the station;
determining whether to respond to the trigger frame based on energy levels
sensed on one or more channels of a bandwidth; and in response to determining
to respond to the trigger frame, encoding a frame and configure the station to

20 transomt the frame in accordance with the resource allocation and in accordance
with orthogonal frequency division multiple acecss (OFDMA).

{01311 In Example 438, the subject matter of Example 47 can optionally
mclude wherein the one or more channels are 20 MHz channels or less and the
bandwidth is onc from the following group: 20MHz, 40Mhz, 30 MHz, 160 MHz,

25 and 320 MHz.

{80132} In Example 49, the subject matter of Example 48 can optionally
mehude wherein the resource allocation comprises ong or more sub-channels
cach are onc from the following group: a multiple of 2.03 MHz, a multiple of
exactly 26 data sub-carriers, and 20 MHz.

30 [Be133) In Example 30, the subject matter of any of Examples 47-49 can
optionally mclude wherein the resource allocation indicates a sub-channel

allocated to the station, and further comprising: deternuning to respond to the
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trigger frame if energy levels sensed on the sab-channel are below a threshold
for a pre-determined duration.
106134} In Example 51, the subject matter of any of Examples 47-50 can
optionally include wherein the resource allocation indicates a sub-channel

5 allocated to the station, and further comprising: determining to respond to the
trigger frame if first encrgy levels sensed on the sub-channel are below a first
threshold for a pre-determined duration and sccond energy levels sensed on
neighboring sub-channels are below a second threshold for a second
predetermined time.

10 [06135] In Example 52, the subject matter of any of Examples 47-51 can
optionally include performing transceiver functions coupled to means for
retrieving and storing information.

{06136} In Example 33, the subject matter of Example 52 can optionally
mclude transmitting and receiving radio waves.

15 [0e137] Example 54 1s a non-transitory computer-readable storage
mediam that stores instructions for execution by one or more processors. The
mstructions are to configure the one or more processors to cause a wireless
device to: decode a trigger frame comprising a resource allocation for the
station; determine whether to respond to the trigger frame based on energy levels

20 sensed on ong or more channels of a bandwidth; and in response to determining
to respond to the trigger frame, encode a frame and configure the station to
transmit the frame in accordance with the resource allocation and in accordance
with orthogonal frequency division multiple access (OFBMA).

[30138] In Example 55, the subject matter of Examples 54 can optionally

25 nclude wherein the one or more channels are 20 MHz channels or less and the
bandwidth 1s one from the following group: 20MHz, 40Mhz, 80 MHz, 160 MHz,
and 320 MHz.

{60139 In Exarmple 56, the subject matter of Examples 534 can optionally
melude wherein the resource allocation comprises one or more sub-channels

30 each arc one from the following group: a multiple 0f 2.03 MHz, a multiple of
exactly 26 data sub-carriers, and 20 MHz.

{06144 In Example 37, the subject matter of any of Examples 54-36 can

optionally include wherein the resource allocation indicates a sub-channel
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allocated to the station, and wherein the mstractions further configure the one or
more processors to cause the wireless device to: determine to respond to the
trigger frame if encrgy levels sensed on the sub-channel are below a threshold
for a pre-determined duration.

{86141} In Example 38, the subject matter of any of Examples 54-57 can
optionally include wherein the resource allocation indicates a sub-channel
allocated to the station, and wherein the mstructions further configure the onc or
more processors to cause the wireless device to: determine to respond to the
trigger frame if first encrgy levels sensed on the sub-channel are below a first
threshold for a pre-determined duration and second energy levels sensed on
neighboring sub-channels are below a second threshold for a second
predetermined time.

{06142} The Abstract is provided to comply with 37 CF R Section
1.72({b} requiring an abstract that will allow the reader to ascertain the nature and
gist of the technical disclosure. 1t is submitted with the understanding that it will
not be vsed to limit or interpret the scope or meaning of the claims. The
following clatas are bereby incorporated into the detailed descrption, with cach

claim standing on its own as a separate embodiment.
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CLAIMS

What is claimed 1s:

i An apparatus of an access point, the apparatus comprising
5 memory; and processing circuitry coupled to the memory, the processing
circuitry configured to:
configure the access pout 1o scuse a plurality of channels of a
bandwidith; and
determine a resource allocation for one or more stations for an
10 uplink (UL) or downlink (DL) orthogonal frequency division multiple access
{OFDMA) transmussion opportunity, wherein the resource allocation comprises
one or more sub-channels, wherein the one or more sub-channels are within the

plurality of channels that are sensed as not being busy.

13 2. The apparatus of claim 1, wheremn the processing circuitry is
further configured to:
encode a trigger frame comprising the resource allocation o
mitiate the UL OFDMA transmission opportunity; and
configure the access point to transmit the trigger frame o the one

20 or more stations.

3. The apparatus of claim 1, wherein the one or more channels are
20 MHz channels and the bandwidth is one from the following group: 20MHz,
40MHz, 80 MHz, 160 MHz, and 320 MHz.

25
4. The apparatus of claim 3, wherein the one or more sub-channels
cach are one from the following group: a multiple of 2.03 MHz, a multiple of
cxactly 26 data sub-carricrs, and 20 MHz.
30 5. The apparatus of any of claims 1-4, wherein the processing

circuitry 1s further configured to:
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configure the access point to sense the one or more channels of
the bandwidth in accordance with a clear channel assessment in accordance with

Institute of Electrical and Electromic Engincers (IEEE) 802.11.

6. The apparatus of claim 3, wherein the processing circuitry is
further configured to:
configure the access point to sense the one or more channels of
the bandwidth with a second bandwidth that s smaller than a third bandwidth of

the one or more channels.

7. The apparatus of any of claims §-4, wherein the processing
circuitry is further configured to:
encode a physical header of the resource allocation frame,
wherein a bandwidth of the physical header is one from the following group: the
bandwidth of the one or more channels of the resource allocation or the

bandwidth of the plarality of channels that are sensed as not being busy.

8. The apparatus of any of claims 1-4, wherein the resource
allocation further comprises a multi-user multiple input and multiple output
{MU-MIMO) resource allocation, wherein the MU-MIMO resource allocation

corprises ong or more spatial streams for a station of the one or more stations.

9. The apparatus of any of claims 1-4, wherein the processing

circuitry 1s further configured to:

decode feedback {(FB} from the one or more stations, wherem the
FB mdicates a statos of the one or more stations; and

determing the resource allocation for the one or more stations for
the DL or UL OFDMA transmission opportunity, wherein the resource
allocation comprises one or more sub-channels, wheremn the one or more sub-
channels are within the plurality of channels that are sensed as not being busy,
and wherein the resource allocation is based on the FB from the ong or more

stations.

(]
[\
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10. The apparatus of claim 9, wherein the FB from the one or more
stations indicates one of the following group: one or more preferred channels of
the plurality of channels and whether one or more channels of the plurality of

channels is busy.

11, The apparatus of claim 9, wherein the processing circuttry is
further configured to:
determine a modulation and coding scheme for the one or more

sub-channels based on the FB from the one or more stations.

12, 'The apparatus of any of claims 1-4, wherein the wireless device
and plurality of stations are cach at least one from the following group: a high-
efficiency wireless local-area network (HEW) station, an access point, an
Institute of Elecirical and Electronic Engincers (IEEE) 802.1 lax access point,

and an IEEE 802 11ax station.

3. The apparatus of any of claims 1-4, further comprising

transceiver circuitry coupled to the memory.

14.  The apparatus of claim 13, further comprising one or more

antennas coupled to the fransceiver circuitry.

I5. A non-trassitory computer-readable storage medium that stores
mstructions for execution by one or more processors, the imstructions to
configure the one or more processors to cause a wircless device to:

configure the access point to sense a plurality of channels of a
bandwidth; and

determine a resource allocation for one or more stations for an
uplink (UL} or downlink {DL) orthogonal frequency division multiple access
(OFDMA) transmission opportunity, wherein the resource allocation comprises
one or more sub-channels, wherein the one or more sub-channels are within the

plurality of channels that are sensed as not being busy.

Ly
(%]
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16.  'The non-transitory computer-readable storage medium of claim
15, wherein the mnstructions further configare the one or more processors to
cause the wireless device to:
configure the access point to sense the one or more channels of
the bandwidth in accordance with a clear channel assessment in accordance with

Institute of Electrical and Electronic Engincers (IEEE) 80211,

17. A method performed on an access point, the method comprising:
configuring the access point to sense a plurality of channels of a
bandwidth; and
determinimg a resource allocation for one or more stations for an
uplink {UL) or downlink {BL) orthogonal frequency division multiple access
{OFDMA) transmission opportanity, wherein the rescurce allocation comprises
one or more sub-channels, wherein the one or more sub-channels are within the

plurality of channels that are sensed as not being busy.

8. The method of claim 17, the method further comprising:
configuring the access pont to sense the one or more channels of
the bandwidth in accordance with a clear channel assessment in accordance with

Institute of Electrical and Electronic Engincers (IEEE) 80211,

1y An apparatus of a station, the apparatus comprising memory,; and

processing cireuitry coupled to the memory, the processing circuitry configured
to:

decode a tngger frame comprising a resource allocation for the
station:

determing whether to respond to the trigger frame based on
energy levels sensed on one or more channels of a bandwidth; and

in response to determining to respond to the trigger frame, encode
a frame and configure the station o transmit the frame in accordance with the
resource allocation and in accordance with orthogonal frequency division

multiple access (OFDMA).
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20, 'The apparatus of claim 19, wherein the one or more channels are
2{ MHz channels or less and the bandwidth is one from the following group:

20MHz, 40Mhz, 80 MHz, 160 MHz, and 320 MHz

21, The apparatus of claim 20, wherein the rescurce allocation
comprises one of more sub-channels cach are one from the folowing group: a

multiple of 2.03 MHz, a multiple of exactly 26 data sub-carriers, and 20 MHz.

22, The apparatus of claims 19 or 20, wherein the resource allocation
mdicates a sub-channel allocated to the station, and wherein the processing
circuitry is contigured {o:

determine to respond to the trigger frame if energy levels sensed

on the sub-channel are below a threshold for a pre-determined duration.

23, The apparatus ot anv of claims 19-22, wherein the resource
aliocation mndicates a sub-channel allocated to the station, and wherein the
processing circuttry is configured to:

determine to respond to the trigger frame 1if first energy levels
sensed on the sub-channel are below a first threshold for a pre-determined
duration and second energy levels sensed on neighboring sub-channels are below

a second threshold for a second predetermined time.

24, 'The apparatus of any of claims 19-22 further comprising

transceiver circuitry coupled to the memory.

25.  The apparatus of clamm 24, further comprising one or more

antennas coupled to the fransceiver circuitry.
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THE ONE OR MORE STATIONS;
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MORE STATIONS FOR AN UPLINK (UL} OR DOWNLINK
(DL ORTHOGONAL FREQUENCY DIVISION MULTIPLE
806 ACCESS (OFDMA) TRANSMISSION OPPORTUNITY, THE
T RESOURCE ALLOCATION COMPRISING ONE OR MORE
SUB-CHANNELS THAT ARE WITHIN THE PLURALITY OF
CHANNELS THAT ARE SENSED AS NOT BEING BUSY




WO 2016/141156 PCT/US2016/020638

9/10

300

, DECODE A TRIGGER FRAME COMPRISING A RESOURCE
902 ™y ALLOCATION FOR THE STATION

DETERMINE WHETHER TO RESPOND TO THE TRIGGER
204 N/ FRAME BASED ON ENERGY LEVELS SENSED ON ONE OR
MORE CHANNELS OF A BANDWIDTH

N RESPONSE TO DETERMINING TO RESPOND TO THE
TRIGGER FRAME, ENCODE A FRAME AND CONFIGURE
THE STATION TO TRANSMIT THE FRAME IN
906 ) ACCORDANCE WITH THE RESOURCE ALLOCATION AND
IN ACCORDANCE WITH ORTHOGONAL FREQUENCY
DIVISION MULTIPLE ACCESS (OFDMA)




WO 2016/141156 PCT/US2016/020638

10/10 p/ﬂm
1008
/‘/’ 1002 1010
PROCESSOR -
1024
7 gtpp]  \h——pe|  DISPLAY DEVICE
INSTRUCTIONS
1012
S 1004 f”'
MAIN MEMORY
o INPUT DEVICE
// X RE—
INSTRUCTIONS o~ 1014

1006 Ul NAVIGATION DEVICE

STATIC MEMORY L
e 1024 L 1016
INSTRUCTIONS 5 MASS STORAGE 1022
i
% Rl MAGHINE- 1%
(020 O READABLE MEDIUM
/ - L1024
Z //’"
NETWORK INTERFACE
DEVICE INSTRUCTIONS
i //-106(} L 1018
ANTENNA(S) SIGNAL GENERATION
D DEVICE

- 1026

1062
//—'-

OUTPUT CONTROLLER




International application No.
PCT/US2016/020638

INTERNATIONAL SEARCH REPORT

A. CLASSIFICATION OF SUBJECT MATTER
HO04W 72/04(2009.01)i, HO4W 74/08(2009.01)i, HO4W 88/08(2009.01)i, HO4W 84/12(2009.01)i, HO4L 5/00(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HO04W 72/04; HO4W 28/16; HO4L 5/00; HO4W 52/02; HO4W 84/12; HO4W 74/08; HO4W 88/08

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

eKOMPASS(KIPO internal) & Keywords: channel sensing, OFDMA transmission opportunity,
resource allocation, idle sub-channels, trigger, energy level, respond

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 2013-0286959 A1 (INTERDIGITAL PATENT HOLDINGS, INC.) 31 October 2013 1-22
See paragraphs [0117]-[0205], [0211]-[0241]; figs. 11, 28-34; and
claims 1, 14.

Y US 2014-0112246 A1 (MINYOUNG PARK et al.) 24 April 2014 1-18,21
See paragraphs [0014], [0024]-[0076]; figs. 1B-4B; and claims 1, 3

Y US 2014-0119208 A1 (MICROSOFT CORPORATION) 01 May 2014 19-22
See paragraphs [0052]-[0079]; figs. 5, 7; and claims 1, 5.

A US 2013-0201835 A1 (MARVELL WORLD TRADE LTD.) 08 August 2013 1-22
See paragraphs [0038]-[0069]; and figs. 4-6, 8.

A US 2014-0328236 A1 (QUALCOMM INCORPORATED) 06 November 2014 1-22
See paragraphs [0044]-[0221]; and figs. 1, 3, 5B-6C, 7A, 7C, 8, 9D-12.

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents:

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E"  earlier application or patent but published on or after the international
filing date

"L"  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P"  document published prior to the international filing date but later
than the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search
28 June 2016 (28.06.2016)

Date of mailing of the international search report

29 June 2016 (29.06.2016)

Name and mailing address of the [SA/KR
International Application Division
¢ Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Dagjeon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578

Authorized officer

KIM, KI HO

Telephone No. +82-42-481-8691

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.
PCT/US2016/020638

Box No. Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. m Claims Nos.: 25
) because they relate to patts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:
Claim 25 is unclear in that said claim refers to claim 24 which does not comply with PCT Rule 6.4(a). Therefore, claim 25 is
contrary to PCT Artticle 6.

3. Claims Nos.: 23,24
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. |:| As all required addtional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment
of any additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4, |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest |:| The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.
|:| No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)



INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2016/020638
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2013-0286959 Al 31/10/2013 CN 104321998 A 28/01/2015
EP 2845342 Al 11/03/2015
JP 2015-520973 A 23/07/2015
JP 5898376 B2 06/04/2016
KR 10-2015-0013640 A 05/02/2015
TW 201352039 A 16/12/2013
WO 2013-165582 Al 07/11/2013
US 2014-0112246 Al 24/04/2014 CN 104641705 A 20/05/2015
EP 2910075 Al 26/08/2015
US 9066265 B2 23/06/2015
WO 2014-062253 Al 24/04/2014
US 2014-0119208 Al 01/05/2014 CN 104919863 A 16/09/2015
EP 2912895 Al 02/09/2015
WO 2014-070559 Al 08/05/2014
US 2013-0201835 Al 08/08/2013 CN 102656941 A 05/09/2012
CN 102656941 B 25/03/2015
EP 2499872 Al 19/09/2012
EP 2499872 Bl 14/01/2015
JP 2013-511221 A 28/03/2013
JP 5658267 B2 21/01/2015
US 2011-116401 Al 19/05/2011
US 8395997 B2 12/03/2013
US 8743851 B2 03/06/2014
WO 2011-060326 Al 19/05/2011
US 2014-0328236 Al 06/11/2014 AU 2014-259887 Al 06/11/2014
AU 2014-259891 Al 06/11/2014
CA 2907926 Al 06/11/2014
CA 2908159 Al 06/11/2014
CN 105164939 A 16/12/2015
CN 105164940 A 16/12/2015
CN 105164966 A 16/12/2015
EP 2992624 Al 09/03/2016
EP 2992625 Al 09/03/2016
EP 2992634 Al 09/03/2016
KR 10-2016-0003250 A 08/01/2016
KR 10-2016-0005080 A 13/01/2016
KR 10-2016-0005082 A 13/01/2016
PH 12015502218 Al 01/02/2016
PH 12015502219 Al 01/02/2016
SG 11201507658 A 27/11/2015
SG 11201507711 A 27/11/2015
TW 201445941 A 01/12/2014
TW 201445942 A 01/12/2014
TW 201445943 A 01/12/2014
US 2014-0328235 Al 06/11/2014

Form PCT/ISA/210 (patent family annex) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2016/020638
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2014-0328313 Al 06/11/2014
WO 2014-179474 Al 06/11/2014
WO 2014-179478 Al 06/11/2014
WO 2014-179486 Al 06/11/2014

Form PCT/ISA/210 (patent family annex) (January 2015)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - wo-search-report
	Page 48 - wo-search-report
	Page 49 - wo-search-report
	Page 50 - wo-search-report

